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THE EFFECT OF CF0RIOPTIC !"lANGE (CHORIOPTES BOVIS) ON 

RAM FERTILITY 

ABSTRACT 

Chorioptic mange of the scrotum was induced in 14 

of 27 rams during a study of t�e effects of scrotal 

mange on ram fertility. Scrotal lesions varied from 

those of only a few sq. mm in size to those which 

covered virtually all of the scrotum in an inflammatory 

exudate wrich \-ras up to 5 cm thick. Beneath the scabs 

tbere were usually smaller areas of broken skin which 

exuded small amounts of clear fluid and scab remova.l 

usually caused petechial haemorrhages. The scrotal 

lesions were usually associated with similar lesions in 

the vicinity of the accessory digits and manipulation 

of chorioptic lesions in both regions often produced a 

characteristic nibbling response. The dermatitis, 

which was non specific and typical of an allergic 

exudative dermatitis, did not oenetrate the tunica 

vaginalis sac nor did it involve the scrotal contents. 

Scrotal mange had no apparent effect on the general 

health of rams and limb movemer.t was affected in only 

one of approximately 200 rams examined with this 

disease. This ram had extensive lesions on both the 

lower legs and scrotum. The scrotal lesions on all but 

one of the rams with induced mange, and many of the rams 

introduced with extensive scrotal mange, cured spontan

eously during the observation period. In most of these 

cases there was no sign of a orior scrotal dermatitis 

after resolution of the disease while in a few there 

was a permanent increase in skin thickness. 

In vivo mite assessment provided a simple and 

accurate method of detecting scrotal mites and the 



t e chniqu e a l so gave a cl earer und er s tanding on t h e  

ho st-mi te-mange r el at i on sh i p .  

Da ta col l e cted f rom 24 rams wi th l e s i on s  o f  s crot a l  

mang e i nvol ving l es s  than 10 sq . cm o f  the s c rotum 

d emon s t ra t ed tha t le sion s  of thi s extent had ? robably 

no e f f e ct on s�e�atozoa orodu cti on .  On the othe r hand 

l e s ion s  i nvol ving mo re than a thi rd of the s c rotum o f  

30 rams examined we re i n va r i a bl y  a s soci a t ed wi th 

s emina l degene rat i on s . Som e ca s e s  of exten s i v e  s crotal 

mange had l i ttl e ef f e ct on sperma tozoa produ ct i on whi l e  

o t h e r  rel at i vel y mi l d  ca s e s  cau sed seve re t e s ti cu l a r  

degenera t i on .  The degene ra t i on va r i ed from a m i l d ,  

t ransient d e cr ea se in s emen qua l i ty throu gh to compl ete 

spermatogeni c a r r e s t  at the sperma togoni a l  stage of 

spe rma t og enesi s .  The r e  \-Ta s a cl ose rel a t i onship between 

t e s te s  s i z e ,  semini f er ou s  tubu l e  s i ze and sperma togeni c 

a ct i v i ty i n  rams wi th ext en si ve s crota l mange . The 

s eminal a nd test i cu l a r  degenera tions •ere s i mi l a r  to 

t ho s e  seen in rams who s e  t e s t e s  h a d  been expos e d  to 

e l e va ted t empe ratu res . 

Th e a v erage testi cu l a r  t empe ra tu r e  of 1 1  rams wi th 

exten s i ve s crota l mange w i th severe t es t i cu l a r  a t rophy 

wa s 1.8°C ( range 0 . 6°C - 3 . 1°C) a bove that of 1 1  cont rol 

rams and there wa s a s i mil a r  d rop in t e st i cul a r  

tempe ra tu r e  i n  6 ram s f ol l owing succe s sf u l  t r ea tment of 

the di s e a s e .  A s  no o t h e r  f a ctor cou l d  b e  i ncrimina t ed, 

i t  w a s  conclu d ed t ha t  s crotal mange cau se d  the te s t i cu l a r  

degenera tion by raisi ng t h e  temperatu r e  o f  the s crotal 

content s .  

Scrota l  mange h a d  l i ttl e i f  any ef fect on and rogeni c 

s t a tu s, a s  a s s e s sed by change s i n  sexua l  beha viou r, 

semina l pl a sma fru ctos e, semina l  ve s i cl e  we i ght, semina l 

ve si cl e  f ru cto s e , L eyd i g  cel l number s  o r  Leydi g  cel l 

a f f inity f o r  the Sud a n  bl a ck sta i n .  



In all cases examined, r ecove ry of rep rodu ctive 

function followed su cces s f u l  t rea tment or spontaneous 

cu r e  of scrotal mange . Recovery f r om mild seminal 

d egene r ations of t en occu r red witnin a f ew weeks while 

cases of longstanding t esticula r a t rophy took m o r e  t han 

six months to r e cover . 
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1. 

INTRODUCTION 

A high reproductive performance from farm 

animals is essential for an efficient live stock industry. 

In New Zealand low fertility of the national sheep flock 

has caused concern in recent years. This low fertility 

has been attributed usually to genetic and management 

factors while diseases that may well be affecting fertility 

have received less attention. One such widespread 

diseas.e is chorioptic mange. This disease, caused by the 

mite Chorioptes bovis, is characterised by an exudative 

dermatitis on the lower legs of sheep of both sexes and 
the scrqta of rams. In New Zealand, scrotal mange caused 

by c. bovis is considered by many veterinarians to be the 

most common cause of rejection of rams for 11genital 

unsoundness" (A.I'-'1 . Day, pers. comrn.r N.H. Mavor, pers. 

comm. � T. D. Quinli van, pers. comrn.) and in 1970, 7 l/:2D� 
of the many thousands of rams examined for genital sound

ness by veterinarians of the Riversdale Veterinary Club 

were found to have this disease (N.P.. Mavor, pers. comm.) 

l�lthough it has been said for many years that 

scrotal mange does affect fertilitY (McFarlane et al., 

1952: Miller and Moule, 1954: Whitten, 1968: Bruere, 

1970) there is little documented evidence to support the 

statement. While studying the general relationship 

between semen quality and ram fertility Edgar (1959) 

found that between two examinations � of his experimental 

rams developed scrotal mange and during this period 

semen samples had deteriorated "from sati�factory to 

unsatisfactory". Ewes mated to this ram failed ·to con

ceive. In an extensive survey of chorioptic �ange in 

Germany � Hiepe et al. (1968) noted that 4 . 2%  of rams 

with severe foot mange exhibited 11slowness of mating11• 
Although Eiepe et al. (1968) found that 27.5% of rams 

examined had scrotal mange, there was no mention of 

scrotal mange affecting fertility. Crawford et al. 



2. 

(1970) published the results of a survey in w hich they 

palpated the scrota and scrotal contents of 10,800 rams 

in the Gisborne district. It was noted that of 92 rams 

with scrotal mange, 32'>,k had testes 11Smaller than normal,. 

and 1 3% had testes classified as 11bilateral hypoplasia 

or atrophy11 
8 No attempt was made to relate testes size 

with lesion severity nor to define if the small testes 

were hypoplastic or atrophieD Semen quality, testicular 

histology, or other estimates of reproductive function 

were not assessed on any of the rams. Because many of 

the rams with scrotal mange had testes of normal size and 

tone, Crawford et al. (1970) concluded that "it is 

unlikely that chorioptic mange of the scrotum is a cause 

of these abnormal testicular conditions" and suggested 

that scrotal mange was the result of testicular hypoplasia 

rather than a cause of testicular atrophy. Conclusions 

such as these show that there is still an almost complete 

lack of knowledge on the relationship between scrotal 

mange ( C. bovis ) and ram fertility. 

The aim of this study, therefore, was to 

examine the relationship between scrotal mange and 

reproductive function in the ram. 
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Chapter 10 

PATBOGENESIS OF SCROTAL MA�GE (CHORIOPTES BOVIS) 

1.1 Introduction 

(i) Chorioptes bovis 

Sweatman (1957) showed that four species of 

Chorioptes (C. bovis, c .  equi, c .  caprae and c. ovis) 

had no structural dif ferences, were able to cross 

breed and could be transmitted from one host species 

to an other. Because of this and other data, 

Sweatman (1957) declared that the four species were 

synonomous and that the name of priority be c. bovis. 

sweatman (1957) was also the first to rear chorioptic 

mange mites in vitro through sequential generations. 

He was able then to describe accurately the 

morphology and life history of the various stages 

(Text-fig. 1). On hatching, the larvae were trans-

lucent, with six legs and morphologically asexual. 

In the later stages the mites were brownish grey 

with eight legs and showed sexual dimorphism. 

There was a gradual increase in size with each 

stage, the adults measuring approximately 0.3 - 0. 4 mm 

in length. The life cycle in vitro was completed 

in about three weeks and the egg laying females· 

lived about the same time. Non egg laying females 

and adult males lived up to 7 - 8 weeks. Ovigerous 

females under the in vitro conditions laid their 

eggs singly, about one per day for 3 - 16 days. 

The following classification for c .  bovis 

was given by Baker et al. (1958): order Acarina, 

suborder Sarcoptiformes, family Psoroptidae, genus 



Text-fig. 1: Life cycle of Choriootes bovis under 

in vitro conditions (�...:eatman, 1957}. 

egg 
(3 - 5 da.ys} 

/' 
adult 

(3 - 5 days) 

\ 
deutonymoh � 

(male 3 - 5" days } 
(female 7 - 8 days) 

larva 
(3 - 5 clays) 

I I 

protonymph 
( 3  - 5 days} 

4. 



5. 

Chorioptes, species bovis. 

Chorioptes bovis has been recorded from most 

areas of the world from sheep, cattle, goats and 

horses as summarised in Table lo 

Most early reports of c. bovis from sheep have 

been in association with sporadic outbreaks of 

chorioptic mange, while octual surveys of mite 

incidence have been reported only in recent years. 

In one survey in the State of New York, where only 

6 sheep or fewer were examined from each of an 

unspecified number of flocks, 80% of the flocks 

examined were found to be infested (Matthysse and 

Marshall, 1 963)r while another American survey 

showed that 57.5% of 40 flocks from 8 widely 

separated states to be infested with c. bovis 

(Roberts et al. , 1 964). Matthysse and Marshall 

(1 963) and Roberts et al. (1 964) both sampled from 

the lower legs and Roberts et al. (1 964) found that 

at least 20% of the sheep examined had c. bovis mites 

on this region. A survey in Germany, of 1 1 8  flocks, 

showed a lOO% flock incidence, 45. 1% of 1 ,6)2 lower 

legs examined being positive for c .  bovis (Hiepe 

et al. ,  1 968). These results confirm the earlier 

report of Hiepe and Splisteser (1 962) in which 

62.4% of 1 38 sheep examined in the Berlin and 

Frankfurt regions carried c. bovis mites. Mites 

were detected far more frequently on rams than on 

other classes of sheep in both German surveys. 

Forty five of the 47 rams examined by Hiepe and 

Splisteser {1 962) had mites on the lower legs while 

Hiepe et al. (1 968) found that 88.9% of an 

unspecified number of rams in their large survey 

were mite carriers. Eiepe et al. (1968) suggested 

that housing rams all year may be the reason for a 



Table 1: Reports illustrating the cosmopolitan 

distribution of Chorioptes bovis on 

domestic animals •. 

COUNTRY SPECIES AUTHOR 

Australia sheep Seddon, 
cattle Stewart, 

1951 
19 28 

horses Rose, 1940 

Canada sheep ) 
cattle ) sweatman, 1957 
horses ) 
goats ) 

England sheep Cave, 1909 
cattle ) I<irkwood and 

6 •. 

horses ) Littlejohn, 1970 

Germany sheep ) Zurn, 1874 
horses ) 

Indonesia. goats Oudemans, 19 26 

New Zealand sheep ) 
cattle ) Bel son, 1956 
horses ) 

South Africa goats Bedford, 193 2 

South America sheep Arambillete, 1955 

Switzerland cattle Bouvie r, 1947 

u. s.A. sheep ) Matthysse and 
cattle ) Marshall, 1963 

I 
l ' 

goats Kemper et al., 1952 

u. s. s. R. she ep ) Ershov, 1961 
cattle ) 
horses Palimpestov, 1947 
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higher incidence of mite infestation. The same 

authors noted, but did not document, that mite 

numbers increased and lesions became more severe 

during the winter months. No information is avail

able on the seasonal variation in mite numbers or 

lesion severity on either sheep or cattle run on 

pasture throughout the year. 

There is virtually no information available on 

the incidence or distribution of c. bovis in the New 

Zealand sheep flock, the mite only being isolated 

from rams with scrotal lesions (McFarlane, et al., 

1952� Crawford et al., 1970� Quinlivan and 

Lindsay, 1971) • 

Both Sweatman (1955, 1956) and Butler (1968} 

have made systematic studies of the mite distribut

ion on cattle. Both authors have shown that the 

pasterns of cattle were commonly infested all year. 

Butler (1968) showed that in relatively small 

numbers, mites were able to "over summer" on the 

extremities of the legs and tip of tail. Mite 

numbers increased markedly in the Wlnter months in 

housed cattle, mites being found over most of the 

body with the largest numbers centred in the 

escutcheon region. From his study Butler (1968) 

concluded, "migration of mites, beginning in 

February (northern winter) , probably started from 

the mid-escutcheon and tail head, with populations 

moving down both the escutcheon and tail as 

colonies. These movements appear to be correlated 

with the change in tem�erature for these preferred 

areas. A reverse migration probably occurs during 

the Fall as mites increase in number". In sheep 

there have been no comparable mite distribution 

studies. In most sheep studies, mites have been 



isolated only in association with suspected mange 

lesions, generally on the lower legs in all classes 

of sheep and also on the scrota of rams (Zurn, 1874r 

McKenna and Pulsford, 1947r Hiepe et alo, 1968r 

Crawford et alo, 19701 Kirkwood and Littlejohn, 

1970) . Mites have been found also in association 

with lesions on the head ( Sweatman, 19571 Hiepe et 

alo, 1968) and on the shoulder (Roberts et al. , 1964) . 

Such data has led many authors to conclude that the 

lower legs of sheep are the predilection site for 

c. bovis (Lapage, 196 21 Hiepe and Splisteser, 196 2� 

Marsh, 19651 Kirkwood and Littlejohn, 1970) . 

(ii) Chorioptic mange 

In 1835 Keglar first associated a dermatitis 

with the mite now known as Chorioptes bovis ( SWeatman, 

1957) . The first report of the mite being associated 

with mange on sheep was recorded in Germany by Zurn 

(1874) when he observed a Negretti Merino ram with 

chorioptic mange on the legs and on the scrotum. 

Since this time mange attributed to C. bovis has been 

recorded in most areas of the world from most breeds 

of shee� (Table 2 ) . 

Roberts et al. (1964) found only 2 of the 201 

sheep examined or 4. 7% of the mite carriers had 

chorioptic mange. Conversely, Hiepe and Splisteser 

(196 2) found 54 out of 138 sheep examined or 6 2. 8% 

of the mite carriers had chorioptic mange. Hiepe 

et al. (1968) found 77. 5% of all rams examined had 

leg mange and 27. 5% had scrotal mange. Apparently 

the incidence of chorioptic mange in sheep is low 

in Britain. 11Routine clinical examin�tion of the 

feet of many thousands of sheep • • • •  revealed only 

one positive case11 (Kirkwood and Littlejohn, 1970). 

At the beginning of this study there was no 
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Table 2 :  Reports illustrating the cosmopolitan 

distribution of chorioptic mange in many 

breeds of sheep 

COUNTRY 

11.u stralia 

Canada 

England 

Germany 

New Zealand 

Scotland 

South America 

u.s.A. 
u.s.s.R. 

BREED 

Merino, Corriedale 

Suffolk 

Romney Marsh 
Cheviot, Dorset Born 
Su ffolk, Clun, Welsh 
I-1ountain 

Negretti Merino 

Romney, Merino, ) 
Southdown, Corriedale ) 
Ralf-bred (Merino x ) 
English Leicester ) 
Scottish Black Face 

Southdown, Hampshire 

AUTHOR 

Seddon, 1951 

Sweatman, 1957 

Cave, 1909 

A. Kirkwood, pers. 
comm. 

Zurn, 1874 

Crawford et al., 
1970 

A.N. Bruere, pers. 
comm. 

Arambillete, 1955 

Roberts et al., 1964 

Ershov, 1961 



10. 

published data on the incidence of chorioptic mange 

in the New Zealand sheep flockc Recently Crawford 

et al. (1970) published results of a survey of 

10, 800 rams in the Gisborne districtD They found 

121 or lcl% had scrotal mange and specifically 

mentioned that none of the rams had leg mangeo 

In all other reported cases of chorioptic mange on 

sheep, the lesions were found on the lower legs and 

less frequently on other body regions. Quinlivan 

and Lindsay (1971) found that of 5, 017 rams examined 

in the Northland district 274 or 5.5% had scrotal 

lesions. Dermatophilus species and various ecto

parasites were isolated from scrotal skin scrapings. 

Since no attempt was made by the authors to define 

the macroscopic or microscopic lesions or relate 

gross clinical findings with laboratory results, it 

is impossible to determine the number of chorioptic 

mange cases from their datao 

Most accounts of chorioptic mange in sheep are 

brief descriptions from observations on rams 

presented with mange on their legs or scrota. 

Usually lesions on the feet are described as 

yellowish crusts or lumps of dried exudate with 

the underlying skin moist and reddened (Matthysse 

and Marshall, 1963� Roberts et al. , 1964� Hiepe 

et al. , 19687 Kirkwood and Littlejohn, 1970). 
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and J. G. Matthysse (pers. comm.) have described 

scrotal lesions similarly. Hiepe et al. (1968) and 

Kirkwood and Littlejohn (1970) noted that skin 

lesions between and below the accessory digits on 

some rams became thickened and Hiepe et al. (1968) 

suggested that this thickening was due to long 

term mite activity. These reports only give a 

scant impression of the macroscopic appearance of 

chorioptic mange in sheep. Hiepe et al. (1968) 



have reported briefly on the histopathology of 

chronic chorioptic mange on the lower legs of 

11. 

sheep. They noted an increase in the thickness of 

the stratum corneum and disruption of the epidermis 

to the extent that the papillae in some areas were 

exposed to the surfac€. A �ild infiltration of 

inflammatory cells was observed in the reticular 

layer with a more intense accumulation in the 

papillary layer of the dermis and there also appeared 

to be an increase in size of the papillae. There 

are no reports on the hi stopatho�.ogy of scrotal 

mange. Further, there is no information on the 

macroscopic or microscopic development of leg or 

scrotal mange in t�:c sheep and in particular nothing 

is known of the time interval from mite infestation 

to the occurrence of scrotal mange or of the time 

sequence of lesion development. 

McEnerney (19 53) gave a long description o::. 

development of chorioptic mange in cattle but his 

description wa3 difficult to interpret and gave no 

clear picture of the gross changes that occurred. 

He described scabs that could be felt but not seen, 

early lesions as being 11pimple like scabs" and large 

lesions as being thickened scabs of "soup plate 

size". In contrast Sweatman (1956) gave a short but 

------------------ �_oncise description of lesion development in cattle. 

He noted an initial increase in the amount. of scurf, 

followed by a small irregularly outlined patch of 

coalesced papuliferous 
'
·nodules with exuding serum 

and subsequent scab formation. According to Pullin 

(1956) cattle skin becomes considerably thickened 

and wrinkled in prolonged cases of choriptic mange. 

(iii) Host-parasite-mange relati9nship 

Early workers, for exarnpl e Megnin ( 1877) , 

assumed that chori0pti c mange was caused by the mites 



actively feeding on the skin. The fact that C .  bovis 

was not associated always with chorio�tic mange was 
noted by Johne (1877) who found that sometimes mites 

infested the hind �asterns of cattle without caus
ing lesions. Similarly McEnerney (1953) found 

"enormous" numbers of mites on cattle in areas 

without any discernable lesions and he argued that 
if the mites feed on the skin, such large numbers 

on very small areas must cause some visible reaction. 

From these observations McEnerney (1953) concluded 

that 11Chorioptic mites feed on the scurf and not on 

the skin directly11• Further, sweatman (1957) was 

able to maintain one �opulation of chorio�tic mites 
in vitro for long periods on epidermic debris. 
From the above data Evans et al. (1961) suggested 

that c. bovis mites may be simply 11scavenging 
species rather than true external parasites11• No 
direct microscopic observations of the mite on the 
host have been re�ortecl in studies investigating the 

host-�arasite relationshi�. 

Although many animals carry mites with no lesions, 

other animals with severe chorio�tic mange may 

harbour very few mites (!'1cKenna and Pulsford, 1947� 

McEnerney, 19531 Pullin, 1956� Matthysse and 

Marshall, 1963). Usually, lesions of chorio�tic 

mange in cattle remain small, but occasionally in 

some animals they become widespread and severe within 

a few days (McEnerney, 1953� Sweatman, 1956). 

McEnerney (1953) suggested that an allergic reaction 

would ex�lain these observations. In a preliminary 

investigation into the immunological aspects of the 

disease, Butler {1968) showed that two out of six 

cows with chorioptic mange had natural antibodies 

to mite antigens. Lesions resembling chorio�tic 

mange were induced by rubbing, once only, mite 

extracts into skin tattoo wounds and Butler (1968) 

clearly equated antibodies and experim�ntal lesion 

production as being indicative of a causal 

relationship. However, the findings of humoral 



an tibodie s in tvJo of six cows with chorioptic mange 

doe s  not establish tha t chorioptic mange is an 

a l l ergic r e s9onse. Further, some control and a f fected 

cows produced skin reaction s to mite extra ct s whil e 

other af f ected and control cow s f ailed to respond. 

Thu s the skin responses to mite extracts a s  wel l  a s  

the finding of humoral antibodie s to mite ext ract s 
in two cows with chorioptic mange may not be 
indicative of an al l ergic reaction. 

( iv) Con clusions 

·Zhe fol l owing point s ari se from a review of the 

literature on chorioptic mange: 

(a) No de tailed description of s c�ot a l  man ge, 
either gro ssly or histologically is 

available. 

( b) There is a complete l acJ< of informa tion 

on the development of scrotal mange . 

(c) Very lit t l e  is known on the incide�ce o r  

distribution of .9..._?-��:!� in the Nevl 
Zeuland sheep flock . 

(d) The only cata available on scrotal mange 

in Ne,·7 Zealand vJas f rcn1 <:1 survey under

taken twenty yea�s ago and thi s  survey 

wa s limited to one district. No indica

tion of the proportion of rams with 

smal l ,  moderat e or extensive lesion s of 

scrotal mange w�s given. 

( e) The distribution of lesions of chorioptic 

mange on New Zealand sheep appear s  to 

dif fer f rom that reported in all other 

countrie s. 

(f) The as sociation between C. bovis and 

l e sion devel opment is stil l not cl ear. 

Because of the l ittle information a vailabl e, 

a preliminary section of this thesis is devoted 



to a description of the macroscopic and microscopic 

development of scrotal mange and the relationship 

of c. bovis to lesion development. 

1. 2 General Management of Experimental .i1.nimal s 

Experimental rams were either housed indoors 

or run on pasture. Rams l<ept indoors were housed 

in concrete pens (12ft x 12ft), no more than six to 
a pen and be(ded on strRW which was changed every 

two days. These rams were fed on high quality 

meadow hay and given approximately four ounces of 

sheep nuts daily. The sheep nuts contained sodium 

molybdate and calcium sulphate to prevent copper 

poisoning as recommended by Hogan et al. (1968) . 

Rams run outside were set stocked on predomin

antly perennial rye grass pasture, their diet 

supplemented with ha1· or sheep nuts when grass was 

in short supply. Natural shade was available to 

these rams at all times. 

Prior to experimentation all rams \vere drenched 

with a widespectrum anthelmintic and vaccinated 

against the common Salmonellae and Clostridial 

diseases. The rams were shorn so that at no time 

did any ram have more than eight months wool growth, 

While the scrotum was trimmed with hand shears so 

that scrotal wool length was maintained at 2 - 3 cm .  
The hooves of all rams were checked and trimGed 

bimonthly and rams run on pasture were drenched for 

internal parasites at 1 - 2 month intervals. 

1. 3 Ma�ials and Methods Used in Studying the 

Development of Scrotal Mange ( c. bovis) 

{i) Animals used 

During 1969 preliminary attempts were made to 

reproduce extensive scrotal mange by either 



i nfesting 11mite free11 housecl rams with c. bovis 

mi t es or simply housing inf ested rams . Rams were 

assumed to be mite free when no mi tes could be 
found on thei r lower l e gs or scrota one month after 
dipping twice in 0.06% 11Ciodrin 11 ( 11Nove x1' I Tasman 

Va ccine Laboratori e� N.Z.) or 0.06% diazinon 
( "Diazatos i•, Tasman Vaccine Laboratori es, N. Z.) A 
total of eight 1 - 3 year old rams were studi ed . 

Five of these rams w ere Romneys, one a Cheviot, one 

a Romney-Ch eviot cross and the other a Drysdal e 

(Rae, 1969) . The rams were under observation for 

4 - 7 months. The scrotum of each ram was examined 

a t  1 - 7 day inte rval s  de�ending on the time of 

infestation and the progression of l esions. Only 

two of the rams devel oped scrotal mange and both of 

these cases cured spontaneously du ring the observa

tion period. The fol lowing yea r a more ext ensive 

fi eld trial was undertaken. 

As g razing becam e avail abl e a total of 19 

Romney ram hoggets w ere run together under natural 

farm conditions . Ei ght rt:'m hoggets, di pped in 

diazinon in Janua ry, were obtained at the end of 

April 1970 and a fu rther 13 undi pped ram hoggets 

were added to these, five at the beginning of July 

and e i ght at  the end of August. The ma jority of 

these rams were unde r observation until  September 1971 

and Will  be subsequently referred to as the fi eld 
trial rams. Prior to i nt rodu ction to t h e  fi eld trial 

experiment al l rams were check ed for scrotal mites 

and those rams without or with only a few c. bovis 

m i t es had approximately 200 t ransferred to th ei r 

scrota . Th e rams w e r e  examined for scrotal l esions 

at  fortnightly int ervals and for scrotal  (C. bovis )  

mites a t  monthly int erval s. 

Obse rvations on rams presented with cl ini cal 

scrotal mange at va ri ous stages of devel opment Wil l  

b e  used t o  suppl ement th e discussi6n on the 



pathogenesi s of s c rotal mange. 

( ii) Cho rioptes bovi s detection, quantitative a s ses s

�nt, and t ran s fer. 

Ram s to be examined f o r  mites were rest rained on 

a wooden table and their s c rota s canned with a B&u s ch 

and Lomb binocul a r  di s secting micros cope (Rochester, 

New Yo rk) (Fig. 1) . The ba se of the moveable a rm 

which hel d the mi cros cope wa s bol ted t o  the table 

( Fig. 1) . Fo r routine ob servation s a magnifica tion 

of 17x wa s used while a magnifica tion of 20x to 60x 

wa s used f o r  mo re �et aileo s tudies. In routine 

studie s, the scrotum of ea ch ram was examined micro

s copical l y  for five - ten minutes and f rom this a 

quantitative estima te of the total number s of 

s c rotal mites obtained. Rams were cl a s sified into 

one of six groups : 0� 1-10� 10-100� l00-1,000� 

1,000-10, 000 and >10, 000 mite s on their s crota . 

The majority of mites t ra n sferred were obta ined 

f rom Ram 13. This five yea r old ram wa s int roduced 

in Novembe r 1969 and found to have >10, 000 mites on 

the s crotum and the l ower leg s and wa s, theref o re, 

kept a s  a mite dono r. A l a r ge popul a tion of mites 

remained on the a nimal throughout 1970, the yea r 

when mo st mites were t ransfer red. Fo r mite t r a n s fer, 

the donor ram wa s r e st rained on hi s side in a Begg's 

f oot t rimming cradle (G.N. Begg Engineering Co. 

Ltd., Southl and, N.Z. ) (Fig. 2) while the recipient 

ram wa s res t rainec on the wooden tabl e  ( Fig. 1) . 

Choriopte s bovis mites were detected on the dono r  

ram sometimes with and at other times without the 

aid of th e di s secting micr o s cope . Group s  of mites 

were t ran sferred f rom the s crotum of the con o r  ram 

on the tip s of a pair of s ci s sors and pl a ced on a 
p reviousl y cl ipped a rea on the clistal thirrl of the 

s crotum of the recipient ram. The recipient ram 

wa s res t rained until the majority of mites had 

been observed micros copica l l y  to have disper sed on 

the skin surf a ce. Field t rial ram s without mites 



Figu re 1: Appara tu s u sed to a s se s s  Choriopte s bovis 

in vivo a nd to res tr ain ram s for mite 

t ransfer. 

Figu re 2: Anpa ra tu s u sed to restrain ram s  for 

electrical stimu l a ti on (a s ill u s tra ted) 

and to re s t r ain mi te donor ram s. 





had approximat ely 200 t ran s f er red at 1 - 2 mont� 

interval s (Text-f ig. 2)!p.25). 

(iii) L e sion development 

i\t each e xamination the s crota and scrotal con
ten t s  of the hou s ed and field t rial ram s we r e  

caref ully palpat ed and the wool s eparat ed and t he 

scrotal skin e xamined. L e s ion position, size, 

shape, colour and t exture were recorded in detail. 

For simplicity in presenting result s the s crotal 

lesion s were cla s sified according to the area o f  
scrotum covered i n  eith e r  palpable active lesion s or 
ina ctiv e  caked lesion s. nctive lesion s were defin ed 
as tho s e  which had a broken skin surface and e xuded 

small amount s  of clear f luid and sometimes blood 
when the d ried exudate was removed. Inactive caked 

le sion s \ATere palpable crust s of exudate which e x
tended down to the skin surface but on removal le f t  
unbroken but of t en moist skin beneath. According to 

thi s clas sif ication rams w e r e  put in to on e of six 
cat egories: 

(1) No s crotal mange 
( 2) Minimal scrotal mange = < 10 sq. cm 

( 3) 

( 4) 

Minor s crotal man ge = 

Mode rat e scrotal mang e  = 

s crotum involved. 

10 - 20 sq. ern of 

s c rotum involve d . 
> 20 sq. cm - 1/4 

of the s crotum 

involved. 
(5) S ev e r e  s c rotal man ge = > 1/4 - 1/ 2 of the 

s c rotum involved. 

(6) Ext r eme s crotal mange = > 1/2 of s c rotum 

involved . 

Scrotal skin biop sie s we r e  taken f rom normal and 

a f f ect ed scrota using a cir cular de rmatome, the 

cutting blade s having a diameter varying f rom 0.2 cm 
to 0.7 cm . Car e  wa s taken not to penetrat e the sac 

of the tunica vaginalis with the dermatome and 

haemorrhage was cont rolled by f illin g the small pit 

in the skin with small cotton wool swab s containin g  
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su l phe n i l a m j_ o e powde r .  Th e s e swa bs we r e  removed 1 

i f  they ha d n o t  f a l l en o u t , a t  t h e  n ext e xam i n a 
t i on . Th e s c r o t a l  sk i n  bi o p s i e s  we r e  f i x ed i n  
10% forma l s a i i n e  a n d  a f t e r  2 4  - 4 8  hou r s w e r e  

p roce s s ed wi t h  t h e  a i d o f  a h i st ok in e t t e . T h i s 
i n vo l v e d  d e byd ra t i n g  t h r oug h a s cen d i n g  g r a d e s  of 

a l coh o l , cl ea r i n g  i n  chl o r o f o rm and el"(lbedd :l..n g  i n  

p a ra f f i n . � i s t o l oq i ca l  s e ct i on s  we r e  s t a i n e d  

r ou t i n e l y  wi t h  h a em a to xyl i n  ( Eh rl i ch ' s) an d eo s i n . 

Va n Gi e s on s ta i n  wa s u s ed to sta i n  s p e ci f i ca l l y  
col l a g en f i br e s . 

( i v )  T re a tm en t  o f  s c r o t a l  ma n g e 

Af t e r  s oa k i n g  t h e  s c r o tum i n  wa rm soa py wa t e r , 

m o s t  o f  t h e  chor i o pt i c  e xu da t e  wa s r emoved a n d  t h e 
s cr otum a n d  l e g s  d i p p e d  in 0 . 0 6% 1 1 C i od r i n  1 1  ( 1 1N o v e x  11_.,. 

Ta sman Va c ci n e  La bo r a t o r i e � N . Z . ) o r  i n  0 . 0 6% 

c h a z i n on ( " D i a za to s "  1 Ta sma n va c ci n e L a bo r a t o r i e s_, 

N . Z . )  The p r o cedu re wa s r e p e a t e d  a t  10 d a y  i n t e rva l s  

u n t i l  t h e  s cr o t a l l e s i on s  h a d h e a l ed com p l e t el y .  

In on e e xp e r im en t  ( C ha nt e r  7) , t h e  ram s we r e  
tota l l y  i �m e r s e d  i n  t h e  in s e ct i ci d e f o r  t h e  f i r s t  

two t r ea trp en t s .  

1 .  4 Compa r i s on o f  a Di r e ct a n d  Indi r ect I'�'i e t hod f o r  

Det ect ing Chori opt e s  bovi s o n  the Scrota o f  Ra m s  

L i ve c .  bov i s  m i t e s  a r e u su a l l y  i so l a t e d  by 
s cr a p i n g  th e sk i n  su r f a ce o f  th e a n ima l wi th a 
sha r p  e d ged ob j e ct an d e xami n i n g  t h e  d e b r i s 
col l e c t e d  w i t h  a d i s s e ct i n g  m i c ro s co p e  ( P u l l i n 1  
1 95 6 �  S\vea tma n , 1 9 5 6 � Ha t t hy s s e  a n d  r�a r s ha l l , 
1 96 3 r  But l e r 1  1 9 5 8) . 

� a n y  ram s wi t h  c. bovi s m i t e s s pon tan eou s l y 
n i bbl e w h e n  the i n f e st ed a r ea i s  w a n i pu l a t ed ( se e  
pa qe 35) . In t h i s s tu d y  10 ram s t h a t  n i bbl e d  when 

t h e  s crota \>Ja s m a n i pu l a t ed w e r e  exam i n ed . Th e 
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s crota l wool co v e r i n g a o p ro xima t e l y  2 5  s q . cm on 

the d i s t a l  s crotum wa s cl i pp ed to a bou t 1 cm 
l en gth a n d  th e a r ea s c r a p e d  l i ghtl y wi t h  2 ha ck saw 

bl ad e . Th e debr i s wa s col l e ct ed in t o a s t e ri l �  

petri d i s h  a n d  t h e  con t en t s  systema t i cal l y  exami n ed 

wi th t h e  Bau s ch a n d Lomb d i s s e c t i n g  m i cro s cop e . 

Thi s  me t hod o f  m i t e  detect i on wa s com pa red wi t h  the 

di re ct m i cro s coo i c  observa t i on of th e s c ro t a  of t h e  

10 ram s f o r  5 - 10 m inu t e s u s i n g  t h e  a ppa ra tu s 

i l l u s t ra t ed in F i g . 1. 

The da ta � re s en ted i n  Ta bl e 3 s how s tha t t h e  
i n d i r e ct m e t hod wi l l  d et ect s c rota l m i t e s  '"h en 
re l a ti v e l y l a r g e  n umbe r s a r e  p r e s en t  on the s crotum 

but may n o t  d e t e ct m i t e s vlhen on l y  sm al l numbe r s  
a re p r e s en t . The i n  v i vo method det ected ev ery 

ram th a t wa s p ro v en po s i t i v e f o r  c .  bovi s whi l e th e 

i n d i re ct m et h od d et e c t e d  on l y  70% o f  the p roven 

ca r r i e r s .  In t h e  3 ram s wh i ch we r e  po si t i ve onl y  

wi th t h e  d i r e ct m e t hod , � i t e s were l im i ted to a 
" 

sma l l  a r ea of t h e  s c rotum not s cra ped . N o t  on l y 

d i d  t h e  i n d i re ct m ethod f a i l  to d etect s crot a l 

mi t e s  in som e  ca s e s  bu t th e m ethod gave a rel a t i vel y 

poor i n d i ca ti on of t h e  numbe r o f  c .  bo v i s m i t e s  

p r e s en t  (Tabl e 3 ) . 

1 . 5  Re su l t s  of Observa t i on s on th e Pa thogen e s i s o f  

Scrotal Mange ( Cho r i op t e s  bov i s )  

( i )  Beha v i ou ra l  pa tt e rn of c .  bovi s on th e s c ro ta 

o f  ram s 

M i t e s  we r e  di s t ribu t e d  uneven l y  on t h e  s c rota 

of ram s . Wi th the e xcep t i on of ram s wi th s ev e r e  

e xten s i ve s crotal ma n ge , c .  bovi s m i t e s  t e n d e d  to 

a ccumu l a t e  on the mo re d i s tal a spe ct s  of th e s crotum 

and w e r e  f ou n d  u sua l l y  onl y  on th e proxima l qua rter 

of the s c rotum wh en th e r e  were extremel y l a rge num be r s  

pre sent ( Tabl e 4 ) . In many rB.rn s m i te s we r e  l im i ted 

to the ba s e  o f  th e s cr o tum wh i l e  i n  o th e r s  the r e  wa s 

a gra d i 2n t 1  th e ma j o r i ty of m i te s  being f ound on th e  

ba s e  w i th d ecrea s i n g  numbe r s  p roxima l l y  ( Tabl e 4 ) . 
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Tabl e 3 i  Compari s on of two m ethod s f or oet ecti ng 

Chori opt e s  bovi s on t h e  s crota o f  ram s 

Ram No . 

1 

2 

3 

4 

5 

6 

7 

8 
9 

1 0  

S crotal mange 
s ever i ty 

"minima l " 

n i l  

n i l  

"minima l 11 

1 1mi n imal " 

ni l 

"mi nimal 1 1  

1 1moce ra te 1 1  

1 1mi no r " 

"minor 11 

Estimated numbe r. of m i t e s  obs e rv ed 

Di r e ct m i c ro s copi c 
Sk i n  scra p i n g  obs ervati on 

0 1 - 10 

1 -10 l 0 0 - 1 , 0 00 

0 10 - 10 0  

1 0 - 10 0  1 , 00 0 - 10 , 00 0  

1 - 10 1 0 - 10 0  

1 - 10 10 - 100 

1-10 1 1 000 - 10 1 00 0  

10 -100 1 , 0 0 0 - 10 , 00 0  

10-10 0  1 , 000 - 10 , 00 0  

0 1 ..... 1o 
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Tabl e  4 :  D I ST RIBUT I ON O F  C HORIOP TES BOVIS O N  THE SCRO TA 

OF EL EVEN RAMS ( 30/5/7 1 ) 

P o s i t i on 1 Ram 452 : 
j 

A -
B -

c ; -
' 

D ' + 
Sc r otal Mange N i l  

P os i t i on Ram 264  

I 

A -
B -

• c ! -
D + ++ 

Sc r o t al Mange N i l  

P o s dl t i on ! Ram 394 

! 

A ! 
I -

B ! 
l -

c i + +  
D 

\ + + + +  
i 

Sc r o tal Man ge : N i l  

' 
A \ 

---) -----1�
B . 

c 

-����' 

Ram 2 1 4 Ram 1 6  Ram 435 

- - -- - -- - -
+ + +  ++ 

"Min i mal" N i l  1 1 Hi n imal 11 

Ram 244  Ram 1 95 Ram 253 

- - -

- - -- + + 
+ + + +  + + +  + + + +  
N i l  N i l  N il 

Ram 1 61 Ram 6 1 3 

- ++ 
+ +++ 
+ + + + +  

+ + + +  + + + + +  
N i l  N i l  

Es t i mated m i t e numbers 

n o  m i t e s  

+ 1 - 1 0  m i t e s 

++ 1 0- 1 00 m i t es 

+++ 
++++ 
+ + + + +  

1 00-1 , 000 m i t e s  

1 , 000- 1 0 , 000 m i t es 

., 1 0 , 000 m i t e s  
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On ram s  witbout l e si on s  c .  bovi s we r e  obs er v ed 

onl y  on the s k i n  su r f a ce 7 on no o c ca s i on we r e  th ey 

obse rved of f the s k i n  in the s c rota l wool or 
... 

bu rrowec into the skin . CoroTonly ,  th e mi t e s  were 

f ouno in grou 9 s , th e number of � i t e s  per g rou p 

varyi n g  f rom l e s s  t h a n  t en t o  more than a thou s and . 

Al thou gh i n n i v i cu a l  m i t e s  were di f f i cul t to s e e  

wi th t h e  nak ed eye , l a rge g r ou p s  cou l d  be s e e n  

r ea d i l y  givin g t h e  a r ea o f  s cr otum i nvol ved a grey 

du sty a ppeara n ce .  The bodi e s  of m a n y  stat i on a ry 

m i t e s , both i nd i v i du al s a n c  g rou p s , were at a lm o st 

r i gh t  a n gl e s  to t h e  sk i n . T� o s e  i n  g rou p s  su p o o r t ed 

them s el v e s  a ga i n s t each oth e r  ¥7h i l e  thosG on th e i r 

own su pporteo th em s el ves on the l ong s et� e on th ei r 

th i rd 9a i r  of l eg s  ( Fi g .  3 ) . M ot i l e  m i t e s  wer e 

obs e rve� to stor a n �  ou sh t h e i r  th i rd D� i r  of l eg s  

downwa rd s c. nd a s  th e v..rei gh t  wa s ta.k en by t h e  s etae 

th e body mov ed f rom bei n g  p a ra l l el to tr• e  sk i n  

s� rf a ce t o  bei ng a lmost perpendi cul a r .  Ben ea th 

grou p s  or indi vi dual � i t e s  i n  th e perpeno i cul a r  

pos i t i on t h e  sk i n  wa s always d ry a n d  u sua l l y  sm ooth 

and gl i s t en i n g .  Th i s  wa s i n  con t ra s t to t h e  

su r r ound in g  s k i n  whi ch wa s r e l ati vely dul l  in 

col ou r and of t en s cal y .  o c ca si on a l l y ,  be� eath 

ind i v i du a l  an d smal l g r ou p s  of m i t e s  in th e v e r t i cal 

pos i ti on , th e r e  were sma l l  concave i nd enta ti on s i n  

th e epi d e rmi s .  Somet i m e s  � i nu t e  r i ppl e s  wer e  s ee n  

o n  th e su rfa ce of  t� ese i n d entat i on s .  In n o  

in stan c e  wer e  m i t es seen to cau s e  a n  erosi on l a rg e  

enough to penet ra te th e su p e rf i ci al l ayers o f  th e 

eoi d e rm i s .  P.owever , s omet iro e s  m i t e s  were obs e rved 

f eed i n g  a round ·. �ool f ol l i cl es .  Th e epi d e rm a l  

materi a l  su rrou ndi n g  th e wool f ib r e  wa s oft en 

ea ten away , so that mi t e s  f ee d i n g  i n  the m outh of 

wool f ol l i cl e s  were obs e rv ed ju st bel ow the ski n  

surf a ce . 



F igu r e  3 1  Two c .  bov i s m i t e s  on th e s c r ota l sk in 
su r face of Ram 1 3 .  I 'J i t e  A i s  i n  t h e  

n ormal mot ile po s it ion ( oa r a llel to t h e  
sk i n  su r f a ce )  w� ile M i t e  B i s  i n  t h e  

ty� i cal f e edin g oos i t ion ( � erpendi cula r  

t o  the sk i n  su rface ) . Th e s etae o n  t h e  

� in d  l eg s of � i t e  B ar e holding t � e  � i t e  

i n  t � e  p e r p en d i cu la r  pos ition . 
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( i i }  Le s i on d e ve l opm ent 

The e xperim en ta l  i nd u ct i on o f  l e s i on s  in on l y  

2 of th e 8 ram s i n  the prel i m i na ry inv e st i ga t i on 

du ri n g 1 9 6 9  showed that s crotal m a n ge wa s n ot 

i n du ce d  r ead i l y . Du r i n g  1 9 70 m a ny thou s an d s o f  

m i te s  w�r e pl a ced on th e s c r o t a  of fiel d t r i a l  ram s 

and many f a i l ed to col o n i z e  ( Text- f i g .  2) . Not 

onl y  d i d  m i t e s  f a i l  to col on i ze wh en t r o n s f erred 

to som e ram s  bu t th e same ram s f a i l ed a l s o to 

become i n f e s t ed f rom m i t e  carri ers in th e s a m e  

f l ock ( Text - f i g .  2 ) . Fu rth e r ,  th � col oniza t i on o f  

th e scrotum with �it es d oe s  not a u t oma t i ca l l y l ea d 

to scrot a l man ge . Ram s 244 a n �  1 6 1  had sma l l  

numbe rs o f  mi te s a n d  Ram 39 4 h a c  l a r ge number s o f  

m i t e s f o r  m o r e  than a yea r wi t h ou t  th � a p�e a ra n ce 

of s c r ota l l e s i on s  ( Te xt- f i g .  2 ) . 

Th e m a j ority of s crota l  � a n ge ca s e s  ob s e rved 

in th i s study we r e rel a t i ve l y  m il d .  T h i s wa s so 

for both experime n ta l l y indu ced scrota l mange a nd 
s crota l m a n g e  d e t e ct ed du ri n g r ou t i n e  exam i n a t i on o f  

ram f l o ck s .  U su a l l y t h e  l es i on s  i n vol ved onl y a 

sma l l  a r ea on t h e  d i s ta l  e i gh th of the s cro tum . 

Thu s both m i t e s  a n d  l e s i on s a ttribu t ed t o  t h em t end 

to o ccu r on th e ba s e  of th e s crotum . In s om e ram s 

s cr ot a l  m a n ge l es i on s  i n vol v ed l arg e a r ea s of t h e  

s c rotum a nd i n  a f ew ra m s a l l  o f  th e s c r otum wa s 

i n vol v ed . 

Th e earl i e st cl i n i ca l  l es i on a ttributabl e to 

c. bovi s a ppear ed a s  sma l l , 1 - 3 mm , pa l e  yel l ow 

s ca bs on t h e  sk i n su rfa ce ( Fi g .  4 ) . Th e s e  sma l l  

crumb l i k e  scab s  ga ve � g r i t ty f eel i n g  to t h e  

n o rma l l y  smooth s k i n  a n d  o n  re�ova l e x po s ed sm� l l  

su�e tf i cia l pits on th e sk i n  su rf a c e .  Th e su r f a c e  

of th e s e m inu t e  p i t s  a ppea r ed moi st and t h e  sma l l  



If:XI-flii ': RELATIONSHIP BETWEEN SCROTAL MITE (�) NUMBERS AND SCROTAL MANGE SEVERITY IN THE SEVENTEEN FIELD 

TRIAL RAMS 

1 970 - 1 97 1  

MAY JUN. JUL. AUG . SEP. OCT. NOV. DI!X: .  JAN. FEB. MAR. APR. MAY JUN. JUL. AUG. SEP. OCT. NOV. DEC. 

SEVERE RAM 394 ,000- 1 0 , 000 
MODERATE 00-1 , 000 

MINOR 
0-1 00 

MINIMAL -1 0 

NIL 

SEVERE RAM 1 84 , 000-1 0 , 000 

00-1 , 000 

MINOR • 0-100 

MINIMAL -1 0 

NIL 

SEVERE RAN 452 ,000- 1 0 , 000 

MODERATE 00-1 ,000 

MINOR • • • 0-100 

MINIMAL -1 0 

NIL 

SEVERE RAM 435 , 000-1 0 , 000 

MODERATE 00-1 , 000 

MINOR 0-1 00 

MINIMAL -1 0 

NIL 

SEVERE RAM 321 , 000-1 0 , 000 

00-1 , 000 

MINOR 0-1 00 

MINIMAL -1 0 

NIL 
... 

EXTREME RAM 61� ) 1 0 , 000 ... gJ 1;1 SEVERE , ooo-1 0 , 000 "' 

� 1 00-1 , 000 � 
"' MINOR 1 0-100 "' 
"' MINI MAL 1 -1 0  ... 
� NIL 0 !< 

SEVERE RAN 1 1 7  1 , 000-1 0 , 000 ,., 
,., � � MODE RAT 1 00-1 ,000 1il 0 "' MINOR 1 0-100 " &! "' 

MINIM!\L 1 - 1 0  

NIL 0 

SEVERE RAM 2 1 4  1 , 000-1 0 , 000 

MODERATE 1 00-1 ,000 

MINOR 1 0-1 00 
MINIMAL 1 -1 0  
NIL 0 

SEVERE � I , 000-1 0 , 000 

MODERATE 1 00-1 ,000 

MINOR • • • • • • 1 0-1 00 

MINIMAL 1 -1 0  

NIL 0 

SEVERE � 1 , 000- 1 0 , 000 

MODERATE 1 00-1 ,000 

MINOR • 1 0-100 

MINIMAL 1 -1 0  

NIL 

SEVERE RAM 264 1 , 000-1 0 , 000 

MODERATE 1 00-1 , 000 

MINOR 1 0-1 00 

MINIMAL 1 -1 0  

NIL 

SEVERE RAM 1 61 1 , 000- 1 0 , 000 

MODERATE 1 00-1 ,000 
MINOR 0-100 

MINIMAL 1 -1 0  

NIL 

SEVEiiE RAM 244 ,000-1 0 , 000 

MODERATE 1 00-1 , 000 

MINOR 1 0-1 00 
MINIMAL 1 -1 0  

NIL 

SEVERE RAN 1 9 5 1 , 000-1 0 , 000 gJ 
MODERATE 1 00-1 ,000 I MINOR • • • 1 0-100 

.. MINIMAL 1 -1 0  "' � NIL 0 
... 

"' !< � SEVERE RAM 294 1 , 000-1 0 , 000 ,., 
MODERATE 1 00-1 , 000 � 

"' MINOR • • • • • 1 0-1 00 1il "' 
� MINIMAL 1 -1 0  &! 
:;l NIL 

... SEVERE RAM 2 2 5  1 , 000- 1 0 , 000 1il MODERATE 1 00-1 ,000 " "' 
MINOR • • • • • 1 0- 1 00 

MINIMAL 1 - 1 0  
NIL 0 

SEVERE IW1 237 1 , 000-1 0 , 000 
MODERATE 1 00-1 , 000 

MINOR • 1 0-1 00 

MINIMAL 1 - 1 0  

NIL 0 

SEVERE RAM 253 1 ,000- 1 0 , 000 

MODERATE 1 00-1 ,ooo 
MINOR • 1 0-1 00 

MINIMAL 1 -1 0  

NIL 0 

SEVERE RAM 285 1 , 000-1 0 , 000 
MODERt,TE 1 00-1 , 000 
MINOR • • • • • • 1 0- i UV 
MINIMAL 0 1 -1 0  
NIL 0 

MAY JUN. JUL. AUG . SEP. OCT. NOV. DEC. JAN. FEB .  HAR. APR. MAY JUN .  JUL. AUG. SEP. OCT. NOV. DEC. 

1 970 - 1 97 1  

0 Estimates number o f  scrotal • �H��xi�:��}{r�:� hundred C , bovis Scrotal mange severity C,bovis m i te!'! 



Fi gu r e  4 :  Th e smal l e s t  cl i n i ca l  l e s i on s  a t t r i bu t a bl e  

to Cho r i opte s  bovi s on t h e  s crotum of a 

ram . Th e sma l l  ye l l ow i s h  s cab i s  i n ta ct 

i n  one l e si on wh i l e  two ad j a cen t  s cabs 

have been r em o v ed e x oos in g a brok en s k i n  

su r f a c e  wi t h  sma l l  amou n t s  o f  cl ea r f lu i d  

wh i ch i s  s t r ea k e d  wi th m inu t e  p ete ch i a l  

h a emo r rha ges . 

( 1  sma l l  d i v i s i on = 1 �m ) 
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amou n t s  of cl ea r f l u i d  e xu d ed w e r e  o f t e n  st r e a k e d  

w i th m i nu t e  pet ech i a l  h aemo r rh a g e s .  

F i stol ogi ca l l y t h e  su p e r f i c i a l  sk i n  e r o s i on 

i n vol v ed m o s t  of t J1 e  l aye r s  of e p i d e rm i s ,  d e rm a l  
pa p i l l a e  s om e t i m e s  bei n g  e x �o s cd t o  th e ext e ri o r . 

Th e epi d e rm a l  c el l s  i n  th e v i ci n i ty of t h e  p i t s  w e r e  

d i s ru p t ed w i t h  i nt e r cel l u l a r  o e d e� a  ( s p o n gi o s i s )  a nd 
t o  a l e s s e r e xt en t  by i n t ra c el l u l a r  oed ema ( �a l l oo� 

i n g  deg en e ra t i on ) ( F i g .  6 )  • A t ra n s i t i on bet-w· e e n  
sma l l  amou n t s of i n t e r c el l u l a r  o e d ema i n  th e p er i ph e ry 

o f  l es i on s to m i crov e si cl e  f o rma t i on n ea r  th e � i t 

wa s f r equ e n t l y  ob s e r v ed . Som e  of th e e p i d e rm a l  c el l s 
i n  th e v i c i n i ty of t h e p i t s  we r e  �y cn ot i c a n d sma l l  

n umbe r s  o f  l ym ph o cvt e s  u su a l l y  i n vaded th e epi d e rm i s .  

B e n e a th t h e  sk i n e r o s i on s  th e sma l l  bl ood v e s s e l s 

i n  th e s t r a t u m  pa p i l l c r e  wer e d i l a t ed ( F i g .  5 )  a n d  

t h e r e  wa s a m i l d  i n f i l t ra t i on , e s p eci a l l y  p e r i 

va s cu l a rl y  o f  i n f l amm a t o ry c el l s .  Apa r t  f ro� t h e  

o c ca s i on a l eo s i n o ph i l , a lm o s t  a l l o f  th e s e  c el l s  

w e r e  mononu cl ea r ,  th e ::'a j o r i ty b e i n g  l ym p h o cyt e s  

( F i g .  6) . Th e d e rm a l  pa pi l l a e  wer e u su a l ly s l i gh tl y  

o edema t ou s .  The r et i cu l a r  1 ay e r  ( st ratum r et i cu l a r e ) 
a n d  t h e  d e ep e pi d e rm a l  a �pen d a ge s ( swe a t  gl and s 1  

s eba c eou s g l a n d s ,  woo l f ol l i cl e s  ) we re n ot i nvol ved 

in t h e  d e rma t i t i s . In many ca s e s the l e s i on s  

spon ta n eou s l y  cu r ed a t  t h i s s t ag e .  In oth e r  ram s , 

a s  som e of th e sma l l  l e s i on s  cu red oth e r s  a p p ea r e d l 

re su l t i n g  i n  th e ba s e  o f  th e s crotum a p p ea r i n g  

s cu rf y .  

I n  s om e  ram s , t h e sma l l  l e si on s  i n crea s ed i n  

s i ze a n d  th e e xu o a t e  f rom n e i ghbou r i n g  l e s i on s  

b e cam e con f l u ent ( F i g . 7 ) .  Th e l e s i on s we r e  

typi ca l l y  exu da ti v e  i n  n a tu r e ,  th e cl ea r exu da t e  

d ryi n g  t o  f orm yel l owi s h , c rumbl y t o  ca k ed s ca b s  



F i gu r e  5 :  H i s t o l ogi ce l p i ctu r e  o f  t h e  ea r l i est 

cl i n i ca l  l e s i on a ttr i bu ta bl e  to C h o r i opt e s  

bo v i s .  �o t e  tr e va s o d i l a t i o n  i n  t b e  

r e g i on o f  t h e  e p i d e rma l p i t  a n d  t� e � i l d  

a c cu�u l a t i on o f  i n f l am�a to ry cel l s  i n  

t h e  s t ra tum pa p i l l a r e .  

( :-< . & E . ) 
( x  l OO) 

F i gu r e  6 :  H i gh oowe r o f  F i g .  5 s h ow i n g  e p i d e rm a l  

s oon q i o s i s w i t h m i l d  i n f i l t ra t i on of 

1 yrn p b o cy t e s  ( L ) .  

( F . 8, E . )  

( x  400)  
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wh i ch i n  t h e  ea r l y  sta g e s  were a s  m u ch a s  1 cm 
th i ck .  Sm ea r s  m a d e  f rom t h e  cl ee. r exu da t e  of t en 

conta i n ed va ryi ng numb e r s  of e o s inoph i l s .  Remova l 

of th e d r i ed e xu d a t e  of a cu t e  l e s i on s  l ef t  ben ea th 

a r ea s ,  u su a l l y no mo r e  than 1 sq . cm i n  d i am et e r , 

of brok en sk i n  su r f a ce wh i ch exu d ed sma l l  amount s 

o f  cl ea r f l u i d  a n d  som e t i m e s  sma l l  amou n t s of bl o od 

( Fig . 8 ) . Th e r e wa s  u su a l ly a n  i n cr ea s e i n  t h e  

number of mononu cl ea r cel l s  i n  t h e  s t r a tum p a pi l l a r e 

a nd i n  vi rtu a l l y  a l l  ca s e s  exam i n ed th e r e  wa s a 

m o d e r a t e  i n f i l t r a t i on of eo s i no oh i l s  ( Fi g .  10 ) .  

In some ca s e s  ther e ¥7a s a m i l d ,  ma i n l y  pe r i va scu l a r  1 

a ccumu l a t ion of  i n f l a mm a t o ry cel l s  in th e r et i cu l a r  

l ayer of t h e de r.n i s . Th e sma l l  d e rma l bl ood v e s s e l s 

w e r e  d i l a t ed a n d  t b e r e  we r e  va ry i n g  amou n t s of 

i n t rade rm a l  oedema . Th e m o r e su p e rf i ci a l  l a y e r s  of 

t he epi d e rm i s wer e l a ck i n g  a nd occa s i on a l l y  t h e r e  

wa s a com pl et e l a ck o f  conti nu i ty o f  t h e  epi d e � i s 1  

t h e r et e  p e g s  a nd \'lool f ol l i cl e s  b e i n g  s epa ra t ed l::y 

t h e  d e rm a l  pa pi l l ae 1  wh i ch commu n i cat ec d i r e ct l y  

w i th th e su r f a c e .  Th e ba sal e9i d e rma1 c el l s  

p r esent , f o r  exam pl e th o s e  i n  t h e  ret e  pegs , we r e  

o f t en d i s ru p t ed a n d  degen era t i n g .  The s ca b s , wh i ch 

s t a i n ed a h omogenou s pink w i t �  eosi n , cont a i n ed 

clum p s  of eos i n op h i l s  and nu cl ea r d eb r i s . In th e 

peri phe ry of t h e  a ct i v e  l e s i on s t h e  s t r a tum 

ma l pi gh i i  wa s o f t en sl i gh tly t h i ck en e d  ( a ca nt h o s i s )  

a n d  t h e  r e t e  pegs we r e  s om e t i m e s  el o n ga t ed ( Fi g .  9 ) . 

In some ram s t h e  l e s i o n s  cu red s pont a n eou sly a t  

th e a cu t e  s t a g e  o f  l e s i on d ev el o pm ent \-lh i l e  i n  

oth e r s  th e l e s i on s r ema i n ed ch roni ca l l y  a ct i v e  f o r  

r e l a t i v e l y  l on g  p e r i od s ,  f o r  exampl e ,  4 - 6 mont h s .  

The exper i m ent a l l y  i n du ce d  ch ron i ca l l y  a ct i v e  

l e s i on s  cov e r ed f r om a s  l i tt l e a s  4 sq . cm o f  th e 
s c rotum to a pproxim a t el y  30 sq . cm of t h e  s c ro tum 

i n  exu d a t e  on e to th r e e  cm th i ck .  � i stol o g i ca l l y 



F i gu r e  7 :  Ty9 i c a l  s c ro t a l m a n g e  i n vol vi n g  th e ba s e  

of th e s c r ot urr . 

Fi gu re 8 :  Above wi t h  t h e  d r i ed exu da t e  r emoved 

e xoo s i n g  a h yo e r a em i c  sk i n  �Th i ch i s  
brok en i n  so� e  a r ea s .  Tr e bro k e n  a r ea s 

a r e m o i s t  a n o  t h e r e  i s  a sm a l l  amou n t  

o f  r a  ern o r  rha ge . 
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Fi gu r e 9 :  S e ct i on tak en f r om a ct i v e  l e s i on s  of t h e  

s c rotum i l l u s t r a t ed i n  F i gu r es 7 a n d 8 . 
� o t e  mod e ra t e  i n f i l t r a t i on of inf l amma t o ry 

c e l l s  i n  t r e s t r a tu� pa p i l l a r e n n d  to a 

l e s s e r  extent i n  t h e  s t ratum r et i cu l a r e . 

T h e  e p i d e rm i s  i s  s ev e r e l y  d i s ru p t ed and 

t h e r e i s � m o d e ra t e  e l on g� t i on o f  t h e  

r et e  p eg s .  

F i gu r e  lO : H i gh �owe r o f  F i g .  9 sh oV-7 i n g  tha t th e 

ma j o r i t y  o f  t h e  inf l a�ma t o r y  c e l l s  a r e  

eo s i n oo h i l s  (E ) .  
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th ere wa s l i ttl e con g e st i on o f  th e dermal blood 

v e s s el s and t h e r e  wa s on l y  a smal l  amou nt of 

e p i d e rma l oed ema i n  th e s e  ch ron i c l es ion s .  C el l  

in f i l t rat ion o f  t h e  d e rm i s  -v1a s o f t en ma rk ed , wi t h  

eosi nophi l s  u su a l l y  p r edom i na t i ng . Th e epi d e rrai s  

wa s d i s ru pt ed i n  th e vi c i n i ty of t h e  a ct i v e  l e s io n s  

a n d  a ca n tho si s a n d  ret e  p eg el onga t ion wa s of t en 

ma rk ed .  In t h e  pe r i ph e ry of th e a ct i ve l e s i o n s  

th e r e  wa s o f t en a m i l o  i n c r e a s e  i n  t h e  thi ckn e s s  

o f  th e stratum corn eum ( hyperk era t o si s ) . In  som e 

of  t h e  ch ron i c  ca s e s  th e r e  wa s a s l i ght i n c re a s e  

i n  th e th i ckn e s s  of t h e  sk i n  i n  th e region of t h e  

a ct iv e  l es i on s ,  a n d  h i s t o l ogi ca l l y  th ere wa s a 

m i l d  d e rma l  f i b ro s i s .  Spontan eou s cu r e  of a l l  of 

t h e  exp e rimen t a l l y  i n du ced ch roni c s crotal l es i ons 

occu r r ed wi th i n  6 mon th s of  f i r st a p p ea ri n g .  In 

som e  ram s , for exampl e Ram 1 3  th roughout most o f  

1 9 70 , a s  some l e si on s  cu r ed spon t a n eou sly ot h er s  

a pp ea r ed . In oth e r  ram s , l e s i on s  that sta rt ed on 

t h e  ba s e  sp r ea d p roxima l l y so tha t  du r i n g  a pe ri od 

of week s more o f  t h e  s c rotum becam e i nvol v ed i n  

a ct i v e  l es i on s .  

On f i r s t  e xaminat i on Ram s 37 3 and 6 1 2  ( Chapter 

8) h a d  l e s i on s i nvolvi n g  only the d i stal qu a rt er of 

t h e  s crotum a n d  du r i n g  th e f ol l owi n g  week s  t h e 

l e s i on s moved p roxima l l y  r e sul t i n g  i n  most of  th e 

s crotum bei n g  covered i n  c rumbl y - co k ed exu da t e ,  

i n  som e  a rea s ,  4 cm t h i ck ( Fi g .  1 1 ) . L e s i on s on 

th e ba s e  of th e s crotuw w e r e  ch ron i c  wh i l e  t h e  most 

proximal l e si on s  were a cu t e .  The m o r e  rapi d l y  

d evel o pe d  l e s ion s tended to p rodu ce exudate t h a t  

cak ed wh i l e  s l owly d evelo�i n g  l es i on s  wer e  m o r e  

c rumbly . Remova l of  t h e  yel l owi sh exuda t e  f rom 

th e s crota of Ram s 5 1 2 a n d  37 3 a n d  m a ny ot h er ram s  

exam i n ed wi th exten s i v e  s c rotal l e s i on s ,  r e v ea l ed 



sma l l  a r ea s o f  b rok en sk i n  wh i ch exuded sma l l  

amou n t s o f  c l ea r  f l u i d  a n d  � l ood ( F i g .  1 2 ) . Th e s e  

sk i n  e ru p t i on s we r e  o f t en on top o f  sma l l  

el e va t i on s  o r  �a pu l e s . Between t h e  papu l e s  t h e  

sk i n  wa s u su a l l y s l i gh tl y  r ed d en ed , and s om e t im e s 

m o i s t . I f  t h e  a ct i v e  l e s i on s we r e  cl o s 2  t o g et h e r  

th e 9a pu l e s  b e came a l mo s t con f l u e nt g i v i n g  t h e  

whol e a r ea a s l i gh t l y  t h i ck e11 e d  f e el i n g  u nd m o ro cco 

l e a th e r  a 9p ea ra n c e .  E i s t o l o g i c� l l y  th e r e  w e r e  
o f t en m i l d  d e gr e e s  of a ca n th o s i s ,  hyperk e ra t o s i s 

a n d  p a rak e ra t o s i s .  U su a l ly t h e r e  wa s a m od e r a t e  

to s e v e r e  i n f i l t ro t i o n  o f  cel l s ,  e s p e c i � l l y  

e o s i n o ph i l  s ,  i n  th e u p o e r  a nd t o  .J 1 e· s s e r  d e g r e e  i n  

th e l owe r d e rm i s ( Fi g s . 1 3  a nd 1 4 ) . I n  som e ram s 
th e re wa s a l s o  a m i l d  d e rmal f ib ropl a s i a .  �any o f  

the r a m s  exam i n ed W i t h  ext en s i v e  l e s i on s  of s c r o t a l  

mange u n d e rwe n t  a c. a r t i a l  o r  com 9 l et e S fJon t a n e ou s 

cu r e  wb i l e  u n de r ob s e r va t i on ( s e e  C h a ct e r  6 ) . 

I n  a f ev7 r a \1:\ s  vJj_ t!l ext en s i ve s c ro t a l m a n g e  

th e r e  wa s a r a n ci d  odou r � s s o c i a t ed wi t h  t h e l e s i on s 

a n d  i n  two ram s a s c rota l woo l br e s k  o c cu r r ed ,  t h e  

exu d a te-ma t t ed wool b e i n g  ) e el e d  ea s i J.y  o f f t h e  

s crotum . In a f ew i n s t a n c e s  t h e e xu 03te cl c s e  t o  

th e s k i n  wa s r el a t i v e l y  v i s cou s a nd l i g h t  y el l ow 

i n  col ou r a n d  s orn e t i � e s  th e �u ru l ent ma t e r i a l  wa s 
con ta i n ed i n  su pe r f i c� a l  cav i t i e s ( �u s tu l e s ) . 

I nva r i abl y ,  t h e r e  wa s a p r e d o� i n a n c e of n eu t roph i l i c  

l eu co cyt e s  i n  th e i n f l amm a t o ry zon e o f  t h e s e  l e s i on s . 
Cu t a n e ou s my i a s i s  WA s a s s o ci a t ed �i th e x t e n s i v e  

s c r ot a l  m a n g e  i n  o!'l e ram o Al t h ou gh !?._�,rma!-_�i l u s  

sp e c i e s  w e rs i n cr im i n a t ed , th e o r ga n i sm wa s n o t  
i sol a t ed a n d  th er e wa s n o  l i s to l o g i ca l ev i d en c e  o f  

i t s p r e s e n c e  i n  a ny ca s e  o f  s c r o t a l man g e  exam i n ed .  

The r e  wa s n o  p erma n en t  dama g e  t o  t h e  epi d e rm i s 



F i gu re l l t Ext en s i ve s crota l m a n ge . D r i ed c rumbl y

cru sty exu oa t e  a p p r o x im a t el y  4 cm t h i ck 

co ve r i n g  m o s t  of t h e  po s t e r i o r  a s p e ct o f  

t h e  s cr otum . 

F i gu r e  1 2 :  The a n t e r i o r  a s p e ct o f  t h e  a bove s crotum 

w i t h  t� e e xu da t e  r em o v e d , expo s i n g  brok e n  

a r ea s of sk i n  wb i c� a r e e�u d i n g  sma l l  

a � oun t s  o f  cl e a r f l u i d  a n d  bl ooo . 

Between t h e  a ct i ve l e s i on s t h e  sk i n ,  

a pa r t f rom bei n g  sl i ghtl y  hyp er a ew i c ,  

apoea r s  r e l a t i vel y n o rm a l . 



1 1 

1 2  



Fi gu r e  1 3 :  Sever e ,  ch r on i c  l e s i on of s c r ot a l  m a n g e . 

qyp e rk e ra t o s i s ,  oa r ak e r a to s i s ,  a ca n t�osi s 

a n d  a n  i n t en s e  a ccumu l a t i on o f  ce l l s a r e 

a ooa r e n t  i n  bo t r  t h e  s t ra tu� pa p i l l a r e  
a n d  s t ra tum r et i cu l a r e .  

( :� • & E • ) 

( x  40 ) 

F i gu r e 1 4 : i gr oowe r of a bove . Th e i n t en s e  
a ccu�u l a t i on o f  cel l s i n  t h e  de rm i s  
a re n ea r l y  a l l  eosi n o Qh i l s ( E ) . 

C1 • & E . ) 

( x  40 0 )  



1 3  

1 4  



o r  i t s  a pp en da ge s  i n  a ny of t h e  ma ny ram s  exam i n e d  

wi th s e v e r e , s crota l ma n g e .  Mo st o f  t h e  ram s  t ha t  

ha d b e en su cce s s fu l ly t re� t ed o r  had cu r ed s pontan

eou s l y  of  exten s i ve s crot a l  m a n ge had n o  evi d en ce 

of pe rma n ent sk i n  th i ck en i n g  of th e s crotum wh i l e  

t h e  d i stal a spect s ,  e speci a l ly t h e  ba s e , o f  a f ew 

ram s w e re pe rman ent ly sl i gh t l y  th i ck e n ed . Th e con

t ra ct ed s crota of these l a tt e r  ram s a p p ea r ed more 

cor ru ga t ed tha n  norm a l . I n  �ovembs r ,  1 96 9  two ram s 

wer e  exam i n ed wi th ch ron i c exten s i v e s crotal ma n g e .  

The s crota o f  t h e se two ram s w e r e  p endu l ou s a n d  

sl i gh t l y  th i ck en ed . A t  th e e n d  of 1971  a f t e r  both 

ra m s  h a d  be en f r ee of s c rotal mange f or a t  l ea st 

s i x  mont h s  t h e  scrota we r e  st i l l  pen du l ou s ,  t h e  

d i s t a l  a sp e ct s con s i d e ra bly th i ck ened a n d  th e con 

t ra ct ed s crotum a pp e a r eo v e ry cor ru ga t ed . Fu rth e r , 

ev i d en c e  obta i n ed a t  �o stmo rt e� r ev ea l ed t h a t  t h e  

d ermat i t i s  d i d n o t  i nvol v e  or pen et ra t e  t h e  pa r i etal 

l ayer of t h e  tun i ca va gi n a l i s ,  th e tun i ca v a g i n a l i s  

ca vi ty o r  t h e  t e st i cu l a r  ca p su l E i n  any of t h e  

twenty ra� s exam i n ed wi th ext en s i v e  s crotal m a n g e . 

( i i i )  Rel a t ion s h�etween s cr ot a l  mange a nd 

Chori opt e s  bov i s 

Choriopte s  bov i s m i t e s  wer e  a s so c i a t ed wi th 

ev ery ca s e  of expe r imenta l l y i n du ced s crota l mange . 

For exam 9l e ,  i n  t h e  f i e l d  t r i a l  expe r im en t  m i t e s  

p receded l e s i on d evelopment i n  1 0  of th e 1 3  i ndu c ed 

ca s e s  of  s crotal m a n g e  a n d  a t  t h e  t i m e  of l es i on 

devel opm ent i n  th e oth e r  3 ram s ( T e xt - f i g .  2 ) . 

k i te s  were a s s o ci a t ed w i th th e sma l l  ( 1  - 3 w� ) 
s ca b s  i n  eve ry i n du ced ca s e  a n d  f u rth e rm o r e  t h e  

m i t e s  w e r e  of t en on l y  Cl et ect ed i n  t h e  vi ci n i ty of 

t h e s e  m i nu t e crumb l ik e  a ct iv e  s cabs . Ca r eful 

m i cro s cop i c exam i n a t i on of th e sm a l l  crumbs on on e 

ram r e v eal ed a d ea d  m i t e  embedded i n  a m i nu t e  



31 .  

amoun t  of d r i ed e xu da t e . 

Th e r e  wa s n o  obvi ou s a s soci a t i on between 

l e s i on severity o r  r a t e  o f  1 e s i on dev el opm en t  a n d  

s crot a l  m i t e  numb e r s  ( Text - f i g o  2 ) . However 1 t h e re 

wa s a t en d en cy f o r  rel a t ively ext en s i ve l e s i o n s  t o  

be p rodu ced i n  a s soci a t i on wi th l a rge numb e r s  of  

s crota l m i t e s  \'Jh i l e  sma l l  l es i on s  VJer e  u sua l l y  

a s s o c i at ed wi th sma l l  numb e r s  o f  m i t e s  ( Text-f i g .  

? )  • Ext remely l a r g e  nu�b e r s  o f  s c rotal m i t e s  

pre ced ed t h e  on l y  obs e rv ed ca s e  ( Ram 1 3 ) o f  p e r a cu t e  

devel opment o f  exten s i v e  s crotal ma n g e .  Ram 1 3  

h a d  1 1 >  10 , 000 1 1  mi t e s  cov e r i n g  a l l  of t h e  s cr o tum 

f o r  mo r e  tha n a y ea r  a n d  suddenl y i n  Nove�be r  1 9 70 
th e r e  wa s a ma s s i ve out pou r i ng o f  s er ou s  exu d a t e  

wh i ch cover ed a l l  o f  th e s c r otu� with i n  two week s . 

Al thou gh m i t e s , i n  sma l l  o r  l a rg e  number s ,  

wer e obse rved i n  close a s s o ci ati on wi th alm o s t  a l l  

ca s es of i n du ced scrota l m a n ge , l i v e  mi t e s  wer e  

f ou n d  only on two o cca s i on s  i n  d i r e ct conta ct wi th 

th e moi st a ct i v e  l e s i on s .  I n  on e of th e s e  ca s e s  

a m i t e  wa s obs e r v ed t ra pp ed i n  moi st exuda t e ,  

f l a i l i n g  i t s  f re e  f ront l eg s  i n  th e a i r .  I n  t h e  

o th e r  ca s e  a g rou p of m i t e s  were su rrounded by 

cl ea r f l u i d  in a devel opi n g  l es i on . �m en prodd ed 

th e s e  rr i  t es sno\\red on ly wea k movem ent s .  Exa m i n a 

t ion o f  th e sam e  a r ea a we ek l at e r  showed m a ny 

d ea d  m i t e s  t ra pped in a typi ca l cho r i opti c s ca b  

( Fi g .  1 5 ) . O c ca s i ona l l y m i t e s  w e r e  ob s e rved f e ed 

i n g  on the to p of , or  i n  f i s su re s  i n  d r i ed s cab s :  

m i t e  po s i t i on , i n den t a t i on s and r i ppl e s  i n  t h e  

i n d e n ta t i on s b e i n g  s im i l a r  to tha t s e en on th e 

sk i n  su r f a c e .  B owe ve r ,  i n  conf l u ent l es i on s  t h e  

ma j o r i ty of l i v e  m i t e s  we r e  observed on th e 

bou n d a ry betv.7een th e a ct i v e  1 e s i on s  a n d  t h e  n o rmal 



F i gu r e  1 5 :  Two C�o r i opt e s  bov i s m i t e s  ( A ,  B )  t ra pp e d  

i n  t h e  d r i e d s e r ou s  e xu da t e  of an a ct i v e  

l e s i on o f  Ram 6 1 3 .  
(U. . & E . ) 

( X  1 20 )  





sk i n .  L i v e  m i t e s we r e  o b s e rv ed o n l y  on t h e sk i n  

su rf a c e i n  t h e  exuda t e  m a s s  i n  a r ea s  wh e r e  th e sk i n  

su r f a c e  wa s d ry ,  f o r  e x am p l e ,  i n  a r ea s wh e r e  th e 

e xu da t e  t.<Ta s n ot con f l u en t o r  "V7� e r e f i s su r e s  h a d  

d e v el oped i n  th e ca k e d  exud a t e .  

I n  most ca s e s  of r el a t i v el y sever e i n du c ed 

s c rot a l  m a n g e  t h e r e wa s a d e c r ea s e i n  l i v e m i t e s  

a s soci a t ed w i th t h e  i n i t i a l  e xu da t i v e  p h a s e  (Text 

f i g .  2 ) . On �i cro s copi c e xam i na t i on m a ny ��a d 
m i t e s w e r e  ob s e r v ed i n  t h e  ca k ed exudat e .  In ca s e s 

wh e r e  l i ve s crota l � i t e s  d e c re a s ed to z e ro , t h e r e  

wa s u sua l l y  a spont a n e ou s cu r e  o f  t h e  l e s i on s  a t  

t h e a cu t e  s t a g e  o f  d e v e l o p� en t .  Spon t a n eou s cu r e  

o f  s crot a l �a n g e a t  a l l  oth er s t a g e s  of d evel opm e n t  

wa s u su a l l y  a l s o a s so c i a t ed w i t h  a compl et e l o s s  of 

s c rota l m i t e s  o r  at l ea s t a l o s s  of rr.i t e s i t h e  

r eg i on o f  t h e  s pon t a n e ou s  cu r e .  Rams 2 5 3  a n d 6 1 3 
( Text- f i g . 2 )  w e r e  exce pt i on s t o  t h i s .  S pon t a n eou s 

cu r e  of ro i n im a l  a n d  m i n o r  l e s i on s of s c rot a l w a n g e  

o ccu r r ed i n  th e p r e s e n c e  o f  l a r g e  numbe r s  o f  

s c rot a l  m i t e s  in th e s e  2 r a m s . 

