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The growth of 33 N.Z, Romngy rams was ohsarved between
birth and 269 days of age, The weight and histology of the testes
of those lambe wers studied and campared with the histological changes
of tho testes in 4l fostuses bLetween the ages of 42 days and birth,

Tostis growth ochangmd sharply to a faster rats, froo 70 days
of age when the body weight emeedsd 20 kilogrems, This change in
growth rate was assoolated with the camsnoement of spermatagencsts.
The campletion of the first qyole of spermatogenceis wos dependsnt
on the attalmpent of a testis 3120 of 3 graxs &n a rec at loast
22 woeks of age,

Changes 4in the epithelium and boundary tissue of tho sex
ocords arxl seriniferous tubules were closaly related to the diffesent
phasos of testes' prowth, The sex cords were present &n the tostis
of tho h2-dagy foetael lamd, dut did not show a dofinite boundary tissue
untdl 53 days oi' foetal 1life, Little variation in their development
was apparent until the onset of spermatogenceis, The transition from
sox cards to sariniferocus tubules followed a greater rate of increase
in tubular dismeter, The gonooytos which were more centrally placed
4n the sex gords than the mwlel of the suppareting cells, becane
tranafuread into prosparwstggonia before their evolutian to adult stem
ocolls at the boundary tiseue. Iamen formation 4n the eszinifeTous
tulnile wes oconcomitant with the completion of Sertold cell development
and the appearance of the more advanced forms of gemm cells,

At birth the boundary tissue consisted of a none-cellular
layer, which had resghed its widest nargins, and an cuter
mlticellular layer of fibrodblastelike cells, Differentiation



of the four camponent tisgues in the mature tubular wall, the inner
noo=oellular lgyer, the inner oellular lgyer, the ocuter naecellular
1gyer and the cuter cellular layers, beocame apparent sbout the time
sparmatosenesis ocmmenced, and &ppeared to be fully developed when the
firet cyole of spermatogenssis was campleted, The imner non=cellular
layer becane thimer as the outer non~oellular layer becaue evident,

Thooaghout their developmental phases fidres of elastio
tissuo were disparsed evenly within the two non=cellular layers,
Durding puberty increasses to adult proparticns werce most rapid in the
outer mon=cellular lgyer, The significance of elastin in the damdary
tissue of the seminiferous tubules in the ram could not be detareined,
The donsity of the elastin component us a measure to indloate the
dogroo of inmaturity of the testia of a ram was postulated,
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STUDIES ON THE TESTICULAR DEVELOPHENT OF

INTRODUCTION

The normsal cellular and tissue developrment of testes from
early foetal life through to maturity has besn destermined for a
mmbder of bresds of sheuvp, The purpose of this study is to follow
the pattern of testicular development in rams of the Hew “ealand

Ramney breed,

Semual Development in the Ram

In the msle puberty is regarded as having been reached when
sperretosonesis is camplete, the sexual organs have developed
suffioiently to ullow reproduction to be possible and the andwal shows
charucteristic male behaviour (Hammond and Karshall, 1952; .bdelw
Raguf, 1960; Donovan and ven Ger werff ten Bosch, 19653 Skinner
et al., 1963; Ckimner and Rowson, 1968; Foote, 1969)., It is a
phase of animal development in which growth of the reproductive tract
13 nost maried,

Ranm lambs develop signs of adult male dehavicur long defare
reaching physiologiocal sexual ssturity, Init{ally these may be seen
when raus a few days old mount other lambs and even adult ewes, .8
puberty ocours there is a prograosaive expression of this inciplent
sexual bebavioural pattern, The signs of nudging, aggressive

bunting, flehmen and nosing of the perineal area, partial erection of



2.

the penis, mounting and pelvic oscillations make wp the display of
courtehdp, These signs are frequently dsvoted to other males,
particularly if such a group is held together as ons flook (Banks,
1964,

Evidenon of the androgenic activity of the tastis is
indicated by the presence of fructose and ocitric acid in the secretions
of the accessory sox glamis and zarks the onset of puberty in the ram.
This phuse includes the commencement and the period of completion
of the initial cycle of spermatogenesis and ends about the tire that
spermetosoa are found in the sezinal rlufd (Skinner gt al., 1968;
Lkinner and Rowaon. 1968), Sexual meturity has nct been reached at
this stage as the tostis continues to develop to 1ts full reproductive
cgpacity (Courot, 1962),

The campletion of sexual development has been assessed in
the raz. by observing the nsture of the semlnal ejaculntes over the
pubescent period. The first sppearance of spermatosoa in the
ejagulate has been repertsd for several breeds and amme crosa=breds
(see Table I). In general spermatosoa are observed in the semsn of
the British breeds of sheep at an earlier aege than that of other
breveds and are present arter the earlier signs of libido occur (Nanks,
1964).

An agsessment of the post-natal developmont of the ran's
tostis can bde made from the gppearance of the different cell types
4in the developing sccinifercus epitheliuwm, There 1is o gredual
leyoring of the cellular components (sparmatogonia, primary
spermatoqytes, spermatids and spermatosoa) which assume positions
oharacteristic of the pattern in the adult seminifercus tubules,
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Toese progressive shases of developrent have beon related to the
age and body weight of the lamb, the size of the testis, and the
growth of the seminifercus tubules (hillips and Andrews, 1936;
Carwon and Creen, 1952; &atson et al., 1956; Courot, 1961, 1962;
Sapsford, 1962a; Skinner et al., 1968), Studises on the zrowth
and development of the Leydis cells in the interstitial tissue of
the testis (Baillie, 1960; Sapaford, 1962a), the epididyrdis (Carwon
and Green, 1952; Uuatson gt al., 1956), and the sccessory glands of
the reproductive truct (4itken, 1959) have been recorded in the rem
and the growth or these tissucs hna been related in turn to the
endrogenic activity of the testis (Skinner gt al., 1968).

The growth of the penis «wui the extent of prepucial aihostions
is dependent on the age and weizht of tne rex and can be an indicator
of tho onset of puberty (Johnstone, 1948; iixins and Terrill, 1953;
Pan, 1956; .atson gt el., 1956; Belonje, 1265; Pretorius und

Varincowitz, 1968; Siinner and Howson, 1963).

The Gross snatory of' the Ram Testis

The ram testis is enclosed within a fibrous capsule, the
tunica albuginea, containing a mzber of elastic fibres, This tissuve
thickens along the posterior bordser of the testis, and extends deep
into the gland to form a mass of fibrous tissue, the mediastimm.
Trabeculae of fibrous tissue radiate from the medlastimm dividing
the testis into o« nusber of lailetinct ioduies widch are campused of
sany tortucus seminiferous tubules (see Fige. 1, 2 and 3). The
seniniferocus tubules unite to form straight tubules in which

spermatogenesis usually does not take place, and ultimately fomm a
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oetvork of non-seninifcrous tubules in the zediastinum, the vrete
testis, The offerent duots pilerve the tunica alduginaa and oambdne
%o form the head of tho epididymis (csput epldidymis) (3isson and
Grossman, 19563 Bishop and waelton, 1960; May, 1963).

The seriniferous tubules of the adult ran testis are oomposed
of sperm oells at progressive stajges of dsvelopment and Sertoli cells
(Clerzont and Ledlond, 1955; Ortavant, 1959; Sapsford, 1962e)
enolossd within a rultilayered tubular wall known s the beundary
tissus. The latior tissue provides a bloodwtestis barrier which
roguletes the pussage of mutrients, the campositicn of fluld (lLeqy,
1957; Waltes and Sotchell, 1949) and the raintenance of pressure to
faoilitate the transportation of spermatozos to the rete testis
(lesson and Leeson, 1963; Roas, 1967). Tho interstitial tissue
conaizta of the blood vessels and lymphatic ducts within the testicul:r
parenchyma, and the interstiticl or ..eydis cells which are arranged
singly or in groups dispersed taroushout the intertubuler oocnnective

tissus .



6.

GENERAL MATERIALS AND METHODS

The Animals

a. Postnatal Animals

The lasbs used in this study were New Zealand Ramney
crosshred sheep from an experimental flock kept for surgioal studies
at Yassey University, They were obtained over a six week lambing
period froo teptember to mid=Ootober in the two scmsons of 1968 and
1969, 4 total of thirty=threc rass were reared, Twenty-~one were
resred over the 1968/4969 season to the age of 269 days and twelve
were rearcd over the 1965/1970 season to the age of 70 days., The
lambs wner. either singlee or ¢twina, and wers born either naturally
or by caeserian sectlion perforrod at full term of pregnangy,

In addition specimons were obtained frow a two-tooth
Romnay ram aged 300 days, and a mature Romney ras aszed six years,

These racs were froc the same parent flock as the lambs,

b, Foetal inimals

A total of forty~four male foetuses fram Ramnay orossbred
eves were obdbtained from a local adbattoir during the manths of June
and July, 1970. Their estimatod ages ranged fram 42 days to near
birth, The estimation of age was besed on the crown-muEp mMaaswTEHants
and the foetal weighte given by Galpin (1935), Stephenson (1959), and
Stephenson and Lesdourm (1960),
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Hanagement of Animals

The animals were grased froc Ssptember to the following
June on 4mproved pasture at lassey Univeraity, They wore talled at
two to four weelks of ago, weaned at about fourteen weeks of age and
shorm at twenty to twenty=four weeks of age, All lambs were
vaoccineted with an alumpresipitated pulpy kidngy, blackleg and
malignant oedewma vaccine at four to six weeks of age, Thxroughout
the 1968/1969 season, the lanbs were weighed at epproximately two
woekly interwvals. The body weizhtes were recorded at the time of

their cestration, after wilch tiey were removed fram the flock,

Gelectlon of Animels for Castration

The aic waes to obtain and study the testes of larbs at two
woekly intervels, somuencing at the tize of' birth, Generally the
tire of castrstion wepended Os tiw bLirta aates of tiw lembs end the
avallabllity of sufficieant nubers for tie convenient proocessin: of

the tissues.

Treatment of Testes
. Postnatal laembde

The testos fram the very young rans were colleoted by ramoval
of the distal portion of the scrotum inoising eash tunica veginalis to
expose the testis and epididymis and then severing the sperratic cord.
In the older laembs the teates and epididymides were exposed through
two iongitusinal innisions of the scrotum and tunica vesimlis following
the suboutansous infiltration of a local anmesthetic solution (2% w/v



solution lignocaine hydrochloride®). The testes and epididymides
were resoved by eevering each spermatic oord,

within thirty mdmites of castration the epididymis and the
spermatic cord were removed bty trimring close to the testis, Each
testis wan weighed to the noarest 100 mg, The sualler testes were
incised transversely about the mid-section of the testis and esch
half portion was placed in the fixative fluid, The larger tostes
(greatsr than 2,5 G in woight) were incised similarly and pieces of
testioular tissue b mr 1a thiokmess were talen frox t:4s surface and

placed in the fixative fluid,

b, Poetal Lanbs

The testes wore rewcved frow the festuses and tWrlaned of
excess tissuc bofore placing ia the fixative fiuild, There was a
delgy of up ic four hours hetwvan the sleughtering of the pregnant

ewe and the rasoval and fixing of the testiculsr tissue,

¢cs Fixatives Used

Initfally six different fixative solutions were used:
Bouin's fluid, Carngy®s fluid, Davidson's solution, 10;: formalin,
Zenker's fluid and a mercurio chloride solution (see Appendix V),
Best definition of the morphology of the testis was obtairmd 4n
tissuce fixed in Bouin's fluid, The shrinkage of tissues &n Bouin's
fluid was ninimal resulting 4in less distortion of the miaroscopis
features, Testicular tissue fixed in Carnqy'’s fluid gave the bdest
ovarull rosults with the elastin stains used to differentiste elastio
tissue within the walls of the seminiferous tubules,

¢ Xylocaine 2% (Astre)



4, Tissue Preparation

The sections of testis tissue were washed and dehydrated
by processing through increasing concentrations of ethyl aloohol,
cleared and embedded in peraffin, Mioroscope sections were cut at
five riocrons and ten microns, mounted and stained with haematoxylin
and eosin (see Appendix IV), timilarly preparod scotions fram
tissuo fixed in Carnay's fluid were cut at five microns, poumted and
stained scparately with veigort's elastin staln, modified fuchedin
stain and Gomori's aldehyde stain for elastic tissue (see Appendices
I, II and ITI), The testis tissue stained with Leigert's elastin
staln consistently gave the beat definition and staining of elastic

tiassue,

@, Lxamination of Tissue

Sections fra: each testis fra: each aniral were exa:insd
at x 160, x 320, x 500, and x 1125 magnifications on an Ortholux®
microscope, hotanicrographs, using an Orthamat’ wicroscope camera
and e Leloca* camera with a micro-attaciment, were tuken of sultubile
tubules so that steges ant differences in their de¥elopment could be
asseased, Assessnents were based on a visual appraisal of the types,
porphology and sises of the gorm cells, the supporting cell components,
and the baamiary tissues of the tubules in each animal,

¢ Leits Vetslar, Gevmany

LIBRARY
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THE POSTNATAL GROWTH OF THE TESTIS IN RAME

Review of litersture

The first feow conthe of the rem's 1ife are characterised
by rapld increascs in the body's growth rate. Skinner gt al.
(1968) recerdsd maximu rates of body weight gains in Suffolk
lads up to seventy days firer birth, followed by lees rypli galns
s the lambs =-gtored, Inltlally growth rate of the testis vwas slow
in relation to body welisht gedns, The meizht of the testis increwsed
radualiy from birth toc forty-two days when a sharp change to a pore
rapid rate of growth occurred. In the youns Lerino ranx the maximm
erswth rate o;‘.’ £329 testls was recorded when the boldy weilght increased
boyond 21 kg (watson gt ale, 1956), whilst in the Ile-de=rranee bLreed
a definite ircrease in tiw testiculuar srowth rate oceurred whoa the
testis welght ezgeaded 6 G at approxirately eishly days after birth
(Courot, 1961, 1962, 1967, “he esteblis!®d pattorn tierefors is taat
the baxicur srowth rate of the iteates tayes plece when bodqy weight
shanres are decrvasing and corresponds to the establisiment of
speruatogonosis (Courot, 1962; Skinner gt gl., 1958). & similar
pattern of testis devolo;meﬁt has boen noted in younz bulls (.ddel-
Racaf, 1960; Attal and Courot, 1963),

A oloser relaticnship exists dbetween testicular sime and
body weight than testioular wolght and the age of the rem (Dun, 1955;
watson gt al., 199%; Courct, 1962)., Similarly the ocmpletion of
spermatogenssis, indicated histolegically by the appearance of
spermatosoa within the testis, 1» more closely related to the
MM@MNWW.@(C&!‘QMW,
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1952; Watson gt gl., 1956; Courot, 1962; Skinner ot al., 1968).
Growth of the testis does not cease at this staege howsver, but
oontimies until the adult size is reached, Tho testis of the
mature rem is epproxizetely three=fold the weight of' the testie
when spermatogoa firest appeer., In thw Lie=ie-France bresd wita an
atul+ testis size of 20C § spermatosoa are present in the 65 &
testis {Courct, 1962) ani in the Suffolk breed with an adult testis
8130 of about 300 &, spermetozon are present in the 100 G teatls
(si-funer gt al., 1968).

In aome stuaics the development o:r' the testis has been
Joterrined by the appearunce of spermatogos in the sezdinil ejeoulate

of the ran, and similarly there was a oloser rvlaetionship between

c>

estioular weight end the body weisht than with age (lun, 1955;
Symington, 1961 ; Louw and Joubert, 1564; I'retorius end luriusgsowits,
1968;: Sskinner and kowson, 1963),

Shanges in the sise o the tostlis can be deterudned by
palpstion, Tun {1955) essesaed testicular .rowth by this method amd
considered Merino rass with iirm plup testes four inches to five
inciies in length and & peuis freo frow prepuclal adhesions as having
cacploted puberel development, Thu use of orchidameiry has been
susgested as a refinement to the present sudjcotive ceasursment
techniques (Bruere, 1970). In human medicine a technique using
calipers to meassure the longitudinal and the tranaverse axes of the
testes hes been desoribed (Hensen and With, 1952), Podany and
Sstwiertne (1969) adapted this technique to measure the sise of tecates
in rams, It is common practies in human infertility clinips to use
a comparative palpation technique by employing a set of standard



‘?.

models (Prader, 1966), Bruere (1970) sugzested that a simller

set of standard models bo established for rams, and the teates for
individuals be cozpared and recorded in a simple gredirg aystem.
snother method of seasuring testicular function has been desoribdbed
by Hehn et gk, (1569) for use in bulls, It $& an instrument colled
tho tonmeter and mcasures testis consistency a=z a means of providing
a prediction for semon quality, The advantagos of these measuring
techniques over sudbjoctive manual palpation is that they provide a
stardard for testicular sise wilch posaibly cculd be related more

closely to semen productlion,

¥ethods Used
6. Poastnatal Growth of the Ram

The bedy welshts of all rams in the 1968/1959 season were
neasured at tus wouily intervels, Desinnins at birth the weishts
were clacsified into groups within ten day seriods and the mean
body weight and stendard error of the cean for each Iroup was
eotinutod, The body weisht snd aze for each ram wes recardsed at

the tize of castretion,

b. Postnetel Testiculsr Growth

Lambs {'or castratiun wore not sslected at randmm, but every
endeavour was made to obtain sarples of testes for eaph two weekly
period during the postnatal phases of development, The sua of the
woights of the lef't and right testes waa used in all analyses
reforring to the growth of the testis, these coubined testis weights
for sach lamb being referred to as testes weight,
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G, Statistical Treatment of the Data

The testes weight (G) was plotted against the age of the
lamd (days) and its body weight (kg) at the tine of castration.
Similerly the testes weight was plotted againat the logarithm of
the body weight, to emphasise the ochange in growth rate of the
testes in relation to the body weight increases (Courot, 1962;

Sklnner gt al., 1968). Inoreases in the woight of the testes were
also studied by deterrdnin; the weight of the testes as a percentage
of the total body weight, These fijures werc plotted against age,

The growth rates of the teste: relative to the {ncreases
in the dody weight werc shown by plotting the logarithm of the
testes weigits azainst tie logarithm of the body weishts (Brody,

1945; atson gt al,, 1956).

