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ABSTRACT 

Chromosome preparations were derived from short-term 

cultures of blood lymphocytes and from fibroblast-type cell 

cultures of subc�taneous fascia obtained from 44 clinically 

normal horses. The quality of mitotic cells compared 

favourably with similar studies in other species. Some 

characteristic morphological features were found which aid 

in the recognition of certain chromosomes, but the identifi-

cation of many homologous pairs by conventional techniques 

was difficult. The normal karyotype of the horse ( 2n= 64) 

was characterized following Giemsa staining and C-banding. 

The latter procedure was shown to be a valuable aid for the 

identification of specific chromosomes, in particular the 

sex chromosomes. After centromere staining, the X chromo-

some of the horse lS characterized by the presence of 

prominent C-bands on its long arms, while the Y chromosome 

appears as an intensely-stained block. 

Analysis of mitotic chromosomes prepared from ten 

phenotypically normal but infertile mares revealed, in one 

animal, the consistent lack of one sex chromosome in the four 

tissues studied. Centromere staining and sex chromatin 

studies confirmed that this mare had the karyotype 63XO. 

Examination of the genitalia of this XO mare disclosed the 

presence of apparently normal reproductive organs except 

that macroscopic follicles were absent from both ovaries. 

Histologically, a number of presumptive atretic Graafian 

follicles and a discrete area of apparently functional 

luteal tissue were discovered in the right ovary. The sig-
�� 

nificance of these findings are discussed and compared with 
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the features of the analogous syndromes associated with the 

XO anomaly in other species. 

It is suggested that disorders of the sex chromosomes 

may occur commonly in horses and may contribute significantly 

towards the low rertility of the thoroughbred mare. Attention 

is drawn to the important practical applications of cyto­

genetic studies in the investigation of infertility in 

broodmares, and in the certification for sale of young horses 

intended for use as breeding stock. 

Cytogenetic studies of spontaneous abortions in women 

have established that a large proportion of pregnancy wastage 

in humans is due to chromosome aberrations. The counterparts 

of many of the chromosome errors initially described in 

humans have now been reported among domestic animals. In 

particular, the XO anomaly seems remarkably common among 

infertile mares. These findings have indicated that chromo­

somal abnormalities may play a significant role in the 

aetiology of spontaneous abortion and embryonic loss in 

domestic animals. To investigate an hypothesis that chromo­

some anomalies are an important cause of prenatal loss in 

the mare, an attempt was made to analyze, cytogenetically, 

a ser1es of equine abortions. From a range of tissues 

obtained from 26 aborted foals, cell cultures were prepared 

but failed to grow, and chromosome analysis was therefore 

not possible for any of these specimens. It seems that the 

equine foetus is retained in the uterus of the mare for a 

considerable period after the foetus has died and usually 

consists of partially-autolyzed non-vital tissues at the 

time of its expulsion. 

Consequently, a study was made of the metaphase 
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chromosomes prepared from 22 equine embryos after their 

surgical removal from mares' uteri. A normal karyotype was 

found in each specimen. Although inconclusive on their own, 

the results of this study form an important contribution 

towards cumulatiye studies of embryonic loss in the horse. 

The current findings are discussed in the light of similar 

studies of induced abortions in women and embryonic loss in 

animals, and the potential for further investigation in this 

field is emphasized. 

From the limited number of cytogenetic studies in 

domestic animals, it appears that chromosome analyses, 

particularly with the aid of more refined techniques such as 

centromere staining, may be of considerable value in investi­

gations of infertility and embryonic loss in the horse. 
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PART I 

PRELUDE 

Spontaneous abort ion h as been defined as th e natural 

t erminat ion of a pregnancy before th e foetus 1s viable 

( Morison , 1 970) . In th e horse th is include s foals born 

b efore 290 days of ge st at ion (Ros sdale , 1 965 ; Platt , 1 973a) . 

Even t oday , little i s  known of th e causes  of prenatal loss  

in  dome st ic  animals ( Hanley , 1 961 ) alth ough it 1s  respons ible 

for  a serious loss o f  pot ent ial product ivity.  

A prenatal death rate of about 40% has been e st ab­

lish e d  for th e rat , rabb it and ferret ( C orner , 1 923 ) and 

s imilar value s of 35 -40% and 25% are quoted for the pig 

( Smith and Marlowe , 1 97 1 ) and cow ( Hanley , 1 961 ) re spect ive ly . 

In  th e se specie s  prenat al lo s s  account s for at least one 

th ird of the total c onc eptions and the actual figure may b e  

e ven great er wh en hith erto undet ected e arly embryonic lo s s e s  

are included .  From slaughter ob servat ions , Quinlivan , 

M art in , Taylor and C airney ( 1 966) reported a prenatal lo s s  

o f  23% in she ep , with th e gre atest mortality o ccurring during 

th e f irst 30 days of pregnancy . 

The mare apparent ly has  the lowe st reproduct ive rat e 

o f  all the dome stic. animals and reproduct ive efficiency , as 

measured by live foal percent age , is lower in thoroughbreds 

and standardbreds than in oth er breeds managed less  int en­

s ively (Burkhardt , 1 948 ; Hutton and Meacham , 1 968) . 

In th e United States , Bergin ( 1 970 ) re corded a live 

f o a l  percent age in thoroughbreds of 55 . 3% b etwe en 1 950 and 

1 95 6 .  By 1 970 th is figure had fa llen t o  50% . Weatherby' s 

s t at ist ica·l data report e d  a 50% live foal rat e f or th e 
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Unit ed Kingdom and E ire in 1 973 , wh ile in Austral ia , O sborne 

( 1 975 ) def ined nat ional foaling rat e s  of 49% in 1 950 and 

47% in 1 973, and not ed an increasing disparity b etwe en 

c oncept ion and foaling rates  in recent years . In New 

Z e aland , D ewe s ( 1 973 ) found that a foaling percentage of 

67% in 1 903 had fallen to  49% in 1 971 . An even lower 

foaling rat e  of only 45% was recorded by van N iekerk ( 1 965a )  

i n  South Africa between 1 962 and 1 965 . 

O sborne ( 1 975 ) suggested th at the gravity of th e 

s ituat ion may have been exaggerated as the s e  e st imat e s  of 

f ert ility were ba sed on th e number of thoroughbred mare s . 

regist ered in th e stud-books of th e various countries rather 

than on th e number of  mare s actual ly serve d .  More ob j ective 

dat a can be obtained from surveys of mat ing groups . 

A three year survey of two large thoroughbred studs 

1n New Z ealand disc lo sed that of all mare s mat e d , only 54% 

produc ed a viable foal (Elliott , Callaghan and Smith , 1 97 1 ) . 

A s imilar f igure was released by the New Z e aland Thorough­

bred Breeders' Assoc iat ion (Anon . , 1 970 ) for th e number of  

l ive foals  re sult ing from mat ings by e ight commercially 

popular stallions in 1 966 . In a group of 852 thoroughbred 

mare s , Laing and Lee ch ( 1 975 ) found th at of the 77 . 9%  wh ich 

c once ived , 69 . 7% produced a viable foal . Product ive mare s  

again const ituted only 5 1% o f  the total number o f  mare s 

surveyed . In addit ion , the s e  figure s  att ached  major sig­

nif icanc e to the high inc idence ( 30 . 3%) of prenatal lo s s , 

of which only a small proport ion was manif e sted as clinical 

abort ion . 

E st imat e s  of total prenatal loss  in th e horse have 

b een confused due t o  problems of measuring the concept ion 

rate . In mo st studies concept ion rat e has been  determined 



23  

by rectal palpat ion b etween 35 and 45 days aft er service 

( Sullivan , Turner , Self , Gutt eridge and Bartlett , 1 975 ) . 