( i v )  R e l a t i on s h i p  betwe en s crotal ma nge a n d  l eg w. a nge 

Yl i cro s co9i c exam ina t i on o f  t h e  l owe r l e g s  of 

t h e  f i el d  t ri a l r a� s  showed tha t m i t e s we r e  f ou n d  

m o r e  common l y  o n  th e l owe r l egs t� a n  o n  t h e  s c rotum , 

e v en t h ou gh m i t e s w e r e  t ra n sf er r ed on l y  t o  t h e 

s crotum . U su a l ly ram s wi th sma l l  number s o f  s c rot a l  

m i t e s  ha d sm a l l  o r  mod e r a t e  nu�ber s o f  m i t e s on 

t h e i r f ront a n d  h i n d l eg s  wh i l e  ra m s  wi th l a r g e  

numb e r s  o f  s crotal m i t e s u su a l l y  ha d l a r g e  numbe r s  

on t h e i r f ron t a n d  h i nd l eg s .  L e g  m i t e s we r e  f ou nd 

m o st comm on l y  on th e sl<: i n  a t  th e pe r i ph e r y  o f  t h e 

a c c e s s o ry d i gi t s  a n d  h oove s .  !la t e  numb e r s  

d e c r ea s e d  r a pi d l y f rom th e s e  po s i ti on s s o  t h a t  
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1 - 2 cm av1ay f rorr. t h e  co rona r y  band o r  a cces so ry 

d i g i t s  m i t e s  were u su a l ly a b s en t . �owe ve r 1  i n  

s om e  ram s m i t es vJe r e  d e t e ct ed over o l l  o f  t ,  E. 
l ower l eg s  an d in two r am s  wi t h  l a rge numb e r s  o f  

l eg a n d  s crot a l  mi t e s th e o cca s i onal mi t e  wa s 

ob s e rved on th e woo l l y  e s cu t ch eon r egion . Th e 
h ea d wa s th e only oth er a r ea wh e r e  m i t e s  w e r e  

d e t ect ed . An occa s i ona l  c .  bovi s m i t e  wa s s e en i n  

t h e  regi on of t b e  i n f ra o rbi tal f os sa i n  on e ram 
a n d  on t h e  �ol l of a nother . 

I n  a l l  grou 9 s  o f  ram s exam i n ed l es i on s  o f  

cho r i opt i c m a n g e  were f ou n d  T'f"! o re, f r equ en t l y  on 

th e l ower l egs t � ? n  on th e s c rotum ( Tabl e 5 ) . For 

exampl e 1  7 6 . 1% of t h e  total ram s exam i n ed in  two 

f l o ck s  wi t� a h i sto ry of s crotal man g e  a n d  the f i el d  

t ri a l  ra� s ,  h a d  l eg ma nge wh i l e  4 9 . 6% had s crota l 

man ge ( Tabl e 5 ) . Fu rt h e r , th e ma j o ri ty of th e 

ram s With s c rotal m n n g e  h a d  l eg ma n ge ( Tabl e 5 ) . 

I n  mo st r am s  examined t h e  l eg l e si on s w e r e  m i l d  

wi th srr.a l l  a !T'ou nt s o f  c rumbly e xu da t e being 

pa l pa t ed in th e vi c i n ity of the a cc e s sory d i gi t s .  

So�et imes sma l l  a mou n t s  of exu d a t e  i n vol v ed t h e  

co ron a ry ba n d , Ta i n l y  o n  th e l a t era l a sp e ct of t h e  

h oo f  but occa s i onal ly sma l l amount s o f  exuda te 
o c cu r r ed m ed i al l y . I n  s ev e r e  ca s e s  of l eg m a n ge 

s cabs i nvol ved most o f  th e  p o s t e r i o r  l eg f rom t h e  

hoof t o  a p p roximat e l y  2 cm above th e a cc e s sory 

d i gi t s  - n d somet im e s  sma l l  l e s i on s ext e n d ed rou n d  

t o  tr e f ron t o f  th e l ower l eg . I n  a South - Su f f olk 

ram , l eg mange wa s ob se rved to e xt en d  up the 

pos t e r i o r  a s p ect of the h i n d  leg a s  f a r  as th e 

h o ck .  L e s i on s  wer e  f ou n d  s l i ghtly mo r e  f requently 

a n d  o f t en m o r e  s ev e r ely on the h i nd l eg s .  Limb 

movem ent wa s a f f ect ed obv i ou sly in on l y  on e of th e 

a pp roximat e l y  two hundred ram s exam i n ed wi th l eg 



Tabl e  5 : RELATION SHIP BET\vEEN SC ROTAL AND LEG MANGE 

P o s i t i on o f  S c r o t u m  & Fe e t  Sc r o t um O n l y  

l e s i o n s  

F l o c k A 41  3 

F l o c k  B 8 2 
F l o c k  C 2 0 

TOTAL 5 1  5 

---- -- --- ----

F e e t  On l y  

1 7  

1 0  
8 

35 

F l oc k A and B .  Two f l o c ks o f  rams wi t h  a h i G t o r y  o f  s c r o t a l  man ge 

F l o c k  C . F i e l d  t r i a l  rams e xam i n e d  on t h e  30/5/7 1 . 

N o  L e s i on s  

6 

9 

7 

2 2  

----

T o t a l  Rams I 
Ob s e r v e d  

' 

6 7  

2 9  

1 7  

1 1 3  ! I 
- -----�--------------�------

w 
.p. 
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a n d / o r  s cr o t a l  w a n ge . T h i s  r am h a d  s c ro t a l  l e s i on s 

i n v ol vi n g  a l l  o f  t h e  s c r otum a n d  s ev e r e  e xu d a t e  

a bou t 1 cm t h i ck cov e r e d  �o s t  o f  t h e  po s t e r i o r 

p a s t e r n s .  Th e r e  wa s s om e  ch r on i c  t h i ck en i n g  o f  

th e sk i n  i n  th e r eg i on b e t w e e n  th e a c c e s s o ry d i g i t s  

a n d  s�a l l  r a w  f i s su r e s  o c cu r r ed i n  th e sk i n . The 
a bn o rm a l ga i t  o f  t h i s  r a �  con s i s t ed o f  a ch a r a c t e r

i s t i c r c p i d  a n d  e xa gg e r a t ed f l e x i on o f  a l l  th e h i n d  

l e g  j o i n t s .  Th e ga i t  r e s em b l e d  c l o s e ly t h a t o f  a 

h o r s e  s u f f e r i n g  f r oM s t r i n gh a l t .  

( v )  N i bbl i n g  r e s oo n s e s  a s s o c i a t e d  wi t h  Ch o r i o p t e s  

bovi s a n d  c h o r i o p t i c l e s i on s  

Many r a m s wi t h  c .  b ov i s m i t e s  or t y p i ca l 

ch o r i op t i c  l e s i on s  on t h e  s c r o t a  or l ow e r  l e g s  

ch a r a ct e r i s t i ca l l y  e xt e n d e d  t h e i r h ea d s  o n d  s o on t a n 

e ou s l y n i bb l ed v:h e n  t h e s e a f f ec t e d  r e g i on s v-1e r e  

m a n i pu l a t ed .  Th e r e s oon s e  a p p e a r ed t o  be a s s o c i a t e d  

w i t h  both t h e  m i t e s  a n d  t h e  l e s i on s .  S om e  r a m s  w i t h 

ou t l e s i on s  n i bbl ed on m a n i pu l a t i on o f  t h e  i n f e s te d  

r e gi on s a n d  oth e r s  n i bbl ed s pon t a n e ou s l y  � f t e r  � i t e s  

we r e  pl a c e d  on tb e s c rotum bu t f a i l ed t o  d o  s o  

bef o r e  rr i t e  t r a n s f e r . Th e r e s oon E' e  v.r?. s s om e t im e s  

l im i t ed t o  a sma l l  a r ea o f  t h e s c r o tu� a nd d i r e ct 

m i c ro s co p i c obs e r va t i on s h owed th a t  m i t e s  wer e 

u su a l l y l im i t ed t o  th e s e  a r ea s .  A f ew r a m s wi t h  

l a rge numbe r s  o f  m i t e s  f a i l ed t o  gi ve th e r e s po n s e  

o n  m a n i ou l a t i on o f  th e i n f e s t ed a r ea s .  O tr e r  r a m s 

wi th typi ca l chor i o pt i c  l e s i on s  w i t h  v e ry f ew m i t e s ,  

o r  i n  two ca s e s  wi t h  a n na r en t l y  n o  m i t e s  ( o n e  h ou r 

d i r e c t  m i cr o s cop i c obs e r v � t i on of th e s c r o tum 

w i t h ou t  d e t e c t i n g  a n y  l i v e m i t e s )  ga v e  a s t r on g  

n i bbl i n g  r e s oo n s e  t o  m a n i pu l a t i on of t r e  l e s i on s .  

Th e m i t e s  a n d  p r oba bl y t h e l e s i on s  c au s ed a 

m i l d  d i s tu r ba n c e t o  s ow e  rC\ rn s  \.Vi t h ou t m a n i pu l a t i o n . 

O c ca s i on a l l y ra� s w e r e obs e r v e d  bi t i n g  a t  t h e  

l owe r  l eg s  o r  s c r o tum o r  r u bb i n g  th e po s t er i o r  

pa s t e r n s on f en c e w i r e s .  Howev e r , t h e m i t e s  h a d 

n o  a o oC\ r en t  a f f e c t  on t h P  g en erc l h ea l t r of t h e 



ra� s .  Fo r exa�ol e ,  f or w o re tha n a ye a r f i el d  t r i a l  

Ram s 6 1 3  a n d  394 � a d  l a rg e  n umbe r s  of m i t e s  on thei r 

l ower l eg s  an d s crota , y e t  t h e  bod y w e i gh t a n d  

gen e r a l  h e a l th o f  t h e se two r aT s wa s s im i l a r t o  o r  

b e t t e r  t h a n  m o s t  o f  t h e  oth e r  ram s  i n  t h e  f i e l d  

t r i a l . 

1 . 6  D i s cu s s i on on t h e  P a tro g en e s i s of S cr o t a l Man ge 

0 i r ect m i c r o s co� i c ob s e r va t i on o f  c .  bovi s on 

t h e  s c r o t um o f  t h e  ra� proved to be a d va n ta geou s 

ov e r  th e u su a l l y  u s ed i n d i r e ct w etr od o f  m i t e  

d e t e ct i on and h el p e d  i n  t h e  u n d e r standi n g  o f  th e 

m i t e- h o s t -m a n g e  r el a t i on sh i p .  M i t e s  we r e  f ou n d  
m o s t  f r equ ent l y  a n d i n  t� e g r ea t est n umbe r s o n  t h e 

l ow e r  e x t r em i t i e s , e s o e ci a l l y i n  th e r eg i on o f  t h e  

a cc e s s o ry d i gi t s  a nd a bove th e corona ry ba nd a n d  

o n  t h e  m o r e  d i s t a l a s pect s of th e scr o tum . O n l y  

occa s i on a l ly w e r e  m i t e s f ou n d  o n  ot h e r  body r e g i on s .  

T h e  f ir. d i ngs on l e g c .  bovi s m i t e s  a g r e e i n  g e n e r a l  

w i t h th o s e  of •-:r i e o e  e t  al . ( 1 968 ) a nd C ra w f o r d  e t  a l . 

( 1 9 70 ) . Th e r e  a r e n o  p rev i ou s  repo r t s on th e 

d i s t ri bu t i on of s c rota l � i t e s  or th e o c cu r r en c e  o f  

� i te s  on th e e s cu t ch eon o f  r a � s . Th e ra r e  

o c cu r r en c e of � i t e s  on t h e  h e a d o f  t h e r a m  i s  i n  

a g r eem en t \vith t h e f i nd i n g s  o f :-· i e pe a n d  S p l i st e s e r  

( 1 96 2 )  a n d  '-' i ep e  et a l . ( 1 9 6 8 ) . •.: i eo e  e t  a l . ( 1 968 ) 

f ou n d  on l y  3 . 3� o f  raTs e xa m i n ed h a d  c .  bovi s m i t e s  

on th e i r  h ea d s w� i l e  88 . 9� h a d  m i t e s  o n  thei r 
l owe r 1 eg s .  

B o t �  Swea tma n ( 1 9 5 7 ) a n d  Bu tl e r  ( 1 9 6 8 )  h a v e  

ca r r i ed ou t e x p e r i m en t s  o n  th e o�tima l t emp e r a t u r e  

hum i d i ty r equ i r e�ent s o f  c .  bovi s i n  v i t r o  a n d 

Bu t l e r  ( 1 96 8 )  ha s i nv e s t i ga t ed the m i c r ocl ima t e  o f  

d i f f e r e n t  body r e gi on s i n  ca t t l e .  F r om th e s e 

expe r i m e n t s  i t  i s  a l m o s t  c e rt a i n  t h a t th e 

r e s t r i c t i on of th e  m a j o r i ty o f  m i t e s  to a v ery 

sma l l  a r ea of th e body o f  t h e  ram i s  du e to t h e s e  



r e g i on s h a v i n g  a � i c r o c l i � a t e  su i t a bl e  f o r  t h e 

su r v i va l a n o  r e produ ct i on o f  c. bovi s .  

rt. 

P rol o n g e d  m i cr o s co p i c obs e r v a t i o n s o f  t h e � i t e  

o n  t h e  h o st s h ow con cl u s i v e l y  t h a t t h e  m i t e  i s  a 

s u r f a c e  f eede r  a s  su gge s t ed cy � cEn e r n ey ( 1 9 5 3 )  

a n d  Eva n s  e t  a l . ( 1 96 1 ) a n d  doe s n ot p e n e t r a t e  t h e  

s k i n  a s  s u gg e s t ed by .M.egn i n  ( 1 8 7 7 ) a n d  St i e rwa l t 
( 1 96 6 ) . D i r e ct ob s e r va t i on s h ows t h a t  t h e  m i t e s  

i n  v i v o  f e ed on epi d e rm a l  d e bri s a s  su gg e s t ed f rom 

i n  v i t r o s tu d i e s  ( Swea trn a n 1 9 5 7 � Bu t l e r  1 96 8 ) . 

B owev e r , m i t e s f e e d  n ot on l y  on E p i d e rm a l  d e b r i s ,  

bu t a l s o on t � e  su p e r f i c i a l  l ay e r s  of t h e  ep i d e rm i s ,  

con f i r m i n g  t h e  a s su� p t i o n  o f  Bu t l e r  ( 19 6 8 )  t h a t  

� i t e s  f e e d  o n  t h e  s t r a t u m  co r n eum a t  t i m e s  a n d  d i s

P rov i n g  t h e  a s su�pt i on of M c En e rn ey ( 1 9 5 3 )  a n d  

Eva n s  e t  a l . ( 1 96 1 )  t h a t  c .  bovi s i s  s i m pl y  a 

" s cu r f  f ee d i n g '' " s ca v en g i ng s o eci e s " .  Th e a b i l i ty 

o f  t � e  T. i t e  to r i s e  i n t o  a n ea r  v e r t i ca l  p o s i t i on , 

h a s t h e  e f f ect of b r i n g i n g  th e ch ewi n g  ch el i c e r a e  

i n t o  d i r e ct cont a ct wi t h  t h e  sk i n  su r f a c e .  A l t h ou g h  

t h i s  i s  t h e f i r s t r eo o r t  o f  � h i s ch a r a ct e r i s t i c  

beh a v i ou ra l  pa t t e r n  of c .  bov i s on t h e  h o st , t h e 

m e ch a n i sm r. a s  � e e n  o b s e r v ed to o c cu r i n  a n ot h e r  

m embe r o f  t h e  S a r co pt i d a e . S a r copt e s  s ca be i  h a s a n  

i d en t i ca l  beh a v i ou r a l  p a t t e r n f o r  p o s i t i on i n g  i t s el f  

p r i o r  t o  c� ew i n g  on t h e  sk i n  s u r f a c e ( Tayl o r a n d 

1'1u r r a y ,  1 94 6 ) . U n l i k e Cr o r i oot e s  bov i s ,  h owe v e r , 

t h i s m i t e  a ctu a l l y bu r row s i n t o  t h e  h o rny l a ye r  o f  

th e e p i d e rm i s .  

I n  v i vo exam i n c t i on h a s a l l owed f o r  t h e  f i r s t  

t i m e  a d i r e ct a s s e s sm en t  o f  t h e  m i t e-m a n g e  r e l a t i on 

s h i p ,  r em ov i n g  mu ch of t e u n ce rta i n t y  i n  t h e  

1 i t e r a t u r e .  rH t h  r e l a t i v e l y a c cu ra t e  m et h od s o f  

d e t e ct i on , c .  bovi s m i t e s  we r e  d et ect ed p r i o r  t o  

o r  at the t i m e  o f  l e s i on d ev e l o pm en t  i n  ev e r y  ca s e  



o f  e x o e r i m en ta l l y i n du c e d  s c ro t al m ange . T h i s 

s u g g e s t s  t ha t  th e a p oa r en t  d e v e l opm en t  o f  cho r i o p t i c 

m a n g e  i n  ca t t l e i n  t h e  a b s en c e  o f  m i t e s  ( Swea tman , 

1 9 5 6 )  wa s s i m ol y du e to t h e  l e s s ef f i ci e n t  m e thod 
u s e d by Sw ea tma n f o r  r e co v e r i n g  sm a l l  n u m b e r s  of 

m i t e s .  M i t e s  we r e l i m i t ed t o  d i s c r e t e  a r ea s of 

t h e  s c r o tum in s o� e  r am s a n d l e s i on s w e r e  o f t en 

s e e n  to d ev e l o p  onl y a t  t h e s e  p o s i t i on s . S c r ot a l 

m a n ge ha s b e e n  r ep ro du ced a l so u n d e r  con t r ol l ed 

c on d i t i on s  by i n f e s t i n g  " m i t e - f r e e " hou s ed r a m s  

wi t h  c .  bov i s � i t e s . Fu r t h e r , i n  m o s t  o f  t h e  r a m s 

e x am i n e d , s oon t a n eou s cu r e of s cr o t � l  m a n g e w a s 

a s s o ci a t ed w i t h  a l o s s  of l i ve ro i t e s  i n  t h e r eg i on 

o f  s ponta n e ou s cu r e �  Thi s su p p o r t s  t h e  f i n d i n g  o f  

Swe a trn a n  ( 1 9 5 6 ) , v'h o n o t ed th a t i n  tHe h e i f e r s  a 
" r e du ct i on o c cu r r ed i n  t h •? nu"Tlb e r  o f  rr: i  t e s ,  f o l l owe d  

by a r e g r e s s i on of t h e  a m ou n t  o f  s ca b " o Fu r t h e r , 

s cr ot a l  l e s i on s  WE r e  cu r ed comp l e t e l y  l::y r emo v i n g 

mo s t  o f  t h e s ca b s  a n d d i p p i n g  t h e  s c r ot a  a n d  l ow e r 

l e g s i n  0 e 0 6% "C i od r i rl ' o r  0 0 0 6% d i a z i n on ( CI'> a p t e r s  

7 a n d B ) . C h o r i op t i c rn a n g e  i n  ca t t l e  ( � a t t hy s s e  

e t  a l . ,  1 9 6 7 7  Sm i t h , 1 96 7 )  a n o  go0 t s  ( Y, em p e r  e t  

a l . ,  1 9 5 2 )  h a s been t r e a t e d su c c e s s f u l l y wi t h  

a c a r i ci c e s o  T h e  a bov e c a t a  s J,ov.7s t h 3. t  i n  s o'1'1 e  wa y 

C o  bo v i s  ca u s e s' t� e l e s i on s  c; t t r i bu t ed t o  i t .  

Da ta col l e cted du r i n g t h i s  s tudy wou l d  su p po r t 

t h e hypoth e s e s  of P u l l i n ( 1 9 5 6 )  a n d  Bu t l e r ( 1 968 ) 

t h a t ch o r i o o t i c m a n g e  i s  a n  a l l erg i c  r e s oon s e  t o  

c .  bo v i s o  Wa l tor ( 1 9 6 5 )  s u g g e s t ed a n d  �oo d ( 1 9 6 8 ) 
·a g r e e d t h a t  t b e r e a r e  f ou r  I a y s  a n  e c t o pa ra s i t e  

m a y  cau s e  a sk i n  r e s o on � e :  

( a )  � e ch o n i ca l  d c. �a g e . 

( b )  I r r i ta n t , cyt o t o x i c o r  " l?h a rrn o col o g i ca1 

s e cr e t i. on s " .  

( c ) The p r e s e n c e o r d e po s i t i on of a l l e r g en s .  

( d )  The i n t rodu ct i on o f  i n f e ct i v e  a g en t s . 

D i r e c t  ob s e rv a t i o n s of c .  bov i s on t h e  h o s t s ho"'' 

t h a t  d i r e ct m e ch a n i ca l  dama g e  by th e rr i t e cou l d  n ot 



3 9 .  

a ccou n t  f o r  t h e  l e s i on s  a t t r i bu t ed to i t .  Th e 
l a r g e  nuro b e r  of m i t e s  s F en on t h P  r�m ( th i s  stu dy ) 

a n d  on ca t t l e (� cEn e r n ey ,  1 9 5 3 : Pu l l i n , 1 9 5 6 )  f o r  

l on g  o e r i od s  o f  t i � e  w i t h ou t  cau s i ng l e s i on s 
s u g g e s t  t ha t  i r r i t a n t , cy t o t o x i c o r  " ph a rma col o g i ca l  

s e c r et i on s 1 1 a r e n ot d i r e ct l y  i n vo l v e o  i n  l e s i on 

p rodu ct i on . Apa r t  f rom t h e  o c ca s i ona l s e co n d a ry 

ba ct e r i a l  i n f e ct i on ob s e r v ed in both r a m s ( th i s  

s tu dy )  a n d  ca t t l e w i th ch o r i o pt i c  m a n g e  ( P u l l i n ,  

1 9 5 6 )  t h e r e  �a s n o  e v i d sn c e  f r om t M i s o r  oth e r  

s tu d i e s  t h a t  c .  bov i s i n t rodu ced i n f e ct i v e a g en t s . 

I t  vtou l d  O. !J f?E a r  th e r e f o r e , th a t  t h e  s k i n  r e soon s e  

t o  c .  bo vi s i s  a n  a l l e r gi c p h en orr! E n on . 

Th e p r e s en c e  o f  l a r g e  n u � be r s  of m i t e s  o n  

t h e  sk i n  su r f a cE wi th no o r  l i t t l e sk i n  r e spcn s e  
f o r  l on g  o e r i o d s  o f  t i� P ,  f ol l ow ed by a su o d en 

s ev e r e  exu da t i v e  d e r� a t i t 1 s i n  sh e e p  ( t h i s  s tu dy )  

a n d  ca t t l e (r· c En e rn ey ,  1 9 5 3 �  S'.l7e a tm a n , 1 9 5 6 ) , a r e 

both su gg e s t i v e  of a� � 1 l e rg i c oh e n o� enon . Th e 
i n i t i a l  h i s t o l og i ca l sk i n  r e s oon s e  wa s v i r tu a l l y  

i de n t i c a l t o  th a t  s e e n  i n  a l l e rgi c d e l a ye d  con ta c t  

d e rma t i t i s ( Fi sh e r  a n d  Cook , 1 9 5 8 :  Fl a x  a n d  Ca l f i e l r , 

1 95 3 �  C r i e p ,  1 9 6 9 )  a nd the o c cu r r e n c e of  r el a t i v e l y  

l a r g e  nuT be r s  o f  eo s i n oo� i l s i n  m o s t  o f  t h e sk i n  
r ea c t i on s s tu d i ed i s  of t en t a k en t o  b e  a n  i n d i ca t i on 

o f  a n  a l l e r gi c o e rm a t i t i s ( B e n j am i n , 1 9 6 1 �  Fe i n gol d 

e t  a l . ,  1 9 6 8 ) . I n  f a ct F e i n gol d �t __ a�o ( 1 9 6 8 ) 

s t a t ed th a t  t h e  o r e s en ce of e o s i n oph i l i c l eu co cyt e s  

" i s pa t hognoD on i  c f o r  t � e  i'llrn ed i a  t e  typ e sk i n  

1'1 y o e r s en s i t i v i ty " .  Thu s t h e re <Tiay be both d e l a yed 

and imm e d i a t 0  type a l l e r g i c r e s p on s e s  to c .  bov i s .  

Both d e l a ye d  a n d  im� eo i a t e  sk i n  r e a ct i on s  r.a v e  been 
s hown to o c cu r  Wi th rn o s ou i t o  b i t e s  Wel an by ,  1 9 46 ) 
a n d  f l ea b i t e s  ( Be n j a m in i et a l . , 1 960 ) . Wh en 

s tu dy i n g  t h e  s k i n r ea ct i on of th e gu i n ea p i g to 

r epea t ed f l e a bi t e s ,  Le r r i v e e  e t  a l . ( 1 9 6 4 )  s howed 
a s equ en c e  of d e l a y e d , d e l a y e d  a n d  im�e d i a t e  a n d  

f i n a l l y  a n  immed i a t e  type sk i n  r ea ct i on . dn 



i n i t i a l  el sk i ,;  r ec. ct i  t h  a l m o s t  

en t i r e l y  �ononu c l e a r c e l l u l a r i f i l t ra t i on wa s 

1 a o e r i  i e c i  t e  d e l  d e 

rea ct i on s  a s s o c i a t  t E" 'r"\  i f 1 t ra t i on eo s i n -

onu cl e a r c l s  � n d  f i n a l l y a p E T i  i l s  a n d  

o f  i rnrr e d i a t e  8 i t i v i ,f-� i t b a c l u l a r  

r E s pon s e  s t  e n t i r e l y  e o s i n 1 r r i v e e  

e t  a l . ,  1 96 4 ) . Th e s e c e l l u l a r r E  s e s  ,..,re r e  v e r y  

s im i l a r  t h a t  s e e n i n  va r i ou s  s ta g e s  of s c rota l 
'I! a n  Th e on e r  r e o o r t  on t� e i 

cho r i  i c  � a n ge i e  e t  a l . ,  1 9 6 8 )  va s n o t  

e ta i l  d e n 0u to c orrm a r e  t h e  cel l u l a r  r e s p on s E s  

w i t h  t h o s e  d e s c r i be d  t h e  a u t  r .  

Thu s r o� t h e  i c a l a n d  o t h e r  i d i r e ct 

e v i d en c e 

s c r o t i'? l "'1 a  

e s e n t ed i t  s e err s i 
c r e  

y p r e t h a t  

s e �  f u r t h e r 

s tu i e s i n ve s t i  t e  t e i��u ea e ch a n i srr s 

i n vo l v e d  vJ e r e  t h e s t h i s i n v e s t i t 

Th e cl i  i c a l  f ea tu r e s  s c r o t a l g e  r 

were s i rr i r to t e b r i ef d e s c r i 

t ed 

en s i t b i s  s 

t h e  r orn e  s r t  f rorr ;U S t r a l i c  cK snna 

a Pu l s  r d  1 11 7  Eu rooe pe et 1 .  1 l 96 ) , 
1 D 2  I S  e Cornrn ., )  a N ev,1 Zea l a n d  

( C rawf ) . T�e l s i on s  w e r e  

cha ra c t e r i s t i c ::: l e xu d e t i v e 1 t e 1 owi s r  e xu d a t e  

ma t t i  g a d j a c e n t wool f b r e s . f eV<r ras s wi t h  

s ev e r e ch ron i c s c r o t a l  rr a  e d ev e l op ed a oe r� a n en t  

t h i ck e n i g t h e  s c r ot u m . In rr o s t  ca s e s  t h i s 

t h i ck e n i  g wa s l i rr i t e d  t o  t h e  ba s e  of t h e  s c r o tuD 

a n d  t h e  sk i n  a onea r ed co r ru t ed .  e p e  et a l . 

( 1 9 6  ) a n  C rawf o 
a n y t i ck en i n g  

e t  n ( 1 9 7 0 ) d i d  n o t  e n t i on 

t h E  s k i i t h  

s c r ot a l  ma n g e  e ya� i n  l e  

ca s e s  

{ l  5 1 )  
th e re i,-Ie s s orr e  co r n; t i on o f  t h e  sk1 " i 

ca s e s  

S e V E: r e  
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l e g a n d  s c r ot a l  T a n g e  w a s e s a � e  a s  r eo o r t e d f r o� 

e r  cou t r i e s . � l �o s t  e v e ry r a �  exa� 1 t e 

� u t h o r  wi th s c r o t a l gc a d  1 a J..l t h ou 
n o s t  th e l e s i o n s  o f  l e g  n e r e  i l d , s om e  
ram s a d  d r i e d  e xu d a te cov e r i  l e r g e  a r e a s  t E 

s t er i o r  pa s t e r n s bo t �-o  f r on t a i d 1 s e 

I n  r. e t i t  i s  s u gg e  t 

( 1 9 70 ) , 

o n e  b u n d r e d r am s  

e t  a l ., 

e J. o v e r  

a. v e  

ove cok e d  � a n g e  on t i s  r t i  cu l a r  

r on o f  t b e  

S o o n t a n e ou s cu r e  s c rota l m a n g e , wh i ch 
occu r r ed a t  a l l  s t a  s s 1 cr: a  9 2  d e v e l  e n t 1 

s t  a l wa y s  a s s oci t e d wi t h  a l o s s  of l i v e 

i t  e s j_ n t e r .i 0n t I n  

s om e  ca s e s  th e l o s s  of l i v e  i t e s  a v e  o c cu r r ed 

un f e vou r e e i c r o cl i �a t i c con i t i on s  a s  

e t ed 

i n  ca t e .  
t'-, h o s t i s  a 

( 1 9  5 6 ) 

e c t i  e 

Bu tl e r  1 9 6 

S E  
T ca s e s  

m i t e s  w e r e  con f i ed o s� a 1 l a r ea s  e c r otu'.:' a 
a f t e r  a sudden s e r ou s  ou t n ou ri s t .  e e � i t e s  r e  

t r a  i n  t e e xu d a t e • e n orn e n on l1 a s  

b e e n  r e d  i ca tt l e  c e rn ey ,  1 � 3 ) . 
Snon t a n e ou s  cu r e  e s  n ot 

s k i n  r e s c on s e s  t o  c .  __;:c..____;_. 

s c r ot a l  � a n a e  a s  b e en a s s o c i a t e d 

a n e e  

A o o a r ep 1 n e i th e r  l r g e  

s e v e r e  l e s i on s  � f f e c t  

�a nv r a � s exa� i n e  i t i s  s tu 

ro e n t wi t h  th e e xt en s i v e  r v ey 

{ l  ) . Th e s e  a u t h  s cou l d  
r el a t i on s h i p  b e t w e e n  e i t h e r  C .  

t o  f u t u r e  

r r en ce o f  

t h  th e r ea p e a r-

r i t e s  o r  

e a l th t e 
Th i s  i s  l e 
i 

e s t a b l i s h a 

s r r i  

ee -

i c  

n g e  e d t h e  g e n e r a l  ea l th of s h e e n .  s t  e r  
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r e 0o r t s  o n  ch o r i oo t i c � a n g e  i n  s h e e p  d o  n o t m e n t i on 

g e n e r a l h ea l t h ,  su g g e s t i n g  t h a t  i t  va s n o t  a f f e ct ed .  



PART 1 1  

E F F E CTS O F  S C R OTAL MAN G E  

O N  RA M F ERTILITY 
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Cha pter 2 

REVI EW O F  TPE r'IETBOD S  !\WHL Z-\.BL E FOR A S S ES S ING REP RODUCTIVE 

FUNCT IO� IN TH E R� 

Th e rep rodu ct i v e  fun cti on of the m a l e i s  com pl ex , 

d epend in g  not only u pon the f o rma tion ano e j a cu l a ti on o f  

s pe�atozoa bu t a l so on th e s exu a l  d r i ve o f  t h e  animal 

and i t s  abi l i ty to ma te su cce s sf u l l y .  Th e mo st commonl y 

u s ed method s for a s se s s i n g  th e po s sibl e e f f ect s of an 

a gent on spe rma tozoa produ ct i on a re a s s e s sment of 

te sti cu l a r si ze and ton e ,  a s se s sm ent of s em en qua l i ty a n d  

qua n t i ty ,  t e s t i cu l a r h i stol ogy and e st imat i on of sperma 

tozoa r e s e rv e s  wh i l e  a n d rogen i c  sta tu s can be m e a sur ed 

d i rect l y  by est ima t i n g  t e st o s t e rone i n  th e t es t e s  or 

bl ood or i ndi rectly by m ea su ri n g  sexual behavi ou r ,  

a ct i vi ty of th e a cc e s sory o rgan s  or t e st i cu l a r h i stol ogy . 

The f i na l  c ri t erion f o r  normal reprodu cti ve fun ction i s  

th e a bi l i ty of a ram to su cce s s fu l l y  f ert i l i z e  a h i gh 

propo rt i on of ewes .  

2 . 1 I n  Vi vo As s e s sm e n t  of Te s t i cula r S i z e  and Ton e  

( i )  Te sti s s i ze 

Severa l  i n v e st i ga t o r s  ( Boyd a n d  Va n Dema rk , 

1 9 5 7 r �lmqu i s t and Amann , 1 96 1 �  �ma nn a n d  hlmqu i st ,  

1 9 6 lb ,  196 2a , i96 2b) ha ve reported that i n  t h e  bul l , 

t es t i s wei ght o r  volume a t  slau ghter wa s correl a t ed 

pos i t i v ely to t h e  n umber of sperma.tozoa obta i n ed by 

f requent e j a cu l a t ion ( exhau s t i on t e st s )  an d wi th 

gon a da l sperma tozoa r e s e r ve s .  In the i nv e s t i ga ti on 

of you ng bu l l s ,  �'lil l et a n d  Ohm s  ( 1 9 5 7 } a n d  Fahn 

et al o ( 1 96 9b )  have s hown a cor r el a t i on of 0 . 9 2 

a n d  0 . 81 r e sp e ct i vely between t e s t i s s i ze a nd 

' 
• 



s p e rma tozoa ou tpu t  per week . Po"Vlever 1 wh en i nv e s t i 

ga t in g  ol d e r  bul l s both g rou p s  of work e r s  f ou n d  

tha t th e cor r el a t i on bet\·lee n  t esti s ci r cumf e r en c e  

a n d  spe rmatozoa ou t pu t  wa s mu ch l ower a n d  H a h n  e t  a l . 

( 1 96 9 b )  con cl u d ed t h a t  t e s t e s  volum e wa s of l i ttl e 

va lu e i n  a s se s si ng th e reproducti v e  pot ent i a l  i n  

bul l s  ov e r  5 - 6 yea r s .  

Th e ext e n s i v e  da ta a va i l a bl e  f or bul l s  h o s n o  

pa ral l el i n  t h e  ram . Ro..,.Tev er , in  2 5  :-am s a g ed f rom 

1 - 6 y ea r s  Ortava nt ( 1 95 2 ) f ou n d  a cor r el a t i on o f  

0 . 80 between t e st e s  s p e rm a tozoa cou n t s  a n d  t e s t e s  

wei ght s �  th e t e s t e s  va ry i n g  f rom 40 g to 3 8 3  g i n  

wei gh t .  I n  both ram s w i t h  n o rm a l test e s  a n d  ram s 

who s e  t e s t e s  had u n d e r gon e compen satory hypertrophy 1 

Voglma yr a n d  Ma ttn e r  ( 1 9 6 8 ) sho·. :ed that s p e rma tozoa 

n umbe r s  p e r  gram of t esti s obt a i n ed f rom cannu l a t ed 

r e t e  t e s t e s  were a pp roxima t el y  t h e  sam e . The cl o s e  

r el a ti on s hi l?  bet\<7een t e s ti s s i z e  a n d  s p e rma tozoa 

produ ction i s  fu rt h e r  s u gg e s t ed in h i s tol ogi ca l 

s tud i e s  o f  th e t e s t i s .  I n crea s e s  in t e s t i cu l a r s i z e  

du r i n g  d eve J. o pm e n t  o f  the ram pa ra l l el cl o s ely 

i n cr ea s e s  in s em i ni f erou s tubul e a ctivity ( Wat son 

et a l . ,  1 9 ? 6 � Sk i nn e r  et a l . ,  1 968 ) . Sk i nn e r  et a l . 

( 1 96 8 )  ha v e  shown a correl a t i on o f  0 . 9 5 b etween 

s em i n i f e rou s tubu l e  d i am eter and t e sti s wei ght in  

the d ev el opi n g  ram l amb a nd a sim i l a r  cor rel a t i on 

ha s been shown i n  th e d ev e l o p i n g  bu l l ,  (Hay et a l . 1 

1 96 1 ) . Simi l a rly ,  s ev ere s em i na l degen e ra t i on i s  

a s soci a ted wi th a d e c r e a s e  in  t e sti cu l a r  s i z e a n d  a 

d e cr ea s e  i n  s em i n i f erou s tubu l e  diamet e r , ( Se t ch e l l  

et a l . ,  1 96 5 �  John s en , 1 9 70 ) . Su ch da t a  su gg e s t s 

t h a t  t e s t i s s i z e  i s  a re-a sonabl e gu i d e  t o  sperma t ozoa 

p rodu ct i on i n  the ram . 

Te s t i s s i z e  ca n be e stima t ed by mea su r i n g  



va riou s t e sti cu l a r  d i� en s i o n s o r  by compa ra t i ve 

pal pati on . In  s i tu m ea su rem en t s  of t e st i cJ l a r  

l ength x brea dt h , b readth and h o r i zontal ci r cum

f er en ce have a l l been r epor t ed t o  g i ve h i gh 

cor r el a t i on s  ( gr ea t e r  than 0 . 9 ) wi t h  po stmort em 

t e st i cu l a r  volume :  l en gth x b r e a d th - (Boyd and 

Van Dem a rk ,  19 57) 7 brea dth - (Podany , 1964) � 

h o r i zon t a l  ci rcum f e re n c e  - (Wi l l et and Ohm s , 19 57 7 
I 

Hahn et a l . ,  1969b ) . Wi l l et and Ohm s (1957 ) and 

Hahn et a l . (1969b ) ha ve shown a co r r el at i on of  

0 . 94 and 0.92 r e s p e ct i vel y between test i s  ci r cumf er

ence in th e l i v e  a n ima l and t e s t i s wei ght . Th e 

t e s t e s  of a l l  d om e st i c a n imo l s a r e  ovo i d  i n  s ha p e  

( Si s son a n d  Gro s sman , 196 3 )  s o  tha t t e st i cul a r  

volume can be estimated f rom thei r l en gth ( L ) , 

brea dth ( B )  and d epth ( D ) , a cco rd i n g  t o  t h e  f ormul a e :  

T e st i s volume 

Te sti s volume 

= 0.52 X 
O R  

= 4/3 X 

2 
L x B ( P ra d e r ,  196 6 )  

L/ 2 X B/ 2 X D/ 2 (O sma n , 1970 ) 

Th e ma i n  p r obl em a s so ci a t ed wi th e st ima t i n g  

t est i cu l a r  s i z e  i n  s i tu i s  t h e  int erf e r en ce of  t h e  

s c rotum a n d  epi d i dym i s ¥7h en tak i n g  t e sti cu l a r  

mea su r em ent s (P ra o er , 196 6 ) .  Howev er , u si n g  t h e  

f ormu l a  V = 4/ 3 x L/ 2 x B/2 x D/2 a nd a l l ow i n g  f o r  

s k i n  t h i ckn e s s ,  O sman (1970 ) obta i n ed a cor r el a t i on 

of 0.96 between i n  s i tu t e s t e s  volum e and po s tm o r t em 

t es t e s  vol um e  i n  2 8  bu l l  bu f f a l oe s .  Va ri a t i on s  in 

s crota l sk in th i ckn e s s , for exampl e in  ram s wi t h  

s crotal mange ,  wou l d  redu ce t h e  a ccu ra cy o f  t h e  

method . 

Compa rat i ve pa l pa t i on , con s i st s  of pa lpa ti ng 

the t e st i s  wi t h  on e hand wh i l e  model t e stes a r e  

pa l pa t ed wi th t h e  o t h e r  h a n d . Buman t e st i s mod el s 

a r e  known a s  th e o r ch idorn et e r  and u su a l ly com p r i s e  
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1 2  model s o f  k nown volume u p  to 25  ml ( P rader , 1 9 66 ) . 

La ron a nd Zi l ka ( 1 96 9 )  found tha t test i s s i z e  

e stimated by compa ra t i v e  oa l pat i on " gave almost 

i d en t i ca l  r e sul t s "  to the Tl'ore t ed i ou s  e stima t e  

ba s ed on mea su ri n g  t e st i s  wi dth a nd l en gth . 

ZU thou gh t h e orch i dometer i s  u s ed '-.ri d el y  in human 

mal e f erti l i ty cl i n i c s  for a s s e s s i n g  t e st i s  s i z e  

( P ra der , 1 96 6 � · La ron a n d  Zi l k a , 1 96 9 :  Joh n s en ,  

1 970 : B .  La zaru s ,  p e r s . comm . )  t h e  t echniqu e  ha s 

not been ext ended to e s t i�at i n g  t esti cu l a r  s i z e  i n  

dome sti c a n imal s .  

( i i )  Tes t i s con s i st ency 

In 1 9 4 2  Gunn et a l . not e d  that ram t e s t e s  whi ch 

h a d  und ergone rapi d and e xt en s i v e  degen era t i on 

b e cam e pa l pa bl y  smal l e r and sof t er .  S em en analys i s 

a n d  hi stol o g i ca l  stu d i e s  s howed that thi s sof t en i ng 

wa s th e r e su l t  of more o r  l e s s  compl ete su spen s i on 

of spe rma togen e s i s and em?ty i n g  of th e s em in i f e rou s 

tubul e s .  Dun ( 19 5 6 )  m a d e  s imi l a r  obs e rva t i on s  whe n  

studyi ng an outbr ea k  of t empo r a ry inf erti l i ty cau s ed 

by s evere envi ronm enta l stre s s .  Ga l l oway ( 19 6 6 )  

a l so fou n d  tha t ra� s wi th f i rm  a n d  el a sti c t es t e s  

u sually gav e  s em en of good qu a l i ty ,  whi l e  t ho s e  ram s 

with on e o r  both t e s t e s  " soft a n d  fl abby " o r  " f i rm 

a n d  dul l " i n  con si sten cy wer e cha ra ct e ri seo by 

having s emen of poor qual i ty .  However , 3 3% o f  t h e  

rams wi t h  a l t e r ed t e s ti s ton e ha d semen of good 

qua l i ty ,  su gg es t i n g  that con s i s t en cy chang e s  do not 

n ece s sa ri l y  gi v e  a rel i abl e i nd i cation of t e st i cu l a r  

f un ction . Edga r ( 1 9 5 9 )  a l so con cl u d ed that t es t i cu l a r 

ton e " a pp e a red a n  u n ce rta i n  cri t e ri on "  for a s s e s si n g  

ram repro du ct i v e  abi l i ty . I n  an attempt t o  overcom e 

the di s a d va ntag e s  of sub j e ct i v e  a s s e s sm en t  o f  

testi cul a r  ton e Q a h n  et a l . ( 1 9 6 9a ) devel o p ed a 

tonom e t e r  f o r  m ea su r i n g  t est i cu l a r  con si s t en cy i n  

' 

- I I 
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bu l l s .  The i n s t rum ent gave h i gh l y  r epea tabl e 

r e sul t s  between ope rato r s  and h i gh l y  s i gn i f i cant 

cor r el a t i on s  (0 . 5 9  to 0 .  94)  between s em en qua l i ty 

pa ram et e r s  and te s t i s ton e .  Thi s  work h a s not 

b een rep ea t ed ei t � e r  in th e bul l  or i n  oth e r  speci e s .  

2 . 2 S emen Exa m i n a t i on 

Semen , t h e  f i nal p rodu ct o f  th e ma l e  reprodu ct

i v e  p ro ce s s , i s  ea s i l y  col l ect ed f rom t h e  ram without 

a f f e ct i n g  t h e  futu r e  reo rodu ct i v e  pot en t i a l  

(o rt a va nt et a l . ,  1 948 � Sa l amon , 1 96 2 1  P e pelko 

and Cl egg , 1 96 5 ) . Semen a s s e s sm ent , t h e r ef o r e 1  

provi de s a simpl e m ethod f o r  a s s e s si n g  a t  i n t e rva l s 

the e f f ect o f  ph.ys ci e l , dW:t i c_a l o r  i n f e c t i ou s  

a gent s on the reprodu ct i v e  sys t em  of t h e  ram . 

( i )  Sem en col l e ct i on 

Sem en i s  u su a l ly col l e ct ed f rom ram s by u s i ng 

e i th e r  an a rt i f i c i a l  va gina o r  by el e ct ri ca l  st imu

l a t i on . O cca s i on al ly s e� en i s  col l ect ed f rom t h e  

vag i na o f  e\•le s . Th e d ry v a. g i n a  techniqu e i nvol v e s  

t ra i n i n g  ram s to s e rv e  ewe s  t ha t  a r e n o t  i n  oe s t ru s  

and the s emen i s  a spi ra t ed f rom t h e  vagina . F.owev e r 1  

con tam ina ti on , d i l u ti on a nd f a i lu r e  t o  a s pi ra t e  al l 

of t h e  sampl e a r e obvi ou s di sadvantag es o f  th i s 

method ( Wa tt ,  1 96 6 ) . U s i n g  th i s  t ech n iqu e  Hu l et 

et al . ( 1 96 5 )  obt n i n ed semen sampl e s  f rom on ly 94 

of 1 36 ram s .  

Th e a rti f i cial  vagina t echn i qu e  ha s ov e r come 

many of the d i sa dvantages of the dry va gina m et hod . 

However , ram s sti l l  n eed a n  i n i tial p e ri od of 

t r a i n i n g  wi th a ewe in oe s t ru s .  

Gunn ( 1 9 36 )  f i rst reco r d ed th e sat i s f a ctory 
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col l e ct i on of s em en f rom ram s by el ectri ca l 

s t imu l ation .  Th e m ethod cau sed con s i d e rabl e st r e s s  

to the ram a n d  ataxia som etim e s  o ccu rred a f te r  

col l ect ion . Th e d evelopment o f  a s ingl e bi - pol a r  

r e ct a l  el ect rode ( Lapl aud and Ca s sou , 1 94 5 )  l ed t o  

r el a t i vely sel e cti v e  stimu l a t i on o f  the n erve 

compl exe s i nvolved in the e j a cu l ato ry r ef l ex .  

Ma r d en ( 1 9 5 4 )  d ev el op e d  a mul t i pol a r  l ongitu d i nal 

el e ct rode whi ch h e  u sed toget h e r  Wi th a gradu a l  

ra i si ng a n d  l owe ri n g  of t h e  el e ct ri ca l  stimulu s .  

Th i s  fu rt h e r  d e crea s ed the phy s i cal st r e s s  to th e 

a n im a l . Expe rimen t a t i on wi th el e ct rode d e s i gn h a s 

b e en clo s el y  a s so ci a t ed wi th va rying th e pov1er to 

th e el ect rod e s  to obt a i n  o�t iw.al stimu l a ti on of 

t h e e j a cu l a to ry n er ve s .  The vol ta ge h a s  b e en 

va ri ed betwee n  5 . 5  vol t s  (Ma rd en , 1 9 5 4 ) 

a n d  5 4  vol t s  ( Gunn , 1 9 36 ) . Powever , t h e r e  i s  no 

a d equate i n fo rmat ion on the ootima l vol taae f or 
� .  ·� _, 

e j a cu l ati on . Dziuk et a l . ( 1 9 5 4 )  a nd Dowl i n g  ( 1 9 6 1 )  

expe r im ent i n g  over a wi d e  ran g e  o f  cycl e s  f ound no 

obvi ou s  d i f f e rence s i n  i t s  e f f ect on e j a cu l ation , 

wh i l e  Y a r d en ( 1 9 5 4 ) obt a i n ed most sati s f a ctory 

resu l t s  u s i n g  a f requ en cy betw e en 20 a n d  30 cycl e s  

per second . �a rden ( 1 9 5 4 )  and Dowl i n g  ( 1 96 1 )  f ound 

that the s i n e -wa ve ou l s e  gav e  optimal stimu l a ti on .  

( i i )  Sem en a s se s sment 

Sev era l au tho r s  have corn9a red ram s emen 

col l ect ed by el e ct ri ca l  stimu l a ti on and by the 

a rti f i ci al v agina . General ly el ectri ca l stimul a ti on 

cau s e s  a greater s ecret ion o f  a cc e s so ry flu i d  

r e su l ting i n  a grea t er volum e o f  semen a n d  a 

correspon d i n g  l owering of spermatozoa con cent rat i on 

( B ra dy and Gi l dow , 1 9 3 9 �  T e r r i l l ,  1 940 ; O rtav ant 

e t  al . ,  1 948 ; Mattn e� and Vo glmay r 1  1 9 6 2 �  Til ton 

et al . ,  1 9 6 4 ) . T h e  g r eater amount of a cc e s s o ry  
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flu i d  i s  furt h e r  r e fl ected in a h i gh e r  s em i na l  

f ru cto s e  concent (gattner and Voglmayr , 1 96 2 ) a nd 

a h i gh e r  concent ra tion of sod i um a nd pota s si um i ons 

( Qu i nn and �fu i t e ,  1 9 66 ) . Qu inn et al . ( 1 9 6 8 }  h ave 

shown tha t s em en col l ect ed by el ect ri ca l  st imu l a t i on 

i s  m o r e  su s cept i bl e to col d shock and thi s wa s due 

to the d iffer ence i n  s em i nal pl a sma rath e r  t h an to 

a l t e r ed ch a ra ct e r s  of the sperma tozoa . Bra dy a nd 

Gil dow ( 1 9 3 9 )  a nd Terri l l  ( 1 9 40 )  su gg e s t ed that 

th e re wa s a d i f ference in spermatozoa a ct i vi ty ,  bu t 

mor e  r ecent wo rk ha s shown n o  di fference s i n  

spe rm a tozoa qua l i ty (:t-�a ttner and Voglmayr , 1 96 2 �  

Sal amon and Mo r ra nt , 1 96 3 �  Qu i nn et a l . ,  1 96 8 ) . 

Som e repo r t s  s how th a t  t h e  number of s pe rmatozoa 

col l ected ove r a number of days wi t h  t h e  a rt i fi ci a l  

va gina and el e ctri ca l stimu l a t i on t echniqu es i s  

s imi l a r  ( Dziuk et a l . ,  1 9 5 4 ,  �attner a nd Voglmay r ,  

1 96 2 r  Til ton e t  al . ,  1 96 4 )  whi l e  oth e r  r eport s  have 

shown that l e s s  s p e rmatozoa a re col l ect ed by t h e  

el ect ri cal stimu l a t ion t e chni qu e ( :: c: ::: 0 J  c> n cJ G i l c >:M , 
1 9 3 S �  Te r r i l l , l 3 40 r S a l amon and Morrant , 1 96 3 :  

Ratho re , 1 9 7 1 ) . The number of s p e rmatozoa obt a i ned 

pe r col l ecti on a ppea r s  to be more va ri abl e wi th 

s emen col l e ct i on by el ect ri ca l  stimu l a t ion ( T err i l l , 

1 9 40 7 Hattner and Voglmayr , 1 9 6 2 7  S a l amon a nd 

r-·:orrant ,  1 9 6  3 )  • rr:.attner and Voglmayr ( 1 9 6  2 )  

col l ected s em en 2 - 3 t im e s  a week for 5 we ek s and 

found no s i gn i f i cant difference s in the total 

number of sperma tozoa col l ect ed by th e two m ethod s ,  

but day to d ay va riat ions i n  spermato zo a  numbe r s  

were twi ce a s  great wi t� s emen col l ected by 

el e ct ri ca l  s timul a t i on .  

I t  a pp ea r s  tha t th e l a rge va ri a t i on i n  vol um e  

and concent rat i on of s emen obtained when u si ng 



el ect ri cal st imu l a t i on l im i t s  the u sefu l n e s s  of 

t h e s e  paramet er s in a s s e s si n g  s em en quap t i  t y  ·,.,·hen 
u s i n g  thi s t e chn iqu e .  Neverth el e s s ,  t h e  sperma tozoa 

tha t a re obta i n ed by el e ctri cal stimula tion p roba bl y  

ref l e ct t h e  s t a t e  o f  spermatogen e s i s j u s t  a s  

a ccu rately a s  spermatozoa col l ect ed wi th the 

a rt i f i cial va gina . 

Th e a p p ra i sa l  o f  s emen qual i ty i s  u s ed commonl y 

to a s se s s  th e e f f ect of di s ea s e s  o r  experim ental 

mani pulation s on th e r ep rodu cti ve system .  Va ri ou s 

t e chniqu e s  o f  s emen a oprai sal have been d e s cri bed 

a nd revi ewe d  by Emm en s and Bl a ck shaw ( 1 95 6 ) , 

Sal i sbu ry ano VanDem ark ( 1 96 1 ) , Ernmen s and Robi n s on 

( 1 96 2 ) , Mel r o s e  ( 1 96 2 )  and Mann ( 1 964) . 

In the bu l l  bi och emi cal t e s t s  on s em en su ch a s  

ra t e  of f ru ctolys i s ,  oxygen u ptak e and m ethyl ene

blu e  or r e s a zu ri n  r educt i on t i m e  have been invest i 

gat ed a s  f e rt i l i ty pred i cti ng pa ramet er s , but n ot 

a l l  have been stud i ed i n  rel a t i on to f erti l i ty in 

the ram . B i shop et a l . ( 1 9 5 4 )  and Cumm i n g s  ( 19 5 4 )  

i n  exten s i v e  su rveys into t h e  s em en qual i ty 

pa rameter s a s  they were rel a t ed to f ert i l i ty i n  t h e' 

bul l  conclu d ed that the metabol i c  test s we r e  cl o s e l y  

rel ated t o  t h e  phy s i ca l  mea su r e s , and a d d ed l i tt l e 

to the ohy s i ca l  a s se s sm ent o f  s emen . I n  r ecen t 

yea rs a s s e s sment of ram s em en qual i ty h a s  been 

almost en t i r el y  l im i t ed to phy s i cal p a rameters 

(Ivl oul e and 1i1a i t e s , 1 9 6 3 1  Fowl e r  and Dun ,  1 966 � 

Howa rth , 1 96 9 r  B raden and Ma ttn er , 1 970 � Rathor e , 

1 9 7 1 �  Smi t h , 197 1 ) . The phy s i cal p rope rt i e s  t h a t  

a re u sual l y  a s s e s s ed a re s emen volum e ,  spermatozoa 

concent rat i on , moti l i ty ,  propo rtion of l i v e  

s permatozoa � n d  spe rmatozoa morphol o gy .  

Volume : S emen i s  u su al ly col l e ct ed i nto a 
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g raduated cen t r i fu ge tub e  so tha t  s em en volum e can 

be r e corded at the time o f  col l ecti on . 

Con c entrat i on g S pe rmatozoa con cen trati on wa s f i r st 

e s t imated by th e cou nti n g  of a d i l uted sampl e of  

s emen mou nted on a ha emo cytom eter s l i d e  (.Wa l ton , 

1 9 27 ) . To overcome the tim e con sum ing h a em cytomet e r  

cou n t s  wh en l a rge number s  of  s ampl es h a v e  t o  b e  

coun t ed , i nd i re ct method s ha ve been d ev el oped for 

determ i n i n g  spe rmatozoa den s i ty .  Com stock and 

Green ( 1 9 39 )  d eveloped th e u s e of  the a.bsorpti o·

m eter to mea su r e  th e opt i ca l  d en si ty of ram s emen 1 

Whi l e  Gunn et a l . ( 1 942 ) ado�ted a s ca l e  ba s ed on 

a v i su a l  e s tima te of �emen col ou r .  In an a tt em pt 

to mak e th e vi su a l  estima t e  more a ccu ra t e  Sal i sbu ry 

et a l . ( 19 4 3 )  com pa r ed the s emen sampl e s  wi th 

s ta nda rd ba rium OJ?acity tu bes . Soerma tozoa conc en

t ra tion ca n al so be d et e rm i n ed by estimating th e 

cel l  volum e by ra pi d cen t r i f u ga ti on of a po rt i on of 

th e semen sampl e in  capi l l a ry tubes ( Sh a f f n e r  and 

And rews , 1 9 4 3 ) . Accord ing to Sal i sbu ry a nd VanDemn rk 

( 1 96 1 )  thi s l a tt e r  method i s  the  l ea s t  a ccu r at e r  

th e cor rel a t i on between s p e rmatozoa cou nt s  and cel l 

vol um e  e stima t e s  be i n g  on ly 0 . 8  whi l e  a l l  r eport s 

on the cor r el a t i on coef f i ci en t  between sperm atozoa 

cou n t s  and absor�t i ometer or opa ci ty tube est i ma t e s  

wa s 0 . 9 3  o r  h i gh e r .  Com stock e t  ah. ( 1 94 3 )  have 

r eported that f or ram s emen a standa rd e r ro r  fo r 

du pl i ca t e  count s wi th th e ha emo cytom et e r  avera ged 

abou t + 8 %  of t h e  mean val u e ,  whi ch �a s  s l i gh � l y  

grea t e r  tha n th e e rro r t h ey obtained wi th th e 

absorpti om eter method . Sa l i sbu ry and VanDem � rk 

( 1 96 1 )  h a v e  s hown s tanda rd erro r s  of  + 5 - 8% o f  

the mean  v a l u e  t-7i th the absorptiom et e r  m ethod .. 

C el l debri s a f f ect s  th e a c cu ra cy o f  opti cal d en si ty 

mea su remen t s  ( Sa l i sbu ry a n d  VanDem3 rk , 1 96 1 ) . To 

t ry and overcom e thi s probl em i n  ram s emen Em i k  a n d  
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S i dwel l  ( 1 94 7 b )  re commenced cal i br a tion o f  the 

absor ptiometer f o r  f i ve di f f er en t 1  sub j e cti vely 

e s t imated l ev el s of debr i s .  �n ext rem ely l a r ge 

number o f  s em e n  s ampl e s  wou l d  be r equ i r ed to prepa r e  

t h e  f i ve standa rd cu rve s and even then th e m ethod 

d e pend s  on an i n i ti a l  su b j e ct i ve a s sessm ent of ea ch 

sampl e .  

Hoti l i ty :  In mo s t  a s s e s sment s of s e;:n en qual i ty a 

m ea su r e  i s  ma d e  of th e physi cal a ctivi ty o f  the  

sam pl e .  Moti l i ty estim at e s  may b e  ba s ed on wave 

moti on , the gro s s  swi rl i n g  of a ct i ve s em en , o r  on 

t h e  moti l i ty ot indi vidu al s per� a tozoa . Blom ( 1 946 ) 

d eveloped a s ta ndard depth 1 1  compa r ing chamber " wh i eh 
wa s u sed f o r  a s s e s si n g  wa ve motion bu t cou l d  be 

u s ed a l so for a s s e s s i n g  moti l ity of i nd i vi du a l 

spe rma tozoa . Blom ( 1 946 ) recommended tha t  s em en be 

cl a s si fi ed i n to 7 grace s on mot i l i ty estima tes . 

�a ve mot ion i s  d epen den t not onl y on the move

men t  of i n d i vidual spermatozoa bu t al so on th e 

con centra tion of S?e rma tozoa i n  t h e  s ampl e a n d  thu s 

i s  of l imi t ed va l u e  a s  a moti l i ty index in studi e s  

wh e r e  a l a rge v a r i a t i on i n  sp erm atozoa conc en t r a ti o n  

i s  anti cipa t ed . To overcome th i s  probl em s em en can 

be d i l u ted 1 f o r  exampl e wi th phy s i ol og i cal sa l i n e  

( Sa l i sbu ry and Vanuema rk , 1 96 1 )  s o  tha t  i n d i vi du a l  

spe rmatozoa can be � x�� i n ed r e� G i l y  mi cro s copi cal l y .  

Mot i l ity o f i n d i vi dual spermatozoa can be a s s e s s ed 

on th e propor t i on tha t a re moti l e  and on th e i r  ra t e  

o f  progres s i on . Emik a nd S i dwel l ( 1 9 4 7 a ) a n d  Em i k  

et al . ( 1 948 ) combi n ed the s e  two pa r am ete r s  to f o rm 

an " es timat ed moti l i ty combi nat i on " .  Th e p roF;�ort i on 

o f mot il e  c el l s can be cal cu l a ted obj e cti vely 

( Brady and G i l d ow ,  1 9 39 }  u si ng ha emocytom et e r  

counts o r  su b j ecti vely ( Gunn et a l . 1 1 9 4 2 }  by 

d i r ect m i cro s co pi c  ob serva t ion s of d i lu t ed semen 
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sampl e s .  Th e obj ecti ve me t hod i s  t ime con sum i n g  i n 

rou t i n e  o p e r a t i on s ,  a n d  ha s a rerea tabi l i ty no 

h i gh e r than t h e subj ect i ve m ethod when u sed by 

expe ri en ced i n v e s t i ga to r s  ( SaU. sbu ry and vanDem a rk , 

1 96 1 ) • 

Mor e  obj e ct i ve m ea su r eT e n t s  of spe rma tozoa 

vel o city i n clu d e  t h e  u s e  of �hoto-mu l t i pl i e r s , 

t el e vi si on s can n e r s  a n d  ci n e� a tog r a phy ( Bo s s el a a r  

a n d  Spronk , 1 9 5 2 �  Roth s ch i l d ,  1 9 5 3a ,  1 9 5 3b �  

VanDema rk e t  a l . ,  l 9 5 8 ) n T h e s e  m e t hod s a r e expen si ve 

a nd time con sum i n g .  Rot h s ch i l d  ( 1 9 48 )  de vel ope d a n  

appa r a tu s  for m ea su r i n g t h e  ch ang e s  i n  el e c t r i cal 

imped an ce in sem e n and sh ov.;ed ( Roth scr i l d  1 9 49 , 

1 9 50 ) t h a t  t h e  f r equ en cy of t� ese wa s c l o s e l y  r el a t ed 

to moti l i ty est ima t e s . uowever , th e t e ch n i qu e  i s  

d epend �n t on s 9 e rma tozoa con c en t ra t i on ( Rot h s ch i l d  

1 9 49 )  a n d  i s  o f  n o  va l u e  i n  e s t ima t i n g  mot i l i ty i n  

d i l u t e  sampl e s .  

P rooorti on of l i v��atoz2� :  I n  1 9 4 2  La sl ey e t  

a l . repo r t ed tha t  l i ve a n d  o e a d  r am s p e rm<:ltozoa 

cou l d  be d i f f e r en ti a t ed by th ei r  rea c t i on to th e 

s t a i n  eo s i n , n onm ot i l e , a ppa r entl y d ea d  spe rmn t ozoa 

bei n g  col ou red by th e dy e ,  and l i v e ,  moti l e  s p e rm

a tozoa n ot bei n g  s ta i n e d . Opal bl u e  wa s u s ed a s  a 

ba ck grou n d  s t a i n  so th a t  th e u n st a i n ed s p e rm a tozoa 

cou l d  be e a s i l y  s e en . S i � ce �hi s  tim e va ri ou s  o t h e r  

vi tal a nd ba ck grou n d  sta i n s  h a ve be en u se d  wi t h  

su cce s s  ( Ernmen s and Bl a ck sh aw ,  1 9 5 6 � S a l i sbu ry a n d  

VanDem a rk , 1 96 1 ) . Th e most wi dely u sed sta i n  

m i xtu r e  i n  r am a n d  bu l l  s em e n  s tu d i e s  i s  t h a t  

d e vel o!:)ed by Ba n cock ( 1 9 5 1 ) u si ng :.., �_ g r o s i n  a s  a 

ba ck g r ou n d  s ta i n  a nd eos i n  a s  the vi t a l  sta i n .  

Dead s p ermatozoa. sta i n  oi nl< a n d  th e u n s ta ined l i ve 

s9erma tozoa a re r ea d i ly s e en a ga i n st a pu rpl e 

ba ck g roun d .  Bancock ( 1 9 5 1 ) empha s i s e o  th e n e ce s s i ty 
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o f  h a v i n g  th e sta i n  a n d  semen a t  th e same t e� p e r a tu r e  

1'3 n d  CaTT'!obe l l  e t  a 1 .  ( 1 9 5 6 )  showed th e impo r t a n ce of 

k eeping the sta i n i ng time con stan t .  �ypoton i c  

sta i n i n g s ol u ti on s h a ve been i n c r im i n a t ed to i n cr ea se 

both the p rooort i on o f  d e a d  soe r�a tozoa ( Swa n son a n d  

Bea rd en , 1 9 5 1 ) and t h e  number o f  spe rm a tozoa with 

ben t ta i l s ( B i shoo et a l . , 1 9 5 4 ) . 

Th e r epea ta bi l i ty of e st ima t i on s  made by th i s  

t echn i qu e  ha s been stu d i ed by va r i ou s  author s .  

O rtavant et a l . ( 1 9 5 2 )  fou nd n o  d i f f e r en ce i n  the 

percent a ge s  of d e a d  spe rma tozoa i n  th e same s am p l e  

cou n t ed by two opera to r s  and a l so the r e su l t s  of  

counti ng 1 50 s p e rmatozoa we r e  not a pp r e ci a bl y  

d i f f e rent f rom t h o s e  obta i n ed wh en 2 , 000 sp erma tozoa 

we re cou n t ed . Campbe l l  et a l . ( 1 9 5 6 )  showed th a t  

i t  wa s bet t e r  to � a k e  two su bsampl e s  a n d  coun t lO O  

s o e rma tozoa f rom ea ch t h a n  to cou n t  200 cel l s f rom 

t h e  on e s�ea r .  P a rt i � l ly sta i n ed sperT.a t ozoa a re 

u su a l ly con s i d e r ed d e a d  (Mayer et a l . ,  1 9 5 1 : 

Cam pbel l et a l . ,  1 9 5 6 : Sal i sbu ry a nd VanDema rk , 

1 9 6 1 ) . 

r';o rphology � E c:u l y  wo rk e r s  p l ? ced mu c!: emph c. s i s  on 

t h e  a s s e s sment of a bnorma l sp erma tozoa in  raT s ewen 

(r'� cKenzi e a nd P h i l l i !j s ,  1 9 3 4· : .i•' ci<en z i e  and Ber l i ne r , 

1 9 3 7 : Gu n n  et a l . ,  1 9 4 2 ) . E l om ( 1 9 4 8 )  cl a s s i f i ed 

s p e rma tozoa a bnorwa l i ti e s  i n t o  t h o s e  tha t r e su l t ed 

f rorr. d i sturba n ce s  in s p e rM a togen e s i s ( p r i ma ry 

a bnormal i ti e s )  a n d  th o s e o c cu r r i n g  a f t e r  spe rma t o

g en e s i s wa s com pl eted ( se con da ry a bn ormal i t i e s ) . 

The f orm e r  i n cl u d ed pyri f orm , s�a l l  a n d  l a r g e  h ead s 
wh i l e  th e l at te r  i n cl u d ed h ea d s  s e pa ra ted f rom t h e i r 

ta i l s .  B i shoo et a l . ( 1 9 5 � )  sugges t ed tha t n o rma l l y  

di f f e r en t i a t ed s pe rmatozoa wi th th e ta i l  ben t t o  

f orm a l oop we re a r t i f a ct s  and shou l d  be cl a s s i f i ed 

into a t e rt i e  ry grou p of a bn orma l i t i e s .  Na ny 

sperma tozoa ca n not be cla s s i f i ed r e a d i l y  i nt o  t h e  
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a bove ca t e go r i e s so i t  i s  p robabl y bett e r  to cl a s s i f y  

th em with re s p e ct to t h e  pa rt o f  the cel l a f f e cted 

( Sa l i sbu ry a n d  Va nDem a rk , 1 96 1 ) . �l thou gh B i s hop 

et al .. ( 1 9 5 4 )  cou n t e d 400 s p e rT.atozon , Sa l i sbu ry 

a n d  Merce r ( 1 9� 5 )  con cl u d ed that a count of lOO 

cell s f rom on e s l i d e ga v e  a su f f i cientl y rel i �bl e 

e stima te of  spe rmatozoa abn o rm a l i ti e s  .. 

( i i i ) Cor rel a t i on between s emen qu al i ty a n d  f e rti l i ty 

Bu l l s  i n  u se i n  a r t i f i ci a l breedi n g  cen t r e s , 

and thu s p re v i ou s l y  s e l ected f o r  s emen qua l i ty ,  have 

be en u se d  m a i n l y  i n  ex pe rim en t s r e l a t i n g  s emen 

qu a l i ty to f e r t i l i ty .  Un de r  th e s e  ci r cum s ta n ce s  

no m o r e  t h a n  a bout 2 0  - 2 5% o f  the d i f f e r en ce s i n  

f e r t i l i t y  can be a. cc ou n t ed f o r  by s em en va r i a t i on s  

d ete cted i n  t h e  :}_ a bo rn tory ( B i s h o p  et a l  .. 1 1 9 5 4 7  

M e1 ro se , 1 96 2 :  B i sho� , 1 9 5 4 ) . E ecau s e the f e rt i l i ty 

of tt e s e  bu l l s  t en d s to f a l l  i n to a na rrow ran g e , 

t h e  cor r el a t i on between s emen pa ramete r s  a n d  

f e r t i l i ty cannot b e  expected t o  b e  high . 

Th e s am e  ha s been s h own f o r  the r am .. A f t e r  

cul l in g  ram s p r o du ci n g  poo r qua l i ty semen , v H g g i n s  

e t  a l  .. ( 1 9 5 3 )  f ound t h a t  no more t h a n  1 8 . 8% o f  t h e  

di f f er en ce s  i n  f er t i l i ty cou l d  b e  a ccou n t e d  f o r  by 
di f f e re n ce s i n  s e� en qu a l i ty ..  On the oth e r  h and , 

in a ma ti n g  t ri a l  i n vol v i n g  ram s wi th a wi d e  range 

of semen qua l i ty T-iul e t a n d  Ercanbra cl< ( 1 96 2 ) 

f ou n d  th a t  a s  mu ch a s  50� o f  th e d i f fe ren c e s  i n  

fe rt i l i ty cou l d  be a c cou n te d f o r  by simpl e semen 

pa ram e ter s . By u si n g  mu l ti pl e r e g re s s i on m ethod s 

Eu1 et a n d  E rca n bra ck ( 1 96 2 )  combi n e d  th o s e  s em en 

t ra i t s  tha t we re m o s t  cl o s el y rel a ted to f e rt i l i ty 

into a f e rt i l i ty i n d e x .. �owe ve r , onl y  a ma rgi n al l y 

improved cor r el ation wi th f e rti l i ty r e su l t e d  wh en 

th i s  m e thod -v.Ta s u s ed ,  compa red wi th the s i n gl e  

semen pa ramete r m o s t  cl o s el y rel ated to f e rt i l i ty .  

T h e  sma l l  im p ro vem en t i n  f e rti l i ty p redi ct i n g  · 
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a bi l i ty of t h e  i n d ex i s  ou twe i gh e d  by t h e  time 

r e qu i red t o  d edu ce the i n d e x  for e a ch s em en sampl e .  

Fu l e t et a l . ( 1 96 5 )  o b s e rved t h a t  t h e  same f e rti l i ty 

o c cu r red i n  ram s wh en th e p e rcen t a g e  of m o t i l e  c el l s  

ranged f rom 60 - lO O %  a n d  wh en t h e  p ro p o r t i on o f  

m o rphol ogi ca l l y  a bn o nr. c:; l  s p e rm a t o zoa r an ge d f rom 
0 - 3 5%. Th i s  i s  i n  con t r a s t to t h e  ea r l y  

obs e r va t i on s  o f  M. ci< en z i e a nd I? h i l l i J? S  ( 1 9 3 4 )  a n d  

Gunn e t  a l . ( 1 94 2 )  wh i ch su gg e st ed t h a t  ram s w i t h  

m o r e  th a n  l �OL 0 n d  1% o f  :n o r o ho l ogi ca l l y  a bn o rrr. a l 

s p e rmo t o zoa r e s p e ct i v e l y  \•J e r e  of redu ced f e rt i l i ty .  

Edga r ( 1 9 5 9 )  co l l e ct ed s em en sampl e s  f r om ram s 

by el e ct r i ca l  s t imu l a t i on a t  l ea s t  t h r e e t im e s  and 
com p a red t h e  s em en qu a l i ty o f  ea c h  ram wi t h  i t s  

bree d i n g  p e r f o rman ce . td thou g h  h e  r.·;a s a bl e  to 

g rou p th e ram s o f  l ow f e rt i l i ty by s em e n  a n a l y s i s 

h e  wa s n ot a bl e  to g ra d e  th e m o r e f e r t i l e  ram s n o r  

e v en d e f i n e  by s em en a n a l y s i s th e �ode ra t e l y  f er t i l e  

ram s .  F rom h i s s tu d i e s  Ed ga r ( 1 9 5 9 )  con cl u d ed t h a t  

1 1 th e m in imum r equ i re'Ti e n t s  o f  a sa ti s f a cto ry  s em en 

sampl e a ppea r e d  t o  be m i l ky a 9p ea ra n c e 1 50� mo t i l e  

spe rm ,  m o d e ra t e  s p e rm rr. ,) t i l i  ty a n d  l e s s  t h a n  20% 

a bn o rm a l spe rm 1 1 • 

I t  i s  i n t e r e s t i n g  to n o t e  t h a t  t h e on l y  s em en 

t e s t  r ep o r t e d  to g i v e  a r el a t i v el y h i gh co r r el a t i on 

co ef f i c i. en t ¥li th f e rt i l i ty i n  t h e  bu l l  i s  p ro g r e s s 

i ve mo t i l i ty a f t e r  i n cu ba t i on a t  a bou t  body 

t em p e r a t u r e  ( Bu ckn e r et a l . ,  1 95 4) . A poa r sn t l y  

t h i s pa ram e t e r  h a s n o t  b e e n  a s s e s s ed i n  t h e  ram . 

�n en a toxi c s p e rm a to g e n i c  a ge n t  i s  a p pl i e d 

to th e ra� i n  su f f i ci en t  qu a n t i ty ,  a m a rk ed s em i n a l  

d e g en e ra t i on o c cu r s  wi th a c o r r e s p on d i n g  d e c r e a s e  

in f e rt i l i z i n g  c a p a ci ty o f  t h e  s em en . Exam pl e s  o f  

su ch a ge n t s  a r e h ea t  ( Ra t h o r e , 1 9 6 8 1  B ra d en a n d  

� a ttn e r , 1 970 ) 1 ch em i ca l s (Mou l e  a n d  M a t t n e r ,  l 96 l r  

K re i d e r a n d  Du t t , 1 970 ) a n d  i n f e c t i on s ( Bayn e s  and 
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S immon s ,  1 9€ 8 �  SWi f t  a n d  ¥ley e rt s ,  1 9 70 ) . I n  such 

s tu d i e s s emen a s s e s sm e n t  ha s been a u s efu l t e chn i qu e 

i n  dete rm i n i n g  wh eth e r  a noxi ou s a g ent a f f e c t ed 

s p e rm a t ozoa p ro du ct i on a n d  a t  wha t  st·a g e  t h e  ef f e c t s  

o n  f er t i l i ty w e r e  l i k el y  t o  o c cu r .  Some i n d i ca t i on 

of t h e  s ev e r i ty of th e ef f ect s ca n be d et e rm i ned 

f rom r ep ea t ed a s s e s � en t s  a n d  o b s e r va t i on s  on t h e  

r e covery ph a s e ( i f  i t  o c cu r s )  m a d e . 

I t  s e em s  th e re f o r e ,  tha t a l t h ough s em e n  a s s e s s

m e n t  may b e  of l im i t ed va l ue i n  p r ed i ct i n g  t h e  

r e produ ct i ve ooten t i a l  o f  i n d i v i du a l  cl i n i ca l l y 

. n ormal r a m s , i t  h a s con s i d e ra bl e va lu e a s  a t ec h n i qu e  

f o r  stu dy i n g  th e ef f e ct s o f  t o xi c a g ent s  on 

s p e rmat og en i c  f u n ct i on . 

2 . 3 T e s ti s H i s t ol ogy 

H i s t o l og i ca l  stud i e s  of t h e  t e st i s  p rovi d e  

va l u acl e i n f or� a t i on on t h e  f u n ct i on o f  th e s em i n 

i f erou s t u bu l ·- s .  Te s t i cu l a r  h i stopathol ogy i s  

u su a l l y  d e s cri bed i n  gen e ra l  t e rm s a n d  onl y  recen t l y 

h a s  empha s i s  been p l a ced on t h e  qu a n t i t a t i v e 

a s s e s sm en t  of t e st i s p a t h o l o gy .  Som e of th e m et h od s 

u s ed f o r  qua n t i t� h::'9 t e s t i cu l a r  h i s to l o gy a r e : 

( a )  A r a n d om poi n t  cou n t i n g  t e ch n i qu e ,  p e rm i t t i n g  

th e ca l cu l a t i on o f  th e r e l a t i v e  cel l volume 

of the va r i ou s  con s t i tu en t  el em en t s  of t h e 

t e s t i s ( Roo s en - Ru n g e , 1 9 5 6 ) . 

( b )  P h ot o g r a ph i n g  t h e  tu bu l e s a n d  t h en i d en t i fy

i n g  a n d  coun t i n g  va r i ou s  cel l type s i n  

tubu l e s  a t  f i v e  s t a g e s  o f  s p erma togen e si s 

( St e i nbe rg e r , 1 96 2 ) . 

( c ) M e t hod s ba s e d  on s e r i a l  s ect i on s  ( 50 - 300 ) 

o f  t ra n s v e r s e l y  cu t tu bu-l e s  ( Cl e rm on t , 1 96 2 ) . 
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{ d ) Count i n g  a l l  c e l l type s i n  20 r a n d om l y  s e l e ct e d  

o i l  imm e r s i o n  f i el d s  ( Cl eg g 1 1 9 6 5 ) . 