Change points in the lincar rate of testes growth relative
to body welght were obtained and tho data were divided at these pointe
and analysed in separete olasses., Correlation and regression
coefficients werc obtained for the two classes of testes weight and
age, and the correspondin; two classes of teates weight and body
weight and the siznificance of their values tested by detertining their
"t"=distribution (Snedecor, 1956)., The differcnce betwean the
regressions of testes wolight on age and testes weight on body weight
for eeah or the two renges of testes weights wers obtained by camparing
regression and correlation coeffioients, and the Fevalues in analyses
of covariance (Smedecor, 19%6). Similarly the two relative rates of
testes growth deternined from the logarithmic data were compared Yy
treating them separately within each class of body wedght (Brody,
1945; Snedecor, 1956). Data from similar studies of rems of other
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breeds have been treated in a 1ike manner, and at least two different
rates of testes growth have becn detarmined (tatson gt al., 1956;
Courot, 1962; kinner gt al., 1968).

Results

a. Postnatal Growth of the Ram

The growth of the larbs is shown in Figure 4 fram data
pregented in Teble II end sppendix VI, The rate of inorease in dody
weli:sht at the tine of cestration was higher in the lacba under 84 days
of aize, than in the period after 39 days. The differences in the
growthi rates of the larbs reesulted in wide varistions in their dbody
welghte at any particuler age. The mean grovth curee for sll lambs
in the 1968/1969 mecsor showed a steady rate ol growth for the first
120 days followinz birth, Thercaf'ter the number of contributors to
the mean of sach eize group waa small which meant that the standard

error of the means oould not be given,

b. Postnatel Testicular Growth

The body weights and a;goa at castration listed in ordar of
ascending testiocular weights hbave been rescorded for each ram (Table II).
Changes in the weight of teates with age are shown in Plguxe 5.
There was a slight increase firam birth to 42 days of age followed by a
greater inorease between 50 days and 84 deys. Beyond thias age testes
growth was repld and became rore variasble in the older lambe,.
Similarly the genarel increase in the weight of the testes in reletion
to the body weizht of the ram is shown in Pigwe 6. The weight of the
testes incressed slowly until a body weight of 20 kg was reached and
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thereal'ter the testes increased in weight at a relatively more rapid
rate than did the body weisht, The increase in the weight of the
tostes as a peroentase of the body wel ht wus plottol against age and
showmn in Plgure 7, The relative sise of tie testcs rerained static fram
birth to 40 days followed by an inoreasingly rapid change until 99

days, uftr which tiw relative incieasc in testes size was slower

(see also Teble II), The testes welzht contimued to increase along

with the growth of the loob until 269 Agys o sge, when collsction of
dute ceased,

Testes weights chowod at lesst two rutes of :-rowth, The
1nitil rate was slow and linear until about 70 days of ejze. £
sreater but atill linear rate of testes rrowth followed after 99 dgys,
4 closer prelatlonship exlsted Letween the testes weight and the body
wolsht of the ram than between the testes weisght and oge (see Table IIT},
Ona class of data for testos woeights wes taen for larba fror birth to
70 days of age, anxi another for lembs of 84 days of age and older,
Purther evidence far the relationship was shown by the faot tast the
regressions of the teates weight on body weight fitted the data detter
than the regressions of tihwe testes weisht on age (see Table III),

The constants of the regression lines fitted to the data of the two
clasnes of testes weight were
THW(G) = DBW(kg) + &

and T% (C) = O Age (days) + a

(TVW =« testea weight; B W = body weight)
There was & difference between the two regressions at the 15 level
of significance for both classes of data (see Tables IV & V),
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An the bdody weight increassd there was a relative imroese
in the weight of the testes (Pigure 8). A lincar relationship
existed between the two parameters from birth to 70 days of age, and
a simtlar relationship cxisted detween 99 days and 269 days of age,
Ho difference mes sncen to be presoat between the regreesion
acefficients ef t.cse tmac lincs detaxtined by the equatilon:

log T (6G) eblozBW(kg) +loga

(1" ¥ o testes weight; B U = body weisht)

(cae “ubles V) and VIY), 4 significaunce ciffsrence at 4he 1,. leovel
betuoen the intercepts of tiie resressions with the testes weicht hase
1ine indieated that the twe regressiors were indepondent and Qifferent
(Teble VTT), Lirdted data botwesn tho ases of 70 days and 99 dnys
preveisted closer exanination of' this period, Logarithic data
presented gupest that a tueh greater rate o testes growth ocourred
botween thesu o ages, hemwe the data for 3h dgys of age were not

incluued in tae regression wnolyses,



17.

TABLE II: THE RELATIONSHIP OF THE TESTES WRIGHT WITH
BODY WEIGHT AND AGE OF ROMNEY RAKS
Ram No, | Testes Wt (G) Body ¥t (kg) T%/B% % | Age (days)

5 - 2.7 - 1
70 1.5 ' 4,08 0.0367 3
59 1.6 : 5.66 0.0282 22
68 1.8 ? 5.66 0.0318 17
63 1.9 6.11 0,0311 33
18 2.4 7.7 0,0277 61
69 2.9 7.25 0.0400 10
22 - 8.60 - 16
62 43 11.55 0.0372 28
67 B 10,88 0,0524 2L
72 5.8 12.69 0.0457 40
75 7.7 12.23 0.0629 L5
25 - 15,40 - 30
)] 12.8 16.30 0.0785 49
2 - 18,60 - u5
21 15. 19.90 0,077 60
64 17.8 14,95 0.1190 69
15 2.1 19.00 0.1110 70
66 27.8 21.75 0.1278 60
A 495.8 20.4 0.2438 8l
20 12.7 20.8 0,518 136
9 126.5 26.3 0.4809 154
7 129,2 24,9 0.5188 99
3 1315 30.8 04203 126
17 140.0 26.3 0.5323 269
23 161,.6 28.6 0.5650 112
16 17 29,0 0.6000 236
11 1785 28,6 0,621 165
1 195 34.0 0.5735 178
10 196 28,1 0.6975 223
8 224.5 36.3 0.6184 252
12 305 NS 0,974 196
) 35 37.6 0.9335 210
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TABLE III: CORRXLATTONS AND

GF THE RC

KNEY RAM

REGRPE. TS ON TI. BCLY WEIGHT AND ON THE AGE (1) OF THE THSTES wEISHT (Y)

Bplationahip Age Cluss n r Equation S.E, of b | Distridution | 4.f,
(days) of ¢t

Testes® weight (G) < N 15 +0,926™* Y= 1,36 = 7,22 0,15 8,836** 13

snd Body welsht (hg) > 83 14 +0.828%¢ Y = 12.54X - 184,18 2,55 4,927* 12
v of

Testes® weight (G) <N 15 +80,755°* [ & Uk9a = 2,68 0.07 bo317? 13
e |

and /ge (Qays) > 8 1 +0, 534 Y= O0,TtX + 53.35 0.32 2.130? 12

Levela of siznificance ** p < 0,01 *p <0.05

‘8t



ZABLE IV: SUMMARY OF ANALYSIS OF VALIANCE DETHRMINING THE DIFFERENCES OF THE REGRESSIONS

OP TESTES WEIGHT (Y) CN BODY wEIGHT AND AGE (X) IN ROMNEY RAMS BETWEEN

BIRTU 4.8 70 343

p rn
Sum of Dagrves of lean Value of

Semxve of Vearistion Squares Proocdon Square ? Result
Differences between

Regressions of Testes

Wt. on Body Wt, and

Testes ¥Wt, on Age 484.95 1 484,95 22,5 P< 08
Error 560.15 26 21.54

Peviation from average

Regression 1045.10 27

.6‘
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TABLE Y: SUMMARY OF ANALYSIC OF VARIAMCE DETIRSINDIG T1E DIFFERENCES OF THE RBGRESSIONS GP
TESTES GEIGHT (Y) O:f BODY HEIGHT aMD AGE (X) I ROMNEY RAMS BETWEEN 84 AND 296 DAYS

r

-

Sum of Dagrees of lsan Value of
Sourve of Variation Squares Freedon Square » Result
Differences between
Regressions of Testes
Wt. on Body Wt, anmd
Testes Wt. on Age L6L06.79 1 L6W06.79 13.57 PL 0N
Error 82050.77 2h 3318.8
Deviation from aversge
Regression 1284,57.56 25

‘oe



ZABLE VI: CORRELATIONS AMD iUGAUSSSIONS GN T:i LOGRITHE OF Tify BODY #EIGHT (x) or THE
‘M’ii‘ i Ann aua. lu\) Iuiﬁ' (Y) IN "HE RM("Y M
T Class n r kquation S.E. of b Distribution d.f.
days) of ¢t
< " 15 "0.”}“ Y= 1.88 L= 0‘7 0.1& ‘209&. "
> 9 13 40,794%* Yz 1,70 X = 0425 0.39 ho33%° "
Levels of signifiicence ** p < 0,00



ZARIE VII:

ARALYSIS OF COVARIniCi wolnmalinliic Trin DIFrRENCES OF THE REGRESUIONS OF THE
LOGARITTS: OP THE TESTES wEISHT (Y) OH TiE LOG4RITIM OF THE BODY w3ICHT (X) IN

THE ROMNEY BALS BETWEZN BIRTH AND 70 DAYS OF AGL, AND 99 « 269 DAYS OF AGE

8 P = 0.,0016/0.0124

% . 1.1410/0.0119

Sm of Dezrees of Mean Value of
Somve of Veriatian Squares Freedan Square P Result
Pifference between
Regressions of 0=-70
days and 99-269 days 0.0016 1 0,006 0.1296* NS
Epror 0.2964 25 0.012h
Deviation from avernge
Regreasion 042960 25 0.0119
Deviation from >
adjostsd aeans 1.11140 1 1.1410 95,6825 hahd
Total 1.4390 26
Levels of Significance NS = non=-significance *s P<Q01




Discussion

¥ide varistion in body weighits for any one age gruup did
exist. 7This would probsbly reauit tro. differeat foed ganditions
which prevalled over tno two seasons atfegting the rutxition of the
owes, tilk production and the mutrition of the lacbs after muvaning,
Surgery bad sorne offect on the rothering ability of tiose ewes
resulting in relatively alower growth of the lamda during the first
few days of life,

The results obtained fro: Roongy orossbtred lamds indicated
that a oloser relatiomship existed between testis development
ard chanmes ir body weight than between testis weight at custration
amd increasing age, Body welzht 8 e reflucilion of trensient under
or over~mutriticn as well as age and is therefore a better independent
characteristic to which toatis weight changea cann be rolated. This
finding is oonsistent with observations on ra-s of other lxreeds
Carron and Sreen. 19523 latson et al., 19%6; Cowrot, 1962) and the
nale andmals of othur speoiea (Green and winters, 194i; Iaueer gf al.,
1952; Dratton et al., 1959; ibdelwRaoui’, 1960; Attul and Courot,
1963; Keomillan and Hafs, 1969).

vhen the growth of the testis wus campared with changes in
body weipht, relatively fastor changes in testisular sise were evident
aftor A0 days. The inoreasing rate contimmed asteedily but data were
not avatledle after 269 days to deteormine {f a plateau associnted with
osturity would have been reached at some later atage, The growth
ourves of the testes measured agelnst age and chonges in body weight
wore sigmodd in ghape but specific testis growth rates could be
tranaforned to linear velationships from logarithuic data, Indtially



the specific growth rete of the testis when campared with that of
the body weight was low, but altered ebruptly to a higher value
after 70 days of are,

In tiwese cbservations 4{noresses in the testes weizht were
rapid in the next 30 days but insufficient sheep mu-bers prevented a
closer study of the testees weight changes within tais shourt period,
llowever watson gt al., (1956) showed that in Lerino rams the most
ra i growth of tae tesles Uccufreu between 25 and 27 ks body weight,
“his ocan be coopared with the resulta oi' Courot (1962) who demonatrated
e definite clunse of testioulxr growth rate in the Ile=de=Irance breed
after the tostis had attained 6 G, ./ similar change was reported by
Skinnor gt al. (1968) whoae fuffolk rams showed a steep rise in
tasticulsr growth rotos efter 42 days of age, In lerino racs
vatoon gt al. (1956) were uble to show thit when the bedy weizht had
reached 27 kg there was a marvodly decreused crowth rate of the teatis
rolative to bady srowth, Distinctive break-nointa in the growth
curve of the testls have betn shoun in OUWE &pedics (~blel=sacui, §95uj
~ttul end Courot, 1963: Lpencer, 1968). ipencer (1968) reluted these
chunzes Yo tne time of puberty, but could not explain the incresse in
rolative growth in man and the elephant, and the decreaso in the rat,
kore data at tho oxtreme ranges of the body weishts and about the
transitional period $n these speciea probadly would have acoentuated
the threo distinotive phases of relative growth daconstrated in the
rao by Watson gt al. (19%). Por the sare roasone the second point
of ohange to a relatively slower testicular growth rate could aot be

dotarnuArsxi 4in doth the Romney sheep of this atudy and the Tlee-de-France
sheep of Courot (1962),
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In this fnvestigation the breakpoint where the testes
weights increased at a more rapid rate rolative to the dbody weight
changea occurred betwoen 70 and 84 days of age, The analysis of
the data f'or each of the two phases of growth was completed for
the twu puraneters, tostes wol;ht eni dody weight, wilch were
indenendently srouped accordinz to ingcreasing are, In no case has
a previous author indicated how the particular poi.nt\o'!‘ change of
growth rate was determined, One oan aurmise that the rams of
watson et al. (1956) were grouped accarding to body weishts i.e,
less than 23 kg between 23 and 27 kg and greater tnan 27 kg, In
Courot's (1962) study the rare were grouped accordins to the testis
woights, whethur they were sualler or larger than 6 G, Grouping of
date for analysis abou! this transitional point in tihis way could
have resulted In a bias towards eitiher body welght or testis weight,

The relaticnsiiip betwwen boqQy growth and tostes growth is
similaxr for all bresdis of sheep, [lowevur some breed differences
exist in the welshts of the testes fram rams of the sace body welshts
and the snre aces (sco Tables VIIT and IX), Differences were more
variable ghen related to age,

It would appoar therefore thut maturity of the testis in the
res iz a funotion of tho testis weight, w:ich is a reflection of the
body welght and the are of particular breed of sheen, Tf testis
weighit only was the oriterie for determination of maturity then all
breeds of rams oomplete puberty at a similer age, On the otner
hend Af it was a funotion of body wedght only, one would expeoct the
testis weight of the Romney and the Southdown to be heavier than
those of the other breeds when puberty is reached, Yeo and



ZaBLl VIi3s SRUNEY OF RANGE OF TESTIS ¥BIGITS POR ZATH BREED 4T PARTICULAR BODY WEIOMTS
Body Weight N
(Ktlograns Meztls tsight (gZre=s)
MP_ T —
Hempshire + Southdown -+ leriro * De<ds=Frurew «+ Suffolk * Romngy +
° e , - L ‘ .0 - 2.5 O.B ‘ .0 0.75
5«10 (< W | - 10 = 2,5 0.8 - 1.6 1,.0= 30 08« .3
15 «20 h2 = 11,0 268 = 31,0 2.5 = 6,0 33 = 545 6.0 = 10,0 64 = 10,6
20 «25 20,5 « 20,7 148 =~ 67.4 5.0 = 58,0 he2 = 13,6 10,0 = 22,0 1349 = 646
25 «30 28,9 572 16,0 = 64,0 Bel = 66,1 14,0 - 65,0 63.8 « 98,0
30 <35 61,9 - 96,9 - 20.0 - 160,0 11,9 = 165.5 42,0 = 10040 65.7 1530
35 -0 e - 7560 = 1300 23.0 = 1525 12,0 = 155.0 112.0 4755
5O «45 1000 = 1217 - 70,0 = 275.0 66,5 = 1725 100,0 = 136,0 -
Reference Cormon & Green Carmon & cgeenm Tatson ot al, Courot (1962) Sidnmer et al, Present study
(19%2) (1952) (1956) (1963)
| PR ———— e