Much controversy exists over the role that manual pregnancy 

t e st ing may play in embryonic lo ss . Voss , Pickett and Back 

( 1 973)  e st ablished a de leterious effect on concept ion rate 

of rectal palpat ion during o e strus , and O sborne ( 1 975 ) 

incriminated rectal p alpation during e arly pregnancy as a 

c au s e  of embryonic l os s .  Oth er workers (Allen , 1 974a ; 

I rwin , 1 975 ) have f ound early manual pregnancy testing t o  

h ave no effect o n  th e incidenc e of fo etal death . 

Under current systems of int ensive stud management 

th e total concept ion rat e of thoroughbred mare s is probably 

between 65% and 70% (McGee , 1 970 ; Laing and Leech , 1 975 ) . 

Sullivan et al . ,  ( 1 975 ) rec orded a f irst service concept ion 

r at e of 43% , a cumulat ive pregnancy rate of 77% and a preg­

nancy loss of 12% afte r  45 days . F igure s released by th e 

N e w  Zealand Racing C onferenc e reveal an annual abort ion rate 

o f  1 3% ,  s imilar to that report ed from other studie s  ( Day , 

1 95 7 ; Matassino , 1 962 ; McGe e , 1 970) , and a ?0% inc idence 

of so-called 'barren' mare s . A proportion of th e latter h ad 

almo st c ertainly undergone embryonic lo ss . 

Th e most rel iab l e  method o f  determining total pre ­

nat al loss  is by post-mortem examinat ion of mares  at various 

int ervals after service .  In 1 920 , a survey in Scotland 

( Corner , 1 923 ) of 28 , 000 mat ings in C lyde sdale s and 3 , 640 

m at ings in thoroughbred horses  revealed prenatal death 

r at e s  of 48% and 5 9%  r e spect ively . A comparab le result was 

o bt ained by Osborne ( 1 975 ) fo llowing the inspe ct ion of 5 1 98 

ut eri . She detected p o s it ive evidence of abort ion in 50 . 3% 

o f  765 ut eri wh ich sho wed evidenc e of pregnancy . In th e 

s tudy by O sborne ( 1 975 ) , a proport ion of th e loss  was attri-
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but e d  to increased stre s s  factors , namely unsympathetic 

h andling , long dist ance transport and inade quat e fo·od and 

wat er . 

F rom a study of prenat al loss in th e pig , Corner 

( 1 923 ) discovered an init ial lo ss  of 20% of ova before the 

f ourth week of pregnancy . Hanley ( 1 961 ) report ed that 33% 

o f  p ig embryos die during th e first half of gestat ion . 

Dufour and Fahmy ( 1 975 ) considered embryonic mort ality t o  

b e  the most important f actor determining litter s iz e  in 

diff erent breeds of pigs . They found that 1 9%  of ova 

re leased from th e ovary were lost during th e f irst 23 day s  

of pregnancy , wh ile losses  aft er th is stage were very few . 

I n  h is investigat ion of repeat-breeder cows , def ined as 

tho s e  cows not conc e iving to first service , Casida ( 1 95 3 )  

f ound that 59 . 4% of pre sumably normal embryos were lost 

during the first 34 days of ge station . Obvious ly early 

e mbryonic  death was a major limit ing factor in th e reprod­

uct ive p erformance of these animals . 

F rom cumulat ive studies in humans , Rock ( 1 940) con­

c luded that a� abort ion rate of 25% was a conservat ive 

e st imat e , and it was later sh own (Hert ig ,  Rock , Adams and 

M enkin , 1 959) that th e great e st loss  of ova o ccurred during 

pre implant ation stages of pregnancy . Following the examin­

at ion of t en abnormal human conceptuses  obt ained by hyster­

e ct omy , Hert ig ,  Rock and Adams ( 1 956)  doubted whether the 

more abnormal conceptuses would have developed t o  a stage 

sufficient to cause c l inical evidenc e of pregnancy . Com­

b in ing th e frequency of clinical abort ions ( 1 5% )  with a 

3 0% lo s s  of pre imp lantat ion stage s , C arr ( 1 970a) c alculat ed 

that prenatal de ath account ed for 45% of all c oncept ions 
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in women.  

A s  in  other spe c ie s , detected abort ions in th e horse 

repre sent only a small fract ion of total prenat al lo ss , mo st 

of wh ich occurs during early stage s of pre gnancy (Moberg , 

1 975 ) . The exte�� of  th e problem of early embryonic lo s s  

in mare s was emphas iz ed by Du Pless is' ( 1 964) discovery 

th at 38% of mare s wh ich did not return to oe strus aft er 

s e rvice were found to be barren when examined for pregnancy 

aft er 40 days . ·In ye arling mare s Mitchell and Allen ( 1 975 ) 

reported a h igh inc idenc e (46% ) of early pregnancy loss 

e ve nly distributed  between 60 and 140 days ; losses  earlier 

than 60 days of gestat ion were unknown but lo s s e s  later than 

1 40 days were very few.  

The cause s of  embryonic loss  in dome st ic animals 

have remained largely unexplained . Consequent ly , treatment 

has  oft en been emp irical . In 1 953 Casida wrot e of sub­

fert ile cows : "Many different treatments are attempt ed in 

gett ing repeat breeders to conceive . Almo st any treatment 

appe ars t o  do some good , but none appears to  do a gre at de al 

of good . " 

Inve st igat ion of the aet iology of embryonic lo ss  in 

th e horse has been dominated by the f ields of infection and 

endocrino logy . Th i s  emphasis is now being que st ioned . 

Inf e ctious agent s were shown to  be of l itt le or no 

importance in th e aet iology of early foetal lo s s  in yearling 

mare s ( M it chell  and Allen , 1 975 ) . Although infection o f  

th e foetus in ute ro may be a s ignif icant c ause of prenat al 

mortality in later  month s of pregnancy , Platt ( 1 973b , 1 975 ) 

concluded that inf e ct ion was prob ably seldom th e primary 

c au s e  of  abort ion . To  explain the divergence b etween con-

c ept ion and foal ing rates ,  Osborne ( 1 975 ) drew att ent ion 
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to  the increasing stre s s e s  of modern intens ive stud manage­

ment . Other factors incriminated in prenatal loss have 

inc luded hormone malfunction , immaturity and inade quate 

nutr ition . 

Much of th e enthusiasm for various tre atment s , par­

t icularly hormone th erapy , h as derived from clinical 

exp erienc e s . In th is c ontext it has b een shown (Malpas , 

1 93 8 )  that 62% of women who h ad abort ed twice c arried th e 

th ird baby to term without spe c if ic treatment . Ganjam , 

Kenney and Flickinger ( 1 975 a )  have que st ioned the efficacy 

of exogenous progesterone in the treatment of abort ion and 

conc luded that " the  whole problem of h abitual abortion and 

it s treatment in mare s needs re-evaluat ion . "  

F or more than 50 years it has b e en known that many 

abo rted conceptuses  were structurally abnormal .  Environ­

ment al f actors were b e lieved to be primarily re sponsible  

for congenital defe cts  in th e develop ing embryo unt il 

abnormal ities were discovered in pre implant at ion stage s 

of p ig embryo s ( Corner , 1 923 ) . In assoc iat ion with th i s  

f inding Corner ( 1 923 ) wrote : " it se ems that in the pig 

there  is  litt le evidenc e that faulty implantat ion is a c au s e  

o f  embryonic mort ality and abnormality , but much to indicat e  

that embryo s may become abnormal in sp it e of a ut erine 

environment wh ich is by all the crit eria at our present 

command , anatomically and funct ionally normal . "  Anomal i e s  

of deve lopment were pre sent at a l l  st ages  o f  pregnancy and 

h e  also ob served defect ive and normal embryos in the same 

ut e rus . Corner ( 1 923 ) attributed at least part of the 

emb ryonic mortality to  leth al factors with in the germ c e ll s  

and embryo s .  Similarly , abnormalities  in e arly monkey 
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e mbryo s were thought to have originated from const itut ional 

defect s  of the embryo itself ( Corner and Bartelmez , 1 953) . 