( e ) Cou n t i n g  a l l  cel l typ e s  i n  50 c i r cu l a r  t r a n s

ve r s e  f i el d s (M a n ci n i  et a l . ,  1 9 6 5 ) . 

( f )  P ro j e ct i on o f  h i stol ogi c a l  s e ct i on s ,  m ea su r i n g  

t h e  c i r cumf e r en ce o f  e a ch tubu l e  w i t h  a h i gh 

p re c i s i on m a p-� ea su r i n g  i n s t rum en t  a nd th e n  

cou n t i n g  a n d  ca l cu l a t i n g  s p e rm a togon i a  a n d  

s p e rm a tocyt e s  p e r  u n i t  wa l l  l en g th ( St e i n be r ge r  

a n d  T j io e , 1 9 6 8 ) . 

Wh en a p pl i ed t o  a gen e ra l  h i s to p a thol ogi ca l s tudy 

o f  the t e s t i s a l l  of th e a bove m ethod s h a ve on e or 

m o r e s e r i ou s  l i m i ta ti on s .  Some r equ i re t h e  r r e s e n c e  

o f  r e cogn i sa bl e  c el l u l a r a s s o ci a t i on s  f or c l a s s i fy

i n g  tubu l e s , o t h e r s  do not a s se s s  th e m o r e  m a tu r e  

g e rT. i n a l c el l s wh i l e  st i l l  oth e r s  r equ i r e  s o p h i s t 

i ca t ed a n d  �xpen s i v e  egu i t;>m en t . �� o s t  o f  th e m eth od s  

a r e t i m e  con s um i n g  a n d  t ed i ou s  a n d  som e  do n o t  g i ve 

a cl ea r p i ctu r e  of tu bu l a r  h et er o g en i c i ty .  

Recent l y  Joh n s en ( 1 9 70 )  d e s c r i bed a s impl e 

qu i ck m e thod f o r  au a n t i ta t i n g  human t e s t i cu l a r  coun t s .  

Ea ch tu bu l e  of a bi op sy wa s g i v en a s co r e  f rom 1 - 10 

d epen d i n g  on a v i su a l  e s tima t e  o f  th e most d evel oped 

cel l typ e  p r e s en t .  A l a rge num b e r  o f  tubu l e s  can 

be a s s e s s e d  i n  a short p e r � od o f  t i m e  a n d th i s  

a l l ow s  t i s su e  h et e r o g en i ci ty to be r ea d i l y e v al u a ted . 

In a stu dy of 1 7 7  ca s e s  i n cl u d i n g  both norm a l  a nd 

hypogonadal  pa t i en t s  John s en ( 1 9 70 ) obta i n ed a 

correl a ti on of 0 . 82 ( p <O . O O l ) between th e m e a n  s co r e  

count a n d  t ot a l  s p e rm a tozoa cou nt s .  

Te s t i cu l a r  bi o p s i es o r  u n i l a t e r a l  ca s t ra t i on 

are r equ i r e d  to f o l l ow di r e ct l y  t h e  p r o gr e s si ve 

e f f ect o f  a n  a g ent on s p e rm a togen e s i s i n  on e a n imal . 
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( i )  T e s t i cu l a r  bi opsy 

Th e f i r s t  r eport on te st i cu l a r  bi op s i e s  wa s i n  

huma n f eiti l i ty s tu di e s  ( Charny1 1 9 40 ) .  Si n ce thi s 

time the tech n i qu e  ha s b e en u s ed wi dely i n  a tt empts 

to d e f i n e  th e cau s e  of human s t er i l i ty .  T e st i cu l a r  

bi op sy of ma n ha s been ca r r i ed ou t u su a l l y  a s  a 

d ia gnosti c a i d  i n  ca s e s  of ol i go s p e rm i a  or a zoosperm i a  

a.n d  con sequ en tly l i tt l e  em p h a s i s h a s been p l a ced on 

th e d etrimental ef f ect of th e t echniqu e  on subsequ en t  

s p e rma togen e s i s { Ra gab et al . 1  1 96 1 �  Gi rgi s e t  a l . ,  

1 9 6 9 � Gardu n o  and Meh a n , 1 9 70 ) . Recentl y 1  however , 
Go rdon et a l . ( 1 96 .'5 )  a n d  Rowl ey et al . ( 1 969 ) h a ve 

shown that ta k i ng bi o p s i e s f rom no rmal huma n t es t e s  

h ave h a d  a det rim ental e f f ect on subsequ ent spe rm

a tozoa ou tpu t . For exarnol e ,  Rowl ey et a l . ( 1 96 9 )  

showed tha t th e a ve ra ge s p e rma t o z o a  cou n t  d ec r ea s ed 

by 4 2% an d  that r e covery wa s not co�pl ete u n t i l  1 8  

week s a f t e r  t h e  o p e ra ti on .  

Testi cu l a r  bi opsy h a s  never be en u se d  widely i n  

a ni ma l  stud i e s .  P r obably t h i s  i s  due t o  r epo rts of 

d et r im en ta l  ef f e ct s  of th e tech n i que on spermatozoa 

p ro du ct i on in th e bu l l  ( Bye r s , 1 9 5 3 �  � i l l  and 

Ga s sn er , 1 9 5 5 7  Ga s sn e r  and H i l l 1 1 9 5 5 7 Knu d s en ,  

1 960 � Ve zn ik 1 1 96 2 ) . � i l l  a n d  Ga ssner ( 1 9 5 5 ) and 

Ga s sn er an d � i l l ( 19 5 5 ) in a study on th e e f f e ct o f  

t e sti cu l a r b i o p sy on sperma tozoa produ cti on i n  10 

bu l l s  found th e ope ra t i on cau sed an e xt en s i ve 

coa gu l a t i on n ecro s i s  n ea r  the bi op sy s i t e  and a 

gen eral i s ed d e ge n e ra t i on o f  th e s em i n i f erou s tu bu l e s  

i n  a l l  bul l s  biopsi ed . Te s t i cu l a r  recove ry d i d  n ot 

begin unt i l  a t  l ea st 2 month s a f t er su rgi ca l  i nt er

f e ren ce and it  took f ro� 4 - 8 month s f or a n  

a ccepta bl e d e gr e e  of improve'Ylent i n  sem en qu a l i ty .  

( i i ) Un i l at e ra l  ca strati on 

Un i l at e ra l  ca stra t i on a l l ows t e st i cul a r  
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h i s to l o gy t o  b e  stu d i ed a t  two i n t e rval s du r i n g  a n  
i n v e s t i ga ti on i n to th e r ep rodu c t i v e  per f o rm a n ce of 

a ram . Hmve v e r , r em ova l of on e t e sti s t'Tlc.y a f f e ct 
t h � r ema i n i n g  t e st i s .  P a rk e s  ( 1 966 ) surr� a ri s i n g  
e v i d en ce p r i o r  t o  1 9 40 s a y s  t h a t  u n i l a t er a l  ca s t r a 
t i on ha s n o  a f f e ct o n  t h e  con t r a - l a teral t e s t i s i n  
th e matu r e  a n imal . I n  cont ra s t  to th e s e  ea r l y 
f i n d i n g s  com p en satory h yoert rophy h a s  b e en r e p o rt e d  
i n  th e boa r ( H au se r  e t  a l . ,  1 9 5 2 )  i n  th e ram 
( Voglmayr a n d  r-·· at tn e r , 1 9 6 8 )  a n d  i n  t h e  r a b bi t  
( P au fl e r a n d  Foot e ,  1 9 6 9 ) . In t h e stu d y  of f ou r  

a du l t  ram s Vogl m ayr a n d  M a ttn e r  ( 1 968)  s h owed a 7 6% 

( S . E .  + 3 . 6% )  i n cr e a s e  i n  t e s t i s wei gh t  1 20 day s 
a f t e r h em i ca s t r a t i on . Yo re f e r en ce i s  ma d e  i n  th e 
l i t e r a tu r e  to a oo s s i bl e i n i t i a l  d e pr e s si v e ef f ect 
of h em i ca st ra t i on on th e con t ra - l a t eral t e s t i s .  

( i i i )  I n d i r e c t  m ethod s o f  a s s e s s i ng s p e rm a t o g en e s i s 

I n  an a t t em p t  to o v e r cof!' e t h e  p robl em a s s8 ci a t ed 
Wi t h  t h e  r e mo va l o f  t e s t i cu l a r t i s su e  f o r  a s s e s sm e n t  
o f  s p e rma t o g en e si s 1  C z e rn i ak ( 1 9 6 2 )  a nd C z e r n i a k  a n d  
I t el son ( 1 96 7 , 1 9 70 )  h a ve a s s e s s ed s p e rma togen i c  
a ct i v i ty i n  man i nd i r e ctly by m e a su r i n g  t h e  t e s t i cu l a r  
u ptak e o f  p r e v i ou s l y  i n j e c t e d  r a d i oa c t i v e  p h o s p h o ru s 
( P 3 2 ) . Howev e r , th e t e ch n i qu e  h a s n o t  been a d o p t ed 

by oth er work e r s  a n d  ha s n o t  b e en a pp l i e d  to oth e r  
speci e s . 

B i s h o p  ( 1 96 8 ) 1 i n  a 9 r el im i na ry r eport , su gg e s ted 
tha t qu a n t i t a t i v e  a n a ly s i s o f  the e n zyme so rbi t o l  
d ehyd rogena s e  obt a i n ed f rom t e st i cu l a r  h om o g en a t e s  
'Y7ou l d  g i v e  a n  a ccu r a t e  a. s s e s sm en t  o f  s p e !"'lla to g en i c 
a ct i v i ty .  
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2 . 4 Spe rm a t o zqa R e s e r v e s  

Te st i cu l a r  a n d  ep i d i dyma l s p e rm a t o zoa r e s e rv e s  

h a ve be en d et e � i n e d  i n  t h e  ram by Ch an g ( 1 945 ) , 

O rtava n t  ( 1 9 5 2 )  a n d  Dott a n d  Sk i n n e r  ( 1 96 7 ) , 

a l thou gh tr e d e s c r i p t i on s  o f  t h e  t e ch n i au es u s ed 

were v ery br i ef . In co n t ra st Am? nr a nd Alroqu i s t  

( 1 96 l a ) h a v e  r epo r te d i n  d e ta i l a t ech n i qu e f o r  

d et e rm i n i n g  t h e  gon a d a l  a n d  e xtra gona d a l  r e s e r v e s  

i n  t h e  bu l l .  Th i s  t e chn i qu e ha s been u s ed i n  t h e  

ram by Set �h el l e t  a l . ( 1 96 5 )  for  a s s e s s i ng t h e  

e f f ect o f  s e v e re u n d er nu tri t i on on r e p r odu ct i v e 

f un ct i on . 

2 .  5 Go n a d a l  H o rmon e s  

I n  t h e  � a tu r e  r am te s t o s t e r on e i s  qu anti ta t i v el y  

( Sk i�n e r  et a l . ,  1 9 6 8 )  a n d  o robably a n d rogeni ca l l y  

(i'·:ann a n d  RoWson , 1 960 � f.�, a n n  e t  a l . ,  1 96() � J.! ou l e  

et al . ,  1 96 6 )  th e � a i n  a n d rog e n . 

�ea su r i n g  t e st o s t erone i n  t h e  p e r i ph eral bl ood 

shoul d g i v e  tr.e m o s t  a ccu ra t e  e st i �a t e of th e 

a n d ro g en i c  statu s of t h e  l i v i n g  anima l . q owev e r , 

there i s  n o  simpl e t e ch n i qu e t h a t  can b e  r ead i l y 

ca r r i ed ou t i n  m o s t  l a bo r a t o r i e s .  Th e r e a r e  a 

nurobe r o f  p r eci s e m et h od s  t h a t � ea su r e  t e sto s t e ro n e 

l ev el s  i n  tb e pe r i pb o ra l bl ood ( s e e  :.'o rt o n  et a !_. , 
1 96 7 ) , bu t t h ey a r e  t im e  con sum i n g , expen s i v e a n d  

requ i r e  special i s e d  equ i pm en t , r ea gent s a n d  te chn i ca l  

knowl edge . Com p et i t i ve p r o t e i n  bi n d i n g  a n d  ra d i o

immunoa s s ay t e chn i qu e s  h a v e  b e en r e c e n t l y  d evel o p ed 

to mea su r e  pe r i ph e ra l t e st o st e ron e ( Ho rton et a l . ,  

1 96 7 7 Ros en f i el d ,  1 96 9 7  Fv. ruya.ma et al . ,  1 9 7 1 )  7 

· th e  �. s s a y s  bei n g  com pl et ed wi th i n  24 hou r s wh i l e 

ch em i ca l  m etho d s  tak e 3 - 4 day s .  Th e s e  l a tt er 

t e ch n i qu e s  11 a ve not a s  yet becom e wi d el y  e s ta bl i sh ed 



a n d  in f a ct , a t  the beginning of 19 71  t h e r e  wa s no 

l a bo ra t o ry in t' ev: 'Zec.l an e e s t i'\lla t i n g  bl ood t e s t o 

s t eron e on a rou ti n e  ba s i s o 

L i n d n er a n d  � a n n  ( 1 960 ) h a ve d e s cri bed a m e th o d  

f or d e t e nn i n i n g  t e sto s t e ron e i n  t e st i cu l a r  t i s su e o  

Th e te cb n i ca l p robl em s a s s o c i a t ed wi t h  e s t im a t i n g  

bl ood t e s t o s t e ro n e  c h em i ca l l y  a l so a pply t o  th e 

d e t e rm i n a t i on of a n d r ogen s i n  thi s s i t e o 

I t  h a s been k n own f or m a ny ye a r s  th a t t h e  m a l � 

a cc e s s o ry r e p rodu ct i v e  o rgan s a re d eren den t on 

t e sti cu l a r a n d ro gen ( Gl ey a n d  P e za rd , 1 9 21 7 � cG e e , 

1 9 27 ) . Re centl y , Sk i n n e r  e t  a l . ( 1 968 } showed a 

l i n eE r rel a t i on s h i o  betw e en th e f ru cto s e  a n d  ci t ri c 

a ci d  con t e n t  o f  t h e  s em i n a l ve s i cl e s a n d  t h e  

te st o s t e ron e con ten t o f  th e t e stes o f  t h e  d evel o p

i n g ram . For every u n i t  i n c rea se i n  f ru cto s e , 

testosteron e con t e n t  i n crea sed by 1 . 69�0 0 1 7�g.  
Lin d n e r  a n d  N a nn ( 1 9 60 } h ave s h own a s im i l a r  

rel a t i on s ll i p  i n  th e d e ve l oo i n g  bu l l . Fo r th e s e  

rea s on s  m ea su r e m en t s  of th e s e� i n a l  vesi cl es h a ve 

beep (J e f f ri es , 1 9 3 1 }  a n d  s t i l l  a r e (Lo s t roh , 1 96 9 )  

a f a vou ri t e a s say f o r androgen i c  s te ri od s o In t h e  

ram th e ,,Jeigt: t , h ei ght o f  t h e  s ec r e t o ry e p i t h el i um 

a n d  th e f r u cto s e con t ent o f  th e semi nal ve si cl es 

have b e e n  u s ed i n  a s s e s si ng th e a n d rogen i c  sta tu s  

o f  th e a nimal (O rta va n t a n d  Th ibau l t ,  1 9 56 7 O rt a va n t  

e t  a l . ,  1 9 5 4 7 Set ch el l  et a l . ,  1 955 ) . Howeve r ,  

sem i n a l  ve s i cl e  m e a su r em en t s  can be taken o n l y  o n ce 

a n d  thu s a re n o t  a opl i ca bl e in m a ny stu d i e s .  

In ca s t ra t e d  r am s Moul e et a l . ( 1 96 6 )  showed 

a l i n ea r  rel a t i on s h i p  bet�,ree n l o g  do s e  o f  exo genou s 

testo s t e ron e a n d  the con cen t ration of f ru ctos e  i n  

s em en col l e ct ed by e l e ct ri ca l  st imul a t i on .  Thi s 

su gge s t s  th a t  in t h e  ra m ,  a s  i n  other s p e ci e s (r.'lann , 

1964, , s em i n a l  f ru ct o s e �ay be u s ed a s  an 
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i n d i cator o f  a n d rogen i c  a ct i v i ty .  Mann ( 1 96 7 ) 

r e comme n d s  t h a t  s ev e r a l  s em en s am p l e s  be tak en t o  

obt a i n  a r e l i a bl e a s s e s sment o f  t h e  an im a l s 

a n d ro g en i c s t a tu s .  

2 . 6  S e x  Beha v i ou r 

Ma t i n g  a bi l i t y  i s  a s  im p o r t a n t  a s  s em en p r o

du c t i on f o r  n o r:na l  r e p rodu ct i v e  p e r f o rm a n ce .  R e v i ew

i n g  th e s om e t im e s  con f l i ct i n g  e v i d en ce , You n g  ( 1 9 6 1 ) 

a n d  Pa rk e s  ( 1 96 6 )  con cl u d e d  t h a t compl e t e  m a ti n g  

b e h a v i ou r i n  ma l e  a n ima l s i s  d e? e n den � o n  t e st i cu l a r  

a n d rogen s • 

. i\tt em p t s  t o  m ea su r e  s ex d ri ve in t h e  r am h a v e 

been repo r t ed by m a n y  wo rk e r s . Ter r i l l  ( 1 9 3 7 ) an d 

lfli g g i n s et a l . { 1 95 3 ) n oted t h e  num ber o f  " e j a cu l a t 

i on s u  w i t h i n  a 30 m i nu t e  pe r i o d  o f  a ram b e i n g� 

p l a ced wi t h  a ewe ,  wh i l e  P e � e l k o  and C l egg ( 1 9 6 5 )  

m e a su red t h e  tot a l  number o f  " e j a cu l a t i on s 1 1  t h a t  

o c cu r r ed u n t i l s exu a l  exhau s t i on .  Se xu a l  exhau s t i on 

wa s a rbi t ra r i l y  d ef i n ed a s  a p e r i od of 20 m i n ut e s  

wi th n o  m ou n t s .  Cha n g  ( 1 945 ) a n d  Sa l amon ( 1 964)  

m ea su red t h e r ea ct i on t i m e  wh i ch th ey d e f i n ed a s  

the i n t e rv a l  betw e e n  r el ea s i n g a ram i n  cl o s e  

p ro xim i ty t o  a ewe t o  1 1  e j a cu l a t i on 1 1 • Su b j ect i n g  

n i n e  ma l e  goa t s  t o  a con s t a n t  rou t i n e  o f  two s em en 

col l e cti on s every f i f th day f o r  a p e r i o d  o f  o n e  

y e a r  Fra s e r ( 1 968 ) f ound t h a t  " th e  m e a n  r ea ct i on 

t im e  of f ou r  ran d om ob s e rva t i on s ga ve a n  e xt r em e l y  

r e l i abl e i n d i ca t i on o f  t h e  l on g- t erm s e xu a l  

r e s pon s e s  o f  t h e  a n im a l 11 •  Al t h ou gh s exu a l  rea c t i on 

t i m e s  i n  t h e  ram ca n b e  i n f l u en ced by a v a r i e ty o f  

p sy chol o g i c a l  f a cto r s  ( Ha f ez , 1 9 5 1 �  P ep e l k o  and 

Cl egg , 1 96 4 ,  1 96 5 ) , e s t im a t i o n s o f  t h e  rea c t i on 

t im e  p ro v i d e s  a s im p l e a n d  r el i abl e m e a su r e  o f  
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l i bi do ( Sh a rma et a l . ,  1 9 5 7 ) . 

From t h e i r exten s i v e  s tu d i e s  on cl i n i ca l l y 

n o rm a l  ram s �h ggi n s  et al . ( 1 95 3 )  concl u d ed t h a t  

l i bido h a d  a s i gn i f i ca n t  rel a ti on t o  f e rt i l i ty .  

Howev e r , t h e  h i gh e s t  co r r el a t i on obta i n ed wa s 0 . 1 5 , 

t h a t  i s ,  l e s s  than 2 1/ 2% o f  t h e  d i f f e r en ce s  i n  

f e rti l i ty betvJeen ram s cou l d b e  a c coun t ed f o r  by 

di f f e r en ce s  in l i bido . Fu r t h e r , r.Vi g g i n s et a l . 

( 1 9 5 3 )  f ound no di f f e re n c e s  betvroen l i b i do a n d  s em e n  

p rodu ct i on . Rul et et a l . ( 1 96 4 )  a l so found t h a t  

semen vJa s s im i l a r  f rom ram s wi th n o rm a l  l i b i d o  a n d  

tho s e  \vi t h  poo r l i b i d o . Conv e r s el y  1 n o rm a l  l ibi d o  

i s  o f t en s e en i n  a z oo s p e rm i c  ram s .  F o r  exam pl e ,  

n o rmal l i b i d o  ha s b e en a s so ci a t ed with compl e t e  

s p e rm a t o g en i c  a r re st cau s ed b y  n a tu ra l  crypt o r chi d

i sm ( Zawa dov sky , 1 9 3 3 ) , s crotal i n su l a ti on ( Gl ov e r , 

1 9 5 6 )  a n d  K l i n e f e l t e r ' s  syn d rom e ( A . N • .Sru e r e , p e r s . 

comm . ) 

Th e abov e oi s cu s s i on su gge st s t h a t  u n d e r  m o s t  

con d i t i on s ma t i n g  behav i ou r  a n d  s p e rm a tozoa p r odu ct

i on va ry i n d e p en d en t l y of e a c h  oth e r  a n d  t h a t  a 

s tu dy o f  on e i s  n o t  l i k el y  to gi v e  a r el i a bl e  

i nd i ca t i on of t h e  oth er . 

2 . 7  M a t i ng T r i a l  

Th e u l tima t e  cr i t e r i on of a ram s rep rodu ct i v e  

abi l i ty i s  t o  l ea v e  a h i gh p ropo rt i on o f  l i v e  o f f 

sp r i n g  wh en m a t e d  t o  a number o f  f ert i l e  ev7e s .  

Seve ra l f a ct o r s  t end to " ove r sh a d ow "  thi s m et hod 

o f  a s s e s s i n g  r e p rodu cti v e  f u n ct i on in a p r el i m i n a ry 

i n v e s t i ga t i on . Som e of t h e s e  f a ct o r s  a re :  

( a ) Ava i l abi l i ty of a n ima l s ,  l abou r and f a ci l i t i es . 

( b )  Sea son a l  b r e e d i n g  p a t t e rn o f  ewe s .  
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( c ) T im e  requ i red to ca r ry out the e xp e rim ent . 

( d )  Ava i l abi l i ty o f  ot h e r  method s o f  a s s e s s i n g  

r eprodu ct i ve fu n ction ( e . g . s emen a n a l y s i s ) . 

( e )  Co st o f  t h e  experim ent . 
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Ch a pt e r  3 

Xj:1T ER. IALS lj,!'m r4 ETPOD S U S ED IN A S SES SING R EP RODU CT I VE 

F{JNCT ION C' F  R..2�HS iiliTH . SCR6TAL N.MiGE ( CHORIOPTES BOVI S )  

3 . 1 Anima l s U s �d 

The gen e r a l  � a n a ge� en t  o f  expe r i Q en t a l  ram s i s  

d e s c r i � ed i n  P a r t  I ( se e  pag e  1 �) a n d  t h e  r a m s u se d  

a nd t h e  s pe ci f i c  con d i t i on s  a ppl i e d  to t hem a r e 

d e s cr i b e d  i n  the i n t rodu ct i on to e a ch exp e r im e n t .  

3 . 2 T e s t i s S i z �  a n d Ton e 

Te s t i s s i z e a n d  ton e we r e a E se s s e.d i n  vi vo .  

T e ste s w e r e  cl a s s i f i ed i nt o  t h r e e  si z e s : sma l l , 

mediurr a n d  l a rqe . STI'a l l  t e st e s  w e r e  th o s e  tl-) a t  w e r e  

e s t im a t e d  to be l e s s  t h a n  lO O  g i n  wei gh t ,  m e d i um 

t e st e s l O O  - 1 50 g o n d  l a rg e  ' · e st e s  g r ea t e r  t h a n  

1 50 g .  Te s t t s tol") e wa s cl a s s i f i ee a s  good , mod e r o t e  

o r  poo r . T e s t e s  w i t h  gooc'l t o n e  \•: e r e  f i rrn a n d  
e l a st i c ( s p r i ng y )  wh i l e  �od e ra t e  tonee t e s t e s  we r e  

s i mi l a. r bu t h a d  l o s t  s om e  r e s i l i en c e . Poo r t e ste s 

ton e i n cl u d ed te s t e s  that we r e  sof t a n d  f l a bby o r  

f i rm a n d  du l l . 

3 . 3 sem en Eva l u a t i on 

S emen s a m pl e s  �,re r e  col l e ct ed by e l e ct ro- s t imu l a t i on 

i n  a l l  e x pe r im en t s . A t ra n s i s t o r i �d bi pol a r  r e cta l 

p robe d ev el op e d by N i chol s a n d  Ed ga r ( 1 9 6 4 ) wa s 

u sed f o r  el e ct r i ca l  s t i �u l a t i on . Th e o s ci l i a t o ry 

c i r cu i t  i s  s h own � n  Text- f i g .  3 a nd the com pl e t e  

p r obe i n  F i g .  1 6 . Th e pu l se f r equ e n cy of t h e  p robe 



T e xt - f i gu re 3 :  O s c i l l a t o ry ci r cu i t  o f  t h e  r am 

F i gu re 1 6 : 

!)robe sh own below ( Fi g .  1 6 )  • .  :\1 1 

r e s i sto r s  + 10 %  l/4W. A l l  ca pa ci to r s  

20 V d . c . m i n i mum wo rk i n g  vol t a ge . 

T ran s i s t o ri zed re ct a l 9 robe f o r  

e ja cu l a ti n g  ram s .  ( Ru a k.u ra r--lk . I V 

Ram P robe , P l a sti c P rodu ct s , 

Eam i l  ton , N . z . )  
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wa s a bout 60 cycl e s  p e r  s e cond , t h e  pul se w i d t h a bou t 

1/500 s eco n d a n d  t h e  ou l s e  a�ol i tu d e  1 5  V .  

Ra m s  t o  b e  e l e ct r o- s t i mu l a t ed we r e  r e s t ra i n ed 

on t h e i r s i d e s i n  t h e  3 e g g ' s  f oo t t r i mm i ng c r a d l e 

w i t h  t h e i r h i n d  l e g s  t i e d  ba ck Y.Ji t h  a l ea t h e r  s t r a p  

( F i g .  2 ) . Th e p en i s wa s e xt ru d ed m anu a l l y  a n d � e l d  

wi t h  a cot t on gau z e  ba n d a g e  s o  tha t t h e  u r et h r a l  

p ro c e s s  wa s h el d  i r"  t he "tl ou th o f  a p r ewarmed , 1 0  m l  

gl a s s ,  g ra du a t e d ,  cent r i f u g e tube . An a s s i s t a n t  

l u br i ca ted t h e  o r obe '.J i t h "K Y Lu b r i cat i n g  J e l l y 11 

(John s on a n d  John s o n , En g l a n d ) a n d  i n s e r t ed t h e 

o ro b e  i n t o  t h e r e ctum a s  f a r a s  t h e p l a s t i c s to p  

( Fi g .  1 6 ) . The p robe t i p  wa s d e p r e s s e d  s l i gh t l y  

i n t o  t h e  vi ci n i ty o f  t b e  s em i n a l  v a s i cl e s 1 p r o s t�te · 
gl a n d  a n d  hypoga s t r i c o l e xu s . The p r obe swi t ch wa s 

t h en p r e s s e d  cy t h e  a s s i st a n t f o r  a pp r o xi m a t e l y  t h r e e  

s e con d s , r e l e a s e e f 8r th r e e s e con d s  a n d  t h e  p r o c edu r e  

re oea t eJ . If e j a cu l a t i on d i d  n o t  o c cu r w i t h i n  t en 

s t i mu l a t i on s th e ram wa s r e s t ed f o r  f i ve m i nu t e s  a n d  

t h e  p r o cedu r e r e� e a t e d . Sem e n  col l e ct ec wa s put 

imm e d :i,p t el y i n t o an i n cu ba t o r  a t  3 5  + 0 . 5 ° c e n t i q r a d e " 

The v o l u m e , c o l ou r ,  m ot i l i ty , m o r phol o gy a n d  t h e  

p ropo r t i on o f  s pe rma t o z o21 s t a i r: i n g  " l i  v e 1 1  we re 

a s s e s s e d  on ev e ry s em en s a m o l e .  Kot i l i ty s l i d e s , 

l i v e/ d e a d  sm e a r s  a n d  rn.o r ?h o l ogy srneo r s  · 1e r e  p r ep a r ed 

i n  t h e  i n cu ba t o r  i n m e d i a t e l y  a f t e r ea ch col l e ct i on ,  

u s i n g  rn a t e:ri a l s a n d s o l u t i on s  t h a t ha d been p r ewa rm ed . 

( i ) S p e rma t o z o a  numbe r s  

T h e  vol u m e  o f  s em en �� s r e co r d ed a t  t h e  t i m e  of 

col l ect i on . Con ce n t ra. t i on o f  s p e rmatozoa wa s 

e s t im a t ed i n  a l l  sam cl e s  a t  t he t i m e  of col l e ct i on 

by v i s u a l  col ou r a p o r a i s a l  a n d  i n  s o� e  e xpe r i m en t s 

by ha em o cytom et er cou n t s .  S emen sampl e s  we r e  r ea d i l y 

cl a s s i f i ed i n to on e of t h e  f o l l owi n g  g rou p s � c r e am y , 

t h i ck -m i l ky , m i l k y 1  wa t e r y-m i l k y , c l ou dy o r  cl ea r .  

D i r e ct ha em o cyt om et e r  cou n t s  wer e m a d e  to d e t e rm i n e  
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the numbe r  of S J?e r'Jlatozoa i n  ea ch cat e g o ry and to 

ch eck t h e  a ccu r a cy of t h e  col ou r  cl a s si f i ca t ion 

�f?oen6 i x  1 ) . I n  s e�en sam�l e s  wi t h  n egl igibl e 

debri s the  ma j o r i ty of th e s p e rm a tozoa count s wer e 
i n cl u o e o  i n  t h e  g rou pi ng s : 

c r e arry ( cr . ) 

t h i ck-mi lky ( t .  m i l . )  

8 > 20 x 10 SJ?erma t o zoa/ml 

> 10 X 10 8 < 20 X lo 8 

m i l ky (m i l . )  

s p e rma tozoa/m1 
> .  3 X 108 < 10 X 10 8 

s pe rma t o zoa/m ! 
0 Q 

t . 1 ( . 1 ) > 1 :X 10 <:J < 3 X 1 0  u wa e ry-m 1  k y  w .  m 1  . • 

s p e rm a t o zoa/m! 

cl ou d y  ( cl., )  · 

. 
8 < 1 x 10  s p erm a t ozoa/m! 

Se� en sub s amol e s  fo r h� e�ocytoT et e r  count s were 

d i lu t ed wi t h  f o rma l i n - s a l i n e  ( 9g Na Cl a n d  1 0  ml 10% 

comm e r c i a l  f o rma l i n  in 1 L d i s t i l l e d wa t e r }  so tha t 
betwee n 50 - 1 50 sperma tozoa cou l d · be coun t ed on 5 

s econ d a ry squ a r e s o f  e� ch cou n t i n g  charo b e r  of a 

bri ght l in ed h� emccytom e t e r , ( A s s i s t ent , Germany) . 

Ea ch ch a mber V.7a s  f i l l ed wi th a d i f f e rent su l::sampl c <  

o f  d i l u t ed semen � n d  a l l owed t o  s e t t l e  f o r  t en 

m i n u t e s  bef o r e: cou nt i n g .  Sampl e s  \·<e r e  cou n t ed a t  

400 x ro a g n i f i ca t ion V.7 itr· a bi n ocu l a r OlymJ?U S mi cro s co p e  

( Olympu s  Mod el E ,  Tokyo ) . S p e rm a t o zoa con c en t ra t ion 

and t ota l s p e rmatozoa per e j a cu l a t e  were ca l cu l a t ed 

f rom the sum of t h e  cou n t s  i n  t h e  two chamb e r s  ( S } , 

t h e  d i l u t i on f a ct o r  of  t h e  samf?l e ( D )  a nd t h e  vol um e  

of th e e j a cu l a t e  ( V }  a c cord i n g  t o  t h e  f o rmu l a : 

s perma tozoa con ce n t rc=, t i on = .s X 2s· , ooo X D 
tota l spermatozoa number s  = s X 25 , 000 X D 

( i i ) r.-"o t i l ity 

A d rop of s eme n wa s di lu ted wi t h  prewa rm ed 

n o rmal s a l i n e  on a o r ewa rm ed m i cro s cope s l i d e  to 

X V 



t h e  extent t h a t  i nd i v i du a l s p e rm a to zoa cou l d  be 

r e a d i l y  a s s e s se d  m i cros copi cal l y .  A d ro p  o f  t h e  

m i x tu re wa s t ra n s f er r ed t o  t he op po si t e end of t h e  

s l i d e  a n d  cov e r ed wi t h  a cov e r s l i p . T h e  s l i d e wa s 

t h en t ra n s f e r r ed f rom t h e  i n cuba to r ( 3 5 + 0 .  5
°

C )  

to a wa rm s t a g e  ( R e i ch e rt , Au s t ri a ) ,  wh i ch wa s 

m a i n t a i n ed a t  35 : 0 . 5
°

C ,  a n d  t h e  moti l i ty a s s e s s e d  

a t  a magni f i ca t i on o f  x l O O  w i t h  a Wi l d  m i cro s cope 

( �·ii l d  H e e rbru gg I }'J o d el r r  I SV.!i t z e rl a n d )  0 T h e  

p e r c entag e of m o t i l E  spe rma tozoo a nd t h e i r r a t e  o f  

p r og r e s s i on wa s � s s e s s e d . Th e pe r cent ag e o f  mot i l e  

s p e rma tozoa w e r e  e st i ma t ed i n 10% s t e �:� s  \•Jh i l e  

p ro gr e s s i v e  m o t i l i ty wa s ba s ed on a n  a rbi t r a ry 

s eal e of 0 t o  5 :  

0 No mot j. l  e s r;-> e rm a t ozoa . 

1 �a j or i ty of m o t i l e  s pe rma t ozoa s howi n g  

o s ci l l a t i n g  m o v em e n t  on l y .  

2 fli a j o r i ty o f  m o t i l e  s p e rm a t ozoa s h ow i n g  s + ow 

p r o g r e s s i v e  � o v ement . 

3 M a j or i ty o f  � ot i l e  s p erm a t ozoa s h ow i n g  

m od e r 3. t el y  ra p i d p ro g r e s s i v e  mov em en t . 

4 � a j o r i t y  o f  m ot i l e  s p e rm a t o zoa sh owi n g  

ra p i d p rog r e s s i v e  � o v em ent . 

5 l"! a j o r i  ty o f  m ot i l e  s p e rm a t o zoa s h owi n g  very 

ra pi d p r o g r e s s i ve m o v eme n t . 

( i i i ) P ropo rt i on o f  " l i ve "  3::e rma t ozoa 

T h e  p ro p o r t i on o f  " l i ve "  s p e rma tozoa vJa s 
d e t e rm i n ed f rom s em e n  s t a i n ed v.Ji th n i gro s i n a nd 

eos i n  (:-rancock , 1 9 5 1 )  . Tte sta i n  v.1a s p r e pa r e d  by 

d i s-sol vi n g 5 g o f  Y-wa t e r  sol u bl e eo s i n  ( G .  T .  Gu rr ) 

in 300 ml of a 10% aqu eou s s : l u t i on of n i g ro s i n 
Gu r r )  • O n e  sma l l d rop of semen wa s m i xed wi t h  

2 - 5 d rop s o f  pr ev.ra rme d  st a i n i n  t h e  i n cu ba t o r , 

t h e  number of d ro p s  d epen d in g  on t h e  con c en t ra t i on 
of t h e  s emen s am pl e .  A f t e r s ta i n i n g  f o r  3 m i nu t e s  



a t h i n  s m e a r  wa s o r epa r e d  i n  th e s a m e  � a n n e r  a s  a 

bl ood sm ea r and t h e  s l i d e  s t o r ed i n  t h e i n cu ba t o r . 

Imm e d i a t e ly a f t e r t h e  g r ou ? of ram s t o  be e xa m i n e d  

h a d  b e en el e ct r o - s t imu l a t e d , t h e  sm ea r s  we r e  

a s s e s s ed a t  2 50 x m a gn i f i ca t i on wi t h  a 1 1Ne o £=la n 11 

m i c r o s co p e , ( Re i cha rt , Au s t r i a ) .  O n e  hu n d r e d  

S tJ e rP.1 :' t ozoa ran dom l y  s e l e ct ed f r om s ev e ra 1 f i el d s  

th rou g h ou t  ea ch sm ea r w e r e  a s s e s s e d  f o r  t h e i r 

a f f i n i ty f o r  eo s i n .  S p e rm a t ozoa t a k i n g  u p  e o s i n  

wi l l  b e  r ef e r r e d  to a s  d e a d  v.rh i l e  t ho s e  n o t  s t a i n i n g  

Wi l l  b e  r ef e r r e d  t o  a s  l i v e .  Pa r t i a l l y s t a i n ed 

s p e rm a t ozoa t h c. t t a k e u p  e o s i n  w i t h  s i m i l a r  

i n t e n s i ty a s  fu l l y  s t a i n ed s oe rm a t o zoa wi l l  b e  

cl a s s i f i e d a s  d e a d .  

( i v )  M o r p hol ogy 

Rou t i n e  m o r o h o l ogi ca l a s s e s sm e nt s we r e  � a d e  OD 
t h e  n i g r o s i n - e o s i n  s m ea r s  wh i l e  d e gen e r a t e  s em en 
wa s s ta i n ed a l s o  w i t h  M a y e r • s  h a ern a l u m  a nd eo s i n  

�e e AptJendi x 3 )  u s i n g  a m od i f i ca ti on o f  th e m et h o d  

o f  Ca r y  a nd Hot ch k i s s ( Gun n e t  a l . ,  1 9 4 2 ) . By thi s 
m e t h od nu cl ea r  m a t e r i a l  s t a i n ed bl u e  whi l e  th e 

r e s t  o f  t h e  c e l l s t a i n ed p i � k . 

O n e  hu n d r e d  s p e rma tozoa ra n d om l y  s el e ct ed f r o!"(l 

s e v e r a l  f i el d s  t h rough ou t  th e sm e a r  we r e  a s s e s s ed 

mo rph o l o g i ca l l y  u n d e r  an o i l  imm e r s i on obj e ct i v e  a t  

a m a gn i f i ca t i on o f  x6 30 , wi t h  t h E  1 1 l'-1 e opa n 11 m i c ro

s co p e .  Abn o rm a l  s p e rm a t o z o a  we r e  c l a s s i f i ed on c e  

a cc o r d i n g  to t h e  m o st s ev e r e  or m o s t  obvi ou s d e f e ct 

s een . M o rphol o g i ca l  a bn o rm a l i t i e s \ve r e  cl a s s i f i ed 

a s :  

( a )  :-re a d  a bn o rma l i t i e s  ( i n cl u d i n g  py r i f o rm ,  

sm a l l , 1 a rge t t\•!i n 1 d egen e ra t e , a c ro s om e 

d e ta c hm e n t ,  a n d  i r r e gu l a r  sh a pe d  h ea d s ) . 

( b )  N e ck a bn o rm a l i t i e s  ( ta i l l e s s  h e a d s a n d  



b rok en n e ck s ) . 

( c ) l'H d- p i e ce a bn o rm a l i t i e s  ( i n cl u d i n g  b en t  1 

brok en , e n l a r g ed , d oubl e a n d  f i l i f o rm 

m i c - p i e ce s ) . 

( d )  Ta. i l  a bn o rma l i t i e s  ( i n c lu d i n g co i l e d , 

brok e n , r etu rn ed a n d  d oubl e ta i l s ) . 

( e )  Cyt o� l a s� i c  d ro p l e t s  ( r r oxi ma l a n d  d i s t al ) . 

Th rou gh ou t t h e  r ema i n d e r  of thi s t h e s i s s p e rma tozoa 

t h a t  a p r. e a r ed m o rphol ogi ca l l y  n o rm a l  wi l l  be s imply 

ref e r r ed to a s  n o rm a l  wh i l e  t ho s e  s p e rm a t o zoa wi t h  

som e m o rphol ogi ca l a bno rm a l i ty wil l b e  r e f e r r ed to 

a s  a bn o rm a l .  Fo r s impl i ci ty an d cl a r i ty s em en 

qua l i ty d ata col l e ct ed i n  t h i s s tu dy wa s con den s e d  

i n t o  a s emen qu a l i ty i n d e x  a s  p ropo s e d  by I· !ou l e a n d  

Wa i t e s  ( 1 96 3 ) . Ea ch 10% l i v e  sperm a t ozoa , 10% 
n o rm a l  s p e rma t o z o a  a n d  20% moti l e  s pe rma t o z oa wa s 

gi v en o n e  poi nt a n d  the s e  a dd ed to t h e  s co r e s  

( 0  - 5 )  f o r p r o g r e s s i v e  m ot i l i ty t o  g i v e  a com po s i t e  

s co r e  w i t h  a � a x imum o f  30 f o r  a ny sa�pl e .  That i s : 

S em e n  qu a l i t y  i n d e x  ( na ximum 30 ) = 
moti l i t y  (% m ot i l e , ma ximum 5 �  mot i l i t y  

ra t e 1  m a xi mum �) + l i ve s pe rm a t ozoa 

(maximum 10 ) + n o rma l  s p e rm a tozoa ( m a ximum 

10 ) 0 

3 . 4 Te s t i s H i stol ogy 

Te s t i cu l a r  s am p l e s  f o r  h i sto l o gy wer e obt ai n ed 

f rom t e st e s  t h a t  we r e  r em ov e d  e i t h e r  by su r g e r y  o r  

a t  s l au gh t e r o  S l i ce s  a pp ro x i mat e l y  2 mm t h i ck w e r e  

tak e n  f rom t h e  p roxima l , m i d d l e ,  a n d  d i st a l  end s o f  

t h e  t e s t i s a nd pl a ced i n  Bou i n ' s  f i xa t i ve ( Cu l l i n g ,  

1 96 3 )  f o r 2 4  hou r s .  T i s su e s  we re p ro c e s s e d  wi t h  

th e a i d  o f  a h i s t ok i n et t e ,  by d eh yd ra t i n g t h r ou gh 



a s cen d i n g gra d e s of a l cohol , cl ea r i n g  i n  c h l o ro f o rro 

and embedd i n g i n  pa ra f f i n . S e ct i on s we re cut a t  6p 

a n d  st a i ned v.Ii t r  Eh rl i ch ' s  ha ema toxyl i n ( G .  T .  Gu rr ) 

and e o s i n  ( G .  T .  Gu r r ) , ( Cu l l i n g , 1 96 3 ) . In some 

s tu d i e s t esti s t i s su e  wa s a l so f i xed i n  B e l l y ' s  

t l u i d  o v erni gh t ( Cu l l i n g ,  1 963 )  a n d  t h en po st ch romed 

i n  po ta s s ium d i c� roma t e .  The t i s su e s were th en 

wa sh ed , d ehydra t e d , cl ea red , e�bedded i n  pa r a f f i n , 

s e ct i on ed and t r ea t ed with su da n bla ck a s  d e s cr i bed 

by Th readgold ( 1 9 5 7 )  in hi s Hethod on e .  

H i stol ogi ca l s e ct i on s we re exami ned m i cro s copi cal l y  

and photomi crog r a oh s we r e t a k en Y.J i  t b  a 1 1Lei ea 1 1  came ra 

(Lei t z vlet zl a r ,  Ge rma ny ) wr i ch "YJa s a t ta ched t o  n n  
1 10 rt h o l u x  1 1  m i c ro s cope w i t h  a 1 1 rr i  cro-atta cbm ent 1 1  
( Le i t z  vJetzl a r I Ger'!lany ) 0 Thi s  l a tt er a ppa ratu s 

wa s u s ed a l so f o r  p1�ot og r a p h i n g  s err. en sm ea r s  and 

h i st ol ogi ca l s e ct ion s of  sk i n .  

The d i amet e r  o f  t h e  s em i n i f E r ou s  tu bul e s  wa s 

m ea su r ed v-•i t r  a :Tl i c roli' et e r  eye- p i e c e  (L ei t z  �iet zl a r , 

Ge rmany ) a n d  a 1 2 . S x ob j e ct i ve , the eye -pi e ce ha vi n g 

bee n cal i brat ed aga i n st a m i c row et er s l i de (L e i t z  

v;et zl a r ,  Germany) . F rom ea ch t e st i s  exam i n e d  o n e  

hu n d red ran doT l y s e l e ct ed tubu l e s  1 \'!h i  eh ap9ea r ed 

rou n d  i n  c ro s s - s e ct i on , were mea su r ed .  

A mod i f i e d m et hod of t ha t u s ed by John sen ( 1 970 ) , 

the t es t i cu l a r s core cou n t ,  wa s u sed to qu a nt ify . 

t e s t i cu l a r  b i stol ogy .  O n e  hu nd red randomly s el ect ed 

tubu l e s  f rom ea ch t e sti s we r e  gi ven a s co r e  of 1 - 10 

a ccor d i n g  to t h e  fol l ow i n g  crit e ri a :  

Sco r e  10 : Compl et e spermatogen es i s w i th many 

sper�atozoa a.n d  t h e  germ cel l s  i n  n o rmal 

cel l u l a r  a s s o ci a t i on s  ( spe rmatozoa a re 

h e r e  d ef i n e d  to i n cl ude s p erma ti d s t h a t  



S co r e  9 :  

Sco r e  8 :  

Sco r e  7 :  

Scor e 6 :  

Sco r e  5 :  

S co r e  4 :  

S co r e  3 :  

Sco re 2 :  

Score 1 :  

ha v e  u n d e r gon e el onga t i on ) . 

!l'ia ny s;;>erm a t o zoa o r spe rwat i d s p re sent 

bu t ge rm cel l numb e r s  a r e  subn o rmal or 

th e ge rmi n a l e9i t h el i um i s  di sorgani sed 
( showi ng a bn orma l cel lu l a r  a s so ci a t i on s ) . 

Only a f evJ s pe rmatozoa p r e s ent ( < 5  - 10 ) 

vli th r em a i n d e r  o f  epi t h el i um a s  f or Scor e  

7 . 

No s�erma t ozoa bu t modera t e  numb e r s o f  

s p e rma t i d s  wi t h  subnorma l number s  o f  oth e r  

germ cel l s  o r  d i so rgan i s ed ge rm i n a l  

e p i t h el ium .  

Po spen�atozoa a n d  only a few spe rma t i d s 

( < 5  - 10 ) pre s en t .  

No spe rmatozoa 1 n o  s p e rma.t i d s  bu t s e v e ra l  

o r  m a ny s p e rmato cyt e s  p re s ent . 

Only e f ew s o e rma tocyt e s ( < 5 )  and n o  

sperrnati d s  o r  s pe rmato zoa p r e s ent . 

Spermatogon ia a re t h e  only germ ce l l s  

p re s en t .  

No germ cel l s  but Se rtol i cel l s  a r e 

!? re s en t . 

No c el l s i n  tubul a r  s e ct i o n . 

3 . 5 Spe rma t o zoa Re s e rve s 

Tot a l  t e st i cu l a r  a n d  ep i d i d}�a l Sf?ermatozoa 

r e s e rves wer e  e st ima t ed a c co r d i ng t o  the p r o cedu r e  

ou t l i n ed by Ama n n  a n d  Almqui st ( l 9 6 la ) f o r  

e s tima t i n g  S f? e rrna to zoa r e s e rves i n  t h e  bul l .  The 

m a i n  s t ep s of t h e  p ro cedu r e  a re shown in the f l ow 

di a g ram i n Te xt - f i g .  4 .  
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T e st e s , · va s d e f e ren s ,  ep i d i dym i d e s  

and a�9u l l a e  r emov ed i nt a ct 
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_.,.-_,-·· "'· 
l e f t  va s d e f e ren s ,  a:m pu l l a  ca p s�-

l e  r emov ed f rom l ef t  
a n d  epi d i dym i s  cut u p  f i n el y  t e st i s ,  pa r en chyma cu t 
i n  0 . 8 5% sa l i ne ,  m i xtu r e  i n to cube s i n  0 . 8 5% s a l i n e , 
g rou n d  i n  a. homo g en i s e r  a n d  m i xtu r e  g roun d  i n  a homo-
vol ume m a de up to 1 , 2  or 5L geni s e r  a n d  vol u m e  made u p  d e p en d i ng on t e s t i s s i ze : 
p ro c e du r e re pe a t ed f o r  r i ght to 1 , 2  or 5L d ep end i ng on 
ext ragon a d a l  s t ru ctu re s t e s t i s si z e � p ro c e du r e  

""-- . 
r e p ea t ed on r i ght ·t e s t i s 

""'- .// 
a n t i ci ot i cs a dd ed and s u s 
p en s i on s  s t o r ed a t  4°C , 
su s p e n si on s  s h a k en at 6 - 8  h r  
i nt e r va l s f o r  2 4  h r s  

I 
su s p en s i on d i l u t ed w i t h  0 . 8 5% 
s a l i n e  so t h a t  50 - 1 50 spe rm
a t o zoa we r e  cou n t ed i n  5 
p rima ry squ a r e s  on a P e t rol l 
Pau se r ba ct e r i a  cou n t i n g 
chambe r � 0 i l u t i n g  a n d  
cou n ti n g  p rocedu r e  repeat e d  
o n  ea ch su s p en s i on* 

I I t 
total sp e rm a t o z oa �"·: t e s t i s o r  
e p i d i dym i s  = sum of r ep eat 
sampl e s  x 5 , 0 0 0  x d i l u t i on 
f a ct o r  

t o t a l  gon a d a l  s p erm a t o zoa = 
sum o f  l e f t  a nd ri ght t e s t e s  
cou n t s l 
t o t a l  ext ra gona d a l  s p e rma tc zoa = 

sum o f  l ef t  a n d  r i ght e xt r a gonadnl 
r es e rv e s 

* t h e  pro cedu re wa s r ep e a t e d  i f  the cou n t s  d i d not 
a g r ee wi t h i n  10% of e a ch o t h e r  

* *  s p e rma. tozoa a re h e re d e f i n ed to i n cl u d e  s p e rrna t i d s  
t h a t  have u n de r gon e el on ga t i on 
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3 . 6 An d ro g en i c  s t a tu s 

Sem i n-"" 1 l? l a  sma f ru ct o s e  and s em i n a l  ve s i cl e  

f ru cto s e  w e r e  bo t h  u s e d  a s  i n di ca tors o f  t h e  

a n d ro g en i c  s t a tu s  o f  r2m s . F ru cto s e  wa s d e t e rm i n e d  

by t h e m et h o d  o f  Ro e ( 1 9 34 )  a s  a d a pted t·o s em en by 

Eann ( 1 9�,8 , 1 9 6 <1 )  a n d  to s em in a l  v e s i cl e s  by 

L i n d rrr a n d  �; a nn ( 1 960 ) . Th e ri'l e thod i s  ou t l i n ed i n  

t h e  f l ow d i a g ram i n  T e xt - f i g .  5 .  ci SP . S O O  s o e c t r o 

photoro e t e r  ( U n i cam , En gl a n d )  \.Vi t h  t h e  wa v e  l en gth 

s e t at 5 �0 � wa s u s ed f o r  opti ca l d e n s i ty d e t e r

m i n a t i on s .  Sta n d a r d  sol u t i o n s  f o r  t h e  c a l o r i m e t r i c 

a s s a y  were p r e p a r ed wi th pu r e  D ( - ) f ru cto s e , a f t e r  

t h e  � e thod o f  M a n n  ( 1 9 4 8 )  a n d  t� e  r e s u l t s  obta in e d  

a re p r e sented in � p p en d i x  2 .  

S e x  d r i v e  wa s a s s e s s ed by n: ea su r i n g  t h e  

rea c t i on t i m e  o f  ea ch ram tJ l o c ed i n  a pen i d en t i ca l  

to t h a t i n  wh i e h  tl: ey we re h ou s ed ,  1...ri tb a ev: e i r;  

o e s t ru s .  �.'le s i n  o e s t ru s  '"e r e  obta i n e d  du r i n g  t h e  

b r e ed i n g  s ea son by ru n n i n g a t ea s e r  ram wi th a 
m a t i n g  ha rn e s s  w i th a g rou l? o f  e;-; e s  and t h o s e  ewe s  

s t ro n gly m a rk ed on t h e  rumt? v.'i th t h e  c rayon w e re 

a s su m ed i n  oe s t ru s .  Du r i n g  th e non bree d i n g  s e a son 

symptom s of o e s t ru s  were i n du ce d  by i n j e ct i n g  20 mg 
o f  p ro ge s t e ron e ( " P roge s t i n " ,  B . D . B . , Lo n don )  

i n t r amu s cu l a rl y  e v e ry 2 d a y s  for 1 �  d a y s  and 2 4  
h ou r s  a f t e r  th e l a s t i n j e ct i on lOO p g  o f  o e s t r a d i o l  

ben zoa t e  ( " O e s ·t ro f o rm " ,  B . D . "! . , Lo n d on )  vle r e  

i n j e ct ed i n t ramu s cu l a rl y .  �1 1 ram s un d e r  e xp e r im en t  

were e xp o s ed t o  t h e s ame e1.<1e 1 react i o n  t i m e  be i n g 

a s s e s s ed a l te rn a t i v e l y  u s i n g  a ram w i th c h o ri o (J t i c 

m a n g e  and a con t ro l  ram . .il.f t e r  a r_:> r el im i n a ry t ri a l  

to a c cu s tom rams to th e p ro cedu r e t h e  p r o ce s s  wa s 
r ep e a t e d  on 3 su c c e s s i ve d a y s  and th e ave rage of 

the 3 r ea ct i on t im e s taken a s  a m ea su r e  o f  t h e 

ram 1 s l i bi do . 
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PLASMA FRU CTO S E  AND S E!IHl''!'AL VES ICLE FRUCTO S E  

S EM INAL P LASMA ?RUC'rO S E  

f r eeze port i on of s emen 
over d ry i ce 

f 
same day,  t haw ba t ch o f  
s ampl e s  and cent ri fuge 

I 
o . l ml s emi nal pl a sma + 
2 0 9 ml wa t e r  

! 
d eprotei n i s e  with0o 1 S .ml 
2% Zn S0 4  + 

.
0 . 5  rr.l o N NaOH 

I 
f i l t er d e o tot e i n i sed s o l -
u t i on a ft er h e a t i n g  f o r  1 
m i n . i n  boi l i ng wat e r  p· 

\ 
2 ml o f  f i l t ra t e  + 2 ml 0 . 1% 
etha nol i c  r e so rci nol + 6 ml 
30% ECL i 

i \ 
hea t sol u ti

1
on 10 mi n .  a t  9 0 ° C  
I \ \ 

S EMU�l=•L VES I CL E  FRUCTO S E  

remove s em i na l  v e s i cl e s ,  
wei gh a nd f reeze ove r  dry 
i ce 

s eminal ve s i cl e s f rom on e 
ram cut into sma l l  pi ece s 
and mi xed 

g r i n d  O o 5g s ampl e of s em inal 
ve s i cl e s  wi t h  sand and 8 ;  .i.. 
80 % etha nol 

cent r i fu g e  
.r' ' /� ',, 

sup erna tant re si du e  di s
p e r s ed i n  
3 ml wa t e r  

. l  � . 
r e g r � n a  � n  
8 m l  ab sol u t e  
ethanol 

I 
co l orimetri c a s say of brown \ c en t r i f u ge 
s ol u t i on 

'\ 
_.,....�· '· . 

1 s u p e rn a tant r e s � du e  

f rom standa
'
rd cu rve ( i\ppendi x . I . 

2 )  bt . f t ( ) . comb�ne sup e rnatant solu t � on s  o a � n  ru e ose mg � n  � 

10 1 f 1 t .  
an a evapora t e  t o  about 4 ml m o so u 1 on ., I � d e p rot eini s e  su p e rnatant w i t h  

� 1 m l  2% 'Zn S0 4  + 1 ml O . lN 

t 
I 
I 
! 

X 20 '<c 

f ru ct o s e  m g/ml s emi nal 
p l a sma 

,, Nao� and make u p  to 10 ml 
-�i th '¥!a t er 

�-
"' -- --- 1 .. X 10 ,'t 

! 
f ru ct o s e  m g/g s em inal  
v es i cl e s 

*10 ml o f  f i nal sol u t i on i s  equival ent t o  O o O S  m l  o f  
s em i nal pl a sm a  o r  O . l g of s eminal vesi cl es 



Chapt e r  4 

FI ELD INVEST IGATION TNTO T'S E EF FECT C' F  SCRO TAL !'1ANGE 

( CHO R!QfT E S  BO VI S ) ON T P E  F ERT IL ITY OF A FLO CK O F  

ROMNEY RN1S 

4 . 1 I n t rodu ct i on 

I n  a n  a tt empt to d i s cov e r  w h eth e r  an a s soc i a t i on 

e xi s t e d  between s cr o t a l  m a n ge a n d  reprodu ct i ve f u n c

t i on , i t  wa s d e ci d e d  to exam i n e  a f l o ck o f  ram s  wh ere 

th ere wa s a n a tu ra l  ou tbreak o f  the d i s ea s e .  Su ch 

a f l o ck vla s  brou gh t t o  the au thor 1 s n ot i ce by a 

v et er i na r i a n  i n  t h e  M i d-Cant e rbu ry di s t r i ct .  

Th e f l ock con s i st ed o f  80 f i f t een m o n t h  ol d 

stu d  Romn ey ram s o  Th e ram s  h a d  been sh o rn s i x  mont h s 

pr evi ou s l y  1 were u n i f orm.ly'. wel l groltln a n d  a l l  w e r e  

i n  good h e a l th 0 Th e ram s were tu rned o v e r  on e a t  a 

tim e  a n d  t h ei r s c rota a n d  s crotal cont en t s  ca r e fu l l y  

_ exam i n e d o Scrotal l e s i on s ,  p rovi s i on a l l y  d i agno s ed 

a s  cho r i o pt i c  m a n g e , w e r e  d et e ct ed i n  o v e r  ha l f  o f  

t h e  raw s .  N o  ot h er pal pabl e abn o rmal i t i e s o f  t h e  

s crota o r  s crotal con t ent s w e r e  detect e d o Th e 

p rovi s i o n a l  d i a gn o s i s wa s con f i rm ed by t a k i n g  s i n gl e 

s c ra p i n g s  i n  the v i c i n i ty o f  s crota l  l e s i on s  o f  8 

ram s a n d  e xami n i n g  t h e  sampl e s  for l i ve m i t e s  u n d e r  

t h e  d i s s e ct i ng m i cro s co p e .  ftl i t e s , con f i rmed l at e r  

t o  be c .  bovi s ,  we r e  obs e rved i n  6 o f  t h e  8 s ampl e s . 

Th e s crot a l  l e s i on s  on many o f  t h e  ram s w e re mi l d ,  

i n vol v i n g  only the ba s e  o f  the s crotum o Th i rty

s even ram s wi th l e s i on s  i n vol vi ng more t ha n  1 sq. cm 
of th e s c rotum we r e  d et e ct ed a nd cla s si f i ed a cco r d i n g  
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to l e s i on s eve r i ty i nto t h e  fol l owi n g  g rou p s � 

1 5  rams With m in i m a l  s c rota l man g e  

8 r am s  Wi th m i n o r  s cr o t a l  m a n g e  

6 rams W i t h  mode rat e s crota l  m a n g e  

8 r am s  Wi t h  s ev e r e  s crotal m o n g e  

Th e f o l l owi ng day s em e n  s am p l e s  we r e  col l e ct ed f rom 

the 3 7  ram s  wi t h  s crot a l  m a n ge an d f rom 1 3  ra� s 

pi ck e d  a t  ran d o� f rom t h e  r em a i n d e r  o f  t h e  g rou p .  

The s em en sampl e s  we re eva l u a t ed f or volum e , col ou r 

a n d  m o t i l i ty immed i at e l y  a ft e r  col l e ct i on . L i ve/d e a d  

a nd m o rphology sm ea r s  w e r e  p r epa red a n d  s t o r e d  i n  

t h e  i n cuba t o r  a n d  a s s e s s e d  w i t h i n  twel v e  hou r s  o f  

col l e ct i on . 

4 . 2 R e s u l t s  

On e o f  t h e  r am s  wi th s ev e r e  s crot a l  ma n g e  

( Ram 1 1 6 )  h a d  m ed ium si z e d  t e s t e s  w i t h  poo r t e s te s  

t on e .  Th e oth e r  7 9  ram s h a d  l a rge t e s t e s  wi th t o n e  

that va r i ed f rom mode ra t e  t o  good . Th e re wa s n o  

obvi ou s a s so ci a t i on b etwe en l es i on severi ty a n d  

te s t i s t on e  i n  t h es e 7 9  ram s .  

In gen e ral , th e r e  wa s a d ecrea s e  i n  s p e rma t o zoa 

qua l i ty 'i.'.ri t h  in c rea s i n g  l e s i on s ev e ri ty ( Tabl e 6 ) . 

Sp e rmat ozoa moti l i ty , p e r c en t  l i ve s p e rma tozoa a n d  

pe rcent m o rphol o g i cal ly n o rm a l  sp e rm a t o zoa w e r e  

a f f e ct ed t o  a s imi l a r  e xt ent by s c rota l  m a n g e , 

t h e re b e i n g  a gene ral d ec r ea s e in a l l  t h r e e  

pa ramet e r s  wi th i n c r ea s i n g  l e s i on s ev e r i ty ( Tabl e 

7 ) . Thu s ,  th e cowpo s i t e  s emen s co r e  f or ea ch ram 

( Tabl e 6 )  a ccu rat el y  r e f l ect s cha n ges i n  t h e  

i n d i vi d u a l  s em en qu a l ity pa ramet e rs m a k i n g  u p  t h e  

i n d e x . eowever , t h e r e  w e re two except i on s .  On e 



Tab l e  6 :  RELA T I O N S H IP B E T i•JEEN S C RO TAL MAN GE S EV E R I TY AND SEJ\iEN �UAL I T Y  I N  5 0  Ful.MS 

N o .  Rams 

C ompos i t e  S e m e n  
Sc o r e  ( Maximum 3 0 )  

Mean 

P r o p o r t i on o f  rams 
�i t h  i n f e r i o r s e m e n

+ 

p o r r e c t ed C hi s qu a r e  

N .  S .  p ) 0 . 05 

! 
I 

I C o n t r o l  

1 '  j 

2 7 , 2 9 , 2 8 , 

2 8 , 2 9 , 2 6 , 

23 , 2 7 , 2 8 ,  

2 8 , 2 7 , 2 9 ,  

2 8 . 

2 7 . 5  

1 /1 3  

* p � 0 . 05 

-

L e s i o n S e v e r i t y  

I 
M i n i mal M i nor I_ H o d e ra t e  S e v e r e  

1 5  8 6 8 

. --
2 3 , 28 , 25 , 1 6 , 23 , 1 6 ,  2 8 , 1 3 , 2 2 ,  1 8 , 1 , 1 5 ,  

1 9 , 2 3 , 2 8 ,  2 7 , 2 6 , 9 ,  2 4 , 1 3 , 2 9 ,  1 0 , 1 4 , 1 Lt ,  

25 , 2 8 , 2 8 ,  2 9 , 2 4 .  1 0 , 9 .  

2 5 , 30 , 22 ,  

2 3 , 2 8 , 2 6 . 

2 5 . 4  2 1 . 3  2 1 . 5  1 1 . 4 

5/'1 5 5/8 4/6 8/8 

1 . 4 1  N . S .  4 . 85 *  4 . 6 4 *  1 3 . 66 * * 

* * p ( 0 . 01 

+ 
I n f e r i o r  s e m e n  = rams w i t h  c om p o s i t e  s e m en s c o r e  b e l ow t w o  s t andard d e v i a t i ons o f  
c o n t r o l  g r o u p  mean c om p o s i t e  s c o r e . 

! 

i I 
ro 0 



Tab l e  7 :  THE EFFEC T OF SCROTAL J1.1ANGE ON INDIVIDUAL SEMEN QUAL I TY Pf1 RAMETE RS 

N o . Rams 

.. --

Semen qual i t y  i nd ex 

M o t i l i t y  ( 1 0 )  
( +  S . D . ) 

L i v e  sperm ( 1 0 )  
( +  S . D . ) 

-

N o rmal s p e rm ( 1 0 ) 
( +  S . D . ) 

C ompos i t e  S c o r e  ( 30 )  

- --

C on t r o l  

1 3  

9 - 7 +0 . 7  

9 0 1  +0 . 9 

8 . 7 +0 . 9 

27 . 5 
i 

L e s i on S e v e r i t y  

Minimal M i no r  Mod e ra t e  

1 5  8 6 

8 . 8+1 . 3  6 . 8 +2 . 5  8 . 2 +2 . 2 
-

8 . 9 +1 . 0 7 . 9 +1 . 6  7 . 6 +2 . 6 

7 0 7 +2 . o  6 . 6 +3 . 4  5 - 7 +2 . 8 

25 . 4  2 1 . 3  2 1 . 5  

Severe  

8 

3 . 6 +2 . 3 

1+ . 5 +2 .  2 

3 - 3 +2 . 0 

1 1  • 4 

-----------

en 1--' 



r a m  f rom ea ch of th e m i n or and m od e ra t e  grou p s  ha d 

r el a t i v ely h i gh �ot i l i ty a nd o ropo rti on l i ve 

s pe rma tozoa , bu t h a d  a very high propo rt i on o f  

cytopl a sm i c d ropl e t s  r e su l t i n g  i n  l ow mor pho l ogy 

e s t im a t es . 

I n  t h i s s u r v ey ra m s  were sa i d  to h a ve i n f e r i o r  

s em en qual i ty wh e n  t h ei r compo s i t e  s co r e  wa s l e s s  

t ha n  two sta n da rd d ev i a t i on s  ( S . D . )  o f  t h e  m ean o f  

t h e  con trol grou p s  co� Po s i t e s co r e . Th erefor e ,  a 

ram w i th a com po s i t e s c o r e  of 24 o r  bel ow wa s sa i d  

t o  ha ve i n f e r i o r  s em e n  qu a l i ty o  On t h i s ba s i s 8% 
o f  t h e  con t ro l  g r ou p , 3 3% o f  th e m i n im a l  g r ou � ,  

6 3o/, o f  the m i n o r  grou p , 5 7% o f  t h e  mod era t e  group 

a n d  lOO� o f  t h e  s eve r e  g rou p  h a d  s em en o f  i n f e r i or 

qu a l i ty ( Tabl e 6 ) . U s i n g  t h e  Ch i squ e r e  m e t h od of 

a na l y si s wi th Ya t e s ' Modi f i cat i on f or sma l l  sam pl e s 

( Polma n , 1 96 9 )  th e p r opo r ti on of ram s i n  th e 

m i n i m ? l  grou p  wi th i n f e r i or s emen d id n o t  d i f f e r  

s i gn i f i cantly ( p>0 . 0 5 )  f rom th e con t rol grou p . 

� owever , th e grou p  of ram s wi t h  m i n o r  a nd mod e r a t e  

s c r o t ? l man ge did d i f f e r  s i gn i f i c a n tl y  ( p <0 . 0 5 )  

a s  d i d  the g roup of ram s with s ev e r e s crota l ma n ge 

( p <O . O l ) . 

I n  gen era l the r e  wa s a l so a d e cr ea s e i n  t h e  

semen qua l i ty i nd e x  of ram s wi th i n f e r i or s emen 

w i th i n cr ea s i n g l e s i on s ev e r i ty (Ta bl e 6 ) . Al l bu t 

o n e  o f  th e ram s i n  th e con t rol group a nd mo s t  of  

the ram s i n  t h e  m in i�a l group p rodu ced sem en of  

h i gr qua l i ty 1  tha t i s ,  h a d a comoo s i te s co r e  o f  

2 5  or above . One ram in  the cont rol grou p  a n d  5 
ram s i n  th e m i n im a l  g rou 9 h a d  s l i gh t l y  l owe r ed 

semen qu a l i ty ,  wi th i mmot i l e  sperma tozoa i n  the 

30 - 50% ra nge i n  3 ra � s a n d  30 - SO% mor pho l og i ca l  

a bn o rma l i t i e s  i n  5 ram s .  Th ree of  th e 8 rams i n  

th e m i n o r  s crot a l m a n g e  grou p h a d  good qual i ty 

s em en , 2 sl i ghtly l owe r ed s emen qu a l i ty a n d  3 
( Ram s 1 8 1  2 3 4  a nd 4 7 )  had poor qua l i ty s em e n . 



Ram 2 34 produ ced on el e ct ri ca l  stimu l a t i on 1 . 5  ml 

of m i l ky s emen t h a t  con ta i n e d  20% mot i l e  s p e rma tozoa 1 

5 3% dead s pe rma tozoa and 84% abno rm a l  s p e �a tozoa . 

Two o f  the ram s  wi th mod era te scrotal mange h a d  

good qual i ty s em en 1 2 sl i ghtly l owered semen qu a l i t y  

and 2 �oor qu a l i ty s emen . Al l of the ram s i n  t h e  

s ev e r e  grou p h a d  re l a t i vely poor semen qua l i ty .  

Ram 1 1 6  wa s vi rtu a l l y  a zoo s�e rm i c  a nd t h i s wa s th e 

on ly ram who s e  semen samp l e  conta i n ed l a rge amount s 

of cel l u l a r  a n d  n on cel l u l a r  d ebr i s .  .i\lore than 

80% of the s� erma tozoa obta i n ed f rom 4 ot her ram s 

i n  t h e  grouo we r e  immot i l e  and th e rema i n i n g  3 rams 

had a p� roxima t e ly 50% of thei r cel l s  immot i l e . 

Fou r of t h e  ram s i n  t h e  s eve re g rou p h a d  more tha n 
7 5% mor9hol ogi ca 1 1y abn o rma l sperm a to zoa , 3 had 

approxima tely 60% a bnorma l s�ermatozoa and 1 ram 

h a d  3 1% abn o rm a l  spe rma tozoa . 

Ta i l l e s s  h ea d s ,  ta i l  a bno�a l i ti e s  ( bent 1 

coi l ed and brok en t a i l s )  and cytop l a sm i c d r opl e t s  

( pr oximal a n d  d i sta l ) ma d e  u p  t� e ma jori ty of 

abnormal i ti e s  in ram s  with in feri or s em en in th e 

m in ima l a n d  m i n o r  s crota l ma n ge g rou p s .  As l es i on 

sev e r i ty in crea s ed t h e  proportion of sp erm a t o zoa 

wi th t a il l e s s  h ea d s , ta i l  abnorma l i ti e s a nd cyto

pl a smi c d ropl et s rema i n ed simi l a r ,  bu t th e r e  wa s an 

i n c r ea se in  th e p roport i on of h ea d  abnorm a l i t i e s  

( Tabl e 8 ) 7 t h e  ma j o r i ty of th e h ea d  a bnorma l i ti es 

bei n g  pyr i f o rm  h ead s .  

Apa rt f rom Ram 1 16 th ere wa s no a ppa rent 

r el a t i on sh i p  bet-;.Jeen sperna tozoa numbe r s 1  e s t ima t ed 

f rom the volum e a n d  con cent rat ion o f  t h e  s em en 

sampl e s ,  and l e s i on s ev e r i ty .  

4 .  3 Di s cu s s i on 

A prel i m i n a ry i n ve st i ga t i on i n to the r e9rod

u ct i ve fun cti on of a f l o ck of ram s with an ou tbr eak 



Tab l e  8 :  SPERNATOZOA HORPHOLOGY IN RAMS \H TH NORMAL AND INFER I O R  SEMEN QUALI TY 

Sperma t o zoa m o rphol o gy % 

M i d - p i ec e C y t o plasmic 
N o . Rams N o rmal Head Abn . N e c k  Abn . Abn . Ta i l  Abn . dr9P · 

; 

N o rmal s em e n · 27 89 . 3  0 . 4  3 o 4  0 . 2  4 . 3 2 ·11 

I n f e r i o r  s em e n  

C on t rol group 1 73 . 0 o . o  5 . 0 3 . 0  1 3 . 0  6 . 0 

" M i n i mal" S . M .  5 5 1 . 0  4 . 2  2 0 . 0  O o 4 1 5 . 2 9 . 2  

" M inor" S . M .  5 L�4 . 8 6 . 6  1 3 . 8 0 . 4  1 1  . 6  22 . 8  

" M o d e ra t e "  S . M .  4 37 . 0  1 5 . 8 1 8 . 0 0 . 8 1 2 . 3 1 6 . 3 

" Se v e r e "  S . M .  8 33 - 3  1 7 . 8  1 3 . 1  1 . 6  2 1 o 3 1 2 . 9 

- -------� -

N ormal s em en : Rams w i t h  s emen qual i t y  ind ex wi t hi n  2 s t andard d e v i a t i ons o f  t he c on t r o l  group 
m e an . 

Inferi o r  s em e n : Rams wi t h  s em en qual i t y ind ex b e l ow 2 s t andard d e v ia t i ons o f  the c on t r o l  
group m ean . 

S . M . , s c r o t a l  mange . 

. I ! 
i 

CO A 



o f  s c r o t a l  m a n g e  sug g e s t e d  t� a t  s c rot a l  l e s i o n s  

i n vol v i n g  l e s s  th a n  10 so . cm of t h e  s c r otum 

( m i n i� a l  s c rota l � � n g e )  h � s l i t t l e i f  a ny ef f e c t  on 

r e p r odu ct i v e  fun ct i on .  At the oth e r  ex t r em e , r a m s 

w i t h  b etwe e n  a au a rt e r  a n d h a l f o f  t h e i r s c ro t a  

cov e r ed i n  a ct i v e o r  i n sul a t i v e l e si on s  ( s eve r e  

s cr ot a l  ma n g e )  a r e l i k e ly to h a v e impa i r ed r ep r o du c

t i v e  fu n ct i o n o B etwe en t h e s e  two e xt r em e s  r a m s  

Wi th a p p a r en t l y  s i m i l a r  d e g r e e s  o f  s c ro t a l  m a n g e  

may h a v e  good , mo d e r a t e  o r  poo r qu a l i ty s em en . Th e 

m a rk ed va r i a t i o n  i n  s em en qu a l i ty i n  ram s wi t h  

m i n o r  a n d  m od e r a t e  s c r o ta l m a n ge m a y  be du e t o  on e 

o r  m o r e  of t h e  f o l l owi n g  f a ct o r s : -

D i f f e re n t  r e a ct i on s  of i n d i v i du a l  r a m s  t o  t h e  s am e  

d e g r e e o f  s c rota l m a n g e , Mou l e  a n d  Wa i t e s  ( 1 96 3 )  

f ou n d  a m a rk e d  between ram va r i a t i on in s em i n a l  

d eg en e r a t i on w� e n  t h ey exl?o s e d  phen otyp i cal l y  

s im i l a r  ram s t o  th e sam e el eva t ed ambi ent t em p e r a tu r e . 

Th ey s h o,.,ed t h a t t h e  :va r i a t i on s  between raro s wa s 

d u e  to o i f f e r ent h ea t  l oa d s  r ea ch i n g th e t e st e s .  A 
s im i l a r ph enom enon may be o c cu r r i n g  i n  ram s  vl i t h  

s c ro t a l  m a n g e .  

Er r on eou s cl a s s i f i ca t i o n  of l e s i on s ev e r i ty : 

Accu ra t e  cl a s s i f i ca t i on of s c rota l m a n g e  l e s i on s  i s  

d i f f i cu l t  b e c� u s e  of t h e  m a rk ed va r i a t i on i n  l e s i on 

pa t h o l o gy .  Fo r exampl e ,  som e  r a m s  h a d  caked l e s i on s  

w i t h  on l y  sma l l  a ct i v e  l e s i on s  u n d e rn ea th wh i l e  

o th e r  ram s h a d  s im i l a r  s c a b s  wi t h  l a rg e  a ct i v e  

l e s i on s  ben ea th . Som e ram s h a d con f l u en t  l e s i on s 1  

o th e r s h a d  s ca t t e r ed l e s i on s  wh i l e  st i l l  o t h e r s h a d  

both con f lu en t a n d  s ca t t e r e d  l e s i on s .  Th i s  between 

r a m  and w i th i n  ram va r i a t i on in l e s i on pa th ol ogy 

m a d e  a ce rt a i n  amou n t  of o v e r l a p  in s cr ot a l  m a n g e  

cl a s s i f i ca t i on una voi d a bl e .  

Del ay i n  sem i n a l  de gen e ra ti on : Th e r e  i s  u su a l l y  a 
t im e  i n t e r v a l  o f  1 - 2 week s be f o r e  t h e  e f f ect o f  a 

t ox i c s p e rm a togen i c  a g en t i s  s e en i n  s em i n a l 

e j a cu l a t e s  ( f o r  e xamol e 1  Gl ove r ,  1 9 5 5 1  Wol l r a b 1  

1 96 5 r  Ra t h o r e , 1 970). Th i s  p h e n o{]'l E' non cou l d  a c coun t  



f o r  som e  of t h e  v a r i a t i on i n  s em en qu a l i ty i n  r a m s 

Wi th s i � i l a r d eg r e e s of s cr o t a l  m a n g e .  