+ fSrom aeparimmatal date
¢ estimntad frum data plotted on graph

osz



TABLE IXx: SIMARY OF RAMGE OF TESTIC VEISHT PGR EACH BREED AT PARTICULAR AGES
Age (days) Testis weight (grams)
Haspshire + Southdown + terino * No=de=France + Suffualk * Romney +
0= 25 0,1 - - 07 = 240 1 05 L2 245 0.7 = 20.
25 -5% 33« 34 - - 10 = 55 2.5=- 8,0 09 = 6A
075 he2 = 11,1 3.6 = 11,4 - 2.7 = 55 13,0 « 23,0 Te7 = 139
u 400 20'7 - 809 55 = 3‘ 0 6.0 ® 55.0 ‘508 o= 5903 23,0 - 1000 25.9 G “"
100 «A2S 6.9 26.8 ~ 572 12,0 = 105,0 8.2 = 980 80,0 80,8
125 4% 20,9 38.0 = 674 50,0 = 1600 13,6 = 116.0 105,0 = 1300 56,3 = 65,6
150 475 96,9 = 121.7 - 6,0 « 120.0 38.3 = 172,5 133.0 = 1700 63,2 ~ 84,2
175 €00 1000 - - - - 97.5 = 152.9
200 «225 - 10.0 = 130,0 - - 96.0 ~ 175.0
(1952) (1952) (1956) (1968)
S -

+

fran experiasatel date

* estimated fram data plotled in graph

"8
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Eaton (1954) shoved that the testis weight of goats was olosely
related to birth weight only over the peried of inttial
spervatogenesis, Fram birth until the appearance of spermatoszoa in
the testes, the testioulur weizht was closely related to the dody
weight aml both factora remained independent of the birth weight until
the rate of tosticular growth increased, Unfortunstely during tids
restricted and relatively short period of development there was a
ohange fran paximur to slower body growth rates, at the semo time as
the trensition to maximm grovwth rates of the testes, and exact change
points in the separate growtis curves ocould be aii'ficult to deter:ine,
Une would oxpect however that the effeots of mutrition and growth ovar
an extended pericd woulu eventually elimin:te the influence of different
birth weijghts on luter body and testis weights, If a multiple
relationship for testis growth in lewbs is to be considered, then the

birth wed;ht would proballdy be an additional influencing fastor untll

pubﬂm .
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THE CYTOLOGICAL DEVELOPHENT OF T1E SEMINIFEROUS

Review of lLiterature

In the newborn mmle marmal the sex cords which develop into
serdniferoun tubules, are camposed of two types of cells, the gonogytes
(primordial germ cells) and the supparting cells (indifferent cells).
“hese cells and the cellular changes taking plsce over the puberal
neriod i1 the youne rar have heen descrided by a mrder of investigators
angd 4dnclude cbrervations on the rorphologlcal and general develcpbent
of the testicular tissues (ateon gt pl., 1956; Sensford, 1962a;
Skinner e} al., 1968; Skinner aud iowson, 1368) as well as quantitative
analyses of the cellulur changes (Phillips and .ndrews, 1935; Carron
and Green. 19%52; Courot, 1951 1942: Sapsford, 1964),

Simtlarly testiculer development has becn desaribed for other
furm aninals such as yowsy; bulls {Phillips and indrews. 1936; Iicoker,
194, Pogsland, 195%; CLonia wrine aad Reece, 1957 ~bdvl-daoul, 1560,
1961; FPossland and Sohultze, 1961: Hay gt al., 1961; 4ttal amd
Courct, 1963; kecrdllan and iHafs, 1969), goats (Yao and zaton, 1955)
wrd boars (7hillips and indrews, 1936; Phillips and Zeller, 1943;
Green and Winters, 1944; iauser et al,, 1952; Hofee and Eblem, 1567).

For & mmber of years the role of both the gonogytes and
the supporting cells has been conmtvoversial (Everett, 1945). The
early observations of Phillips and Andrese (1936) end Cammon and Green
(1952) made no reference to gonogytes in the developing rem, but
inferred that definitive spermatogonis arose from supporting cells,
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By qualitative and geasurement studies of the ohanges in the germ ocell
muclei Sepsford (1962a, 1964) was sble to distinguish the germ cells
froo the supporting cells and their derivatives, the Sertoli cells,
at all stazes of developmant, This contimuity between the germ cells
of the developing testis and the apermatozonia of the adult rem was
similer to the observations of Courot {1962).

Uncertainty existed alsc over the development of the gerninal
elements of the culf and goat testes. "hillips ané Andrews (1936),
Hooker (194h), Yao and ¥aton (1954), Santacarina and Reece (1957), and
Fosaland and Schultze (1961) olaimed that ;onogytes degenerated after
birth and that the proliferating supperting cells developed into
spermatozonia us well as fertoli cells. iore recent studies in
developing bulls have subatuntiated the findings in the rem of both
Sapaford and Courot (.bdel-Raouf, 1961; Nicander et al., 1961; aittal
and Courot, 1963).

ihe worphoidgy of tne memmaiiasn testis varies remarkably
during the phasea of development, At least four periods, ecach with
their distinctive histologicsl patterns, can be recognised (Sniffen,
1952; Sepsford, 1962a}), Thoy are the sexual differentiation of the
gonad in the foetus, the remainder of foetal 1if'ec and neo-natal period,
the puderel period with the initiation of spermato;enesis, and the
mature adult when the sparmatwsoa appear,

Differentiation of the indAfTwrwnt goned into teatis is
first apparent in the foctal ram after thirtye-four days of
development (Mauleen, 1961; Sapsford, 1962a) and by fortystwo days
the sex cords and agsregations of more dirfferentisted epithelial ocells
oan be recognised (Sapsford, 1962s). A complete desoription of the



origina of the primordial germ cells and their development is not
available for thé ram (Sapaford, 1962a) but evidence fram other
animals would indicate that thesc oells migrate frar the yolk sac to
the penital ridge area, become incorporated in the coelamio epithelium
and fors: a germinal epitheliun (GCler and Larion, 1969}, Eventually
inveginations of the germinal epitheliunm into the mesencliyme tissue
bocome soparated fraz the surface epithelial cells by a developing
tunica albuginea to form sex cords deeper in the testis tissue, The
8ex cofrae are surrounced by & tasemaent menbrane and & fine connestive
tissue sheath which creates a barrier between the cord and mesenchyr®
tissue, The prinordial gerw cells proliferate and differentiate as
gonocytes, while the derivatives of the coelomic epithelial ceolls rermain
as supporting cells at the periphory of the cord (Everett, 1945;
brarbell, 1956; Sapeford, 1962a; CGler and karion, 1959),

4t the tiie of sex differentiation the sex cords are
relatively short bars orientated radially within the gonad. Throughout
the rerainder of the foetal period and the eariy postnatal life the
O0l'ws ¢hon 8i0wiy, incrvasing; in diemeter, anc elongating until each end
becormee attashed to eithcr the rete testis, or another oord within the
sane lobule (Cier and Marion, 1969), At birth the sex cords account
for approximately SOx of the voluze of the testioular tissue in the ram
(Courot, 1962),

Uithin & oross section of a sex cord in the ram testis there
are one or more larze rounded gonogytees more centrally plaged than the
mmerous supporting cclls at the basement membrane, The qytoplaam
of the gonoayte is visible about a lightly stained sucleus containing
five or six ehrometin masses surroanding the two or four mucleoll,



J2.

The gonoqytes differentiste into mature gonocytes, characterised Yy a
fine nuclear distribution of chrowatin surrounding two or more
nucdeoll, aad ia tursi deVeicp into prosperuaetogonia containing sinzle
or double true nucleoli (Sapsford, 1962a, 1964). The oytoplasm of
the supporting cells is lesa well defined and extends towards the
contre of the cord, whilst their srall highly stainable nuclel recain
gbout the periphery, The supporting cells proliferate during this
pariod und at the begimning of the puberzl phase cezse active division
and gradually transforw. into {ertoli cells,

The moat spectacular changes in the development of' the
seziniferous tubulos are seen during pudberty, it this staze there is
movenent of the germ eells to the periphery of sex cords and within a
relatively short space of time thgy have changed to more actively
dividing cellis, The spematogon}\il mumbers increase as tney become
positioned on the bascment membrane and as cell division increases
mmbers of' privsry and secondury spermatocytes, sporuatids and
sperv.atozoa make their appecrence (see Fig, 9). Spormatogencsis takes
place in a step by step manner and the sucoeeding cell types become
orienteted in layers towerds the lunen of the tubule until finally
sperpatozoa are released,

Eost changes in the gredual transformation of the supporting
cells to Sertoll cells are observed after the estadlislment of the
initial stages of spermutogenesis, They cocur adout the time of the
oelotic divisions of the spermatooytes and appeer to be casplete when
spermatids are first appearing (Courct, 1962; Skinner gt al., 1968).
Prior to or coincident with these changes, a mumber of small spaces
sppear in the eytoplasmic masa of the supporting cells, These
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Blgure 9  DIFPERENTIATION OF GIRM CELLS AND SUSTENACULAR
CELLS IN THE DEVELOPING TESTIS
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evdmlly ocalesoe and the sex cords asquire a centrsl lumen to
beoome tubules (Carmon and Green, 1952; Sapsford, 1562a),

The appearance of spermatosoa in the tubules marks the adult
phase of testicular development, This is oharacterised by an increase
in testis sire mainly dve ¢o increases in the dlameter and the length
of the seminiferous tubules, The volume of the testicular tissue
occupied by the tubular contents rerains at about 80k (Courot, 1962).

It is during this period that the gquantitative output of spermatosos ine
oreases to that of the mature edult ram,

There is sore veriation in the developmont of spermato:enesis
betwe:n breeds and limited inforration would indicste that developments
takes place earlier in the inglish breeds (Skinner gt al., 1968).

#8 a olose relationaship emista between thie growth of tne testis,
coincident with the onset oi spermatogenesis, and the body welight of
the ram the breed differences may be a result of mutritionsl ef'fects on
the grosth rate of sheep in thelr separate enviromments, However

once speruatogenesis has oommenced there is gonerol agreerent botween
authors on the time intervals between the appearance of the different
cell types (Phillips and indrews, 1936; Carmon and Green, 1952; Watson
gt al,, 19%6; Courot, 1962; Skinner gt al., 1968).

In the rar's tostis the interstitial ocells or Leydig cells show
signs of dewvelopament soon after the sexmal differentiation of the gonad
(Ralllde, 1960; Sepsford, 1962a), They differentiate from mesenchyme
tissue and initially are diffi{cult to distinguish fram other celluler
elements of the interstitisl comnective tissue. The muoleus,
containing ome or more nucleoli becomes rounded, and es the gytoplasm
increases the oells are more clearly defined, About the mid-foetal



poeriod othey forus of interstitial cells also appear including cells
nith varying numbers of eosinophilic granules present in the cytoplasm
and cells with shrunken and pyknotic nuclei, In time most of these
cells disappear but sorma persist and are still present in the developing
and the adult testis (Sepsford, 1962a),

The interstitial cells occur as single oells or in clumps and
beocome more widely scattered after birth, At puberty the dlameters of
the seminiferous tubules increase rapidly appearing to reduce the
interstitial spaces and to uecrease the size of the interstitial cells.
sadilie (1960) found no eviuence or a reduction in the number of
interstitiai cells in the ra: before birth and Sapsford (1962u) was
unable to determine whethor, as in other animals, tanerc was any obvious
fluctuation in tieir mumbers during develo. ment (Hooker, 1344 ;
Roosen~ijunge &nd ..nderson, 19959; Baillie, 1961; Niermi and D:onen,

1963; Clegg, 1966; Gier and Harion, 1969; Knorr gt al., 1970).

Lethods

In théa atudy the recesmition of cells in the developing sex
oards and seriniferous tubules of the ram was based on the observations
of Ortavant (1959), Courot (1962) and Sapsford (1962a), To facilitate
comparisons with other atudies the sise of testis desoribed in the
following seotions refer to the weight of one testis only.

The identifioation of the respective cells was as follows:

a., The Germ Cells and their Derivatives

Eximerdisl Cerm Cells
The primordial germ cell has well defined cytoplasmic
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boundaries about a spherioal micleus, Sapaford (1962a) restricts the
use of the term to the gert: cells at the atage of development before

the formation of the sex cords,

Gonogytes

The term gonocyte was introduged by Clermont and Perey (1957)
amxi used to nane the primordisl gerw cells which sre aswrounded by the
supporting celis in the sex cord (Sepaford, 1962e)., They are large
regulerly shaped oval or round cells with a visible eytoplestic sone
defining their lisits, and encireled by the dense processes of the
supporting cells, The aytoplasm of the gonccytes in the prenatal
testes contelins large sphoricai inclusions which are repluced later by
e rester mmber of coarse bul weil clspersed granules, The muelel of
theese colle sontelin flve or siz shromatin masses of ¢oarse granulcs
irregular in both: shape and aize, and surrcundin; the true nuclecli,
Puring the esrly post-=natal phuaese of growth the nuclens of the gonogyte
oonsists of two to four true micleoll surrocunded by a homogeneous
diastridbution of fine dust-like chromatin (Courct, 1962; 1967),
Sapsford (1962a) terms thess cells mature sonogytes, They change into

prosparmatogonia before the establisiment of spermatogencsis,

Zrogpermatogonis

Prospercatogonia are identified Ly the pressnoe of a single
or doudble mucleolus in a muoleus which 18 larger and more round than that
of tho adult sten cell or ie-iype spermatogonium, Within the sex cord
these oolls are centrally placed and thelr gytoplasms are not im contact
with the basement membrane (Sepsford, 19562a),
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The i=type spermatogonium is indistinguishable from the
edult stex cell and is the sterting point of the spermutogenic aqyole.
In the ram, new stem c6lls and the succeeding /=type spermatogonia
arise from the first division of the stem cells (Ortavant, 1959;
Ortavent et al., 1959).

The A-type spermatogonium is & large oval cell erd 18
samewhat flgttened ugeinst the barement zgslrane oif the secdinifersus
tudunle, Its oval or round micleus consiste of very £inse chromatin
cramles surrounding a single or occasionally doubdble, larze true
nuoleolus (Sapsford, 1962e; Ortavant gt al., 1969). Sepaford (1962a)
describes further the nuture of the extenoive cytoplasm as conteining
nmeroup conrac and predominantly perimuclear inclusions, The
Intermedinte-type spermatcgoniuc conteins e nucleus with coarser chromatin,
The Betype spermatogonium, which succeeds the Intermediate-type

sperwmatogonive, contalne a smaller round mucleus with a greater number of

ohromatin granules about the muclear membrane (Urtavent gt al., 1969;.

The primary spermatoqytes are the products of the aitotlo
divisions of B=typo spermatogonia, It is at this atage of spermatogenesis
that the ger: cells underyo meloeis. The mucled of the youns primery
spernatogytes are difficult to distinguish firow thoso of the B-type
spermatogonia, but as progressive phases of meioeis takes place the
melel assure chareoteristic and more easily distinguishable features.

The ohremetin crusts within the muclear memdrane decome dispersed snd
give rise to thin chromatin filements, There is contraction of the



filsments and thiokening of the chramoscues as they pair off and divide,
In the older prizary spervatocytes tie chromosoacs have contrected end
arc loss eaclly distinguishsble one frop caother (Ortavant, 19%9;
“rtavant gt al., 1965).