Hert" ig and Rock ( 1 949) studied 28 e arly human con­

c eptuse s obtained by hyst erectomy and dec ided that 25% of 

them had been de stined to abort . In all cases  the endome­

trium was normal . In a sub se quent study ( Hert ig et al . , 1 956) 

�4 zygot e s  of fewer than 1 7  days gestat ion were recovered 

from the ut eri of women of proven fert ility . Ten conceptuses  

were abnormal , of  which four would probably never have 

imp lant ed . 

The idea that chromo some disorders might be a s ign i­

f ic ant cause of spontaneous abortion in humans re ceived 

support with the finding of two children with lethal chromo ­

some const itut ions (Edwards , Harnden , C ame ron , Cro sse and 

W olff , 1 960 ; Pat au , Smith , Therman , Inhorn and Wagner , 

1 960) and shortly after , two inst ance s  of foetal death were 

found to be assoc iat ed with triplo idy of the fo etus ( Penro se 

and De lhanty , 1 961 ; Delhanty , Ellis and Rowley , 1 961) . 

The f irst reports of chromo some studie s of spont an­

e ou s  abort ions in women revealed a high inc idence of 

chromo some aberrat ions ( C arr , 1 963 C lendenin and 

B enirschke , 1 963) . Many subsequent studies have e st�blished 

the inc idence of chromosome anomalie s in spontaneous abor­

t ions at approximately 36% ( C arr , 1 970a) ,  a frequency 

r emarkably s imilar to that found in t en day pig blastocysts 

( McF e e ly , 1 967) . 

Almo st 1% of liveborn infant s have a major chromo­

s omal abnormality (Friedrich and Nie l sen , 1 973 ; Hamerton , 

C anning , Ray and Smith; 1 975 ) but this repre sent s  only a 

small proport ion of all conceptuse s with chromo some 
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abnormalit ies . The inc idence of chromo some anomalies found 

in conc eptuse s de crease s  progressive ly from concept ion unt il 

term ( C arr , 1 970a ; Machin ,  1 97�) . 

A variety of chromo some aberrat ions are now known to  

be assoc iated with embryonic death and pre natal loss  in the 

pig (McF e e ly ,  1 967 ) and cat ( B enirschke , Edwards and Low ,  

1 97�) and anomal ie s of the sex chromo some s have b een found 
� 

in infertile mare s .  Studie s  of hab itual abort ion in women 

have sugge sted that parental chromo some anomalie s may p l ay 

a role in th e aet io logy of recurrent abort ion and one case  

of  a chromo somal trans locat ion in a boar has b e en linked · 

with embryonic death (Ake sson and Henricson , 1 972) .  

Thus human studie s have revealed th e importanc e of 

chromosomal errors in infertility and abort ion,and numerous 

example s of chromo some anomalies in the domestic  animals are 

now known . Due t o  the limit ed amount of research undertaken 

in this field , th e s ignificance of chromo some disorders in 

embryonic loss h a s  not yet been established for th e dom e st ic 

animals .  However , the pre liminary report s  out lined above 

h ave demonstrated  remarkable similarit ies to the s ituat ion 

in man . 
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PART II 

MATERIALS AND METHODS 

II . � .  PRELIMINARY STUDY OF ABORTED FOETUSES 

-. 
A pre liminary study of spont aneously abort ed e quine 

f oetuse s was undertaken on c ases  referred by f ield veter-

inarians . Twenty-six abortus e s  with gestat ional age s  

b etween f ive month s and t erm were involved in th is study . 

When the abortus was availab l e  a rout ine autopsy was 

performe d , supplemented by b acteriological and h istological 

inve st igat ion of body organs , inc luding th e sp leen , brain , 

lung , lymph node s , p lacent a , kidney , l iver and adrenal 

g lands . 

F rom the foetus , a s amp le of subcut ane ous fas c ia was 

c o lle cted into a universal bottle containing HBSS (Hanks ' 

B alanced Salt Solut ion ; Hanks , � 948 ) , and cell  culture s 

were prepared according t o  th e meth od described by Hyman 

( '1 968 ) . 

I I . 2 .  METHOD FOR OBTAINING EQUINE EMBRYOS 

i )  Experimental animals 

A group of � 2  mare s and one stallion was graz ed on a 

30  acre grassed paddock.from O ctober unt il March . During 

the int ervening s ix month s they were confined t o  a thre e 

acre f ie ld and fed hay .  Each horse was drench ed regularly 

with 60g E quizo le and �5g Neguvon at two monthly intervals .  

T reatment for lice  in wint er and spring involved dust ing 

e ach horse twice at �4 day int ervals  with rot enone powder 

(Appendix . I ) . 

Due to graz ing m·anagement observation of the mat ing 
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group during th e bre eding season was infrequent and it was 

not p o s s ible to obtain acc·urat e mat ing date s for individual 

mare s .  Diagno sis of pregnancy·therefore re lied on rect al 

palpat ion . 

ii)  Pregnancy d�agnosis  

D iagno sis of early pregnancy by rectal palpat ion 

invo lved the det e ct ion of ch ange s  in tone and th ickne s s  of 

the wall s  of the ut erine h orns and palpat ion of an embryonic 

mas s . V an N ieke rk ' s  ( 1 965 a ,  1 965c )  c laim that it is 

" p o s sib l e  to make a diagno sis of pregnancy at 14 days and a 

def init e diagnosis  of pregnancy 16  t o  1 9  days aft er ovulat ion" 

was disputed by B ain ( 1 967a) who was unable to  give a nega­

t ive and often even a posit ive diagno sis  of pregnancy at 

f ewer than 25 days . Bain ( 1 967a) considered 30 days after 

ovu lat ion the earliest pract ical t ime t o  present mare s for 

pregnancy diagno s i s . 

The reproduct ive tract of e ach mare was examined per 

rectum at intervals of one we ek throughout th e breeding 

s e ason .  Part icular att ent ion was paid t o  the stat e  of the 

ovarie s and uterus . In view of Bain ' s ( 1 967a) c onclusion , 

mare s were not presented for surgery unless  a pregnancy of 

at least 30 days durat ion had been e st ablished . A p o s it ive 

diagnos is of pregnancy was made at approximate ly 30 days 

gestat ion on the bas is of ut erine t one and th e presenc e  of 

an embryonic swe lling . This was c onf irmed immediately prior 

to surgery . 

iii)  Anae sthesia  

Each mare was premedicated with a tranquilliz ing drug 

and th iopent one sodium was used to induce anae sthesia with in 

a p added stall . Th is was followed by intubat ion , and maln-
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tenance of anae sth e s ia with oxygen and haloth ane supplied 

through � semi-closed to  and fro anae sthet ic apparatus 

inco rporat ing a soda lime c annister to remove carbon 

dioxide . 

iv) Surgery 

The patient was posit ioned on th e adjustab le oper­

at ing table in dorsal re cumbancy with th e hind legs pas sively 

ext ended , and the operat ion s ite was rout ine ly prepared for  

surgery . 

An incision 1 5  cm in length was made through th e 

l inea alba in th e ventral midline between th e umbilicus and 

th e mammary gland . Th e uteru s  was located and th e pregnant 

horn exterioriz ed . Unt il th e uterine inc i sion was completed 

the embryo was temporarily excluded from th e sit e  of 

inc ision in the uterine horn by manual pre ssure from out s ide 

the ut erus . St ill enclosed with in it s int act chorio­

allantoic membrane the embryo was expressed through the 

inc i s ion and transferred to a sterile glas s cont ainer 

(F igure I I . 1 ) . 