S i n ce th e qu a n t i ty of s p e rma t ozoa obt a i n ed on 

o n e  col l ecti on by el e ct ri ca l  s t i�u l a t i on d o e s  n o t  
a lw a y s  r e f l ect sp e rm a t o zoa p rodu cti on { O rt a va n t  
e t  a l . ,  1 9 48 : M a tt n e r  a n d  Vog l ma y r , 1 96 2 :  Rat ho r e , 
1 9 7 1 )  n o  s i gn i f i ca n ce ca n b e  p l a ced on th e l ow 

s pe rma tozoa number s  obt a i n e d  i n  sorr e  e j a cu l a t e s . 
Th e l a r g e  t e st e s ,  t 'l-} e  l a ck o f  s em i n a l d eb r i s a. n d 

t h e  h i gh s p e rma tozoa numb e r s  obt a i ned i n  some ram s 

w i th even mode ra t e  a n d  se ve r e s crot a l  m a n g e  sugg e st s ,  

w i th t h e  exce p t i on o f  Ram 1 1 6 , tha t  s c rot a l  man g e  

wa s not cau s i n g  wi d e s p r ea d  s p e rm a t o g en i c a r re s t . 

Th e rou n d  nu cl ea t ed a n d  n on nu c l e a t ed ce l l s s e en i n  
t h e  s em i n a l  d ebri s o f  Ram 1 1 6  w e r e  s i m i l a r to t ho s e  

d e s c r i b e d  by Gu n n  e t  a l . ( 1 9 4 2 )  i n  d egene ra t e  s e� en 

s ampl e s . Acco rd i n g  t o  Gu nn et a l . ( 1 9 4 2 )  t h e se 

round cel l s  o r i g i n a t e f rom t h e  g e rm i n a l  epi th el i um . 

Ram 1 1 6 h a d  t h e s� a l l e st t e s t e s  of a l l ram s exam i n e d  

a n d  the r e  wa s o roba bl y a com o l et e a r re s t  of 
s p ermco tog en e s i  s a s s o ci at ed vli th s e v e r e s crota l 

m a n g e  i n  th i s  a n ima l o 

Th e g en e r al d e c r ea s e  i n  s emen que.l i ty vri th 

i n cr ea s ed l e s i on s ev. e ri ty su gge s t s , a l t h ou gh d o e s  

n ot p ro v e , t h a t  s c rot a l  m a n g e  cau s e s  t e st i cu l a r  

d e g en era t i on a s  a s su m e d  by Wh i t t en ( 1 96 8 )  a n d  

B ru e r e  ( 1 970 ) a n d  i s  n ot s i m p l y  a s s o ci a t e d  w i t h  

t e s ti cu l a r  hypopl a s i a  a s  su gg e st ed by C rawf ord 

et al . ( 1 9 70 ) . 

It wa s on l y  po s s i bl e  to exam i n e  th i s  f l o ck 

o n c e  a n d  thu s fu rt h e r i n f o rm a t i on on th e p r o g r e s s i on 

a n d  o r  r eg r e s s i on o f  th e s crota l l e s i on s  a n d  t h e i r 

r el a ti on s h i p  to r ep rodu ct i v e  f u n ct i on wa s u nobt a i n

a bl e .  Th e s e  f a cto r s  wi l l  b e  exam i n ed i n  d et a i l  i n  

su b s equ e n t  ch a pt e r s . 

/ 



Cha p t e r  5 

EXP ERIM �IT,�L INDU CT ION CF S EM INAL DEG EN ER!�T ICt-1 �tHTR 

SCRO TAL r.�ANGE ( CHORIOPTES BO V I S ) 

5 . 1  I n t r odu ct i on 

Th e ram s t ha t  w e r e  h ou s ed i n  1 9 6 9  ( s e e  p a g e  1 4 )  

a n d  t h e  f i el d  t r i a l  rams ( s e e  p a g e  1 5 )  h a d  t h e i r 
t e s t e s  cl a s s i f i ed f o r  s i z e a nd ton e and t h e i r s em en 
a s s e s s ed p r i o r  to ex�e r i m en t a l  i n du ct i on o f  s cr o t a l  
mang e .  S em en s ampl e s  w e r e  col l e ct ed f r om r a m s  
wh i ch devel oped ch o r i op t i c � a n g e  cove r i n g  m o r e  
than 8 sq . cm o f  t h e  scrotum i n  a ct i ve o r  i n a ct i ve 
ca k ed l e s i on s  at 1 - 3 w e ek i nt e rva l s ,  t h e  i n t e rval 
d e p en d i n g  on th e ra t e  of l e s i on d e v el op� e n t  and t h e  
a va i l ab i l i ty o f  t e chn i ca l  a s s i sta n c e .  A t  e a ch 
s e s s i on , th e s em en ,._,a s a s s e s s ea f rom a t  1 ea st 2 ram s ,  
on e w i thou t  s c rotal m a n g e  a n d  t h e  oth er e i t h e r  
w i t hout l es ion s o r  w i t h  l e s i on s cov er i n g  l e s s  t ha n  
10 sq o cm o f  t h e  s c rotuT- 0 S em e n  col l ect i on s we r e  
ca r r i ed ou t a t  t h e  l a bo r a t o ry a nd immed i a t el y  a f t e r  
col l ect i on , t h e  s a m p l e s  a s s e s s ed f or vol um e , col ou r  
a n d  m o t i l i ty . L i ve/dead and m o rphology sw ea r s  '" e r e  
p repa r e d  a t  t h i s t im e  and w e r e  a s s e s s e d  imm ed ia te l y  
a f t e r  s em e n  h a o  been col l e ct ed f rom th e g rou p o  
Sem en qu a l i ty d a t a  w i l l  be e xpr e s s e d  a s  t h e  s em e n  
qua l i ty i nd ex ,  t h e i n d i vi du a l  s emen qua l i ty pa ram et e r s  
o f  ram s  Wi t h  i n du ced sem i n a l  d egen e ra t i on bei n g  
p r e s en t e d  i n  App en d i x 4 .  

5 ,  2 Re su l t s  

( i )  Fou s e d  r a m s  

O f  t h e  8 h ou s e d  ram s i n t r o du ced i n i t i a l l y  in 



1 96 9  on l y  1 d e v e l o p ed obvi ou s s c r o t a l  m a n g e . O v e r  

a p er i od o f  week s a d i s c r et e l es i on s l owl y d e v e l o p e d  

on t � e  ba s e  o f  t h e  s c rotum o f  Ram 1 48 .  A t  th e h e i ght 

of s ev e ri ty thi s l e s i on cov e r ed a bou t 10 sq . cm o f  

the ba s e  of t h e  s c rotum . Du r i n g  th e p e r i od o f  

s c r o t a l  m an g e ,  t e s t e s  s i z e  a nd t on e a n d s em en 

qu a l i ty a nd qu a n t i ty of th i s  ram we r e  i n d i s t i n gu i sh

a bl e  f rom t ho s e of th e ot'l-1 e r  s e v en hou s ed r a ,-:1 s .  

On t h e  9 . 10 . 6 9 two 26 m o n t h  ol d Romney r am s  

we r e  r. ou s ed a n d  o b s e rved f o r  a pp r o xima t el y  6 mon th s . 

For t h e  p r evi ou s  1 2  �on th s  t h e s e  ram s h a d  been ru n 

togeth e r  on �a s tu r e  wi thout a ny s p eci a l  a tt ent i on . 

Wh en f i r st hou s ed ,  on e of th e raw s ( Ram 10 5 )  h a d  a 

f ew m i t e s  a s s o ci a t ed •vi t h  a s cu r fy s c ro tum wh i l e  t h e  

oth e r  r a� ( Ram 10 7 )  h a C.  a bo u t  5 0  � i t e s a s so c i a t ed 

wi th th r e e  ch ron i ca l ly a ct i v e l e s i on s  cov e r i n g  

a pp roxi m a t el y 3 s a . cm of t h e  ba s e  o f  t h e  s crotum . 

Ram 10 5 d i d  not d e v e l op s c ro t a l m a n ge du r i n g  t h e  

obs e rva t i on p e r i o d  a n d , t h e r ef o r e ,  wa s u s ed a s  a 

con t r o l  f o r  Ram 1 0 7 wh i c h  d ev el o p ed l e s i on s  o f  

�odera t e  s ev e r i ty ( Text-f i g .  6 ) . 

Du r i n g  t h e  o b s e r va t i on p e ri od s em e n  con cen t ra 

t i on o f  t h e  con t rol ram va r i ed f rom cl ou dy t o  

creamy a n d  t h e  s e� e n  qu a l i ty i n d e x  va r i ed f rom 2 2  

t o  2 S  w i t h  a m ea n  o f  24 . 

Th r ou g �ou t O ctobe r a n d  ea r l y Novem be r  t h e  

s crot a l  l e s i o n s o f  R a �  10 7 d i d  n ot cha nge 

a ppr eci ably a n d  s em en qu a l i ty and qua n t i ty we r e  

s i mi l a r  t o  t h e  con trol  an i �a l  ( Te xt - f i g .  6 ) . 

Between 1 3 . 1 1 . 6 9 a n d  27 . 1 1 . 69 l e s i on cl a s s i f i ca ti on 

chang ed t o  m i n o r . Sm a l l  l e s i on s  d e v e l o ped so t h a t  

a pp ro x i m a t el y on e  th i rd o f  t h e  d i s t a 1  t hi rd of t r e  

s c rotum wa s cov e r ed i n  s ca t t e r e d  crumbl y s ca bs 
abou t 1/2 cm in d i a m et e r  and abou t 1/4 - 1/2 cm 
th i cl< . L e s i on s ev e r i ty a n d  s ern en qu a l i ty d i d  n ot 



8 9 , 

a l t e r  s i gn i f i ca n t l y  t h rou ghou t  December , J a nu a ry 

a n d  e a rly Febru s ry ( Te xt - f i g .  6 ) . Some of t h e  

l e s i on s cu r ed s pont a n eou sly v7h i l e oth e r s  f o rm ed , 

l e s i on s on the a n t e r i or a s p ect o f  the s crotum 

be com i n g  s l i gh t ly �or e s e ve r e t h a n t h o s e  on t h e  

po s t e r i o r a s p e ct "  Du r i n g  t h e  l at t e r  ha l f  o f  
Febru a ry th er e wa s a fu rth e r  rac i d  i n crea s e  i n  

l e s i on s eve ri ty , s cabs on t h e  ba s e  b e com i n g  con

f l u en t  w i th exu d a t e  a s  mu ch a s  3/4 cr. t h i ck : 
L e s i on i nt e n s i t y decrea s e d o roxima l ly w i t h  no 

l e s i on s  bei n g f ou n d  o n  the p roxima l  ha l f  of t h e 

s cro tum . 

As soci ated with th e devel opment c f  mod e ra t e 

s c rot a l  m a n g e  t h e r e  wa s a p reci p i t ou s d ecrea s e  i n  

sem en qu a l i ty ( Te xt-f i g o  6 ) 0 A t  the b e gi n n i n g  of 

Iv!a r ch 1 l e s s  t h a n  10% o f th e s pe rma t ozoa wer e  

mot i l e ,  the ma j ori ty of th e s e  s impl y o s ci l l a t ed 

with n o  fo rwa r d  p rog re s s i on . Th e r e  wa s a p ro port

i ona t e  i n cr ea s e i. n the pe r cen tage of sperm a t o zoa 

sta i n i n g  dead and a bn o rrna l s  i n c r ea s ed f rom 7% on 

1 3 0 2 " 70 to 7 4� on 27 . 7. 0 70 "  Th e ma j ori ty of t h e  

a bn o rma l s ob s e rv e d in  t h e  f i r st d e gen era t e s e iT' en 

sa m pl e con s i. �t ed of coi l ed tai l s  a nd r etu rn e d t a i l s 

wh i l e  a n  e j a cu l a t e col l ect ed a week l a t e r  con ta i n ed 

a s im i l a r  numbe r of s p e r ma to zoa wi t h  ta i l  c bn o rma l i t i e s  

a n d  ta i l l e s s sp erma tozoa ( Fi g o  1 7 ) 0 On t h e  1 2 . 3 . 70 

ov e r  h a l f  of t h e  a bnorm a l  s pe rmatozo a  h a d  r;>y r i f o rm 

h ea d s  a n d a sma l l  nuffibe r h a d  smal l ,  na r r ow a n d  
i r r egu l a r sha ped h ea d s o  

S crota l l e si on s  regre s se d  sl i ghtly by t h e 

m i dd l e  of Ma r ch a nc by t h e  begi n n i n g of Apr i l  m o st 

of th e s ca b s  h a d  begun t o  l i f t , l eaving a n orma l  

sk i n  benea th o  By th e en d of  Ap r i l  the onl y  s i gn s  

o f  a p r evi ou s s crot a l  de rma t i t i s wa s th e r;> r e s en ce 

of sma l l  amou n t s of d ri e d yel l ow e xudate a dh e ri n g 
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F i gu r e  1 7 : Sem en sm e a r f rom Ram 10 7 o t  t h e  o n s e t  

o f  s em i n a l  d e g en e r a t ion ca u s e d by 

"mo d e r <=:�·t e "  s c ro ta l  ma n g e .  ( 4 . 3 . 70 ) 0 

Mo s t  of th e c el l s a r e  m o r pho l og i ca l l y  

a bn or�a l .  The a bn o rma l s  con si s t  of 

coi l eo 1  r etu r n ed a n d  k i n k e d  t a i l s  wi th 

a f ew t a i l l e s s  s p e rm n to zoa . 

( ��a ye r ' s ha em a l u!Tl a n d  eo s i n ) 

( x  1 2 50 ) 

F i gu r e  1 8 :  Sem en sme a r  o f  Ram 1 0 7  on t h e  2 3 . 4 . 70 

a f t er s em i n a l  r egene ra t i on f o l l ow i n g  

s po n t a n eou s cu r e  of t h e s cr o t a l l es i on s .  

A l l of th e s p erma t ozoa a r e  s ta i n i ng l i ve 

a nd a l l  a r e rn o r�h o l og i ca l l y  n o r m a l . 

( N i g ro s i n  a n d  e o s i n ) 

( X  1 250 ) 



1 7 

1 8  



to wool f i bre s . A s eminal reoen e r a t i on wa s a s s o ci a t ed • J 

with t h e  s pon t a n eou s cu r e  ( Te xt-f i g .  6 ) , s Em en 

qua l i ty r eturn ed to p re- s em i n a l  de gen e ra ti on l ev el s 

wi t h i n  a mon t h  of t h e  f i r st s i gn s  of regen e ra t i on 

( Fi g .  1 8 ) . Ther e we r e  no a ppa rent chan ge s  i n  t es t e s  

s i z e  o r  i n  s em en qu a n t i ty th roughout t h e  obs e rvat i on 

p e r i od . 

( i i )  Fi el d t r i a l  rams 

Th e s em en ou a l ity i n dex of t h e f i e l d  t r i al rams 

wi thout s crot a l mange va ri ed f rom 19 - 30 wi th a 

m ea n  of 26 . 3  { Tabl e 9 ) . Th e r e  wa s no a p�a rent 

sea s on a l  va r i at i on i n  the s em en qua l i ty o r  qu a nt i ty 

o f  t h es e  ram s .  Th e a v er age s em en qua l i ty ind e x , 

and t he standa rd devi a ti on , of  t h e  rams with m i n ima l 

s crot al  mange wa s p r a cti ca l l y  t h e  sam e a s  ram s 

w i t hout s crotal l e s ion s ( Tabl e 9 ) . Tota l  sp e rm atozoa 

numbe rs col l ect ed f rom the n o rm a l  a n d  m i n i m a l  g r ou p s  

were a l so s imi l a r . l- tost s emen sam9l e s  col l e ct ed 

f roT both g rou p s  h a d  a con cent ra t i on o f  thi ck-m i l ky 

o r  cr eamy , wh i l e  some samol e s  we re m i lky a n d  a f ew 

on l y  cloudy . As  th e r e  we r e  no d i ff e r en ce s  i n  the 

s em en of r am s  without s crot a l  l es i on s  a nd tho s e  

wi th m i n imal l e si on s ,  t h e  s em en qu a l i ty i nd i c e s  o f  

both grou p s  w e r e  combi n eo a n d  u sed a s  con t rol s f o r  

t h e  raw s t h a t  d ev e l oped s crot a l  m a n g e  cov e r i n g  10 
sq .  err. or m o r e  of t h e  s crotum . 

La r g e  numbe r s  of  s crot a l  a n d  l eg � it e s  d i d  n ot 

a f f ect t h e  s em en qu a l i ty of t � e  f i el d  t r i a l  ram s .  

For exampl e ,  f o r  t hr e e  mon t h s  p r i o r  t o  Ju ly 1 97 1  

Ram 6 1 3  had " > 10 , 000 " m i t e s  on both t h e  l ower l eg s  

and t h e  s cr otum . Th e t e st e s  of  t h i s  ram we r e  

l a rge wi th good tone a n d  o n  el e ctro- stimu l a t i on 

on t h e  30 . 6 . 7 1 Ram 6 1 3  produ ced 0 . 7  m l  of  t h i ck 

m i lky s em en . Vi r tu a l ly l O O %  o f  th e s�e rm a t ozoa 

w e r e  ra p i dly mot i l e ,  98% s t a i n ed l i ve and t h e r e  
wer e  on l y  3 %  a bn o rma l s .  



Tab l e  9 : RELAT I O N SHIP B ET\rJEEN SEHEN QU AL I T Y  INDEX IN F I ELD 

TRIAL RAMS \H TH " M I N IHAL " SC ROTAL MANGE AND RAMS 

WI THOUT SC ROTAL MANGE 

I S e m en Qual i t y  I n d e x  

92 . 

i Da t e  Rams vii t hou t Rams wi t h  1 1 m i n i ma l n N o n t hl y  m e a n  

1 97 0/7 1  s c r o t a l man g e  s c r o t a l m;;_n g e  o f  b o t h  g r o u p s  

Jun e 27 , 2 5 , 2 7 , 28 , 2 6 , 30 ,  30 , 22 o 2 7 . 2  
30 . 

J u l y  2 9 , 1 9 . 25 , 2 G , 30 . 25 . 8  

A u gu s t  25 , 2 6 ,  2 6 , 25 , 23 , 2 4 .  25 . 1  
2 7 . 

S e p t emb er 2 8 . 2 6 ,  2 7 , 2 8 . 27 . 3 

Oc t ob e r  2 7 , 2 8 , 2 7 , 25 . 28 , 23 , 22 , 25 , 2 Lf . 9 
1 9 , 2 5 . 

N ov e mb er 2 6 , 2 2 . 26 , 28 , 23 , 22 . 2 4 . 5  

D e c e mb er 29 , 2 0 , 2 7 , 2 4 , 22 , 2 4 , 28 , 27 . 25 . 7 
2 7 ,  2 9 . 

January 27 , 2 4 o  26 , 2 8 , 2 6 , 20 . 25 . 2  

Feb ruary 2 8 , 2 9 , 27 , 2 4 .  2 9 , 27 , 28 . 2 7 . 4 

Ma r c h  2 4 , 2 6 , 27 , 28 . 2 6 . 3  

J u n e  30 , 2 9 . 30 , 27 .  2 9  

M ea n  + S . D .  2 6 . 3  + 2 . 5 25 . 8  + 2 . 8 
- - -

Ju l y  30 , 2 1  , 2 4 , 2 7 , 25 . 4  
2 5 . 

Au gus t 27 , 2 9 , 2 9 , 2 6 , 2 7 . 8  
2 8 . 

S e p t e mb e r  2 7 , 2 7 , 26 , 25 , 27 . 3 
30 , 2 9 . 

Oc t ob e r  2 8 , 2 9 ,  28 , 2 6 , 27 . 5  
2 8 , 26 . 

J N ov e mb e r  25 , 1 7 , 27 , 28 . 2 4 . 8  

N o  rams w e r e  a s s e s s ed dur i n g  Apr i l  and May , 1 97 1 b e c au 3 e  n o  ram 

had s c r o tal mange i n v o l v i n g  1 0  s q .  cm o r  more o f  t he s c r o t u m  

du r i n g  t h i s  p e r i od . 



r�ou r o f  t l-J e  f i el d t r i a l rams ( Ram s 6 1 3 ,  2 3 7 , 

3 2 1 a n d  2 1 4 )  d evel oped m i n o r  s crot a l  mange du r i ng 

t h e  obs e rva ti on p e r i od . On e of th ese r am s  ( Ram 6 1 3 )  

devel o p ed s ev e r e  f oot r ot a t  about th e t im e  of  

d evel opm ent of  m i n o r  scrot a l  �ange.  As foot rot 

may a f f e ct t h e  reprodu ct i ve f u n ct i on of the r am 

(Web st e r ,  l 9 3 7 f Gu nn et a l . 1  1 94 2 ) , n o  s i g n i f i ca n ce 

ca n be ol a �ed on th e s emi n a l  d e g en e ra t i on obs e r v ed 

a t  t h e  t ime of  l e s i on d ev el opm ent i n  t h i s ra m. 

A pp roxima t e l y  4 mon th s  a f t e r  su cce s s f u l  t rea tm e nt 

o f  th e s e v e r e  f oot rot , du r i n g  wh i ch t i m e  the 

s crota l l e s i on s a l so spon t a neou s l y  cu red , reorodu ct 

i v e f u nct i on of  Ram 6 1 3  r etu rned t o  norma l .  Th e 

oth er t h r e e  ram s t r a t  d e vel oped m i nor s crota l m a n ge 

had s eT.�n qua l i ty du ri n g  th e pe r i od o f  m i no r  s croto. l  

mange e i t h e r  a bove t h e  a vera g e  of  th e con t r ol grou p 

( Ram 2 37 )  o r  a t  t h e  l ower en d of the s e�en qu al i ty 

ran ge of  th e cont rol grou p  ( Rams 2 1 4  and 3 2 1 ) . 

!<am 2 37 

At t h e  begi n n i n g  of  October 1 9 70 th i s  ram h a d  

a f ew smal l  s cabs o n  t h e  ba s e  of  t h e  s crotum . Mo st 

o f  th e s e  s cabs were 1 - 5 mm i n  d i ameter , wi th on e 

s cab ap9roxi�� t el y  1 cm in d i a m et e r .  The l e s ions 

orogr e s s e d  so that by t h e  end of Octobe r  a p p roxima t el y  

ha l f  o f  a 2 5  sq . cm r e ctangu l a r a r ea on the po s t e r i o r  

d i s t a l  medi a l  regi on of th e s crotum wa s i nvol v ed .  

L e s i on cl a s s i f i ca t i on chan ged f rom m in im a l  to m in o r . 

The l e s i on s r egre s s ed a lmost imm ed i �t el y  so that by 

th e m i ddl e of :r:-·o v ember 1 e s i on cl a s si f i ca t i on h a d  

ch anged ba ck to m i n ima l a n d  t h e  spontan eou s cu r e  

wa s compl e t e  by the end o f  Novembe r .  Th e t e st e s  

o f  Ram 2 37 we r e  l a rge wi th mod e ra t e  ton e  a n d  s em en 

qua l i ty rema i n ed h i gh du r in g  t h e  p eri od of  m i n o r  

s c rota l m an g e .  For exampl e ,  a s emen sampl e 

col l e ct ed on t h e  10 . 10 . 70 con ta i n ed lOO% mot i l e  



s p e rm a to zoa , 9 1% s t a i n ed l i ve a n d  9 3% w e r e  n o rn:1 a l . 

Anot h e r  s am o l e col l e ct ed on t h e  30 . 10 . 70 cont a i n e d  

80% mot i l e ,  8 5 %  l i v e  a n d  9 3% n o rma l .  

Ram 3 2 1  

O n  2 1 . 10 . 70 t h i s  ram h a d  sma l l  a ct i ve l e s i o n s  

o f  c� o r i o pt i c man g e  cov e r i n g a p pr o x i ma t ely 3 sq . cm 
of t h e  ba s e  o f  t h e  s c ro tum . o v e r  t h e  f ol l owi n g  t en 

day s th e s e  l e s i on s  d e v e l oped fu r t h e r  and ot h e r s  

a ppe a r ed s o  t h at a pp ro xi m a t el y  1 5  sq . cm o f  t h e  

po s t e r i o r  d i s t a l  a sp e ct o f  t he s c rotum wa s cov e r ed 

i n  e xud a t e  a bou t 1/ 2 cm th i ck ,  r e su l t i n g  i n  s crot a l  

m a n g e  bei ng cl a s s i f i ed a s  m i n o r  ( T ext - f i g .  7 ) . B y  

th e m i d d l e  of � ovembe r t h e l a rg e r  l e s i on s h a d  

spon ta n eou s l y  cu r ed a n d  t h e  s ca b s  h a d  s t a r t e d  to 

l i f t off t h e  sk i n .  P.owe v e r , sma l l  p e r i p h e ra l 

l e s i on s  ha d i n c r Ga sed i n sev e r i ty r e su l t i n g  i n  a 

s im i l a r  a r ea bei ng cov e red i n  e i t h e r a ct i v e  o r  

i n a ct i v e  l e s i on s  ( Text- f i g .  7 ) . By th e m i d d l e o f  

D e c embe r  s ome o f  th e s e  l e s i on s � a d  spon t a n eou s l y  

cu r e d  a n d  a t  th e begi n n i n g  of J a nu a ry l e s i o n  

cl a s s i f i ca t i on cha n ged to m i n imal a n d s pon ta n eou s 

cu r e  wa s compl e t e  by t h e m i dd l e of January 1 9 7 1  

( Te xt - f i g .  7 ) . 

S em en qu a l i ty of mo s t  sampl e s  col l e ct e d  f ron; 

Ram 3 2 1 co r r e sponced w i t h  s a mpl e s  a t  t h e  l ow e r  en d 

of t h e  s em en qu a l i ty range of t h e con t rol ram s 

( Te xt - f i g .  7 ) . tfto st e j v cu l at e s  cont a i n ed 60 - 80% 

m o t i l e  sperma tozoa , w i t h  20 - 30% abn o rma l s . Mo s t  

o f  th e mo rph o l o gi ca l abn o nr.a l i  t i e s '"e r e  s e co n d a ry 

d e f e ct s ,  co i l ed a n d  r etu rn ed ta i l s  p r ed om i n a t i n g .  

T e s t e s  s i z e  a n d  ton e a n d  semen con cen t ra t i on w e r e  

i n d i s t i n gu i s h a bl e f rom t h o s e  o f  t h e  con t rol a n i m a l s 

du r i n g  th e p e r i od o f  m i n o r  s c ro t a l  m a n g e . 
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Ram 2 1 4  

A sm al l l e si on o f  chor i o pt i c m a n g e  s l owl y 

d e vel o p ed on t h e  ba s e  o f  th e s c rotum o f  Ram 2 1 4  a n d  

by t h e  be gi nn i n g  of S ep t embe r  1 9 70 t h e  s cab cov e r ed 

a pp r o x i ma t el y  4 sa . cm o f  t h e  s c rotal ba s e  wi t h  

e xu d a t e  a s  mu ch a s  1 cm t h i ck .  In a dd i t i on ,  a f ew 

v e ry sm a l l a ct i ve l e s i on s ( 1  - 3 mm d i am et e r )  w e r e  

s ca tt e r ed ove r  t h e  d i s t a l  qu a rt e r  of t h e  s c rotum . 

L e s i on s ev e ri ty d i d  n ot c ha n g e  a pp r e c i a b l y du r i n g 

t h e  f ol l owi n g  mon t h . Bowev e r , a f i s su r e  d e v e l o p e d  

i n  t h e  e xu da t e  a n d  by t h e  e n d  of Sept embe r t h e r e  

w e r e  two d i st i n ct l e s i on s  on each s i d e  o f  t h e  m e d i a n  

raph a e  a t  th e ba. s e  o f  t r e s c rotum . Th e ch ron i ca l l y  

a ct i ve l es i on s i n c r ea s e d  i n  s i z e  du ri n g  O ctober a n d  

by t h e  begi n n i n g  o f  Novembe r c rumbly- cak ed s ca b s  

cove r ed a total a r ea o f  about 1. 5  sq . cm 1  wi t h  

exu d a t e  1 - 2 cm t h i ck .  

I n  a s s oci a t i on wi th t h e i n cr ea s e  i n  l e s i on 

sever i ty i n  O ct ob e r  t h e r e  wa s a n  a ppa r ent d e cr e a s e  

i n  s em e n  qu a l i t y ,  f ro� s em e n  o f  v e ry h i gh qua l i ty 

i n  m i d  S ept ember t o  s emen ha v i n g  a pp r o x im a t el y  30% 

imrno t i l e  and 40� a bn o rm o l  s o e rm a tozoa on 26 . 10 . 70 .  

�owev e r , t h e  s err.en qu a l i ty i n de x  of th i s  sam p l e d i d  

not f a l l  b e l ow th e l owe s t  compo s i t e s co r e  o f  t h e  

con t rol ram s t h a t  month ( Text - f i g .  8 ) . Semen 

qual i ty i m p roved i n  sub s equ ent e j a cu l a t e s  wi t h  

g r ea t e r  t h a n  90% mo t i l e  s p e rma t o zoa and l e s s  t h a n  

30% abno rm a l  s p e rmatozoa ob s e rv ed i n  an e j a cu l a t e  

col l e ct ed on 6 . 1 1 . 70 .  Te s t e s  s i ze a n d  t o n e  a n d  

tota l  s p e rm a t o zoa p e r  e j a cu l a t e  w e r e  a bo v e  t h e  

con t rol a v er a g e  t h rou ghout t h e  p e r i od o f  m i n o r  

s crotal m a n ge . 

Th e ch ron i ca l l y  a ct i v e  l es i on s  cov e red 

aop roxi m a t el y  1 2  sa . cm of th e s crot a l  ba s e  at t h e  



begi n n i n g  of D e c embe r .  Th e s e  s l owly r eg r e s s ed a nd 
by the en d o f  Ma rch 1 9 7 1  t h e  two ch ron i ca l l y  a ct i v e  

l e s ion s were abou t 1 1/ 2 � i r- d i am et e r Wi t h  ca k ed 
e xu oa t e a pproxima t ely 1 1/ 2 cm t h i ck ( Te xt- f i g. 8 ) . 

Du r i n g  Ju n e  t h e r e  wa s a ga i n  a n  i n cr ea s e in 

s c rota l man g e  s ev e r i t y ( T e xt - f i g .  B ) . By the 

begi n n i n g  o f  July c rumbl y- ca k ed e xu da t e  1 - 2 cm 
th i ck cov e r ed a 9 o roxi m a t ely 10 sg . cm of t h e  o i st a l 

oa rt of t h e  l eft po s t e r i o r  a s p e ct of tr. e  s crotum . 

Sem en con c en t r a t i on w a s above th e cont rol avera ge 

du ri n g  thi s period a n d  v i rtua l ly all s p ermatozoa 

e xam i n ed we r e  r a p i d l y  m ot i l e  wi th on l y  v e ry sma l l  

numbe r s  o f  a bnorwa l s .  Th ere wa s n o  a ? pa r en t t h i ck

en i n g  of t h e  s cr o t a l  sk i n  du r i n g  the p e r i od of 

l e si on i n vol v em en t  a n d  t e st e s  s i z e  and ton e r ema i n ed 

a bov e t h e  a v e r a ge o f  t h e  con t rol ra� s .  
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In con t ra s t  t o  t h e  ram s w i th m i n o r  s crot a l  

m a n ge t h e r e  wa s a d e f i n i t e  s emi n a l  d e gen e ra t i on 

a s so ci a t ed w i t h  t � e e xpe r i m en t a l  i n du ct i on o f  

mod e ra t e ,  s ev e r e  a n d  ext r em e  s c rotal m a n ge i n  F i el d  

T r i a l  Ram s 1 8 4 ,  4 3 5  a n d  6 1 3  r es p e ct i v el y .  

Ram 1 8 4  

At t h e  b eg i n n i n g  o f  Ju n e  1 970 Ram 1 8 4  h a d  

" 1 , 00 0  - 10 , 000 " m i t e s o n  t 'b e  ba sa l a r e a  o f  t h e  

s c rotum a n d  a n  occa s i on a l v ery sma l l  ( 1  mm d i am e t e r ) 

a ct i v e  l e s i on wa s o b s e r v e d  m i c ro s copi ca l l y  i n  

a s sociat i on wi t h  th e m i t e s . On the 1 5 . 6 . 70 r ea d i ly 

?a l pa b l e l e s i on s  h a d  d ev el o p ed r e su l t i n g  in s c rota l 

m a n g e  bei n g  cl a s s i f i ed a s  m i n imal . By the b e g i n n i n g  

o f  J u l y  s ca t t e r ed l e s ion s ,  th e l a r g e s t  b e i n g  a bou t 

1 cm i n  d i am e t e r  w i t h exu da t e  1/4 - 1/2 cm t h i ck ,  

cov e r e d  a bou t a qu a rt er o f  t h e  d i sta l two t h i r d s  of 

t h e  po s t e r i o r pa rt o f  t h e s c rotum and a qu a rt e r o f  

t h e d i s t a l  e i gh t h  of t h e a n t e r i or pa r t  of t h e  

s c ro tum . Thu s r el a t i v e l y  l a r ge a r ea s o f  t h e  s c rotum 

w e re covered i n  sma l l  s ca b s , t h e  l e s i on s  be i n g  

d e s c r i be d  a s  mode r a t e . 

A s em e n  sam p l e wa s col l e ct ed a t  t h e  end of Jun e 

a n d  a ga i n  on th e f ou rt h  o f  Ju l y  a n d  both sam p l e s  

w e r e  i n d i s t i n gu i s h a bl e  f rom t ho s e  of th e con t r o l  

a nimal s ,  a pp ro x ima t e l y  80% o f  t h e  s l? e rma tozoa bei n g  

moti l e and m o r e  t h a n  7 5% morphol ogi cal l y  n o rma l . 

Du r i n g  th e f o l l ow i n g w e ek , a p p roxima t el y  a week 

a f t e r  th e s c rotal l e s i o n s  were f i rst cl a s si f i ed a s  

m o d e r a t e ,  t h e r e  wa s a su dd en s em i n a l  d e gen e r a t i on 

( T e xt - f i g .  9 ) . The f i r s t d egen e ra t e  sampl e con t a i n ed 

n o  s i gn i f i ca n t  i n cr ea s e  i n  t h e  numbe r of a bn o rm a l  

s p e rm a t o z oa bu t su b s equ ent d e gen e r a t e  e j a cu l a t e s  

con t a i n e d 5 1  - 84% a bn o rm a. l s .  A sampl e col l e ct ed 

s i x  d a y s  a f t e r  t h e f i r s t  d e ge n e ra t e  e j a cu l a t e  

LIB, ARY 
MASSEY UN!VmSITY 



l O O . 

con t a i n ed r e l a t i v e l y  l a rg e  numb e r s  of s p e rm a t ozoa 
w i th t a i l d e f e ct s  ( ma i n l y returned and coi l ed t a i l s ) , 
t a i l l e s s  s p e rma t o z oa a n d  sp e �a to z oa w i th p r o xi mal 

cytopl a sm i c  d rool e t s . In l a t er e j a cu l a t e s a s  many 

a s  44% of t h e  s p e rm a t ozoa had h e a d  a b n o rma l i t i e s 
a n d  t h e  ma j o r i t y  of th e s e we r e  pyr i f orm h ea d s .  I n  
som e  s a m pl e s  t h e r e  wa s a l s o a r el a t i v el y l a r g e  

numbe r o f  s p e rm a t ozoa wi th a bn o rma l a c rosom e s . 

A s s o ci a t ed w i t h  t h e i n crea s e  i n  l e s i on s ev e r i ty a n d  

d e c r ea s e  i n  s em en qu a l i ty ( Te xt - f i g .  9 )  th e r e '1.-!a s 
a l s o a pa l pa bl e ch a n ge i n  t h e  t e s t e s .  T e s t e s  t on e  
ch a n g ed f rom good t o  poo r  a n d  t e s t e s  s i z e  f rom 

l a rg e  t o  mode r a t e  by th e 2 4 . 7 . 70 .  Th e d e c r ea s e  i n  

t e s t e s  s i ze wa s r e f l e ct ed a l s o  i n  th e tota l 

s p e rm a t ozoa numbe r s col l e ct ed . S em en con ce n t r a t i on 
f el l  f rom cr ea my at t � e  be gi nn i n g o f  Ju l y ,  t o  
wa t e ry -m i l ky i n  m i d  Ju l y ,  t o  cl ou dy du r i n g  Au gu s t .  
Tota l s p e rma t o z oa pe r e j a cu l at e  va r i ed f rom 

1 . 4  x 10 6 to 1 8  x 10 6 du r i n g  Au gu st a n d  mo s t  o f  

th e s e  w e r e  � o rph o l ogi ca l l y a bnorma l ( Fi g .  1 9 ) . By 
Au gu s t  s om e  of t h e s ca t t e r ed l e s i on s  ha d be come 

con f l u ent , t h e l a r ge st cov er i n g a pp roximat el y 8 sq . 
cm o f  t h e  s c ro tu� , wi th e xu da t e  a bou t 3/4 c �  th i ck .  

Howe v e r , oth e r  l e s i on s  c� r e d  spon t a n eou s l y s o  t h a t  
l e s i on s ev e r i ty r em a i n e d  s imi l a r  ( Te xt- f i g .  9 } . 

By t h e  m i d dl e of .A.u gu s t t h e  l e s i on s  h a d  

s t a rt ed t o  r e g re s s  a n d  a f o rt n i gh t l a t e r  m o s t  s cabs 
had s t a r t ed t o  l i f t  of f the s c ro tum l ea v i n g  onl y  

a bou t 3 sq . cm wi th a ct i v e  o r  i n a ct i v e  l e s i on s  

( Te xt - f i g .  9 ) . Du r i n g  m o s t  of Sept embe r a pp roxima t el y 

40"� o f t h e s p e rm a tozoa col l ect ed we r e  mot i l e  a n d  
abno rma l s  va r i ed f rom 5 2  - 6 6% wh i l e  sampl e s  

col l e c t e d  a t  th e be gi n n i n g  a n d  m i dd l e  o f  O ct o be r  
con t a i n e d a p p ro xi ma t e l y  80 % r a pi d l y  mot i l e  

spe rm a t o zoa wi t �  2 5% o r  l e s s ,  abn o rma l s p e r�a t o zoa 

( Fi g .  20 ) .  Tota l s p e r ma t o zoa numbe r s  al so r etu rn ed 



t o  pre -degene ra t i on l evel s ,  1 . 5  ml  of thi ck -m i l ky 
s emen bei n g  col l ect ed on t h e  1 4 . 10 . 70 .  
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Figu r e  1 9 : Sem en sme a r  f roTTl Ram 184 wh en "rpod e r a t e " 

s crota l ma n g e  h a d cau s ed s e v e r e  ol i go
s o e rm i a  ( 20 . 8 . 70 ) . �ost of t h e  

s p e rm a tozoa a r e a bn o rma l .  Note pyr i f o rm 
h ea d ,  � i d p i e c e  co i l ed i n  h e a d , co i l ed 

t a i l  a n d on e n o rm a l  sperma tozoa . 

(I'1a ye r 1 s ha ema l um a n d  eo s i n )  

(x 1 250 ) 

F i gu re 20 : Semen sme a r  f ro� Ram 1 8 �  a noroYi m a t e l y  6 

w e ek s a f t er spon ta n eou s cu r e  of s crota l 
ma n ge wa s obv i ou s ( 3 . 10 . 70 ) . Between 

t h e  l i v e �  mor o h ol og i ca l l y  n orm a l 

s perma tozoa or e " f re e " cyt opl a sm i c 

d ro p l e t s .  

( N i g r o s i n  a nd e o s i n ) 

( x  1 2 50 ) 
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Ram 4 35 

P r i o r  to l e s i on d e v el opm ent mor e t ha n a th ou sa nd 
� i t e s  were obs erved on t t e  s c rotum of Ram 435 . On 

1 6 . 8 0 70 a f ew 1 - 3 m m  s cabs wer e  pal pa t ed o n  th e 

ba s e  of t h e  scrotu� a n d  by th e 4 . 9 . 70 l a r ge numbe r s  

o f  smal l ( 1  - 3 mw d i amet er ) s cabs we re pa l p a t e d  

m a i n l y  on the d i s t a l  thi rd of the ant eri o r  a s pect of 

th e s crotum . Tb e l es i on s  w e r e  conc ent rat ed on th e 

ba s e �. with abou t  ha l f  of a 10 sq . ern a rea cov ered i n  

e xu d at e 1 / 4  - 1/ 2 cm th i ck .  Du ri n g  t h e  f ol l owi n g  

mon th t h e  l es i on s  be cam e mo re s ev e r e  s o  tha t s crota l 

mange cl a s s i f i cat i on cha ng ed to mod era t e  at t h e  

begi nni n g of O ctober ( Te xt- f i g .  10 ) . A t  t h e  be gin

n i n g  of O ctober th e dri ed e xu d a t e  on t h e  ba s e  w a s 

a lmost 1 cm thi ck a n d  � a ny o f  the sma l l  l es i on s h a d  

b e come con f l u en t , t h e  e xu da t e  coverin g a pp roxima t el y  

h a l f  of a n  1 8  sq . cm a rec on the  ba se o f  t h e  

s c rotum . There w e r e  two crumbl y- c a k e d  l e si on s  cover

i n g  appro xima t el y 5 sq . cm on th e ant er i or di stal  

qua rt e r  a n d  two sma l l e r l e s i on s  cov e r i n g  about 3 sq 

cm on t h e  pos t e r i o r  d i stn l  t h i rd of t h e  s c rotum . By 

th e m i d dl e of O ctober t he l e s i on s on t h e  ba s e  h a d  

be com e con f l u en t  wi t h  exu da t e  a s  mu ch a s  1/ 2 cm 
th i ck ,  

The t estes of Ram 4 35 a t  t h e  begi n n i n g  o f  

O ctober 1 970 we r e t h e  l arg e s t  o f  t h e  f i el d  t r i a l  

ram s  and s em en col l e ct ed wa s of high qua l i ty .  

S p ermatozoa moti l i ty d ro9n e d f rom 80% to 20% and 
a bn o rma l s  r o s e  f rom 1 8'.i; to 7 9°{, betwe en th e 3 . 10 .  70 

and 10 . 10 . 70 .  I n  t h e  f i r st d egen e ra t e  sampl e the 

ma j ori ty of a bn o rma l s  w e r e  coi l ed t a i l s .  Al t hou gh 

th ere wa s n o  a ppa r en t  d ec rea s e  i n  t es t e s  s i z e , th e r e  

wa s a s l i ght d e cr ea s e  i n  t e sti cul a r  t on e  du ri n g  

thi s p er i od .  Semen qua l i ty rem a i n ed l ow t h rou ghout 

O ctober ( Te xt - f i g . 10 ) wi th a p ropo rt i onat e i n crea se 

i n  t h e  numbe r. o f  sperma tozoa wi th n e ck abno rmal i t i e s  



( Fi g .  2 1 ) . Th e? m a j o r i t y of t h e  n e cl< abn o rma l i t i e s  

w e r e  ta i l l e s s  s p e rma tozoa \vi th sma l l  numb e r s  o f  

s p e rma tozoa w i t h  brok en n e ck s o  Th e l es i on s r em a i n ed 

a ct i ve an� became s l i gh t l y  m o r e  s ev e r e  du r i n g  the 

l a t t e r  pa rt of O ct ob e r  a n d  Novembe r o 

Th e re v.1a s an i'Tip rovement i n  s em en qu a 1 i ty i n  

Nov ember wi t h  a p p roxi ma t el y  50% o f  t h e  s p e rmat ozoa 

be i n g moti l e  a n d  a s im i l a r p r o po r t i on sta i n i n g  l i v e .  

T e s t e s  ton e a l so i m p rov ed du r i n g  t h i s p eri od • 

. Du r i ng De c embe r ·  a n d  J anua ry som e  o f  t h e  l e s i on s  

cu r ed s pont a n eou s l y  bu t the l a rg e  l e s i on on th e 

ba s e  s t i l l  cov e r ed a pp r o xima t el y  20 sg o cm o  At t h e  

begi n n i n g o f  Febru a ry 1 97 1  th e r e  wa s a ma rk ed 
imp rovemen t  in the s ern en qu a l i ty i n d e x  ( T e x t - f i g o  10 ) 

a n d  by m i d  Febru a ry vi rtu a l l y  lOO% o f  the s p e rm a t o zoa 

w e r e  moti l e  a n d  90% we r e  morphologi ca l ly no rma l o 

Wh en i t  �1a s  obv i ou s  t h a t  s em i n al r eg en er a t i on 

v1a s o ccu r ri n g  th e l a r g e  l e s i on on t h e  ba s e  o f  t h e  

s c rotum wa s exam i n ed m o r e  cl o sel y o  Tb e exu d a t e  wa s 
f ound to p e el o f f  l ea v i n g , a p a r t  f rom t h r e e  srna l l  
a ct i v e  l e s i on s  on th e pe r i ph e ry of t h e  exu d a t e ,  a 

cl i n i ca l l y  n o rm a l  sk i n  and s o  l e s i on cl a s s i f i ca ti on 

wa s cha n g ed f rom mod e ra t e  to m i n imal o 

T e s t e s  s i z e  a n d  tone a n d  s emen qu a l i ty a n d  

qu a n t ity r ema i n ed h i gh du r i n g  t h e  f o l l ovli n g  f ou r  

month s wh en ch ron i c  s c r ot a l  l e s i on s cov e r ed 2 - 5 s g o 

cm of t h e  s crotum . 

At t h e  begi nning of Jun e  r el at i v e l y  l a rge 

numbe r s  of sma l l  chor i opt i c  s ca b s  we r e  pal pa t ed 

a ga. i n  on th e d i  s t a l ha l f  o f  t h e  s crotum a n d  by t h e  

begi n n i n g o f  Ju l y  l e s i on s h a d  d evel oped a ga i n  t o  

t h e  mod e ra t e  cl a s s i f i ca t i o n  ( Text- f i g .  1 1 ) . On t he 

1 . 7 . 7 1 a s i xth o f  t h e  di s t a l  qua rt e r  wa s cov e r e d  i n  



s ca t t e r ed a ct i ve l e s i on s  wi t h  exu d a t e  1 / 2  - 1 cm 
t h i ck . t-1a ny o f t h e  s ca b s  vJe r e  1 cm i n  d i am et e r  a nd 

on th e d i s t a l qu a r t e r t h e r e  were two con f l u ent 

1 e s i o n s  cov e r i n g  a bou t 10 sq ., cm a n d  4 sg ., cm of t h e  

s c ro tum ., At t h e begi nn i n g  o f  Ju l y  th e t e s t e s  w e r e  

l a rge wi t h  g o o d  ton e a n d  s emen v..·o. s  of h i gh qu a l i ty 

( T e xt - f i g .  1 1 ) . I�p l? ro xi ma t el y  a v.r e e k  a f t e r t h e  

r eo c cu r ren c e  o f  m o d e ra t e  s c rota l m a n g e  a s em i n a l  
d e g e n er a t i on wa s ob s e r v e d  ( T ext - f i g .,  1 1 ) ., Du r i n g  

J u l y  a s l i g h t  d e c r e a s e  i n  l e s i on s ev e r i ty wa s n oted 

a n d  t h i s wa s a s s o c i a t ed vli t h  an i m p rov em e n t  in s em en 

qu a l i ty ( Text- f i g .  1 1 ) . T:-::owev e r , by ru i d  Au gu s t  t h e  

l e s i on s  h a d  b e com e r.1 o r e  s e v e r e  so t h a t  m o s t  o f  t h e  

d i s ta l  t h i r d  o f  t h e  s c r o tum wa s cov e r ed i n  e xu d a t e  

1/2 t o  1 err: t h i ck .  Du r i n g  Se p t emb e r 1 9 7 1 a m o d e r a t e  

d e c r ea s e i n  t e s t e s  s i z e a n d  t on e  wa s n o t ed a n d  a l l 

e j a cu l a t e s  w e r e  l e s s  t ha n  c r eamy i n  col ou r .  A 
spontan eou s cu r e  o f  t :: e  s c rot a l  l e s i on s  o c cu r r ed 

du r i n g  O c t o b e r  a n d  r:ov embe r 1 9 7 1 7  by t h e  e n d  o f  

Nov em :C e r  on l y  a f ew srr a l l  s ca b s  o f  chor i o pt i c  mange 
w e r e  ob s e rv ed s ca t t e r ed ove r t h e  s c rotum . Ey m i d  

Nov ember t e st e s s i ze a n d  ton e r.v e r e  i n d i s t i n gu i s h a bl e 

f rom t h e  cont r o l  a n ima l s a n d  s em i n a l  r e g en e ra t i on 

wa s  com p l e t e  by th e m i d d l e of D e c em b e r  ( Appe n d i x  4 ) 0 
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F'i gu r e  2 1 : Sem en sme a r  f rorn Ram 4 3 5  c1u r i n g  t!: e 

s em i n a l  de gen e r a t i on a s soci a ted wi th 

"mode rat e "  s crota l ma n g e .  Al l bu t on e 

o f  th e sp e rma tozoa a r e  morphol ogi ca l l y  

a bnormal a n d  the  ta i l l e s s  sperm a tozoa 

a re s ta i n ed d ea d .  

(� i g rosin a n d  eo s i n ) 
( x  1 2 50 ) 

F'igu r e  2 2  r Se'T!en smea r f rom Ram 4 3 5  a f ter cmr pl e t e  

s em i n a l  r egen e rat i on f ol l owi ng spontan eou s 

cu r e  of "mod e ra t e "  s crota l mang e ( 27 .  2 .  7 1 ) . 

Al l t he spe rmatozoa a re l i ve and morphol og

i ca l l y  n o rma l . 
(N i grosin a n d  eo � i n ) 
( x  1 2 50 ) 
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Ram 6 1 3  

Du r i n g  t r e  wi n t e r  a n d  s p r i n g  of 1 9 7 1  l es ion s on 

t h e  s crotum of Ram 6 1 3  s l owly d evel ooed f rom mi n i m a l 

a t  t h P  be gi n n i n g  of Ju l y ,  to mod era te a t  t h e  begi n

n i n g  of Au gu st ,  to severe at th e beginn i n g  of  

September a n d  f i na l l y to ext r em e  by th e m i ddl e o f  

O ctober . I n iti a l ly t h e s c ro t a l  l e s io� s were l imi ted 

t o  only the more d i s t a l  a sp e ct s  of th e s c rotum but 

by th e  en d of the ob s e rva ti on � e r i od ( 1 5 . 1 1 . 7 1 )  

vi rtu a l l y  a l l  o f  th e scrotum wa s covered i n  c rumbl y 

e xu da t e 1 - 3 cm t h i ck e  A s s o c i a t ed w i t h  the 

d evel o pm e n t  of exten s i ve s crot a l  mange c .  bovi s 

m i t e s  on th e s crotum de crea sed i n  number f r om 

" > 10 , 000 " to " 100-1 , 000 " ( Text-.. f i g .  2 ) . 

Test e s  s i z e  a n d  s emen ou a l i ty du r i n g  th e· oe r i od 

o f  m i n i ma l , m i n o r  a n d  m od e r a t e  s crota l ma n ge wer e  

a bove t h e  a vera ge o f  th e cont rol rams ( Te xt- f i g .  1 2 ) . 

Du r i n g  t\U gu s t a n d  Se o teml:e r , vJh en scrot a l  mange 

a dva n ced to the se ve r e  cl a s s i f i ca t i on , th ere wa s e 
sl i gh t d e cr ea s e  in s em en qu a l i ty ( Text- f i g . 1 2 ) 

a l thou gh th e semen composi t e  s core wa s sti l l  wi th i n  

th e r a n ge of th e cont rol a n i m a l s a n d  m o s t  s � e rm a t o zoa 

we re mo rphol ogi ca l l y nornal ( Fi g. 2 3 ) . Towa rds th e 

en d of September , i n  a s s oci a t i on w i th s ev e r e  s crota l 

mange , th e r e  wa s a ma r k ed d e c rea s e in s em en qua l i ty 

( Text-f i g. 1 2 ) a n d  a s  the l e s i o n s bec�m e more s ev er e 

over the f o l l owi n g  m on th th e s em i n a l  d e g en er a t i on 

became m o r e  marked ( F i g .  2 4 ) . Towa rd s th e end o f  

the obs erv a t i on p e r i od the r e  wa s a ma rk ed d ecrea s e 

i n  th e number of sp e rma tozoa col l e ct ed on e l e ct r i ca l 

s timu l a t i on a n d  a t  t h e  en d of the obse r va t i on per iod 

( 1 5 . 1 1 . 7 1 )  th e t e st e s  wer e  sma l l  wi th modera t e  ton e .  
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Fi gu re 2 3 : t-�o rp hol oq i ca l l y  n orrra l  soe rrn a to zoa 

a s socia ted \ori t h  " sever e "  s crota l m a n g e  

i n  Ram 6 1 3  o n  2 5 . 8 . 7 1 .  

(Mayer ' s  ha ema l um and eosi n )  

( X  1 2 50 )  

Fi gu r e  24 : More than h a l f of t h e  spermatozoa a r e 

mor phol og i ca l l y  a bn o rm a l  i n  a s em en 

smea r f rom Ra� 6 1 3  wh en s crot a l  mange 

h a d  a dvan ced t o  the " e xt r em e "  sta g e  

( 26 . 1() 0 7 1 ) . 

(Nayer ' s  hc. ema 1 um a n d  eosi n )  

( X  1 2 50 ) 
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5 .  3 D i s cu s s i on 

In g en e ra l , t h e  S E'rr> E?n '3 n a l y s i  s d a t a  col l e c t ed 

f rom r a � s  wit� e xp e r i� e n t a l l y  i n du ced s c r ot a l  m a n g e  

i s  co'il oa r a bl e w i  t \1  t h e d a t a  col l e ct e d  f r ocn t h e  f l o ck 

of ram s wi t h  an ou t b r eak of s c rotc l m a n g e  ( Cr a p t e r  

4 ) . Ra m s  wi th e x p e rimen ta l l y  i n du ced l es i on s  cover

i n g  8 sa . cw o r  l e s s  of t h e  s c rotum h a d  s em en o f  

n o rma l qu a l i ty .  On e o f  t h e  t r r ee ram s t h a t  

d e v el o� e d  u n com � l i ca t ed � i n o r  s c rot a l  m a n g e  h a d  s em en 
of h i gr qu a l i ty wh i l e  th e oth e r  two h a d  sl i gh tl y  

i n f e r i o r  s emen . Th e r e  w� s a n  a p pa r e n t  d e c r ea s e  i n  

s emen qu a l i ty a s s o c i a t ed w i th t h e  d e v el opm e n t  o f  

m i n o r  s c r o t a l  m a n ge i n  on e o f  t� e r a m s  a n d  i n  th e 

o th e r t h e r e  a pp ea r e d t o  be a n  i m p rovem en t  i n  s em en 

ou a l i ty a s s o ci a t e d wi t h  t � e  s p on t a n eou s cu r e .  

r-1oweve r ,  n o  s i gn i f i ca n c e ca n b e  pl a ced o n  tl, ese tt'>'o 
ca s e s  by r ea s on of t h e  sma l l  number o f  ra m s  t h a t 

d e vel o o e d  m i n o r s c r ota l m a n g e  a n d  be ca u s e  th e s em en 

au a l i  ty r em a i n ed wi t h in th e r a n g e  of ·th e  con t r o l  

a n i m a l s \vh i ch w e r e  0 j c=� cu 1 a t e d  ou r i n g t r e  s a � e  m on t h �' 

On t h e  o t h e r  ha n d , s e� i na l d e gen e r � t i on wa s 

a s s oci a t ed wi th t lJ e  d e ve l o pm e n t of mod e- r a t e 1 s e v e r e  

a n d  r e ���e�ec s c r ot a l  m a n g e  a nd s em i n e l  r eg en e ra t i on 

wa s  a s so c i a t ed w i t h  t h e  s p o n t a n eou s cu r e  o f  mod e ra t e  

and se ve r e s c ro ta l m a n g e . Th i s  con f i rm s  t h a t  

s c r ot a l  m a n g e ca n cau s e  a s em i na l  d e g e n e r a t i on . 

I �  a g r e em e n t wi t r  th e l·' i d-Ca n t e r bu ry su r v ey , 
t h ere wa s a w i d e  va r i a t i on i n  t h e  r e s po n s e  o f  

d i f f e r e n t  ra�s to e xpe r i � en t a l l y  i n du ced s c rot a l  

For exarrl? l e ,  some r a m s "t-Ti t h  rel a t i  vel y 
� i l d  l e s i on �  � � d  a s e v e r e  s em i na l  d e gen e ra t i on w i t h 

s ev e r e  o l i go s o e rm i a  wr i l e  a n o th e r  ra m w i t h  

e xt en s i v e s c r ota l l e s i on s  h a d  on l y  a m i l d  s ew i n a l  

d egen e r a t i on wi t r.  n o  ma rk ed a f f ect o n  s o e rma tozoa 

9 rodu ct i on .  Some o f  th i s  va r i a t i on may be a c cou n t ed 
f o r by t h e  r a t e o f  l e s i on d e vel opm en t .  Th e r e  wa s a 



t en d en cy f o r  s c rota l  ma nge that de vel op ed slowl y to 

h a v e  a l e s s  s eve r e  ef f ect on s em e n  produ ct i on t h a n  

s im i l a r  l e s ion s  t� a t  d e vel o p e d  ra c i d l y .  

Th rou ghou t  t h e  pe r i od o f  se� i nal d e gen e ra t i on , 

th e m a j o r i ty of e j a cu l a t e s f rom m a ny ram s h a d  l e s s  

th a n  50q6 mot i l e sne rm a tozoa a n d  t':'ore t h a n  60% 

abnorma l spe rmatozoa . It h a s been sh ovJD by m a ny 

wo r k e r s tha t  ram s em e n  of tr• i  s qua l i ty ha s r edu ced 

f e rt i l i z i n g ca pn city ( Gu n n  e t  a l . ,  1 9 4 2 �  Edga r ,  

1 9 5 9 �  Eu l et a n c1 Er ca nbra cl< , 1 96 2 �  Ho\\1a rth , 1 96 9 �  

B ra d en and � attn e r , 1 9 70 ) . Du r i ng va r i ou s  peri o d s 

o f  t h e  s em i n a l  d e g en e r a t i on i n  Ra m s  10 7 ,  1 8 4 ,  4 3 5  

a n d  6 1 3  sperma tozoa m o t i l i ty wa s i n  t h e  1 - 10% 

r a n ge a n d at th e sam e ti�e on a ve ra g e  m o r e  th a n  70% 

o f  t!o e s pe rm a tozo a  w e r e  morl:)hol ogi ca l ly a bnorma l .  

Ram sem en of th i s  qu a l i ty h a s b e en a s s o ci a t ed wi th 

co1n p l e t e  s t e r i l i ty ( Gu n n  et a l . ,  19 4 2 �  Dun , 1 9 5 6 � 

Hu l et et a l . ,  1 96 5 :  Howa rt h , 1 9 6 9 ) . �l thou gh 

s perma tozoa numbe r s we r e  not a l im i t i n g  f a cto r ,  

Howa rth ( 1 96 9 )  f ou n d  t h a t  e i g � t  ram s we re i n f e rt i l e  

wh en t h e i r avera ge s p e rma tozoa mot i l i ty wa s i n  th e 

� - 1 5% r a n ge wi th 50 - 60% a bnorma l s  a nd Dun ( 1 9 56 ) 

found thi rteen ram s we r e  i n f e rt i l e  wi th sim i l a r  

s emen qu a l i ty .  � s  wel l a s  a s evere d ecrea s e  in  

spermato zoa qu a l i ty a t  th e time  of  mod e ra t e  s cr ota l 

mange , on e of t h e  th re e ram s ( Ram 1 8 4 )  be cam e 

sever ely ol i go s o e rm i c  du r i n g  t h e  s em i n a l d e g e n era t i on . 

Du ring i\ugu st thi s ram p rodu ced on e l ect ro- stimu l a t i on 

a ma ximum of 1 8  x 10
6 

s oe rma tozoa p e r  e j a cu l a t e . I n  

a rti f i ci a l  i n sem ina t i on a d o s e  o f  a t  l ea st 50 x 10
6 

i s  u su a l ly con s i de r ed a m in imal number n e ce s s a ry f o r  

a 50% con cept i on r a t e ( Emm en s and Robin son , 1 96 1 ) . 

�l t hou gh both o f  t h e se f i gu re s a r e onl y  e s t im a t es 

of a n  i n  v i vo p r o ce s s , i t  i s  almost certa i n  i n  Ram 
1 8 4  th a t  sp erma tozoa qu a n ti ty a s  wel l  a s  qua l i ty 

woul d  n ot be com p C� t a bl e  vli t h  good f e r t i l i ty .  

I n  non e o f  t h e s e  ram s w e r e  th e r e  a ny s i gn s  o f  



a n  i n f l ammat o ry i nvol ve� en t  o f  th e rep rodu cti ve 

t ra ct . For e xampl e ,  oolyrnorphonu cl ea r l eu co cyt e s  

we r e  not obs e rved i n  a n y  o f  th e d egen er a t e  s em en 

sampl e s  obta i n ed f rom th e ram s wi t h  ext en si ve s crot a l  

m a n g e .  Con ve r se l y  t h e  s em i n a l  r e s pon s e  wa s 

typi cal ly degen e ra t i ve , be i n g  very sim i l a r  to t ha t 

s e en i n  h e a t i n du ced s em i n a l  d egen e ra t i on s .  Th e 
t im e  l ap s e  between th e on set o f  r el ati vety s evere 

s crota l m a n g e  and  s em i na l  de g en e rat ion wa s s im i l a r  

to t h e  t i m e  l a g  s een between th e a p�l i ca t i on of 

h ea t  a n d  the occu r ren ce of s em i n a l  degen e ra t i on i n  

t h e  ram ( Ph i l l i ps a n d  i'>" cKen z i e ,  1 9 34 �  Gun n , 1 9 36 � 

Dutt a n d  uarrm , 1 9 5 7 � i'-�ou l e  o n o  Wa ites , 1 9 6 3 �  Wa i te s  

a n d  Set ch el 1 , 1 96 4 ) . The ra p i d  d rop i n  p e rcenta g e  

of  mot i l e s p e rmatozoa w i t h  a s im i l a r  i n cr ea s e  i n  

t h e  p ro po rt i o n  of s p e rmatozo a  sto. i n i n g  dead a n d  t h e  

o c cu rren c e  o f  l a rg e  numbe r s  of  ta i l  a bn o rma l i t i e s  

f o l l owed by s em en sampl es t h a t  conta i n ed a l a rge 

p ercen t a ge of spe rma tozoa wi th tail a bn orma.l i t i e s  

a n d  ta i l l e s s  s p e rm a t o zoa i s  a l s o  cha ra ct eri st i c  o f  

both h ea t  i ndu ced s em in a l  d e g en eration s (Du t t  a n d  

ga�m , 1 9 5 7 � Gl ov e r ,  1 9 58 7  Mou 1 e and Wa i t e s , 1 95 3 7  

Wa i t e s  a n d  Set ch el l ,  1 9 6 4 }  a n d  t� e sem i n a l  d egen e r

a t ion s obs erved i n  ram s wi th s crot a l  m a n g e .  

A comJ?l et e s em i na.l  r egen era t i on o c cu rr ed 

wi thin two month s of t h e  comm en cement o f  th e 

r egre s s i on of  the s crota l mange l e s i on s . � s im i l a r  

time i n t e rva l for s em i n a l  r egen e ra t i on i s  obs e rved 

a f t er h ea t  i n du ced degen e ra t i on s ( Gunn et a l . ,  1 9 4 2 � 

Fowl e r  a n d  Du n ,  1 9 6 6 7  Sm i t h , 1 9 7 1 ) . D i r e ct evi den ce 

to su pport the hypoth esi s t h a t  the d e gen e r a t i on 

a ssocia t ed wi th cho ri opti c mange i s  h ea t  i ndu ced 

i s  pr e s en t ed in Pa rt I I I  of t h i s the s i s .  

O f  t h e  5 2  ram s with s crot a l  ma n g e  d i s cu s s e d  

i n  thi s and t h e  p r ev i ou s  cha pt er , 3 { 5 . 8%) h a d  



1 1 3 .  

t es t e s  t � a t  cou l d  be cl a s si f i ed a s  hypo-o r ch i d  

( 1 1 smal l  t e s t e s 11 , B ru e r e , 1 9 70 ) . Th i s  i s  i n  d i sagree

m en t  wi th th e f i n d i n g s  of C rawf ord et a l . ( 1 9 70 ) . 

The se a u thor s fou nd 4 5% o f  9 2  rams wi th s crot a l  

m a n g e  h a d  t e st e s  o f  r edu ced s i z e �  3 2% ha d t e s t e s  

1 1 smal l e r  tha n n o rma l 11 a n d  1 .3';1{,  h a d  1 1bi l a t e r a l  

hypopl a s i a or a t rophy 1 1 • Th e r el ative s ev e r i ty of 

t h e  s crota l mange o f  t h e  9 2  ca s es wa s not r ecorded , 

bu t Crawf ord et a l . ( 1 9 70 ) n ot e d  that 1 1 l e si on s  o f  

s crotal m a n ge va ri ed f rom sma l l  qu an t i t i e s  o f  
y e l l owi sh e xuda t e among t h e  wool f i br e s  to l a rge 

ma s s e s  o f  exu da te whi ch ma t t ed the wool f i b r e s  a n d  

wh en torn a way l eft t h e  sk i n  su rfa ce m o i st a n d  

p a pul a r 11 •  Cr awford e t  a l . ( 1 9 70 )  not ed t h a t  a bout 

�A of f l o ck ram s w i t hou t s crotal m a ng e  had bi l a t e ra l  

hyoopl a s i a  or a t roohy , but t h ey f a i l ed to n ot e  th e 

o ropo rt i on of ram s wi t h ou t  scrotal man g e  tha t h a d  

t e s t e s  1 1 sma l l e r  t h a n  n o r.n a l 1 1
• Re sul t s  pr es ent ed i n  

t h i s a n d  t h e  o r ev i ou s cha p t e r  su ggest t h a t  Crawford 

��- ( 1 9 7 0 ) we re cl a s s i fy i n g  te st es a s  ' ' sma l l e r  

tha n  n o rma l 11 w·h en t h ey were a ctual ly i n  t h e  n orma l 

ra n ge a nd/or i n  spi t e  o f  t h ei r de scri p t i on of 

l e si on s were onl y  d e t ect i ng ca s e s of ext en s i v e  

s c rota l  m a n g e .  
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C hapt e r  6 

TFE EFFECT O F  E:X"T�' S IVE SCROTAL � .. !A�GE ON REP RODUCTIVE 

FUNCT ION 

6 . 1  I n t ro d u c t i on 

Two r<:�m s \1-.Ti t h  s e ve r·e s cr o t a l  m a n ge a n o  3 ram s 
\1-.71 th e xt rem e s crot 2l l  m a n g e  wer e  re j e ct ed f rom t h r e e  
stu d f l o ck s  b y  t h e  a u t�or du ri n g  a routi n e p r e sa l e  

exam i n a t ion i n  l a t e  �ovemb e r  a n d  De cembe r 1 9 6 9 . 

The 5 ram s wi t b  s crot a l  m a n g e a n d  1 ram wi thout 
s crot a l  l e s i on s f rom on e o f  the f l ock s were 

brou g h t  to t h e  Un i ve r s i t y  a n d  k ept i ndoor s .  A 
fu r th er 4 cont rol ra m s  w e r e  obta i n ed f rom t h e  
U n i ve r s i ty f l o ck .  On e o f  t h e  r am s  Wi th s cr o t a l 
m a n g e  wa s a P e renda l e  a n d  t h e  o t h e r  9 ram s we r e  
Romn e y s . Th e ram s we re d i v i d ed i n to two grou p s  of 
5 and hou s e d  in a dJa c e n t  pen s .  A f t e r  a 4 month 

ob se rva t i on p e r i o d  the a n ima l s  were sl augh t e red . 

· _ �e s.t i cu � a r  tyn ct io_n wa s a s s e s sed oy semel} . 
exam i n at i on a n d  t e st i cul a r  pa l pa t i on i n  t h e  l i v e  
a n im a l  and a f t er sl ati�h t e r by e s t i m a t i n g  gona d a l  

a n d  e xt ra gon a d a l  s p e rw a t o z o a  r e s e r v e s  and t e st i cul a r  
h i stol o gy .. Sem i n a l f ru ct o s e  a n d  s exua l  beh a vi ou r 
we re m ea su red to a s s e s s  t b e  e f f e ct s  of ext en s i ve 

ma nge on th e a n d rogeri i c s t a tu s of t h e  l i �e a nimal 

a ri d  t� e r e s u l t E  ve ri f i ed by
'

t e st i cul a r  h i s tol ogy , 
s em i n a l ve s i cl e  We i ght a n d  sem i n a l  v e s i cl e  f ru ct o s e  

cont en t .  

Between g rou p d i f fe re n-ce s i n  
·
f ru cto se· 

e s t ima t e s  

we r e  t e s t ed f o r  s i
.
gn i f i ca n ce by a na l ysi s of· va r i a n ce 

( Sn e d e co r ,  1 9 56 ) whi l e  f ru ct o s e  e s t imat e s  o f  
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i ndividual ram s wi th s c :.cota l m a nge we r e  com pa r ed 

wi th t h ei r r e spect i ve cont rol grou p s  u si ng a 
mod i f i ca t i on of " Stoo-en.t·s•• t - t e s t  ( Soka l a n d  Rohl f 1  

1 9 6 9 ) . S em i n a l  pl a s�r f ru ct o s e  wa s a s se s s ed du r i ng 

Febru a ry 1 9 70 an d s exu a l  beha v i ou r  i n  t h e  s e cond 

we ek o f  .Ha r ch 1 9 70 . 

At l ea st 2 of t h e cont rol r am s  w e r e  s em en 

te st ed week l y  to ch e ck t h e  e f f e ct of · hou s i n g  on 

s em en au c l i ty. Th e �? j o r i ty o f  s e� en sampl e s  

col l ect ed from thE con t ro l  ram s  were m i lk y  o r  

thi ck e r  i n  con cent ra ti on e n d  t h e  com po s i t e  s emen 

s co r e  d i d  not f a l l  bel ow 20 in a ny ram except for 

Ram 260 . Th i s  ram o rodu ced sl i gb t l y  i nf er i o r  s em en 

t h rou ghout J a n u a ry a n d  Febru a ry 1 9 70 . Howeve r 1 

p ri o r  to sl aught e r  a l l  o f  th e cont rol ra� s p rodu ced 

at l ea st 0 . 5  m l  of cr eamy s emen with a n  a ve r a ge 

spe rm a t o zoa qu a l i ty i n d e x  o f  28 . 

Tbe r i ght t e sti s of con t rol Ram 1 6 2  wa s 

smal l e r  t ha n  t h e  l ef t  t e s t i s t h rou ghout t h e  

experimental oe r i od a n d  a t  po stmort em t h e r e  wa s e n  

a rea of a p proxi ma t el y  3 sq . cm i n  th e � i dd l e  o f  t h e  

d i sta l  t h i rd o f  t h e  test i s t h a t  wa s s everely a t rophi c .  

The s e� i n i f er ou s  tubu l e s  i n  th i s  r egi on we r e  

redu ced i n  s i z e  a n d  the tu bu l es conta i n ed onl y  a 
s i n gl e  l a yer of cel l s .  Tubu l es a d j a cent t o  t h e  

a t roph i c  a r ea we r e  norma l i n  both s i z e  and cel l u l a r  

a ct i v i t y .  Semen col l e ct e d  f rom Ram 16 2 wa s a bove 

the con t rol a v e r a ge in  qua nt i ty and qual i ty 

th rou ghout t h e  e xp e rim ent . 

T h e r e  wa s a l a rge between animal a n d  wi t h i n  

a n i m a l  va r i a t i on i n  s em i n a l  pl a sma f ru ctose 

con cen t r a t i on e st i�a t e s  i n  the cont rol g rou p 

(App en d i x  5 )  con cea l i n g  a ny sma l l  e f f e ct s  t h a t  
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coul d h a ve been cau sed by scrota l ma n ge .  I n  an 

attempt to r edu ce th e between r am va ri a ti on the 

a nd rogen ic sta tus experi m e nts 111ere re pea. te d i n  

Novembe r-December 1 970 wi th a m o re un i fo rm gro up 

of ra ms. Ei ght 1 5  month Chevi ot r ams , 4 wi th 

exte nsive scro tal m an ge a n d  4 contro l s ,  we re 

obtained f rom o ne f l ock of rams tha t  had been ru n 

to gether on p a sture fo r at l ea st the p revi ou s 6 

month s .  Th e ram s we re brou ght to th e U nive rsity , 

ea r ta gged , a nd ru n tog e ther u n d e r  n a tu r al f iel d 

co nd i tions. 

The i ni tia l 5 ram s wi th exten sive scrotal 

m an ge a r e  p r e s en t ed a s  i nd i vid ual ca se repo rts 

wh i l e i n  th e Ch evi ot exp eriment the resu l ts are 

o rese nted f o r  th e a nima l s  as a gro up . 

6 .  2 Re s ul ts 

Ca se N o .  1 ( Ram 3 5 9 )  

Severa l ram s o f  a fl o ck o f  1 5  m o n th o l d  Romney 

ram s exam ined on tr. e 20 . 1 1 0 6 9 h a d  scrotal l esio ns 

d ia gnosed as cho rio pti c ma n ge. S cro ta l  l esi o ns were 

cl assi f i ed as m i n ima l i n  a l l  ram s except R am 3 5 9  

Which h ad severe scrota l  m a n ge. This ram h a d  

te st e s  of med i um size a n d  mode rat e to n e ,  wa s 

rej e cted as genita l l y  u n so u nd a nd wa s brought to 

the U n ivers i ty o n  the 6 . 1 2 . 69 0  Th e scrotal l esio ns 

by thi s  time were extreme. Except f o r  an area o f  

a.p p ro x im ate l y  fou r  sq . cm o n  the base, the who le 

scro� was cov e red i n  caked exudate 1 - 2 cm 

th i ck. The su perf icial l ayers of exud a te were d ry 

and crumbl y but the exud ate cl ose to the sk i n  was 

m o ist and ca ked . No l ive m i tes were seen i n  the 

regi o n  o f  moi st acti ve l esi o ns ,  but l O O  - 1 , 000 



1 1 7 .  

m i te s  were seen on t h e  d ry s cu r fy a rea a t  t h e  ba se 

of  t h e  s c rotum . By t h e  1 5 . 1 . 7 1 th e r e  wa s 2 - 3 ern 
o f  cak ed e xu da t e  cov e r i n g  a lmo st the ent i re scrotum 

( Fi g .  2 5 )  a nd th e t est es were cla s s i f i ed a s  smal l  

a n d  soft . At t h e  t ime o f  s l a u ght e r  ( 2 3 . 3 . 70 )  a 

l a rge amount of t h e  p roximal p a rt of t h e  s crotum 

had u n d e rgone a spont a n eou s cu r e , th e d r i ed 

e xudate being sepa ra ted f rom a cl i ni ca l l y  normal 

sk in by 1 - 2 cm o f  wool ( Fi g .  26 ) . Fo,...Tever , 

a ct i v e  l e s i on s  and i n su l at ive exudate on the more 

d i stal portion of the s c rotum resul t ed in a pre

s l au ght e r  mange cl a s si f i ca t i on of seve r e .  The 

s c rotum , e specia l l y  di sta l l y  wa s thi ck en ed s l i ghtl y 

and wa s r el at i vel y d i f f i cu l t  t o  cu t wi th t h e  po st

mo rt em k n i f e .  Hi stolog i ca l l y  t h e r e  wa s an i n crea se 

in  the amount of f i brou s t i s su e  i n  the d ermi s .  

The l es ion s we r e  con f i n ed t o  t h e  scrotum 1 t h e  

cavi ty o f  t h e  tu n i ca va ginal i s  a n d  the t est i cu l a r 

ca p sul e were normal wi th no adh e s ions between t h e  

vi s ce ra l  and pa r i etal l ayers of th e tun i ca va gi na l i s .  

Th e ram wa s e l ect ro- stimu l a t ed f o r  t h e  f i r s t  

t i m e  o n  t h e  6 . 1 2 . 6 9 a n d  p rodu ced 0 . 5  m l  of m il k y  

sem en whi ch conta i n ed a tot a l  of 4 . 3 x 10
8 

sperm

ato zoa . About 1% of t h e  spe rma tozoa were moti l e ,  

t h e  ma j o ri ty o s ci l l a t i ng on t h ei r l on g  a xi s ,  9 2% 

sta i n ed d ead a n d  7 2% wer e mo rphologi ca l l y  abnormal 

( Fi g . 28 ) .  Th i rt y  ei ght o e r cent o f  t h e  abno rmal i t i e s  

we re ta i l l e s s  h ea d s ,  2 1 %  t a i l  d e f e ct s  (ma i nl y  bent 

t a i l s )  a nd 1 3% a bn o rma l h ea d s  ( ma i n l y  pyri f o rm 

h ea d s ) . The sperma tozoa that were p rodu ced i n  

subsequ ent e ja cu l a t e s  we r e  a l l  d ea d  a n d  numb e r s  

d e c r ea sed ra l?i d l y  s o  that by t h e  20 . 1 2 .  6 9  th e ram 

wa s severely o l i go s p e rmi c ,  s em en col l e ct ed on that 

d a t e  yi e l d i n g  only 5 x 10
6 

spe rma tozoa i n  0 . 8  ml 

of cl ou dy sem en . Spe rma tozoa numbe r s  d ec r ea sed 
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even fu rther and t he ram wa s t;>ra ct i ca l l y  azoo s p erm i c  

f o r  the l a st two mont h s  before s l au ghter . Through

out t h i s two month p eriod t h e  occa si ona l s 9 e rmatozoa 

wa s ob s e rved in most semen smea r s .  �bou t 50% o f  

t h e  s pe rmato zoa col l ected wh en t h e  ram wa s vi rtu a l l y  

a zoo sperm i c  had ta i l l es s  h ea d s . Howev e r , t h e  

ma jority of t h e  rem a i n i n g  s p e rmatozoa a n d  mo st o f  the h e� d s  

cf 1:h e  ta i l l e s s  s p ermatozoa we re m o rphologi cal l y  no r.- . 1 .  