The seconlary sporuatogytss are seen less freguontly as tois
phase passes quite ropidly, Thoy are racognisod as jerm celis with
a szaller spherical nucleua coutaining five or six carker stalniung
particles witinin a network o:f filaments. '‘he spermatogytus in two or
mory staygus oi develupment ocoupy the pusitions of several rowe of oelis

within the seciniferous tubule,

spormatids

The spermatlds are proyrassive stages of the germ cells
folleving the second meiuration divisien of ti® spurmuatocytes, The
nuclel of the youn; epermatids are spherical an suwell«r but sinmijar
in sppesrance to those of the secondary spermatocytes, Initially
the nuclei cont:in many large darker stainin< cramules which gredually
disintesrate to {'orm a homogenpous mass as e nuoclei elongate and
flatten dorsoventrelly, The cytoplast of the spermatids 1s quite dense
aud oontains the components which gradually develop into the acrcsane,
Osudal sheath and the tail of the spermatogoa (Urtavant, 1957; Ortavant
et al,, 1969), The spermatids occuny a number of rows of germ c6lls
at the centre of the seminiferous tubule, tae older spermatids migrating
tovards the luren where the immsture spermatosoe arc finally released,

be The Supporting Cells and Derivatives
Supperting Cells
Supporting cells are also known as indifferent cells or
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sustentaculer cells, Theldr cell boundaries sre indietinet so that
they are gzenerelly recognised by thedr charz-teristic muoled, Thes
nuclel are sraller than those of the gorn: jells ané sre viaiblie in
larger numbers in a single row, about the periphery of the sex ocrds,
£dout the time of estublisiment of sparmstogenesis two or more rows of
eupporting cells are nrasent, In the foetal and early postenatai life
of the ran, the round suupovtisg cell muclel contaln gramuluir chrusatin
which later tend to coaleave into even coarser ciromatia survounding the
oné or two nuciecli (Zapatord, 15628}, “he avtopless oi the supporting
palls gratually ineressos in awount, with the ligatlyy stainsd oytoplascio
processus becaring more pronounced and extending tuowards the ocentie of

the aex oord,

sertoli Gells

The tertcii cslls are 4 pregressive anu ma'ur: stoze of the
supporting ¢cells, ihe trianguier or irpaguiarly shepned muclel of the
Sertoli cells have many deep indentations in their muclear membranes
that vary during the cycle of the secinif'arcus apitislium, They are
found Lotwoen the germ cells, meal* to but not neceasarily on the
basement nacbrane, & mEber of intramucloar coarse gramiles are
scatterod about the lerge single or double macleclus, Thuy cytoplasm

¢ these cells surround all the germ cells in the tubule, with the

exception of the spurmatogonia, which remaln in contact with the

basement membrane (Ceurot, 19623 Sapsford, 1962a).

Observations

a, General Chaervetions
The earliest semple studied in detall was the testioular tissue
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fron a A2-4qy foetus, This would correspond to the cammencement of
tho second phnge of development as described by Sapsford (1962a) or
the "gonoqyte" phase of tho impuberal testis of Courot (1962, 1967).
For oonvenience the changes of the cellular elements of the sex oords
and seniniferous tubules are desocribed in two separate phases. The
firat or prepuberal phass followed the differentiation of the gonad
when the sox cords showed some definition, This phase extended
throuszhout later foetal 1lie amd oearly poste-natal life, and was
completed when the dody welsht of the rem was spproximately 21 kz. The
1i-its orf this phase were defined by changes which ocourred in the germ
cellas, The second, or puberal, cr maturation phase of dovalopment
(Comot, 1962) was associcted with the comencenent of spermatosencsis
which took place aa tie body welght increasvd beyoid 21 kg. crPogressive
chan~es and dicferontiation o the adult sten ocells procaedod and finnlly
aperuatogzoa niere produced and released in the secuiniferous tubules,
vuring the period that followsd tiie initlal production of’ speri.atozoa
very few morpnologleal changes were obvious, and ail eight stages of tie
cycle ef the sesiniferous e ithelium (Ortavant, 1959) were observed
constantly,

Varintions in the lines of derarcation between eacia of these

pheses could be oonsideradble, The transition was aroitrury and could
be indefinite between rams of similar agcs and body welghts, and even

between or within the teatis of the same res.

b, Cell Changes in the Prepuberal Phase

General
The essential components of the developing sex cords were

recognised in the A2-4ay old foetus (Mg, 10). Supporting celle and
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gers cells were seen as groups of celis agsregated in an irregular
pattern end showing very little differentiation (Pig, 14), The
cheractoristl: nuclear pattern of the supporting cells srrunsed at

the periphery of the sex cord axd the one or more gonocytes 4in an
sccentric position near tio centre of the cord was obvious in the region
adjacunt tc tie develcpin; tunica alby;inea of the foetuses Lotween the
a;es of 45 und 53 days (sve cxampies in Pige. 11, 15 and 16},

Throughout the foetal and early post-natel 1life there wus a
g2.l but stosuy inerease in the dlamaters of the sox cords (Pigs. 11,
12, 13, 16, 17 und 18), This var accelernted throush the fransitional
pericd aad into the next shese of development (Figa, 19, 20, 21, 22 and
2%, it the Lime of esorly differentiation the sox cords wer: serarated
fror each othor by 4he intorstltia) tizsue (RPigs. 11 and 15).  7his
stote rmuncined vuntil the 45th dyy felloming birth, rhen the boundrxy of
& mwber of gexr cords wore soen requlerly in close contact with each
other (M-, 19),

The intorstitial cells (leydis cells) wers rcoosnined in the
testiouler tissue of the L2 day foetus {Filg. 1h). Their g pesvance
was as desoribed by Paillic (1960) anc Sepsford (1962a). The mwlel
cantainsd cloomatin gramiles azsregating at the minlear mambranes about
one or more nmucleoli and were core rounded than the oval and spindle
shaned muclei of the other colls of the interstitial tissue (Pig, 16).
The interatitial cells were evenly dispersed throughout the resenchymal
tissue during this early foetal period either as single cells or
clumped together in groups of a few cells as scen later in foetal
life (Pigs, 17 and 28), After the dirth of the lamd larger mmders of
these interstitial cells aggregated and groups of them becane separated
widely (Pigs. 18, 19 and A0), Generally little variation ocourred in
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the alses of the early interstitial cells onoce their outliines were
clearly defined, There were changes in the marphology of some cells
and the emargence of a mmbder containing eosinophilis gramules within
their gqytoplasm, The mmbers of these cells reached a maximum at
oid=footal 1ife and then slowly regressed to small mmbers in the early
post natal reriod and remained as such ®hrcush %o adulthood,

Supporting Cells

Supporting cells were distinguiashable in the testis of the 42
day old foetus (Fig, 14), Thay were oval shaped but in mary instances
the statnin; techniquee erplayed did not dsfine adequately the cellular
boundaries and the extent of their cytoplasm, Tdentification of the
supporting cells waa based on the appeerance of their muclei, which were
round ond acaller thes Lwsse of e gonogytes wnd generuily were locsted
about the periphery of the sex cord (Figs. 28, 29, &0 and M), / mmber
of goncaytes were looated in a similar position witiln the sex corda
(Mes. 15 and 16) but fran about 60 dsys of foetal 1ife (Figs, 17, 28)
they were consistently observed in a oentral position of the sex oord,
suTounded by the nuoled of supporting oells.

The diameters of the sex cards increased slowly but steadily
(Pigs. 16, 17, 18 and 19) end were accampanied by a asall increase in
the mnmber of supporting cell suclei seen in cross section. The
obeervation of mitosis in some rmeled of the swpporting cells provided
edditional evidenve of active multiplication of these cells, DBetween
42 day» and 50 days of foetel 1ife no regular pattern was apparent in
the location of the supporting eells (see Pigs, 14 and 15 as exsmples of
this period) but with increasing mmbers their muclei assumed widely
spaced positions at the periphery of the sex cord (Figs, 17 and 28),
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In the 77 day foetus end older, the muclear boundaries of the imcreasing
munder of cells appsared to de in close contact and were =meintained as

& regular formation of a single row of nuclei until about 50 days of
post natal 1life (sec exarples 4n Figs, 17, 18 and 19),

The outlines of tho supporting cells were only indistinctly
visible for a short period sbout the time of tho difforentiation of
tiio sex corda, Their scant cgytoplasc was seen a8 o srall evenly
stained circulir mass around the mucleus (Mg, 15), iithin a few days
the boundaries of the cytoplasams o the individual cells were indistinct
and the individual cells appeared to coalesce forming a denase but evenly
~distributed mess of aytoplasmic strands within tho sex cord (Fiz, 29).
This mass enzulfed all thwe nuclel of the supporting celis and outlined
the boundaries of the gonocytes (Fige. 28, 29, 30 and 31). The strands
of oytoplaatile tiasuo extendins as elongated proceasses towards the
contre of the sex cords wore most pronounced in the tostis of the lamd
wolshing 16 kg (Posa, 19 and 20),

‘At the transitional atazo between tho two phases of deveicpment
the gytupiuszsic wess becare a sorios of coarse {ilasentous strands
which by separating were farmin: less dense areas in the centre of the
oord (Fizs. 22 and 42), This preceded the formation of the lumen of
the mature seminiferous tubule (Figs, 25 and 27), Fine indefinite
atoplasnic inolusions descrided by Sspeford (1962a) were visible in
the strands of gytoplasm from the tise of birth,

The sises of the supparting cell nuolei remained guite constant,
but changes in their morphology appeared at the trunsitional periocd
between the two phases of development, In the lamd weighing 16 kg the
davk stalning coarse ocluomatin gramles withdn the nucious became more
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pronounced and possibly enlarged (Pigs, 32, 41 and A2), At the same
time the ruclel of a mmber of supporting cells gradually ocoupied more

oéntral positions in the sex gord forming rows two or three deep within
the boundary tissue (Figs. 20, 21, 22 and 40), Generally thease
positions wero meintalined until the transformation into Sertoli cells

took plave curding tise next pimse of development (figs. 23, 2k},

Gonogytos

The gerr cells of the fvetal ram ware presont when the eex
oords had differemtiated (Mg, 14). Their muclel wore round and lsrger
than the nuclei of tiwe suprorting cells and they were surrounded by a
cass ¢f cytoplast:, the boundaries of’ which were defined throughout the
developing period, Wiwen the sex cords wore forrmed the primordial gerw
culls becare enveloped hy a number of suonortine gelln, Tt wee not
until 53 days in footal life that the zorm cells took up thoir positions at
the centre of the sex cards and became surrounded by the nuclei of the
supporting cells (M3, 16), From 60 days in foetal 1life the oocasional
cors cell was seen with its cytoplastic membrane in contact with the
boundary tissue of ti®e sex cord, but tiis phenamenon was not common
as the germ cells, now terund gonocytes, contimod to maintain tiiis
generally central position (Fige. 17, 18, 19 and M),

Gonogytes were not always observed in a crose=seotion of the
sox oozd, Most sections howewer oontained at least one gonoqyte and
less frequently, teo or more, At all ages a mmber of gonocytes were
soen at aone stage of mitosis, indicating a steady inorease in their
nmber, Early in poat natal life a gonogyte with a grossly enlarged
muoleus (a degenerate form of the oell) was encountered occasionally,
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The stage of development of the germ cells were indicated hy
the sppearance of their miclei, Throughout the foetal period the
micleoli wero surrunried by a mmber of moderately stained mclear
granules of irregular sise (Fig, 30). These gremiles became scaller
and les: densely stained during the neo-natal period and graduaslly
eppeared a&s a mumber of fino »articles, evenly distributed adbout the
two, three or four nucleoll within the nucleus (Pis. 31). These
cells in tie last weighing 6 kg at a: age of 16 days were readily
identified as the rature goncgytes defined by Sapsiord (1962a),

Purther changos in the gonocytés were inayparent until near
the termination of the first phase of develcpment when tiw land
weighed 15 kg, 4 their nuclel inoressed in sige there was a
reduction in the numbor of nucleoll eccompa:ied by a dispersion of

finer muclesr granules (Fig, 32). Prospermatc>cni | +e next

progsroessive stage of germ cell development the: ' cie o wiparent,
They more still in o poro centrel position <.u: < ¢ a0 =in; ocells
and tieir cytopiaanm did not come in contect it o s xy tlssue

of the sex cord. The muclei with one or = - vl ws tus wclecli, were
larger than those of the gonogytes and were conta. of within gytoplasn
encloeing a nusber of medium siced and dari staining ramules. The
micled of the prospermatogonia had many similarities in eppearance to
those of the A=type spermatogonia in the adult testis, but were rounder,
moro regulsr in shap®, and did nst 1ie on the boundary tissue of the
developing seminifercus tubules (Pigs. 32, 38 and 42),

Although the ger: cells oould be distinguished fram the
supparting cells at all stages throughout this phase of developuent,
there were sany sipilarities in the appearance and staining chareoteristies
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of the different muclel during the foetal period, It was not until
the noonatel stage when the ohromatin within the muclei of the germ
ocells becare more fimely dispersed, that the true nuolear farms of

the two typos of cells were cdvious, and easicr to differentiate,

o. ©ell Changes in the MHaturation Phase
Genoral

A8 the body welght of the ram inoreassd beyond 21 kg the
growvth of the testis whioch welighed about 10 G inorezsed at a more
rapic rate, Theo gytoplasm ol the supporting celils charnged fram a
hamogensous type to one of a dense fibrous networi with pronounced
processes extending froi: their nuclei towards the cenire of the sex
cords (Fig, 22)e 8 tuo testis weight inorcased to 14 & sy of
those processes deca:e separsted at the centre and vwuoleellke spaces
appesred betuwwen the heavier stalnln: strands »f avtoorlaar ie tissue,
These srall and irperfectly formed spaces innruunei L a‘sw and
ajpoared to coalesce forming a airéle laryer space or lwmen at the
centre of the sex oord (Hg. 23)., The formation of the seminiferous
tubules proceedsd slowly as the teatis grew, and ihe testis weighing
25 ¢ contained only the ocoaslonal sex ocord whioclh had not dbecn
transforwed, The central lumen of the dewveloping seminiferous tub_ule
inoreased in @inreter over a relatively short periocd. As the
sacinifercus tubules increased in sisze they ocouplied much larger
partions of testis tissue, resulting in grester areas of boundary
tissue ooming in oomtact with each other, The rate of testis growth
was greatest during thals period, and was associated with the rapis
proliferation of the germinal epithelium and the estadblishment of the
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sparmatogenic ayole,

Little apparent change took place in the interstitial cells,
Thay decaze grouped together in loosely formed aggrogates in the
intorstitial spaoes which gradually became reatricted by the enlarging
tubules. At the stase whidon spermaiosos were eleassd into the tubules
the interstitial spases wore gonerally triangular areas bounded by

three or more seniniferous tubules,

.
o3 €

At the transitional period between the developing phases,
the nuclel of the supporting cells were frequently seen in o second
or third row arranged about tho periphery of the sex cord (Figa., 21,
22 and 40), They were interspersed with the dewoloping sern cells
tadng up positions about tue basement meebrinc (1. 21) ¢r betweon
tho inoreasing numbers of ‘=type snc¢rmatogoil . an. il :pernatocytes
which were moving towards the contre of the -ovini‘viv.io Libuloa
(Mg, 22). Credualiy the darker stailnin; .ol - vithin the nucleus
dispersed as f'ine less densely stalnin:; :tord.l shoat the one or two
nucleoll (Plga. 41 and 42), The mcled grodunil: o soged fram round
or oval shapes to largor irregularly cuboidal or triangular shapes
shich distinguished the Sertoli cells in the mature testis (Pigs. 41,
42 and 43), The filawentous qrtoplasm of the supporting cells became
more diffuse and ocoupied the tiassue within ths swriniferoun tubules
not taken up by the dsveloping germ cells (Mg. 43),

Although ohanges appeared slowly all the supporting oells were
Wmmaaumumwmwm
256 to 5 & (Pige 24)s Tt was during this same period that the gradual
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transfortation of sex corda {c secinifurous tubuies was completed.
i was Wforo the arpeerance of luoreasing mumbers of sparmatids

in the tubules,

The gerv ceils became interspersed between the mwlel of the
supporting colls at tae periphery of the doveloping seminifercus
tubule (Plza. 20 and 24), The mumbers of prospermatogonia inoreased
anc progressed to s=type spermatogonia, In any one section of the
tubuie ali prospermato:;onia hau proceedsd in dovelopment to i-~type
aspormatogonie before any subsequent changes to rore nrogzossive slages
of sten: cells had occurred (Fijz. 21, 22). The ster cells were ueéen in
oitotic aotivity and theldr nucbers incressed rapidly :slutive to the
a-parently static mubers of supporting cell muclei (P17, 33).
Proprecsive stages of ser: cells (intermediate and Betyrie sperviteonis
and primsry opermatogytes) were seen later but nct necernsrily in the
sacc tubulo (Flgs. 23, 24, 34, 35 and 36). 11 tubules in the vens
testis did not cevelop at the seme rate, Altiough tie germ cells in
some sections had progressed to the melotllic stages, other sectlons of
tubules in the sere testis were slower in dsveloprment and prospermatogonia
were still interspersed within the wmltiple layers of supporting cell
nuclel,

As the testic srow, spermatogenesis inoreased, A=type
spermatogonia and signs of mitotic activity amd active multiplication
of theso cells were seen first {n the testes of the ram weighing 19 kg
at about 70 days of aze, The appearance of early spefmatids following
veiosis of the gers oells were cbserved first in the 56 G testis of an
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oldsr rex welghing 21 kg (Piga. 20, 25, 26, 38 and 39), The initiad
appearameé of spcrmatogoa in the lumen of the seniniferous tubule was
a function of both the chronological and physiologioal ages of the ram,
Thaoy were present in tho lumen of the seminiforous tubule in the 63 G
tostis of a ra- weighing at leaat 26,3 k3. Spermatozoa were not seen

in rams younger than 154 days,

d, OUhanges in the Adult Phage

The $n1tial melease o spermatosos into the lumen of the
somirifarcus tub.lea oormletod the first ¢role of apermato;encsis.
Grovwth of the testis sontimeed and greater numbers of tubules completed
tihc nparmtatogenic oyecle. Tho testis procoeded to grow rolat’vely
fagter ton ineranscs in the body weight of tiv rem and few if ary
chanien in the cellulsxr corponemts of tae tubules were apparent, The
appenrance of the tubular secticns was the sune s that obsarved in Lis

teatin of the meture ram (Mg, 27),

biscussion

Aspoolated with the weissht inorcases of tiwe teatis were
progruaaive chenges in the sizo of the seriniferous tutules, and
ohanges in the relationships of their celluler componemis. Once
the differuntiation of the sex cords hed oocourred three successive
phanes of dsvelopuient ¢oak plase, The prepuberal phass began early
in fostal life, continued through gestation and fur a varieble time
following birth, Thias period can vary fyom several years in man
(Charry gt al., 1952e; 1953b; Eniffen, 1952; Mancini gt al., 1960),
a few months in rams, dbulls and boars (PMAlllips and Amdrews, 1536;
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Phillips and Zeller, 1943; Hooker, 194%4; GCreep and Winters, 19443
Carmco and Green, 1952; Hauser gt al., 1952; Wwatson gt al., 19%6;
Sentanering and 3eece, 1957; Abdel=Raouf, 1960, 1961; Fossland and
Shaltaze, 1951; Zourot, 1962; attal and Courct, 1563; FoFee and
Pblen, 1967; Sidmer gt al., 1969; lecmillen and Mafs, 1969;
Matschte and “rickson, 1969) to a few days in rats and rdee (Clermont
and Terey, 1957; Nebel gt al,, 1961; Beaumont and Xendl, 1963;
thackdns, 1963; Franchi and Mandl, 1964; Hilschor and Hilscher, 1968;
Hilssher and Maloskl, 1968; Movl and 3aba, 1968).