Standard surgical technique s were employed to close  

the w-ound . Separat e  clo sure of  the peritoneum was cons id­

ered unnec es sary and it was usually included in a singl e 

layer of suture s with th e linea alb a .  

Tet anus ant it oxin was administered to the patient 

aft er each operat ion but no addit ional postoperat ive treat ­

ment was given . The pat ient was returned to  th e mating 

-group three  days aft er surgery and the skin suture s  were 

removed a week- later . 



F igure II . 1 . Surgical removal of an equine 

embryo from the uterus of a 

mare . 
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I I .  3 .  IN VITRO CULTURE OF BLOOD LEUCOCYTES 

i) Hist ory 

34 

In 1 960 ,  Moorhead ,  Nowe l l , Mellman , Bat ipps and 

Hungerford introduced a proc e dure for the preparat ion of 

human leucocytes  for chromo some analysis . Th i s  involved the 

sho rt t erm cell  culture of 1 0  ml of venous blood . Modif i­

cat ions of the basic technique (Edwards and Y oung , 1 961 ; 

Edwards , 1 962 ; F r� land , 1 962 ) were de signed t o  separate 

out the leucocyt e s  and reduce th e volume of blood required , 

and Arakaki and Sparkes ( 1 963 ) obt ained sat isfactory chromo­

some preparations from blood vo lume s as small  as 0 . 05 ml . 

'The h orse lends it se lf t o  leucocyte culture more 

readily th an do the other dome stic animals due t o  the rap id 

spontaneous separation of leucocyt e s  and erythrocytes wh en 

equine blood is allowed to st and . Payne , Ell sworth and 

DeGroot ( 1 968) utilised th is p roperty in th e development of 

a s imple t e chnique for the sh ort-term culture of equine 

lymphocyt e s . In th is study leucocyt e culture s  to  determine 

th e mitotic  karyotype of l ive hors e s  were prepared by a 

modificat ion of the latter proc edure . The c omplete leuco­

cyt e culture t e chnique used for  the h orse i s  shown in the 

flow diagram , F igure II . 2 .  Details of th e mat erials used 

are given in Appendix III . 

ii ) Culture of cells 

F our 10  ml blood sample s were colle cted asept ically 

from the jugular ve in into an hepariniz ed vacut ainer . For  

transport t o  the laboratory the vacut ainer was  packed with 

ice ins ide an insulated flask . 

Each sample was allowed to  stand vert ically f or 20 

m inute s  at room t emperature .. The erythrocyt e s  sediment ed 
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quickly wh ile th e leucocyt e s  lagged beh ind and formed a 

"buffy c o at " .  Two ml of th e leucocyt e-rich p lasma were 

transferred to a universal container to wh ich was added six 

ml of medium 1 99 ,  0 . 2  ml phytohaemagglut inin and suff icient 

sodium bic arbonat e ( 1 0%)  to ad just th e pH to  neutrality . 

Each culture was incubated at 37° C for 48 to 72 hours . 

iii) Metaphase arre st with co lchicine 

A lterations in th e pH of th e culture were visible as 

a ch ange in colour due to  the indic ator , ph eno l  red , wh ich 

was inc luded in the growth media . Rapid metab o lism of c e ll s  
� 

re sult e d  in a fall in pH and a colour change from red to  

ye llow . Culture s judged to  contain act ive ly dividing c e ll s  

were treated  with co lch icine aft er 4 8  hours incubation while 

colchicine was not inoculated into slower growing cultures 

unt il 72 hours of incubat ion had elapsed.  After the 

addition of colchicine ( 0 . 1  �g in 0 . 1  ml) to  e ach culture , 

incubat ion was c ont inued for a furth er 16  hours . 

Different animals and t issues  vary in th e ir re sponse 

to colch icine , and the durat ion of treatment and concent ra-

t ion of co lchic ine must vary according to exp erience with 

individual tissu e s . Exce s s ive contract ion of chromo some s · 

has been noted with colchic ine treatment at h igh concentra-

t ions ( Hyman , 1 968 ) and for prolonged periods ( Moorhe ad 

et al . , 1 960) . In this study sat isfactory re sult s were 

achieved with colchicine treatment over a c ons iderable 

int erval but at very dilute concentrations . 

iv) Treatment with hyPotonic fluid 

Hypotonic fluid treatment of cell suspensions to 

spre ad met aphase  chromo some s was introduced by H su ( 1 95 2 ) . 

The dis covery of this effect was the result of an acc ident 
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whereby culture s were washed  in hypotonic Tyrode ' s  solution 

instead of isotonic saline b efore f ixat ion . Many solut ions 

are now known to produce a comparable effect (Makino and 

Nishimura , 1 952 ; H su and P omerat , 1 953 ; Hyman , 1 968 ) . 

Rupture o�. cell membrane s may be a .conse quence of 

prolonged exposure of cells to  hypot onic so lut ion and th ere 

is a tendency for chromo some out line s to become b lurred 

( T j io and Levan , 1 956) . The a im is to abbreviat e-hypot onic 

treatment to  a m inimum in· th e attempt to induc e  chromo some 

scattering without th e unfavourable effects on th e chromo­

some surface .  

Th e author used a 0 . 075 mo lar solut ion of potas s ium 

chloride (Hungerford , 1 965 ) for hypotonic treatment . Ade quate 

spread and definition of met aph ase chromosome s were obt ained 

after incubating cells  in hypotonic solution for 20 minute s . 

v) Fixat ion of cells  

The quality of  met apha s e  plat e s  is inf luenced by  the 

method and durat ion of f ixat ion . Rothfels and Siminovit ch 

( 1 958) found that clump ing of chromo some s could b e  reduc ed 

by the slow addit ion of f ixat ive and delayed breaking up of 

the cell depos it . Th is c an also be  achieved by the fixat ion 

of cells suspended in considerable amount s of hypotonic 

f luid ( Axelrad and McCullough , 1 958) . Ford and H amerton 

( 1 956) reported that the quality of fixat ion was slight ly 

improved by using ch illed f ixative . 

In the pre sent study f ixat ion of cells  for 60 minut e s  

a t  4° C produced good quality metaphase chromo some s . 

Ce lls in suspension were f ixed undisturb e d  for 60 

minute s  at 4° C in a fre sh ly prepared mixture of methyl 

alcohol and glac ial acet ic ac id ( 3  : 1 ) . Spreading of 
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chromo s ome s was fac ilitated by dropping th e c e l l  suspension 

from a h e ight of 20 cm on to c lean slide s covered by an even 

f ilm of ch illed distilled wat e r .  Slide s were then allowed 

to air dry b efore each slide was labe lled with a serial 

number , case  number and the year .  

vi) St aining t echniques 

a) General procedure for mitot ic c e l l s  

P repared dry slide s were dipped in absolute alcohol 

and stained with 2% Giemsa for 10 minutes , rinsed under t ap 

wat er and allowed to air dry (Appendix IV) . 

P rior to staining , a precursory examinat ion of the 

s l ide s was made with a phase c ontrast microscope . Those  

slide s cons idered suitable for chromo some analysis  were 

st ained , soaked in xylol for f ive minut es , and a coverslip 

was aff ixed using DePex . 

b )  Centromere staining 

S ince th e init ial observations of th e different ial 

st aining of the c entromeric heterochromatin of mitot ic 

chromo s ome s from mice after treatment with sodium hydroxide 

and Giemsa stain ( Pardue and Gall , 1 970 ; Yunis , Roldan , 

Y asmineh and Le e ,  1 971 ) , centromeric st aining as a means of 

chromo s ome ident ification h as been recogni z ed in several 

spe c i e s  including man ( Chen and Ruddle , 1 971 ) , the mouse 

( H su , C ooper , Mace and Brinkley , 1 971 ) , ox (Hansen , 1 973 ) 

and th e goat and she ep (Evans , Buckland and Sumner ,  1 973 ; 

Bruere , Z artman and Chapman , 1 974) . 