At po s tmo rt em t h e  l ef t  and r i ght t e st i s o f  

Ram 3 5 9  wei ghed 94 g a n d  8 4  g r e s pe ctivel y ,  compa red 

wi th an average t e st i s wei ght of 1 8 2 . 5  g in the 

cont rol ram ( Ram 1 6 2 )  sl aughtered th e same day ( Fi g .  

27 ) . Ext ra gonadal s o e rmatozoa re s erves i n  Ram 3 5 9  

were very l ow ( Tabl e 10 ) a g reeing Wi th t h e  p re

s l au ght e r  s emi nal pi ctu re . The re we re no s permatozoa 

or elonga t ed s perma t i d s  in t e sti cu l a r  homogcnate s .  

Hi stol ogi ca l l y  t h ere wa s a m a rk ed d ec rea s e  i n  

t h e  s i z e  o f  the s emin i f erou s tubu l e s , s emi ni f erou s 

tu bu l e  d i amet e r  be i n g  a bout a thi rd l e s s  t han t h e  

a verage of th e cont rol g roup ( Tabl e 10 ) .  T h e  smal l  

s emini f e rou s tubu l e s  were s everel y  d epl e t ed o f  

ge rm cel l s  ( compa re Fi g s . 29 , 30 with 31 , 3 2 ) . 

P rima ry sp ermatocyt e s  wer e  t h e  most matu re germ 

cel l p re sent in t h e  ma j o ri ty o f  tubu l e s .  I n  th e 

r i gh t  t esti s a f ew tubu l e s  contained a sma l l  

number o f  round s p ermati d s  ( Fi g .  3 2 )  Whi l e  the 

l eft t est i s  con t a i n ed rel a t i vely more tubu l e s  wi t h  

roun d  sperma t i d s  a n d  t h e re we re al so more sperma ti d s  

p e r  tubu l e .  Thi s  between t e s t i s varia t i on wa s 

refl e ct ed i n  the s pe rmatogen i c  s core coun t s  ( Tabl e 

10 ) .  Apa rt f rom thi s sma l l  d i f f e ren ce ,  s em i n i f 

e rou s tubul e cytol ogy between a rea s a nd wi th i n  

s e ct i o n s  wa s very simi l a r �  no cel l s  beyon d t h e  

rou n d  s pe rmati d stage bei n g  seen in any o f  the 

s e ct i o n s  ( Ta bl e 10 ) .  In mo st tubul e s  p rima ry 
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spermatocyt e nuwber s  w e r e  redu ced a n d  they w e r e  

s ca t t e r e d  th rou ghout t� e epi th el i um wi th cyto

pl a sm i c  v0.cu o l e s  oft en sepa rat i n g  t h em ( Fi g .  3 2). 

In s ome tubu l e s  youn g a n d  o l d  p r i m a ry spe rmato

cyt e s  a ppea r ed n o rm a l  wh i l e  oth e r s  were i n  vc r i ou s 

sta t e s  of de gene rat ion . Some prima ry sperma t o cyt e 

nu cl e i  were s�a l l e r  a n d  da rk e r  sta ining tha n  

n o rmal w i t h  a l o s s  o f  d e f i n i t i on ( pykn o s i s ) ; i n  

ot h e r  cel l s  t � e  nu cl ei we re l a rger t han normal 

with a n  a ppa r en t  l o s s  of abi l i ty to tak e u p  t h e  

ba si c sta i n  ( k a ryo l y s i s )  a n d i n  o t h e r s  th e n u c l e a r  

membran e  appea red t o  have brok en down a n d  th e 
ch roma t i n  wa s s ca t t ered a s  g ranu l e s  ( k a r yo r r h exi s } . 

In s om e  cel l s t h e  cytopl a sw sta i n ed mo re d e e pl y 

pi nk than n o rm a l  a n d  t h i s \'17a s o f t en a s so c i a t e d  

w i t h  oycnoti c nu cl ei . Al l tubu l e s  con ta i n ed a 
singl e l ayer o f  cel l s  a rou n d  t h e  ba s ement m embra n e •. 

Mo st o f  these we r e  Se rtol i cel l s  wi th th e 

o cca s i onal s pe. rm a togon ium . 

T h e r e  wa s � n  appa r ent i n crea se i n  t h e number 

of Leyd i g  cel l s  s e en pe r m i cro s co p i c f i el d .  

Ho\'7e ver , \'!h en s em i n i f e rou s tubu l e s h r inka ge wa s 

taken i nto con s i d era t i on , th e r e  wa s p r oba bl y no 

a ctua l  i n crea s e  in the number of Leydi g cel l s .  

Si m i l a rl y ,  the oth er i nd i ca to r s o f  a n d rogen i c  

sta tu s of Ram 3 5 9  d i d  n ot d i f f e r  s i gni f i ca n t l y  

f rom t h e  con t r o l  a nim a l s . S em i n a l pl a sm a  f ru ct o s e  

con c en t ra tion , s em inal v e s i cl e  wei ght a n d  s e m i n a l  

ve s i cl e  f ru ct o s e  cont ent �ere simi l a r  to t h e  

a ve ra g e  o f  th e cont rol g rou p ,  ( Tabl e 10 } . When 
Ram 359 wa s pl a c ed in a. pen wit h  a ewe i n  oe s t ru s ,  

t h e  ram imm e d i a t e l y  a pp roa ch ed the ewe , l i ck ed and 

sn i f f ed at th e vul va.l r e gi on , el eva t ed t h e  h ea d 

a n d  ret r a cted the u ppe r l i p  ( the Fl ehmen } . Be fore 

a ctu a l l y m oun t i n g ,  t h e  ram pa rt i a l l y  e xt ru d ed t h e  
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pe n i s  wi th wh a t  a ppea red to be p r emoun t i n g  th ru st i n g  

m o v em en t s . Rea ct i on t i � e  w i t h  3 d i f f e r e n t  ewe s on 

su c ce s s i ve d � y s  wa s 2 ,  1 a n d  2 m i n u t e s  r e s pe ct i v el y .  
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Tab l e  1 0 : SUMMARY 0F THE REP RODUC TIVE PARAMETERS OF RAM 
359 cm:�:' ARED \rJI TH THE FIVE C ON TROL RAMS 

Ram 359 C o n t rols 
( Av .  + S . D . ) 

B ody w e i ght ( kg )  5 8  69 . 4  + 5 - 7 
-

Tes t es . L e f t  Right L e ft + Ri ght/2 

Tes t es w e i ght ( g) 94 84 1 9 4 + 3 4  
-

Tes t es sperm ( x1 09 ) o . o  o . o  1 9 . 5 7  + 6 . 0 

Ex t ra gonadal 9 sp erma t o z oa ( x1 0  ) o,.o'? 0 . 025 39 . 1 9  + 1 2 . 65 
-

Mean s emini fe rous 
tubule d i ameter I..Jl )  1 69 1 62 229 + 1 2  

-

Sperma t o genic L t *  L t  Rt Rt 
s c ore t"ount P r .  D i .  P r .  D i . T o t al Total 

1 0 0 0 0 0 0 

2 0 0 0 0 0 0 

3 0 0 0 0 0 0 

4 2 2 2 4 1 0  0 

5 2 1  1 0  22 20 73 0 

6 2 1 2  1 1 1 6  0 

7 0 1 0 0 1 1 
8 0 0 0 0 0 2 
9 0 0 0 0 0 8 

1 0  0 0 0 0 0 8 9  
Mean sc ore 5 . 1 9 . 9 + 0 . 1  

-

Seminal fruc t o s e  
( mg/1 00ml ) 780 + 70 ( S . D . )  620 + 31 4 

-

S eypinal vesic l e s  
weight ( g) 9 1 2 . 2 4  
Seminal vesic l e s  
fruc t os e  ( mg)  1 1 1  . 6  n 33 . 4 + 73 . 3  

-

Mean reac t i on 
t im e  ( min) 1.. 7 .2 . 6  + 1 . 4 

-

* Lt P r . , L e ft T es t is P r oximal ; L t  D i . ,  L e ft T es t is D i s tal , 
e t c . 



Figu re 2 5 : Po s t e r i o r  vi ew o f  t h e  s cro tum o f  Raw 

3 5 9  on t h e  1 5 . 1 . 70 .  rilmo s t  a l l  of t h e  

s cro tum i s  cov e r ed i n  cak e d  e xu da t e  

2 - 3 cm th i ck .  

( On e i a rge di vi s i on ,  1 cin )  

Figu r e  2 6 :  S pon t a n eou s cu r e  of the mor e oroxim a l  
s cro ta l l e s i on s o f  Ram 3 5 9  at th e t im e  

o f  sl aught e r  ( 2 3 . 3 . 70 )  showin g ca k e d 

e xu d a t e  ( E) be i n g  s ep a rat ed f r om a 

cl i n i ca l l y  n o rm a l  ski n (:r-!) by 

app roxima t el y 1 cm of wool ( W) . 

(On e  l a rge di vi s ion , 1 cm )  
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F igure 27 : Te s t e s  of Ram 359 (upper)  and con t rol 

Ram 1 6 2 ( l ower ) . 

( La rge ba ck groun d  square , 1 1 1 .x l 1 1 ) 

Fi gu re 28 : Smear o f  degen e r a t e  s emen samol e 

col l e ct ed f rom Ram 35 9 on the 6 . 1 2 . 6 9 .  

Th e fou r  s p e rma tozoa shown a re al l 

morphologi cal l y  abnormal . 

(Maye r ' s  ha em a l um and eos i n ) .  

( xl 250 ) 
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Fi gure 2 9 z Sect i on o f  norm a l  t esti s ( Control Ram 

1 6 2 ) 0 

( :-:; • & E • )  
( xl 80 )  

Fi gu re 30 : H i gh �owe r of a bov e .  

(u  & E ) � I. . 0 

( x5 60 ) 
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F igur e  31 : S e c t i o n  o f  r i ght p ro x ima l t e st i s of 

Ram 3 5 9 .  1ot e a t roph i c  tubul e s  wi th 

d ep l e t e d  numb e r s  of g e� c e l l s an d no 

evi d e n c e  of s p e rm a t o g en e s i s o  

(H . & E . )  

( xl 80 ) 

Figu r e  3 2 : H i gh pow e r  o f  a bove o The m a j o r i ty o f  

th e g e rm  cel l s  p r e s en t  a re p rima ry 

s p e rm a t o cyt e s  ( P )  many o f  wh i ch a r e 

d egen e ra t i n g  ( D ) . Roun d  s pe rrna t i d s  ( R) 

a re s e e n  i n  th e oa::a . s i on a l  tubu l e o  

Spermat ogon i a  ( A )  a n d  S e r t o l i cel l s  ( S) 
l i n e  t h e  ba s em en t  m embran e .  

( B .  & E . )  

( x560 ) 
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Ca s e  No . 2 ( Ram 5 7 2) 

Th re e  ram s wi th s c rota l m a n ge w e r e  d e t e ct ed 

i n  a f l o ck of 6 5  f i f t een mon t h P e r en d a l e  ram s  

du r i n g  a p re sa l e  exam i n a t i 0n f o r  gen i ta l  s ou nd ne s s .  

Two of t h e  r a m s  h a d  l e si on s cl a s s i f i ed a s  m i n imal 

a n d  t h e  oth e r  r am ( Ram 5 7 2 )  h a d  s ev e r e  s cr o ta l 

ma nge . Ram 5 7 2  h a d  t e s t e s of mod e ra t e  s i z e  a n d  

poor ton e , wh i l e  th e r e st o f  t h e f l o ck � a d l a rg e  

t e st e s  o f  good t on e ,  Ram 5 7 2  wa s cl a s s i f i e d  a s  

gen i ta l l y un sou n d  a n d  wa s  b rou ght to th e U n i v e r s i ty 

on 6 . 1 2 . 6 9 a n d  exa � i n ed �ore cl o s e l y . 

T h e  d i st a l qu a r t e r  of t � e  s c rotum wa s cov e r ed 

i n  a ct i v e  l e s i on s wi th ca k ed e xu da t e  u p  t o  2 cm 
th i ck and t h e r e  w e r e  s ca t t e red l e s i on s  ov e r  t h e  

r e s t  o f  t h e  d i s t a l b a l f  o f  t h e s c r otum . TWo c .  bov i s 

m it e s  w e r e  i sol a t ed a f t e r  a n  exten sive m i c ro s con i c 

e xam i n a t i on of t h e  s c rotum . The l e s i on s  be cam e  

prog r e s s i vel y wo r s e  so t h a t  by t h e  1 3 . 2 . 70 e i g h t y  

p e r cen t o f  t h e  post e r i o r  s c rotum a n d  t h e  l ow e r  h a l f  

o f  th e an t e r i o r s � rotum wa s cov e r e d  i n  crumbl y-

ca k e d  e xu d a t e ,  the exud a t e  on t h e  ba s e  bei n g  a s 

mu ch a s  4 cm t h i ck . At t h e  t im e  o f  sl au ght e r  

( 26 . 3 . 70 )  t h e  l e s i on s  �a d n o t  chan ged a pp r e c i a bl y  

( Fi g o 3 3 ) • 

The t e s t e s  d e c r ea s ed i n  s i ze by abou t 50% 

du r i n g  the obse rva t i on pe r i o d  and we r e  cla s s i f i ed 

a s  sma l l  w i t h  poo r ton e p r i o r  to sl a u gh t e r  ( Fi g .  

34) . 

A s emen s am pl e col l ect e d  on t h e  6 . 1 2 . 6 9 

con ta i n ed 1 . 2 x 10 8 s p e rma t ozoa in 1 . 6  ml of 
cl ou dy s emen . Te n pe r cen t  o f  t h e  cel l s  we r e  mo t i l e  

a n d  on l y  a f ew of t h e s e  s h owed progre s s i ve move

m en t . S ev e n t y  e i gh t  p er c en t of t h e s p e rma tozoa 



1 2 3 .  

stained dead  a n d  6 3% were mor9hologi ca 1 1 y  abno rma l . 

Th e mo rph ol ogi ca l a bn o rmal i t i e s con si s t ed of : 1 4%. 

ta i l  d e f ect s (ma i n l y  bent t a i l s ) 1 4% mi d-pi e c e 
a bnorma l i t i e s  ( swol l en � i d - pi e ce s ) 7  10% p r o x i m a l  

cytop l a sm i c  d ropl e t s �  18% ta i l l e ss h ea d s  a n d  1 7% 

pyri f o rm  h ea d s  ( a bou t ha l f  o f  th e s e were a l so 

ta i l l e s s ) . 

A s emen s a m pl e col l e ct e d  a week l a t er con ta i n ed 

l e s s  s p erm a tozoa ? nd tr e re wa s a h i g h e r p roportion 

( 25%) o f  sperma tozoa wi t h  pyr i f orm h ea d s �  th e re 

we re a l so a l a r g e  numbe r  of cel l s in t h e  sam p l e 

t ha t a p?ea r ed t o  be m i cro s p e rmato zoa ( Fi g .  3 5 ) . 
Th e s e  cel l s  ha d h e a d s  t h a t  va ri ed f rom about 1 / 2  

t o  1/50 t h e s i ze of a n o rma l sp e rma tozoa h ea d  a n d  

va r i ed i n  s h a pe f rom rou nd t o  py ri form . Some o f  

t h e s e  cel l s  a rp ea red t o  b e  wi t hout nu cl ei 1 whi l e  

most contai n ed a sm a l l pycnoti c  nu cl eu s .  The tai l s  

o f  t � e s e  m i c ro sp e rmat o zoa va ri ed in  l en gth f rom 

a bout hal f  t o  normal s p e rma tozoa t a i l  l ength . They 

were f i n e r t ha n  the n o rma l ta i l s and t he r e  wa s no 

obv i ou s m i d - p i ece . No cel l s  int e rmedi ate be �ween 

the mi c r o sp e rm a t o zoa and n o rmal s p e rma tozoa we r e  

obs e rved .  B y  t h e  20 . 1 2 . 6 9 on l y a f ew d ea d  s pe rma

tozoa were e j a cu l o t ed i n  a wa t e ry-m i l ky semen 

samp l e t ha t con t a i n ed l a rg e  amou nt s of d ebr i s .  

There \<7ere many round ce l l s i n  t h e s emen sam p l e 

( Fi g .  36 ) and the s e  cel l s  va r i ed in s i ze f r om abou t  

1/ 2 t o  5 tim es t h e  s i z e  o f  a ;1o rrna 1  sperrna t o zoa 

h ead 7 some con ta i ned a rou n d  nu cl eu s wh i l e  othe r s  

sta i n ed a homog en ou s  p i nk . M i c ro s o e rrna t o zoa w e r e  

p re s en t i n  m od e ra te number s  and t h e r e we r e  a l so 

l a rg e  numb e r s  o f  eo s i nophi l i c f i l am ent s a n d some 

amo rp hou s  eosi nophi l i c  debr i s  i n  t h e  sampl e { Fi g .  

37 ) . Th es e f i n e  f i l am e n t s oc ca si ona l ly had a 

m i nu t e  e o s i no p h i l i c swel l i ng at on e en d ,  a n d  pa r t  
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or a l l  of  the  f i l ament s we r e  often coi l ed ( Fi g o  37 ) . 

A fu rther sem en sampl e col l ect ed on t h e  29 . 1 2 . 6 9 

conta i n ed ve ry f ew spermatozoa , a l l  o f  whi ch were 

d ea d  a n d  decrea s ed amou n t s  of  cel lul a r  d ebri s .  

From t h i s  time to t h e  t ime of slaught er th e ram 

wa s  vi rtua l l y  a zoo soerwi c a n d  sampl e s  con t a i n ed 

ve ry sma l l  amou n t s  of d ebri s the sem en p i ctu re be i n g  

v i rtu a l ly i denti ca l to t h a t  s e en i n  the  l a tter 

e j a cu l a t e s  of Ram 3 5 9 . 

The s crot al sk i n  o f  Ram 5 7 2  at sl au ghter wa s 

not a ppreci a bl y  thi ck e r  t han t hat of t h e  con trol 

ram ( Ram 10 5 )  bu t fel t m o r e  f i brou s vlll en cu t with 

th e postmort em kni f € . The scrotum , a s  i n  Ram 35 9 ,  

wa s non pendu l ou s  a n d  th e r e  wa s no i n fl ammatory 

r ea ct ion in  t h e  ca vi ty o f  the tun i ca va gi na l i s ,  

t h e  t e s t e s  or t e st i cul a r  ca p su l e .  

Ram 5 7 2  had t h e  most s ev e re test i cu l a r d egen

e ra t i on of the f i v e  ram s in the experiment . Thi s  

ram had t he sma l l e st t e st e s ,  the sma l l est s em i n 

i f e rou s tubul e s and t � e  l owe s t  spe rm atogen i c  m ea n  

s co r e . Te st i cu l a r  hi s tol o gy wa s sim i l a r  bu t even 

more u n i f o rm  than the p r eviou s ram , 9 4% of t he 

tubu l e s  bei n g  cl a s si fi ed into cat egori e s  4 o r  5 

in the s p ermatogeni c s co r e  counts ( Tabl e 1 1 ) . No 

tubu l e s  conta i n ed ge rm cel l s  beyond the p r im a ry 

spermatocl� e sta ge a nd t h e s e  were s everely d epl eted 

in number s  ( Fi g s . 38 , 39 ) . In a f ew tubu l e s  t he re 

wa s onl y  a si ngl e layer of Se rtol i c el l s  a nd t h e  

occa s i onal  spe rmatogoni um su r round i n g  the ba s ement 

m emr ra n e . Testi cu l a r  a n d  ext ra gona d a l  spe rm a tozoa 

cou n t s  were simi l a r  to t h e  p reviou s ram ( Tabl e 1 1 ) . 

The r e  wa s a n  appa r ent but p robabl y no r ea l  

i n crea s e  in t h e  number o f  Leydi g cel l s .  Th e other 
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pa ramet e rs o f  and rogen i c  statu s  of Ram 5 7 2  were 

simi l a r  to the a v era ge o f  t h e  con t rol ram s ( Tabl e 

1 1 ) . Ra� 5 7 2  wa s h e s i ta nt when f i r st pl a ced wi t h  

a e\-7e i n  o e st ru s . T h e  ram wa s opp reh en s i v e  o f  

p eopl e and su rroun d i n g s 7  t h i s p robabl y bei n g  a 

breed cha ra cte ri st i c . On ce th e ram became fami l i a r  

Wi t h  t h e  experimental  procedu re h e  s howed the normal 

s i gn s  o f  p r e - copul a tory beh a v i ou r  a n d  h a d  a rea cti on 

time o f  2 1  2 and 1 m i nu t e  respect i vely when pl a ced 

wi th 3 e\•7 e s  i n  na tu ra l  o e s t ru s  on su cces s i v e  d a y s  

2 week s befo r e  sl a u ght e r .  
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Tab l e  1 1 : SUMMARY OF THE REPRODUC TIVE PARAMETERS OF RAM 
572 COMP ARED WITH THE FIVE C ONTROL RAMS 

Ram 572 C on t rols 
( Av .  + S . D . ) 

B o dy we i ght ( kg) 65 6 9 . 4  + 5 .. 7 
-

Tes t es L e f t  R i ght L e ft + Ri ght/2 

Tes t es w e i ght ( g ) 68 73 1 94 + 3 4  
-

Test es sperm ( x1 09 ) 0 0 1 9 . 57 + 6 . 0 
-

Ext ra gonadal 
sperma t o z oa ( x 1 09 ) o .  1 3  0 . 0 4  39 . 1 9  + 1 2 . 65 

-

Mean s emini f erous 
tubule d iam e t er (p )  1 58 1 55 2 2 9  + 1 2  

-

Sperma t o genic L t *  L t  Rt Rt 
s c ore c ount P r .  D i . P r .  D i o Total T o t al 

1 0 0 0 0 0 0 
2 0 2 0 0 2 0 

3 2 2 0 0 4 0 
4 1 1  1 0  9 1 3  43 0 
5 1 2  1 1  1 6  1 2  5 1  0 
6 0 0 0 0 0 0 
7 0 0 0 0 0 1 
8 0 0 0 0 0 2 
9 0 0 0 0 0 8 

1 0  0 0 0 0 0 89 
Mean sc ore 4 . 4  9 . 9  + o .  1 

-

Sem inal fruc t os e  
( m g/1 00ml ) 7 6 0  + 1 20 ( S . D . ) 620 + 31 4 

- -

S e m i nal ves i c l es 
w e i ght ( g ) 1 1  1 2  + 2 . 4  

-

Seminal ves i c l e s  
f ruc t o s e  ( mg)  9 6  .. 8 1 33 . 4  + 73 .. 3 

-

M ean reac t i on 
t i me ( min)  1 . 7 2 . 6 + 1 .  4 

-

* L t  P r . ,  L e ft T es t is P roxima l ; L t . D i . ,  L e ft T es t i s  D is t a l , 
e t c . 



Figure 3 3 ; Cho riopti c  l esion s on the a n t e r i o r  

a s�ect of t h e  scrotum of Ram 5 7 2 a t  

time o f  s l a u gh t e r  ( 26 . 3 . 70 ) . 

(On e l a rge di vi sion , 1 cm ) 

Figu r e  34 g Te s t e s  o f  Ram 5 7 2 ( upper ) and cont rol 

Ram 10 5 ( lowe r ) . 

( La rge ba ck g roun d squ a re 1 1 "  x 1 " )  
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Figur e 35 : M i cro snerma t o zoa in s eQen sampl e 

col l ected f rorn Ram 57 2 on 20 0 1 2 . 6 9 .  

Note pycn ot i c  s � e rma tozoa hea d s  a n d  

f il amentou s tai l s o  Compa re s i z e  of  

m i cro sp e rma tozoa wi t h  norm a l  sp ermato

zoon in  F i g . 36 ( below) . 
(Mayer 1 s ha ema lun" a n d  eo sin ) 

( xl 250 ) 

Figu r e  36 : Round nu cl ea t ed a n d  non nucl eated ce l l s  

obs e rved i n  d eg en erate s emen sampl e 

col l e cted f rom Ram 5 7 2 on t h e  20 . 1 2 . 6 9 .  

Compa re cel l s i z e  wi th normal s p e rmato

zoon h ea d . 

( �1aye r  1 s ha ems lum and eos i n )  

( v l  ? t:;rt ' , .... _ _ _ _  , 
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F igu r e  37 g Fi l am en t ou s d eb ri s ,  both co i l ed a n d  

s t ra ight an d amo rphou s eo s inoph i l i c  

d ebri s i n  d e g en e ra t e  sem en col l ect ed 

f rom Ram 57 2 on t h e  20 . 1 2 . 6 9 .  

(Haye r 1 s  ha ema l um and eo si n )  

( xl 250 ) 
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Figure 38 : S ection o f  r i gh t  proximal t esti s o f Ram 

5 7 2 .  The s em i n i f erou s tubu l es a r e  

s ev e r ely d epl et ed o f  germ cell s  a n d  the 

tubu l e l umen s a re v i rtua l l y  d ebri s f r ee .  

Al l tu bu l e s  con ta i n  a t  l ea st a ba s a l  

l ayer of  cel l s contai n in g  S e rtol i c el l s  

a n d  s p ermatogon i a .  

( H .  & E. )  

( xl 80 ) 

Figu r e  39 : r-r i gh power of a bo ve ,  sho111i n g  a f e\v 

prima ry s perma t o cytes ( P ) , many of 

whi ch a r e  d egen eratin g (D ) , s catte red 

th rou ghout th e ep i thel ium .  

( E .  & E . ) 

( x560 ) 
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Ca s e  No s .  3, 4 a n d  5 ( Ram s 5 9 ,  9 1  and 9 2 )  

A m i nor ou tb rea k o f  s c rota l ma nge wa s d et ect ed 

du r i n g a rou t i n e exam i na t i on of a f l o ck of a p p rox

ima t e l y  300 f i f t een mon t �  o l d Rom n ey ram s o n  t h e  

1 . 1 2 . 69 .  Most o f  t h e  ca s e s  we re cl a s s i f i ed a s  

m i n i� a l  a n d  m i n o r . Howe ve r , 1 ram ha d s ev e r e  and 

2 h a d  e xtr em e s c rota l m a n g e . The 3 ram s wi t h  

exten s i ve s cr o t a l mange w e r e  r e j e ct e d  a s  gen i t al ly 
u n sou n d  a nd brou gh t t o  t he U n i v e r s i ty wi th o n e  

geni ta l l y sou n d  ra� f r om th e s a m e  f l o ck on t h e  

6 . 1 2 . 6 9 . 

Ca s e  �o . 3 ( Ra m  59 ) 

O n  a r r i va l  a t  t � e  l a boratory m o st of t h e  

d i s t a l  two thi rd s o f  t � e  s crotum o f  Ram 5 9  wa s 

cove r ed i n  cak ed e xu da t e  u p  to 1 1 / 2  cm t hi ck v:i th 

a cti ve l e s i on s  be n e.a t� . Th r e e  m i t e s  ( C .  bov i s )  

we r e  i sol a t ed a f t e r  a n  e xt e n s i ve � i c r o scop i c exam
i na t i on of t h e  e crotum . The t e s t e s  we r e  m e d i um 

i n  s i ze w i th m o d e r a t e  t on e .  

T h e  ?roximo l s c r ot a l  l e s i on s  cu red sponta n eou s l y  

du r i n g  t h e  ob s e rva t i on pe r iod , so th a t  by t h e  1 3 . 2 . 70 
onl y the d i s t a l  ha l f  of t h e s c rotum wa s a f f e c t e d . 

T h e  l owe r au a rt e r  a n d  t h e  l ower ha l f  o f  th e l ef t  

a n d  r i gh t s i d e  o f  the a nt e r i o r  scrotum r e spectively 

v7e r e  covered i n  21 ct i v e  l e s i on s wi th cak e d  e xu d a te 

up to 2 cm th i ck ( F i o . 40 ) whi l e  t h e  l ow e r  qu a rt e r  

of th e po st eri o r  s c rotum wa s cov e r ed i n  a ct i ve 

l e s i on s wi th exu d a t e  u o  t o  1 1/2 cm t h i ck .  By 

th e t ime of s l a u ght er a fu r t h e r  spontaneou s cu r e  

of t h e  m o r e  p roximal l e s i on s h a d  o c cu rr ed l ea v i n g  

onl y  th e ba s e  cove r e d  i n  ch ron i c  a ct i ve l e s i on s . 

Th e s c ro t a l  ma n q e  wa s cl a s s i f i ed a s m o d e ra t e  a t  

t h i s s t a ge .,  

The r e  wa s an a ppa r en t r el a t i o n s h i p be tween 



t h e  �ore s ev e r e  l e s i on s  on t 1 e ri ght hand s i d e  of 

t h e  s crotum a n d  the si ze of t h e  r i gh t  t e s t i s .  By 

the 1 2 . 2 . 70 t h e r e  wa s a pa l pabl e d i f f e rence 

betwe en the two t e st e s �  t h e  ri ght t est i s bei ng 

sma l l e r  t han the l ef t .  At the time o f  s l a u gh t er 

the ri ght and l ef t  t e s t e s  we re a p p roximately on e 

thi r d  a n d  one ha l f  sma l l e r r e spect i vely than t h e  

te s t e s  o f  t h e  cont rol ra m a n d  we r e  o f  �od e ra t e  

ton e .  

T h e  rnm Y.in S o ra. ct i cn l l y  azoo spermi c tl-} rou ghout 

Dec emb e r  and most of Janua ry 1 9 70 ( Fi g .  4 2 ) . 

Towa. r o s  the end of J r. nu a ry i n crea s ing amou n t s of 

debri s and mor phol o g i ca l l y  a bnorma l d ead s p e rm atozoa 

were e j a cu l a t e d  ( Fi g .  4 3 ) . By the 30 . 1 . 70 ,  

7 . 3 x 1 0 6  dead s p e rmatozoa we re e j a cu l a t e d  a n d  80% 

of t h e s e V...'ere moroh o l o gi caJiy olbno rmal . Th e ma j o r i ty 

o f  the a bnormal s we r e  p r ima ry abnorma l i t i e s .  Th e r e  

wa s p r e s ent a l so i n  t h e  sampl e ,  rel a t i vely l a rge 

amou n t s  of  cel lu l a r  and e sp ecial l y  non c el l u l a r  

d ebr i s s im i l a r  t o  that s e en i n  t h e  p r evi ou s  ca s e  

( Ram 5 7 2 ) . Ju st p r i or t o  s l au gh t e r  r el a t i vely 
7 

l a rg e  amount s  of d ebri s a n d  1 . 6  x 10 d e a d  s p e rm �  

a to zoa , with morohol ogi ca l  a bnorma l i t i e s sim i l a r  

to t ho s e  s een on the 30 . 1 . 70 ,  wer e col l e ct ed on 

e l e ct r i cal s t imu l a ti on .  

Th e  appa rent a s soci a t i on between l es i on 

s ev e ri ty and sperm a t ogen i c  a ct i vity wa s con f i rmed 

a t  postmortem .  Th e ri ght t e st i s a nd ext ra gona d a l  

s p e rma tozoa r e s e rv e s  were very l ow whi l e  t h e  l ef t  

t e s t i s a n d  ext ra gonadal  spermat ozoa storage 

s t ru ctu r e s  h a d s i gni f i ca n t l y  more sperma tozoa 

( Tabl e 1 2 ) . Di f f e re n c e s  between t h e two te st e s  

were al so noted i n  the  s em i n i f e rou s tubu l e  

d i amet e r s  and th e spe rma togen i c s co r e  cou n t s  

( Tabl e 1 2 ) • P i  stol ogi ca l s e ct i on s  f rom t h e  
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proximal and di sta l end s o f  the r i ght t e st i s we r e  

s imi l a r  t o  th a t o f  Ram 5 7 2 ( Ca se No . 2 ) . ( Compa re 

F i g s .  4 4 ,  45 wi t �  Fi g s .  38 , 39 ) .  T h e  s em i n i f e rou s 

tubul e s  i n  t � e  l e f t  t e sti s ( Ta bl e 1 2 )  we r e  l a rge r 

and not so wi dely s epa r a t ed � Compa red w i th t h e  
r i ght t e st i s ,  th ere wa s mo r e  vari ation i n  s p erma to

geni c a ct i v i t y  bot h  b etween t h e  po s i t i on s wi th i n  

t h e  l e ft t e st i s  a n d  betv1een a d j a c e n t  tubu l e s 

wi th i n  a s e ct i on ( co�oa r e  Fi g . 44 wi th F i g .  46 7 

Tabl e 1 2 ) . Mo st tubu l e s  in t h e  s e ct i on ta k en f rom 

t h e  di stal  end o f  th e l ef t  t e st i s and some of t h e  
tubu l e s  f rom th e p roxima l s e ct i on w e r e  s imil a r  

hi stol ogi cal ly t o  t h e  ri ght t e st i s  ( Tabl e 1 2 ) . 

?oweve r ,  mo st tu bu l es i n  t h e  proximal se ct i on 

conta i n ed ma ny m o r e  g e rm cel l s  in a l l  stages o f  

s p erm? togen e si s .  A f ew tubu l e s conta i n ed t h e  fu l l  

compl ement of cel l s  wi th n o rmal cel l ul a r  

a s soci a t i on s ,  whi l e  oth e r s  had rela t i v e l y  norma l 

n umbe r s  o f  cel l s  bu t "YJe re d i sorgani s ed so that 

the cel lu l a r  a s so c i a t ion s were n ot cl ea r .  The 

ma j o r ity o f  th e tubu l es i n  the di sta l  s e ct i on f rom 

the l ef t  t e sti s h a d  tubu l a r  a ct i vity between t h e se 

two ext r em e s .  Th e m a rk e d  va r i ation in s permato

g en i c  a ct ivity i n  t h e  l ef t  t esti s i s  ref l ect ed i n  

t he spe rma togen i c  s core count ( Tabl e 1 2 ) . 

Compa r ec with the other s e cti on s a n d  a l so 

compa r e d  wi th t h e f i r st two ca s e s  ( Ram 3 5 9  and  

57 2 ) , t he re wa s a r el a t ivel y l a rge amou n t  of  

g e rm i n a l  d ebri s i n  the  lum en of t h e  sem i n i f e rou s 

tubu l e s  f rom t he p ro xima l s e ct ion o f  the l ef t  

te s t i s .  The tu bu l e  lumen d ebri s wa s s im i l a r  to 

that s e en i n  s emen sm ea r s  p ri o r  to s l au ghter . 

Degen era t i ng p r ima ry soe rma tocyt e s , d e gene rat i n g  

spe rma ti d s , cl umo s of  eo s i nophil i c  amo rphou s 

d eb ri s ,  n on co i l ed f il awen t s  and t � e  o cca s i on a l  
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microsperm�tozoa were se·en in the lumen of m a n y  

tubules that contain ed relatively large numbers 

of germ cells . 

Interstitial Leydiq cel ls a ppeared in simil a r  

numbe r s  to tho se i n  tbe control ram . Seminal 

f ructose , sem i n a l vesicl e weight an d s em in a l 

v e s i cl e f ructose were a l l  s lightl y low e r  tha n  the 

average of the five control rams. How eve r , t h ey 

wer e  a l l  w ithin on e standa rd d eviation o f  the 

control group av era ges and non e o f  the f ructo s e  

e stimates o f  Ram 5 9  dif fered significantly ( P>O . O S )  

from the control group . �� en placed with a ew e in 

oestrus , Ram 5 9  s howed t he no rmal premating 

behaviou ral patt e rn as d e scribed previ ou sl y .  

?owever ,  the ram showed no �artial extru sion o f  

t h e  penis , n o  p r e-e jacula tory fluid d ribble-d f rom 

the p r eputia l o r i f i ce a n d  t h e  ram ma d e  no attempt 

to mount ew es in o estrus . 
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Tab l e  1 2 :  SUMMARY OF REPRODUCTIVE PARAMETERS OF RAM 5 9  
C OMP ARED WITH THE FIVE CONTROL RAM S .  

B ody we i ght ( kg )  

T es t es 

T e s t e s we i ght ( g ) 
T es t es sperm ( x 1 09 ) 
Ext ra gonadal 
sperma t ozoa ( x1 09 ) 
M ean s emini f e rous 
tubule d iame t er 0u )  

Sperma t o genic 
sc ore c ount 

1 
2 

3 

4 

5 
6 

7 
8 
9 

1 0  
Mean s c o r e  

S eminal fruc tose  
( mg/1 00ml ) 
S em i nal vesic les 
wei ght ( g ) 
Seminal v e s i c les 
f ruc t os e  ( mg )  
Mean reac t i on 
t ime ( mi n )  

Ram 5 9  

7 4 

L e f t  R i ght 

1 35 1 00 

1 . 43 0 . 1 2  

0 . 29 0 . 01 5  

1 8 4 1 67 

L t * L t  Rt Rt 
P r .  D i . P r . D i . Total 

0 0 0 0 0 
0 0 0 0 0 
0 1 1 0 2 

3 1 0  1 9  7 39 
4 3 2 1 1  20 
2 8 2 5 1 7 
9 3 1 2 1 5  
4 0 0 0 4 
2 0 0 0 2 
1 0 0 0 1 

5 - 3 

530 + 1 2 0 ( S . D . ) 
-

1 0  

1 1 2 . 0  

-

C ont rols 
( Av .  + S . D . )  

6 9 . 4  + 5 - 7 
-

L e ft + Ri ght/2 

1 9 4 + 3 4 
-

1 9 . 5 7  + 6 . 0 
-

3 9 . 1 9  + 1 2 . 65 
-

229 + 1 2  
-

T o t a l  

0 
0 
0 
0 
0 
0 
1 

2 
8 

89 
9 . 9 + 0 . 1 

-

620 + 31 4 
-

1 2  + 2 . 4  
-

1 33 . 4 + 73 . 3 
-

2 . 6  + 1 . 4 
-

* L t  P r . ,  L e ft T e s t i s  Proxi mal ; L t  Di . ,  L e f t  t e s t i s  d i s tal , 
e t c-. 



Figu re 40 : Cho riopt i c  man ge l e si on s  on the a n t erior 

a spect of the s crotum of Ram 5 9  on th� 

1 3 . 2 . 70 .  Lower qua rter a n d  l ower h e l � 

of t h e  l ef t  and ri ght scrotum i s  covered 

in cak ed exudate about 1 1/ 2 cm th i ck .  

(One l a rge di vi s i on , 1 cm )  

Figu r e  41 : Te s t e s  o f  Ram 5 9  (uppe r )  a n d  cont rol Ram 

260 ( lowe r) • 

( La rge ba ckgroun d  squ a re , 1 11 x 1 11 )  





Fi�re 42: Tai l l e s s  sperma tozoa observed in the 

virtually azoospermic semen sample 

col lected f rom Ram 59 on the 6 . 1 2. 69. 

Not e the norma l mo rphol ogy of both 

spe rmatozoa heads and the lack of 
semi nal debris. 

(f-1ayer ' s ha emalul'l' & eos in )  
(x l 250) 

Figure 43 : Initial sign� of seminal regen eration 

in Ram 59 (30 � 1. 70) . A tailless spe rm

atozoon with a pyri form n a rrow h ead (H ) , 
a spe rmatozoon with the mid-piece coiled 

in the tail (r1 ) and a no rmal spe nnatozoon 
(N ) a re observed amongst l a rge amounts of 

eosinophilic debri s .  
(Naye r •  s ha. em a l um & eosin) 

(xl 250) 
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Figu r e s  44 & 45 : Secti on f rom right t e st i s ( di s tal ) 

o f  Ram 5 9 .  .:1\1 1  tubu l e s  a r e  s t i l l  

very d e gen e rat e , non e a re u n d e r

go i n g  com pl ete spermQ togen e si s .  

M any of the p rima ry spermatocyt es 

(D ) a n d  roun d  spe rmat i d s  ( R) a re 

showi n g  degen era t i ve cha n ge s .  

( F .  & E . ) 

F i g .  44 , xl 20 

Fi g .  4 5 , x400 

Figu re s  4 6  & 47 � S e ct i on f rom l ef t  t e st i s  ( p roxima l ) 

of Ram 5 9  s howi ng som e  tubul e s  

undergoing compl ete sperma togen e s i s  

( N ) Whi l e  oth er tubu l e s  a r e  s t i l l  

very degen era t e  (D) . 

( H .  & E . ) 

F i g .  46 , xl 20 

F i g .  47 , x400 
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Ca se No . 4 ( Ram 9 2 )' 

When tMi s ram wa s f i r s t  exam i n ed th e di s t a1 

t h ree qua r t e r s  of t h e  s crotum wa s cove r ed i n  

cak ed exudat e 1 - 1 1 / 2  cm thi ck ( Fi g .  48 ) a n d  

the t e st e s  we r e  o f  mod era t e  si z e  �nd poor ton e .  

No m i t e s  were s een o n  th e s crotum bu t o n  t h e  

1 5 .1 .  70  a g rou p of a pp roxima t el y  1 0  were obs er ved. 

By the 1 2. 2 . 7 0 the w o r e  p ro ximal l e s i on s  ha d 

s pon t an eou s l y  cu red l eavi n g  onl y  the l ower th i rd 

cove r ed i n  a ct i ve l e s i on s  wi t h  cak ed exu d a te . 

The l e s i on s , wh i ch w e r e  now cla s s i f i ed a s  s eve r e ,  

d i d  not change a ppr eci abl y u nt i l  25 .3 . 70 when 

Ram 9 2  a nd cont rol Ram 107 wer e  s l a u gh t ered . 

The raro wc>. s s everel y  ol i go s p erm i c w h en f i r st 

exami n ed , 4.7 x 10
5 

dea d s�erma t�zoa bei ng col l ect ed 

i n  th e f i r s t  e ja cu l nt e .  Sperma tozoa number s  d e

cr ea s ed even fu rth e r  s o  tha t j u s t  p ri or to 

s l au ghter on ly th e o cca s i on a l  d e a d  soe rm a tozoon 

wa s obs erved in semen s1l' ea r s  th i'ckly ma�e. 
Morphol ogi cal . abn o�a l i ti es wer e  si�i l a r  to tho se 

p revi ou sl y  d e s c r i bed in s everel y ol i gosperm i c  ram s . 

At pos tmor t em the ba s e  of th e s crotum wa s 

sl i g h t l y  thi ck en ed bu t t h e  r e s t  wa s r e l a t i ve l y  

normal . The, ca vi ty o f  t h e  tun i ca v.a g i na l i s ,  the 

t e st e s  a n d  the t e s t i cu l a r  ca 9 su l e showed no s i g n s  

of i n volvem e n t  i n  t h e  i n f l ammatory p ro ce s s . The 

t e s t e s  of Ram 9 2  we re mu ch sma l l e r  than tho s e  of 

control Ram 1 0 7  (F i g .  49 ) . 

T e s ti cula r a n d epi d i dymal spermatozoa cou n t s  

o f  Ram 9 2  w e r e  sim i l a r  t o  tho s e  of Ram 3 5 9  a n d  

5 7 2 ( compa r e  spe rma t oz Ja count s i n  Tabl e 1 3  wi th 

tho s e  i n  Tabl e s  10 , 1 1 ) . Sem i n i f e rou s tubul e 

cytol ogy of Ram 9 2  wa s a l so very sim i l a r  to that 

d e s c r i bed f o r  Ram 35 9 (compa re Fi g s . 5 0 1 5 1  with 
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F i g s . 31 1 3 2 )  except t h e re w e r e  l a rger numbers of 

pr ima ry s� erm a tocyte s  a nd rou n o  s p e rma ti d s  in t h e  

t e s t e s  o f  Ram 9 2  ( coml?a r e  spe rmatogeni c  s co r e  

coun t s  i n  Tabl e 1 3 wi th thos e in  Ta ble 10 ) . 

Th e r e wa s n o  i n c rea se i n  t h e  absolute numbe r 

o f  Leydi g  cel l s  wh i l e  s em i n a l  f ru cto s e , s em i n a l  

v e s i cl e weight a n d  s ero i n a l v e s i cl e  f ru cto s e  we r e  

t h e  same o r  l owe r than i n  the othe r fou r rams 

wi th s c rotal ma nge . Sowever , non e o f  the  pa rameters  

d i f f ered s i gn if i cantly f rom th e con t rol grou � 

( p>O . O S ) . Rea ct i on t ime f or th e t� r ee su cces s i ve 

d a y s  wa s 1 ,  5 and 9 m i nu te s  r e spect i ve l y .  On t h e  

f i r s t  da y the r a m  srowed vi gorou s sexual beha v iou r 

and copu l a ted wi thin  on e m inut e .  On i n t rodu ct ion 

to th e s e cond ewe Rarr. 9 2  a ppea r ed ve ry exci ted i n  

th e i n i t ial sta ges . I t  k i ck ed v i ciou sl y a t  th e 

ewe Wi t h  the f ront f ee. t , bun t ed the ewe and then 

tu rned away wi th a n  a ppa r en t  l o s s  of i n te r e s t . 

� f t e r  two mo r e  1:\ Tjp roa ches the ram 'Tlou n t ed t h e  ewe 

and s e rv ed With  the che racteri st i c  e j a cu l a to ry 

thru s t .  On t h e  th i rd d a y  a s imi l a r  procedu r e  wa s 

· r epea t ed witb r el a t i vel y long i n t erval s whe n  t h e  

ram sbowed � o  i n t e rest i n  t h e  ewe .  
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Tab l e  1 3 :  SUMMARY OF REPRODUC TIVE PARAMETERS OF RAM 92 
COMPARED \H TH THE FIVE CON TROL RAMS 

Ram 92 C ontrols 
( Av .  :!:: S . D . )  

Body wei ght ( kg) 62 6 9 . 4  + 5 - 7 
-

Tes t es L e f t Ri ght L e ft + Ri ght/2 

Tes t es w e i ght ( g) 9 1  91  1 94 + 3 4  
-

sperm ( x1 o9 ) Tes t es o . o  o . o  1 9 . 57 + 6 . 0 
-

Ext ra gonadal 
sperma t o z oa ( x1 09 ) 0 . 095 0 . 0 1 3 3 9 . 1 9  + 1 2 . 65 

-

Mean s e�ini ferous 
tubule d i ame t e r � )  1 7 1 1 69 229 + 1 2  

-

Sperma t o genic L t *  L t  Rt  Rt  
sc ore c ount P r .  D i . P r .  D i . Total Total 

1 0 0 0 0 0 0 

2 0 0 0 0 0 0 

3 0 0 0 0 0 0 

4 0 0 1 0 1 0 

5 1 4  1 1  1 0  1 3  48 0 

6 9 1 1  1 3  8 41  0 

7 2 3 1 4 1 0  1 
8 0 0 0 0 0 2 

9 0 0 0 0 0 8 

1 0  0 0 0 0 0 89 

Mean s c o r e  5 . 6 9 - 9  + 0 0 1  
-

Semina l  f ruc t os e  
( mg/1 00ml ) 1 80 + 70 ( S . D . )  620 + 3 1 4 

- -

Sem inal ves i c l es 
wei ght ( g ) 9 1 2  + 2 . 4 

-

Seminal v e s i c l es 
fruc t o s e  ( mg) 6 1 . 2 1 33 . 4  + 7 3 - 3  

-

Mean r eac t i on t i m e  
( mi n )  5 . 0 2 . 6 + 1 . 4  

-

* L t  P r . ,  L e f t  Tes t i s Proximal ; L t  D i . ,  L e f t T e s t i s  D is tal , 
e t c . 



Fi gu r e  48 : Ant e r i o r  vi ew o f  the scrotum of Ram 9 2  

on 6 . 1 2 . 6 9 .  The d i sta1 th ree qua rters 

of the s c rotum i s  cov ered in exu da t e  

1 - 1 1/ 2 cm thi ck .  

F igu re 49 : Te s t e s  of con t rol Ram 10 7 (uppe r )  a n d  

Ram 9 2  ( l ower ) . 

(La rge ba ck g roun d  squ a re , 1 "  .x 1 " ) . 
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F igu r e  50 : S e ct i on f rom l ef t  t e st i s ( p roximal )  o f  

Ram 9 2  s howi n g  a t ro9h i c s em in i f e rou s 

tu bu l e s  '11-Ji th l i tt l e  d eb r i s i n  t h e  

l-umen . 

( S o & E . )  

( xl80 ) 

Figure 51 : High power of a bove s e ct i on . P rima ry 

s p e rm a t o cyt e s , many of '1t7h i ch a r e 

degen e ra t i n g  ( D ) , a re s ca t t e r ed t h rough

out the eo i th el i um . Sma l l numb e r s  of 

roun d  s pe rm a t i d s  ( R) a re s een i n  t h i s 

tu bul e a n d  numbe rou s s p e rm a togon i a  ( A) 
l i n e  th e ba s em en t  m embran e o  

( :-!.  • & E . )  

( x5 60 ) 
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Ca s e  No . 5 ( Ram 9 1 } 

�4h en f i r s t  e xam in e d  th e di s t a l  two t h i rd s  of 

t h e  scrotum o f  Ram 9 1  wa s cov ered in exuda t e  u p  to 

2 cm t hi ck ( Fi g .  5 2 }  a n d  the t e s t e s  we re moderate 

in size wi t h  poo r t on e .  �o � i t e s  we r e  s e en i n  t h e  

r e gi on of th i ck ca k ed e xu da t e 1  bu t l OO - 1 , 000 

w e r e  obser ved m a i n l y  in g r ou p s  a t  the j u n c t i on 

between t h e  s c ro ta l l es i on s  and t h e  normal ski n .  

A wool brea k h a d  o ccu r red some t i m e  p reviou s l y  to 

t h e  i n i t i a l  examina t i on so tha t t h e  ma t t e d  e xu d a t e  

cov e r i n g  t h e  d i s t a l  qu a rt e r  wa s p e e l i n g  o f f 

l ea v i n g  sma l l  a ct i v e  cho r i opt i c  s cabs u p  to 1 / 2  cm 
t h i ck on pa r t s  of t h e  d i st a l  qua r t e r  of t h e  s crotum 

( Fi g .  5 3 ) . 

By t h e  en d of December the wool break had 

e x t en d ed proxima l l y  and the ol d cak ed exu d a t e  wa s 

peel e d  o f f  l e a vi n g  a ban d of cak ed exu da t e  about 

2 cm wide betvJeen t r i r d  and ha l f  wa y down t h e  

s crotum . Th e a ct i v e  l es ion s d i s tal to t he 2 cm 
ba n d  of cak ed e xu d a t e  sl owl y reg r e s s ed and by th e 

1 3 . 2 . 70 onl y  a bout one t en th o f  t � e  di s t a l  h a l f 

o f  the s crotum wa s cov e r ed in s ca t t ered c rumbl y 

e xu d a t e  wi t h  sma l l  a ct i ve l es i on s .  By the t im e  

o f  sl a u ght e r  t h e  d i sta l hal f  o f  t h e  s crotum wa s 

vi r tu a l l y  compl e t e l y  cu red a n d  wool h a d  r e grown 

coveri n g  t h e  9 r evi ou s l y  ba r e  a r ea . Th e 2 cm ban d  

o f  chron i ca l l y  a ct i ve l es i on s  h a d  regr es sed to t h e  

stage wh e r e  s crota l m a n g e  wa s cla s si f i ed a s  

m i n imal . Th e r e  wa s a ma rk ed in c r ea s e  i n  s i z e  o f  

t h e  t e s t e s  o v e r  t h e  l a st f ew week s  s o  t h a t  t es t e s  

s i ze wa s cl a ss i f i ed a s  l a rge a n d  t on e  mod e ra t e  

p r i o r  t o  sl aught e r . 

ori a rri va l  a t  t h e  l abora tory Ram 9 1  wa s 

p r a ct i ca l l y  a zoo s p e rm i c .  The ram con t inu ed to 
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p roduce cl e a r  to cl oudy s em en sam�l e s  whi ch con

ta i n ed a f ew dead spermatozoa and  a very smal l  

amount of  d ebri s ,  unt i l  t h e  e n d  o f  Februa ry 

( Fig.  5 4 ) . Bowever 1 the l a st s em en sampl e obta i n e d  

( 1 9 . 3 . 70 )  shov..reo d e f i n ite sign s  o f  s em i n a l  regen-. 

e ra tion ( F i g . 55 ) .  one ml of s emen v1a s col l e ct ed 

. whi ch con t a i ned 3 . 3 x 10
7 

spermatozoa , 5% we re 

p rogres sively mot i l e a n d  1 2% sta i n ed � i ve . Only 

10% of the s p e rma tozoa were cl a s si f i ed a s  
mo r9hol ogi cal l y  norma l .  A typi cal range of the 

abnormal i t i e s  observed is shown in  Fig. 55 . 

Th e· t esti cu l a r  regen e ra t i on su ggest ed by 

presl aught er changes  in testes  si z e  and se� en 

qua l i ty wa s conf i rm ed a t  po stmort em .  Thi s wa s 

refl ected in both t e sti cul a r  a n d  extra gonadal  

spermatozoa r e s e rves ( Tabl e  1 4 )  a n d  t esti cu l a r  

hi stology ( Figs . 5 6 ,  57 ) . Testi s si ze a n d  s emin

i f erou s tubu l e di ameter were intermedi at e  

between those o f  ram s wi t� s evere testi cul a r  

a t rophy a n d  those of con t rol rams . T h e  spe rma to

geni c s co r e  count shows cl ea rly the con siderabl e 

vari ation i n  testi cu l a r cytology between both  the 

fou r a rea s sampl e d  and b etween tubu l es wi t h i n  a 

secti on ( Tabl e 1 4 ) . ��o st tubu l e s  i n  the s ect ion 

f rom t h e  proximal port ion of t he l eft  t esti s 

were undergo ing compl e t e  spermatogen esi s ( Fi gs . 

56 , 5 7 )  Whi l e  in t h e  di stal section  many tubu l es  

onl y  conta i n ed a sma l l  number of prima ry spermato

cytes  s cattered throughou t a va cuo l a t ed epi t he l ium 

( Figs . 58 , 5 9 ) . In some tubul e s  in the di stal 

sect i on all ge rm cel l types  \vere !? re sent in normal 

cel l u l a r  a s soci a t ion s  whi l e  in oth er s  there wa s 

only a si ngl e  ba sal l ayer of  cel l s  ( Tabl e  1 4 ) . 

The hi stologi ca l pi ctu r e  f rom bot h  the p roximal 

and d i stal s ection s of th e right t esti s were 
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s imi l a r ,  bei n g  i n t e rm ed i a t e  between th e cytol ogi ca l  

p i ctu r e  o f  t h e  tv7o a rea s sam pl ed f rom th e l eft 

t es t i s ( Tabl e  1 4 1  F i gs .  60 ; 6 1 ) . 

Leyd i g  cel l numbers a n d  t h e  h i s t ol o gy of t h e  

s em i n a l  v es i cl es a �pea red s im i l a r  t o  t ho s e  o f  

cont rol an imal s .  Seminal p l a sma fru cto s e  con cen

trat ion 1 s em i nal v e s i cl e  wei ght a nd s em i na l  

vesi cl e f ru cto s e  w e r e  al l h i gh er tha n tho s e  of t h e  

previ ou s ram s wi th s crotal man ge a l t hou gh none o f  

th e pa rameters  d i f f ered s i gn i f i cantly f rom the 

cont rol a n ima l s  ( p�O� O S ) . Ram 9 1  showed typi cal 

behaviou ra l  s i gn s  wi th a ewe in oestru s  and had a 

rea cti on tim e o f  2 ,  3 a n d  2 m i nutes r e sp ecti vel y 

wh en pl a ce d  on su c c e s s ive days with t h r e e  d i f f e r en t  

ewe s .  
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Tab l e  1 4 : SUMMARY OF THE REP RODUCTIVE PARAMETERS OF RAM 
91 COMPARED \H TH THE FI V E  CONTROL RAM S 

B ody w e i ght ( kg )  

T e s t es 

T e s t e s  weight ( g ) 
Tes tes  sperm ( x1 09 ) 
Extragonadag s p erm 

· ( x1  0 ) 
M ean s emini f e r ous 
tubule d i ame t er (p )  

Spe rmat ogenic 
sc ore c ount 

1 
2 
3 
4 
5 
6 
7 
8 

9 
1 0 . 

Mean s c ore 

Semina l  fruc t o s e  
( mg/1 00ml ) 
Seminal v e s i c l es 
\ve i ght ( g) 
Seminal v es i c l es 
fruc t os e  ( mg) 
Mean Reac t i on Time 
( min)  

Ram 91  C ontrols 
( Av .  + S . D . ) I 

74 6 9 . 4  + - 5 · 7  

L e ft Ri ght L e ft + Ri ght/2 

1 41 1 36 1 9 4 + 34 -
2 . 9 9  2 . 85 1 9 . 5 7  + 6 . 0  -

2 . 99 1 . 75 3 9 . 1 9  + 1 2 . 65 -

1 89 1 82 229 + 1 2  -

Lt*  Lt Rt Rt 
P r .  D i . P r .  D i . Total Total 

0 0 0 0 0 0 
0 0 0 0 0 0 
0 1 0 0 1 0 
0 5 0 1 6 0 
0 0 0 0 0 0 
0 6 1 2 9 0 
1 6 6 2 1 5 1 
1 4 2 3 1 0  2 

1 4  1 1 1  1 2  3 8  8 
9 2 5 5 2 1  8 9  

8 . 2 9 . 9 + 0 . 1  -

820 + So ( S .  D .  ) 620 + 31 4 - -

1 7  1 2  + 2 . 4  -

204 1 3� . 4  + 73 . 3  -

2 . 3 2 . 6 + 1 . 4 -

* L t  P r . , L e ft Tes t is P r oximal ; L t  D i . ,  L e f t  T e s t i s  D i s t a l , 
e t c . 
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Figur e  5 2 : Ant e r i o r  vi ew o f  t h e  s crotum o f  Ram 9 1  

when f i rst exam i n ed on the 6 o l 2 . 6 9 p  

(One l a rge d i vi sion 1 cm )  

F igure 5 3 �  Vi ew o f  t h e  scrotum of Ram 9 1  ( 6 . 1 � . 6 9 )  

s howing t'he ca k ed e xu d ate ( C) peel :l,. ng 

o f f  t h e  ba s e  ( B ) . 

(On e  l a rg e  divi s i on , 1 cm ) 
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Figur e 5 4 :  Morphol ogi ca l l y normal spermatozoon· and 
a sma l l  amou n t  of debri s ob s e rved i n  a 

s emen sm ea r when Ram 91 wa s vi rtu a l l y  

a zoo s p e rmi c ( 6 . 1 2 . 6 9 ) . 

(r-�aye r ' s  h a emaluro & eosin ) 
( x 1 2 50 ) 

Figu re 5 5 :  Sam en smea r o f  Ram 9 1  ( 1 9 . 3 . 70 )  showing 

s i gn s  of  s em i n a l  regen e ra t i on . Mo s t  of  

the sperma tozoa are morpho l o g i cal l y  

abno rmal . Not e pyri form h ea d s , tai l l es s  

hea d ,  aba xi al atta chment , m i d p i e c e  

coi l ed i n  hea d , b roken a n d  thi ck en ed 

m i d - p i ece and f i l i form t a i l . 

(Mayer 1 s  h a emalum & eo sin ) 
( x  1 2 50 ) 
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Fi gu r e s  5 6  & 5 7 : S ection f rom l ef t  te st i s ( pro xim a l ) 

o f  Ram 91  wi th almost a l l  tubul e s  

s howi n g  compl ete spe rma togen e s i s 

and normal cel lul a r  a s soci a t i on s .  

( a .  & E . ) 

F i g .  56 , xl 20 

Fi g .  57 , x400 

Figu r es 5 8  & 5 9 : Sect i on f r om l eft t es t i s ( d i s t a l ) 

o f  Ram 9 1 . I n  con t ra s t  to t h e  

a bove ( Fi g s . 56 , 57 ) a l l  tubu l e s  

a re s ev e r ely depl eted o f  germ 

cel l s 1  � rima ry spermato cyte s  { P )  

bei n g  the mos t  matu r e  germ cell 

p r e sent . 

( E .  & E . ) 

F i g .  5 8  I .X 1 20 

F i g .  5 9 � x400 
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Figures 60 & 6 1 : Section from the right testis 

(proximal) o f  Ram 91 with some 

seminiferous tubules showin g 

co�plete spermatogenesis and 

no rmal cellular associations (N) , 

dispers ed amongst tubules with 

little si gn of spermatogenic 

a et i vi t y ( D )  • 

( =:r .  & E . ) 

Fig. 60 1 x l 80 

Fig. 61 , x560 
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pata f rom the Cheviot Ram s 

F rom a pp roxima t ely 1 , 50 0  � i f t een month ol d 

Cheviot ram s exam i n ed for geni tal sou ndn e s s  by a 

l ocal vet�rina r i an 4 wi th ext en s i v e  scrotal mange 

were re j e cteo as  u n sound . The 4 rams with s c ro t al 

man g e  a n d  4 control ram s  f r om the same f l o ck were 

brou ght to the Un iversity on the 1 6 . 1 1 . 70 and run 

on p a s tu re unt i l  t h e  1 2 . 1 2 . 70 when t h ey were 

sl aughtered . 

A p rovi sional d ia gn o s i s o f  chortpt i c mang e 

wa s con f i rm ed by obse rvi n g  1 - 10 c .  bovi s m i t e s  

on t h e  s crota of  3 of t h e  ram s .  The crumbly-cak ed 

scrotal exu date \va s up t o  3 cm thi ck and t h e  

l e sion s ben eath w e r e  i n  � o s t  a rea s a ct i v e .  qowever , 

some of  t h e  l es i on s ben ea t h  t h e  s c rotal exu da t e  of 

Ram 2 3  were ina ct i v e .  The r e  v1a s very l i ttl e 

t h i ck en i n g  of th e ecrota of t h e  ra ms and none o f  

t h e  s crota a ppea r ed pendu l ou s .  Ram s 2 3  a n d  24 

had s c rotal mange cl a s s i f i ed a s  severe wh i l e  Ram s 

21 and 27 ha d e xt rem e s crotal man ge . 

O n  th e i n i t i a l  exam i n a t i on ( 16 . 1 1 . 70 )  t h e  

control ram s had uni fo rmal l y  l a rge t e st es o f  good 

tone and a l l  produced at l ea st 0 . 6  ml o f  cr eamy 

s em en with an average s emen qu a l i ty i n d ex of twenty 

s i x .  

Ram s 2 1  and 2 3  h a d  t e s t e s  of  m ed i um s i ze w i t h  

mod e ra t e  ton e wh i l e  Ram s 24  and 27  had smal l  

t es t e s wi th poor ton e .  Al l o f  the ram s wit h  

s crota l mange p rodu ced only cl oudy s em en sampl e s  

that were s everely ol i go sperm i c ( l e s s  than 1 x 1 0 6 

s permatozoa p e r  m l  o f  s emen ) . Th e f ew spermatozoa 

that were s een were non mot i l e and s ta i n ed wi t h  

eos in . � rel a t i ve l y  h i gh proportion of  t h e s e  



1 40 . 

sperma tozoa were ta i l l e s s .  Bowever th e ma j o ri ty 

o f  t h e  h e a d s  of th e s e  ta i l l es s  spermatozoa a n d  

many o f  t h e  remai n i n g  spe rmatozoa were mo rphologi cal l y  

norma l . The gen e ra l  s em en pi c tu re o f  ind i vi dual 

ram s remai n ed simi l a r t h r oughout the ob s er va t i on 

peri od , t h e  l a st s emen a. s s e s sme nt being sim i l a r  

t o  the f i r st .  

At th e t i m e  of s l a u ghter ( 1 2 . 1 2 . 70 )  l es i on 

severity ha d changed a p p reciably i n  only o n e  ram . 

Som e of the l e s ion s of Ram 2 3  had undergon e a 

spontaneou s cu r e  so th a t  l e s i on cl a s s i fi ca t i on 

cha nged f rom s evere to m i nor . 

Sect i on s f o r  hi stol ogy a n d  h i stoch emi ca l  

stu d i e s  were tak en f rom t h e  t e s tes o f  th e e i ght 

ram s a t  sl aught e r .  Ram s 21 ,  2 4  and 27 a l l  had 

s evere t e s t i cu l a r  d e gen e ra t i on , a marked r edu cti on 

i n  s em i n i f e rou s tubu l e d iame t e r  ( Tabl e 1 5 )  and 

Wi dely s epa ra ted tubul e s .  The t e s ti cu l a r  hi stol ogy 

of these three ram s wa s u n i fo rm ,  no tu bu l e  conta i n ed 

g e rm  cel l s  beyond th e prima ry spermatocyt e stage . 

F i gu r e s  6 2  - 6 7  cl ea rl y show that t h e  s em i n i f erou s 

tubu l e  hi sto l ogy and cytol ogy o f  t h e s e  th ree rams 

wa s almo st i dent i ca l  to that p reviously d e s cri bed 

in rams wi t h  s evere t e st i cul a r  a t rophy a s so c i a ted 

w i t h  ext en s i ve scrotal mange . 

In  con t ra s t  to the s e  three ram s , Ram 2 3  

s howed si gn s  o f  testi cu l a r  r egenera t i on ( F i g s .  6 8 ,  

6 9 ) . The s em i n i ferou s tubu l e s  were l a rger t han 

t ho s e  of the ot h er t h ree ram s and showed more 

cytologi ca l  va ri ati on . The ma j o r i ty o f  th e 

tubu l e s  i n  th e s ecti on s from t h e  l eft t e s t i s and 

t h e  d i stal s ection of t h e  ri ght t esti s  con ta i n ed 

rou n d  sperma t i d s  and some tubu l e s  conta i n e d  



Table 1 5 :  BODY WEI GHT , TESTES WEIGHT , MEAN SEMINIFE ROUS TUBULE DI AMETER ( M . S . T . D . )  AND 

SPERMATOGENIC MEAN SCORE OF EIGHT FIFTEEN MONTH OHEVIOT RAMS 

RAMS WITH EXTENSIVE 
CONTROL RAMS 

SC ROTAL !vlANGE 

Ram N o . 2 1  2 3  2 4  2 7  2 2  2 5  2 6  2 8  

B ody we i ght ( kg )  6 0  5 1  47 42 50 40 47 46 

Group mean 50 46 

Test es  we i ght ( g ) 

L e ft 9 4  92 60 65 1 32 1 6 4 1 25 2 8 7  

Right 1 01 7 8  7 0  6 2  1 48 1 7 4 1 25 2 8 7  

Group mean 78 1 80 

M • S o T o D • (p ) 1 43 1 72 1 37 1 5 1 1 94 2 03 2 1 8 2 1 5  

Group mean 1 5 1 208 

Sper�at ogen�c mean sc ore  4 . 4  7 . 2 3 o 9  4 o 5 9 . 9  1 0 . 0 9 . 9 9 . 7  

Group mean 5 . 0 9 . 9 
1--' 
� ...... 



Figu re s  6 2  & 6 3 :  Sect i on f rom r i ght ( p ro x imal ) 

t e st i s o f  Ram 2 1 0 All s emi n i f er 

ou s tubu l e s  a r e  shrunk en and t h e  

most ma tu re g e rm  cel l s  p r e s en t  

a re p rima ry spermatocyt e s  ( P ) . 

man y of whi ch a re degen e ra t i n g  

(D) . �any tu bu l e s  have onl y a 

s ingl e  ba sal l a ye r  con s i s t i n g  o f  

Serto l i cel l s  ( S ) a n d  spe rmatogon i a  

(A)  • 

( H .  & E . )  

F i g  0 6 2 I X 1 20 

Fig . 6 3 ,  x400 

Fi gu res 6 4  & 65 : Secti on f rom r i ght ( d i s tal ) te s t i s 

o f  Ram 24 . Hi stol og i ca l l y  th i s  

sect i on i s  i n di stingu i shabl e f rom 

Ram 21 ( compa re Fi g s . 6 4 1  6 5  wi t h  

Fig s .  6 2 ,  6 3 ) . 

u,- . & E . >  

F i g  o 6 <i t  X 1 20 

F i g .  65 c x400 



6 4  



Figu res 66 & 6 7 : Sect i on f rom r i ght t e st i s ( di stal ) 

o f  Ra� 27 . Except for more p rimary 

s perma tocyte s  ( P )  , the s e ct i on i s  

s im i l a r  h i stolog i cal l y  to Ram s 21 

and 2 4  ( compa re Figs o 6 6 , 6 7 wi th 

F i g s .  6 2- 6 5 ) .  

( H . & E . )  

Fi g .  6 6 ,  xl 20 

Fi g .  6 7 , x400 

F i gu r es 68 & 69 : Sect ion f rom l ef t  ( p roxima l )  te sti s 

o f  Ram 2 3 .  Mo st tubu l e s  contai n 

l a rge numbe r s  of roun d  sperm a ti d s  

( R) a n d  some tu bu l es a f ew el on g

a t i n g  sperma t i d s  ( E) • Note the 

pycnoti c round spermati d s  ( RR ) . 

( H .  & E . ) 

Fi g .  6S , xl 20 

Fi g .  6 9 ,.  x400 



6 6  6 7  

6 8 6 9  
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el on g a t i n g  s p e rma t i d s  ( Fi g .  69 ) .  Th e m a j o ri ty o f  

t h e  tubu l e s  i n  t h e  s ec t i on f rom the proximal a rea 

o f  t h e  r i ght t e s t i s con ta i n ed almost t h e  n o rm a l  

compl em en t  of cel l s  i n  a l l  s t a g e s  o f  s p erma t o g en es i s .  

T e s t i cu l a r  regen e ra ti on a9pea red to be re cen t  a s  

th e r e  wa s no i m p rovem e n t  i n  s em en qu a l i ty du rin g  

t h e  ob s e rvation p e r i od .  

Comm e n c i n g  on 1 5 . 1 1 . 70 ,  s emen sampl e s  f o r  

s em in a l  f ru ctose e s t im a t i on were col l e cted by 

el e ct ri cal s t imu l a t ion a t  fou r day i n t erva l s for 

f i ve col l ect ion s .  Th e s emen sampl e s  w e r e  col l e ct ed 

i n  the f i el d  a n d  embedded i n  d ry i ce imm ed i a t el y  

a f t er col l ect ion . Th e s am p l e s  we re a s s e s s ed f o r  

s em i n a l  f ru cto s e  o n  retu rn t o  the l abo ra t o ry t h e  

s am e  m o rn i n g .  T h e r e  wa s no s i gn i f i can t d i f f e r en ce 

( p>O . O S )  between t h e  s crot al mange and cont rol 

g rou p s  i n  s em i n a l  p l a sma f ru cto s e  con c en t ra t ion 

( Tabl e 1 6 ) , tota l  sem i nal pl a sma f ru cto s e  p e r  

e j a cu l a t e  ( Tabl e 1 � ,  s em i n a l  v e s i cl e wei ght ( Tabl e 

1 8 )  or s emi nal v e s i cl e  f ru ct o s e  cont ent ( Tabl e 1 8 ) . 

S em in a l  f ru ct o s e  con cen t ration i n  t h e  t hr e e  

ram s  w i t h  s ev e r e  t e s t i cu l a r  a t rop hy tva s hi g h e r  t ha n  

many o f  t h e  con t ro l  ram s ( Tabl e 1 6) • Howeve r ,  wh en 

compa r ed i n d i v i d ua l l y  onl y  Ram 27 ha d s emi n a l  

f ru cto s e  con cent ra ti on s i gn i f i cantly h i gher ( p<O . O S )  
t h a n  t h e  cont rol grou p .  Ram 2 3  whi eh had u n d e rgon e 

a pa rti al s ponta n eou s cu r e  of s crot a l  mange a n d  wa s 

s howi n g  s i gn s  of t es t i cu l a r  regen e ra t i on h a d  a 

s em inal f ru cto s e  con c ent ra t i on and total s em i n a l  

f ru cto s e  conten t p e r  e j a cu l a t e  app roxima t el y  t h e  

same o r . l owe r than a l l  o f  t h e  con t rol r am s .  

S em i n a l  v e s i cl e  v7ei ght and s e m i n a l  v e s i cl e  

f ru ctos e cont en t  r ef l e ct ed a ccu ra t el y  th e 



Table 1 6 :  THE EFFECT OF EXTEN SIV E SC ROTAL MANGE ON SEMINAL PLASMA FRUCTOSE 
C ONCENTRATION ( mg/1 00ml ) OF THE EIGHT CHEVIOT RAMS 

RAMS WITH EXTENSIVE 
SC ROTAL MANGE 

Ram N o . 2 1  2 3  2 4  27 

DATE 

1 6 . 1 1 . 70 7 6  40 386 344 

20 . 1 1 . 7 0 334 20 1 32 1 32 

2 4 . 1 1 . 7 0  33 6  2 4  1 00 334 

2 8 . 1 1 . 70 200 1 6  2 1 0  700 
2 . 1 2 . 70 1 56 1 6  320 3 1 0 

M ean 220 2 3 1  230 364* 

Group mean 209 
- �-

* p ( 0 . 05 

' 

C ONTROL RAMS 

22 

50 

64 
50 
6 4  

1 32 

72 

�---------

25 

1 66 
8 4  

220 
1 60 

1 04 

1 47 

1 02 
--- ---

26 

50 
20 
56 
5 0  

42 

44 

28 

260 
1 00 

5 0  

1 8 6 

1 2 6 

1 44 

- ---

l 

1 

...... 
� w 



Tab l e  1 7 :  THE EFFECT OF EXTEN S I VE SC ROTAL MANGE ON TO TAL SEM INAL PLASMA FRUCTOSE ( mg/e j ac ula. t e )  
OF THE EIGHT CHEVIOT RAMS 

RAM S WITH EXTEN SIVE 
SCRO'I'AL MANGE 

Ram No . 21  23  2 4  27 

DATE 

1 6 . 1 1 . 70 0 . 34 0 . 2 4  3 . 86 2 . 72 

20 . 1 1 . 70 1 . 34  0 . 1 0  1 . 06 0 . 40 

2 4 . 1 1 . 70 1 . 46 0 . 08 0 . 60 1 . 67 

28 . 1 1 . 70 1 . 00 0 . 06 0 . 8 4  2 . 80 

2 . 1 2 . 70 0 . 50 0 . 06 2 . 2 4  0 . 60 

Mean 0 . 93 0 . 1 1 1 . 72 1 . 6 4  

Group mean 1 . 1  0 

--�-·---

CONTROL RAMS 

22 25 26 

0 . 1 5  L 49 0 . 30 

0 . 45 0 . 59 0 . 1 0  

0 . 1 5  2 . 20 0 . 1 7  

0 . 38 1 . 92 0 .50  

0 . 2 6  0 . 6 4  0 . 2 9  

0 . 28 1 . 37 0 . 27  

0 . 68 

----

28 

2 . 08 

o . 6o 

0 . 1 5 

0 . 74 

0 . 40 : 

0 . 79 

1-' 
� � 



Table 1 8 :  THE EFFECT OF EX'I'ENSIVE SCROTAL MANGE ON vJEIGHT ( g ) ,  FRUCTOSE CONC ENTRATION 

( mg/g) AND TOTAL FRUCTO SE ( mg )  OF THE PAI RED SEMINAL VESICLES ( S . V . ) OF THE 

EIGHT CHEVIOT RAMS 

RAMS WITH EXTENSIVE 
CONTROL RAMS SCROTAL MANGE 

Ram N o . 2 1  23 24 27 22 25 2 6  2 8  

Fruc t o s e  c onc entrat i on 

Sampl e 1 2 . 7 1 . 2  4 . 5 8 . 0 2 . 3 6 . 2 4 . 2  4 . 2  

Sampl e 2 3 . 7  1 . 7 4 . 7 8 . 0 3 . 0 6 . 0 4 . 3  4 . 4  

M ean 3 . 2  1 . 5 4 . 6  8 . 0 2 . 7  6 0 1  4 . 3  4 . 3  

Group mean 4 . 3 4 . 4  

S . V .  w e i ght 5 - 5  3 . 0 3 . 5 7 . 0  4 . 0  5 .5 3 - 5 3 - 5 
Group mean 4 . 8  4 . 1  

Total S . V .  f ruc t o s e  1 7 . 7 4 . 4  1 6 . 2  56 . 0* 1 0 . 6  33 . 6  1 4 . 9  1 5 . 1 

Group mean 23 . 6  1 8 . 6 
- ���� 

* p < 0 . 05 

I-' 
,J:l. U1 
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pre slau glTt e r  s em iPal f ru cto s e  pi ctu r e  of th e 

i n d i v i dual ram s .  For exampl e ,  of  t h e  ei gh t  rams , 

Ram 2 3  had t h e  l owes t  s e� in a l  f ru cto s e ,  t h e  

l i ghte st sem i na l  vesi cl e s and t h e  l owest s em i na l  

ves i cl e  f ru cto s e  con cen t ra t i on . Conver s el y ,  Ra� 

27 had the h i g h e st s em in a l  f ru ctose concen t ra ti on , 

th e h ea v i est s em i n a l  vesi cl e s  and t h e  h i gh e s t  

sem i na l  f ru cto s e  con cen t ra ti on .  Th e r e  wa s n o  

s i gn i f icant di f f erence ( p>O . O S )  between t h e  

i n ch vi dual  seminal ve s i cl e  wei ghts o r  s em ina l 

ve s i cl e fru cto s e  con cent ra tion , bu t the total 

se� inal ves i cl e  f r� ct o s e  content of Ram 27 wa s 

si gn i f i cantl y  h i gher ( � <0 . 0 5 )  than that o f  the 

con t r ol grou p .  

The hi stology o f  t h e  s eminal vesi cl es o f  Rams 

21 , 2 3  and 24 wa s  sim i l a r to tha t o f  the con trol 

rams , but tha t of Ram 27  wa s d i f f e r ent . Th e 

al veol i of  th e s eminal  ve s i cl e s o f  Ram 27 wer e  

l a rger and more compa ct and the cel l s  of  t h e  

s ecretory epit hel ium h i gh e r  than t h e  oth er s even 

rams ( compa re Fi g .  70 wi t h  Fig.  7 1 ) .  In t h e  t estes 

the r e  was an a ppa rent i n crease i n  the number of 

L eyd i g  cel l s in the ram s Wi th s evere testi cu l a r  

d egen erati on . qoweve r ,  t esti cu l a r  s h rinkage 

proba bl y  a oe ou n t ed for t h e  ma j o ri ty i f  not al l of 

the a ppa rent i nc r ea s e  in Leyd i g  cel l number s .  