Tho maturation phase cacnengsed with the inmitiation of
spernatogenesis and lasts for a relatively short pericd of time., The
adnlt phasze wcs wohieved whon sparmatoszoa were reoleused into the luren
of the seriniferous tubules, This general pattern of development was
obsorved in the ilomngy ra: ased in this investigation and was similor
to that described in other hrveds of shecp axd other specles of animals,

In tiia study it was founy that differontiation of the sex
oords hed tcouwsred in the testis of the h2-dsy footus, Ilowever, the
arrungeuent of the gars cells in rcelation to thwe supporting colls wes
not cleerl, wefincd witil 10 days later when tiec gonogytes noa appeared
as dsfinlitc entitles at a centrwl position within the sex cards.

The development of the saninifervus tubules was geuged by
changes in their dlameters, the diffurentiation of lmina and the
progressive development of the cellular camponents, Indtially a
greater nunber of cirecnlar sections of sex oords was observed near
the tunica albuginea of the testis, indicating that the cords were
lengthening end folding aleng their course to a greatar degree in
the peripheral region, Clermont and Rukine (1981) have demonstrated
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¢his clearly in the developing tudules of rat testes.

Once established, there was very little change in the diaseters
of the sex cords until efter birth when the rates of increase could dbe
related to the three periocis of testicular growth. Froso birth until
about 50 days of aze there was e two-fold inerease in gize followed
by a more rapic two-fold increase between 60 dgys ané 99 days.

Finally, greatest tubuler diameters were reached at about 200 days dut
this phase was at a much aleower rate than those occurring during the
earller periods, The overall increase in the dleseter of the tubules
froc birth to the adult waa found to be about five=fold which is simller
to previous observations in the rax (Phillips and Andrews, 1936;

Sarpon end Green, 1952; Courot, 1962; Skinner gt al., 1968), and in
the bull (sbdel=-Racuf, 1960; ittal and Courot, 1963). . curvilinear
relationehip has been dexonstirated betwoen the changjes in the diameters
of the seciniferous tubules anu the lacb's age, the testis weiisht and
the body weight of rums (Carwon and Green, 1952; ‘iatson gt a&l., 1996;
Courot, 1962), However, Courot (1962) was unable to correlate tubular
diametor with testis welght as a simple mathematic expression,
Sirilarly, Sidnner gt al.(1968) were unable to relate changes in the
tubular dianeter with any psrticular stege of speruatogenesis,

The most rapid increases in diameter of the seminiferous
tubules in the ran coinoided with the formation of the lumen withinm
the sex cords (Watson gt al., 19%), Attal end Courct (1963)
eonsidered that the sppearance of the lusen was an important developmental
state of the seminiferous tudule, It was conoomitant with the sppearance
of spermatids, and a change in growth rhythms of the dlameters and the
lengths of tho sesinifercus tubules, In this study the lumen was net



preseat in rams less then 69 days of age, but sbout this age the
cellular tiszuec at the centre of the sex cord showed signs of parting,
leaving spsows which rediated townrd the periphery. The spaces
codsaced to furu ator-sheged lumina, which gradiwally beceme circular
in sospe, Butwuen 150 dxrs and 196 days lumen formation was conpleted
i most of the tudules 1ln the testis, The lumine were 1lined by either
spormatogoa or ayernatids, These odssrvations, sarticularly the
callular changes, substantiated those of Phillips and Andrews (1936),
Carmon and Green (1952), wMl ‘atson ef al, (1956).

The sex cords in foetal and newborn lembs were morphologiocally
similar to those seen in other species, Two types of colls were present,
gonocytes and supporting oelis, Although all autiors, particularly
before 1950, 4id not agrve on tihw origin of the germinael lines, recent
evidence in the ram (Courot, 1962; :apsford, 1962a, 1964), the bull
(/bdel-Racuf’, 1960, 1951; HNicender gt &l., 1961; sttal and Courot, 1263},
the goldes haaster (i1 Gohary, 1964}, man (fancini ¢t al., 1960;, w
the ret and mouge (Clermont and “erey, 1957; Capsforl?, 1257, 1962b, 1964;
“ebel gt al., 1961; Peaumont end Yandl, 1963; BRaillle, 19564a; Franohdi
and Yandl, 1564; !ilsoher and Hilscher, 1968; Hilscher and Vakosld,
1968; Nowi and Saba, 19568) definitely confirms that the adult stem cells
arise frum the primordisl germ cells timough the gonoqytes, and st all
stages they are distinguishable from the supporting oells and their
derivativeas, the Sertoll cells,

In this study some degwmsrating gonoqytes were seen partioularly
in later footal life and the early poet nmatal period, Gomoqytes with
adnormally large nuclei, as descrided by Sapeford (1962a), were present
also during this phage, It ean be postulated that these forms of gemm
oells do not develop narwally dut ultimately degermrate as in man
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(Manoini gt gl., 1960). Their fate and significance is unkmown
(Sapsford, 1962e).

The steady incresse in gonogyte mmbers in the prepuberal
phase was more apparent in the post natal period, These observations
were supported by the greater freguency of mitotic divisions seen with
the formstion ef prospermatogonia prior to the onset of spermatogencsis,
During tiils period the tubules were inoreasing in length and 1f the
mmbers of gerr e¢ells ware net inoreesing, fewer wcould have been seen
in each tubule, The quantitstive anzlyses of Courot (1962) confirw
these and similar obsorvations in the ram by Sapaford (19622). In man,
howewer, Mancini gt gl, (1960} recognmised three waves of interrittant
geru oell activity during this phaso Dut only the third wave gave rise
to cvspiete apertmtogenesis,

The precise mensuremants of Lapsford (1984) on the germ cell
muclei in the developling testes of both the ram and the rat established
that prior to the onset of sperwatogenesis, the nuclei of the
prospermatogonia in the rar end the mature gonooytes in ilie rat have
reachad their greatest size, iy tne tiuo spormatogenesis had been
estabiisaed tiw size of the oell mucled had diminished, Sapaford
(1964) concluded that tiwas changes were part of the nomesl differentiation
of the gononytes aud Soald be a development paralleled hy the increases
ina the miclel of a~{ype spermatogonia before stage 1 of the qyocla of the
sazimifercus epithelium,

Mature gonogytes wero present in the ram testlis until about
50 days of age when inoreasing rumbers of prosperumatogonia energed
between the awpporting cells close to the beundary tissue, In this
study both prospemsatogonia and Ae-type spermatogonia were present in
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sane sendnifercus tubules of the 10 G teatis frum a 70 day old re=
weighing 19 kg, In the 84 dgy old raz with 25 G teatis both
spermatogonia and primary spermatocytes were present in the tubules.
Courot (1962) showed that at this stage the mmbers of A=type
spermatogonia per tudular crossesection had reaghed a maxdmum and
continued to remain about this level throughout adult life, During
the poriod before the reproductive caepacity of tie adult ram had been
reaghed however, the total mmbers of adult stem cells inorcased
regularly with the growth of the testis, Attal and Courot (1963)
suggested that additional active sten celis were derived from divisions
ol some immature spermatogonia whioh were ocutside the framevork of the
eatablished spermatogenic qyecle,

The primary spertatoqytes first observed in the 25 G testis
of the 84 day old rec were present in tho testes of all the older rams
studied, Because of insufficient samples the ruete of development of
the primary spermatocytes cculd not be determined, Courot (1962)
observed primary spermatocytos in szall mmbers in the testis weighing
betwoen 8 and 12 G, Thaey slowly inoreased in mumder until the teoatis
weighed 14,5 G and then quigkly reached tie observed musbor in the edult
testes, These changes ocourred at an older age and in a lighter testis
than thet of the Romngy, The observations in this study agreed with
those of Skinner gt al. (1968) in the Suffolk ram, but the appeareme
of primary spermatogytes was later than recardsd in breeds other than
the Ile-de-Frence (see Tudls X), In the testes of the more developed
rems the mmbers of prilery spermatocytes showsd wide varistions between
tubules, The actual mumber depended on the stage of the cyocle of the
seniniferous epithelium, The transition thyough the reduction



TABLE X: ODE AND STACE OF GROVTT OF BOTH TiE TESTIS A THE BODY REIGHTS VHEN THE GERM CELLS
FIRST APEARED IN TiH DEVELOPING LAMB TESTES
Prhuy Spmatooytu Spmatida SPQmatom
Breed and Reference Age THe 4pe Telle B,%.
(days) (grems) (ulow) (aays) (w) (mosrm) (w-) (grams) (xilograms)
s saemie e oo
Southdown/Shropshire 63 - - 126 - - 7 " -
(*hillips & Andrews, 1936)
Hampshire b 15,75 168 121 b3 168 124 53
(Carwon & Green, 1952)
Southdown 3.6 10 154 67 2h 155 67 2h
(Caxwon & Green, 1952)
m ™ e - . - - ‘ﬁ 27
(watson et al,, 1956)
Ile=-de-France 9 13.6 2h 105 30 27 17 65 33
(Couret, 1962)
Suffolk 70-84 22 105 64 112
(skimmer ot al., 1968)
B.2, Rouney 70=828, 25 20.5 99 21 154 63 26
(present study)
| ISR ———
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divisions of melosis was rapld, and secondary spormatoqytes were seen
in very few tubules, This is because their presence before the
appearunce of young rounded spermatids is transitory, present for only
0s6. of the spermatogenic aycle (Ortavant, 1959),

The proportion of spermutide among the georr cells was highest
4n the 56 G testis of rems older than 99 dgys. At tids stago the
aambers of younger round spermatids had increaaéd rapidly. The
spermactids were evolving inte elongated and nore =m:ture forms,
gbsenuently both tynes were found in the ssre scction of' the tubule,
T™helr mumders increased untll spermatosoa appecred at the margins of
the lumina of the seriniferous tubules, There wore wide variations
in the spermatld mubers in individual tubules, and those tubules with
larze masbers and no spermatosoa correspondeu to stage 1 of the aycle
of the secinifercus epithelium (Ortavant, 1959).

The youngest rar with spofuwatosoa in tidis study wae 154 dgys
of age and weighed 26,5 k3, Sparmatogoa were not cbserved in the
younger rams with heavier teates and body weights, This su;zests
that the completion of spermatogenesis may be in part a funotion of ege
as well as of absoluto growth of the ram, ¥When spermatozoe were seen
first they were prcsent as an occasionsl sclitary sperm, In the
Ramney, a2 in the Southdown (Carmon and Green, 1952) and the Ile—de-
Franoe hreeds (Courot, 1962), when the testis weight exceeded 67 G
larger numbors of spermatosoca were present, and gycles of the sarminifercus
epithelium were completed regulzarly,

The time of the asppearance of the different cell types in the
Romney ram 1s in general agreement with the other authors (see Tadle X),
The pattern followed the changes in the testis weight indiocated ly
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Courot (1962) and was very closely related to changes im the body
welzht of the ram (Watpon gt al., 1996). Sperumtogenesis commenoed
earlier in the faspshire, Scuthdown and Shropshire rems (Phillips amd
Andrews, 1936; Cermon and Green, 1952), then in the Romnsy and

Suffolk (Skinner gt al., 1968) but later in the Ne-de~Prance (Courot,
1962), The completion of spermatogenesis in the Rorney and Southdown
however was later than in the Suffolk, the Ile—de-France dreeds end the
Verino (watson gt al., 1956), dut earlier than in the Hampshire although
there wus not a great variation betwoen their testis weights.

The mmbders of supporting cells increased slowly but steasdily
throughout the foetal and post natal periods reaching meximum mmbers
bofore thoir transformstion to Sertoli cells between 84 and 99 days.
Unce Certoli cells gppeared their manders apparontly diminished compsred

with the larger mumbers of thelir precursora, o stabilised at a lower

rumboer about the tive of the releoase of spermatogos into the tubules
(Courot, 1962). Courot (1962) Aid not see any desenerution cr
eliminntion of theee cella and concluded that their nupbers were fairly
statlic and that they becars rore spread with the growth 4n the length of
the tubule, Baillie (19642) was unable to detect mitotic activity in
the supporting cells of the mouse and rut at the time of appearurme of
A=type spermatogonia, JSupporting cells whose mpolei were situated
both at the periphery of the tubule or closer to the oentre, changed to
the mature form, Although all supporting cells in the plans of the
tubule sppeared to mature at the same time, not all twdules 4n the one
testis contained festold oells, Haturation i{s rapid and the trensition
was completed as the testis increased fyrom 25 G to 56 G 4u a shert
space of about 14 days, Abdel-Racuf (1960) noted a similar sequence
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in the bull, and Clermont end Perey (1957) 1lished a level in the
rat to which the mmbers of supporting cells bepame roduced, befure
maturation te & fixod mmber of Sertoll cells.

Studies by carlier authors were unable to deternine the
ocellular outiing of the supporting cells so that thelr nature was in
doubt, Both tho supporting cells and fertoli cslls in the ram were
dssorided as forting a synqytium (Gatson gt al., 1956) but different
nicrascopio techniques and ultrastructural studios have shomn that
thepe cells exist in many anicals as wonarmacleate units (Fewcett and
Durgos, 19565 Sapsf'ord, 1957, 1962a, 1962b; GCardner and Holyoke,
1964; Flickinger and awcett, 1967; Leik, 1968), Two tyses of
supporting celis witn lighter and dariar ultrastructure have been seen
in the rut., although the signifigerce of the lishter fore is not
Imomn, Clovi ena Sobo (1968) tive augpgestod thet they reprosemt a stoce
of degeonervtiun aac the :ajority of darker for:is procced to form
sertoli cells, sbdel-iaouf (1960) deseribed two types of' Lertoli cells
in the bull, one with the long axis parallel and the other with tiie long
axis poipmﬁicub:r to the basuuont zacdrare, DBoth types could be seen
in the one cross section of the tubule in the rum, Ieblond ami Cler:ont
(1952) stutec that during sose stage in the oycle of the sewinifercus
epithelium §n the rot, one type changed intc the other, “resent eviderce,
particularly ultrastructural studies, leaves 1ittle doudt that the
supporting cells are the precursors of Sertoli cells only (Sapsford, 1957,
1962a, 1962b; Clermont and Perey, 1957; HNancini gt al., 1960; Nebel
et al., 1961; Balllle, 196Aa; El Gohary, 196h; Novi and Saba, 1968;
Hiscter and Mlsctmr, 1968),

The qytoplass of supporting cells and Sertoli cells completely
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surrounds the gonooytes in the developing animel (Nicander gt al.,
1961; Franchi and Eandl, 1964) and the spermatoqytes, spermatids
end socte of the sparvatogonia in the adult (Vllar gt al., 1962).

In addition to their strustural support and mutritivs properties,
Courot (1957) pestulated that thess somatio cells aot as the first
aite for the initial hormone action in the semimiferous tubule, amd
becons the triggerirg point to initiate the onset of spermatogensesis,
Rocson=nunce end weik (1963; nave su_gested also that in the rat
supporting cells epparently phagoostise the dsgenereting gonooytes,.