The method de scribed by Chandley and F letcher ( 1 973)  

was used  for c entromeric staining of mitot ic chromo some s in 

th is study . Th is procedure was in turn based on that of 

Sumner ( 1 972) with th e variat ion that incubat ion with Ba( OH ) 2 

last e d  1 0  minut e s  rather than 10 seconds ( Appe ndix V ) . 



38 

F I G U R E  11. 2.  F LOW D I AG RAM OF LE UCOCYT E CU LT U R E  T ECHNIQUE F R OM 
HO RSE BLOOD. 

Hepari nized whole 
b lood ( 1 Oml) 

� 
Stand vertically at room 
temperature for 1 5-30 

minutes 

+ 
Leucocyte-rich plasma 

withdrawn 

Cel l culture media 
Medium 1 99 

6 ml 

Phytohaemagglutin 

~ 
2ml I 

Sod ium bicarbonate 
( 1 0%) NaHC03 

"'-../� 
U N I V E RSAL 

37° for � 72 hours 

Aqua-Colch in 1 O.l�g t 
37°C for 1 6  hours 

� 
Transfer cu ltures to centrifuge tubes 

� 
Spin 5 minutes at 1 000 r. p. m . 

Discard .---------- � 

Total incubation time 
88 hours. Universal 

jars in i ncubator. 

supernatant Cel l  
deposit� 

Resuspend cells 
in 1 Oml hypotonic 

- (0. 075M) KCI. 

I ncubate 20 minutes at 37°C 

� 
Centrifuge 5 minutes at 1 000 r.p.m. 

�· 
Discard Cel l  

• supernatant deposit �----.._ ...... Suspend cells in 
chi l led, freshly 
prepared fixative 

Discard 4-" 
supernatant 

Cel ls dropped from 

Stand 60 minutes at 4°C .....-----. 
� 

Centrifuge 5 minutes at 1 000 r.p.m. 

- � 
Cel l  deposit 

t 
pipette onto ch i l led wet.,_ ________ . Resuspend in few drops 
sl ides. Air-dried. fresh fixative 
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II . 4. F IBROBLAST CULTURE 

i ) Introduct ion 

M any methods of cell culture have b e en used for the 

prepar at ion of metaphase chromosome s from mammalian cells . 

The c e l l  culture technique s commonly used involve ( 1 )  th e 

culture of tis sue explant s with th e aid of adh erents , and 

( 2) m6nolayer c e l l  cultures employing en zym e s  for cell 

dispersi on . 

A lthough enzymic disaggregat ion for small explant s of 

s olid t is sue h as been described ( Puck , Cie c iura and Rob inson , 

1 958) , th i s  t e chnique is often inade quate for fibrous 

t issue s and small b iop sie s .  For the se t is su e s  the explant 

culture methods using adh erent s are effect ive . 

S ince the introduct ion of the cellulo s e  sponge t o  

hold e xp lant s against the growing surface ( Leighton , 1 95 1 ) , 

a wide range of adherent s performing a sim ilar t ask h as been 

describ e d . H su and Kellogg ( 1 960 ) used a c e l lophane sh eet 

to hold t i s sue explants against th e growing s�rface , wh ile 

B asrur , B asrur and Gilman ( 1 963 ) described an explant cul­

ture t e chnique allowing chromosome characterization of cells 

growing on coverslip s .  Probably th e mo st popular method 

of fix ing t is sue fragment s to the growing surface has been 

the u s e  of a plasma clot (Harnden , 1 960 ) . Cells  from th e 

primary exp lant may be dispersed with tryp s in and subcultured ,  

o r  they may b e  studied direct ly . The procedure used in th is 

study was adapted from the plasma c lot embedding technique 

de scrib e d  by Hyman ( 1 968) . 

The monolayer technique of cell  culture developed by 

Evans and E arle ( 1 947) has proved very popular and it s use 

h as b e e n  de scribed by a large number of workers  ( Rinaldini , 
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1 954 ; H inz and Syverton , 1 959) . The cells  are dispers ed 

from living t issue s by the action of enzyme s ,  mo st commonly 

tryp s in ,  often supplement ed by mechanical agitat ion . Al­

though mo st suit able for the cell  culture of embryonic 

tissue s ( Moscona� 1 952) , the culture of tryps in-dispersed 

cells  a s  a monolayer has b e en suc c e s sfully applied to a 

wide r ange of tissue s and ext ended even to plac ental tissue 

(Thiede , 1 960 ) and trophoblast ( Valent i ,  1 965 ) . A similar 

procedure was followed by the author for the mono layer cell 

culture of e quine embryonic t issue s .  

A ll cell  culture procedure s require complete sterility 

and a high degre e of cleanline ss  of apparatus and glassware . 

Detail s of the materials and so lut ions used are given in 

Append ic e s  VII and VIII . 

ii)  Preparat ion of cell mono layer from t i s sue explant s 

Metaphase spreads of c e lls from solid t is sues were 

obt ained f ollowing cell culture by a plasma clot embedding 

t echnique ( Hyman , 1 968) . This proc e dure was employed for 

t is sue  sample s from abort ed e quine foetus e s  and living 

adult hors e s . 

a)  Preparation of t is sue explant s 

P rior t o  sampling , the biopsy site was g iven a 

rout ine surgical preparat ion.  A sample of subcutaneous 

fascia  was exc ised from the neck of a standing horse with 

the aid of a local anae sthetic  (Xylocaine 2% ) . This was 

inf iltrat e d  in the form of an L-block to exclude toxic 

eff e ct s of the local anae sthe t ic solut ion from the t issue 

sample . A similar procedure but without local anaesthet ic 

was f o llowed for the sampl ing of t is sues from non-living 

spe c imens . Tissues selected for culture included muscle , 
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t endon , c art ilage , liver , lung , mucous membrane , amnionic 

membrane , tunic a  albuginea and skin . 

A t is sue sample one cub ic c ent imetre in s ize  w� s 

colle c t ed into a 25 ml universal bottle containing ten ml 

of HBSS . Under a laminar flow c abinet the t i s sue was 

divided into fragment s about 1 mm s quare . The se were trans­

ferred to a universal c ontainer , t en ml of growth medium 

were added ,  and the culture placed in an incubator at 37° C .  

After two days incubat ion the float ing explant s were 

replaced from the universal into 50 ml culture flasks . 

F ourt e e n  explant s , each to be embedded beneath a plasma clot , 

were e quidist antly posit ioned on the floor o f  e ach flask.  

At least 6 cultures were prepared for each spe c imen. 

b) Method for obtaining plasma 

Fresh p lasma was obt ained from a normal donor or , 

when convenient , from the p at ient under inve st igation . 

Blood was collected asept ically into a st erile vacutainer 

cont aining three ml of Alsever ' s s o lut ion , c entrifuged at 

2000 r . p . m .  for ten minute s , and the calc ium-free plasma 

withdrawn int o a sterile b i j ou bott le . Plasma was be st 

used immediat e ly but in some case s was stored at 4vc for as 

long as t wo days . 

c )  Explant attachment for primary culture 

The e quine plasma was rec onst ituted by mixing 0 . 2  ml 

of sterile calcium chloride solut ion (2% C aC l2) with one ml 

of the prepared plasma solut ion. C lott ing b egan after 

approximat ely f ive minute s .  One drop of re c onst ituted 

plasma was superimposed over each explant and the exc e s s  

removed with a Pasteur p ipett e , leaving the t is sue fragment 

surrounde d  by a thin film of plasma . F irm c lot format ion 
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was enhanced by incubat ing the culture flasks for 15  minut e s  

at 37° C before growth medium was added.  