Inter sti tial  cel l s  were cl ea rl y  vi s ibl e i n  SUdan 

bl a ck sta i ned prepa ra tion s f rom a l l  ei ght ram s . 

qoweve r , none o f  th e cel l s  were pa rti cu l a rl y  d eepl y  

sta i n ed and tho s e  o f  the con t rol ram s  cou l d  not 

be d i f f e r enti ated f rom thos e  of  th e ram s wi th 

s ev e r e  testi cu l a r  at rophy . 

The s exua l  behaviou r of t h e  e i ght ram s wa s 

a s s e s s ed by pl a ci n g  them wi th ewe s  that had the 



F i gu r e 70 z S e ct i on o f  s em i na l  v e s i cl e o f  con t ro l  

C h ev i ot Ram 2 2 .  

(�� • & E • ) 
( xl BO ) 

Figur e  7l; S e ct i o n  of s em i na l vesi cl e  of Che v i ot 

Ram 27 . Th e r e  i s  a mo r e  com�a ct a r ra n g e

m en t  of t h e  a l v eol i a n d  t h e  epi t h el i a l  

cel l s a r e  h i ghe r than th e con t ro l  ram . 

( Compa re Fi g .  7 1  w i th F i g . 70 ) .  
(E . & E . ) 

( xl80 ) 
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overt sign s of oestru s  a rti f i ci al ly indu ced . 

After  t h e  ewe s  had been u s ed t hey were retu rned 

to the flock and al l accept ed the tea ser ram .  

O f  the ei ght rams onl y  Ram 241  whi ch had 

severe testi cu l a r  atrophy a s sociated wi th extensive  

scrotal  mange ,  showed any sexual int erest in  the  

ewes .  When the ram s were pl a ced indi vidua l l y  wi th 

a receptive ewe th ey all  were very apprehen s i ve 

and s pent mo st of thei r time looking about the  p en 

and bl eating . On the  second introduction Ram 24 

approached the ewe and sni f f ed at her vul va . After  

about t en minutes  thi s ram mounted the  ewe but 

di smounted after s everal un su cces sful attempts at 

copul ation .  Thi s  procedu re was repeated th ree 

times  before int romi ssion with the cha ra ct eri sti c 

e j a cu l a tory th ru st .  The oth er sev en rams showed 

no i nt e rest in t h e  ewe .  O n  the thi rd day the  

procedu re wa s repeat ed , wi th Ram 24 having a 

reacti on time o f  th ree minu t es "Y7hil e th e ot her  ram s  

sti l l  fai l ed t o  show any in terest i n  t h e  e·Ne .  

Vari ou s attempt s t o  provide  a more natu ral env i ron

ment for the ram s did  not make any di f f erence to 

thei r s exual responses to receptive ewes . For 

exampl e ,  two receptive ewe s  were run wi th the 

ei ght rams  in a small  hol ding paddock and obs e rv ed 

for one hour . Ram 24 approached on e of  the  ewe s  

wi thi n  a minute and had mated the ewe within three 

minutes . Apa rt f rom the  occa sional sn i f f  at the 

vul val a rea of a ewe in cl o s e  proxi mity the  other 

s even ram s continued to show no interest i n  the 

sexua l l y  receptive ewes . 
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6 . 3 D i s cu s s io n  on t h e  Ef f ect s of Ext en s i ve Sc rotal 

M a n g e  on Ram R eprodu ct i v e  Fun ct i on 

( i }  Ef f ect on s em en produ ct ion 

Th e d e c r e a s e  in t e s t e s  s i z e  a n d  tone a n d  

de crea s e  i n  s em en qu a l i ty a s so c i a t ed wi tb a ra p i d 

i n c re a s e  i n  l e s i on s ever i ty i n  Ram s 35 9 a n d  5 7 2 ,  

a n d  t h e  s em in a l  r e genera t i o n  a s so ci at ed wi t h  a 

s pont a n e ou s �� r €  o f  s crot a l  m a n ge i n  Ram 91 

con f i rm t h e  a s sum t;>t i on o f  vlh i tt en ( 1 96 8 }  a n d  

B ru e re ( 19 70 ) t h a t  s crotal m a n g e  cau s e s  t e s t i cul a r  

a t rophy . Th i s  immed i a t e l y  d i s p ro v e s  t h e  a s sump t i o n  

o f  Craw f o r d  e t  a l . ( 1 970 ) t ha t  s crotal m a n ge i s  

a s so cia t e d  wi t h  t e s t i cu l a r rypopla s i a  a n d  not a 

cau s e  o f  t e st i cu l a r a t rophy . Fu rth e r 1  t h e  pa r t i a l  

s em i n a l  r e co v e ry o f  Ram s 5 9  a n d  9 1  a n d  t h e  o e r -

s i  ste n c e  o f  s p erma t o gon i a  even i n  t h e  ':!l o s t  s ev e r el y  

de gen e ra t e d  t e s t e s , su gg e s t  t ha t  t e s ti cu l a r  

fu n ct i o n  o f  ram s wi t h  s e v e r e  s crota l  m a n g e  may b e  

r e sto r ed a f t e r  t re a trr. ent . Th i s  v i ew i s  con t ra ry 

to tha t h el d  by m a n y  v et e r i n a ri a n s  who o f t en 

cla s s i fy r am s  wi t h  hypo-o r ch i d i sm ( " sm a l l  t e s t e s  1 1 1 

B ru e re 1 970 ) a s so c i a t ed 'llli t h  ext en s i v e  s crotal 

l es i on s a. s " p e rma n ently u n s ou n d '' . An exam i n a t i o n  

o f  s em i n a l  r eg en e rat i on f o l l owi n g  t reatment o f  

ext en s i v e  s c rotal m a n ge i s  r epo rted i n  Chapt e r  7 .  

T h e  s crot a l  d e rm a ti t i s cau sed by c .  bov i s 

d i d  not pen e t r a t e  t h e  sa c o f  the tun i ca va g i n a l i s  

o r  invol v e  t h e  s c rotal con t en t s  i n  any o f  t h e  

n i n e  ra. m s  exa.rn i n ed . The t e s t i cu l a r  d eg e n e ra t i on 

wa s  a s impl e a t rophy wi t h  no s i gn s  o f  i n fl amm a t o ry 

invol v emen t .  Th e mo s t  l i k el y  cau s e  o f  t h e  

t e st i cu l a r  d egen e ra t i on i s  a n  impa i rm ent o f  t h e  

the rmo r e gu l a to ry fu n ct i on o f  the d i s ea s ed s c ro tum . 

A p r el i m i n a ry i nv e s t i gat i on i n to t h e  po s s i bi l i ty 
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that s crotal mange cau s e s  t e s t i cu l a r  d egen erati on 

by i n t e r f e r i n g  wi th t h e  thermoregulato ry fun ction 

of t h e  s crotum i s  d e s cribed in Chapt e r  s .  

In  the devel opi n g  ram ( Ca rman and Gree n ,  1 9 5 2 r  

Nat son �a l . , 1 95 6  r Sk i nn er et a l . ,  1 968 ) and bul l  

( Abdel -Raou f , 1 9 60 : ?ay et al . ,  1 9 6 1 ) , t e ste s  s i z e  

i s  cl osely rel at ed t o  the s i z e  o f  t h e  s emi n i f e rou s 

tubu l e s  an d s emi n i f erou s tubu l e s i z e  i s  rel ated to 

t h e  s p erma tog eni c a ct i vi ty wit hi n  the tubu l e s .  A 
simi l a r  r el at i on sh i p  between t e st e s  si ze , the 

di amete r of the s em in i f erou s  tubu l es and spe rmato

gen i c  a cti vi ty wa s f ound i n  the nine ram s wi th 

exten s i ve scrotal mange . In genera l , rams wi th 

sma l l  testes  h a d  sma l l  tubu l e s  conta i n in g f e�..r germ 

cel l s and vi ce�versa . A r of 0 . 7 5 ( p <O . O S )  wa s 

obtai ned b etween t e st i s  s i z e  and s em in i f e rou s 

tubu l e  d i ameter and a r of 0 . 7 6 ( p<O . O S )  b etween 

t e s t e s  s i z e  and sp ermatogen i c  mean s co r e  count 

( Tabl e 1 9 ) . Thu s a pproxima t el y  5 5% of t h e  di ff e r

ences i n  testes wei ght i n  t h e  rams wit h  s crotal 

man ge cou l d  b e  a ccou n t ed for by cha n g e s  in 

s emi n i f e rou s tubu l e d i ameter o r  by di f f er en ce s  i n  

t h e  spermatogeni c m ea n  s core . John s en ( 1 970 ) 

obtai n ed a r of 0 .  70  between testes  s i z e  and 

sp ermatogeni c mean s core i n  normal and " hypogonadal 11 

human sub j ect s .  Be a l so obt a i ned a r of o .  7 9  

bet,.,e en sp e rmatogeni c m ean s co r e  and m ean s em i n i f -

e rou s tubu l e d i am e t e r  '\•7hi l e  a r o f  0 . ss 

( p <O . 0 1 )  vla s obta i n ed between the s e  two pa ram eters 

i n  the rams wi t h  s crota l man g e .  The hi gh r 

obta i n ed between s p e rma togeni c m ean s co r e  and t h e  

oth e r  para�et e r s  o f  t e st i cu l a r a ct i v i ty i n  t h e  

ram s wi th scrotal mange con fi rm John s en r s  ( 1 970 ) 

con clu si on s  tbat t h e  s p e rmato geni c s co re count , 

whi ch wa s developed by h im , i s  a qui ck ,  a ca1 ra t e  
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Tab l e  1 9 :  RELAT IONSHIP BETWEEN TESTES SI Z E ,  MEAN SEMIN IFER
OUS TUBULE DI AMETER ( M . S . T . D . ) AND SPERMATOGEN IC 
MEAN SCORE ( S . M . S . )  IN N INE RAMS vJI TH EXTENSIVE 
SCROTAL MANGE 

Ram No . T e s t e s  w e i ght 
L +R ( g) 

27 1 2 7 

24 1 30 

572 1 41 

23 1 70 

359 1 7 8 

92 1 82 

2 1  1 95 

59 235 

91 327 

r 
( t e s t e s  weight - M . S . T . D . ) 

r 
( t est es  w e i ght - S . M . S . ) 

r ( Av .  M . S . T . D .  - S . M . S . ) 

M . S . T . D .  S . H . S .  
(.,u ) 

1 5 1 4 . 5 

1 36 3 . 9  

1 5 7 4 . 4 

1 72 7 . 2  

1 65 5 . 1  

1 7 0 5 . 6  

1 43 4 . 4  

1 75 5 . 3 

1 86 8 . 2 

= 0 . 75 ( p  ( 0 . 05 ) 

= 0 . 76 ( p  ( 0 . 05 ) 

= 0 . 85 ( p ( 0 . 01 ) 
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a n d  ob j e ct i v e  m ethod o f  a s s e s s i n g  sperma tog en i c  

a ct i vi ty i n  testes wi th varying degrees of 

tubu l a. r  d e gen erat i ou . 

The t e st i cul a r  h i stology o f  rams Wi th ext en s

i vE s crotal mange v.7a s s imi l a r  to long sta n d i ng 

te s t i cul a r  degen era t ion s s een i n  ram s who s e  testes  

teGpe r atu r e  ha d been el eva t ed expe riment a l l y .  For 

e xampl e ,  Yoo r e  and O slund ( 1 9 24 )  have s hown that 

7 6  days a fte r su rgi ca l  repl a c em ent o f  tb e t e st e s  

i n  th e acdom i n a l  cav i ty the r e  wa s a d e c r ea s e of 

abou t two - t h i rd s  in  t es ti s s i ze and a propo rt iona t e  

d e c r ea. se i n  s emin i f e rou s tubu l e di amet e r .  Ther e  

wa s a severe d epl eti on o f  g e rm cel l s  wi t h  th e 

ma j ori ty o f  tubu l e s  con ta i n i n g  only a s i n g l e  ba sal 

l ayer of c el l s .  Phi l l i p s  and �-:�cKenzie ( 1 9 34) 

noted that the s em i n i f erou s tubu l e s of a ram Y..lho s e  

s crotm-:1 ha d be en i n su l at ed for 8 week s w e r e  

sever ely sh ru nken . Th e tubu l e s conta i n ed a ba sal 

l aye r of S e rtol i cel l s  a n d  sperma togoni a  an d al so 

a small numb er of cel l s  resembl ing prima ry and 

s e conda ry spermatocyte s .  Th e spe rmato cyte s  were 

s ca tt e r ed t h rou ghou t a va cuolated s emi ni f erou s 

epi thel ium . The tubu l e s  were shru nk en a n d  wid el y  

s epa rat ed . John son et al . ( 1 9 5 9 )  showed s imi l a r  

cytologi cal changes i n  the t estes of ram s that had 

b e en expos ed to el eva ted ai r t empera tu r e s  ( 3 2 . 2°C)  

for two week s .  Obse rvations i n  t h i s stu dy have 

shown that rams v.1i th s evere t esti cu l a r  a t rophy 

a s soci at ed with s c ro ta l  mange had som e  s em i n i f e rou s 

tubul e s  with on ly t h e  s i n gl e  ba sal layer of cell � 

but t h e  ma j o ri ty conta i n ed a f ew prima ry spermat o

cyte s  s catt e r ed th roug hout the s emin i f erou s 

e p i thel i um . In ram s wit� l es s  s ever e t e st i cul a r  

a t rophy t h e r e  were more p r ima ry spermatocyt es per 

tubul e .  In oth e r  ram s s p ermatogen e s i s  p ro gr e s s ed 



1 5 2 . 

a s  f a r  a s  t h e  rou nd spermati d sta g e  but d i d  not 

p rog re s s  fu rth e r .  Nany of t h e  rou nd sperma t icl s 

were i n  the lum en o f  t h e  tubu l e s  and m any s howed 

de gene ra ti v e  cha n ge s .  

Th e t e sti cu l a r  d egen erati on s e en i n  r am s wi th 

exte n s i ve s c rota l mange was vi rtu al l y  i d en t i ca l to 

that d e s cribed in a bu l l  that had a derm at i t i s  of 

the s c rotum i n du ced by ru bbi ng a mi l d ru b e f a ci ent 

o i n tm ent ( I chthammol ) on to t h e  s crotum twi ce a 

day for 40 d ays (Wol l ra b ,  1 96 5 ) . The rub e f a ci ent ,  

l ik e  scrotal mange , had no a ppa rent e f f e ct on the 

general h ea l th o f  the a nimal and t h e  i nf l amma tory 

r espon s e  d i d  not pen et ra t e the sc rotum . I t  ha s 

been a s sumed , al though not p roven , that t h e  

Ic�thammol t reatm ent cau s ed th e t e sti cu l a r d eg en e r

at ion by ra i s i n g  the t e s ti cu l a r  t emp e ratu re 

( P au fl e r ,  1 970 ) . 

O n ly ram s wi t h  l o ngstand ing t e s ti cul a r  

d e g en e ra t i on due t o  s c rotal man ge have b e en 

exam i n ed and any in i ti a l  changes i n  prima ry s p erm

a t o cyt e s  and B type s perma togon i a , a s  d e s cr i bed by 

Vla i t e s  and O r tavant ( 1 96 7 , 1 968 ) in h ea t  i ndu ced 

t e sti cu l a r  d egene ra ti on i n  th e ram h a ve not been 
obse rved . 

Th e test i cu l a r  h i s tol ogy of ram s wi t h  s evere 

d e g ene ra ti on wa s sim i l a r  th roughou t th e testi s ,  

e v en though l e sions may have i nvol v ed onl y  the 

mor e d i stal pa rt s  of the s c ro tum . Furth e r ,  when 

s c ro tal l es i on s everi ty wa s simi l a r  on bot h  s i d e s  

o f  th e s c rotum , h i s to l o gy o f  both t e s t e s  wa s 

vi rtua l ly t h e  sam e .  Ram 5 9  wa s t h e  onl y  ram tha t 

had sma l l  l e s i on s on on e s i d e  of t h e  s crotum and 

ext en s i ve l es i on s  on t h e  ot her .  Th i s  wa s a l so the 
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onl y  ram t hat had on e t e st i s more s everely 

a t ro�hi ed than the other.  Thi s finding su gg e s t s  

that t h e  a gent cau s i n g  t h e  t e st i cu l a r  degen eration 

i s  acting l o ca l l y  and n ot sys t emi cal l y .  In con 

t ra st t o  t he ram s wi t h  s evere test i cu l a r a t ro phy , 

ram s that were und ergo i n g  t es t i cu l a r  r e gen erat ion 

showed more va ri a t ion i n  s em i n i f erou s tubu l e 

hi stol o gy o  O ften sect ion s f rom testes that were 

regen e ra t i n g  had som e tu bu l e s wi th onl y a ba s a l  

l ayer of cel l s  wb il e other tubu l e s  con tai n ed germ 

cel l s  i n  al l sta ge s of  S?ermatogenesi s .  Th e 

sperma togen i c s core count showed cl ea rl y t h e  

homogen e.1 t� o f  t r e  t estes  of t h e  ram s  wi t h  

s evere a trop�y and t h e  h et erogeni city o f  t h e  

t e s t e s  undergoi ng �a rt i al regen era ti on . The 

te chniqu e  a l l owed the p roportion of tubu l e s  a t  

va ri ou s stages o f  d egenera tion and regen era tion to 

be r ea d i l y  a ss e s se d  and reco rded . 

Ram s wi th s cro ta l mange cau s ing s evere 

t e st i cul a r  a t ro t:J ."lY v1ere  P.ract i cal l y  a zoo s p e rm i c .  

!.�owever 1 s ew en sa'tlpl e s  col l ect ed t h roughou t t h e  

obse rvati on Deriod f rom t h e s e  ram s contain ed 

smal l  number s  of d ead spe�a tozoa . Th e s e  sperma to zoa 

had p robabl y r e s i d ed i n  the ext ragonada l s t ru ctu r e s  

s i n ce sperma togeni c a rr e st . Thi s  o p i n i on wa s 

conf i rmed by f in d i n g  a f ew spermatozoa i n  ext ra

gona dal homogena t e s  v7h i l e no spermatozoa o r  

el onga t ed s�e rm ati d s  were s e en i n  t e st i cu l a r  

homogena t e s  o r  t e s t i s  sect i on s o f  som e  ram s .  Smal l 

numbers o f  spermatozoa can reside in t h e  ext ra 

gonadal  spermatozoa storage s t ru ctur e s  f o r  l ong 

p e ri o d s  of time ( Dunlop et a l . 1  l 96 3 r K .  L .  

Na d,1i l l an , per s .  co·rnm . ) • Dunlop et a l . ( 1 96 3 )  

obs e rved spermatozoa i n  s emen smea r s  f rom f i v e  

ram s that h a d  been su cce s s f u l l y  va s ectomi z ed f o r  
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m o r e  than one yea r .  Spermatozoa numbe r s  p e r  

e j a cu l a te , sperma tozoa a ct i v i ty and sperma tozoa 

mo rphol ogy of the �a s e ctomi zed ra� s ( Dunlop et al . 

1 9 6 3 }  were vi rtu a l l y  i d enti ca l  to t h e  numbers , 

a cti vi ty and morphol ogy o f  spermatozoa col l ecte d  

f rom ram s wi th compl ete spermatogeni c a rr es t  

cau s ed by ext en s i ve s crota l �a nge . 

A con si de rabl e amount o f  debri s wa s obs e rved 

in s emen s ampl e s  of �o s t  r am s  wi th ext en s i ve 

s crotal mange du r ing some stage s  of t :, .� obs c  r v=-- t i on 

pe riod . The cel lu l a r d ebri s wa s simi l a r  to t h a t  

d e s cribed by Gunn et al . ( 1 9 4 2 )  in  r am s  'Y7i t h  

d egenerate s ero en . ?o'\-Tever , the l a rge "R'Ilil'-::inucl e a  t e  

cel l s  de scribed a s  o c cu rr i n g  commonl y in abnormal 

s em en of ram s ( Gunn et al . ,  1 94 2 )  and in abnormal 

s em en of bu l l s  ( La ge rl o f  1 1 9 6 6 )  'YJe r e  s ee n  only 

ra r ely i� th e semen o f  ram s wi th s crotal mange . 

Th e smal l er round n u cl ea t ed o r  non m.1 cl ea t e d  cel l s  

a s  d e s cribec by Gunn et a l . ( 1 94 2 }  ma d e  u p  t h e  

m a j or i ty o f  non spe r.n a tozoon cel l s  s ee n .  Tl: e 

o c cu r r en c e  i n  d egene ra te s emen of l a rge amou n t s  o f  

f i l am entou s ma t eri a l  ei ther coi l e d  o r  s t ra i gh t , 

ha s not b e en reported speci f i ca l l y .  In r am s wi th 

l on gstan d i n g  s ev e r e  t e s t i cul a r  a t rophy there wa s 

l i ttl e d ebri s i n  the lumen of the s emini f e rou s 

tubul es a n d  t h e  p r e s l a u ghter s emen sam pl e s  f ro'1l 

th e s e  ram s were almo st d ebri s f r e e .  Conv e r s ely , 

rams that p rodu ced la rge amou n t s  o f  s em i nal 

cel lu l a r  and f il a�entou s d ebri s p rior to slaughte r  

a l so had simi l a r  debr i s i n  t h e  l umen o f  th ei r 

s em i n i f e rou s tubu l e s . Thi s sugges t s  tha t mo st o f  

the debri s \-ra s  o f  t esti cul a r  ori gi n .  
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No obvi ou s d i f f e r en c e s  i n  s em i n a l  pl a sm a  

f r u cto s e , s em i n a l  ve s i cl e  wei ght , s em i n a l  v e s i cl e  

hi stol ogy a n d  s e xu a l beha vi ou r w e r e  d e t ec t e d  

bet\<Teen t h e  two g rou p s  o f  ram s  wi th s c ro ta l  ma n g e  

a n d  th ei r re s p e ct i ve con t rol group s .  

T e s t i cu l a r  d egen e ra t i o n s i n  a nima l s r e su l t i n g  

f rom s ev er e  u n d e r f e e d i n g  ( Se t c� e l l  e t  a l . ,  1 96 5 ) , 

o r chi t i s  (Ma nn et a l . ,  1 96 7 ) , i n c r ea s e d  envi ron

m ental t em p e ra tu re ( P f e i f f e r ,  1 9 37 )  and exp e r i m e ntal 

crypto r chi d i sm ( �oor e , 1 9 44)  have b e en a s so ci a t ed 

wi th a d ec r ea s e  i n  s em i n o. l  v e s i cl e  w e i ght and/o r 

s em i na l  v es i cl e  f ru cto s e  cont en t .  In con t ra st , 

an i n c r ea s e  in s emi n a l ·· f ru cto s e  ha s be en d emon s t r a t ed 

i n  ram s i n  whi ch th e t e s t e s  t emp e ra tu r e  ha s be en 

ra i s e d  experimen ta l l y  by e i t � e r  s cr o tal i n su l a t i on 

( Gl ov e r  1 1 9 5 6 )  o r  by i n c r e a s i n g  t h e  ambi en t t em p e r

a tu r e  (i'Iou l e  ana �-lai t e s , . 1 9 6 3) .  Cl e gg ( 1 960 ) 

sho\-7eo a n  i n i t i al i n c rea s e  f ol l owed by a m a rk e d  

f a l l  i n  s em i n al ve s i cl e  f ru cto s e  i n  ra t s  a f t e r  

expe riw e ntal c ryp t o r ch i d i sm .  Thu s ,  ram s w i t h  

s crotal man g e  m a y  have abno rmal l y  h i gh o r  low 

f ru ct o s e  l ev el s d e p en d i n g  on the s t a ge of th e 

d i s ea s e  when f ru ct o s e  e s tima t es w e r e  ca rri ed out 

s o  tha t i n  t h i s experim e n t  e a ch ram w i th s c ro t a l  

ma n g e  wa s compa r ed i n d i v i du a l l y  Wi th i t s  r e s p e ct i v e  

con t rol g roup . o n  thi s  ba s i s onl y o n e  o f  th e ram s  

wi th s ev e r e  s cr ot a l  man ge { Rarn 27 ) d i f f ered 

s i gn i f i cant l y  { p <0 . 0 5 )  f rom its con t ro l  grou p .  

Bot"!; t h e  s em i n a l  pla sma f ru cto s e  con c e n t ra t i on 

and the total s em i n a l  ve s i cl e fru cto s e  o f  t h i s 

Ch evi o t  ram we re s i gn i f i can tl y  h i gh e r than t ho s e  

o f  t h e  con t rol an imal s .  Sowev e r 1  th i s  ram d i d  

not show any i n t e r e s t i n  ewe s  i n  o e s t ru s  wh i l e  o n e  
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o f  the other Cheviot ram s wi th ext en s i ve s c rotal 

mange sho\ved ma rk ed i n t e r e s t  i n  recept i ve ewes .  

Th e re were l a rg e  va ri a t i on s  in f ru ctos e  

e s tima ti on s between Romney and Chevi ot expe rim en ta l 

grou p s , bet"v'Jeen ram s  wi t '  . in  grou p s  a n d  betvn�en s em en 

sampl e s  wi thi� ra� s .  Fru cto s e  estima t i on s  on 

r epl i ca t e  sampl e s  of s e� i n a l  pl a srr.a ( Appen d i x  5 )  

a n d  sem i nal vesi cl e s  ( Tabl e 1 8 ) va ri ed l i ttl e 

showing tha t the m e t hod of e stima t i n g  fru cto s e  

woul d n o t  a ccount for t h e  l a rge va r i a t i on i n  

f ru cto s e  e s t imati on s .  I t  wa s  su spect ed that t h e  

e l ectro- stimu l at i on t e chn i qu e  of semen col l e ction 

\<7a s a cau s e  of t h e  l a rge amoun t  of \<li t h i n  a n imal 

va ri a t ion . Eoweve r ,  r-: a ttne r a n d  Voglmayr ( 196 2 )  

COQpa r ed ram s em en co l l e ct ed i n  an a r t i f i cial 

vagi na ana by el e ct ro- sti�ul ati on ane found that 

the between rarr a n d  '-'�i thi n  ram va ria t i on in  

s eminal pl a sma f ru cto s e  wa s simi l a r  f o r  both 

m e thod s o f  col l e ct i on a n d  they con clud ed that both 

t e chniqu es o f  col l e ct i on wer e 1 1 o f  equa l  va l u e  for 

studi e s  r e l a t i n g  to seminc.l  f ructo s e 1 1  o 

Th e range o f  s ew i n a l  f ru ctose i n  th e f iv e  

Romn ey control ram s ( l 60mg/lOOml - 9 10m g/lOOml ) wa s 

s imi l a r  to that obt a i n ed by rr. attn e r  and Voglmayr 

{ 1 96 2 )  ( 1 9 7mg/lOOm l - l , l 5 lmg/lOOml ) and t h e  p ro

po rtion o f  the va r i a tion a t t r i butabl e to between 

ram s and wi th i n  ram s wa s s im i l a r  for bot h  s et s  o f  

da ta . Fu rth e r  1 . t h e  ave rage s em in a l  f ru ctos e  l evel 

o f  the f i ve cont rol ram s ( 6 1 8mg/ lOOml )  'i.¥a s simil a r  

to tha t r eco rded f rom norma l ram s by Nattn e r  and 

Voglmayr ( 1 96 2 )  - 6 1 4mg/lOOml �  Sal amon ( 1 96 4 )  -

596mg/lOOml and Gl ·ove r  ( 1 9 56 )  - 5 40mg/lOOm l . 

T h e  average s e� i n a l  f ru ctos e  l evel s o f  t h e  
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f ou r  Ch evi o t  con t rol ra� s  ( 10 2mg/lOOm l )  v.Ja s mu ch 

l ower t han the f i v e  Romney cont rol ram s ( 6 18mg/lOOml ) . 

T h e  d i f f er en ce s  b e tween t h e  two grou p s  were 

p robab l y  n o t  du e to breed . Y:ou l e  et a l . ( 1 96 6) 

found no d i f f er en c e s  i n  t h e  s eminal f ru cto s e  l ev e l s 

betwe en Ror:m ey a nd i'i e r i no ram s i n  one expe riment 

and between N e r i no a nd Engl i s h L e i ce s t e r  ram s i n  

anoth e !'  expe riment a n d  Gl o v e r  -( 195 6 )  f ound no 

d i f f er en ce s  between Romn ey and Su f f ol k  ram s . 

Sea sonal v a ri at i on s i n  s em i n a l  f ru cto s e  may a c coun t  

f o r  t h e  di f f er en ce s  be t\':een th e Ror:�n ey a n d  Chev i o t  

grou p s . Cu p p s  et al . ( 1 960 ) a n d  Moul e e t  a l . ( 1 96 6) 

found t h a t  s em i n a l  f ru cto s e  peaked i n  t h e  autumn 

at a p p ro xi m a t el y  450mg/l OOml and SOOmg/lOOml 

r e s pe ct i v el y ,  whi ch wa s com pa rabl e  to t h e  f ru cto s e  

va lue s obta i n e d  i n  t �e l a t e  summ e r  i n  t h e Romney 
expe rim en t  a n d  a t rou gh i n  t h e  s p ri n g  o f  about 

6 5mg/100ml a n d  lOOmg/lOOml r e s pe ct i v el y  whi ch wa s 

compa rabl e to t h e  f ru ct o s e  v a l u e s  i n  t h e  Cheviot 

e xpe rim e n t  whi ch wa s ca r r i ed out in l a t e  s p ri n g .  

Sem i n a l  vesi cl e  we i gh t  a n d  f ru cto s e  con t ent a n d  

the va ri a t i on i n  t h e s e  two e st imat e s  i n  t h e  f i ve 

Romn ey con t rol r am s  were s i m i l a r  to t h a t  reoo r t ed 

p r evi ou sl y  i n  ma tu r e  ram s ( O rt avan t  e t  a l . , 1 9 6 41 

S e t ch el l  et a l . 1 1 96 5 )  • Th e l o\-re r s em i n a l  v e s i cl e 

e s t im a t e s  in t h e  Ch evi ot ram s ref l ect ed the l ow 

s em in a l  pl a sm a  l evel s .  

The a ppa rent i n cr e a s e  i n  th e numbe r o f  L e yd i g 

cel l s  i n  ram s wi th s evere t e s ti cul a r  a t ro p h y  wa s 

p ro ba bl y  a r e f l e ct i on o f  t es t i cul a r  s h ri nk a g e . No 

a t t empt wa s m a d e  to a s s e s s  quant i ta t i vel y the 

a ctu a l  number of the i n t e r s t i t i a l  cel l s 1  s i n ce 

a c co rd i n g  to e a rl i er i nv e st i gato r s  thi s method i s  

u n r el i a bl e  ( S a n d  a n d  O k k el s ,  1 9 36 � Bemphi l l  et al . 1  

1 944) . Su da n bl a ck wa s u s ed a s  a s p eci f i c  
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i nt e r s t i t i al sta i n  f o r  t h e  Leydi g cel l s  and a l t hough 

the ce l l s rea d i l y  st a i n ed , the se cti on s f rom t h e  
ram s wi t h  scro tal ma nge cou l d  not be d i st i ngui s h ed 

f rom t ho s e  of t h e  cont rol g roup .  

I n  genera l  t h eTe vva s no di f f e r en c e s  betwe en 

the scrotal ma nge g rou p s  and t h ei r  r e s p e cti v e  

cont ro l grou p s  i n  e i t h e r  rea ction t i m e  o r  i n  

general s exual beha viou r .  O n e  o f  t h e  t en ram s i n  

t h e  Rom n ey exp e r im e nt fa i l ed t o  mount t h e  ewes i n  

oe s t ru s  a n d  o n e  o f  t h e  ei ght rall'l s f rom t h e  Chev i ot 

expe riment mou n t ed rece pt i ve ev1es .  Both o f  t h e s e  

ram s h a d  exten s i ve s c rotal ua ng e wi t h  s evere 

te s t i cu l a r a t ro p h y .  n o  s i s;n i f i ca n ce ca n b e  pla ced 

on the s e  i sol ated obs erva t i on s .  The almost 

compl ete J. a cl< o f  s exua l i '1t e r est by the Ch eviot 

ram s vJa s probabl y du e to 'c he f a ct that t!Jese \-!e r e  

v i r g i �  ani�a l s  a n d  were expo s ed t o  r e ce ptive ewe s  

i n  l a·t e s pri n g  1 a tim e of t h e  yea r 'i.v� en s exua l  

d ri v e  o f  �ost  br e e d s  of ram s i n  t em p e ra t e ·  cl imat es 

is  at a m i n imum ( Chan g ,  1 9 41 7 Gl ove r ,  1 9 5 5 7 

Cup p s  at al . ,  1 9 60 7 Land , 1 970 ) . I t  wa s int e r e st

i ng to note that th e almost compl ete l a ck o f  

l i bi do i n  t h e  Ch eviot grou p wa s a s soci a t ed w i t h  

smal l  s em inal v e s i cl es an d lovJ s em inal pl a sm a  a nd 

s em i n a l  ves i cl e f ru ctos e l evel s .  However , a pa rt 

f rom thi s gen e ra l  a s soci a t i on there 'i.<Ja s no 

r el a t ion sh i p  between f ru cto s e  l eve l s and s exual 

behavi ou r  in t h e  i nd iv idual Ch evi ot and Romney 

ra� s . Lun ca et al . ( 1 9 6 8 )  s p e ci f i cally i nv e s t i gat ed 

th e a s so ciation between f ru cto se l evel s i n  the 

s em en and s exu al behavi ou r .  .Al thou gh s em i nal 

f ru cto s e  va ri ed from 290 - l , S l Smg/ lO O ml i n  

indivi dual ram s , Lun cn et
_
a l o ( 1 968 ) wa s u nabl e 

to show a co rrel at i on between the f ru ctos e  l evel 
' 

and t h e  i nten s i ty of s e xual behaviou r i n  16 ram s .  
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Tho l a ck o f  rel G t i on s hi � between l i bido and 

seminal f ructo s e  rc�o rt �d i n  t hi s and i n  p revious 

stu d i e s  ( Gl ove r ,  1 95 6 � Lu n ca e t  a l . ,  1 96 8 )  may be 

du e to one o r  mo re of the fol l owi n g :  th e di f f i cul ty 

in � s se s s i n g  l i bi do : di f f e ri n g  thresho l d s  o f  

su s ceptibi l i ty o f  the brr. i n  �nd semincl vesi cl es 

to t este rone ( su gg e sted by Glover , 1 9 56 ) , and 

fA ctor s  other th n n  a n d rogen s � f f ect i ng l ibi do 

( L i sk , 1 967 r Phoen i x  et � 1 . �  1 96 7 ) and se� i nal 

f ru cto sE (�� nn , 1 96 7 ) . 
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Chapte r  7 

RECOVERY O F  REP RODU CTIVE FUNCTION O F  RN-� S . TtliTH EXT&i SIVE 

SCROTAL MA:N'GE 

7 . 1  I n t rodu cti on 

!'la.n y vet e r i na ry su rg eon s i n  N ew Zea l a nd con

s i d e r  that ram s wi th sma l l  testes a s so ci a t ed w i t h  

e xten s i ve s crot a l  l es i on s a re "perman en tl y  un sound " 

( !llh itten , 1 96 4 r  Qu i nl i va n  and L i n d s a y ,  1 97 1 ;  

K . B . R . K ee n e ,  per s .  comm . ) .  Th i s  i n f e r s  tha t ev en 

with su cces s fu l  t r ea tm en t 1  the s e  ram s wi l l  have 

p erman en tl y redu ced f e rt i l ity.  Ho�reve r ,  com pl et e 

s em i n a l  re gen e ra t i on ha s been a s soci a t ed wi th t h e  

spontan eou s cu r e  o f  e xpe rimenta l l y i n duced moderate 

s crotal  mange ( Ch a o t e r  5 )  and ram s wi t h  severe 

t e st i cu l a r  a. t rophy that were vi rtua l l y a zoo s pe rm i c  

have shown s i gn s  o f  s em i n a l  regen e r a t i on f ol l owi ng 

regr e s s i on o f  s c rotal l e s i on s  ( Cha9ter 6 ) . In  con

t ra s t  to veteri n a ry op i n i on thi s sugge s t s  tha t 

r e9 rodu cti ve fu n ct i on o f  t h e s e  ram s may reco ve r 

wi th su cce s sful t r ea tmen t . To exam i n e  thi s que s t i on 

mor e  cl o se l y , f i ve ram s wi t h  exten s i ve s crota l  

m a n g e  a n d  severe t e s t i cu l a r  a t rophy we r e  stud i ed 

bot h befor e an d a f te r t rea tm en t . 

7 . 2 �n imal s U s ed a n d  Expe rimental P ro ce du re 

Fou r matu r e  Romn ey ram s a ged 1 5  mon t h s  a n d  

showi n g  r elati v e l y  s eve r e  s c rotal m a n g e  were 

obta i n ed b y  the author du ri n g  a rou ti n e  exam i n a tion 

of a s tu d  f l o ck in m i d  .. ovember 1 970 . The s e 4 ram s  

pl u s a con t rol ram of s im i l a r  body wei ght wer e  
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brou g ht to t h e  U n i v e r s i t y  on th e 1 6 0 10 . 70 an d run 

on pa s tu re a s  previ ou s l y  d e s c ribed . T h e  ram s  

\oJ'e r e hou s ed i n s i de f o r  a p p roxima tel y o n e  mon th f rom 

l a t e  Feb ru a ry wh en the r i sl< o f  be com i n g  a f f e ct e d  

'ltli th Fa c i a l  e cz ema wa s hi gh ( Cl a re ,  1 96 5 �  Cam pb el l 1  

1 9 6 9 ) 0 The ram s  were brou ght t o  t h e  l abo r a to ry a t  

i n t erval s o f  a p p ro xima t el y  t en days t h r ou ghou t th e 

obs e rva t i on p e r i o d  f o r  s emen a s ses sm en t .  On th e 

2 3 . 1 1 . 70 when th e 4 ram s wi t h  s cro t a l  mange h a d  

s e v e r e  t e s t i cul a r  a t ro p h y  and \Aie r e  p ra cti cal l y  

a zoo s o e rrn i c t h e s crotal l e s i on s  v-1e r e  t r e at ed an d 
the ram s h em i ca s t ra t e d . P r i o r to u n i l a t eral 

ca s t r at i o� a l l  t h e  s c ro t a l  exudate wa s r emoved and 
the s c ro tum soa k e d i n  0 . 5% a l cohol i c  s o l u t i o n  o f  

chl o r h ex i d i n e  gl u co n a t e  ( � i b i t a n e , I . C . I . ) .  A f t e r  

general ana e s t h e s i a  wa s i n du ced the l e f t  t e s t i s 

o f  e a ch ratn wa. s  r em o v ed su rgi ca l l y 7 s ome o f  t h e  

l e f t  s cr o t a l  s a c  wa s removed a l s o a n d  t h e  s c rotal 

i n ci s i on s u tu r ed . The t e s ti s of ea ch ram wa s 

wei ghed and s e ct i on s  f o r  h i s to l o gy tak en f rom t h e  

p r oximal a n d  di s t a l  e n d s wi th i n  5 m i nu t e s  o f  

h em i ca s t ra. t i on .  A l l f i v e ram s  we r e  gi ven 1 x 10
6 

u n i t s  of p ro ca i n e p en i ci l l i n  i n tra rnu s cu l a rl y .  

Th e ram s r e co v e r ed u n ev e n t fu l l y  f rom a n a e s t h e s i a  

a n d  t h ere we re n o  po s t  ope ra t i ve compl i ca t i on s .  

Wh en t h e  s em en qua l i ty o f  t h e  ram s wi t h  s ev e r e  

t e s t i cul a r  a t ro p hy h a d  returned to n o rm a l  l ev el s ,  

they �.o1e r e  s l au gh t e r e d , t h e  r i ght t e s t i s r emov e d  

a n d  s ampl e s  f o r  h i s to l ogy t a k e n  f rom b o t h  p ro xi ma l  

a n d  d i s t a l  en d s . 

Ram 1 3 ,  t h e  m i t e  don o r  ram , h a d  sma l l  t e s t e s  

a s so ci ated wi t h  e xt en s i v e  s crota l  mange f o r  a t  

l ea s t 1 5  �ont� s .  Fo l l ow i n g  th e s po n tan eou s cu re 

o f  the l e s i on s i n  ea r l y  1 9 7 1  th e r e  wa s a recovery 

o f  r e p rodu cti v e  f u n ction o De tai l s  of thi s r e covery 
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a re r epo rte d al so i n  thi s ch a pte r . 

In d i v i du a l  semen a s s e s sm en t s  of  the f i ve ram s  

w i tr s c rota l  mange a re p r e s ented in Append i x  7 .  

7 . 3  Re su l t s  

Cont rol Ra'JI 10 5 

T h e  t e s t e s  of Ram 10 5 were la rge and va ri ed 

in tone f rom mod er a t e  to good throu ghou t th e 

obs ervat i on p e ri o d . S em en con centra t i on va r i ed 

f rom vla t ery-m i l l<y to creamy wi th m o s t  sampl e s  bei n g  

at l ea s t  m i l ky i n  col ou r .  Th e se� en qua l i ty i nd ex 

vari ed f rom 20 to 27 wi th a m ean of 2 3 . 3  ( S o D . 2 . 3 ) . 

Th e r e  wa s no redu ct i on i n  s emen qu a l i ·ty a ft e r  

uni l a t e ra.l ca s t ra tion bu t th e r e  wa s a redu cti on i n  

s em e n  quanti ty. 1i·7h en removed o n  the 2 3 . 1 1 .  70 t h e  

l e f t  testi s wei gh ed 210g a n d  at sl au gh t e r  o n  t h e  

21 . 5 . 7 1 the ri gh t  t e st i s  we i gh ed 28 5 g .  Th e s p e rm

atogen i c  mean s co r e  count of l e ft a n d  ri ght t e s t i s 

wa s 9 . 7 and 9 . 8  r e s p ecti v el y .  

Ram 4 38 

�t t h e  begi n n i n g  of  th e experim en t  ( 1 6 . 10 . 70 ) , 

Ram 4 3 8  had a ct i v e  ma n ge l e s i ons wi th cak ed exudate 

a t  l ea st 1 an th i cl<: cove r i n g  the di stal th i rd o f  

t h e  s crotum . Th e l es ion s ext end ed proxima l l y  a n d  

by 1 7 . 1 1 . 70 l e s i on cl a s s i f i ca ti on had changed f r om 

severe to ext r em e .  At u n i l a t eral ca s t ra t i on on 
2 3 . 1 1 . 70 t h e  di s ta l  tvlo thi rd s of the po sterior 

a sp e ct o f  the s cro tum and the di stal hal f of the 

anter i o r  a spect of the s crotum wa s cov e r ed Wi th 

exudate as mu ch a s  2 1/ 2 cm th i ck . T e st i s  s i z e  and 

ton e  changed f rom m e d i um and moderat e on t h e  

1 6 . 10 . 70 to sma l l  a n d  so f t  b y  the end o f  O ctobe r .  
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Approxima tely 1 m l  o f  c r eamy s emen , wi t h  a 

s emen qual i ty index o f  1 9 1  wa s col l ected f rom Ram 

438 on the 20 . 10 . 70 .  By th e � i d d l e of November 

the sem en qu al i ty i n de x  had fal l en to ze ro a nd the 

ram wa s p ra cti cal l y  a zoo s pe rn i c  ( Text- f i g .  1 3 ) . 

Th e ma j o r ity o f  t h e  abnormal s obs erv ed du r i n g  the 

s emi n a l  d e ge n e r a t i on wer e tai l l e s s  s p e rma tozoa , 

co i l ed ta i l s  a n d  retu rn ed ta il s .  

�t u n i l a t e ra l ca s t ra t i on the l ef t  t e sti s 

v:e i gh ed 5 6 g  a n d  l: t s t ol ogi ca l l y  t h e  s em i n i f e rou s 

tubu l e s vle re r edu ced i n  s i z e .  The m a j or i ty o f  

tubu l e s  f rom bot� s e cti on s  con t a i ned only a si ngl e 
ba s a l  l a ye r  o f  cel l s  ( Figs . 7 2 ,  7 3  and Ta bl e 20 ) .  

:. f ew o r ima ry sr;:>erma to C'.ft es 1 Dany of v..•hi eh w e r e  

d e gen er a t i ng , were s een i n  a sma l l  numb e r  of 

tubul e s .  

Sev en �veek s a f t er i n i ti a l  tr eatr:1 ent s i gn s  o f  

s e'1l i nal regen e ra t i on ,,,e re obs e rved ( Text- f i g .  1 3 )  

a n d  s e� inal regen e ra t i on wa s com pl et e by the end 

of Apr i. l  ( Te xt- f i g .  1 3 ) . .�pa rt f rom r el a t i vel y 

l a rge numbe r s  of rou n d  nu cl eated a n d  non nu cl eat ed 

cel l s  in  t h e  e ja cul a t e col l ect ed on the 1 8 . 1 . 7 1 

th e r e  wa s very l i tt l e  cel lu l a r  or non cel lul a r  

d ebri s i n  the s em en o f  Ram 4 38 du ri n g  t h e  obs erva

t i on pe riod . 

At slaught e r  on 2 1 . 4 . 7 1  there wa s no evi den ce 

o f  a p ri or s crota l d e rm a ti t i s ,  th e s crotum and i ts 

content s  appea ri n g  cl i n i ca l l y  n o rma l . The r i ght 

testi s wei ghed 2 2 l g ,  there wa s a ma rked i n crea s e  i n  

d ia�e t e r  o f  t h e  s emi n i f erou s tubu l e s  a n d  t h e r e  wa s 

a repopu l a t ion o f  mo st s em i n i f erou s tubu l e s  ( Fi g s .  

7 4 ,  7 5 ) . Cel l numbers and cel l ul a r  a s sociation s 

i n  mo s t  tubul e s  \'Te re indi s t i ngui shabl e f rom t h o s e  
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s E e n  i n  no rm a l  testes and the spe rmatogeni c m ean 

s co r e  wa s onl y  s l i ghtl y l e s s  tha n  in the con t rol 

ram ( Tabl e 20 ) .  P.oweve r ,  a sma l l  number of tubu l e s  

i n  both t h e  o ro xi;nal and di s t a l  s e ct ions of  t h e  

t e st i s h a d  n o t  compl et el y  regen e rated , a v e ry smal l 

number of tu bu l e s  bei n g  i ndi s t i n gu i shabl e from 

t h o s e  seen i n  th e l ef t  t e s ti s ( Tabl e 20 ) . 
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1 6 6  

Tab l e  20 : SPERMATOGEN IC SCO RE COUNT OF RAM 438 BEFO RE 

AND AFTER TREATMENT OF " EXTREME" SC RO TAL NANGE 

Spermat ogenic L e ft 1 t e .s t i s  
s c o r e  fproximal D i s t al 

1 - -

2 1 6  1 6  

3 25 25 

4 8 8 

5 1 1 

6 - -

7 - -

8 - -

9 - -

1 0  - -

P os i t i on mean 
s c or e  2 . 9 2 . 9  

T e s t i s  I mean sc o�; 2 . 9  
i 

1 Removed when s e v e r ely a t r o phic 
2 Removed a f t e r  s eminal regen e ra t ion 

Ri ght t e s t i s  2 

P r ox imal D i s tal 

- -

- -

1 -

2 2 

1 -

1 -

1 1 

1 -

6 4 

37 43 

9 . 2 9 . 6 

9 . 4  



F i gures 7 2  & 7 3 :  S e ct i on f rom p roxima l l e f t  t e s t i s 

of  Ram 438 when vi rtua l l y  a zoo

spe rm i c  ( 2 3 . 1 1 . 70 ) . Not e s i n gl e 

ba s a l  l ayer of cel l s  comp ri sing 

Se rtoli cel l s  { S ) , spermatogoni a  

{ A )  wi th th e o cca sional degen erat

ing prima ry spermatocyte ( D ) . 

( P. .  & E . )  
Fig . 7 2 ,  xl 20 

Fig . 7 3 ,  x400 

F i gu r e s  7 4  & 7 5 : Sect i on f rom proximal ri ght t es t i s 

o f  Ram 438 a f t e r  s em i n a l  regen e ra 

t i on o �ote r epopu l a t i on of tubul e s  

with n ormal number s  o f  cel l s i n  

normal cel l u l a r  a s soci a t i on s .  

( H .  & E . ) 

Fi g .  7 4 ,  xl 20 

Fi g .  7 5 ,  x400 

/ 



7 2  7 3  

7 4  7 5  



167 . 

Ram 5 1 7  

Wh en f i r s t  exam i ned on t h e  1 6 . 10 . 70 1  Ram 5 1 7  

ha d mod e ra t e  s crotal man g e .  Scattered l e s i on s  

1/ 2 - 1 cm i n  diameter covered about one thi rd o f  

the d i  stal thi rd o f  th e scrotum with exuda te 

1/ 2 - 1 cm thi ck .  Th e s e  1 es ion s were r.1ore s evere 

over the l ef t  te sti s . There were al so two di s crete 

l e sion s ea ch a bou t 3 cm i n  d i am e te r ,  both on the 

a rea of the s c rotum covering th e ri ght t es t i s .  By 

1 7 . 1 1 . 70 s crotal mange cla s si f i cation chan ged to 

s evere • . rr.o st of the s ca bs on the d i sta l th i rd had 

becom e con f l u ent , with exuda t e  app roxima t el y 1 cm 
thi ck .  L e s i on severi ty did not cha nge a pp re ci a bl y  

u n t i l  treatment on 2 3 . 1 1 � 70 .  On f i rst exami nati on 

t h e  t estes were l a rge and wi th good ton e bu t 

d ecrea sed to mod e rat e s i ze by 1 7 . 1 1 . 70 an d wer e  

sma l l and s o f t  a t  t h e  time of trea tm en t .  

One m l  o f  cre amy semen wa s col l ected f rom Ram 

5 1 7  on the 20 . l0 . 70 r  50 % of t h e  spermatozoa were 

rapi dl y mot i l e  and vi rtu all y a l l  were mo rphol ogi cal l y  

normal . There ¥7a s a d e c r ea s e  in s emen qu a l i ty and 

quant i ty in subsequent e ja cula t es ( Text- f i g .  1 4) 

and onl y  an o cca si on a l l i ve sperroa·tozoa obs erved 

i n  the e j a cu l a t e  col l ect ed on 30 . 10 . 70 .  By the 

2 3 . 1 1 . 70 only Very smal l  number s of dea d sperma tozoa 

were present i n  the s emen col l ected from th i s  ram . 

Wh en r emoved th e l ef t  t esti s wei gh ed 6 7g a n d  

the semi n i f e rou s tubu l e s  we re s everely a t rophi c 

( Fi gs . 76 , 7 7 ) . Ex cept for a v e ry sma l l  n umber of 

tubul es Wh i ch con ta i ned an occa si onal round 

spe rmati d ( Tabl e 21 ) the most m a tu re g e rm cel l s  

ob s e r ved were prima ry sperma tocyte s .  Com�a red Wi th 

Ram 438 , �ore tubu l e s  con ta i n ed pri ma ry spermato

cyt es and t h e r e  were a l so more p rimary sperma tocyt e s  



per tubu l e  ( Ta bl e  21 1 F i g s . 7 6 , 7 7 ) . ri l a rge 

propo rti on of t h e  prima r y  spermatocytes showed 

d e gen era ti ve changes ( Fi g .  77 ) . 

16 8 .  

By the 1 8 . 1 . 7 1  t e s t i s s i z e  h a d  retu rn ed to 

l a r ge and ton e to good and th e r e  were s i gn s  o f  

sem i n a l  regen e r a ti on ( Te xt- f i g . 1 4- ) . Howe v e r  1 a 
s e con da ry d eg en era t i on wa s obs e rv ed a s so ci a t ed 
w i t h  a p rofu s e  d i e rr ho ea wh i ch wa s cau sed by 

a cci d ental over f e ed i n g  o f  s h eep nut s .  Sem en 

qua l i ty of t h r e e  s e�en s ampl e s  col l e ct ed i n  May 

1 9 7 1  i nd i ca t ed tha t compl et e  s em i nal r egen e r a ti on 

had o ccu rred . Fo r e xampl e ,  on the 21 . 5 . 7 1  

vi rtu a l l y  a l l  th e spermatozoa \-ver e  ra.pi d l y  moti l e  1 

sta i n ed l i v e  a n d  ,,_,e r e  mo rphologi ca l l y  normal . 

;t sl aught e r  ( 21 . 5 . 7 1 ) , t h e  s c rotum wa s 

cl i n i ca l l y  n o rmal and th e ri ght t e st i s we i gh ed 

2 5 4g . Th e r e  wa s a �a rk ed i n crea s e i n  t h e  d i ame t er 

o f  t.he semi n i f e rou s tubu l e s ( coml?a re F i g .  7 6  '-'li th 

Fi g .  7 8 )  and a l l  tubu l e s  r.•iere un d e rgoi n g compl et e 

s perm a t ogen e s i s ,  tubu l a r  h i stology bei ng i n d i s t ing 

u i shabl e f rom th a t o f  t h e  con t rol ram ( compa r e  

F i gs . 7 8 ,  7 9  with F i gs . 29 , 30 ) .  Th e s p e rma togen i c 

s cor e count cl ea rl y i l l u s t ra t e s t h e  vi rtu a l  compl ete 

regen e ra t i on o f  th e t e s ti s of th i s  ram ( Tabl e 21 ) . 
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Tab l e  2 1 : SPERMATOGEN I C  SCORE C OUN� OF RAM 5 1 7  B EFO RE 

AND AFTER TREATMENT OF " SEVERE" SC ROTAL MAN G E  

Spermat ogenic L e ft t e s t i s  1 

s c or e  !Pr o x i ma l  Dis tal 

1 - -
2 8 9 

3 1 2  7 

4 1 8  1 7  

5 1 2  1 5  

6 - 2 

7 - -
8 - -
9 - -

1 0  - -

P os i t i on mean 
s c or e  3 . 7 3 . 8 

T es t is mean sc ore 3 . 8 

1 Removed whe n s ev e r ely at rophic 

2 Removed a f t e r  s e m i nal r e genera t i on 

R i ght t es t is 2 
P r ox i ma l  D i s tal 

- -
- -
- -
- -
- -
- -
- -
1 -
4 5 

45 45 

9 . 9 9 .. 9 

9 - 9  



1 7 1 .  

Ram 1 6 5  

On 1 6 . 10 . 70 Ram 1 5 5  had mode r� t e  s cro tal 

ma ng e .  

du r i n g  

t hi rd s 

L e s i on s ev e r i ty i n cr ea s e d  not i c e a bl y  

the f ol l owi n g  mon th an d by 2 3 . 1 1 . 70 two 

of t h e  d i s t a l  ha l f  o f  t h e  s c rotum wa s 
cov e r ed i n  a cti ve l e s i on s a pproxima t el y 1 cm th i ck .  

On f i r s t  exam i n a t i on t h e  t e s te s wer e  l a r g e Wi th 

good ton e bu t had b e come sma l l  w i th m o d e ra t e  ton e 

by the t i m e  o f  t r ea tmen t .  The rema in i n g t e s t i s 

i n crea s ed i n  si ze fol l owing su cces s f u l  t r ea tmen t 

a n d  by th e beginn i n g  of Ja nu a ry 1 9 7 1  wa s l a rge w i t h  

good ton e .  

;:.ral f a m l  o f rn i  l k y  s em e n  1 wi th a s emen qu a l i ty 

i n d ex of 8 wa s col l e cted f rom Ram 1 6 5  on t h e  
20 . 10 . 70 .  Du r i n g  t h e  d e gn Qrat i ve p h a s e 1 t h e  

ma j o r i t y  of t h e  s p e rm a t o zoa a bno rmal i t i e s  i n  t h e  

two p r ev i ou s ram s w e r e  ta i l  d e f e ct s  o r  ta i l l e s s  

s pe rmatozoa . Th e f i r s t  e j a cu l a t e  col l e cted f rom 

Ram 1 6 5  v·7a s s im i l a r .  Semen qua l i ty a n d  qu an t i ty 

su b s equ en tl y  d e c r ea s ed a n d  t h e  ram be cam e 

pra cti ca l l y  a zoo spe rn i  c .  The t\vo e j a cu l a t e s  

col l e ct eo p r i o r  t o  vi rtu al a zoo s p e rm i a conta i n ed 

10% a n d  1<1% h e a d  a bn o rmal i t i e s .  !"lo st of th e s e 

w e r e  pyri f o rm  h ea d s  '>Jh i l e  a f ew ha d sma l l and 

n a r row h ea d s .  

At f i r s t t r ea tm e n t  the di s ta l  qua rt e r  o f  th e 

s c rotum ap�ea r e d  sl i gh t l y  oed em a tou s .  Bowev e r 1  

a s  i n  th e p r e v i ou s  two ram s t � e  s c rotal sk i n  

r e spon s e  o i d n o t  i nvol ve the t un i ca va g i n a l i s  s a c  

o r  th e t e s t i s .  A t  u ni l a te ral ca s t ra t i on t h e  

l e f t  t e s t i s we i ghed 6 5 g  a n d  hi s tol o g i ca l l y  wa s 

u n i f orma l l y  a t rophi c .  Th e mo s t  ma tu r e g e rm  c el l s 

obs e rved we r e  p rima ry s p e rm a to cyt e s  a n d  m o s t  

tubu l e s  con t a i n e d on l y  a f ew o f  t h e s e  s ca t t e r ed 



throughou t the epi t h el ium ( Fi g s . 8 2 ,  8 3 ,  Tabl e 

2 2 )  • 

1 7 2 .  

T h e  s em i na l r egen erat i on tha t o ccu r red fol l ow

ing su cce s sful t r ea tment o f  t h e  s crotal l e s i on s  

wa s s im i l a r  to tha t seen i n  Ram 5 1 7  ( comoa r e  T ext

f i g . 1 4  wi th Text - f i g .  1 5 ) . Howeve r 1  r el a t i vel y  

l a r ge amount s o f  s em i nal d ebri s o ccu r r ed du r in g 

the re covery pha s e .  For e xample 1  on 1 8 . 1 . 7 1 a 

m i l ky e j a cul a t e wa s col l ected wh i ch cont a i n ed on ly 
8 

0 . 0 7  x 10 S J? e rm a tozoa. p e r  ml whi l e  a. n o rma l 

m i l ky e ja cul a t e conta i n s  a pproxima tely 5 x 10 8 
sperma tozoa per ml . The opa ci ty o f  t h e  sem en 

sampl e wa s a r ef l e ction of t h e  la r ge amount of 

s em i na l debri s pr e sent ( Fi g .  80 ) .  Wh e n  compa r ed 

wi th the o th e r  ram s examined , the s em i n a l  debri s 

of  Ram 1 6 5  rema i n ed rela t i vely hi gh du r i n g  the 

recovery pha s e . Fo r e xampl e , on 3 . 5 . 7 1 sma l l  

number s o f  round a n d  oval cel l s  we re s t i l l  bei n g  

e j a cula ted amongst rel a t i vely normal s p e rmatozoa . 

( Fi g .  8 1 ) . Du ri� g th e recovery pha s e th ere wa s 

a l so a s e conda ry s em inal degen e ra ti on a s socia t ed 

with a severe di a r rho ea when the ram wa s 

a cci d en ta l l y  ov erf e d . 

I�t sl aughte r ( 1 2 . 5 .  7 1 ) , t he s emen of Ram 16 5 

wa s of h i gh qu a l i ty ( Text-f i g .  1 5 , Fi g .  8 1 ) . The 

s crota l sk i n , especial l y  th e ba se , was s l i ghtl y 

th i ck en ed but th e sa c of th e tuni ca vagin a l i s  and 

its con t en t s  were cl i n i ca l l y  no rmal . At s l au gh te r  

the r i gh t  t e sti s we i ghed 2 1 3  g .  Hi stol ogi ca l l y  

the ri gh t te s t i s wa s simi l a r  to th e ri gh t t e st i s 

o f  Ram 4 38 ( com pa r e Tabl e 2 2  wi th Tabl e 20 ) .  

Al thou gh t h e  ma j or i ty of the tubul es we re un d er

going spe rma togen e s i s wi th n o rma l cel l numbe r s  

an d  cel l ul a r a s so ci a t i on s 1  th er e were a sma l l  



Figu re s  7 6  & 7 7 : Se ct i on f rom di stal e n d  o f  t h e  l ef t  

t e s ti s o f  Ram 5 1 7  ( 2 3 . 1 1 .  70 ) show i n g  

s e v e r e  tubu l a r  a t rophy wi th m a n y  

tubu l e s  conta i n i n g  a sma l l  number 

of p rima ry s p e rmato cyt es ( P ) many 

o f  whi ch a r e  d egene ra t i n g  (D) . 
( H .  & E . )  

Fi g .  7 6 I X 1 20 

Fi g .  7 7 , x40 0  

Figu r es 7 8  & 7 9 :  Se ct i on f rom d i stal ri ght t es t i s 

of Ram 5 1 7  a f t er com p l e t e  s em inal 

r egen e ra t i on ( 21 . 5 . 7 1 ) . Not e  

nor�a l cel l  numbe rs wi th normal 

cel l u l a r  a s so ci a t i on s .  

( H . & E . )  

Fi g .  7 8 I .X l 20 

Fi g .  7 9 1  x400 



7 6  7 7  

7 8  7 9 



1 7 3 .  

number o f  tu bu l e s tha t h a d  not compl etely r egen e ra t ed . 

r-:o s t  of th e s E? tu bu l e s  hc. Cl a pp ro xi m a tel y normal cel l 

numbe r s bu t abnormal cel lula r a s soci at i on s wh i l e a 
smal l  p ropo rtion had s e v e r ely depl e t ed cel l number s .  

The o c ca sional tubu l e wa s indi stingu i shabl e 

h i s tologi cal
"
ly f rom tho s e  o f t h e  l ef t  testi s whi ch 

'i>7a s rt '31"[loved prior to t r ea tm en t  (co1.npa re Fi g .  8 4  

wi th Fi g .  8 2 ) . Sim i l a r to the p revi ou s  ram s t h e re 

we re n o  h i stol ogi cal d i f f e r en ce s  between the two 

sampl e a r ea s of th e ri ght t e s t i s .  Tabl e 2 2  

i l l u s t r a te s cl ea rly the s im i l a r i ty between th e two 
a rea s and the proport i on o f  tubul e s  \o7i th norma l and 

a t roph i c  tubul e s .  



� 
A 
z 
H 

>-t E-< 
H .....:l 
� Ol 

� � lf.l 

30 

20 

TEXT-FI G .  1 5 : SEMINAL REGENERATION IN RAM 1 65 FOLLOWING HEMICASTRATION 

AND TREATMENT OF "SEVERE " SCROTAL MANGE . 

30 

00 0 

I 
.o . ..... 0 

p 
/ 

0 
/ 

/ 

20 

1 0 

0 ,. . / 
.- · -- · , _,· ........ . , / . 

I -_ • e<:' o·- · - · o· - · - o  · 
.... -o-"' · .. o. I<O . 5 

NOV. i DEC . 

TREATMENT & 
HEMICASTRATION 

JAN .  FEB . 

1 970 - 1 97 1  

MAR .  

• • 

APR .  MAY 

Semen Quality Index 

0· -· - ·0 Spermato z oa/ej aculate 

>< 
.__. 

� E-< 

� 0 

� 
Cl N 0 

i 
� 
lf.l 

1-' -..J 
� 



Figure 80 : Fi r st s i gn of sem inal regen erati on in 

Ram 1 6 5  ( 18 . 1 . 7 1 ) . A f ew sma l l  pyri f o rm 

spe rma tozoa ( P ) · a re seen amon gst l a rge 

amou n t s  of sem i na l  debri s .  Coi l ed and 

unco i l ed f i l amen t s  ( F ) , m i crospe rma tozoa 

(IL ) , rou nd cel l s ( R )  and e o s inophi l i c 

debrE ( E) a re s een . 

(r-.�aye r 1 s ha. ema1um & eo sin ) . 

( x1 250 ) 

Figu re 8 1 : oval nu cl eated cel l  (0 ) amongst rel a t i ve l y  

no rm a l  sne rmatozoa i n  t h e  semen of Ram 165  

in the l a tt e r  stage s  o f  sem i nal regen e ra

tion ( 3 .  5 .  7 1 )  • 

(Maye r ' s  ha emal um and eos i n ) .  

( x1 250 )  
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Tab l e  2 2 : SPERMATOGEN IC SC ORE COUNT OF RAM 1 65 B EFORE 

AND AFTER TREATHENT OF 1 1 3EVERE1 1 SC ROTAL MANGE 

Sperma t ogenic L e ft t e s t i s  1 

s c ore  !Proxima l  D i s tal 

1 - -
2 1 1 

3 1 1 

4 9 1 8  

5 39 30 

6 - -
7 - -
8 - -
9 - -

1 0  - -

P os i t i on mean 
s c o r e  4 o 7  4 . 5  

Tes t i s  mean sc o r e  4 . 6  

1 Removed when s everely a t rophic 

2 Removed a f t e r  s eminal r e generat ion 

R i ght t e s t i s  2 

P r oximal D i s t a l  

- -
- -
- -
- 1 

3 1 

2 -
1 1 

2 1 

6 5 

36 41 

9 . 3 9 . 6 

9 . 5 



F igu r e s  8 2  & 8 3 �  Section f rom p roxima l a r ea o f  l ef t  

t esti s o f  Ram 1 6 5  ( 2 3 . 1 1 . 70 )  showin g 

sh runken tubul e s  wi t h  ba sal l ayer of 

c el l s  and p ri ma ry sp e rma tocyte s  ( P ) , 

many of wh i ch a re d egen e ra t i ng ( D ) . 

( E .  & E . ) 

F i g  • 8 2 I .X 1 20 

F i g .  8 3 , X 400 

Figu res 8 4  & 85 � Se cti on f rom ri ght t e s ti s of Ram 

1 6 5  a f t er s em i na l  regen era t i on 

( 1 2 . 5 .  7 1 ) . rt!o st tubul e s  have normal 

cel lul a r  st ru ctu re ( N )  whi l e  a f ew 

a r e  sti l l  degen e rate (D) . 
( E .  & E . ) 

Fi g .  84- 1 .x 1 20 

Fi g .  85 , X 400 



8 2  8 3  

8 4  8 5  
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S crotal l e s ion s o f  Ram (27 we r e  cl a s s i f i e d  a s  

s e v e r e  when f i r s t  exam i n ed a n d  t h e  cl a s s i f i ca t i on 

d i d  n o t  ch an ge du r in g  t h e  obse rva t i on p e r i od . O n  
t h e  1 6 . 10 .  70 t h e  d i  s ta l  qu a rt e r  o f  ·th e  s c ro tum wa s 

cove r e d  i n  cak ed e xu da t e  1 - 2 � t h i ck a n d  a f ew 

sma l l  scabs w e r e  s ca tt e r ed ove r t h e  r em a i n d e r  o f  

t h e  d i stal h a l f o f  th e s c rotum . Th e l e s i on s 

i n c r ea s ed on l y  s l i gh tl y  i n  s ev e r i t y  du ri n g  the 

f ol l owing mon th and by the t hn e  of s l a u gh t e r  t h e  

d e rma t i t i s cov e r ed t h e  d i s tc l  th i rd o f  t h e  s cr ot�� .  

On i n i t i a l  exam i n a t i on th e t e s t e s  w e r e  sm a l l 

w i t h  9oor ton e a n d  t h ey r ema i ned s o  u n t i l th e 

m i dd l e of Ma y 1 97 1 .  F rom f i r s t  examin a t i on Ram 

4 27 wa s pra cti ca l l y  a z oo s p e rmi c ,  a ma ximum o f  

2 .  <" x 10
6 s p e rma.tozoa p e r e j a cu l a t e b e i n g  o'Jta i n ed 

i n  f i f t een s�m p l e s  col l e cted be tw e en t h e  20 . 10 . 70 

an d 1 2 . 5 . 7 1 .  Du r i ng th i s  p e ri od t h e r e  wa s very 
l i tt l e  s em i n a l  d e b r i s .  

Th e l ef t  t e s t i s wa s r emoved su rgi ca l l y  on 

2 3 . 1 1 . 70 and wei gh e d  on l y  45 g .  T e s t i cu l a r  a t rophy 

wa s u n i form bo th w i t h i n  a s ect ion and betl.<Teen t h e  

tv�o sam pl e s . In many tu bu l e s  th e r e  wa s onl y a 

s i n gl e  l aye r o f  cel l s  wh i l e  in s om e  tu bu l e s  a f ew 

d e g en e ra t i n g  p r ima ry sp er� a to cyt e s  w e r e  ob s e rved 

( Fi gs .  86 , 87 ) . 

�h e r ea s ,  su c c e s s f u l  t reatm en t o f  the l e s io n s  

o f  th e p revi ou s th r ee ram s occu r r ed wi thin th r e e  

we ek s o f  t h e  i n i ti al t r ea tm en t , tl"� e  l e s i on s  o n  th e 

s c rotum o f  Ram 427 we�e s l i ghtl y m o r e  p e r s i s t en t . 

T r e a tm en t  f o r  f i ve vreek s \ola s requ i re d  bef o re t he 

l e si on s  h ea l ed compl e t el y .  The r i gh t  t es t i s 

r ema i n e d  ve ry sma l l f rom De c embe r ,  1 970 to A p r i l , 
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1 9 7 1  a l t hou gh by t h e  beg i n n i ng o f  Febru a ry t e st i s 
ton e wa s good . By 1 2 . 5 . 7 1  th e r em a i n i n g  t e s ti s 
a pp e a red to h a v e  i n c rea s ed i n  s i ze and a s em e n  
s am p l e col l e ct e d  t h e  s am e  day s hov7ed s i gn s  o f  
s em i n a l  r e g en e ra t i on ( Te x t- f i g .  1 6 ) , about 5% o f  
t h e  s pe rm a t o z o a  col l ecte d s h owed weak o s ci l l a to r y  
m o t i o n . The re w e r e  a l so sma l l  numb e r s  o f  coi l ed 
and u n coi l ed f i l am e n t s and m i c ro s p e rm a toz ,a 
o b s e rved i n  t h e  sampl e .  T e s t i s s i z e  chan g ed to 
m ed ium on the 2 1 . 5 . 7 1 a n d  to l a rge a m on t h  l a t er . 
Semi n a l  r eg en e ra ti on , comp a r ed Wi th th at o f  t h e  
pr ev i ou s  t hre e ram s ,  wa s s l ow a n d  t h e  p e rcen ta g e  
o f  n o rmal s p e rm a t o zoa r e co v e red m o re s l owl y than 
d i d  the p er c e n t a g e  o f  m o t i l e  and t h e  p ropo rt i o n  of 
l i ve spe rma tozoa . From t h e  s em e n  s c:nn pl e s  col l e ct e d  
du ri n g  Au gu s t  1 9 7 1  i t  a ppea r ed t h a t  s em i n a l  re g en
e r at i on wa s com p l e t e  ( Te xt- f i g .  1 6 ) . 

At po s tm o r t em t h e  s c r o tum and s crota l  cont en t s 
a l? p e a red cl i n i ca l l y  n o n1 a 1  and th e r i g h t  te s t i s 
w e i gh ed l 8 4 g .  H i stologi ca l l y  th e ri gh t  t e s ti s 
a p p ea r e d  v e ry s i m i l a r t o  th e r i gh t  t es t i s o f  th e 
p r ev iou s ram s . Howeve r ,  th e r e  w e r e  m o r e  tu bu l e s  
that \ve r e  v e ry d e g en era t e  conta i n i ng onl y  a ba s a l  
l a ye r  o f  cel l s wi t h  o r  wi thout a f eY.i p rima ry 
s pe rma. to cy·t e s .  Th e va r i a t i on in t e s t i cu l a r  
h i s t ol o gy o f  t he reg en aa t i ng t e st i s i s  i l l u s t ra t ed 
cl e a rl y in F i g s . 8 8  a n d  89 and i n  t h e  s pe rm a to g en i c 
s co r e  cou n t s  ( Tabl e 2 3 ) . 
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Tab l e  23 : SPERMATOGENIC SCORE COUNT OF RAM 427 BEFORE 

AND AFTER T REATMENT OF 1 1 3EV ER E1 1  SC ROTAL MANGE 

Sperma t ogenic L e ft t e s t is 1 R i ght t e s t is 2 

s c o r e  P r ox imal Dis tal P roximal D i s t al 

1 - -

2 5 6 

3 1 5  1 3  

4 2 4  1 9 

5 6 1 2  

6 - -

7 - -

8 - -

9 - -

1 0  - -

P os i t i o n  mean 
s c or e  3 . 6  3 . 7 

Tes t i s  mean sc o r e  3 . 7 

1 T e s t i s  removed when s ev e r ely a t rophic 

-

-

4 

3 

1 

1 

2 

1 

5 

33 

8 . 6  

2 Tes t i s  removed a f t e r  s eminal regenera t i on 

-

-

1 

5 

2 

2 

1 

2 

7 

30 

8 . 6  

8 . 6  



F i gu r e s  8 6  & 8 7 : S e ct i on f row t h e  l e f t  p roximal 

t e s t i s of Ram 4 27 p r i o r t o  

t r ea tmen t o f  s evere s c ro tal man g e .  

No t e  s e v e r e  t e s ti cul a r  a t rophy 

wi th r el a t i v e l y  wi d e l y  s e pa ra t e d  

s em i n i f erou s tubu l e s . Th e m o s t  

ma tu re germ c el l s  p r e s ent a r e 

p r im a ry s?e rma t o cyt e s  ( P )  whi l e  

m a n y  tubu l e s  h a ve on l y  a ba s a l  

l a yer o f  S e rtol i cel l s  ( S ) a n d  

s p e rma togon i a  (1\ )  • 

( H .  & E . ) 

F i g .  8 6 , X 1 20 

F i g .  8 7 , X 400 

F i gu r e s  88 & 89 : Se cti on f rom r i ght p ro x imal t e s ti s  

o f  Ram 4 2 7  a � t e r  s em i n a l  r eg en e ra t i on 

f ol l owi n g  t r ea tment o f  s c rot a l  m an g e .  

1ot e on e d e gen e ra t e  t u bu l e  {D ) 

amon g st n o rmal tubu l e s  (P ) . 
( R .  & E . )  

Fi g .  88 , X 1 20 

Fi g .  89 , X 400 
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Ram 1 3  

I n  Novemb e r ,  1 9 6 9  t h i s f i ve yea r o l d  ram wa s 

brou gh t to t h e  Un i ve r s i ty a n d  had s e v e r e  s crot a l  

man ge a s soci a t ed wi th a t h i ck en ed � en du l ou s  

scrotum a n d  t e s t e s  o f  mod e ra t e  s i z e  a n d  poo r t o n e .  

At f i r s t exam i n a t i on Ram 1 3  ¥.ra s s eve re l y ol i go
s pe rm i c w i th f ew mo t i l e  s oe rma t o zoa & Ext r em e l y 

l a r ge number s o f  c .  bovi s m i te s  w e r e  obs erved on 

t h e - l eg s a n d  s crotum so tha t  t h e  r a m  wa s k ep t  a s  

o m i t e  dono r .  Th r ou ghou t 1 9 7 0  a n d  ea rl y 1 97 1  t h e  

ram wa s ru n o n  p.::1 s tu re wi t hou t s � e ci a l  a t t E?n t i on 

a n d  i t s  s em en wa s n o t  a s s e s s ed . T h e  l e s ion s whi ch 

wer e  s ca tt e r ed o v e r  a l l  the body of the s c rotum , 

r ema i n e d  s eve r e t h rou ghou t m o s t  o f  1 9 70 . Some o f  

t h e  l e s i on s  cu r ed s pontan e ou sl y v.rh i l e  ot h e r s 

f o rm e d  a n d  s t i l l  o t h e r s  r em a i n e d  ch ron i ca l l y  a ct i ve 

a nd t h e t e s t e s r em a i n e d sma l l . In Nov ember ; 1 97 0  

th e r e  wa s a ma s s i v e ou t pou r i n g o f  s e r ou s  f l u i d  

whi ch cov e red a l l  th e bod y  o f  the s crotum i n  

typi ca l ch o ri op t i c e xu da t e  a bout 3 ern thi ck .  

T e s t i s s i z e d e c rea s ed ev en f u rth e r  du r i n g thi s 

o e ri od <'! n o  e·a cl-> t e st i s \v:a s e st i ma t e d  to w e i g h  hot 

., o r e  than 50 g .  A g a u ge 1 '2 n eedl e wi th embed d e d 

th e rm i s tor wa s i n s e r ted i n to ea ch t e s t i s du r i n g 

the ext r em e  s c r o t a l w a n g e  s ta g e . 

Ea r l y  i n  J a nu a ryi 1 9 7 1 a s pon ta neou s cu r e  o f  

the l e s i on s  o n  th e body o f  t h e  s c ro tum wa s 

� ppa r en t  a n d  by t h e  begi n n i ng of Ma r ch a l l  o f  t h e 

e xu da t e wa s b e gi nn i n g  to l i f t ,  l ea vi n g  a cl i n i cal l y  

no rm a l  sk i n  su r f a c e .  Du r i n g  t h e  spon tan eou s cu r e  

o f  t h e  l e s i on s on th e body of t h e  scrotum sm a l l  

l es i on s a p p ea r e d  o n  t h e  n e ck o f  t h e  s c rotum s o  

tha t a t  t h e  begi nn i ng o f  M a r ch 1 9 7 1 l e s i on s  w e re 

cla s s i f i e o  a s m i n ima l . T h e  s crotum had be come 

mo r e t h i ck e n e d  a n d  p endu l ou s  dur i n g 1 9 70 a n d  

e� r l y  1 9 7 1 1 · a h d  r ema i n ed t h i ck en e d  a n d  p e n du l ou s  
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unt i l  2 3 . 8 . 7 1 wh en t h e  ram wa s sl cu ght er ed . I n  

e a rl y Na y 1 97 1 ,  a n  im provem e n t i n  te st i s s i z e  and 
t on e  "'Ta s  ob s e rv e d . By t h i s s ta g e  l e s i on s  hn d 

be gun to r ea p p ea r on t h e  body of t h e  s crotum , i n  

a s so ci a t i oP wi th th e r ea9pea ra n ce of  l a rg e numbe r s  

o f  m i t e s  o n  t h e  bo dy o f  t h e  s crotum . Th e sc ro t a l  

l e s i on s  "Y7h i ch w e r e  n ow cl a s s i f i ed a s  mi no r we r e 

t r ea t e o a n d si gn s o f  te s t i cu l a r  r egene ra ti on 

a s s e s s e d  by s em en a n a l ysi s .  