Diificulty was expericnced in doternining the rucbers of
interstitial cells and in distinguishing thez all from other celis
in the interstitial tissue, In the ram, Hay and eane (1966; and
Skinner gt al. (1968) were unsble to cistinguish witih cartalnty tle
active and mature Laydii; cells degsorited as typical for most species
hy earlier authors, Sniffes (1950), Montegna (1956 = aee Fuwoeit and
Durpos, 1956), and Balse gt al. (1960) were unublie to aistinguish
smellar Leydl: cells frouw the morphologigally similor fibroblasta betfore
puberty was completed in man, !ooker (1948) observed similarities
between these ceils in the bull, During the progression of these cells
from the mesenclyme tissue to the adult atato theqy may remain
indistinsuishable zorphologically and often are differentiated only Ly
histochenical methads and ultrastructurel studiecs (Ballte, 1560;
Nieai and Ikonen, 1963; Miend ¢t gl., 1967).

A mamber of interstitial cells with ecairmphilis gumules in
the aytoplasn desoribed by both Balllie (1960) and Sepsford (1962s)
wore observed in testes of the oller footal and neonatal Romney rems,
These forms were no longer seen after the maturation phase when the
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apparently normal forms became nore widely scattered, In the
foetal rac Beillie (1960) alzo doserided a second atypical forw of
lgydig cell with a shrunken and pyonotic macleus,

The nuxbare of interstitiel cells fluctuate in the different
spoclos at different ages, but this was not a:parent in the rem
{Sapatord, 1962a), Tn the mat raxieer mcdors were resched a few
daya before birth, followsd Ly a reduotion to the lowest level a few
days after birth (Roosen-iunge and Anderson, 1959). Separate foetal
and puberal gensrations of leydis celis have been postulated (/iemi
and Ikonen, 1963), his was not supported in the mouse by Baillie
(4961) who oconcluded thst these cells were relatively slow growing
in the post natal period, At puberty, Clegzg (1966) and Knorr gt al.
(1970) showed that the mumbers of Leydiz cella in the rat declined
after a phase of rapid growth but there was a concurreant increasec in
the output of teaticulur androjens,

In sumrary therefore the findings of other investigators
strongly sugzgest that the adult sten cells arisc froe gonoaytes amd
thus maintain genetic contimity of the gerwm o#ll line while the
Sertoli cells develop from the supporting cells, Conourrent with
gorn cell evolution is the separation of tissues at the centre of the -
sox cord to form a lumen within the developing ewminifarais tubule,
and zmagturation of Sertoli cells before the eppearance of apermatids,
Henoe Auring this developmantal period the changes of each
charecteristio are clossly interrelated,

Over many studies on the doveloping testes of the rem, only
approximate times can be established for the appearanse of changes &n
the seminiferous tubule; this invostigation has proved no emsptiocs,
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ldxo Skdnner gt gl. (1968), 4n their investigations of the Suffalk,
tho time interval between sampiing in tihis atudy was too long over

the later prepuberal end the maturation phases of growth to establish
pyoocise tine relationships. Similarly the mumbers of lamba availadle
uat cach stage were probably too few to adequately oover the variations
prusent at oech step, Courot's (1952) cbservations on 59 lambe over
160 days followin: birth gove a more thorough picture of' the relative
changes,

Tho normal riytim of spermatogenesis is apparent once ohanges
in the gerwinal line cocmetice ané Uw evolution of tie progrvasive
oeilular ¢lenenis becomw aynchrunived (Courot, 1962)., This could
not be shown precisely by the qualitative observations made in tae

investigation reported here,
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Testis of a 109-dgy fostus, H, & E, stain, x 160,
Ts, tunica albuginea,

c, sex oords,

I, Amerstitial tissus,

Testis of a t~day lamb, H, 4 E, stain, x 160,
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FIGURE {4t Testis of a A2-dgy foetus, H, & E. stain. x 320,
Ta, tunice albuginea,

» sex ocords,

gomoqytes,

mclei of suppartlug cells,

’ interstitial cells.

c
G
8
b

FICURE 45: Testis of a L7~day foetus, M, & E, stain, x 320,
c, sex cord, longitudinal sectiom,
e, gonoqyte,
8, molel of sypparting cells,






FISURE 161 Testis of o S3day footus, H, & X, stain, x 320,
S8x oords coasisting of gomooytes (G) surrounded
by moled of supporting cells (8),
I, Ainteretitial cells.

YIGURE 47 Testis of a 109-dqy feetus, H, & E, staia. x 320,
Sex cords gonsisting of ganoaytes (G) ewrrounded
tw molei of supporting oells (3).
I, 4interstitial tissue consisting of {nterstitial






EIGURE 18+ Testis of a 28eday lamb, H, & E, stain, x 320,
Sex cords containing mature gomooytes (G)
surrcunded by & single row of muoled of
supporting cells (8),

I, Ainterstitial tissue,

ERiRE 18 Testls of & AP-day lamb, I, & E, stain, x 320.
8ex cords of increasing dlasster costaimirg
ssture gmmaoytes (8) surrcunied dy e single
rou of micled of supparting cells (8).

Is, dinterstitial cells.
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DICUER 20: Teatis of & §0-dcy lamd, H, & B, stain. x 320,
Sex eards of inoreesing diemstars containing
praspamuatagania (P) moving towsrds the
peripheral row of apporting cell nmunles (8).

PIGURE 213 Teatls of a S0-dsy laaud, H, & E, stain, x 320,
Prospermstaganiz {P) within a doudle peripharel
row of supparting eell micled (8).
oy, strands 6f cytoplasw of the supporting cells.






ZIGURE 22¢ Testis of a §9-day lemd, H, & K, stain. x 320,
Aetype spermatogantim (As) 4n oontaet with
boundary tissue of sex cord, Muolei (8) amd
qytoplaanio stranis (ay) of the supparting cells,

FICURE 23: Testds of a 8imday lamb, H, & E, stain. x 320,
Se=iniferous tubule with gentral lumen (1u),
As, AAype sparmxtoganioe,
Y, younger forms of primary spermatocytes.
8, muclel of spporting cells,






FIGURE 2kt Testis of a 99=day lemd, H. & X, staln, x 320,
Saimifvrous tubule with oentral lumen (1u),
Y, yamnger prisary spermstoqyte,
o, older primary spermatoqyte,
R, round spermotids,
se, Sertoll oell muwleus,

FIGURE 25: Testis of a 136—dsy lasd, H, & B, stain, x 320,
As, Atype sporumiagomhim,
Y, younger primary spermatocyte.
R, round spermatids,






FICURE 26¢ Testis of a 150=day lasd, H, & E, stain, x 320.
h8, AMAgpe spermatogonium,
0, older priasry spermatocyte.

E, elongste sperpatids,
se, Sertoll cell mugled,

BIGURE 27t Testis of a Qid-dey lamd, H, & E, stain, x 320,
Semimifuscie tudule at gospletion of cysle of
spermatogenosis,

R, sound apermatida.

%y izmstire spemmtome,
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EIGURE 29

Sex sovds in testis of a Ti-day foetus,
H, & E. staia, x 505,

e, Gonoqyte.

s, Nuclold of suppoiting cells,

&, interstitliul cell.

Sex cord in testis of a N-day foetus,
H, & K, otain, x 1125,

G, Conmyte. |

S, miclei of supporting cells.

Gouoayte in testis of a 53-<day foetua,

H, 4 E. stain, x 1125,

G, gonoqyte with goarse intramuclear inclusions.
S, molei of supporting cells,

Mature gonogte (G) in testis of a AO-day
lamb, H, & E, stain, x 1125,






FIGURE 32t Prospamatoganimm (P) in testis of a 66~day lamb,
R, & E. stain, x 1123, 3

FIGURE 33 Prospernmatogonia (P) in a stage of mitosis in
tostis of a 69=day lamb, H, & E, stein, x 1125,

EIGURE 34: A~type spermatogonium (As) in testis of a
satwe ran, H, & E, stein. x 1125,

FIGURE 35: Betype spermatogonium (Bs) in testis of &
pature rem. H, & E, stain, x 1129,






ZIGURE 26

ZIURE 232¢

Primary spervatooytes in testis of a 8\-day lasd,
H, & B, stain, x 1125,

Y, yomger primary spercatooytes,

0,  elder primary spermatocytes,

Priaery and ssoondary sparmatogqytes in testis of
a 1364y lamd, H, & E, etein, x 1129,

Y, yeunger privery spermatocyte.

M, oecondary spefaatagyte.

Round gparmatids (R) 4n testis of & 1S\-dey 1a=d,
A, & K, etain, x 1125.

Elongate spermatids (E) 4n testis of a 154-day
damb., H, A E, stain, x 14295,






JICURE 403 Maltiple layers of sunporting cell miocled in
teatis of a 89=day lemdb, H. & Z. stain, x 320,

JIGURE 41t Supporting cell nuclei (S) in testis of a
70-day lasb, H, & E, atain, x 1125,

SIGURE 42: Supparting cell mucleus (5) and i=type
spermatoganium (As) in testis of a 69-day
lazb, H. & E, stain. x 1125,

FIGURE 43: Sertali oell muclei (Se) and elongete
sparmatids (E) in testis of o mature ram,
H, & E. stain. x 1125,






THE DEVELOPKENT OF TTE BOURDARY TISSUE OF
THE SEMINIFEROUS TUBULE IR THE RAM

Review of Literature

Earlder reporta on the fine struoture of the razmalian testes
dssoribed the boundary tissue of the seninif'erous tubules as oonsiating
of o basexent membrepe, and an ocuter layer of cellular and non—celluler
connective tissue, or tunica propria (Nelson and Heller, 1945; Sniffen,
1950; Nancini gt al., 1952; lontagna, 1952a, 1952b; Balse gt al.,
1954; Dalmo gt @l., 1960), Hore recent investigetions using the
eleotron=riorcacope have revealed that this limiting tissue is coopased
of a number of definite laysrs, Detailed investigations of the rat
testis dosoribe four gquite distinct laycrs; an inner non-cellular
lgyer closely applled to the seminiferous enitheliwn, an inner oellular
lgyor, an ocuter non~cellular layer and an outer cellular lsyer of
ecnnoo“ive tissue cells (Clermont, 1953; [Irokelman, 1960; lLacy and
Rotblat, 1960; Lacy, 1962, 1967; Leeson and Leeson, 1963). Althougi
the general structure of the boundary tissue of the seminifercus tubule
between speoies bears cany similaritics, soce differences in the
morphology appear to exist in the souso (Balllie, 1964d; Gardner and
Holyolee, 1964; Ross, 1967), the guinse pig and the chinchilla
(Pawcett gt al., 1965a; Pasoett gt al., 1969b; Fawoett, 1970), the
bull (Rloander gt gl,, 1961), the ram (Lacy and Rose, 196h), and man
(Montagna, 1952a, 1952b; Burgos, 1960; Laay, 1962; Ross and Long,
1966; Streus and Kao, 1968).

In the ram, the inner momecellular layer is relstively wide
and consists of sbout fifteon parallel lamellse, xft'um«a



from the inner cellular layer by a mamber of collsgen and reticulin
£idrils, The cuter non=cellular lgyer hetween the two comparatively
thin cellular layers contains meny connsotive tissue fidbrils (Laqy
and Rose, 1964; Laay, 1967; setohell gt al., 1969; lorris, 1974 =
see Figs. M and 45),

Similarly, the imer nan-gellular layer, or baserent membrune
$n the bull consists of ten to fifteen lamellas (Nicander gt al,, 1961)
with a mabder of inob=-like infoldings on the innermost lamelles,

These are not seen in the testes of some othor domestic animals,

Using an eleotron=nicroscope in seotions of lman testis,
urgos (1960) described the prosence of a series of lamellae penstrated
by irregular invaginations from the seriniferous epithelium, Following
the use of differential staina he suzzested that the lamellae contuinsd
sone fibres of alastio~ tiasne,

Under the 1light rwicroscope the cells of the imner cellulear
layer have similsrities with the fibrogytes of the more peripheral outer
cellular layer, but eleotron-miomacwa studies in the rat, mouse, guinsa
pds and man have deronstrated that a contractile type cell exists in this
inner layer (Clermont, 1958; Laay and Rotblat, 1960; Laecy, 1962;
Leeson and Leeson, 1963; Baillle, 1964d; Gardner and Holyckm, 196h;
Eorwano and lHdemi, 1966; Ross end Long, 19663 Ross, 1967; Strasus and
Kao, 1968; TFawoett et al., 196%a; Femoett et al,, 1969d; Pawcett
gt 8l., 1970)s Roosen=Runge (1951) demonstrated contreotions in the
seniniferous tubules of the rat and dog, and suggested that this eotivity
was caused by contractions and relaxation of the Sertold ecells, but
Clersont (1958) was edle to dmpustrate physiolagically that the wall
of the seminiferous tubule contained contractile elements, These



FIGURE Akt KleoGumiamogupd of the boundary tissue of a
samirifercis tudule fram the testis of a ram

(x 17,800),

Fu

d 8 & F &

Nucleus of cell within seminiferous tudule
Cytoplasn of cell within seminiferous tudule.

Inner nep-eellular layer - lammellse,

Inner gellular leyer - peritubular centractils oells.
Outer non-cellular layer = callag@ fitses.

Outor cellular lgyer « fidroblasts.

FIGURE 45: Eleotronmicrogruph of the boundary tissue of &
smxirdfurais tudule fram the testis of a res

(x 5,900).

Ia Irmer non=gellular layer = lammllse.

Po  Imner oellalar lgyer = peritudular oontraoctile oells.
Ce Oatsr non=gellular layer « gollegen filwes,

Fe Outer ocelluler layer = fidbrodlasts.

(Pigures AL and 45 kindly supplied by Professor B, Norris, Department
of Immunology, Johm Curtin School of iiedicul fessasad, Australian
National Univereity, Canderta, Australias).






contreotions could tuxe plage spontanecusly ol any stage of the gycie
of the seminiferous opithelium (Suvanto and Tormano, 1968) and at the
time the oontractions first occurred no morphological alterations in
the cells of the boundary tissue were epparont (Karmano and Niemi,
1966) .

4 deflnite pattern exists in the post natal development and
ddfferontiution of the boundary tissue of the seciniferous tubule, In
the newborn rat and mouse this tissue appears as an indistinct mass of
conneotive tlssue cells and illedefined basenent menbranes, during
the puberal stoges of srowth the pop-gelilulur and o8liular iayers
become transformed to the definite structures soen in the adult., The
imor non=cellular laycr gradually thiockens and the basenent memdrane
becornes more distinct, /4 slingle layer of distinotive flattencd cells
with contractile elements dif'terentiates next to this lgyer., it first
the outer non=cellular leayer is difficult to define but within & fow
days 1t hap forred a definite barrier botweon the two cellular layers,
enlarging and inercasing in thicimwes as puberty is reached, 7The
outor cellular lgyer is indef'inite at birth, but the qytoplamnio
processes of the cells become reduced == the cells elomvate ani in the
mature state they have become clearly differuntiated fram the surrounding
interstitial tissue (Bafllie, 1962, 1960b; Leeson and Leeson, 1563;
Ross, 1967). Developmeat of the tubular wall in the hman testis 1s
simllar, 4 homogensous band=like tissue is soen before puderty and
it ®es not differentiate until spermatogenesis commences. As puberty
progresses the tubular wall thickens, particularly the outer non-
cellular layer, The older oells become thimner, and the less mature

rounder formg are found only in the peripheral layers (Sniffen, 1950;



¥aneind gt al., 1952; Balze gt pl., 1960). In tbe young oalf of

five and & helf months o ege the besement membrane has became reduced
in thiocknees from adout 1,5 miorons et tirth to about 0,5 miorons,

This ie oongurrent with the celluler differontiation of the seminifercus
tudules (Nicander ¢t gl., 1961),

The elastlo fibres in the tunioca propria of the tubular wall
of the lupan tostis have been deseribed hy MNelson and Heller (1945),
onifven (1950}, ¥enoini gt gl. (1952), Dalse gt al, (1954), Balse gt al.
(1960), and loss and long (1966), Thuey arv absent in the newborn child,
uake their appearsnce during puberty (Cniffen, 1950; Balse ot al,,
19%4; Balze gt 8l., 1960) and incroase in mmber and thickness in old
sge (3nlffen, 195C; Dalze et gl., 1954).

Elastic {ibres are one of ¢the two maln types of {lbrous
iisaue of %the intoratitial connective tissue and consist of protein
elastin, Althoush thoy are 41 'fisult to dlatinguish marpholiogically
they do stein chamacteristicnlly with orcala and resorcin=fuchsin
staina, Zlestic tissus can be 1dentifiz=d =1so by the use of engymes
called elastinasos, The action of the latter depend on the site of
the elestic tissue in the body (Balo and Bansa, 1950).

Belze ot gl. (1954) showed that elastic fibres appoared
simul tansously with the development of the geru oolla, Sezrtoll cells
and the mature Leydlg ocells, It wes ghown also thet thesze fibres
ran in different diroctions, scme encircling and others extending
along the seniniferous tubule, Changes in those elaatic fidbres are
known to ocoour in various pathological conditions of men (Howard
&t al., 1950; Sniffen gt al., 1950; Balse g al., 1954; leqy, 1962),
It 4s possible alao that tho state of elastic tissue dotermines whether



or not some changes of testiocular tissue have ccourred before or
after puberty (Balse et al., 195h). Elastic fibres in the boundery
tissue of the seciniferous tubule have not been dsscrided in other
species (laoy and Rotblat, 1960) and no mention has boen cade
previously of their existerce in the boumiary tissue of the
aardinifercus tubule in the ram teetis.