Explant s in primary culture s remain att ached t o the 

flask while c e l lular growth radiates  outwards (F igure I I . 3 ) . 

F ibrob last-like cells mo st commonly pro�if erate from explant s 
� 

obtained from almost any organ ( Puck , Ciec iura and Robinson , 

1 95 8 ) . 

Before the outgrowth of living cells commences , 

proteolytic digest ion of the c lot by enzymic action within 

the explant may result in the exp lant breaking loose from 

the clot (Hyman , 1 968) . The period of incubat ion with 

exp lants float ing in growth medium appeared to reduce enzyme 

act ivity and the problem was overc ome . 

d) Development of cell  mono layer 

When adequat e c e ll growth around the eA�lant s had 
- -

deve loped , the primary culture was rinsed witb two ml of 

pho sphate buffered saline ( PBS) and incubated at 37° C f or 

five minute s  with one ml of 0 . 05% trypsin solut ion (ATV ) . 
.. 

Tryp s in act s on the int erf ibrillary substance ( Day ,  1 949 ) 

and the plasma clot , dislodging both growing cells  and 

explant s . 

After c e ll det achment was complete , the remaining 

tryp sin was inact ivated by the addit ion of one ml of f o etal 

bovine serum t o  each culture f lask . Growth medium was 

replenished and the culture incubated for s ix hours before 

the media containing c ellular debris and f loat ing explants 

was asp irated and replaced with fresh media . Living c e ll s  

remain attached to the f l o o r  of the flask and mult iply to 

form a monol�yer . 



F igure II . 3 .  Primary cell culture 

showing outgrowth of cells  

from a tissue explant . 

(Magnif ication 5x) . 

4 3  



iii) Tryps in disaggregat ion technique £or c e l l  culture 

a )  Treatment of embryo s 

4-4-

E quine embryos aged between 35 and 65 days of ge st a­

t ion were removed asept ically from the uteri of pregnant 

mares and transported separat ely to the laborat ory in 

500 ml screw-top j ars containing a sterile transport medium 

(Appendix VIII a) . The intact embryo was photographed and 

a measure of crown-rump length as sessed with a flexib le  

rule . Due t o  varying criteria of measurement , it was 

difficult t o  obt ain a consistent standard for aging horse 

embryo s .  The method employed was comparab le to the 1 1 cur'ved 

crown-rump length" used by Joubert ( 1 956) , t aken as 1 1 the 

gre at e st distanc e from the t ip of the forehead along the 

dorsum to the tail  head" . The age of the embryo was then 

c alculat ed from known standards (B ergin , G ier , Frey , and 

Marion , 1 967 ; E vans and Sack , 1973 ) . 

Under sterile condit ions the embryo was separated 

from its  membrane s ,  transferred to a petri dish cont aining 

two ml of an ant ib iotic solut ion (App endix - VIII  c )  and 

chopped as f inely as possible with cro ssed s c alpe l  blade s .  

The re sult ing- mas s of cubes  of edge less than two mm 

floating in ant ib iot ic solut ion was transferred t o  a 1 25 ml 

flask and immersed in tryp s in .  

Problems o f  c ellular contaminat ion were considered 

to be minimal b e c ause equine embryo s were obt ained within 

their int act p lac ental membranes before implant at ion was 

advanced . For c e ll culture only the embryo it s elf  was used 

and the surrounding membrane s were discarded .  
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b )  Primary culture 

F ifty ml of 0 . 25% tryp s in solut ion were introduced 

to the f lask and the mixture agit ated with a magnet ic st irrer .  

After 2 0  minut es agitation at 37° C the supernat ant was 

filtered through a stainle s s  steel mesh into several univer­

sal cont ainers for centrifugat ion. Occasionally cell yield 

was insuff ic ient at this st age and a further 50 ml of tryp­

s in solut ion were added and the flask content s agitated again 

for 20 minute s . In some cases  this process was repeated 

several t ime s .  

F o llowing centrifugat ion the supernatant was remov�d 

and the c e ll s  re suspended in t en ml of foetal bovine serum , 

transfe rred to a graduated c entrifuge tube and spun at 1 500 

r . p . m .  for  f ive minut e s .  

The cell c oncentrat ion was e st imated from packed cell 

volume in the graduat ed centrifuge tube . T o  inoculate 

primary cultures , cells were re suspended in foet al bovine 

serum to a c oncentrat ion of 2% packed cell vo lume , and 0 . 5  

ml of the re sult ant suspens ion introduced into e ach 50 · m1 

culture f lask. Each culture was fed with f ive ml of growth 

medium ( Appendix VII b )  and incubat ed at 37° C . A minimum 

number of 7 primary culture f lasks were prepared from each 

spe c 1me n .  

The lag p eriod o f  growth following the explantat ion 

of a suspension of cells aft e r  treatment with trypsin ( Levan 

and B ie s e le , 1 95 8 )  was not evident in this study . Normal 

and abnormal cell populat ions apparently have a s imilar 

init ial growth rat e  ( Hyman , 1 968) but the p o s s ib ility that 

chromo some anomalies may be c aused or conc e aled by eff ects 

of cell  culture cannot b e  ignored . 
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iv) R eplenishment of growth medium 

R e quirement s of growth media and growth limit ing 

factors have been we ll documented ( Harris , 1 955 ; Hyman , 

1 968 ) . Details of the growth medium employed in this study 

are listed in App endix VII . 

H arris ( 1 955 ) reported that growth rat e  is independent 

of serum c oncentrat ion above a minimal conc entrat ion ( 1 0-1 5%) . 

Hsu and Ke llogg ( 1 960) recommended 20% serum in growth media 

for primary culture s and an atm6 sphere of 5% c arbon dioxide 

to prevent a rapid rise in pH . Although high levels of serum 

have b e e n  f ound to lead to increased lipid cont ent of c e lls 

and ac idif icat ion of media ( Hanks , 1 948) , a c oncentrat ion 

of 40% s e rum was found to be suitable for this study . 

F ive ml of growth medium was used t o  sust ain c e l l  

growth i n  5 0  m l  culture flasks . To  remove unatt ached c e lls 

and debris , the growth medium was renewed s ix hours aft er 

the inoculation of primary and secondary c e ll culture s .  

Otherwise  the growth medium remained unchanged for as long 

as one we ek unless there was a marked change in pH as indi-

c ated by a colour change due to the phenol red c ont ained in 

the growth medium . 

A c t ively growing cultures of embryonic origin provide 

c arbon dioxide from cell met abolism and adjustment of cul­

ture atmo sphere with 5% co 2
· 

is unneces sary for such t is sues .  

Howeve r , tric ine buffer (Appendix VII .  c )  was included in 

the growth medium t o  stab il iz e  pH . 

Disturbance s  of pH c an cause  aneuplo idy , as not e d  
-

by F ord ( 1 973 ) , who also  observed chromosome abnormalit ies 

in act ively dividing human foetal f ibroblast s cultured in 

an alkaline medium . F luctuat ions in pH have b een sugge sted 
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(Ford , 1 973 ; Ingalls and Shimada , 1 974) as a mechanism for 

induc ing chromo s omal errors in the zygot e: 

v) A s s e s sment of cell  growth 

An invert ed micro scope was used to as s e s s  cell growth 

in culture flaski . A culture was subdivided when cell 

mult iplicat ion had formed a c omplete monolayer on the f loor 

of the f lask . 