A s em e n  sampl e col l e ct ed on t h e  1 3 . 5 . 7 1  con

ta i n e d  0 . 8  x 10
8 

sperma-tozoa of vlh i ch a p9roxima t el y  

10% sta i n ed l i ve a n d  46% we r e  morphologi ca l l y  

norma l . The ma j o ri ty of a bn o rma l i ti e s  wer e py r i f o rn  

h e ad s ,  n e ck abn 0 rma l i t i e s  a n d  t a i l l e s s  sp e rma to zoa . 
Du ri n g .1>1a y ,  Jun e  fl n o  Ju l y  t h ere wa s a g r a dual 

impr ovem en t in  s em en qua l i ty a n d  qua n t i ty (Te x t- f i g .  

1 7 ) . Th r e e  sampl e s  col l e c t ed i n  �u gu s t  1 9 7 1  s howed 

t ha t  s em en qua l i ty had r etu rned t o  an a cce pt a bl e 

l e v e l  ( T ext- f i q . 1 7 ) . 

ht t he time o f  sl augh t e r  (23 . 8 . 7 1 }  the t e s t e s  

w e r e  l a r ge with mod e r a t e  t on e .  The s crotum wa s 

ext rem e l y  p en du l ou s ( compa re Fi g .  90 wi t �  F i g .  9 1 )  

a n d  t h e s crotu� i t s el f wa s ext rem e l y  t h i ck en ed 

. ( com 9 a r e  Fi g .  9 2  v.ri t h  F i g .  9 3 )  a n o  a !Jp ea r e d  

cor ruga t ed .  The i n cr ea s e i n  thi ckn e s s wa s ref l ect ed 

in th e w e i g h t  of the scrotum . Th e s crotum of Ram 
1 3  wei gh ed 850 g wh i l e  t ho s e  <;>f 3 n o rma l ram s of 
simi l a r body "�Arei gr t to 'Ram 1 3  and s l au gh t e re d  t h e  

same day wei g h ed 1 70 g ,  210 g a nd 2�0 g .  T h e  e p i d erm i s  

an d e p i d e rma l  a p o e n d a ge s ,  i n cl u di n g  th e swea t 

gland s ,  of Ram 1 3  a ppea r e d  h i stol ogi ca l l y  n o rm a l  

bu t t h e r e  wa s a l a rge i n c r ea se i n  t h e  d e � a l  and 
subd e rma l f i brou s t i s su e  whi ch a ccoun t ed for  t he 

i n cr ea s ed sk i n  th i ck n e s s .  Apa rt f rom a sma l l 
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amount of fi brou s ti s su e  �n th e tun i ca va gi na l i s  

p ropr i ?.  whe r e  the l a rge n e ed l e h a d  been i n s e rt ed 

i nto t h e  l ef t  t e s t i s ,  t h e r e  were no si gn s  of  a n  

i n f l a�ma to ry i nvol vemen t  o f  t h e  tuni ca va g i na l i s  

sa c or s crotal con t en t s . T h e  l ef t  a n d  ri ght 

t esti s wei ghed 1 6 5 g  and 1 7 8g respect i v el y  a n d  

hi stoiogi cal l y  t h e r e  we re n o  d i f f erences between 

the t�o a rea s sam pl ed wi th i n  ea ch t e s t i s or 

be tween t·h e two t e s tes . However , wi t h i n  a secti on 

there wa s a ma rk ed va r i a t i on in semi n i f e rou s 

tubul e cytol ogy o Some tubu l e s  con ta i n ed a ppa rentl y 

only S e rtol i cel l s ,  other s were in  va r i ou s  sta ge s 

of regen eration whi l e  �a ny h a d  rel a t i ve l y  norm a l  

ge rm cel l numbe r s  i n  norma l cel lul a r  a s sociat ion s 

( Fi g s .  9 4 - 97 ) . T h e  sperma togeni c s core cou n t s  

in Tabl e 24 i l lu s t r� te the va ri a t i on a n d  propo r t i on 

of tu bu l e s  at va ryi ng sta g e s  of r eg en e ra t i on . 

Compa red wi th th e fou r  cr evi ou s  ram s there were 

more tu bul e s , t h a t  conta i n ed germ cel l s  in a l l  

stages of  scerma togen e s i s bu t wi th s everel y r e du ced 

number s ,  d i sorga n i sed cel lu l a r a s so ci a ti on s  or wi t h  

rel a t i vely l a rge n umbers of  d egen e ra t i n g  cel l s  

(Tabl e 2 4 ) . 
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Tab l e  2 4 :  SPERMATOGEN IC SC O RE COUNT O F  RAM 1 3  FOLLOVJING 

SPONTANEOUS C URE OF " EXTREM E" SC RTOAL NAN GE 

Spermat ogenic L e f t t es t i s  1 R i ght t e s t i s  2 

sc ore  Proximal D i s tal Proxima l  Dis tal 

1 - - - -

2 1 3 0 1 

3 2 2 3 1 

4 5 3 7 8 

5 1 2 - 3 

6 1 2 4 -

7 - - 2 1 

8 3 4 3 2 

9 1 0  1 5 8 1 7 

1 0  27 1 9  2 3  1 7  

P os i t i on me an 
s c ore  8 . 5 8 0 1  8 . 0 8 . 0 

Test i.. s m e a n  
8 . 3 8 . 0 score I 

1 L e ft t e s t is remov e d  when s everely at rophic  

2 R i ght t es t i s  removed a f t e r  s eminal r e g e n e rat i on 



9 0  9 1 

9 2  9 3  



Fi gu r e s  90 & 9 1 : Compa re the pendulou s s crotum of 

Ram 1 3  ( Fi g .  90 ) ju s t  prio r  to 

sl au ghter wi th a normal ram 

p hotogra p h ed t h e  sam e day ( Fi g .  

9 1 )  0 

Fi �J r e s  9 2  & 9 3 :  Compa re t h e  th i ckn es s o f  th e 

secti on of ski n  taken f rom the 

d i stal th i rd o f  th e s crotum of 

Ram 13 ( Fi g .  9 2 )  and f rom t he 

d i sto l thi rd o f  th e s crotum o f  a 

n o rmal ram ( Fi g .  9 3 )  • 

( 1  sma l l  d i v i s ion , 1 mm) 



F i gu res 94- 9 7 : S e c t i o n  ta k en f rom th e l e f t di s ta l  

t e s t i s o f  Ram 1 3  i l lu s t ra t i n g  t h e  

d eg r e e  of va r i a t i on i n  s em i n i f erou s 

tubu l e cytol o gy a f t er s em en qu a l i ty 

h a d  r etu r n ed to a cceptabl e l evel s .  

Figure 9 4 :  

F i gu r e  9 5 � 

F igu r e  9 6 : 

Figur e 97 : 

Sem i n i f e rou s tubu l e  wi t h  a s i n gl e 

ba s a l  l ayer o f  S e r tol i cel l s  ( S ) 

'1.\Ti thou t any s o e rm atogon i a . 

( B .  & E . ) 
( :x  400 } 

Tubu l e con t a i n i n g  a f ew e l on ga t i n g  
s p c rna t i d s  ( E) . Cel l numbe r s  a r e  

s ti l l  v e ry redu ced an � man y o f  t h e  

ge rm cel l s  a r e  d e g en e ra. t i ng ( 0 ) . 
( :-: . & E . ) 
( :X  400 ) 

Tubul e con ta i n i n g man y el on ga t i n g  

spe rma t i d s . Bowe v e r , cel l n umbe r s 
a n d  cel l ul a r a ss o c i a t i on s s t i l l  not 

n o rma l .  
( n .  & E . ) 
( X  400 )  

Tubu l e wi t h  a p p ro xima t e l y  n o rma l 

numb e r s  o f  g e rm cel l s  i n  a l l  s t ag e s  

o f  s p erma tog en e s i s  and i n  n o rm a l 

s pQ t i al r el a t i on s h i p .  

( E .  & E . )  

( :X  4.00 )  



9 4  9 5  

9 6  9 7  
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7 . LJ  Di s cu s s i on 

I t  \vou l d  a o p e a r t h a t s em i n a l  r e co v e r y  f rom 
� . 

v e ry s e ve r e  s c r o t a l m a n g e  i n  ram s doe s ta k e  pl a ce .  

Even Ram 1 3  who s e  s c rotum wa s con s i d e ra bl y  t h i ck -

en ed a n d  p en du l ou s ,  du e to l on g  t e rm c h ron i c 

s cro ta l mange , f i n a l l y  9 rodu ced s em en of a cc e p t a bl e 

qua l i ty after s 9 on tan eou s  cu r e  o f  t h e  s c rota l l e si on s .  

T h e re i s  l i t tl e cowpa ra bl e i n f o rm a t i on a va i l 

abl e on t h e  r e co v e r y  of rep rodu ct i ve f u n cti on 

f ol l owi n g  s impl e s c ro t a l  d e rma ti t i s .  Gun n  et a l . 

( 1 94 2 )  n oted a s ev e r e  s em i n a l  degen e ra t i on 

a s so ci a t ed with bot h  a n  a r s en i ca l  d e rma t i t i s  o f  

t h e  s c rotum and cu ta neou s  myi a s i s  o f  t h e  s c rotum . 

A s em i n a l  r egen e ra t i on o c cu r red i n  a l l  ram s wh i ch 

wa s com9 l e t e  w i t hi n f ou r  month s .  Howe ve r ,  t h e  

s em i n a l  d egen e ra ti on s  Q s s o c i a t ed w i t h  both a r s en i ca l  

d e rma t i t i s o f  t h e  s crotum a n d  cu ta n e ou s myi a s i s  

o f  t h e  s cr o tum \1-le r e  probabl y due to s y s t em i c  e f f ect s 

a s  we l l  a s  l o ca l e f f e ct s  o f  th e two a gen t s  (Gu n n  

e t  a l . ,  1 9 4 2 ) , a n d th e r ef o r e , may n o t  be compa r a bl e  

w i th t h e  ef f ect s o f  s crota l m a n ge . R e c e n t l y ,  

W ol l r a b ( 1 9 6 5 } produ ced a s c ro t a l  d e rm a t i t i s  by 

ru bb i n g  I ch thammol o i n tm e n t  i n t o  t h e  s crotu!Tl of 2 

bul l s  twi ce da i l y  f o r  40 d a y s . The bu l l s  we re 

p r a ct i ca l l y  a zoo s p e rm i c twen ty-th r e e  d a y s  a f t e r  

t h e  begi n n i n g  o f  t r ea tm en t . The t e s t i cu l a r  h i s t 

o l o gy of on e bu l l  s l aug h t e red a t  t h e  e n d  o f  

t rea tm en t wa s v e ry s i m i l a r  t o  t ha t  s e en i n  ram s 

w i th exten s i ve s cr o t a l  ma n g e . In t h e o t h e r  bul l  

a s em in a l  regen e ra t i on o c cu r re d  a f t e r  d i s con t i nu i n g  

t r ea tm en t  a n d  wa s more o r  l e s s  compl e t e  wi t h i n  f ou r  

mon th s .  

I t  ha s been k n own f o r  a l ong t i m e  t ha t  t h e  

s tem cel l s  of th e s p e rma togen i c  s e r i e s 1  t h e  
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s p e rm atogonia  ( Fu l< i , 1 9 2 3 r  M.oo re and O sl u nd , 

1 9 24 1  You n g ,  1 9 27 )  o r  at l ea s t some cla s s e s  o f  

h type s p e rma togon i a  (Oal<berg , 1 9 5 9 r Wai t es a n d  

ort�van t , 1 96 7 ,  1 96 8 �  Dym and Cl e rmon t , 1 970 ) 1 

a r e  very resi sta n t  to n o xi ou s  stimu l i  and that on 
r emova l  of the noxi ou s stimu l i  these cel l s  wi l l  

gi v e  ri s e  t o  a n ew s e r i e s  o f  gel11' cel l s  i n  norma l 

cel lul a r  a s scciat i on s  ( You n g ,  l 9 27 r r-�oo r e , 1 9 2 6 �  

Nel son , 1 95 1 �  Dym a n d  Cl e rmon t ,  1970 ) . Simi l a rl y  

the sperm a t ogon i a , o r  a t  l ea st some sp e rma togon i a , 

a ppea r to be very r e si stant to t h e  e f f ec t s  of  

s c rota l ma n g e  ( C .  bovi s ) . Sperma togon i a  were 

obs e r ve d  in th e ma j ori ty of semini f e rou s tu bul e s  o f  

even t h e  m o s t  seve rel y a f f ected ram . Fu rt h e r  the 

te sti cul a r  regene ra ti on that o ccu r r ed i n  t h e  

rema i n in g  t e sti s shows that th ese cel l s  a r e 

fun ctional l y  com p e t en t .  

In on e o f  the ram s exam ined i n  t hi s  s e cti on , 

testi cu l a r  regen e ra ti on wa s  compl ete whi l e  i n  th e 

other s ,  e sp eci a l l y  whe r e  the t e st e s  ha d been 

a t rophi c f or some time , a proportion o f  s em i n i f e rou s 

tu bu l e s h a d  not compl e t ely r egen e rated . A sma l l  

number o f  t h e s e  tubu l e s were i n d i stingu i shabl e 

cytol ogi cal l y  f rom tho s e  seen i n  the l e f t  t e s ti s 

removed p r i o r  to t r eatm en t , wh i l e  many were i n  

va r i ou s  s ta ges of r eg en e ra ti on . Simi l a rl y ,  the r e  

wa s a wi d e  range i n  semini f e rou s tubu l e a ct i v i ty 

i n  ram s tha t were s l au ghte red du ring th e ea rly 

stages of  t esti cu l a r  reg eneration fol l ow i n g  

sponta n eou s cu re of exten si ve scrotal m a n ge ( se e  

Cha pter 6 ) . 

� sim i l a r  phenomenon , that i s ,  a p pa r ently 

un i fo rm  spe rroa togeni c  a r rest f ol l owed by un even 

tubu l a r r egene rati on , ha s been obse rved i n  gu i n ea 



p i g s  who s e  t e s t e s  h a v e  be en expo s ed to h i gh 

temp e r a t u r e s  f o r  sho r t  p e r i o d s  ( You n g , 1 9 27 ) , 

ra t s  m a d e  expe rime n t a l l y  c rypto r ch i d  (� e l son , 

1 9 5 1 ) a nd bu l l s wi t h  e xo e r im e n ta l l  y i n du c E d  

1 8 7 . 

s c ro ta l d e rm a t i t i s  ( Wol l rab , 1 9 6 5 ) . I n  t h e  ca s e  

o f  t h e  ram s w i t h  s c r ota l ma n g e ,  s om e  s em i n i f e rou s 

tu bu l e s  we r e  s t i l l  i n  a s ta t e  o f  regen e ra t i on 

'IITh en s em i n a l  rege n e r a t i on a p p ea r E' d  to be com�l e t e . 

A v e ry sm a l l numbe r o f  tu bu l e s  wer e i n d i s t i n gu i sh

abl e f rom t ho s e  of the l e f t  t e s t i s obs e rv e d  p r i o r  

t o  t r e a tm en t .  Th e s e  tu bu l es m a y  b e  p e rm a n e n tl y 

a t roph i c .  You n g  ( 1 9 27 )  not e d  a s i m i l a r  p h e n om e n on 

i n  gu i n ea p i g s  \17ho s e  t e s t e s  w e r e  e xpo s e d  f o r  a 

s h o r t  p e r i o d  ( 1 5  m i n ) to a h i gh t em p e ra tu r e  ( 47°C) . 
ru thou gh m o s t  of t h e  s em i n i f er ou s  tu bu l e s  retu rn ed 

to normal fol l owi n g  t r ea tmen t a v e ry sma l l  n umbe r 

r ema i n e d  p e rma n en t l y  a t roph i c .  

Not on l y  wa s t h e r e  a va r i a t i on i n  tubu l a r 

r e g en era t i on i n  i n d i v i du a l  t e s t e s  fol l ow i n g  t re a t

m e n t  of e xt en s i ve s c rot a l  ma n g e ,  bu t t h e r e  w e r e  

a l s o l a rge d i f f e re n c e s  betw e en ram s i n  t he on s et 

o f  s em i n a l  r e cov e ry .  In gen e r a l , ram s  t ha t  ha d 

s ev e r e  t e s t i cu l a r a t rophy f o r  s om e  t im e  took 

l o n g e r  to r e cover tha n  ram s t h a t  h a d  a p pa r en t l y  

s im i l a r  t e s t i cu l a r d e ge n e r a t i on s bu t o f  s h o rt e r  

du r a t i on . S i g n s  o f  s em i n a l  re ge�a t i on w e r e  

a p pa rent wi t h i n  two mon th s  of t re a tm e n t  i n  t h e  

t h r e e  ram s t ha t  w e r e  u n d e rgoi n g  t e s t i cu l a r  a t ro phy 

du r i n g  t h e  month p r i o r  to t r e a tm en t  wh i l e  t h e  

f ou rth r a m  o f  t h e  g rou p ,  wh i ch h a d  s ev e r e  t e s t i cu l a r  

a t rophy f o r  mo r e  than a mon t h  d i d  n ot show s i gn s  

o f  s emi n a l  r e cov e ry un t i l  s i x mon th s  a f t er t h e  

begi nning of t re a tm en t .  Th i s  ram a l s o  ha d th e 

l a rg e s t  p roporti on o f  d e gen e r a t e  tubu l e s  a t  

s l a u gh t e r .  N el son ( 1 9 5 1 ) d emon s t ra t ed a s i m i l a r  
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�henom enon i n  ra t s  t ha t  had been made expe rimental ly 

crypto rch t d  f o r  va ry i n g  p eriod s .  The l o n g e r  t h e  

t e s t e s  we re reta i n ed i n tra -a bdom i na l ly the l onger 

wa s  the p e r i o d  requ i r e d  f o r  t e st i cul a r  r egen era t i on 

a n d  l e s s tubu l e s  recove red com�l et el y .  

I t  i s  g en e ra l l y  a c c e � t e d  tha t the t im e  tak en 

f o r  s p e rm a t o g en e s i s in most s p e ci es i s  a 1 1biol o gi cal 

con stan t " (O rtavant , 1 9 5 9 ) , t h e  p ro ce s s  tal< i ng 

a 9 � ro x tmat ely 49 d a y s  i n  t h e  rarn (O rtavan t ,  1 9 5 6 ) . 

Fu rther , s p e rma tozoa h a v e  been s hown by va r i ou s 

t e chniqu e s  to tak e 1 - 2 week s to trave r s e  t h e  

e p i di dymi s in  the r a m  ( s ee Rowl ey et al . ,  1 9 70 ) . 

Th e re f o r e ,  the l a r g e  between ram an d between 

tu bul e w i t h i n  ram va ri a t i on in semini f erou s tubu l e  

a cti vi ty cannot be a ccounted f or by cha n g e s  i n  th e 

proce s s  of spe rma togen e s i s  o r  i n  the ra t e  o f  

pa s sage o f  s p e rmatozoa . 

Recen t  evi d en ce s u gg e s t s  t ha t va ri a t i on s  i n  

s�e rmatogen ic a cti v i ty may a c count for  t h e  

va r i a t ion s obs erved i n  thi s a n d  other s tu d i e s .  I t  

ha s been s hown in t h e  ra t ( Cl e rmont a n d  Bu sto s

O br egon ,  1 9 6 8 )  ana th e m on k ey ( Cl e rmon t , 1 96 9 )  tha t 

there may be two gen e ral cl a s s es o f  h t yp e spermato

gon i a �  t h e  " ren e't<Ti n g " s t em cel l s  and th e 11 r e s e rve " 

s t em cel l s o  �ccord i n g  to t h e s e  au thor s  the 

" ren ewi n g " s t em cel l s gi ve r i s e  to the d i f f eren t i a 

t i n g  spe rmatogoni a ( e . g . , ci 2 , I nt e rm ed i a t e , B type 

s pe rma togo ni a )  and m o re " r en ewi n g "  st em cel l s  Whi l e  

th e res e rv e  stem c el l s  pa r t i c i pa t e  11 l i ttl e i f  a t  

a l l 1 1  in t h e  routi n e  p rodu ct i on of spe rma to cy te s  

( Cl e rmont a n d  Bu stos-Obregon , 1 9 6 8 �  Cl e rmon t ,  1 9 6 9 ) . 

Th e  same g rou p of \vo rk e r s  h a v e  re cently shown that 

X- i r ra d i a ti on ( 300 r )  of the  rat test i s cau s ed a 

s evere d e p l e ti on -:J f  the " renewi n g "  stem cel l s  but 
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h a d  r el at i ve l y  l i t t l e e f f ect on t h e  " r e s e r v e " s t em 

cel l s .  •; f t e r  trea tm e n t  t h e  " r e s e rve " s t em cel l s 

be came mi toti cal l y  a ct i ve a n d  l a rgel y con t ri bu t ed 

to t h e  s p e rm a togon i a l  r epopu l a t i on ( Dym a n d  

C l e rmon t , 1 9 70 ) . Th e compl e t e  p r o ce s s  o f  s t em 

cel l r en ewal took a bou t fo rty days . 

Al t hou gh the d i f f e r enti ating s p e rma togoni a o f  

t h e  ram (A 2 , I n t e rm e d i a t e , B type sperma togon i a )  

a re r el a t i v el y  su s c ep t i bl e to t h e  ef f ect s o f  heat 

( lla i te s  and O rta v2 n t , 1 967 , 1 9 6 8 ) th e re i s  no 

e vj_ d en c e  of " r e s e rv e " and " re n ewa l " popu l a t i on s of 

g e rm c el l s  in thi s s p e ci e s .  Howev e r , i n d i r e ct 

e v i d e n c e  su g g e s t s  t h a t  su ch c. phenom enon m ay o c cu r  

i n  t h e  bul l  ( Ho ch e r eau , 1968 ) . � s tu dy o f  t h e 

s p e rma togon i a l  popu l a t i on i n  the n o rm a l  ram , i n  th e 

ram a t  th e h e i ght o f  t esti cu l a r  d egen e ra t i on , a n d  

i n  t h e  ram du r i n g  th e ea rly s t a g e s  of t e s t i cu l a r  

r e covery , may expl a i n  v.Thy some tu bu l e s  and some 

t e s t es tak e  mu ch l on g e r  than o th e r s  to r e co v e r  from 

a ppa ren t l y  s i mi l a r  d e g· r e e s  of t e s t i cu l a r  d eg en e rat

i on . Su ch a s tudy wou l d  p robably al so gi v e  a 

be t t e r  u n d e r s t a n d i n g  i nto the ma rk ed re s i s ta n ce o f  

a t  l ea s t s ome germ cel l s  to t h e  l ong t erm e f f e ct s  

o f  s crotal ma n ge .  

Spe rm a to zoa p ro du ced a f t er compl e t e  s em i n a l  

re gen er a t i on f ol l ovTi n g  a p e r io d  o f  s e v e r e  s em i n a l  

d e gen e ra t i on a re o f  n o rm a l  f e rt i l i z i n g  capa ci ty 

�ou n g , 1 9 27 r Gu nn et a l . ,  1 9 4 2 �  Bowl e r ,  1 967 r 

B ra d en a n d  M a t tn e r , 1 970 ) . I n  t h i s s tu dy s em i n a l  

regenera t i on o f  th r e e  ram s  wi th s c rotal m a n g e  wa s 

compl e t e  i n  th e Au tumn . Seme n  qua l i ty of t h e s e  

ram s p ri o r  t o  sl aught e r  wa s h i gh ,  v i rtu a l l y  lOO% 

of t h e  s pe rm a tozoa bei n g  rap i d l y  moti l e  wi th 

p r a ct i ca l l y  no mor p h o l ogi ca l a bn o rm al s .  S p e rmatozoa 
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produ ced by the s e  ram s , t h e r ef o r e , i s  almo s t  

certain to have been o f  h i gh f er ti l i zi n g  ca pa ci ty .  

Th e ot h e r  two ram s  we r e  s l au ght e r ed i n  t h e  ea rly 

s pr i n g , a time of the yea r wh en reprodu cti ve f un ct ion 

of many breed s of ram s i s  sl i g-h t l y  r edu ced (McKen z i e  

a.n d  :aerl i n e r 1  1 9 37 �  S ta rke l 1 94 9 7  Du n et a l . ,  

1 960 � O rtavant ��. , 1 96 1"· ) . i:.l thou gh the s em en 

qual i ty o f  th e s e  t'>vo ram s wa s sl i ghtly i n f eri o r  

compa red wi t r.  t h e  f i r s t  t h r e e  ram s , t h e  semen 

qu a l i ty '..ra s  s t i l l  �.;i th i n  t h e  l imi t s  o f  n o rm a l 

f er ti l i ty as shown by Ed ga r ( 1 9 5 9 )  ana Su l P-t e t  al . 

( 1 9 6 5 ) . 



PART I l l  

CA U S E  O F  T H E  T E ST I C U LAR D E G E N E RAT I O N  

AS S O C I AT E D  WITH  

E XT E N S IV E  S C R OTAL MAN G E  



1 9 1 . 

C h a p t e r  8 

H EAT A S  A CAU S E  OF TP. E T EST ICULAR D EG EN ERAT ION OBSERVED 

IN Rru-'I S WITE EXTEN S IVE S C ROTAL r-'A�G E  

8 . 1 I n t r odu c t i on 

I t  i s  wel l k n own tha t  t h e  scrotum p rovi d e s a 

su i ta.bl e t h e rm a l  envi ronm ent f o r  n o rm a l  s p e rma to

gen e si s .  Evi d en ce f o r  thi s h a s  been d e ri v ed f rom 

m <:� n y  e xp e r im ent s .  Fo r e xampl e 1 r-� o o r e  an d Qu i ck 

( 1 9 24 )  f ou n d  t h e  t em p e r <:� tu re i n si d e  t h e  tu n i ca 

vo gina l i s  wa s s ev e r a l d e g r e e s  cool e r  than i n side 

th e body ca vi ty .  T ra n spl a n t ed testes p rodu ced 

spe rm � to zo a  o n l y  i f  th ey we r e  pu t i n  t h e  s c rotum 

(Moo r e , 1 9 2 3 ,  1 9 2 4 b ,  c) o r  i n  a s i t e  wi th a simi l a r  

t em p e ra tu r e  to t h e  s crotum , f o r  exampl e ,  th e 

a n t e ri or chambe r o f  t h e eye ( Tu rn e r ,  1 9 3 8 ) . When 

tb e s cro t um of a ram vi& s i n sul ated f o r  e i gh ty d a ys , 

a l l  s emin i f e rou s tu bu l e s  were dam a g e d  to va riou s 

d eg r ee s and 1 1the a n ima l st. e r i l i zed i t s el f  with i t s 

own body h ea t  be ca u s e  o f  t h e  inte r f e ren ce w i t h  t h e  

l o ca l  regu l a to ry capa ci ti e s  o f  the s c rotum " ( fvioo re 

an d  O sl un d , 1 9 2 4 a ) . 

I n  m n n y  stu di e s  t h e  bo dy- t e s t e s  tempe ra tu r e  

grad i en t  of th e r a m  ha s be en s hown to be i n  th e 

vi ci n i ty o f  5°C ( P h i l l i p s  a n d  Mc¥ en z i e 1  1 9 3 4 r  

Ha rri son and We i n er , 1 948 7 Foote e t  a l . ,  1 9 5 7 7 

Wa i te s  a n d  r-�oul e ,  1 96 1 7  John son et a l . ,  1 9 6 9 ) . 

r�a i t e s a n o  l''<oul e ( 1 96 1 )  con f i rm ed t h e  ea rl i e r  

propo s a l  o f  Ha r r i s on a n d  We i n e r  ( 1 9 49 )  t h a t  m o s t  

o f  th e tem p e ra tu re d ro p  o ccu rred i n  th e sp e rm a t i c 

cor d , th e h ea t  b e i n g  t ra n s f e r r ed f rom th e intern al 



s p e rma t i c a rt e ry t o  t h e  ven ou s blood i n  th e 

pam p i n i f orm pl exu s .  �.O:a i t e s  and tJ.;ou l e ( 1 96 1 )  

1 9 2 .  

f ou n d  th e tem p e�a t u r e  o f  t h e  bl ood i n  t h e  i n t e rn a l  

s pe nna t i c a r t e ry w h e r e  i t  f i r s t  pa s s e s  on to t h e  

t e s t i s s u r f a ce wa s a o o roxima t el y  5
°

C cool e r  than 

t h e  bl ood en t e r i n g  the same a rt e ry f rom the a o r ta , 

wh i l e  bl ood l ea vi n g  th e pamp i n i form p l e xu s  wa s 

abou t S °C "t..;a r:n e r  t ha n  th e venou s bl ood on t b e  

t e s ti s su r f a ce .  Bowev e r , t h e  va s cu l a r  h e at 

exch a n g e  i s  not a u to r e gu l a to ry7 t h e  m e cha n i sm 

on l y  serves to cool t h e  t e s t i s \17h e n  the retu rn i n g  

venou s b l ood f ro� t h e  t e st i s i s  cool e r  tha n t h e  

a rt e r i a l  i n f l ow .  Th i s  r el a t i on s h i p  ca n b e  m a i n

tc i n ed only i f  h e a t  i s  bei n g  l o s t  t h rou gh th e 

s c ro t um ( v7a i te s an d �oul e 1 1 96 1 )  • Thu s  th e 

cou n t e r cu r rent h ea t  excha n g e 1 whi ch i s  th e m a i n  

me chan i sm f o r  coo l i n g  t h e  t e s ti s ,  i s  depe n d an t  on 

th e n o rmal f u n cti on i n g  of th e s crotum . 

Th e s crotum hc s w n r'l y  f eo tu r e s  wh i ch f a ci l i ta t e 

h e a t t ra n s f e r . T h e  s c rot a l  sk in o f  th e ram i s  

th i n n e r  tha n  t h e  s k i n co v e ri n g  mo s t  body r e g i on s 

(Kozl ow sk i  a n d  C a l houn , 1 9 6 9 ) 7 th e r e  i s  u s ua l l y  

a l ow d e n s i ty o f  wool f i br e s  (L yn e  a n d  Fol l i s ,  

1 968 ) � t h e r e  i s  a 1 a ck o f  s u b cu t a n eou s f a t  a n d  

rel a t i v e l y  l a r g e  s crot a l  sweat gl a n d s ( Wa i t e s  a n d  

Vogl m a yr , 1 96 2 ) ca �� bl e  o f  p rodu ci n g  m o r e  swe a t  

th a n  t h e  gl a n d s on t h e  bo dy ( B rook a n d  Sho r t 1 1 9 60 ) . 

Fu rth e r ,  on l e a v i n g  th e s p e rm a ti c co r d  t h e  s 9e rma t i c 

a rt e r y  p a s s e s  o v e r  th e t e s ti s su r f a ce to t h e  

v en t ra l  pol e wh e r e  i t  d i v i d e s  a n d  th e br a n ch e s  

f rom i t  ram i f y  u n o e r  th e tun i ca a l bu gi ne a  be f o re 

pen e t ra t i n g  t h e  t e st i s su r f a ce ,  s o  t h a t  t h e  m a j o r  

te s t i cu l a r  bl ood ve s s e l s a r e i n  cl o s e  p roxi m i ty 

to th e s crotum , a l low i n g  ma x ima l h e a t  exch a n g e  

betw e en t e s t i s  a n d  s crotum . The s e  a na tom i ca l 
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f a ctor s sugg e s t  t h a t  cha n ge s  i n  s crota l t el"ffpe ratu re 

woul d  be ref l e cted by cha n g e s  in t e s ti cul a r  t emper

a tu re .  'ila i t e s  a nd Moul e ( 1 96 1 ) a (?pl i e d  wa rm a nd 

cool a i r to th e s crotum a n d  f ound that "th e  

tem!?era tu re of t h e  venou s ou t f l ow f rom t h e  t e s t i s  

i s  alwa y s  s im i l a r  t o  the tem?eratu r e  ben ea th th e 

scrot um . "  The i n c r ea s e d  venou s bl ood hea t  wa s 

ra p i d l y  t ran sf erred to t h e  whol e t e s ti s via t h e  

coun t e r cu r ren t hea t exchange m e chan i sm ,  s o  tha t 

th e tempe ratu re of th e t e s t i cul a r  ti s su e  a !? p ro a ched 

th at of the i n si de of the s c rotal sk i n  ( Wa i t e s  and 

Moul e ,  1 96 1 ) . 

I t  i s  l ik e l y  that exten s i ve s c rotal man ge 

inte rf e r e s  wi th th e n o rm a l  th e rmo regu l a to ry 

fun ction of th e s crotum , r e su l ti n g  i n  an i n cr e a s e  

in t e s t i cu l a r  tempe ratu r e  wh i ch w.ou l d  ca u s e  th e 

severe t e st i cul a r  degen e rati on obs e rve d .  To t e s t  

thi s hy(?othesi s sub s crota l ,  i n t ra t e s t i cu l a r  a n d  

body t empe ra tu r e s  \..re re r e co rd ed befo r e  s l au ght e r  

f rom both cont rol a n d  a f f e ct ed ram s .  In oth er 

ram s t empe ratu r e s  we re re co rd ed f rom th e l e f t  s i de 

p r i o r  to t reatment of s crotal mange a n d  f rom the 

ri gh t s i de a f t e r  the s crota l l es i on s had been 

cu red a n d  there \Aie r e  s i gn s o f  tes t i cu l a r  r e cov e ry .  

8 . 2 �ater i a l s a n d  Me thod s 

Tem p e ra tu r e s  were r e co rded wi t h  a P h i l i p s  

( E20 5 C E/P lK5 ) th erm i stor whi ch wa s embedded wi th 

a ral di t e  i n  a 3 i n ch ,  1 2  ga . s . w . G .  hypode rm i c  

need l e  wi th th e s en sory ti p ex!?o s e d . Th e the rm i stor 

wa s pl a ced i n  a Whe a t s ton e Bri dge C i r cu i t  ( T ext- f i g .  

1 8 )  a n d  a potentiomet e r  wa s u s ed t o  bal a n ce t h e  

bri d ge a t  33°C .  T h e  ou tput of the bridge wa s f ed 

i n to a Beckman L i n ea r  Cha rt Re co r d e r  (mod e l  9 3 50 7 ) , 



TEXT-FIG9 1 8 : WHEATSTONE BRIDGE C IRCUIT WITH THERMISTOR 

( PHILIPS E205CE/P1 K5 ) INCORPORATED . 

1 9 4  

1 K 5 T H E R M I S T O R  

1 · 3 5  V 
M E RCURY---.� 

CE L L  

OU TPUT 

Thermistor embedded with araldite in 1 2ga . S .W .G . hypode rmic needle 

wi th sens ing tip exposed .  1 K5 ohm re s i stors high stability type s .  

2K ohm vire wound potentiometer used to balanc e bridge at 33°C .  

Output of bridge fed into a Be ckman Linear chart rec order ( mode l 93507 ) .  
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wh i ch had a lOOrnV s pan covering 5 i n ches o f  cha rt . 

Th e cha rt \<Ja s  gradua t ed f rom 0 - lOO . The a ppa ratu s 

wa s ca l i brat ed a ga i n st a cl i n i ca l the.rmomet e r  

( G .  H .  zea l , Lon don ) wh i ch compl i ed wi t h  B r i t i sh 

Standa rds 6 9 1 , i n cl u d i n g  a ccu ra cy to wi t h i n  O . l°C .  

Th e cl i n i cal thermomet e r  wa s check ed f o r  a ccu ra cy 

by Ta Pma n Va ccine Labo rato ry ,  N ew Z eal and . Th e 

cl ini cal t h e rm ometer wa s ma rked f nom 9 5  - l l0°F 

( 3 5 - 4 3°C )  be i n g abo ve the min imum t emp erature 

( 3 3°C )  requ i red . Therefore ,  th e i n s t rum ent wa s 

al so cal ibra ted a gai n s t  an a c cu ra t e  m e rcu ry i n  

gl a s s  thermometer with a ran ge of  0 - 50°C ( G .  H .  
Zeal , London . B . S .  1 36 5/80 N/F �CN/ 3 2 1 ) . Deta i l s  

o f  the cal i bra t i on o f  the appa ratu s a r e  recorded i n  

Appendi x  8 .  Th e s impl e regre s s ion equation wa s :  

y = 3 3 . 0  + o . l l 7 x ,  

Wh °C and v e re y = r. = number of  cha rt di vi s i on s . 

The reco rd i n g  equ i pment wa s che ck ed a gai n s t  the 

cl i ni cal t h e rmom et e r  a t  35°C and 40°C befo re a n d  

a ft e r  ea ch e xp e r i m en t a l  s e s s i on . Th e average o f  

t he two cha rt reco rdi n g s  wa s a lway s  wi thi n t h e  

9 5% con f i d en ce l im i ts s o f  t h e  ca l cul a t ed regre s sion 

l i ne . Ai r t emp era tu r e  duri n g  the va riou s  re co rding 

s es s i on s  va ri ed f rom 1 6°C to 2 2°C .  

Al l ram s  were sho rn two week s orior to 

r ecording t est i cu l a r ,  sub s c rotal and jugul a r  v e i n  

t emp eratu re s .  T h e  s crotum o f  ea ch con t rol ram wa s 

s h o rn to a pp roxima t el y t h e  same l ength a s  tha t  o f  

th e a f f ected ram reco rded in the s ame s e s s i on . The 

s crotal wool len gth va ri ed f rom l cm  to 4 cm .  For 

r eco rding t em p e ra tu res t h e ram s were r e s t ra i n e d  in 

a standing po s i t i on in the Begg 1 s  foot t rimm i n g  

c radl e .  The thermi s to r  n e edl e wa s i n serted , f rom 

t h e  po s t e ri o r  a spe ct o f  the s crotum , so that t h e  

n eedl e t i p  wa s n ea r t o  t h e  cen t re of t h e  l ef t  
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t e s t i s a n d  t h e  t em oc ra tu re reco rd ed . Th e n ee d l e  wa s '· 

then wi t hd rawn un til t h e  s en s i t i ve ti � l ay between 

the t esti s a n d  s crotum a n d  t h e  subs crotal t emp e ra

tu r e  reco rd e d . 

Temperatu r e s  were recorded f rom eleven pai r s  

o f  ram s i n  t h e  f i rst exp e rimen t .  O n e  o f  ea ch �ai r  

h a d  ei ther severe or ext reme s crot a l  mange and the 

other wa s a con t rol anima l . Af f ected and cont rol 

ram s  we re a l te rnated for f i rst t em�eratu r e  r eco rding 

and ea ch pai r of ram s were recorded wi thin a hal f 

hour p e riod . At the time of  t empe ratu re r e co rding 

a l l  ram s wi th s c rotal � a n ge ha d seve r e  tes ti cu l a r  

d e gen e rat ion Wi th n o  s i gn s  o f  s eminal o r  t e s ti cul a r  

regene ra ti on . Con ve r s el y ,  a l l  t h e  control a n ima l s 

had m i l ky to creamy s em en wi th s emen s cor e s  o f  

twenty o r  mo re 0 

I n  th e s e cond exporim ent s i x  ram s had t hei r 

t es t i cu l a r ,  su bs crotal a n d  jugul a r  vein t empe ra tu r e s  

reco rded when exten si ve s c rotal mange wa s cau s ing 

sever e  tes t i cul a r  a t rophy and a ga i n  a ft e r  s u cce s s ful 

t reatment of the scrotal l es i on s ,  when si gn s  o f  

t e s t i cul a r  regene rati on were appa rent . Becau s e  of 

po s si bl e  com pl i ca tion s fol l o\<7i n g  the use o f  t h e  

12  ga . n eedl e ,  t empera tu res we re recorded p ri o r  t o  

t r ea tment f rom t h e  l ef t  t esti s and l ef t  subs croturn 

and f r om t h e  ri ght s i d e  a f ter t reatm en t .  

The data f rom ind i v i du al ram s wi t h  s crota l  

mange �n d t hei r respect i ve cont rol ram s i n  t h e  f i r st 

expe rim ent and data f rom the l eft and right s i de o f  

eu ch ram in t h e  s e cond expe riment w e re compa red 

on a pa i red ba s i s u s i n g  " Student ' s " t - t e s t  

( Sn e d e co r ,  1 956 ) . 



8 . 3 R e su l ·t s  

( i )  T empe ra tu r e  r ecor di ng.s f rom ram s wi th 

exten s i v e  s c rotal m a nge and f rom con t rol 

a n ima l s 
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T h e r e  w e re n o  s i gn i f i ca n t  d i f f e ren c e s  ( p > O  . O S ) 

between t h e  m ean jugu l a r  v e i n  t em pe ratu r es o f  t he 

s c ro t a l  man g e  a n d  con t ro l  grou p s  wh i l e  the r e  w e r e  

h i g h l y  s i gn i f i ca n t  di f f e ren ce s ( p <O . OO l }  between 

both i n t ra t e s t i cu l a r  t empe ra tu r e s  a n d  su bs crotal 

t em p e ra t u r e s  f r om the two g rou p s . Al l the a f f e c t ed 

ram s h a d  t e s te s  t empe ra tu r e s  a bo ve t ho s e  r eco rded 

f rom the con t rol ram s on t h e  s am e  day ( T abl e 2� ) .  

The t em p e ra tu re i n cr e a s e  va ri e d  f rom 0 . 6°C t o · 3 . 1° C , 

wi th a n  a v erage i n cre a s e  o f  1 . 8°C ( Tabl e 26 ) .  Th e r e  

wa s n o  a ppa rent di f f e r e n ce betwe en va ryi n g  d e g r e e s  

o f  s c rotal m a n ge seve r i ty and t e st i s t em p e ra tu re ,  

t h e  a v e ra ge t e st i s t em p e ra tu re of t h e  ram s wi th 

severe s cr o t a l  m a n g e  bei n g  s i m i l a r  to t h e  a v e ra ge 

temp e r atu r e  of t h e  r a� s  wi t h  ext rem e  s crot a l  m a n ge . 

Sub s c rotal t empe ra tu r e s  o f  r., f f e ct ed ram s we r e  f rom 

0 . 4°C to 2 . 8°C ( a verage of l . 6°C} h i gh e r  t h u n  t h o s e  

r e co rded f rom t h e  cont rol r am s  on th e sam e d a y  

( Tabl e 25 ) .  The i n d i v i du a l  subscrot al t em p e ra tu r e s  

were s im i l a r  t o  t h e  t e s ti s t em p era tu re i n  e a ch ram , 

a l thou gh many o f  th e i nd i vi d u a l  su bs crotal 

t emp e r a tu re s  we r e  sl i gh t l y  h i gh e r .  I n  ret ro s p ect , 

th i s  wa s p robabl y du e to t h e  posi t i on o f  t h e  n eedl e 

wi t h i n  th e tun i ca vagi n a l i  s sa c .  Th e hypo de rm i c  

n e e o l  e contai n i n g  t h e  th e rm i sto r vlei s r el a t i v e l y  

l o n g  a n d  h e a vy a n d  o f t en , thou gh u n i n t en t i on a l l y ,  

th e h eat s en s i ti ve ti p wa s d i roct ed towa rd s t h e  

proximal pol e o f  t h e  t e s t i s wh ere th e temp e ra tu re ,  

compa red to the l ow e r  pa rts of th E' s crotum i s  

rel a t i v el y  h i gh . Fowl e r  ( 1 968 ) h a s shown t ha t  th e 

subs c rota l  t emp2 ra tu re a t  t h e  poi n t  wh er e t h e neck 



Tab l e  2 5 :  TEMPERATURE RECO RDINGS ( °C ) IN 1 1  P AIRS O F  RAM S :  

ONE WI TH EXTENSIVE SC ROTAL MANGE AND ON E C ONTROL 

1 98 .  

Te s t e s  Subsc rotal _Jugu lar v e i n  
L e f t  or 

Ram Ri ght 
P a i r  Side Mange C on t . Di f .  Mang e  C ont . D i f .  Hang e  C ont . D i f . 

1 L 36 . 2  35 . 2 )  + 1  . o  37 . 0  3 4 . 7 )  +2 . 1  3 9 . 0  38 . 4  +0 . 6  
R 36 . 3  35 . 4 ) 36 . 9  35 . 1 ) 

2 L 35 . 2  33 . 8 )  +1 . 7  35 . 0  3 4 . 3 )  +0 . 9  38 . 9  38 . 9  o . o  R 35 - 7 33 . 6 )  35 . 4  3 4 . 3 )  

3 L 36 . 3  33 . 4 )  +3 . 1  35 - 7  33 . 8 )  +2 . 1  3 8 . 5  38 . 7  -0 . 2  R 36 .5 33 . 2 )  3 6 . 4 3 4 . 1 ) 

4 L 34 . 9  3 4 . 2 )  +0 . 6  3 4 . 5  35 . 1 ) +0 . 4  38 . 7  38 . 9  -0 . 2  R 34 . 9  3 4 . 4 ) 35 - 7  3 4 . 2 )  

5 L 35 - 9  33 . 7 )  +2 . 0  37 . 6  3 4 . 3 )  +2 . 3  3 9 . 2  38 . 9  +0 . 3  R 35 . 7  33 . 9 )  35 . 7  3 L� . 3 )  

6 L 36 . 1  33 . 8 )  +2 . 4  36 . 6  33 . 8 )  +2 . 8  38 . 8  38 . 5  +0 . 3  R 36 . 5  33 . 9 ) 36 . 8  34 . 1 ) 

7 L 36 . 3  3 4 . 3  + 2 . 0  ; 36 . 5  3 4 . 6  +1 . 9  38 . 9  38 . 7  +0 . 2  

8 L 35 . 4  3 4 . 4  +1 . o  35 . 6  35 . 0  +0 . 6  38 . 7  38 . 8  -0 . 1  

9 L 36 . 4  34 . 5  +1 . 9 37 . 1  35 . 7  +1 . 4 3 9 . 4  38 . 5  +0 . 9  

1 0  L 36 . 4  3 4  • Lt +2 . 0  36 . 4  35 . 1  +1 . 3  38 . 9  39 - 5  - 0 . 6  

1 1  L 36 . 9  35 . 4  +1 . 5  37 . 6  35 . 4  +2 . 2  38 . 5  39 . 0  - 0 . 5 . 

M ea n  36 . 0  3 4 . 2  +1 . 8  36 . 3  34 . 7  +1 . 6 38 . 9 38 . 8  +0 . 1  

P a i r  N o .  1 , ( M  = 35 9 ,  c = 1 62 ) ; N o .  7 ,  ( M  = 1 55 ,  c = 1 3 4 ) ; 
N o .  2 ,  ( M  = 92 ,  c = 1 07 ) ;  N o . 8 ,  ( M  = 373 , c = 439 ) ; 
N o . 3 ,  ( M  = 604 , c = 1 0 6 ) ; N o .  9 ,  ( M  = 6 1 2 ,  c = 8 6 0 ) ; 
N o . 4 ,  ( M  = 985 , c = 253 ) ; N o . 1 0 ,  ( M  = 1 8 , c = 6 6 ) ; 
N o .  5 , ( M  = 572 , c = 1 05 ) ; N o . 1 1 , ( M  = 1 49 ,  c = 1 48 ) . 
N o .  6 ,  ( M  = 1 3 ,  c = 32 ) ; 

M = Ram wi t h  ext ens i v e  s c r o t al mange ; c = C on t r ol ram . 

Rams 359 , 92 , 604 , 985 and 1 55 had " s evere" s c rotal man g e  whi l e  
Rams 572 ,  1 3 ,  373 , 6 1 2 ,  1 8  and 1 49 · had " ex t r eme" s c r o t a l  mange . 
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of the s crotum s ta rts to i n crea s e  i n  d i ame t e r  i s  
2°C h i gh er than th e testi cu l a r  t empe ratu re i n  t h e  

proximal pol e .  Furth er 1 subscrotal t emperatu r e  
re co rdings coul d b e  va ri ed a s  mu ch a s  2 ° C  by s imply 
redi recting th e n e edl e t i p  in the s c rotal sa c .  Th i s  
wou l d a c coun t  f o r  the rel a t i vely l a rge va ri a t i on 
bet1·1een subs crotal temperatu res f ro� the s ame ram 
com p a red r,.?ith  th e sTI'lal l vari ation in i nt ra t esti cu l a r  
tem p e ratures ( Ta bl e 25 ) .  

( i i ) Tempe ratu re reco rdi ngs before and a f t e r  t reat
men t of exten si ve_ s crotal ma nge 

Th e re wa s no appreci abl e d i f f e r en ce i n  t he mean 
jugul a r  vein tempera tu re s of t h e  s i x  ram s before 
( 38 . 9° C )  and a f t e r  ( 38 . 8°C)  su cce s s fu l  trearnen t  of 
exte nsi ve s c rotal ma nge . Boweve r ,  the testes and 
sub s c rotal t c�9e ratu res of all s i x  ram s were l ower 
a f t e r  su cce s sful trea tment ( Tabl e 2 6 ) . Di f f e ren ce s 
in t empe ratu re f rom the l ef t  testi s ( be for e treat
m en t )  and f rom the r i ght te sti s ( a f t e r  t rea tment )  
va ried f rom 0 . 6°C to 2 . 3°C Whi l e  d i f f eren ce s  i n  

0 0 subsc rotal t empe ra tu re va ri ed from 1 . 3  C to 3 , 2 c .  
Ave rage testes tem peratu re d ropped f rom 36 . 3°C to 

34 . 7°C whi l e  the average subscrota l tempe ra tu r e  
drooped from 36 . 6°C t o  34. 6 ° C .  Th ese di f f er en ce s  
we re hi ghly signi f i cant , ( p<O . OO l ) . 

8 . 4  Di s cu s s i ol1 on t h e  Cau se of the 'resti cula r Degene ra
t i on A s soci ated wi th Exten s i ve S crotal Mange 

Th e mean test i s t emperatu re o f  th e con t rol ram s  
( 3 4 .  2°C )  a n d  o f  t h e  ram s that had been cu red o f  
s crotal man ge ( 34 . 7°C ) we re simi i a r  t o  the a vera ge 
testi cu l a r  tem peratu r e s  record ed f rom control 
a nimal s by many au thors . Fo r exampl e ,  P hi l l i J:> S  and 
i"i cK en z i e ( 1 9 3 4. )  1 Wa i tes and �:Ioul e ( 1 961 ) and John s en 



200 . 

Tab l e  26 : TEST I C ULAR , SUB SC RO TAL AND JUGULAR VEIN TEMPE RATU RES 

( °C ) IN 6 RAMS , BEFORE AND AFTER T REATMENT OF 

EXTENSIVE SC ROTAL MANGE 

T es t is Sub sc ro tal Jugular v e i n  

B e f o r e  A f t e r  B e fore  A f t e r  B e f o r e  A ft er 
Ram t reat  .. treat . t r e a t . treat . t r e a t . t r ea t . 
N o . iMang� ( L ) ( R ) D i f .  ( L )  . ( R ) D i f .  ( L ) ( R ) D i f . 

83 s 36 . 3  3 4 . 3  + 2  .. 0 3 6 . 4  34 . 4  +2 . 0  3 9  0 1  38 . 9  +0 . 2  

1 55 s 36 .. 3 35 . 6  +0 . 7  36 . 5  35 . 2  + 1 . 3  38 . 7 3 9 . 0  -0 . 3  

1 8  E 36 . 4  3 4 . 2  +2 . 2  3 6 . 4  34 . 4  +2 . 0  38 . 8  38 . 3  +0 o 5  

1 4 9  E 36 . 9  ;.5 0 1 +1 . 8  37 o 6  35 . 2  +2 . 4  38 . 5  38 . 5  u . o  

6 1 2 E 36 . 4  34 . 1  +2 . 3  37 . 1  33 . 9  +3 . 2  3 9 . 4  38 . 9  +0 o 5  

373 E 35 . 4  3 4 . 8 +0 . 6  35 . 6  34 . 3 + 1  . 3  38 . 7  39 . 0 -0 . 3  

M ean 36 . 3  3 4 . 7  +1 . 6  3 6 . 6  3 4 . 6  +2 . 0  38 . 9 38 . 8  +0 . 1 
- -

S = " s ev e r e "  sc rotal mange E = " ex t r eme"  s c r o t a l  mange 
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et a l . ( 1 9 6 9 )  r e co r d ed average t e s te s  t emp e r a tu r e s  

o f  34 . 9° C ,  3 4 . 2°C a n d  34 . 4°C re s pe ct i v el y .  Moul e 

a n d  Kna p p  ( 1 950 ) r e co rded a t es ti s t em p e ra tu r e  o f  

app roximat el y  1°c h i g h e r  t h a n  obta i n ed i n  thi s 

s tudy whi l e  Fo\'Jl er ( 1 96 8 )  r e co rd ed a n  a v e ra ge 

t e st i cu l a r  t empe ra tu r e  of a p p ro xim a t el y  1 °C cool e r .  

The t e s t i s t em p e ra tu r e  va r i a t i o n  betwe en con t rol 

ram s ( 20% C .  V . )  t..ra s grea t e r  t h a n  that obt a i n ed by 

Wa i t e s  a n d  M ou l e  ( 1 96 1 )  ( l l%C . V . ) , sim i l a r  to t h a t  

obta i n e d  by Fowl e r  ( 1 96 8 )  ( 1 7% c . v. )  a n d  bel ow t ha t  

o f  John son e t  a l . ( 1 9 6 9 )  ( 26 . 6% c . v . ) . 

The a v e ra g e  i n cr e a se o f  1 . 8°C i n  t e s t i cul a r  

t emp era tu r e s  of ra m s  wi t h  ·ext en s i ve s crotal man g e  

i s  su f f i c i e n t  t o  cau s e  t h 0  s e v e r e  t e s t i cul a r  

d egen e ra t i on s een i n  t h e s e  a n im a l s .  P hi l l i p s  a n d  

IV: cKen zi e ( 1 9 3 4 )  foun d t h a t  t cs ti cu l a r  d eg e n e ra ti on 

cau s ed by e xpe rimen ta l  s crot a l  i n sul a t i on wa s 

a s so ci a t ed wi t h  a n  a v e ra ge i n cr ea s e i n  t e s t e s  

t empera tu r e  of 2 . 1° C .  E.oul e  a n d  K.napp ( 1 950 ) 

m ea su red t e s ti cu l a r  t empe ra tu r e s  f rom th r e e  ram s 

a nd fou n d  t h a t  e xpe r i m e n tal s c rotal i n su l a ti o n  

i n crea s e d  t e s t e s  t em p e ra tu r e s  by a p p ro xi m a t ely 1 . 5
°

C .  

John son e t  a l . ( 1 9 6 9 )  expo s ed ram s t o  a cont rol l ed 

envi ronm en tal t emp e ra t u r e  o f  3 2 . 2° C f o r  1 - 2 w e ek s 

a nd fou n d  t ha t  t h e  r esul t i n g  s e v e r e  t e s ti cu l a r  

d egen e ra t i on wa s cau s ed by a 1 . 3°C ri s e  i n  t e s t e s  

t emp era tu r e .  

Te s t i cu l a r  h i s topat hol o gy o f  rarr. s w i th exte n 

s i v e  s crotal man ge wa s s im i l a r  t o  that s een i n  

ram s w h e r e  t e s t i cu l a r  t emp e ra tu r e  \va s i n crea s ed by 

o t h e r  m ea n s ( s e e  Cha p t e r  6 ) . Fu r t he r , t h e  s crot a l  

mange 1 e si o n s  \'le r e  l im i t ed to t h e  s c ro t a  o f  a l l  

ram s e xarni n e d 1 t h e  tuni ca vagi n a l i s  s a c , t h e  

t e s t i cu l a r  ca p sul e a n d  t h e  t e s t e s  showed n o  s i gn s  
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o f  i n f l amma to ry i nvol vem en t  ( s e e  Cha pt e r  6 ) . T h e  

ram s e xam i n ed in  thi s ,  and p r ev i ou s  s e ct ion s o f  

t hi s  study showed no s i gn s  o f  gen eral i l l  h eal th . 

Bl ood t empera tu r es , bodywci ght , a ppeti t e , l i vel i n es s  

a n d  gen e r a l  a ppea ra n ce were a ppa r ently u n a f f ecte d  

even i n  ram s wi th t h e  mo s t  ext en sive s crotal l e si on s .  

Tho evi den ce p r esented su ppo rt s t h e  hypothesi s 
that s evere s crotal mange cau s es testi cu l a r  d eg en

e ra t i on by i n crea s i n g  the t em pe rature of th e s crotal 

con t en t s  and that othe r f a ctors , for examp l e  toxi c 

a gent s f rom t h e  l o ca l  i n f l ammato ry rea ction , a re 

p robably not invol ved . 

The s e cond expe riment demon stra t e s  cl ea rl y that 

the t e s t i cu l a r  and s eminal r egen e r a t i on a s so ci a t ed 

wi th su ccessful treatm en t o f  s crotal man ge i s  

a c compani ed by 2 retu rn o f  t es t i cu l a r  a n d  subs c rotal 

t emperatu re to normal l evel s .  Idea l l y  subs crotal  

t emperatu res shou l d  have been reco rded during 

va riou s pha s es o f  s crotal mange devel o pment and not 

simply a t  t h e  hei gh t  o f  s c rotal l esio� devel opment 

a n d  a ft e r  testi cu l a r  regen e ration . Howeve r ,  

repeat ed s crotal t em pe ra tu re r ecord i n g s  may have l ed 

to t h e  i ntrodu cti on o f  pathogen i c  ba ct eria f rom t h e  

s crota l  s k i n  a n d  po s si bl e  ru �tu r e  of bl ood ve s se l s 

r e su l t i n g  i n  h a emorrhage i n to the tuni ca vagina l i s  

Th e i n c rea s e  i n  t esti s t empera t u re cau s ed by 

e xt en s i v e  s c rotal mange wa s p robably d u e  to bot h  

t h e  m e chani cal i n sul at i on ef f e ct o f  t he exu d a t e  and 

to the a ctua l  d e rm a t i t i s .  The propo r t i on o f  t h e  

t empera tu re in crea s e  a t t r i bu ta bl e  to ea ch fa ctor 

p roba bl y  va ri e s  f rom ram to ram d epe n d i n g  on t h e  

severi ty o f  th e d e rma ti t i s a nd the r e su l tant 
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exudate format ion . In som e ram s , cak ed exu da t e  

ma tted t h e  \olool togeth e r  over most o f  t h e  s c rotum 

so that s impl e i n su l a t i on by th e cak ed exudate 

woul d  p robabl y be su f f i ci ent to cau s e  t he a s so ci ated 

testi cul a r  degen era t ion . In other ram s the d ermat

iti s per s e  coul d have a ccounted for the t e s ti cu l a r  

degen e rat ion . Fo r e xamp l e , a non exuda t i ve s c rotal 

d e rmati t i s ,  expe rimenta l l y  i ndu ced in a bul l , ha s 

produ ced a t e st i cu l a r  degen e ration almost i d enti cal 

to that s een i n  ram s w i t h  ext en s i ve s c rotal mange 

( vvol l ra b ,  1 96 5 ) . 
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Cha o t e r  9 

G:Er:--T ERAL D I SCU S S ION fiND CONCLU S IONS 

9 . 1  Chori o c t i c Mange 

F rom the a va i l a bl e evi dence it wou l d  a ppear 

tha t c. bovi s cau s e s  th e l e s i on s  of choriopt i c 

m a n ge and tha t th e s e  a re almost ce rta i nl y  the 

resu l t  of an al l e rgi c rea cti on to �h e � i te or i t s  

produ ct s .  

A s  reported previou sly (Matthys s e  a n d  

Ma r s h a l ! ,  1 96 3 r  Robe rt s et a l . ,  1 9 6 4 ) , smal l a n d  

som e t iT. e s  e xt rem el y  l a rge numbers o f  m i te s  we re 

seen on sheep wi thou t  l e s i on s .  D i r e ct mi cro s copi c 

obs e rvation of t h e  skin su rfa ce of ram s ha s sh own 

that th e g r e a t  ma j o ri ty of mi tes a r e  f ound on th e 

lower l e gs and on the sc rotum wi th on l y  sma l l  

numbe r s  ve ry o cca s i onal l y  bei n g  obse rved on other 

body r egi on s .  The m o st common s i t e  for th e m i t e s  

on th e lower l eg s  wa s i n  th e region of  the a cc e s s o ry 

d i gi t s  and above t h e  coron a ry ba n d  of th e hoof wh i l e  

o n  t h e  s crotum , m i t e s  t en d ed to a ccumu l a t e  o n  th e 

ca s e . Th e m i t e s  s oend a l l  th e i r  l i f e  on the sk i n  

su rf a ce , o f ten i n  gr oups , f eedi n g  on sk i n  debri s 

a nd th e su pe r f i ci a l  layer s of th e epi d erm i s .  

T h e  s crotal l e s i on s  cau s ed by c .  bovi s va ri e d  

i n  s i z e  f rom cove r i n g  a f ew s q .  mm to t h e  whol e o f  

the s c rotum . Som e l e si on s  d evel oped s l owiy ,  oth e r s  

ve ry ra p i d ly ,  wh i l e  sti l l  oth e r s  rema i n ed smal l 

and di s c r ete f o r  many month s .  Th e l e s i on s  were 

l imi ted to th e mo r e  superf i ci a l  l ayer s of the 

s crotum , the i n f l ammato ry p rocess n e i t h e r  



20 5 .  

i n vol v i n g  th e tun i ca va gi n 5 l i s sa c n o r  th e s cr o t a l  

con t en t s .  

Spon taneou s cu r e  o f  s c ro tal man ge wa s 

o b s e r v e d  a t  a l l  s t a ge s  of l e s i on devel o pm en t .  

Th i s  wa s a s so ci a t ed u su a l l y v-7i th a l o s s  o f  m i t e s  

i n  the v i cin i ty o f  t h e  l e s i on s .  I n  s h e e p  ( th i s 

s tu dy )  and ca ttl e (M cEn e rn ey , 19 5 3 )  l a r g e  numbe r s 

o f  m i t e s  hav e be en ob s e rve d t ra p 9ed i n  t h e  s e rou s 

e xu da t e  su gg e s ti n g  t h a t t h e  host sk i n  re s pon s e  i s  

a p ro t e ct i ve one . I n  mo s t  i n s ta n ce s  t h e r e  wa s n o  

s i gn o f  a p r i o r  s crotal d e rrn a ti ti s in ram s tha·t 

h a d  s � o n t a neou s l y  cu r e o  o r  h a d  been t r e a t e d  

su cce s s fu l l y  f o r  s c rot a l m a n g e . I n  a f ew seve r e 
l on g s ta n d i n g  ca s e s th e r e wa s permanent sk i n  

t h i ck en i n g , e s p e ci a l l y o f  th e mo r e  o i s ta l  a s pe ct s  

of th e s crotum , a n d  wh en con t ra cted th e s c rotum 

a opea r e d  v e ry co r ru ga t ed .  

A s  al l p re v i ou s r e po t t s  on cho r i o9 t i c ma n g e  

i n  sh e e c  h a ve been br i ef , e c cu ra t e d i a gn o s i s  o f  

s crota l mange wa s d i f f i cu l t .  Obs e rva t i o n s  i n  

t h i s s tu dy o n  so�e � so e c t s  of th e p a t h og en e s i s  o f  

s crota l man g e  sbow tha t  th e ma i n  f ea tu r e s  by 

wh i c� t h e  synd rome i s  i d en t i f i ed a re g 

( a )  Th e type o f  sk i n  r e s pon se . 

( b )  Th e p r e s en ce o f  l e s i on s on th e l o,..re r  

l e g s  a s  we l l  a s  on t h e  scrotum . 

( c )  P o s ":i:. t i on o f  th e l e si on s o n  t h e  l owe r 

l egs a n e  s crotum . 

( d )  Th e i s6l a t i on of c �  bovi s m i te s .  

Th e sk i n  .res pon s e .: The sk i n re s pon s e  i s  typ i cal 

o f  an exuda t i ve a l l 'e rg i c  d e rm a t i t i s .  Th e  exu d a t e  

i s  st raw col ou red a n d  \vh en d ry h a s  a c rumbl y 

t e.xtu r e .  In v e ry smal1 l e s i on s  t h e  exudate may 
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be on l y  1 - 2 mm i n  d i ame t e r  whi l e  i n  s e v e r e ca s e s  

t he cru s t s  may co� l e s ce s o  t h a t  a lmo s t a l l  o f  th e 

s crota l wool i s  ma t t ed Ni th exudate 4 - 5 cm t hi ck . 

R emova l o f  th e e xu d a t e  revea l s  sma l l e r a rea s  of 

brok en s!< i n  whi ch e xu d e  Sma l l  amou n t s  o f  cl ea r 

f lu i d .  Scab romov21 1 cc: u s e s U f>u a l l y !Jetechi a l  

h a e'"n o r r h a ge s vlh i eh s t r e a k  th e cl ea r fl u i d .  The 

h i stol o g i ca l  p i ctu r E: r e f l e ct s  t h e  e.xu o a t i  ve n a tu re 

of the d e rma ti t i s , f or e xa� p l e , one o f  t h e  notea bl e  

f e a tu r e s  i n  th e a cu t e sta g e  be i n g  e xt en s i ve 

s �on g i o s i s .  Th e i n i t i a l  cel l u l a r  r e s pon s e  i s  mi l d  

wi th a lm o s t  a l l  o f  th e cel l s  bei n g  m on on u cl ea r ,  

th e ma j o r i ty o f  th e s e  b e i n g l ym ph o cyte s . H ov:e ve r ,  

po lymo rph s p r e dow i n a t e in mo s t  cl i n i c0 l  ca s e s  of 

s crota l rnan g e  a n d  the ma j o r i ty o f  th e s e  a re 

e o s i n o ph i l  s o  

L e s ion s o n  t h e  f eet a s  wel l a s  th e s crotum : I n  

n ea rl y a l l  rc>,n s  \vi t h  cho r i opti c m a. n g e  o f  t h e s c rotum 

t h e re we r e  s im i l a r  l e s i on s j al thou gh of t en o n l y  

m i l d ,  on t h e  l ower l eg s .  

P o s i t i o n  o f  t h e  l e si on s :  L e s i on s  we r e  f ou n o  m o s t  

f requ en t l y  on t h e  s c rotum a n d  l ov-ie r l e gs wh ere 

m i t e  numbe r s  we re h i gh e s t , t h a t i s ,  on th e ba s e  of 

t h e  s crotum and betwe en and bel o"7 th e a c c e s s o ry 

d i gi t s . 

O ra l  r e spon s e to � a n ipgl a t i on o f  t h e  l e s i on s : 

� a nu a l  m an i pu l a t i on of th e _ s crota l an d l eg l e s i on s  

o f  ch o r i opti c m a n ge r e su l te d  o f t en in a ch a ra ct e r

i s t i c  n i bbl i n g r e s pon s e  f rom t h e  ram . Th e r e s pon s e  

a pp ea r e d  t o  be a s s o ci a t e d  w i t h  both th e m i t e s  a n d  

th e l e s i on s .  rll thou gh t h e  n i bbl i n g  r e s p on s e  ha s 

be en a s s o ci a t ed on l y  w i th c .  bovi s m i t e s  o r  

cho ri op ti c  mange i t ca nnot b e  rega rded a s  path o

gnomon i c  f o r eit h e r .  
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Detection o f  c .  bovi s :  Chor ioptes  bov i s m i t e s  h a v e  

been obse rv ed pr i o r  t o  o r  a t  the time o f  develop

m ent of every cB s e  of e xperimentally i ndu ced 

scrota l m a n g e .  t.:fo'\veve r ,  i n  a g r e em ent wi th other 

r epo rt s th e r e  wa s l i ttl e rel a ti on sh i p  between 

l e sion s ev e r i ty a n d  s c rota l m i t e  num be r s . In many 

ca s e s  o f  ext en s i ve s crotal mange onl y the occa si on o.l 

mi te wa s obs e rved . 

I�f t e r  tak i n g  60 - 70 s cra p i n gs f ram a ram w i t h  

typi ca l exten s i ve l e s i on s o f  chor i opti c mange o f  

th e scrotum , t·I d<:enna a nd Pu l s fo rd ( 1 94 7 ) d et ected 

only th r e e  m i te s . Th e refo r e ,  n egati ve scra p i n g s  

f rom a ram with s crotal l es ion s cannot be taken a s  

indi ca ti ve o f  th e l e s i on s  b e i n g  cau s ed by someth in g  

other than c .  bovi s .  Di r ect m i cro s co p i c observa t

ions sh ow that l i v e  m i te s  a re most l ik el y  to be 

d etected on th e d ry skin su r f a ce at th e peri phery 

o f  exu d a t i ve l e s i on s .  Occa s iona l ly d ead m i t e s  ca n 

be dete cted in t�e e xud a te i t sel f .  

I f  t h e  above featu r e s  a re con s i d e red , the r e  

shoul d b e  n o  di f f i cu l ty in d i f fe renti n l l y  d i a gn o s

i n g  cho r i o pti c mange of th e s crotum f rom oth er 

repo rted cau s e s  o f  s crotal d e rmati t i s ( Tabl e 27 ) .  

O f  the ram s examined wi th s crot a l  mange 

n early a l l  we re Romn ey s , but s i n ce mor e than 80 % 

o f  the s h eep i n  the North I sl an d  of � ew Zea l an d  a r e  

Rornn ey s , i t  cannot b e  con clu d ed that thi s  breed of 

sh eep i s  p a rti cu l a rl y  su s cepti bl e  to s crotal mange . 

Howeve r ,  th e h i gh i n ci den ce o f  s crotal m a n g e  i n  

the f ew f l o ck s  e xam i ned by the autho r  su gg es t s  

that s crotal man ge i s  rel at i vely common i n  thi s 

pa rti cu l a r  breed . A noti cea bl e cha r a ct e ri sti c o f  

th e N ew Zea l and Romn ey a n d  th e � e rino , t h e  only 
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\VITH SCROTAL LESI ON S I N  THE RAM 

AG�N T OR SYNDROME REFERENC E 

Ohman , 1 941  
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C on t a g i ous ec t hyma 

Ars e n i c  Gunn e t  al . ,  1 9 42 ; C rawford e t  al . ,  

Cutaneous myias i s  

Trauma 

Sc r o t a l  oed ema 

P s o ropt i c  mange 

Sun b urn 

D e r ma t ophilus s pp . 

L i n ogna t hus ped a l i s  

Haemaphysal i s  s pp .  

1 970 

Gunn e t  al . ,  1 9 42 ; M or ley , 1 948 

Gunn e t  al . ,  1 9 42 

M i l l e r  and M oul e ,  1 95 4 ;  V oglmayr 
and S e t c he l l , 1 968 

B l ood and Henderson , 1 9 63 

\'Jhi t t en , 1 964  

C rawford e t  al . ,  1 97 0  

C rawford e t  al . ,  1 97 0  

Qu inl i van and L indsay , 1 97 1  
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o t h e r  b r e e d  of sh e e p  wi th a r ep o rt ed h i gh 

i n ci d en c e  o f  s cr o t a l  mange ( H i epe and Spl i st e s e r ,  

1 96 2 :  H i e p e  e t  al . ,  1 96 8 ) , i s  t h a t  b o t h  have 

relati v e l y  wool l y  s crota . Fu r th er ,  tl1 e  f ou r  

C h eviot ram s i n t rodu c ed wi t h  exten si v e  s crotal 

mange , com l?a red w i th the r e s t  o f  the f l o ck f rom 

wh i ch th ey h a d  com e , a l so had v e ry woo l l y  s crota . 

An e xten s i v e  su rvey of t h e  i n ci d en ce a n d  

s ever i ty o f  s c rota l man g e  o f  va ri ou s  b r e e d s  a n d  

p erhap s  s t ra i n s  wi th:L.n b te·ecl E of s.h-::>..cp t fi 
requ i red t o  p rov i d e  i n f ormo. t i on on b r e ed su s ce t=>t-

i bi l i  ty t o  s crot a l  r�an ge . Fo r va l i d  com pa ri son , 

t h e s e  t r i o. l s  shou l d be ca r r i ed ou t i n  f l o ck s  u n d er 

s im i l a r  m a n gement a n d  env i ronm enta l con d i t i on s .  

A s  wel l a s  su r vey s on b r e e d  su s cept i bi l i ty to 

s crotal m a n ge ot h e r  su rvey s a re r equ i red to 

provi d e  i n f orma t i o n  on the i n ci d en ce and sev e r i ty 

o f  c .  bov i s m i t e  i n f e s ta t i on a n d  cho r i op t i c l e si on s  

i n  the n a t i on a l  s h e e p  f l o ck .  

F rom t h e  l im i t ed amoun t  o f  data col l e ct e d  

f rom t h e  f i el d  t ri a l  ram s t h e r e  wa s n o  cl ea r 

ev i d en c e  of a s ea sonal va r i a t i on i n  th e o c cu r r en ce 

of s cr o t a l  man g e . Boweve r ,  t h e r e  wa s a sugge s t i on 

that m i t e  number s may be h i gh es t  i n  t h e  Au tumn . 

Th e onl y  month wh en m i t e s  were obse rved on a l l  o f  

th e f i el d  t r i a l  rams wa s M a y  1 9 7 1  a n d  s crotal m i t e  

nu.-nber s  v.re re h i gh e s t i n  m a ny o f  t h e  r am s  a t  th i s  

t im e .  E i gh number s o f  m i t e s  can b e  f ou n d  on the 

s crotum a n d  l owe r l e gs r l l  the yeo r s o  th a t  more 

e xten s i ve t ri a l s o ver a number of y ea r s  wou l d be 

n e ce s s a ry to s h ow sea son a l  f l u ctua t i on s  in c .  bo vi s 

numbe r s  or t h e  i n c i d en ce o f  s c r ota l m a n g e . 

In a g r e em en t  wi th th e exten s i ve survey o f  
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� i epe et al . ( 1 9 6 8 ) , no relation s h i p  cou l d  be 

shown between m i t e  numbe r s  or s crotal mange a n d  
gene ral h ea l th . gowe v e r ,  c .  bovi s m i t e s  and 

chori opti c mange cau s e d  s ev e r e  i rri ta t i on to a 

sma l l  number of  ram s .  The s e  a n imal s spent l ong 

pe ri od s  t ry i ng to bi t e  and rub t h e  a f f ected part s ,  

getting u p  and lying down and a p p ea red general l y  

v e ry d i s tu rb.eo . Und e r  e xtrem e ci r cum stance s , a s  

i n  t h e  ca s e  repo r t ed by Rober t s  e t  al . ( 1 9 6 4 ) , 
t h e  m i t e s  o r  l es i on s  of cho r i o ot i c  mange may 

a f f ect the gen e ral h ea l th of  sh eep. 

9 . 2 The Ef f ect of Scrotal Mange on Reprodu ctive 

Fun ction 

( i ) E f f ect on spe n.1 a tozoa produ cti on 

S em en sampl e s  were col l ected r ea d i l y  f r om a l l  

ram s by el ect r i ca l  stimul a t i on .  Und e r  �ost con

d i ti on s a s se s sm ent of sem en qua l i ty proved to be 

a valuabl e m ethod f or a s s e s si n g  th e a f f ect of  

scrotal mange on r ep rodu ct i v e  funct i on . Howeve r , 

in on e f l ock exaro i n ed with an outbreal< of s crotal 

ma nge , s emen qua l i ty f r om th e cl in i ca l ly h ea l thy 

ram s va r i ed f r om good to very poo r .  Becau s e  o f  

th ese f in d i n g s a n d  p re vi ou s  repo r t s  of  the 

su s cept i bi l i ty o f  th e N . Z .  Romney to a ppa r ently 

m i l d  s t r e s s e s  ( Webste r ,  1 9 37 , 1 9 5 2 ) , ca r e  wa s 

taken to mana ge expe r im ental ram s u n d e r  a s  optimal 

con d i tion s a s  po s s i bl e .  For exampl e ,  th ey were 

sho rn regu l a rl y ,  had a cce s s  to shade and s h e l t e r  

a n d  di et wa s a d ju s t ed t o  a v o i d  ext r em e s  i n  body 

con d i t ion . Und e r th e s e  con d i t i or. s  s em en qual i ty 

o f  t h e  cont rol ram s d i d  not vary g rea tly so that 

th e only d i f f i cu l ty i n  i n cr im i n a ti n g  s crota l m a n ge 

a s  a cau s e  o f  poor s em en qual i ty wa s i n  ram s wi th 
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only sl i ghtl y i n f er i or s emen . Apa rt from thi s ,  

s emen qual i ty ana l ys i s s howed at wha t  s ta g e  

s crotal mange a f f ected rep roduct i ve a bi l i ty ,  the 

degree to wh i ch it wa s a f f e cted , the l ength and 

time of  th e e f f ect , wh en r e covery comm en ced , and 

wh en reorodu cti ve fu n ct i on had r e covered ful l y .  

A number o f  s em en col l ecti on s f rom a n y  o n e  ram 

gav e  a rea son a bl e  indi ca ti on of g ro s s  chan g e s  i n  

sperma tozoa produ ction , al thou gh t h e r e  wa s a 

ma rk ed vJeek to week va r i a t ion i n  s p e rm atozoa 

num b e r s  col l ected by el ect ri ca l  s t imul a ti on . 