¥othods Used to Exacine Boundary Tissmm

The structure of the boundary tissue and in particular, the
presence and the nature of elastic tizsue within ¢tw boundary tissue,
was investigated, Fibres were considered tc be elastic tissie when
they were secn to Lo hamugenecus and take a darx blue-bliepk stain with
valgert's rosorein=fuchein staln, or a deep purpie to viciel stain with
the fuchsin stein, or a dsep purple stain with Gomorits aldeNyde
fuchsin stain (see Appendices I, TI and ITT), The fibrillar
characteristics of elastic fibres, as descrided fur the hunan tesiis
by Faneini ot 2), (1952) and Balse et al. (1954) wnere dlfficult to
distinguish in the ram, The elastia tissue of the blood veassels,
tundca albuzinea or other componcnts of the testis were not investigated.

In the ram the doundary tissue of tho seminifercus tubules
appoared at the sare time as the sex cords ware differentiating

(Pig. A6). It unmdcremnt two phases of Gswelepasrt which corresponded
to the previcusly dsaarided prepuberal and maturation developmental
phase of the seminiferous tubule, Development was gradusl and vexy
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1ittle differentiation of the campensmts which were sudbsequently
seen in the adult testis took place until after birth (Pigs. 47, 48
and 49), The presence of a mumber of non=cellular and cellular
lgyers were seen as the testis weight inoreased beyond 7.5 ¢

(F4g. 51) and the charecteristics of the mature testis were apparent
during the paturation phase (Pigs. 52 and 53).

b, Changes in the Prepuberal FPhase

In the 53=day foetus the boundery tiszue of the sex cord
eppeered as s definite, thin and homogereous layer in contact with
relatively few ceils of the interstitinl tissue (see Fig, 47 as an
example), Until thils staze the eex cord was not defined clearly
and the boundary tlssuc wos scen es8 a fea irresular broken strands
(P1g. 46}, The tissue jgradually thickened throughout the prepuberal
phase (Pig. 48 and 49),

The bascment membrane or inner non=cellular layor was
arrarged us a band~like homogeneous tissue, which gradually doubled
in 8ise in the perlod betwsen 60 daye and birth, It rumained at its
greatest width until tbe testis waighed 7.5 & at ebout 60 aays of
1ife (Figs, 50 and 91), Pran this point the inner noo=cellular
layer beceme thimmer, as & distinctive cuter layer became evident
(ris. 51).

The outer layer of the boundary tissue consisted of a muwber
of conneative tissue oells, Thess were in olose conteot with the
other cells of the interstitial tissues and dwring foetal 1ife
wore indistinguisheble from them (Pig. 48), The comnective tissue
oells varied in appearance from one type with a round or oval mucleus
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containirg few gramles to ancther type with a vaxy narrow elongated
moleus, From birth a mubder of thess ocolle became erranged about
the boundarties of the sex cords, in some inatances overlapping eaoch
other tc suzgest a loossly layered formation (Fig. 49), During the
ranainder cf the prepuberal phase a greater mumber of cells with
nartTos elorgated nuclei came in closer contact with the tubular wall
and appeared to become integrsted as pert of the boundary tissue,
This was more pronounced In the 7,5 G testia and was consurrent with
the appeerance of an outor non=cellular layer and a distinct outer
cellular luyer (Fig, 51), In the inner cellular lgyor, the only
connective tissue cells present had narrow elongated muclei. Ry
contrast, the outer cellular layer consisted of & nurber of cells of
varying types, Cells centalning the ~ore rounded muclei were presert
in the outer limits of the boundary tissus (Mgs, 50 and $1), The

outor non=cellular layer was initiaily an indistinct and fine fibrillur

structure appearing at the trensitional poriod near the end of the
prepuberal phase of development (Flg, 51).

Fibres of elastic tissue appeared in the non=celluler layer
of the boundary tissue sooa after differontiation of the sex cords
(T4g. 5h). Initially, they were sparse and irTegular, but became a
oconstant constituent in the testis of the 100 day old foetus and
oldsr (Pig. 55). The elsstic fibres took the elastio stains and
asppoared as homogensous tissue coapyling the whole of the inner non-
oollular layer of the boundary tissue, As this lsyer thickened with
the growth of the testis there was a concurrent ingreass of the
elastio tissue,

Elastic tissue fibres appeared in the outer nonecellular



layer of the boundary tissue at the time the layer was first
reoognised as a separate camponent, Initially the elsatioc fibres
were aparse anGd irregularly placed within this tissue, and remained
as thin fibres but stained more dlstingtly at the change frox the

prepuberal to the maturation phese Figs, 56 and 57),

0. Changes in the Yaturation Thase

The boundary tissue difforestla-ed into the four dlatinct
lgyers, twc non=gellulcr wnd twe cellular lgyers, during the
traungition to the maturetion phase, Tnrcughout ¢hls phase and in
the young aduit ren., irecresse in the thiciness ci' the bounidary tissue
sua gradusl and continuous until full maturlty was susched (Figs. 52
and 53)4

""he 1nner nonecellular leyer shoved 1d4itle change or
veriztion in thiclnose and it would aszesr that its adult size wos
reaghed early.

The ocuter none~owllular iuyer wes initiclly a fine but then
distinot layer betwwen the teo ocellulaer inyers o:’ the boundary tissue,
As the testis aise inorvascd from 1k G to €5 & this layer thinkcned
repidly to asohieve sdllt proportions sbout the tlue spermatozos were
relensed (Tig, 53),

The imver cellular layer was clearly differentiated between
the two nonwellular laysrs of the boundary ticaue and c.arphologlcally
appeared alcilar to that of the adult, Ite cells with elongated
aarrow mclei were spaced in a single lgyer arcund the saminifercus
tubule (Pigs. %2 and 53) and occasicnally the cells appoared to
overlap,
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The ocuter cellular lgyer had less rigidly defined
doundaries depending to some extent on the amcunt of contaot between
adjacent sewiniferous tubules, Cells with elongated muclel, similar
to those seen in the inner ocelluler lgyer, predominated dut a mmmder
of cells with oval muclel were also prusent in a single lgyer or
oocasional multiple leyers sbout the cuter perineter (Pig. 53).

Fibres of elastic tissue appearuvd to he dispersed evenly
within the inner non=c¢llular layer, They atained as & hamagensous
mnas and were present throughout the muturation phase to mturiﬁ
(Mgzs. 53 and %9)., In a siziier manner the ocuter non=ceiluler lgyer
of the bouniary tissue anu the elustio tissue fibres within it grow
et the sane rate, The iicreases were rapid as tae testis grew to a
wolght of 65 tr, but thercafler the rate of licrease was very much

slower (Fige. 53 and 59),

Discussion

In the course of msturation the boundary tissue of the
sendinifercus tubules chanzed from an indistinct structure separating

the cellulasr components of the asex cord and the interstitial tissue,

to a distinct four layered structure suggesting that 4t plays an
impartant part in testiocular funotion, This tissue has been doscrided
as oonsisting of e basement membrane in close contact with the germinal
epithelium, and tunios propria consisting of cellular lgyers inter-
spersed with amorphous tissus which coutain a few reticular and
elastio fibres, Ultrastructural studies have indicated finer
distingtions between the components and the nature of the contacts
betweon them (Clarmont, 1958; Burgos, 1960; Lacy and Rotblat, 1960;
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Rioardar ot al,, 1961 Laay, 1962; Lleescn and Leeson, 1963;

Ralllie, 196kd; Gardiner and Holyoke, 1964; Laoy and Rose, 196A;

Ross end Lonz, 1966; Roas, 1967; Femcett gt nl,, 1965a; Pswcett

gt al., 1970). The boundary tissue in the foetal Romnay ram was
essentially a hamogeneous band of tissue and no changes in morphology
wore seen untll the early post matal period, This feature 1s

probably similar in other animals at the same stage of development

and 1s camparable to observations in men (Sniffen, 1950; Balse gt al., 1960),
rats (.veson aml Loeson, 1563) ana mice (beillie, 1962). In the racs
o' tils study signifiocant changes began to take place at the transitional
perlod betwee: the prepuberal and maturation phuses of developpent and
adult marphology was echieved when spermatozoa were firat relessed
within the seminiforous tubule,

The inner non=cellular layer ;jradually thickened reaching its
meodour: sige at birth, Concurrently elastic tissue fibres seezed to
disperse throushout this tissuc and become more densely stained,

During the perlod that the boundary tissue was developing into a
mltilyycred struwsturs the laiws noti~gceiluiar layer was graaually
reduced in thickness but still retained its elastio tisaue density.
Electronmmicragraphs of the tissue in the edult ram have indicated that
this layer is not a hooogensous mass but oonsists of a series of

twelve or more lamellae interspersed with collagen and reticulin fibres,
and the whole surroundsd by a wider band of collagen tissue (Laqy, 1962;
Lecy and Rose, 196h; Morris, 197). In this respeot the boumlary
tissus has many similarities to the imner none-¢cellular layer of the
young bull (Nicander gt al., 1961), but differe from that of the rat
(Clermont, 1958) Leeson end Leeson, 1963), the mouse (Baillle, 1962,



1964d; OCardinsr and Holyekw, 1964; Ross, 1967), man (Baryos, 1960;
Ross and long, 1966), and the guines pig and chinghille (Fawoett gt al.,
1970), None of the latter exhibit extensive lamellae, Durgos’
(1960) suggestion that the lamellae structure in man could be elastic
as it stairsd deeply with orcein and aldehyde fuchsin stains could
well apply to the ram,

The 4inner cellulsr layer becane a distinctive atrusture
following the appearance of the outer nonecellulur layer, It is a
layer of single cells with elongated nuclei, In nan Balze gt al.
(1960) described these cells as mature forms of fibroblasts, but in
the neonatal teatis thay varied frow juvenile or type "a" fibroblasts
to an intermediate form or type "C.1", Ultrastructural appesrances
of these interlamellar cells in the rat (Clermont, 1958; Leeson and

Lecson, 1963) or peritubular cells in the mouse (Ross, 1967) and man

(Roas and Long, 1956) have indicated that they are a contractile typs
c8ll with many features of the arooth musole cell (Laoy and Rotblat,
1960; Streus and Kao, 1968; Fawcett et al,, 1969a; Fawoett et al.,
1970).

In_ this atudy the outer non-cellular layer was not
identifiable mt birth but appeared as a thick irregular layer with
scattered fibrillar tissue over the period of transition to the
maturation phase of development, There was an increase ian the amount
of tissue which became a homogeneous definite structure betwoen the
two colluler layers (Plgs, #, 52 and 53), Elastic tiseue eppeared
simnltansoualy and differential staining for elastin indicated that
1t was present withia the whole of this layer (Pigs. 58 end 59).

In man, Belse gt ali (1954) demonstrated that elastic tissue
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£ibres dsvelopoad in this lzyer of tissuc during the maturation phase
of development, and after puberty alowmly thickened to tis substantial
asrounts observed in older nmen, Likewise in the ram the elastic
tissue in this layer increaged ani appeared as heavily stalined
thickoned fibrillar tiasus whon the adult phase of' developpent had
beon reached, It can Lo entisipated that in the older nature rem
the elaatic tissue of tho cuter nom=gellular layer oculd approsch
siril=r proportions to thet secn in man, kleotromcicrographs have
shown thaot collagen £ibres as well es other fibriliar connective
tissub are present in tais tissue (Laay, 1962; Lagy end Rose, 1964;
korris, 19T).

The fourth or ocuter layer of the boundary tissue was
irdefinite for some weaks fvllowing birth, It was not until after
the outer non~cellular igyer had separated the two celiular layers
that 1% was possible to identif) tlie cells of the boundary tissue as
distinot from those of the interstitial tiseue., Balse gt al. (1560)
described these cells es varying in type fron a more maturo form of
fibroblast located at the periphery of the boundary tissue, In the
rat lowson enu iveson (1963) described this layer as conaisting of
mesenchyne cells, the oytopleamic procosses of which reduced with
maturity to foru elongated cells, Laoy and Rotblat (1960) descrided
them as fibroblosts whereas Brokslman (1960) oonsidered that they
reseubled endothelial oells, Unlike the rat whioh has a single layer
of cells witk some overlapping (Leeson and Leeson, 1963) the outer
cellular layer in the ram appeared t0 bo mads up of one or more rows,
Legy and Rose (196h) noted that this lgyer was comparatively thin,

The morphology of the boundary tissue suggested that a



.

functional role exists for the various camponents, Although 1ittle
13 known of this funotion the marimd ohangea during the maturation
phase of develonment rust be related to the production of spermatosoa,
A nucder of roles have been su geated including physiocal support to
the eeminiferous tubules, development of oontractile properties of
one or more lagyers and cstablisiment of a regulatory function for the
passaze of fluids and nutrionts to the cellulur compunents and lumina
of the sexinifarous tubules, The sxuct neture of tho pathew s
rerires farther invectipation (Tocy an® Totdlat, 1550; Teeson and
Teoson, 19583; lacy, 19673 Ross, 1967; Waltes end Setohell, 1969).
The mupport of the tubules cen be providel by both cellular
end notgellular components of the boundery tlssue, The inncr none-
cellular layer consisting of elestin within larelloted sonnective
tissue epparently allows fluctuations in pressures to be resizted
from both within the tubule and the interetitial areas, i simllar
funotion probably exiats for the tissue of the outer non-cellular

layer, It dovelops later than the internal layer, and reeches uwature

sizge at the tinme spermatozoa ere produoed, Leeson and Leeson (1963)
postulate that the loose forration of connootive tissue in this
layor allows for seme degree of mobility between tiw two oellular
layors. Poasibly an incrasased rosistance to tiils =obllity 15 brought
about by the leying down of alsstlc tissue Ain the sww compared with
the rat which coutelns collcgen and reticulin fibres only in the non~
oslluler layers (Lagy and Rotblat, 1360). "’

In the ram ths cells in the ianer cellular layer probubly
have a comtruotile action as has deen establiahed by ¢lectrammiarassocpy
in the ret (Clermont, 1958; Llacy and Rotblat, 1960; EKorsmano and



Niemd, 1966), mouse (Ross, 1967), guinse pig and chimohilla (Fawoett
gt al,, 1969a; Fawcett ¢t gl., 1970) and man (Ross and long, 19663
Straus and Kao, 1968). In the newbarn mouse, Ross (1967) saw
evidence of the transforwation of some fibrodlasts to smooth muscle
cells within thias inner cellular lgyer,

Rete testis fluid is derived from active secretion as well
as diffusion through the secdpermesble barrier of the wall of the
seminiferous tubule (Setehell, 1967a, 1967b, 1970; Setchell et al.,
1969). All layers of the boundary tiasue provide a partial barrier
to the uovement of the extraocellular fluid between the interstitial
tissue and the seminiforous epithelium (Seotohell et al., 1969).

Such a barrlor to the larger protein molecules probably exists at the
inner cellular leyers as Fawoett gt al. (1970) were unable to find

proolpitated protein deeper than this lgyor of tissue., Vesicles are

prasont in the cells of both the innor and outer cellular loyers or

the boundrry tissue providin: evidencc that these celle nay function
actively in the passaze of mutrients and secretory products across the
blood tostis barrier (Laoy and Rotblat, 1960; Lecson and Lecson, 1963).
i larger surfece for metabolic interchange nny also be provided Ly the
invaginations of the inner non=cellular lgyer into the gerwinal
epithellm (Burgos, 1960),

Coliagen fibres have been observed in greater amounts between
the imner non-gelluler lgyer and the immer cellular layer in the mature
testis of the mouse and Ross (1967) suggested that a possidle additional
role for the coatragtile=type cell is in the metadolism end transform-
ation of connective tissue within the 1imits of the boundary tissue and
the interstitium,



7.

Although elastic tissue 1s known to De present in the
boundary tissue of the sswiniferous tubules of the ram and man
(Balse et gl,, 1954) its significance in these species is uncertain,

In summary the whole patterm in the developzent of the
boundary tissue in the seminiferous tubules of the ram as odserved
in thia study agrees generally with that of the rat, the mouse and
man (Balse gt al., 1950; Leeson and leeson, 1963; Ross, 1967).



FIGURE A8+ Sex cords in testis of & AJ=day foetus,

EIOURE AL

H, & B, stain, x 500,

¢, oexaerd,

BT, indefinite boundary tissue which does not
oampletely surround the sex corda.

7, Ainterstitinl cells,

Sex cords in testis of a 58«day foetus.

H, & E, stain, x 500,

BT, one layer of hamogenems stainimg tissue
forming boundary tissue,

¥, Nuradlastis ceils associsted with boundary
tissue,






LIGUEE A8+ Sex oords in testis of a 10Peday footus,
H, & B, stain, x 500,

€, osexoord,
¥, fibroblastio cell associated with
boundery tissue,

I, interstitial cell.