A l l  cells adopt an e longated configurat ion when grown 

for suf f ic ient ly long periods in culture (Puck , C ieciura 

and R ob inson , 1 958) . Fibroblasts in the proce s s  of mit otic 

divis ion are charact erized by a change in morpho logy from 

spindle -shaped to spherical . Thus the proport ion of divid­

ing cells  c an b e  est imated by micro scopic examination t o  

give an indicat ion o f  the t iming and effect of co lchic ine 

treatment (F igure s  II . 4 and I I .  5 ) . A culture was c ons id­

ered suit ab le for colchic ine treatment to arre st mitotic  

division in met aphase when the cell monolayer c overed 

approximat e ly 50% of the available surface . 



F igure I I . 4 . F ibroblast cell culture 

which has formed a comp lete  

mono layer . (Magnificat ion 5x) . 

F igure II . 5 .  Monolayer cell culture aft er 

1 6  hours expo sure to c olchic ine . 

Not e the large number of spherical 

c e l ls which have been arre sted in 

metaphase • . ( Magnif ication 5x) . 

4 8  
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vi) Preparat ion of culture s for sub culture or harve st 

Mono layer cell culture s growing in 50 ml flasks were 

e ither divided into secondary culture s ,  froz en for storage , 

or treated with co lchicine and harve sted . A st andard te chni­

que was used to provide a c e l l  suspension . 

Gro wth medium was asp irated from the culture flask 

and the monolayer rinsed with two ml of PBS . Under the 

act ion of one ml of 0 . 05% tryp s in s o lut ion (ATV ) , living 

fibroblast s be c ame spherical and lo st the ir att achment t o  

the flask . Depending on cell  type and the age of the culture , 

det achment was complete aft er f ive t o  15 minut e s  at 37° C . · 

R ap idly growing cells and tho s e  arre sted in met aphase by 

colchic ine were dis lodged more eas ily than o lder cells in 

slow growing culture s .  An inverted microscope was used to 

check that all ce lls  were det ached . 

Susceptibility to tryp s in varie s acc ording to cell 

typ e (Harris , 1 955)  but tryp s in is very slow t o  damage live 

cells  ( Medawar , 1 941 ; Mo scona , 1 952) . Trypsin selectively 

dige st s dead cells  due to change s in permeability (Rinaldini , 

1 954) . Whether or not the tryp s in treatment o f  c ell culture s 

result s in an increased frequency of chromo some breaks is  a 

matter of disput e ( Levan and B ie sele , 1 958 ; H su and Kellogg , 

1 960) . 

a) Sub cultures 

When c e ll det achment was c omplete ,  surplus tryps in 

was inact ivated by the addit ion o f  one ml of foet al bovine 

serum (F . B . S . ) to e ach culture f lask . 

Subculture s were prepared by inoculating half of the 

cell  suspens ion in each culture ( one ml ) into a fresh flask . 

The original f lask and new sub culture were both f ed with f ive 

ml of growth medium and incub ated at 3 7° C .  This proce s s  
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c ould be repeated many t ime s and a maximum of e ight passage s 

was used for one case ( 1 9B )  in this study . 

b )  Harve st of fibroblast cultures  

Colchic ine was inoculat ed into each culture to a f inal 

conc entrat ion of 0 . 02 �g/ml and incubat ion cont inued for 1 6  

hours before harve st . Each culture was tre ated with tryp s in 

as described previously and transferred to a graduated 

centrifuge tube together with the growth medium and PBS 

washings from the same flas k .  

Subsequent harve st ing procedures were ident ical t o  

tho s e  used for l eucocyte culture s .  

vii) Storage of cells 

Suspens ions of cells were st ored at -70° C .  Embryonic 

cells  not required for the inoculat ion of primary cell cul­

ture s were frozen after disaggregation and conc entrat ion . 

Primary and secondary cell culture s surplus t o  requi�ement s 

were also c oncent rated and frozen at -70° C .  

C e il s  de st ined for fro z en storage were suspended in 

FBS to a packed c e l l  concentrat ion of 20% , to which was added 

10% by volume of dimethyl sulphoxide . The suspension was 

dispensed in one ml aliquot s into glass ampoule s , wrapped in 

several layers of cotton wool ,  packed in a plast ic bag and 

p lac ed at -70° C for at least 1 2  hours . The glass ampoules  

were then unwrapped and stored in a plastic container . 

When re quired to inoculate fresh culture s ,  an amp oule 

was thawed rap idly at 37° C ,  dilut ed with FBS and inoculated 

into culture f lasks to a f inal c oncentrat ion of 2% packed 

c e l l  volume . 



II . 5 .  SEX CHROMATIN STUDIES 

i)  Sex chromat in of  nerve t is sue 

5 '1  

During the autop s i e s  o f  three horse s ,  sect ions o f  

nerve t issue were obtained within one hour of de ath from the 

following regions : �  

( '1 )  Cerebellum . 

Cer�ical region of sp inal cord . 

Thorac ic region of sp inal cord . 

Lumbar region o f  sp inal cord . 

( 2) 

( 3 )  

( 4) 

( 5 )  Sp inal cord from the region o f  the sacral 

vertebrae . 

These  histological s e c t ions were fixed in 4% formalde­

hyde for 24 hours before undergo ing a rout ine emb edding 

pro c e s s  prior t o  sectioning . Sect ions of thickne s s  7� were 

transferred to s lide s and st a ined with cre syl echt violet 

( Co leman and Bell , 2% )  for f ive seconds . The gray matter 

was examined microscop ically f o r  the pre sence of s ex chromat in . 

Approximat ely '1 00 cells from e ach region of the spinal c ord 

were sc ored for the presence or absence of a s ex chromat in 

body . F or each cell  examined a sket ch was drawn , showing 

the shape of the cell and the re lat ive po sitions of the nuc l eus , 

nucleolus  and sex chromat in . 

ii)  Sex chromat in of  polymo rphonuclear neutrophils 

Peripheral blood smears from three horses  were rout inely 

prepared , air dried , and st ained with MacNeal ' s  st ain . Slide s 
-

were s canned under o il immers ion ( 500x magnificat ion) and 

neutrophils scored for the pre sence of nuclear appendages  

( "drumst icks " ) . 



II . 6 .  ANALYSIS OF RESULTS 

i)  Micro scopy 

All slide s were scanned with the low p ower ( 10x) 

ob j e ct ive . Suit able metaphase spre ads were s e lected for 

examinat ion under ··the 20x ob ject ive . Vernier readings of  
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the relat ive position of the microscope st age were re c orded 

for e ach sele cted cell . The select ion and number of meta­

phase s  analyz ed are important factors in asse s s ing the bias 

against the detection of po ssible mo saic s .  T o  avo id s e lection 

of nuc l e i ,  every metaphase se lected under low power was 

counted under high power . 

Chromos ome spreads of satisfact ory quality were 

studied under oil immers ion at 500x or 1000x magnific at ion. 

The chromo some s in each cell were counted and recorded , and 

any abnormalit ies noted . From each case a number of ce l l s  

were chosen  to be photographed and ka+yotyped . A similar 

pro c e dure was adopted with the sex chromatin studies .  