A high cor rel a t i on wa s obtai n ed between t e s ti s 

s i z e  a nd spermatogen i c  a ct i v i ty i n  bot h  t h i s s tudy 

a nd a previ ou s  s tudy o f  t h e  ram ( o rtavant , 1 9 5 2 ) . 

It i s  sugges ted t h a t  s em en qual i ty a s s e s sm ent i n  

con jun cti on wi th e s t ima t e s  of  t e s t i cu l a r s i z e  wil l  

give a rel i a bl e  i n d i ca tion of  the e f f e ct of  an 

a gent on the r ep rodu cti ve fu n ction in th e ram . In 

the futu re it i s  hoped that an o r ch i dometer , a s  

sugge sted by Bru e re ( 1 970 ) , can be m a d e  s o  t h a t  

t e s t e s  s i z e  i n  ram s wi th s c rotal mange ca n be 

a s s e s sed mo re a ccu rately . Before su ch a n  i n s t rument 

cou l d  be u sed with certa i nty the a ccu racy o f  the 

o rchi dorneter wou l d  have to be a s s e s s ed .  Ram s  to 

be s l aughtered at an a ba ttoi r wou l d  p rovi d e  i deal 

ma terial for su ch an expe riment . 

Gonadal and ext ragonadal s permato zoa counts 

added l i ttl e i nf o rma t i on to tha t obtai n ed f rom 

s emen data , te sti s s i z e  and tes t i cu l a r  h i stology 

and , therefo r e ,  wou l d  not be r ecommen d ed f o r  

futu re s tud i e s  o n  th e ef f e ct o f  s crotal mange on 

r e p rodu cti ve fun ction . 

In  con t ra s t , the modi f i ed method of  John sen 
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( 1 970 ) , f o r  qu a n t i t a t i n g  t e sti cu l a r  hi s tol ogy , 

proved to be a s im pl e mean s of obta i n i n g  a n  

a ccu r a t e  over a l l  pi ctu re o f  t h e  s pe rm a togen i c 

a ct i v i ty of t h e  t e s t i s a n d  more pa rti cu l a rl y  f o r  

i l l u s t r a t i n g  va r i a t i on s  i n  a ct i vi ty between s em i n 

i f e rou s tubu l e s .  Howe ve r , th e m ethod i s  d ep en d �nt 

u pon cl a s si f y i n g  t h e  most m a tu r e  g e rm  cel l p r e s en t  

i n  a tubu l e ,  so m a y  b e  of l im i ted va l u e  i n  a s s e s s

i n g  th e ea r l y  a f f e c t s  of agen t s  ( e . g .  X-ra y s )  tha t 

a f f ec t , a t  l ea s t i n i ti al l y ,  ea rl i e r s t a g e s  of 

spe rm a togen e s i s .  

Un i l a t e ra l  ca s t ra ti on p roved va l u a bl e  f or 

a s se s s i n g  s p e rma togene si s bef o r e  t re a tmen t  a n d  

a ga i n  a f t e r  s em i n a l  regen e ra t i on wa s com pl et e .  

Bi op s i e s  tak en a t  va r i ou s s t a g e s  of l e si on devel op

ment and regr e s s i on wou l d  have gi ven a m o r e  

a ccu ra t e  p i c tu re o f  th e ef f e ct of s c rota l ma n g e  on 

sp ermatogen e s i s ,  bu t a p roven sa f e  m eth od f o r  

te st i cu l a r  biop sy in th e ram h a s  not been d e s cr i bed . 

Re cen tly Ga l i na ( 1 9 7 1 )  f oun d t h a t a modi f i ed 

te s t i cu l a r  bi op sy t echn i qu e ,  i n vol vi n g  t h e  u s e o f  

a 1 2-gau ge Vim- Si l verman n eedl e ,  h a d  n o  d el e te r i ou s  

e f f e ct s  on s pe rm a tozoa p rodu ction i n  t h r e e  r am s .  

qoweve r 1  a m o r e  t h o rou gh i n ve s t i ga t i on of th i s  

t e ch n i qu e  wi th l a r g E r  numbe r s  of ram s and a s se s s 

i n g  r e 9 rodu ct i ve f u n ct i on more t h o rou gh l y  i s  

r equ i red b e f o r e  th e method coul d be sa f el y  

re co�m en d ed .  

Da ta p r e s en t e d  i n  thi s th e s i s shows tha t 

a ct i v e  or i n a ct i ve cak ed l e s i on s  o f  s crota l m a n g e  

t h a t  i n vol v e  l e s s  than 10 sq . cm o f  th e s c rotum 

probably h a d n o  e f f e ct on s p e rm a tozoa produ ction 

i n  the ram . I n  con t ra s t  a l l  ram s wi th a ct i v e  o r  

i na cti ve cak ed l e s i on s  o f  s crotal m a n g e  i n vol v i n g  
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more than a t h i r d  o f  th e s crotum showed d e f in i t e  

s i gn s o f  s em i n a l  d egen e rat i on . Betwe en th e se two 

ext rem e s  som e ram s with r el a ti vely s ev e r e  s c rotal 

mange h a d  h i gh qua l i ty s emen wh i l e  oth e r s  '\1'1i th 

r el a t i vely m i n o r  s c rotal mange h a d  s em en of poor 

au a l i ty .  Th e re f o re , a pa r t  f rom ram s wi th sma l l  

scrota 1' l e si on s  {i n vol vi n g  1 e s s  than 10 sq . cm ) 
ana t h o s e  wi th exten s i ve s c rotal l e s i on s  ( i n vol v i n g  

more t h a n  a · thi rd ) . i t  '"a s almo s t  i m po s s i bl e t o  

p r e d i ct i f  s crota l  m a n g e  wa s a ff ecti n g  s p e rm a t ozoa 

produ cti on . Th e va ria t i on wa s p roba. bl y  du e to a 

numbe r o f  fa cto r s ,  n am el y : di f f i cu l ty i n  _a c cu ra t e l y  

cl a s s i fyin g the l e si on s  of s cr ot a l  m a n g e , va ry i n g  

re spon s e s  o f  i n d i v i du a l  ram s to th e s am e  d e g r e e  of 

scrotal mange a n d  va ryi n g  r a t e s  of l e s i on d evel o p

men t .  For e xampl e ,  f rom t h e f eW ca s e s  o f  i n du ced 

sem i n a l  degen e r a t i on i t  a p p e a red t h a t  ram s wi th 

ra p i d l y  d evel o p i n g  l E s i on s  we re mo r e  l ik e l y  to be 

a s so c i a t ed wi th a s em i n a l  d e gen e ra t i on than wh e r e  

simi l a r  l e s i on s  d evel o p e d  o v e r  a l on g e r  p e r i od . 

S crota l m a n ge d i d  n ot h a ve an a l l  o r  n on e  

e f f e ct on spe rm a t ozoa produ ction . Th e e f f e ct s  

va r i ed f rom a t ran si en t  d ecr ea se i n  s em en qu a l i ty 

wi th n o  a ppa r en t  e f f ect on s em en qua n t i ty o r  t e s te s 

s i z e , t h rou gh to vi r tu al a zoo s pe rm i a  a s soci a ted 

with s eve r e  te s t i cu l a r  a t rophy . 

I n  gen e ra l , the M o r e  extensi v e  the l e s i o n s  

t h e  m o re s e v e r e  th e e f f e ct • .  For e x am p l e., m o s t  

ram s w i t h  rep rodu cti ve f u n ction a f f e ct ed by m i n o r  

o r  mod e ra t e  s c rot�l m a n ge h a d  s em en of d ec r ea s ed 

qua l i ty wh i l e  s em en quan t i ty wa s n ot obv i ou s l y  

a. f f e c t ed. Con v e r sel y  many ram s wi th exten s i v e  

s crota l m a ng e h a d  d e cr ea sed ·semen qu a n t i ty a n d  

qu a l i ty and s e v e r e  t e s t i cU l a r  atrophy . Howe v e r ,  
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t h e r e  wa s 6 wi d e  va r i a ti on .  Som e  ram s wi th 

moderate;- s crot a l :fl a ngE' ha d s ev e r e:  testi cul a r  

a t rophy wh i l E'  oth er s w i t h  extc,n s i ve s c r ota l ma ng e 

h a d  on l y  a mod e ra t e  decr ea s e  i n  semen qua l i ty .  

I n  m o s t  ca s e s  s em in a l  a n d  t e s ti cu l a r  d egene r 

a t i on o c cu r red r a p i d l y  wh i l e  o cca si on a l ly the 

d �g cn e ra t i on progr e s s ed re l a t i vel y sl owl y .  I n  

m o s t  i n st a n c es the r a t e  o f  t h e  degen e ra ti ve p ro ces s 

wa s r e l a ted to thE' ra t e  of l e s i on devel opm en t .  

Th e t e s t i cul a r  d e g en e r a t i on wa s a simpl e a t ro phy 

w i th n o  s i gn s  of i n f l amma to ry i nvol vem en t .  

I n  r el a ti v ely m i l d  ca s e s o f  s em in a l d eg en e ra 

ti on t h e re wa s a mo d er a t e d e crea s e  i n  spE rma tozoa 

m ot i l i ty , nr oporti on of l i v e  spenna tozoa a nd 

p ropo rt i on o f  a bn o � a l  s 9 e r �a tozoa . In t h e  m i l d 

ca s e s  th e m a j o r i ty o f  a bn o rm a l  sperma tozoa h a d  

e i th e r  ben t or coi l ed ta i l s o r  were ta i l l e s s .  I n 

sl i ghtl y more sev e r e  ca s e s  o f  d egen e ra t i on th e r e 

wa s an i n c rea s e  i n  p r ima ry a bn o rm a l i t i e s , f o r  

e xam pl e ,  s p e rm a tozoa with a bn o rma l l y s h a ped h ea d s .  

I n  r el at i v el y s e v e re ca s e s  sper�2 tozoa n umbe r s  

de cr ea sed ma rk e d l y  and the re wa s often a n  i n cr ea se 
i n  seT i na l oeb r i s .  Th e debri s con si s t e d  m a i n ly o f  

roun d  nu cl ea te d a n d  n o n  nu cl e a t e d  cel l s  o f  va ry i n g  

s i ze s , coi l ed a n d  u n co i l ed e o s i nophi l i c  f i l am en t s  

and amo r ph ou s eos i noph i l i c  mateJ: i a l . East o f  th i s  

s em i n a l  debri s wa s p f  te st i cu l a r  o ri g i n .  

In ca s e s  of m i l d sem inal d egene ra t i on 

a s socia.ted wi th s c rota l ma n ge th er e  wa s no pal pabl e 

chcnge i n  te s t i s s i ze wh i l e  severe ca s e s  we r e  
� s so c i n t ed u su o l ly wi th � d e cr e� se in te s t i s  s i z e .  

I n  m o s t  rcm s  wi th s ev e r e  t e s t i cu l a r 2 t ro phy 

a s so ci a te d  \vi th s cr o t a l  m a n g e , s p e rm a togene s i s d i d  
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not proceed beyond t h e  prima ry s �e 1� a to cyt e s t 0 ge 

a nd i n  n ea rl y a l l ca s e s  th e r e wa s a mark ed redu ct 

ion i n  the numbe r of  th e s e  cel l s . In som e  ca s e s  

th ere 'i.'l!e re n sma l l  n um bE r o f  tubu l e s  ·tha t con t c i n e d  

round s �e rma ti d s . I n  even th e mo st s eve re 

t e st i cu l a r c t rophy th e re wa s s t i l l  th e o cca s i ona l 

tubul e v.ri th prirnC� ry sp e rm ?.t to cyt e s a n d  a l l  tubu l e s  

h a d  a s i n gl e  ba sa l l ay e r  o f  cel l s . Th i s  l ayer wa s 

cor:1po s e d  o f  Se rtol i cel l s  v-1i t h  o cca s i ona l spem.a to

gon ia,. Fu rthe r ,  t h e r e  wa s no s i gn  of s emi n i f e rou s 

tubu l e  col l a p s e  i n  any of t h e  ram s e xa� i ned a n d  n o  

ev i d en ce o f  i n t e r s t i t i a l  f i bro s i s . An oth e r  f ea t u r e  

wa s th e uni f o rm  h i s tol ogy th roughou t t h e  a t roph i c 

t e sti s . 

In a l l  ram s exam ined tb ere wa s a r ecove ry of 

reprodu c t i ve fun ction a s so ci a t ed wi th th e spontan

eous cu re o r  tr ea tmen t of s cr otal l e s i on s .  Ram s 

w i th a m i l d  sem i n a l  d e gen e ra t i on a n d  w i t h  t e s t e s  

o f  good s i z e  r e cove red wi th i n a f ew we ek s wh i l e  

ram s with severe t e s t i cul a r a t rophy of l on g  

du ra t i on took m a ny month s t o  recover .  I t  wou l d  be 

n e ces s a ry to stu dy a l a rg e number of a n im a l s wi t h  

va ry i n g  d eg ree s o f  sem inal a n d  te sti cu l a r  d e gene r

a tion to sh ow a ccu ra t ely th e a ctu a l  l en gth of t i m e  

f o r  recovery of rep rodu ct i ve fun ct i on . In m o s t  

ca s e s , r ecovery of rep rodu ct iv e  f u n ct i on wa s con

s i de red to be com pl et e when s emen of h i gh qu a l i ty 

and quan t i ty wa s p rodu ced a n d  vi r tu a l l y  a l l  

s emin i f e rou s tubu l e s  \.-rere un d ergoin g  com pl ete 

s perma togen e si s .  I t  i s  impor tant to not e tha t 

re covery of tes t i s  s i z e  to a cl in i cal l y a cceptabl e 

l evel of t en pre ce ded the r etu rn of s a� en qu a l i ty 

to a n  a c cepta bl e l evel . The h i stol o g i ca l  s tu d i e s 

i ndi ca ted that i n  ram s who s e  t estes h a d  be en 

a t ropll i c for a con si de rabl e tim e , a. sma l l numbe r 
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of tubu l e s  may becom e pe rman en tl y atroph i c .  I n  

spi te o f  th i s f a ct th e s e ram s u l t ima t el y  p rodu c e d  

semen of a cc ept � bl e  qual i ty .  

( i i ) Ef f e ct of s c r o t a l m�nge on a n e rogen i c statu s 

In con tra s t  to th e m a rk e d  e f f e ct on s p e rm a tozoa 

product i on , no d i f f er en ce s  we r e  d et e ct ed in 

a n drogen i c  s ta tu s bet'l.-ieen con t rol a n i m i'l l s  a n d  g r ou p s  

o f  ram s wi th exten s i ve s crotal ma n g e  a n d  s ev e r e  

te sti cu l a r  at rophy . T h e r e  vJe r e  n o  g roup d i f f e r e n c e s  

d etected i n  s e xu a l  be h � viour , s emin a l ve s i cl e  

weig h t , s em i n a l  v e s i cl e  f ru cto s e , s em i n a l  pl a sma 

f ru cto s e , o r  Leydi g cell number s . Al s o  L eyd i g  

cel l s  f rom both grou o s  sta i n ed s imi l a rl y  wi th 

Su dc:m bl a cl< . Th e n ega t i v e  re su l t s  may ha ve been 

du e to e i t h e r  s c rota l man g e  ha v in g no e f f e ct on 

the a n d rogen i c s ta tu s or th e cha n g e s  in and rog en i c  

s tatu s  may h a v e  be en too sm al l to be d et e ct e d  by 

the m e t h od s u s ed . 

La rge vari a t i on s  in s em i na l  pl a sm a  f ru cto s e , 

s em i n a l  ve s i cl e  we i ght and f ru ct o s e  content \'Je r e 
obse rved i n  th e con t rol ram s , even i n  tho s e  o f  t h e 

same a ge an d bre ed that h a d  been run together 

s in ce l ambs . B e ca u s e  of t h e  l a r g e  va r i a ti on i n  

t h e  f ru ct o s e  e s t ima t e s of t h e  control ram s ,  s c rot a l  

mang e wou l d n eed to ha ve a m a rk ed e f f e ct o n  th e s e  

pa ram e t e r s  befor e d i f f er en c e s  cou l d  b e  dete ct ed 

between con trol and scrot a l  m a n g e  g rou p s , R e c en t  

eviden ce f rom hum a n  stu d i e s  a l so p u t s  dou bt on 

th e u s e of sem i n a l  f ru cto s e  a s  an e s timat e of 

a n d rogen i c  sta tu s .  Moon et a l . ( 1 970 ) ha ve s hown 

that t h e r e  wa s no r e l a t i on sh i p  be twe en p e ri ph e ra l  

bl ood t e stosteron e a n d  sem i n a l  f ru ct o s e  l evel s .  

Th ey a l s o  showed that t e s t o s teron e bl-odd '' l C"Q�I'so 
bel ow t h e  expe cted n o rm a l  ran ge wer e  s t i l l  ca pabl e 
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o f  mai n ta i n i n g n o rmal semin�l f r u cto s e .  Thi s 

s tudy o f  1 1  o l i go s p e rm i c  m en i s  t h e  only r e�or t 

where �eriph eral bl ood te stos t eron e ha s been 

compa r ed wi th s em i n a l  f ru cto s e  l evel s .  B e cau s e  of 

the l a rg e  va ri a t i o n  betwe en con t rol a n i ma l s and 

the l q ck o f  r el � t i on sh i �  between pe ri p h e ra l  

t e sto s t e ro n e  � n d  s em i n Rl f ru ct o s e  (Moon e t  el . ,  

1 9 70 ) i t  mu s t  n o t  be con clu ded t hn t  s em i na l  

f ru cto s e  i s  n ec e s s a rily G s en s i t i ve i n d i cato r  o f  

a nd rog en i c  s ta tu s a s suggested by Mou l e et al . 

( 1 966 ) a n d  �ann ( 1 96 7 ) . 

Fu r t h e r , s e x  d ri v e  may n ot gi ve a r el i abl e 

e stim� t e  o f  t h e  an d rogen i c s tn tu s  of t h e  ma tu r e 

ram . A c co r d i n g  to Young ( 1 96 1 ) di f f e r en ces i n  

behaviou r a r e  not r el a t ed n e ce s sarily t o  t h e  

qua n ti ty o f  a n d rog en , p rovi d ed a certa i n  mi n ima l 

amou n t  i s  p r esen t . Even ca st ra t i on o f  t h e  m a t u r e  

ram doe s  not l ea d  t o  an immed iate l o s s  i n  s exual 

beha vi ou r ( P hi l l i p s  and H cKen zi e ,  1 9 3 4 7  Bank s , 

1 96 4 �  Cl egg et a l . ,  1 96 9 ) , s om e  rams showi n g  

e j a cul a to ry respon s e s  a yea r a f tar ca st rati on 

( Cl egg e t  a l . ,  1 96 9 ) . 

From th e above d i s cu s s i on i t  appea r s  that 

t h e  i n d i r e ct m et ho d s u sed f o r  a s s e s s i n g  an d rog eni c  

statu s may n ot h a v e  been s en s i t i ve enou gh to 

detect smal l alt e ra t i on s  i n  t e sto st eron e produ cti on . 

W i t h  the re cent devel opment i n  thi s U n i ve rs i ty of  

a com p et i t i ve p rot e i n  bi nd i n g  a s say f o r  a s s e s s i n g  

p e ri ph e ra l  blood t e s to steron e ( W. Tor rey pe r s . 

comm . ) ,  i t  i s  h o p ed that a m o r e  a c cu ra te a ss e s s 

men t o f  t h e  ef f e ct o f  scrotal mange o n  t h e  

and roge n i c statu s o f  the r am wi ll b e  un d e rtak en . 

Be ca u s e  of  t e s t i cul a r s h ri nkage i t  i s  
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impo s s i bl e  t o  sub j ecti vely a s s e s s  th e e f f e ct s  o f  

s c ro t a l  mange on L eyd i g cel l numbe r s . Recen t l y  

S el l e r  et al . ( 1 97 1 )  d e s cr i be d  a m etho d  u s i n g  t h e  

Serto l i  cel l a s  a poi n t  o f  r e f e r en ce . A s  S e rtol i 

cel l nu�be r s  R re not e f f e cte d by s cro tal man g e , the 

m ethod cou l d  be u s ed to qua n t i ta t e  the e f f e ct o f  

s crot a l  m a n g e  on L ey d i g  cel l number s . Eoweve r , 

t e st o s t e ron e p rodu ct i on mRy a l t e r  wi t hou t a cha n ge 

in L eyd i g  cel l numbe r s  ( E el l e r a n d  L e a ch , 1 9 7 1 )  

s o  tha t th e r e  i s  tJ roba bl y  l i tt l e u s e  i n  qu an t i t a t 

i n g  th e s e  c el l s  in a cl i ni cal s tu dy . 

Apa rt f rom t h e  su rv ey o f  Craw f o r d  et a l . ( 1 970 ) 

th e r e  i s  v i r tu a l l y  no o t h e r  i n f orm at i on a va i l a bl e 

on t h e  ef f e ct o f  s c rotal m a n g e  on ram f e rti l i ty .  

I n  f a ct ,  t h e re i s  very l i ttl e i n f orm a t i o n  gen e ra l l y  

o n  s c rotal d e rm a ti t i s a n d  i t s  a s soci a t i on wi th 

re p rodu cti ve fun cti on . In m a n , t h i ck e n i n g  of t h e  

s c rotum a s  a r e su l t  o f  e l e ph a n ti t i s h a s been 

a s so c i a t ed w i t h  t e s t i cu l a r  a. t ro phy ( C rew , 1 9 2 2 ) . 

Scrotal d e rm a t i t i s cau s ed by a r s en i c  a n d  cut a n eou s 

myi a s i s have been a s so c i a t ed with s em i n a l  d eg en e r

a t i on i n  th e r am ( Gu n n  et al . ,  1 9 4 2 ) . Howeve r ,  

n ei th e r  s em i n a l  r e s pon s e  i s  compa rabl e s t r i ctly to 

s c rotal m a n g e  a s  bot h  a gen t s  m ay a f f e ct r ep rodu cti ve 

abi l i t y  sy s t em i ca l l y  a s  wel l as l o ca l l y . 

Th e d e rma t i t i s  produ ced by rubb in g I chthammo l  

o i n tm en t  on to t h e  s c rota o f  two bu l l s  ( Wo l l r a b , 

1 9 6 5 ) , i s  t h e  o n l y  r ep o rt o f  a s crotal d e rmat i t i s 

that can be r ea d i l y  compa r e d  w i t h  t h e r e su l t s  

obta i n e d  i n  th i s  s tudy . Bo th I cnthammol o i n tm en t  

and s c ro ta l  man g e  h a d  vi rtu a l ly i d en t i ca l e f f e ct s  

on reprodu ct ive f u n ct i on i n  t h e  bul l  a n d  ram 

re s p ect i ve l y . I ch th ammol t r eatm�nt cau s ed spe rmato
gon i c  � r r G s t  A t  th e p rima ry s p erm a t o cyte s tc g e ,  a n d  
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th e r emF'\. i n i n g  bu l l  sho'I.�Jed n. com p l ete r e covery o f  

rEp roducti ve fun ct i on . Th e t reatm ent h8d n o  

ef f ect o n  s Gm i n a l  f ru cto s e  l evel s .  

Pau f l e r  ( 1 970 )  a s sum e d that I chthammol - i ndu ce d  

s crota l derma t i t i s cau s ed t e sti cu l a r d egen erat ion 

by ra i s i ng t h e  t em pe ra tu r e  of t h e  scrotal con t en t s . 

I n d i r e ct evi d e n c e  col l e c t e d  du r i n g thi s stu dy 
sugg e st ed a l s o  th a t  s crota l mange cau s ed t e s t i cu l a r  

degen e ration by ra i si n g  th e tem p e r a tu re o f  t h e  

s crotal con t en t s . 'I'h i s  a s sumption wa s shown to be 

cor re c t  by r ecor d i n g  i n t r a  t e s t i cu l a r  tempe ra tu r e s , 

s crot a l  t em p e r a t u r e s  a n d  j u gul a r  vei n temp eratu re s  

f rom el even ram s wi th ext e n s i ve s crota l man g e a n d  

f r om el even cont rol ram s .  Scrota l mange had n o  

e f f e ct on body t empera tu re but t h e  a ve ra ge 

t e s t i cu l a r  t e'"Jp e ra tu re o f  the ram s wi th exten s i v e  

s crota l mange wa s r a i s ed by l . S° C , suf f i ci en t to 

cau s e  the te s t i cu l a r  d egen e ra t i on obs e rved . 

Su cce s sf u l  t r ea tmen t of l e s i on s  of e xten s i ve 

s crotal mange wa s a s so c i a t e d  wi th a sim i l a r  d rop 

in t e s t e s  t em p e r a tu r e .  �o othe r  fa ctor s coul d b e  

i n cri m in a t ed a s  con t ri bu t i n g t o  t h e  t e st i cu l a r  

d e gen e ra ti on . For exampl e ,  th e di s ea s e  h a d  no 

a ppa rent e f f ect on the gen eral hea l th of t�e r am s , 

d i d  n ot i nvol v e  t h e  s c ro t a l  cont en t s  d i r ectl y a n d  

di d n o t  i n c r ea se t h e  d ee p  body temp era tu r e .  

The r e su l t s o f  t h e  e f f e ct of s crota l m a nge o n  

reprodu ct i v e  f u n ct i on sh ou l d  b e  coml?arabl e  wi th 

tho s e  o f  oth er s tud i e s  tha t  i n vo l v e  t empera tu r e  

e l eva t ion o f  t h e  s c rotal con t e nt s .  I n  ge n e ra l , 

th e s em i n a l  degen e ra t i on ob s erved du ri n g d evel op

m en t  o f  s crota l mange wa s sim i l a r  to tha t obs er v ed 

a f t e r  t h e  s c rota of rams had been i n su l a t ed 

(Moo r e  a n d  O sl und , 1 9 24 7  P h i l l ip s a n d  !'-1 cKen z i e ,  
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1 9 3 � , Gl ov e r ,  1 9 5 6 ) , tb e e x posu r e  o f  r am s  to 

el eva t ec1 ambi en t t emoe ra tu r e  (Du t t  a n d  Simp s oh ,  
1 9 5 7 r S ia o son , 1 9 SO r r·:ou l e  and r·.;co.i t e s ,  1 96 3 )  

a n d  t h e  ci r cu l a t i on o f  \'-la rm  �·Ia t er a r ound th E 

s cro ta l con t en t s  ( �a i t e s  a n d  Setch e l l ,  1 96 4 r  

B ra d en a n d  r :a ttn e r ,  1 9 70 ) . The h i s topa t �ol ogy o f  

t e s te s  o f  ram s w i t h  exten s i v e s crota l m a n g e  wa s 

a l so s i � i l a r  t o  t h a t s ee n  a f ter  s cro ta l i n su l a t i on 

(:fttoor e a nd O sl un d , 1 9 2 4 �  P h i l l i p s  and J:i cY. en zi e ,  

1 9 34 7  Gun n , 1 9 36 )  r a i sed amb i ent t emre rc tu r e  

( Si m p son , 1 960 7 John s on et a l . ,  1 9 6 9 )  �nd 

expe r i m en t a l  cryp t o r ch i d i s� (�oo r e and O s l un d ,  

1 9 24 ) . Fu rthe r t h e  wi d e  range of s em i n a l  de gen e r 

a t i on s e en i n  ra� s expo s e d  t o  t h e  s a � e  el eva t e d  

a�bi en t te'\l O f?. IC' tu r e  {1-rou l e  a n 0  VJt ,i t G S  I 1 96 3 7  

Fowl e r ,  1 96 8 r  Smi t b 1 1 9 7 1 ) wa s s e en i n  ram s wi th 

s im i l a r  d egree s o f  sever i ty of s c rotal m a n ge . 

t-�ou l e  a n d  Wa i t e s ( 1 96 .3 )  i Fo\..rl e r  ( 1 96 8 )  a nd � i th 

( 1 9 7 1 )  h a ve shown t h a t  t h e  between ram va ri a ti on 

i s  due to t� e h ea t  l o a d  r ea ch i n g the t e s t i s r a t h e r  

t h a n  a va r i a ti on i n  t h e  re s ponse of th e t e s t i s t o  

t h e  s a m e  amou n t  of \" ea t . Th e s0me i s  r r oba bly t ru e  

f or the h ea t i n du ce d  d e g en e r a t i on s  a s so ci a t ed wi th 

s cr o t a l  mange . 

Both r am s wi tr s crota l man g e  a n d  ram s \<Tho s e  

s crota l con t en t s  h a v e  been expo sed t o  el eva t ed 
t em p e ratu r e s  by s c r o ta l i n sul a t ion ( Gl ove r , 1 9 5 5 ) , 

c i r cu i a t i on of \va rm wo t e r a round t h 8  s c rotal 

con t en t s  (Wa i t e s  an d Set ch el l 1 196 4 �  Br a d en a n d  

r·:.a ttn e :t ,  1 9 70 ) o r  i n crea s e d ambi ent t empe ra tu r e  

( Gunn e t  al . ,  1 9 4 2 r  Dutt a n d  �amm , 1 9 57 r Sim p s on , 

1 960 � Noul e a n d  Wa i te s , 1 9 6 3 7  Fowl e r  a n d  Dun , 

1 96 6 r  B ra d en a n d  r-.: a ttne r ,  1 970 ) have sho"��>m a 

com p l e t e  s em i n ai r e covery a f t e r  t r ea t1.1 en t . t1o st 

o f  th e s e  s tu d i e s  h a ve i n vol ved ra i s i n g th e 
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t emperatu r e  of t h e  s crota l con t en t s  f or short 

period s .  Howev e r , i n  studi e s  o f  expe r im en ta l  

cryptorch i di sm i n  t h e  dog ( Wan gen steen , 1 9 27 )  and 

the ra.t  (Nel son , 1 9 5 1 )  vlh ere t e s t i cu l a r  t emp e ratu r e  

wa s el evat ed for long peri od s  there wa s evi d en ce o f  

p e rman en t  t e s t i cu l a r  a t ro p hy . I t  ap�ea r s  that t h e  

l on ger the t e st e s a r e hel d a t a t emp e ra tu r e  a bo v e  

no rm a l t h e  h i gh e r  t h e  p roportion of tu bu l e s  that 

su f f er p e rm a n en t  dama ge . The re fore i t  i s  con

ceivabl e that a sma l l  number of r a m s  wi th long

st an di n g , exten s i v e  s crot a l  mange may become 

p e rman ently st er i l e . 

Al though th e r e  i s  gen e ral agreem ent on t h e  

e f f ect o f  el eva t ed t emperatu r e  o n  spermatogen e s i s 

th e sam e i s  not t ru e  f o r  t h e  ef fect o f  t emper atu r e  

o n  th e an d rogen i c  sta tu s .  Fo r examp l e ,  Glov e r  

( 1 9 5 6 ) a n d  iv;.oul e a n d  T:la i te s  ( 1 96 3 )  obta ined a n  
i n cre a s e  i n  s em i n a l  f ru cto s e  a f te r s crotal i n su l 

a ti on and i n crea s e d  ambi ent t emperatu r e  r e s p e ct i vely 

whi l e  S� i t h  ( 1 9 7 1 )  showed a s i gni f i can t decr ea s e  

i n  m ean f ructo s e  con cent rati on with i n c r ea si n g  

du ration o f  heat t r ea tmen t .  Cl egg ( 1 960 ) ha s 

shown an i n cr ea s e  f o l l owed by a decrea s e  of s eminal 

vesi cl e  f ru cto s e  i n  ra t s  m a de expe r i m en tal ly 

crypto rchi d .  t·1o s t  stu d i e s  a gr e e  that mod e ra t e  

i n crea s e s  i n  t es t e s  tempe ra tu re have l itt l e  i f  any 

eff ect on sexual beh a vi ou r  o f  th e ram (Phil l i p s  

and M cKenzi e ,  1 9 34 :- Gunn e t  a l . ,  1 9 4 2 �  Gl ove r ,  

1 95 6 � Dut t  an d P.amm , l 9 5 7 r Howa rth , 1 96 9 ) . 

R e cently i n  a study on rats A.rna t a yakul et a l . 

( 1 97 1 )  have shown a 50% d e c r ea se i n  s e rum 

testo s t e rone within seven day s of expe rimental 

crypto rchi di sm and the t e s to s t eron e l evel r ema ined 

at the d ep re s s ed l evel for th e f i ve week obs e r va t i on 
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peri o d . Fur th e r 1 t h e  absol u t e  cont en t 1 but n o t  

th e con c en t ra t i on o f  t e st i cu l a r  and rogen , wa s 

re du ced about ten time s i n  t h e  u n i l a t e ral c rypt

o r ch i d  t e s t i s o f  the r am , bul l  a n d  s ta l l i on 

( Sk i nn er a n d  Rowscn 1 1 9 6 7 1 1968b) . I t  i s  h o p e d  

that a s  th e meth o d s  f or m ea su ring p e ri pheral 

t e s to s t e ron e be come m o r e  wi d e l y  u s ed 1 there Wi l l  

b e  a bett e r  u n d e r s ta n d i n g o f  th e e f f e ct of 

el eva t ed t empe r a tu re 1 both short and l ong t e rm 1 

on t h e  a n d rogen i c  sta tu s  o f  th e ram . 

�ow that t h e  e f f ect o f  s c rotal �an g e  on 

r ep rodu ct i v e  perf orman ce ha s been d e f i n e d  m o r e  

cl ea r l y  a n  exten s i v e survey n e e d s  t o  b e  und e r t ak e n  

t o  f i n d  what ef f ect s crotal m a n g e  ha s on t h e  

reprodu cti ve p e r form an ce o f  t h e  Nev.' Zea l a n d  s h ee p  

f l o ck .  Su rv ey s wou l d  need to b e  ca r ri ed ou t j u s t  

p r i o r  t o  or p r e f e r a bl y  du r i n g  t h e  m a t i n g  s ea son . 

In stu d f l o ck s  ewe s  a re e xpo sed to on e ram 

a t  a t i m e  a n d  t h e  l i k ely e f f e ct o f  e xt en si ve 

s cr o t a l  mange on con cept i on rat e i s  obv i ou s .  

EO'i.•Jeve r  1 i n  mo st comrn e r c i a. l  f l o ck s  i n  Nev-1 Zea l a n d  

ev-1 e s  a r e m a t ed t o  g rou p s o f  rc.rn s a n d  t h e  e f f ect 

of v a ryi n g  p ro p o rt i on s  o f  subf erti l e  or s t er i l e  

ram s on t h e  pro oo rt i on o f  ewe s  becom i n g  p regna n t  

i s  d i f f i cul t t o  a s s e s s . In f a ct 1  unt i i  r e cen t l y  

t h e r e  wa s n o  docum en t ed evi den c e  on thi s su b j e ct . 

Howe ve r , recen t evi d en ce f rom Au st ral i a  ( Fowl e r  

a n d  J enk in s , 1 970 ) sugge s t s  that wh en 50% o f  ram s 

mat ed to ewe s  a re s t e ri l e ,  even when t h e re w e r e  

su f f i ci ent nor�al ram s f o r h i gh f er t i l i ty ,  t h e  

f l o ck r eprodu c t i ve pe r f o rm an ce i s  l i k el y  t o  b e  

af f ected . Fowl e r  a n d  J en k i n s  ( 1 970 ) m a t e d  8 ram s 

( 4  n o rm a l  and 4 va se ctom i z e d )  to 2 3 3  ewe s f o r  6 
we ek s an d f ound that 70 . 7% o f  t h e  ewe s  becam e 
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pregn a n t  't'Jhi l e  9 2 . 1% o f  t h e  control ewe s  ( lOO e\>le s 

ma ted to 3 ram s ) be cam e p tegnant . Th ey not ed a l s o  

that th e r e  w e r e  30 % f ew e r  pregnan ci e s  amongst ewe s  

that h a d  mated wi t h  o n e  f ert i l e  ram a n d  one or two 

i n f e rt i l e ram s com pa red wi t h  ewe s  tha t  h a d  m a t e d  

o n l y  on ce wi th a f e rti l e  ram . 

Du rin g th i s  s t u dy s ev e ra l  f l o ck s  o f  ram s  we r e  

exami n e d  where t h e r e  we r e  outbreak s o f  s crotal 

m ange w i t h  a r el a t i vel y hi gh propo r t i o n  o f  ram s 

with exten sive l es i o n s  o f  t h i s d i s ea s e .  Th e p re

l im i n a ry f in d i n g s of Fowl e r  and J enk i n s  ( 1970 ) 

wou l d  su gg est that under s u ch con d i t i on s  reprodu ct

ive p e r fo rman ce cou l d be a f f e cted . Howeve r ,  mo r e  
i n fo rm a t i on o n  f l o ck s  va ry i n g  the p rol?or t i on o f  

s t e ri l e  a n d  f ert i l e  ram s a n d  t h e  p e r centage o f  ram s 

run l,oli th ewe s i s  requi red before any a ccu rat e 

p r ed i ct i o n s  can be made . 

Accor d i n g  to t h e  d e f i ni t ion o f  s ou n dn e s s  a s  

l a i d  d own by th e 1 9 6 9  s em i n a r on 11 Br e e d i n g  Sou n dn e s s  

i n  the Ram 11 ( Qu i nl i van , 1 9 70 ) any ram f o r  sal e w i t h  

a ct i ve or i n a ct i v e  ext en s i ve l es i on s  o f  chor i o pt i c  

m a n g e  shoul a be cl a s si f i ed a s  1 1tem po ra r i l y  un sou n d 11
• 

It i s  important to rem em b e r  that many o f  th e s e  r am s  

may be o f  h i gh f er t i l ity . B e f o re th e ram s can b e  

pa s sed a s  gcni ta l l y  sou n d  t h e  chori o pti c l e s i on s 

mu s t  be su cces s fu l l y t r ea t ed and t he ram s re- exam ined . 

Trea tm en t  shou l d  i n cl u d e  removing mo s t  o f  the 

exua a t e  and soak i n g  a t  l ea. s t  t h e  l e g s  and t h e  

s crotum i n  a su i ta bl e  a ca ri ci d e .  Th e pro cedu re 

i s  repe a ted at 1 0  day i n te rval s u nt i l  r e covery i s  

compl et e .  The l e s i on s  o f  cho riopti c  m an ge a p p ea r  

to b e  a n  a l l e r g i c r es pon s e ,  the re f o r e ,  imm ed i a t e  

r e g r e s s i on o f  t h e  l e si on s  cannot b e  exp e ct ed . I f  

s c rotal mange i s  o re s ent i n  more than a sma l l  
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proportion of th e f l o ck a l l the ram s  shoul d be 

t reat ed . Ov?i n g  to the l a ck o f  i n fo ru,a t i on ava i l abl e 

on t h e  treatment o f  c .  bovi s i n  s heep and s i n ce t h e  

eggs of t h e  m i t e  a re rel a t i v ely resi s tant t o  

a ca ri ci d e s  ( SWea tman a n d  Pul l i n , 1 95 8 )  t h e  tr eatment 

shou l d  be rep eated after ten day s . i-'>1 thou gh c. bovi s 

i s  p robabl y su s ceptibl e to many a ca r i ci d e s  when 

used in su f f i ci en t  con cen tr� t i on , over s ea s studi es 

on cattl e su gg e s t  t hat " Ciodrin " ( Shel l Ch em i cal 

Co . )  i s  t h e  d rug of choi ce (!>'iatthy s s e  and Marshal l 1 

196 3 r  Matthy s s e  et a l . ,  1 96 7 � Sm ith , 1 96 7 ) . 

However , a d etai l e d  study o f  the ef f i ci en cy of 

va riou s aca ri c i d e s  aga i n s t  the m i t e  c.  bovi s on 

sheep under New Zea l a n d  cond i t ions i s  u rgently 

requ i red . In vi vo mite d ete cti on u si n g  a d i s s e ct i n g  

m i c r o s cope m ounted o n  a moveabl e a nn  v7oul d  make 

su ch a s tu dy rel atively s impl e .  

Re- exam ination o f  ram s  a f t er succe s sful t reat

m en t  of a ct i ve or inactive cak ed l es i o n s  coveri n g  

mor e  than 10 sq . cm of t h e  s c rotum shou l d  i n clude 

e s t ima t e s  of teste s si ze and i f  ju s t  p r i o r  to t h e  

m a t i n g  s ea son s emen ana lysi s .  Sign i f i ca n ce of 

e stimat es o f  r ep rodu ct ive fun cti on i n  ram s  that 

h a ve had s c rotal mange s houl d be ba s ed on s imil a r  

a s se s sm en t s  made on cl i n i ca l ly hea l t hy ram s f rom 

the same f l o ck . 
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s p e rm a to zoa by bul l s .  J .  Da i ry Sci . , 40 : 1 5 5 9 - 1 5 n 9 .  



25 2 .  

WOLLRAB , J .  ( 1 96 5 ) : Ei n bei t r a g  zu r degen e ra t i o n  u n d  

r e gen e r a t i on d e s  k e i m e p i t hel s beiG bul l en n a ch 
e .xp e r im e n t el l e r  s ch a di gun g .  I•1h . Vet-IoiJ ed . , 20 : 

70 9- 7 1 2 . 

WOOD , J . c .  ( 1 968 ) : I I I .  Th e p a ra s i t i c a s p e ct o f  sk i n  

d i s ea s e s . Vet . R e c . , SO : 2 1 4- 2 20 . 

vJE I TT EN" , L . K . ( 1 96 4 )  � Report on tl! e  pro ce e d i n g s o f  a 
s erL1 i n a r h el d  i n  P a l m e r s ton ��o rt h ,  N . Z . , to d i s cu s s  

t h e  f a ct o r s  a f f e ct i n g  gen i t a l  sou n dn e s s  and 

f e r t i l i ty i n  t � e  ram , p .  10 . 

vJH ITTEl'l ,  L . K .  ( 1 968 ) : Some l i v e sto ck d i s ea s ES a n d  

pa ra s i t e  p ro bl em s  i n  N e\<.7 Zeal a n d . Vet . Hed . Rev . , 

! : 1 4- 30 . 

YOUN G ,  w . c .  ( 1 9 2 7 ) : Th e  i n f l u en ce of h i g h  t em p e ra tu r e  

on t h e  gu i n ea - p i g t e s t i s .  ? i s t ologi cal cha n g e s  

a nd e f f e ct s  o n  r ep rodu ct i on . J .  e.xp . Zoo l . , 4 9  : 

4 5 9 - 4 9 9 . 

YOUN G ,  vl . C .  ( 1 96 1 ) : Th e ho rmon e s  a n d  w a t i n g  beh a v i ou r . 

In � S e x  an d I n t e rn a l  S e c r e t i on s  3rd edn . , 2 : 1 17 7-

1 2 39 Wi l l i am s  a n d  W i l k i n s ,  Bal t imo re . 

ZURN , F . A .  ( 187 4 ) : K u r z e m i t t h e i l un g ube r  d e n  sog . 

Sa l z fl u s s  d e r  s cha f e .  · '\' c:; E:-"' r . Ti e rh e i l k  V i eh z .  1 

1 8  : 1 21 - 1 2 2 .  



Append !ix 1 

SPERMATOZOA NUMBERS ( x  1 08 ) E STIMATED BY DIREC T  HAEMOC YTOMETER 

COUNTS IN SEMEN SAMPLES C .t'I.TEGORI SED ACCORD ING TO COLOUR 

c :r . t . mi l . mil . w . mi l . C l . 

38 . 0  1 6 . 1  9 . 0  2 . 7  o . 6o 

27 . 0  1 2 . 2 1 1  • 8 1 . o  0 . 05 

2 8 . 3  1 1 . 9 3 . 4  1 . 6  0 . 3 1  

37 . 8  1 2 . 8 9 . 6 2 . 4  0 . 52 

31 . 5  1 6 . 8  7 - 7 2 . 6  0 . 37 

26 . 8  1 4 . 5  6 . 9 3 . 8 0 . 07 

23 . 3 1 7 . 5 6 . 7  1 . 6 0 . 01 

20 . 5 2 3 . 0  6 . 8  1 . 3 0 . 7 7  

23 . 0  1 7 . 3 4 . 2  2 . 9  0 . 1 8  

1 9 . 5 1 1 . 3 7 . 0 2 . 8 0 . 02 

3 9 . 8  1 2 . 0 1 0 . 6  1 . 6  0 . 55 

25 . 4  1 1  . o  5 - 7 1 . 8  o . o 4  

2 6 . 8  8 . 5 6 . 5 1 . 2  0 . 04 

2 1 . 8  1 4 . 3  5 . 5 1 . 5 0 . 2 9  

26 . 0  20 . 0  8 . 8 1 . 8  0 . 7 2  

1 8 . 0 1 3 . 8  2 . 7 2 . 4 0 . 8 3  

23 . 7  1 7 . 5 1 0 . 2  

25 . 0  1 5 . 3 8 . 0 

34 . 5  1 1  . o  7 � 2 

33 . 3  2 4 . 0  5 . 0 � 



APPENDIX 2 

SPECTROPHOTOMETER READING OF STANDARD SOLUT IONS OF PURE D ( - ) FRUC TOSE . 

1 . 0 

1:::1 
0. 8  0 

. .,; +> ;::l r-i 0 Ul 
. 

r-i s 
0 0 . 6  
..-........... bD s 
� Cl) 0 E-i 
B 0 . 4  0:: � 

0 . _? 

OPTICAL DENSITY AT 5 40 mu 



Appen d i x  3 

MAYER 1 S HAEl1ALUN AND EO SIN STAIN A S  ADAPTED TO S:El-�EN 

BY GUNN ET AL . ( 1 94 2 )  

( 1 ) Fi x s em en sm ea rs wi t h  m et hyl a l cohol f o r  2 m inut es .  

( 2 ) Ri n s e  i n  wat e r .  

( 3 ) Stain in a ci di f i ed s o l u t i on o f  r'�.aye r 1 s ha emu l um f o r  

6 m i nu t e s . 

( 4) Wa s h  i n  wat e r  f o r  3 m i nu t es . 

( 5 )  Count e r- sta i n  wi th a ci di fi ed , s a tu ra t ed a l cohol i c  

solut ion o f  eos i n  ( G .  T .  Gu r r ) fo r 2 m i n ut es .  

( 6 )  Ri n se i n  wa t e r . 

( 7 )  A i r  dry �· 



Append i x  4 

SEMEN QUALI TY AND QUANT I TY OF F IELD TRI AL RAH 1 07 DURING THE P:SRIOD OF " MODE RATE" SC ROTAL MANGE 

S p e r ma t o z o� m o r p h o l o gy ( % )  
-

Da t e Volume C o l our l"i o t i l i  t y  �j l i v e  N o rmal Head N ec i<  M i d p i e c e Ta i l  C y t o . 
1 96 9/70 ( ml ) ( % )  ( rat e ,  0 -5 ) a b n . abn . abn . abn . d r o p . 

9 . 1 0  0 . 7 c r .  1 00 5 8 0  ' 68 - 1 0  - 20 2 

2 0 . 1 0  1 . 3 c r . 1 00 5 9 " ./ 92 - 2 - 6 -
3 0 . 1 0  2 . 0 c L  1 00 5 90 74  - 5 - 1 4 7 

I 1 3 0 1 1  1 . o  c r .  90 5 8 8  90 - 2 - 3 5 

2 7 . 1 1 1 0 1  c r .  80 5 88 90 - 2 - 3 5 

1 1  0 1 2  1 . 0 c l . 70 3 9 1  8 6  4 3 - 2 5 

26  0 1 2  0 . 8  c r . 90 4 98  8 8  - 9 - 2 1 

22 . 1  1 . 2  c l .  1 00 5 80 82 - 5 - 7 6 

1 3 . 2 o . 4  mi l . 8 0  L� 84 93 - 1 - 4 2 

27 . 2  0 . 4  c r .  50 4 L,7 26 - 1 5  - 58 1 

4 . 3  0 . 5 m i l . 1 0  1 1 5 38 - 2 7  - 35 -
1 2 . 3 0 . 2 c r .  1 0  2 36 3 4 36 6 6 1 0 8 

23 . 3 0 . 8  v; . mi l  1- 40 3 7 1  3/.j 1 27  2 32 4 

7 . 4  0 . 4  m i l . 30 2 88 86 - 8 - 6 -

1 5 . 4 0 . 8 c r .  80 5 94 9 1 - 5 1 3 -
23 . 4  0 . 5 c r .  I 90 4 90 93 - - - 7 -

I 



Appe n d ix 4 ( C ont ' d )  

SEMEN ({.UAL I TY AND 'i:Ui\.NTITY OF FIELD TRIAL RAJ1i 32 1 DURING THE E�RI OD OF " MINOR" SC ROTAL HANGE 

S p e rma t o z o a  morpho l o 5y ( %) 

D a t e V ol um e C ol our M o t i l i t y  c;6 l i v e  N o rmal H e a d  r! e c k  N i d p i e c e Ta i l  C yt o .  
1 970/71 ( ml )  ( )� )  ( rc::. t e ,  0-5 )  abn . abn . a b n . abn . d r o p . 

1 6 . 1 0  0 . 4  m i l . 60 4 80 7 1  - 8 - 9 1 2  

30 . 1 0  0 . 5  m i l . 60 4 90 8 7  - 3 - 1 0  -

6 . 1 1  0 . 5  m i l . 60 4 9 1  69 - 5 - 2 6  -

2 1  0 1 1 1 . o  t . m i L  70 5 60 8 1  - 2 - 1 5  2 

4 . 1 2  0 . 5 m i l . 60 3 6 1  69 - 2 - 2. 8 1 

1 5 . 1 2  0 . 5  m i l . 80 3 82 67 - 1 1  - 2 1  1 

8 0 1  0 . 8 c r .  90 5 9 1  8 5  - 2 - 1 1  2 



A ppend i x  4 ( C ont ' d ) 

SEHEN QUA L I TY OF F I :CLD TRIAL P.4.H 2 1 4 DUEING T HE PEIU OD OF " Jvi iNOR" SC ROTAL Jv1J, N G E  

S p e rma t o z o a  m o r p ho l o gy ( % ) I 
I 

Da t e  V o lu m e  C o l o u r  M o t i l i t y  % l i v e · N o rmal H e ad N ec k  H i d :P i e c e Ta i l  C y t o .  
1 97 0/7 1 ( m l ) ( % ) ( r a t e ,  0-5 ) abn . a b n . a b n . abn . d r o p . 

-

1 9 . 9  0 . 8  c r .  80 4 97 1 00 - - - ·- -

2 6 . 1 0  0 . 3 m i L  70 4 47 60 - 2 7  - 1 1  2 
6 . 1 1 1 . 0 c r .  90 5 50 72 - 23 - 5 -

4 . 1 2  1 . o  c r .  90 5 80 62 - 33 - 5 -

1 9  0 1  1 . o  c r .  80 5 86 9 4  - - - 6 -

1 . 2  1 . o  c r .  8 0  4 8 9  98 - - - 2 -

1 8 . 6 0 . 7 c r .  90 4 9 1  9 4 - 3 - 3 -

3 0 . 6  1 . 2  c r .  90 4 87 94 - 1 - 5 -

2 2 . 7 0 . 9  t . m i L  9 0  4 8 4  87 - 3 - 8 2 



Appen�ix 4 ( C on t ' d ) 

SEMEN QUAL I TY AND �UANrriTY OF F I ELD TRIAL RAM 1 8 4 DU RU:G 'l'HE fERIOD OF " HODERATE" SC ROTAL Ni<NGE 

� 
S p e rma t o z oa m o rpho l o gy ( % )  

-

D a t e  V olume C ol ou r  M o t i l i t y  % l i v e  N ormal H ead N e c k  M i d p i ec e 'I' a i l  C yt o .  
1 97 0  ( ml )  ( % )  ( ra t e , 0-5 )  abn . a b n . abn . abn . d r o p . 

27 . 6  0 . 7  c r . So 3 70 78 1 1 4 1 6 -

4 . 7  0 . 3 c r .  80 5 7 6  7 6  - 6 - 1 1  7 
1 1 . 7 0 . 5 c r .  1 1 2 7 4  - 6 4 5 1 1 
1 7 . 7  0 . 5 w . m i l . 1 0  2 49 39 1 0  8 1 2 1  2 1  

2 4 . 7  0 . 6  w . m i l . 1 0  3 35 2 4  28  8 3 4 33 

3 0 . 7  0 . 4  c L  1 2 38 1 6  4L� 1 2  6 1 6  6 

1 0 . 8  1 . o  c l . 1 0  2 2 4  49 5 1 7  3 22 4 

2 0 . 8  0 . 6  c l . 1 0  1 25 23 25 20 8 23 1 
30 . 8  0 . 8 c L  1 0  2 y� 2 9  1 0  2 4  5 4 2 8  

9 . 9  0 . 6  . c l .  30 3 25 34 7 1 7  6 9 2 7  

1 9 . 9  0 . 6  c l .  40 2 41  48 1 0  1 6  1 7 1 8  
2 6 . 9  0 . 5  c L  40 3 45 3 4  1 4  23 3 1 3  1 3  

3 . 1 0  0 . 6  w . m i l . 80 4 93 75 2 3 2 5 1 3  
1 L� . 1 0 1 . 5 t . m i l . 80 5 8 2  88 - 4 2 6 -

1 • 1 1  1 0 4 t . m i l . 7 0  it 8 0  75 - 1 5  2 8 -



Appe n d i x  4 ( c on t ' �� 

S .EJviEN �UAL I TY AND QUAN T I TY OF F I ELD TRI AL RAH 435 DUI\UiG THE 2 ": PIOD OF " MODERATE" SC RO TAL MANGE 

Da t e  V o l u m e  C o l ou r  Jl'i o t i l i  t y  % l i v e  
1 970/7 1 ( m l )  ( 76 )  ( rc:c t e , 0-5 ) 

7 . 9  o . S  c r .  70 4 87  

1 9 . 9  0 . 6  c r .  90 5 75 
2 6 . 9  0 . 8 c r .  1 00 5 95 

3 . 1 0  0 . 8  c r .  80 �· 85 
1 O o  1 0  0 . 2 c l .  2 0  4 1 1  
1 6  0 1 0  0 . 4  m i l .  1 2 8 
2 4 . 1 0  O o 4  m i l . 1 0  2 1 3  
30 . 1 0  0 . 2  m i l . 1 0  2 38 

. 

6 . 1 1 0 . 5 c r .  50 2 8 
2 1  0 1 1  0 . 5 m i l . 50 2 50 

4 0 1 2 1 . 0 m i l . 70 3 63 
1 5 . 1 2  0 . 8  t . m i l . 30 3 46 

2 0 . 1 2  0 . 4  t . m i L  40 3 47 

8 0 1  0 . 8 m i l . 2 0  2 1 1  
1 9  0 1 1 . o  t . m i l . 50 2 5 1 

1 . 2  1 . o  m i l . 60 4 57 

1 4 o 2  1 0 6 w . m i l . 90 3 9 1  

2 7 . 2  0 . 8 c r .  80 5 96  

S p e r ma t o z o a  m o r ph o l o gy ( % ) 
t--· 

N o rmal H e ad N e c k  M i d p i ec e T a i l  
ab n .  a b n � a b n . abn . 

70 -· 1 4  9 1 

87  - 5 - 8 

79 - 1 1  - 1 0  

82 - 1 2  - 5 
2 1  - 7 - 67 

5 4 - 2 8 - 1 8 
44 - 30 3 2 2  

1 2  7 49 1 0  1 7  

44 - 22 - 34 

36 3 1 7  4 2 9  

5 4  - 25 - 1 0  

1 7  - 48 8 1 9  

58 1 2 1  - 1 5  

33 2 9 - 5 4 
41 4 1 3  7 2 4  
6 6  - 1 9  4 8 
90 - 1 0  - -

97 - 2 - 1 

C y t o n 
d r o p . 

6 

-

-

1 

5 
-

1 
5 

-

1 1  
1 1  

8 
5 

2 

1 1  

3 

-

. -

- ------ - ---�-



Append ix 4 ( c ont ' d )  

SEMEN QUALI TY AND QUAN T I TY OF FI ELD TRIAL RAM 435 FOLLO UI NG THE REOCCU ERENCE OF " �XTEN .S IVE" 
SC ROTAL MAN GE 

Da t e  
1 970/7 1  

30 . 6  

8 . 7 

1 5 . 7 

22 . 7  

29 . 7  

9 . 8  

1 6 . 8 

25 . 8  

6 . 9 

1 6 . 9 

26 . 9  

6 . 1 0  

1 6  0 1 0  

26  0 1 0  

5 0 1 1  

'1 5 0 1 1  

2 9 o 1 1  

1 5  0 1 2  

V olume C o l our 
( ml ) 

0 . 5 t . m i l . 

0 . 6  t .  m i l . 

1 . 0 t . m i l .  

1 . 0 c r .  

1 . 5 t . m i l . 

1 . 2 c r .  

0 . 8  t . mi l . 

1 . o  c r .  

1 . 5 t . m i l . 

1 . o  t .  mi l .  

1 . 3 t . m i l . 

1 . o  ni i l . 

0 . 9  m i l . 

0 . 8  w . mi l . 

1 . o  mi l . 

0 . 8  m i l . 

1 0 1  t . m i l . 

0 . 8 c r .  

M o t i l i t y  % l i v e  
( 96 ) ( ra t e ,  0-5 ) 

90 5 96 

50 3 44 

20 3 33 

30 4 50 

90 4 95 

40 3 3 1  

3 0  3 55 

80  3 62 

30 <: 45 ./ 

60 3 62 

60 3 59  

20 3 2 4  

1 0  2 3 1  

1 1 1 6  

1 0  2 37 

50 3 52 

80 4 78  

90 5 93 

S p e rma t o z oa m o rpho l o gy ( %) 

N o rmnl H e ad N e c k  N i d p i ec e Ta i l  
abn . abn . abn . abn . 

75 - 5 - 20 

35 - 35 - 26 

1 9  2 1  32 - 28 

33 - 32 1 32 

77  - 5 - 1 6  

82 - 4 1 1 3 

49 - 1 1 48 

35 - 1 0  - 5 4  

2 4  - 41 - 3 4 

42 4 1 7  5 32 

30 1 20 1 47 

53 2 1 5  4 24  

55 2 22  2 1 9 

22 1 1  28 3 1 8  

6 - 76 - 1 8  

35 1 42 - 22 

78 2 1 2  - 6 

96 - 2 - 2 
---·-- ·- I-

C y t o . 
d r o p . 

-

4 

-

2 

2 

-

1 
' 

1 

1 

-
1 

2 

-

1 8  

-
-

2 ' 
-



Appendix 4 ( c on t ' d ) 

SEMEN QUALITY AND QUAN T I TY OF F I ELD TRIAL RAM 6 1 3 DURING THE F E RIOD OF 1 7 EX T R EME" SC ROTAL MANGE 

Sp e rma t o z o a  m o rpho l o gy ( %) I 
Dat e V o lume C ol our N o t i l i t y % l i v e  N o rmal H ead. N e c k  H i d  p i e c e T a i l  C y t o .  

1 970/7 1 ( ml ) ( %) ( ra t e ,  0-5 )  abn . abn . abn .  a b n . drop . 
, , 

30 . 6  0 . 8 t . m i L  1 00 5 99  1 00 - - - - -

8 . 7 1 . 2  c r .  1 00 5 98 1 00 - - - - -

1 5 . 7  0 . 5 c r .  90 5 95 98 - - - 2 -

22 . 7  0 ,-• /  c r .  1 00 5 1 00 97 - - - 3 -

29 . 7 1 0 1  c r .  90 5 97 97 - 1 - 2 -

9 . 8 1 . o  c r .  So 4 86 93 - 3 - 4 -

1 6 . 8  1 0 1  c r .  90 5 88  8 9  - 3 - 8 -

25 . 8  0 . 8  c r .  80 4 7 6  94  - 3 1 2 -

6 . 9 0 . 8 t . m i l .  9 0  5 94 77 - 1 - 7 1 5  

1 6  0 9 0 . 8  c r .  8 0  5 94  84  - 2 - 5 9 

2 6 . 9  1 . o  m i l . 80 4 7 8  69  - 4 3 1 7  7 

6 . 1 0  0 .5 w . m i L  7 0  3 5 1  60 2 6 1 1 3  1 8  

1 6  0 1 0  1 . o  c r o  30 3 44 46 4 1 2  4 2 6  8 

2 6 . 1 0  1 . 0 m i l, 30 3 46 32 1 4  1 8  1 32 3 

5 0 1 1 L 3  m i l. 40 3 5 1  36 8 1 5 3 2 4  1 4  

1 5 0 1 1  1 . 0 w .  mi l· 0 0 0 44 1 6  1 5 9 1 2  4 



Append ix 5 

EFFECT OF EXTENSIVE SC ROTAL HANGE ON SEMINAL P LASHA FRUCTOSE C ONCENTRATION ( mg/1 00ml ) 

GROUP SC ROTAL MANGE CONTROL 

Ram N o . 5 9  9 1  9 2  5 7 2  35 9 260 1 62 32 1 05 574 I 
i I 

DATE l ! 
7 . 2 . 70 460 870 80 8 40 Boo 740 870 200 1 060 840 1 

h 1 . 2 . 70 6 1 0  700 1 50 600 7 1 0 6 40 1 220 90 470 380 I 
1 5 . 2 . 70 I 400 860 270 7 90 700 320 860 50 660 830 ' ' I 
1 9 . 2 . 70 550 750 2 40 850 850 830 950 1 60 660 860 

e3 . 2 � 7o 720 880 200 860 770 490 830 80 220 730 

'27 . 2 . 70 440 870 1 50 600 850 860 750 360 750 760 

M ean 530 820 1 80 760 780 650 91 0 1 60 6 40 730 1 
--------� ��-�-�--

M ean o f  Sc rotal Mange Group = 6 1 4mg/1 00m� . 

M ean o f  C on t r o l  G�oup = 61 8 mg/1 00ml . 



Append i x  6 

SEt-1INAL PLASMA F RUC TOSE C ON C ENTRATION ( mg/1 OOml ) OF FOURTEEN 

REPEAT �EMINAL PLASMA ESTIMATES 

Da t e  Ram N o . Sub Sampl e 1 Sub Samp l e  2 

7 . 2 . 70 59 430 480 

7 . 2 . 70 9 1  860 870 

7 . 2 . 70 1 62 900 8 40 

7 . 2 . 70 32 200 1 90 

1 1 . 2 . 70 359 660 750 

1 1 . 2 . 70 2 6 0  650 630 

1 1 . 2 . 70 5 7 4 380 380 

1 5 . 2 . 70 92 270 2 6 0  

1 5 . 2 . 70 1 05 650 6 6 0  

2 7 . 2 . 70 92 1 30 1 60 

2 7 . 2 . 70 572 590 6 00 

2 7 . 2 . 70 1 05 680 8 1 0 

2 7 . 2 . 70 9 1  860 870 



/ 

------ -- -
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Appendix 7 

SEI'liNAL REGENi.::RATION I N  RAN 438 FOLLOHI NG HEM I C ii.STRic'l'ION AND TREATHENT OF " EXTREME" SC ROTAL 

MANGE ON THE 23 . 1 1 . 70 

S p e rma t o z oa m o rphol o gy ( % )  
Dat e Volume C ol our M o t i l i t y  % l i v e  N o rmal H e ad N e c k  M i d  pi e c e Tail C yt o .  

1 970/71 ( ml ) ( ?b )  ( ra t e ,  0-5 ) abn . abn . abn . abn . d r op . 

2 0 . 1 0  0 . 8 c r .  50 3 68 62 - 8 - 30 -

30 . 1 0  0 . 4  w . m i l. 1 2 4 29  - 44 - 26 1 

9 . 1 1  0 . 7 m i l .  0 0 3 2 9  1 48 - 1 0  1 2  

1 7 . 1 1 0 . 3 c l .  s e v e r e  o l i gospermi q ,  t o t a l  s perm/e j ac . 1 . 8 x 1 0
4 

23 . 1 1 0 .5 c l .  s e v e r e  o l i go s permi a , t o t a l  s p e rm/e j a c . 1 . 5 x 1 0
4 

2 2 . 1 2  0 . 5 c l .  s ev e r e  o l i gos p e rmi a , t o t al s pe r m/e j ac . 2 . 1  x 1 0
4 

1 8 . 1  0 .5 m i l . 20 2 1 1  39 1 1 2  - 40 8 

1 . 2  0 . 8  t . mi l .  40 3 57 42 7, 1 5  4 22  1 4  ./ 

1 4 . 2  0 . 5 w . m i l .  50 2 83 48 25 5 8 6 8 

25 . 2  1 . o  w . mi l . 70 3 8 1  46 - 1 3 1 1 4  26  

8 . 3 1 . o  m i l . 20 3 38 68 3 1 2  - 1 2  5 

25 .3 0 . 5 m i l . 1 0  3 25 72 2 1 0  6 3 7 

4 . 4  0 . 6  l<! . mi l . 70 3 68  37  4 7 - 1 6  36 

1 4  Q 4 1 Q 1 c r .  1 00 5 92 92 - 5 - 3 -

2 4 . '+ 1 . 1  t . m i l . 1 00 5 95 95 - 1 - 2 2 



Appendix 7 ( c on t ' d ) 

SEHINAL REGEI'!3R.kT I O N  IN RAM 5 1 7 FOLLO',JHJG HEIHC/, STRATION . _ND TREHTMEN'll OF " SEV:CRE11 SC ROTAL MANGE 

ON THE 23 . 1 1 . 70 

Spe rma t o z oa m o rpho l o g y  ( % )  

Dat e  Volume C o l our Mot i l i t y  % l i v e  N o rmal Head N e c k  M i d p i ec e Tai l  C y t o o  
1 970/7 1 ( ml ) ( 9� ) ( rat e ,  0-5 ) ab n .  abn o abr. . abn . d r op . 

20 . 1 0  1 . 0 c r .  50 5 48 9 8  - - - 2 -

30 . 1 0  0 . 6  c r .  1 2 4 63 - 2 8  - 8 1 

9 . 1 1 0 . 5 m i L  5 1 20 35 2 26 - 37 -

1 7 . 1 1 0 . 5 w . m i l . 0 0 0 30 2 43 4 2 1  -

23 . 1 1 0 . 5 c l .  0 0 s e v e r e  o l i go s p e r rn i a , t o tal s p e rm/ e j a c . 1 . 3 x 1 05 

2 2 . 1 2  0 . 5 c l .  - - a z o o s p e rm i a  

1 8  0 1  0 . 5 w . m i l . 5 2 4 5 1  - 1 2  5 3 0  2 
1 . 2 0 . 6  w . m i l . 20 2 25 46 1 4  6 8 20 6 

1 4 . 2 0 . 6  c l .  40 2 7 6  3 0  1 0  30 4 1 2 5 
25 . 2  0 . 7  w . mi l . 60 2 62 42 3 1 0  - 3 4 2  

8 . 3 . 1 . o  w .  m i l . 20 2 1 1  60 1 7  7 7 3 6 

25 . 3  0 . 6  m i L  1 1 0 44 1 8  25 - 8 5 
4 . 4  0 . 6  c l .  5 1 3 43 6 3 '1 1 1  9 -

1 4  0 4 0 . 4  c l . 5 2 1 6  28 6 30 20 1 0  6 

2 4 . 4  0 . 2 m i l . 80 4 8 1  5 7 2 7 - 1 9  1 5  

3 - 5 0 / , 
o "T  m i l . 80 3 85 92 - 3 - 1 4 

1 2 . 5 0 . 8 m i l . 1 00 4 9 7  97 - 1 - 2 -

2 1  . 5 - . ' 1 . o  t . m i l .  1 00 5 1 00 98 - 2 - - -
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SEH INAL REGENERATION IN RAM 1 65 FOLLOtiiNG _H�MIC,:,.STRfS I O N  , ,ND T R � _-,TMENT OF 1 1  SEVERE" SCROTAL HANGE 

ON THE 23 . 1 1 . 70 

S p e r m& t o z oa m o rpho l o gy ( %) 

Da t e  V o lume C o l our Mot i l i t y ;;� l i v e  n o rmal H ead N e c k Midpi ec e Ta i l Cyt o .  
1 970/7 1 ( m l )  ( % )  ( rat e ,  0-5 ) abn . abn . abn . abn . drop . 

20 . 1 0  0 .5 m i L  20 2 1 4  38 4 2 4  - 28  6 

30 . 1 0  1 . 0 m i L  30  2 22.  1+6 1 0  2 6  - 1 3  c:; ./ 

9 . 1 1  0 . 5  miL 1 1 1 0  5 1  1 4  8 - 1 7 1 0  
1 7 . 1 1 0 . 5 c l . 0 0 ( s e v e r e  o l i gosp . rmi a , 

c 
t o t al s � e rm/e j ac . 3 x 1 0� ) 

23 . 1 1  0 . 6  c L  0 0 ( s e v e r e  o l i g o s p  rmia , t o t a l  G )e rm/e jac . 8 x 1 04
) 

2 2 . 1 2  0 . 8 c l .  0 0 ( s ev e r e  ol i go s p  rm i a , t o tal s pe rm/e j ac . 7 x 1 0
3

) 

1 8  0 1  0 . 5 mil . 1 1 1 2  1 6  7 4 4 - 6 -

2 . 2 L 4  w . mi l . 1 2 2 36  1 2  1 2  1 6  20 4 

1 4 . 2  L 3  w . m i l . 1 1 2 37 2 3  1 2  7 9 1 2  

25 . 2  1 . o  \v . mi l . 60 2 58 31  25  1 9  7 1 4  4 

8 . 3 0 . 5 c L  1 0  2 3 9  36 9 25 5 7 1 8  

25 . 3  0 . 8 w . m i L  5 2 1 41 1 8  20 1 7 1 3  

4 . 4  0 . 2 c l .  5 1 4 38 2 0  2 9  2 4 7 

1 4 . 4  0 . 4  w . m i l . 60 3 5 4 50 1 9 1 9 30 

2 4 . 4  1 . 0 m i L  90 4 8 4  5 1  5 1 �- - 1 0  20 

3 .5 1 . 0 m i l . 1 00 5 88  84  - 1 0  - 2 I+ 

1 2 . 5 0 . 8  t . mi l . 90 5 94  88 - 5 3 4 -

--- -·-·-

j 
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SEMINAL REGENERATION IN RAM 427 FOLL0\·1ING B.EHIC"STF_.,TION , _ND TRE,_TMENT OF " SEVERE" SCROTAL MANGE 

ON THE 23 . 1 1 . 70 

S p e rma t o zoa m o r pho l o gy ( % ) 
Dat e V o lume C ol our N o t i l i t y  % l i v e  N o rmal H ead N e c k  lli i d p i ec e · Ta i l  C yt o �  

1 970/7 1  ( ml ) ( %) ( ra t e , 0-5 ) ab n .  ab n .  abn . abn .  drop . 

20 . 1 0  0 . 2 c l .  0 0 ( t o t a l  s p e rm/e j a c . 
t o  t o  var i ed from 

6 3 . 5 1 . 0 c l �  0 0 0 t o  2 . 4  x 1 0  ) 

1 2 . 5 0 . 4  c l .  5 1 ( s e v e r e  o l i go s p e rm i a , t o t al s p e rm/e j a c . 6 . 4  x 1 0
4

) 

2 1 o 5 0 . 8 c l .  1 0  2 5 1 0  1 2  5 0  1 4  1 4  -

1 . 6  0 . 5 c l .  30 2 20 36 1 3 1 5  9 1 7  1 0  

1 4 . 6  1 0 1  c l .  30 2 2 1  5 8  4 5 1 7  8 8 

2 1 . 6  0 . 6  w . mi l . 40 2 1 9 46 2 1  1 4  7 7 5 

1 . 7 0 . 7  w . mi l . 40 3 50 59 1 0  7 4 6 1 4  

1 2 . 7 0 . 8  m i l . 70 3 58 41  9 1 9 - 23 8 

22 . 7  0 . 8 m i l . 80 4 45 44 - 45 - 8 3 

2 . 8 O o 5 m i l . 80 5 76 7 1  - 1 3 - 4 1 2  

1 6 . 8  1 . 0 m i l . 80 5 83 88 - 2 - 6 4 

23 . 8  0 . 9  m i l  .. 80 5 7 4  90 - 3 - ..., 5 c. 

--

' I 
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SE.f¥1INAL REGEITERATI ON IN RAM 1 3  FOLLO':JING SP ONTANEOU S CURE OF " EXTREME" SC ROTAL MANGE 

Dat e  Volume C o l our 
1 97 1  ( ml )  

1 3 . 5 0 . 6  w . m i l . 

2 1 . 5 0 . 6  \·J . m i l . 

1 . 6  1 . 0 m i l . 

1 4 . 6 1 . o  m i l . 

2 1 . 6  1 o 5 w . m i l . 

1 . 7 0 . 6  m i l . 

1 2 . 7 L O m i l . 

22 . 7  0 . 7 t . m i l . 

2 . 8 0 . 7 t . m i l . 

1 6 . 8  1 o 2 m i l . 

2 3 . 8 1 . o  t . m i l . 

M o t i l i t y  

K %) ( ra t e ,  0-5 )  

1 0  2 

30 -.; 
./ 

30 3 

70 4 

70 4 

70 5 

90 4 

80 4 

So 4 

8 0  5 
80 5 

% l i v e  

5 
42 

2 4  

4 4  

55 
80 

77 

7 1  

8 3  

7 4  

8 3  

S p e rma t o z oa morpho l o gy ( %) 

N o rmal Head N e c k  th d p i ec e Ta i l  
abn o abn . abn o ab n .  

46 1 6  25 2 1 0  

3 1  1 5  3 8 1 4 

35 7 49 - 5 

5 6 6 23 2 1 1  

36  1 1 7  -:- 40 

47 1 8 1 35 

7 4  -t 2 2 2 2  

34 - 33 2 2 8  

50 1 2 1  - 1 8  

74 - 1 5 - 5 

78. 2 6 - 6 

Cyt o .  
d r o p . I 

1 
1 I I I 

1 1  I 

4 

2 

6 

8 

0 

3 
1 0  

6 

8 



Appen d i x  8 

THE Cl�L I BRl\TION O F  TEv1P ERNI"'u RE RECO RD ING APPARATU S 

The a ccu rat e cent i g ra d e  t h e nu omet E r  ( se e  t e x t )  a n d  

t h e  n eedl e cont a i n i n g  t h e t h e nn i  s t o r  t-.Je r e  hel d i n  a 

cl am p  above a l a rg e  va cuum f l a sk "Y7hi ch conta i n ed wat e r  

a t  approxima t el y  30
°

C .  Th e hea t  sensi t i v e  t i p s  o f  t h e  

two i n st rum en t s 'IITer e  k e p t  wi t hi n  o n e  cm o f  ea ch o t h e r  

a n d  w e re imm e r s ed i n  t h e  wa t e r .  2ot wa t e r  wa s a d d e d  i n  

sma l l  amou n t s  a n c  t he wa t e r m i xed thoroughly by s t i r r i n g  

bri skly for about twen ty s e con d s .  Cha rt reco rd i n g s  wer e 

m a rk e d  at 1
° c s t e p s  f rom 3 3

°
C to 40

°
C .  The p ro c edu r e  

\va s repeat ed wi th t h e  cl i n i ca l  Fa h rcnh e i  t t h e rmomet e r  

vli t h  cha rt re co rdi n gs ma rke d f rom 3 5
°

c ,  t h e  t he rmom e t e rs 

l owe s t  �.-.a rl< i n r; , to 1 3 .  3°C . Tli � r c s u l  t s  : re p r c  R e n t e d  

i n  tabl e form and g ra phi cal l y .  Th e regre s s i on + i n e  a n d  

9 5% con f i de n c e  l im i t e s  o f  i t  were ca l cu l a t ed a f t er t h e  

m e t h o d  d e s c ri bed by Sned e cor ( 1 956 ) . 

The simp l e  regre s s i on equ a t i on wa s :  

y = 3 3 . 0  + o . l l 7 x  

w h e r e  y = t empe ratu re i n  °
c a n d  x = numb e r  o f  cha r t  

d i vi s i on s . B e f o r e  and a f ter ea ch t empe ra tu r e  reco rd i n g  

s e s s i on t h e  t em pe ra tu re r eco rd i n g  a ppa ra tu s wa s c h e ck ed 

for a ccu ra cy a t  35
°

C a n d  40
°

C wi th the a ccu ra t e  Cent i gra d e  

t h e rmometer . Th e avera ge o f  t h e  two reco rd i n g s  a t  ea c h  

t em p e ra tu re \va s al\·Jays wi th i n  t h e  9 5 %  con f i d en ce l imi t s  

o f  t h e  ca l cu l a t ed r e g re s si on l i n e .  That i s  s. 

3 5
°

C = 1 7  + 2 cha r t  d i vi si on s 

40
°

C = 60 + 2 cha rt d i vi s i o n s  
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RESULTS OBTAINED IN CAL IBRATING THE TEMPERATURE REC O RDING 

APPARATUS USIN@ Tv/0 ACC URATE MERCURY IN GLASS THERMOMETERS 

Thermome t e r Thermom e t er rec ording ( oc )  C hart d i vis i o ns 
( y)  ( x ) 

c 33 . 0  0 

c 3 4 . 0  8 

F 35 . 0  1 5  

c 35 . 0  1 7  

F 35 . 6 2 0  

c 36 . 0 2 6  

F 36 . 7  30 

c 37 . 0  3 4  

F 37 . 8  40 

c 38 . 0  43 

F 38 . 3  4 4  

c 39 . 0  5 1 

F 40 . 0  5 9  

c 40 . 0  5 9  

F 41  . 1  67 

F 42 . 2  7 7  

F 43 . 3  8 8  

C = " C ent i grade" t he rmome t er F = " Fahrenh e i t "  t h e rmome t er 
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APPENDIX 8 ( C ontd . ) 

RELATIONSHIP BETWEEN TEMPERATURE AND THERMI STOR RECORDINGS . 

20 30  40 

THERMISTOR ( DIVI S I ON S  ON CHART REC ORDER ) 

X "Cent i grade " thermome ter 

e "Fahrenhe i t " thermome ter 

50 60 
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