ZIGURE 49: Sex oords in testis of a 2Bday lamb,
H, & E, stain, = 300,
Boundary tissue showing & nomecellular layer,
(in) and a cellular layer (PL).
I, interstiticl eell,






JIGURE 3Q: Sex cords in testis of a 45-day lash,
H. & E, stala, x 500,
BT, Dboundary lasue, coneisting of four layers,
imluding an indistinet outer non-cellular laywr,
I, Anterstitial cells,

FIGURE 51t Sex cord in testis of a 60-4sy lamd.
H, & E, stain, x 500,
The boundary tissue stiows the imner am-calluler
layer (La) the thin cuter nomegelluler laywr (Ne),
the imar osllnlar lgyer (P1) and fidreblastis
oells in the outer cellular layer (Ur),






TEUIE 53¢ Seminiforcus tubule in testis of a Sieday lamb,

H, & &, otata, x 900,

BT, boundary tissue of four distirotive lgers.
lu, lumen of seminifercus tubule,

I, Anterwtitial cells,

Boundary tissue of seminiferous tubule in testis
of mature rem, H. & E, stain, x 500,

ia, Laner non-oellular leyer,

Pi, dmner cellular lgyer.

No, outer non=gellular layer,

Uy, outar cellular lgywr.






FIGURE Sh: Elastin in boundary tissue of sex oord in testis
of a 58eday foetus, Teigert's elastin stein, x 500,
¢, sex cord,

EL, non~oellular layer of boundary tissue.

FIGURE 55: Flastin in boundary tissue of sex ocord in testis
of a 128-dgy foetus, Wedgert's elastin stain, x 500,
C, sex oord,
EL, non~celluler leyer of boundary tissue.






FICTE 56t Klastin in boundary tissue of sex cord in testis

FIGURE

H

of a 45-day lamd, Weligert's elastin stain, x 500,
in, non=cellular lgyer of bomdary tissue,
PL, ocellular lgyer of boundary tissue,

¥lastin in boundary tissue of sex cord in testis

of a 60=day lemb, Veigert's elastin stain, x 500,

Eln, elastin staining imner non=cellular loyer of
boundary tiscue.

Eno, few elastis fibtres in ocuter non=-océllnlar
lgyer of boundary tissue,







EISURE 581 Elastin in boundary tissue of seminifercus

tubule in testis of a Bheday lamb, Veigert's
slastin stain, x 500,

EL, elastin stalmng layers of boundary tissee.
n, lumen of sexinifurous tubule.

Elastin in boumiary tissue of eexinifercus

tubule in testis of a 150dgqy lamb, Veigert's

eslastin atain, x 500,

Eln, elastin staining inner nonwoellular logyws
of dourslary tissue,

Eno, elastin staining cuter nov-eoellulsr
layer of dowmdary tissus,

Iu, umes of seminifercus tubule.
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CONCIUSIONS

The growth and developmental changes in the tostes of the
Tiew Zealand Ramnay showed that qualitatively it functioned as {n an
adult ram by tho twenty=-second week after birth, The completlion
of the first cyole of spermatogenesis was also dspendent on the
attainment of a testis size of at least 3L, G, The teatis contimsed
to grow after puberty, and would be éxpected to function at the
c¢apacity of an adult when the ram grew older und had geined a greater
body weicht, Although not reasured in this study the extent of
reproductive improvement during carly adulthood oould de deterrined
by @uantitstive assesswents of ger cell production (Courot, 1962;
Sidnner and owson, 1968),

Chanzes taking pluge ir the testicular tissue, with
dovelopment of the mw, are a function of the testls welght, These
are directly reluted to the body weisht which is a detter indicator
of the physlological development o:' the ram than the chronological
age (i:atson et al., 1956; Courot, 1962; Skinner gt al., 1968).

Tho body weisht at any particulaer stage of develonment represents an
interaction of the offeots of the birth weight of the lamb and its
subsequent nutrition, as well as age, and provides a means to compeare
the relative development of different rems, Nutrition has a partioular
influence over the onset of spermatogenesis but after puberty, when

the spermatogenic cyole bas cumrenced, its infiname on subseguemnt
testicular development is less (AbdeleRacuf, 1960),

Ristolagical changes in the testis are closely associated with
the different phases of testes' growth, Similarly the appearance of



the lumen in the developing seainiferous tubule 4s indigative of
changes in growth riythms of both the diameter and the length of
the seminiferous tubules (Attal and Courot, 1963) and is concamitent
with the completion of Sertell cell dewelcpment and the appearance
of the older forms of primary spermatocytes and spermatids, Fraem
estimations of testes sise the preocise point at which the rate of
testes zZrowth changes can be detertined and the time of commencement
of" spermatogenesis ostablished,

Knowledge of the testes weight, bdody weight and age
rolationships in race ray allow some manipulstion of the feed of
younz Romnay lembe so that they cen mature somually by 22 weeks of
age, Although in prectice advancing; the season of {lock rams may
not dbe feusible, the edvantacos to a nrozeny testing nrosrarme are
obvious,

In the aex cords of rass, as in oti:er spocies, the phase of
testioular development beflore the onset of spermatozenesis proceocds
with no noticeable variation, uantitative studies show that the
esuccession of ;arm cells 1s steady end that the adult oambination of
coll types seen at each stuie of the cycle of the saminifercus
epithelium is evident fram the tice spermatogenesis oomuences
(Courct, 1962).

The boundzary tissue of the seciniferous tubules has a
functional part to play in the produotion of spermatoscs and although
clarification {s nseded on the gpecifisc roles for the component
tissues of the tubular wall in the ram, their functions in relation
%o the structure, metsbolisn and movement of the seminiferous tubules
are probadbly the samé ap described for the rat, mouse and man



(leeson and Leeson, 1963; laay, 1967; Ross, 1967). The imner
noo=0ellular lgyer of the tubular wall becomes thinner Wn birth
and caturity, This mey enhble an easier movement of metadolites
fran the interstitium to the rapidly dividing germ cells (Nicander
gt al., 1901), Conversely, thiclening and altoration of one or
o0re layers of the boundaxy tisasue shown in scce sterility oonditions
in nan, may restrict the metabolism of the celluluar camponents and .
the mobility of the tudule (Howard gt al., 1950; 3niffen, 1950),

In the rat and mouse the contractile=type cells in the inner
cellulsr layer induce movament of the seminiferous tubule, the releasc
of spermotosoa and their prozression to the rvte testis (Lesson ard
Loeaon, 1965; Ross, 1967). Greater sisnificance may be placed on
other roles yet to be deterrined, Initially thesc cells are 1like
fibroviasts in tne interatitiun but they are possibly very different
frai the fibroblasts in other lgyers or in tissues beyond the testis
(Balsze et al., 1954).

The outer non=cellulsr lgyer of the boundiary tissuo is
" comparcble to the comective tissue of the tunioca propria in the wall
of the serinifercus tubules of man (Sniffen, 1950; Balse gt al., 1954;
Balse et al., 1960). Froom the period of initial differentiation in
both the rem and man elastic fibres are a regular ooq)bmnt of this
layer (Balse gt gl., 1954). The extent of elastin in similar
boundary tiesucs of other spécies is not known, The appearance of
this layer at puberty susgests that it is assoclated with mobility
of the seninifarous tubules, In addition the elastioity of the
wall of the smuinifercus tubules sey saintain imtratudular pressures.
The possibility of larger variations in diameter dwring movement of



.

mmmmmmwhcqumﬁmewu
8lastin, which is additionsl to or replages the collagen tissus
gonerslly present in all speciea, KEffeots of the age ¢f rams on
¢the tudular boundary tissue is not known, In normal apeing
prooesscs eiastic tissue does not dispppear, but one may postulste
thet 1t may inorease resulting in & thickening of the outer none
oellular layer as in ran (Balze gt gl., 1954).

There are no zeports on clinioal and pathological oconditions
affectin; the bouncary tissue of the rem's testis, Studfes of
chanies in this tissue, correlated with observations of the tubular
ocamponents, could provide further evidence for the faotors which
aynohronlze the develmmoment of all tiamsues in the testis, In lypo~
orehidism of' ram's testos (Iruere, 1970) a detailed study on the
Youndary tiams:e of the tubular wall myy assist differentiation and
nossibly determinc the tirme at which the pathologiesl ohanges took
placo, Klinefelter®s aynirure in rame (Bruere ef gl., 1969) s an
example, The inner non-gellular lgyer is thickened but there is no
differentintion of the outer non-ocaellular layer (urpublished
observations), This association with a mmbder of undifferentiated
supporting ocells imlicatos that developuent has not proceedsd bayond
a stoge norwally observed in early post natal 14fe,

The precise fsotors which control the developament of the
components of the smimifercus tubules remsins to b0 dsbvczumined, M
4dhe tostis of the ram at the prepuderal phase, the supporting cells
endl posaidly the gonoaytes are depenient on gonadotrophins fur the
initistion of spormatogenesis, wherees in clder rems some spermatogenetic
sotivity once establighed can persist without gonadotrophic influsme



(Courot, 1967; Ortavant et al., 1969). The same triggerins
mechaniam eay epply for the bdoundary tissue, or it may be a direot
response tc testiculer androzens. Testosterons therapy has

resulted in a thimning of the tubular wall 4{n some pathological
conditiens of the testis in man (Homard gt al., 1950). No doubt

the evoluticn of the germ cells and supporting cells is intimately
conneoted with the development of the tubular boundary tissue and

the interstitium, More detailed studies of the boundary tissue in
the ram, particularly its histochezistry and ultrastruocture, may
reveal unknown seguences in development, Similar studies of the
sepiniferous tubules in pathologicul conditions wayy determinu whether
the boundary tissuc only is affected or whether changes here are
seoondary to changes in the germ cells, supporting cells or tissues
of the interstitium. The functioninz of all layers of the

boundary tissus must be intererelated and chanses in one tissue luyer
are likely to affect other layers as well as the cellular components

of the tubules,

The demonatration of the relationship between the growth of
the testes and the differentiation of the seminifercus tudules providies
a pattern of norual developsmnt in the Kew Zesland Roamey ram. Prom
this it would now seem posazible to describde more precisely pathologleel
changes and degrees of immaturity of the testis tissue in both the
@oving and the sdult rem,



Por staining of elastic tissues (4n teatis) after alcohnl or
fawslin fixation, Best results obtained by fixation of the testis
tiasue in Carngy's flutid,

sedutions Reguired.

A, lallory's Bleech, 4 solution of 0,2%: potassinp p@manganate
and 5% axalic acid.

B. ‘“Kiohrame" elastic atuin (Weigert) No, 706, (Edwmrd Gure Ltd,,
Londen), Triturote 1 grem of 7efgert Elastis stain with §
grune olean silver sand, 100 ml absolute aloahol and 2 ml
pure Nhydroghloric acid, until all the stain hes gone into
solution; filter,

C. lieutrnl red = 1% soclution.

Xgthod.

1. BEring sections to water,

2., Treat with Kallory's bleach.

3. Wash in 70 alcohol.

h, Stain 4n Weigert's elastic stain 8 = 2\ houre.

5, Wash in 1% eoid aloahol $411 elastic tissue omly is staiosd.
6, ‘Wash &n water,

7. Counterstain in 1% nsutzal red for A mimtes,

8, Vash in water,

9. Delydrste, clear and mount,

Besult.
Flastie fibres stain dark blue-black.



For the stalining of elastio tissuse and fidsres in testdis.

Best results obteined by fimation of the testis tissus in Carnqy's
flnda,

Solutions kequired.

A,

1. Basic Puohsin 0,54 in 96+ aloohol 100 ml.

20 <esoroinal 2 gram.

3. Concentrated hydrochlaric acid 0,5 ml.

4, Distl1led water 1,5 ml.

b0% Foremlin.

¥ix equal parts of A and B, Solution should be freshly

prepared as it will not keep,
Ploric acid, saturated egueocus solution.

Egthod.

1
2,

e

Take seotions to absolute aloohol,
Stain 4n solution C for 60 simtse.
Wash in 96+ aloabol for 20 = 2% seconds to remove axoess stain,

4He Rinse in distilled water,

5. Comrteretain in ploric acid esolutian for 20 seoonds,
6., Tvo rapid washes in adecluts aloahol.

7. Clear and mount,

Sesult.

Flastie Pidres stain deep purple to violet, muclei pale red,

oytoplase yellow,
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For the staining of elastic tissue and fibres in testis tissue.
Although most fixativee are suitable, fixation in Carngy's fluid or
Davidson's solution (formol alcohol) give best results with testis
tissue.

Solutions Reguired.
A, Aldehyde Puohsin: (thiz solution must be stored in the
refrigerator).

Basio Fuohsin 1 grem,

Let stand at room temperature for 2 or 3 days or until stain is

deep purple in colour,

#lcohol 705> 200 ml.

llydroohloric acid conc. 2 ml.

Yaraldehyde 2 ml.

B. Kallory's bleach.

C. Counterstain 0,25« light green,

e

1. Remove wax and treat with Mallory's ble:oh.

2, Bring to 70% alcahol,

3. Stain in solution A for 30 mimites. Older solution may require
a longer period of one hour, amd give a less selective result

4, Rinse in 70% alcahol,

5. Counterstain in light green (C) for 20 seconds.

6. W, clear and mount.

Result.
Elastic fibres stain deep purpls.



For censrel diffeentistion of tissue in the testis, Although

08t flxatives are suitable, best results with testis tissue followed

fixation in Bouin's finid,

Seluklons Required.

Ao
Dy

£rlioh's Alua Haemstaxylin,
1% ecein solution,

i

t.
Qe
3o
ke
5e

é.
7.
8.
9

Bring sections to 90k alcohol.

Stain in heezatoxylin (A) for 10 mimustes.

Stain {n Mayer's hasmatoxyiin for 5 mimtes.

Differenticte with acid eleohol.

%ash 4n Scott's Tap Water for 2 mimutes -« until ssotions turn
blue

wash in vater.

Counterstain in 1/ ecain (B) for 30 eeconds.

Esmgve excess eosin quickly by washing in wter,

Dehydrate, clear and moums.

Besulta.

Tacled statn blue; cytoplesm and comective tissue stain

vezging ehades of pink and ved,
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Furmalin (40, forwaldshyds) 10 m1,
Water to make wp to 100 =l.

HRCURIC SILORIIE SOLTTION

Herourio ohloride 7 grams
Sodium ohloride 0.2 grans
5406 formalin 10 ml
Acetic acid 0,5 ml

Distilled water to malke up to 100 =ml.
Fixation is rapicd and scctions must undargo iodine thiosulphate
treatment to resove the mercuric chloride deposits dbefore staining,

Kerouric chloridce 5 grams
Fotassium chrumate 245 grams
sodius sulphute 1 gram
Ldetllled water to 100 gl.

243 glacisl acetic acid imnediately before use = 5 mi,
Fixation usually camplete in 12 hours,

Boums FLuIp
Plorio acid, saturated aquecus sol Pal
Formalin (A0 formeldehyde) 28 m}
Glacial acetin m0il Sal

Pizative keaps well, perwitretes rapidly and evenly and causes



11ttle ehrinkage, Fixation usually complete in 2k hours,
When fixed the tissue iz trensferred frar the fixative directly
to 90 alechol to render tho wmater-soluble plorates which have
formed, to an insolubls foruw before the tissue ao treated oomes
in contaot with water,

gﬁgaﬂta p!ﬁm
Absolute alcohol 60 ml
Chloroform 30m
Glacial acotic soild 10 »l

Pixative penetrates very quiclkly, It causes considereble
shrinkaze and destrgys or dissolves moat oytoplasmio elements.

Pdxation is compiete in 1 « 2 hours,

PORMOL ALCOHOL = DAVIDSON'S SOLUTION

10x Formalin 10ml
90 Alcohol 90 ml
Cleoial soetic acid 5 ml

Pixation 4s ropid and ocomplate in 12 = 24 hours,



S8 » Standaxd Erver of the msea

igo Group
(Days)
Myth 18 b6 27
0=« 10 5 6,1 ot
10 20 8 9.2 63
20~ 3 10 1.3 o
30 - &0 16 12,4 65
40 - 50 13 15,8 N
50 = 60 9 16,6 1465
60 - P 2 174
- 8 10 18,6 1.39
60 - 9 7 2.2 0.97
90 bt 100 7 2’§° ‘o’o
100 - 110 ) 23.6 2.07
110 « 120 6 2.8 1.09
120 = 130 3 3. 0,22
130 = 140 2 18.7
140 - 150 2 2045
150 - 160 6 25.8 1,09
160 =« 10 6 25.7 1,49
170 = 180 3 30,0 1.68
180 = 190 1 27.0
190 = 200 3 3241 2.5
200 - 210 2 30.5
210 = 220 1 23
220 - 230 -4 ns
30 - 200 2 27,0
a0 - 250 - L]
250 ~ 260 1 3.0
w L d m ‘ 3‘.‘
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