The number of cells counted and analyzed varied 

between c ases . Hyman ( 1 968) c ons idered the analysis of 20 

cells  s e le cted at random from at least two cultures t o  b e  

suffic ient exc ept in the case of mosaicism. McCreanor ( 1 974) 

judged the count ing of 30 - selected ce lls  suff ic ient t o  exc lude 

mo saic i sm .  Mosaicism is suspe cted if a cons istent abnormality 

is f ound in some but not all cells . 

ii) Photographic technique s 

Photographs were taken at 500x magnificat ion with a 

green B al z ers K-4 f ilter placed over the light source t o  

reduce g l are . The wide fie ld ( 10x) eyepie ces  were exchanged 

for one ordinary eyepiece ( 1 0x)  and one photographic eyepie ce 

with a f o cussing frame . 
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A constant exposure t ime of one sec ond was adhered t o  

· with C opex-pan rap id f ilm 3 7  A . S . A .  (Agfa-Gevaert ) .  E ach 

f ilm was deve loped , and enlarged and print ed on I lfobrom 

( Ilford , Austral ia Propriet ary Ltd . ) Number 2 or 3 paper , 

depending on wheth�r the negative was dark or light . ( F or 

further details  refer t o  App endix IX) . For the print ing of 

negat ives two s c ale s of enlargement were used : 6x and 9x 

magnificat ion . 

iii ) C onstruct ion of karyotype s .  

Ademco dry mount ing t i s sue was fixed t o  the back of 

a print with a heated iron . Individual chromosome s were 

carefully cut out , paired , and arranged in group s on a 

ruled c ardboard sheet . The loose  chromo some s ,  t ogether with 

a photograph of the ent ire c e ll , were pressed ont o  the c ard­

board sheet  ( 70-80° C for 1 5  s e conds)  to complete the karyo­

type . 
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PART III  

GESTAT ION AND ABORTION IN THE MARE 



PART III 

GESTATION AND ABORT ION IN THE MARE 

III . 1 .  LITERATURE REVIEW 

i )  Normal Gestation 
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The durat ion of pregnancy in the mare is  influenced 

by many factors (Trum , 1 950)  and varies wide ly around a mean 

of 336 . days (Bergin , 1 970 ) . Different iat ion of the embryo 

and organogenesis  are completed during the f irst 30 days 

of g e stat ion.  

Individual mare s are mo st irregular with respect to 

o e strous behaviour and the t iming of ovulat ion , but mo st 

mare s ovulate about 2� hours before the end of behavioural 

oe strus ( Hughe s ,  St abenfe ldt and Evans , 1 975 ) . During each 

o e strous cycle many follicle s rec ommence development but 

only a f e w  ovulate while the remainder undergo atre sia . 

Aft e r  rupture of the Graaf ian follicle  into the ovulation 

f o s s a  (W itherspoon , 1975 ) , the ovum is transferred to the 

fallop ian tube by the fimbriated infundibulum . Transport 

of the ovum to the site of fertilization , the ampulla , is 

accomplished by c ilial current s and muscular contract ions 

under the control of sex hormone s .  

In most mammals the fert ile life of the egg is probab ly 

about 24 hours , but deteriorat ion commence s  aft er a few hours 

and may have important effect s on sub sequent development . 

Sperm remain viable in the female reproduct ive tract for 

c ons iderab ly longer than the ovum and in mo st specie s sperm 

must undergo a period of c apac itat ion in the female genital 

tract before they are capable of fert il ization . Mating should 

therefore occur s lightly before ovu lat ion to ensure that 
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capacitated sperm are pre sent in the fallopian tube when the 

ovum is lib erated.  However , the necessity for  a period of 

sperm c apac it ation has not been established in the hors e . 

The entry of a sperm into the egg st imulat e s  both 

structural and funct ional changes : mo st important are the 

init iat ion of development of the fertilized ovum and the 

induct ion of the polyspermy block . Suc c e s s ive cleavage 

divisions convert the fert ilized ovum into a ball of c e l ls , 

the morula , and accumulat ion of fluid within the morula leads 

to the format ion of the b lastocyst . The b lastocyst consists 

of a ho llow sphere containing an inner c e l l  mass which giv.e s 

rise to the embryo , and the peripheral trophoblast which 

forms the p lacenta and extra-embryonic membrane s .  

Tubal transport l S  again achieved by ciliary act ion 

and mus cular peristalsis , and the early blasto cyst reache s 

the ut erine lumen usually between four and s ix days aft er 

ovulat ion ( O guri and T sut sumi , 1 972) . In the mB.re , only 

fert iliz ed eggs ever re ach the uterus ; unf ertillzed ova 

remain trapped at the isthmus of the fallopian tube for as 

long as seven months and may undergo some degree of partheno ­

genetic cleavage b efore degenerat ing ( van Niekerk and 

Gerneke , 1 966) . 

Like other mammalian embryo s ,  the e quine embryo has 

limited nutrient reserves and must rely on ut erine milk for 

nourishment before implantat ion. The upt ake of ut erine milk 

is enhanced by spec ialized groups of cells  on the trophoblast 

which form a transient attachment to the ut erine epithe l ium 

after about 20 days of gestation (McLaren , 1 972) . 

The e qu ine p lacent a  has been clas sified as diffuse , 

microc otyledonary and epithe liochorial ( St eve n  and Samuel , 

1975 ) .  Since there is no ero sion of mat ernal or  foet al layers  



it is  diff icult to dec ide exactly when attachment of the 

embryo o ccurs . Z ietchmann and Kroll ing ( 1 955)  c onsidered 

5 7  

that the embryo remained unat tached in the uterine hor n  for 

up t o  five weeks , but van Niekerk ( 1 965c )  not iced the f irst 

s igns of allantoiq development 21 days aft er ovulation . Not 

unt il  the eighth week do chorionic villi grow into the fo lds 

of ut erine wall (Aust in , 1 969) and by the f ourt eenth we ek 

impl ant at ion is complet e (McLaren , 1 972) . 

As the primit ive yolk- sac placenta is converted int o 

a t rue allantochorionic p lacenta , growth of the allant o is 

is  accompanied by the format ion of endometrial cup s , first 

vis ible  as a band around the c ircumference of the pregnant 

uterine horn aft er about 40 days of gestation ( C legg , Boda 

and Cole , 1 954) . Spe c ialised chorionic girdle c e lls invade 

the endometrium on the 36th day (Moor , A llen and Hamilt on , 

1 975 ) t o  produce the endometrial cups re spons ible for the 

secretion of pregnant mare ' s  serum gonadotrophin ( PMSG) . 

The pre c ise function of the endometrial cup s has remained 

obs cure , but they are the source of high leve ls of gdnado­

trophin in the mare ' s  blood between 40 and 1 30 days of 

pregnancy ( Allen , 1 969) . Use is  made of this in the haemag-

glut inat ion inhib it ion assay for pregnancy diagno sis . Recent 

studies  have indicated that the primary corpus lut eum doe s  

not regre ss  complet e ly unt il mid-ge station ( Squire s ,  Garcia 

and G inther , 1 974) and ovar ian act ivity during pregnancy is 
. .  

most marked before day 40 ( Bain , 1 967b) , thereby preceding 

the product ion of PMSG by the endometrial cup s . Secret ion 

of PMSG is halted as the mare ' s  defence  me chanisms recogniz e 

the cups as f ore ign tissue and mount an immuno logical re j e c­

tion . The foetal genotype  has a profound influenc e on PMSG 

product ion and the lif e span of the endometrial cups (Allen , 
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1 969) , and pers istence  of cups was prolonged for more than 

200 days in an immunological t oleranc e situat ion ( Sp incemaille , 

Bout ers , Vandeplassche and Bont e , 1 975 ) . 

Endocrinology of pregnancy 

The patter� of ovarian act ivity unt il  mid-ge st at ion 

is sugge s t ive of surge s of act ivity at ten or mult iples  of 

ten day int ervals (Allen , 1 974b ) , but from mid-ge station 

unt i l  term the mare ' s  ovarie s remain small and inact ive , and 

ovariectomy from the f ourth month onwards does not re sult 

in abort ion (Love l l , Stabenfe ldt , Hughes  and Evans , 1 975 ) . 

Although the primary corpus lut eum is not e ssent ial as a · 

source of progest erone throughout pregnancy it remains act ive 

for at least 160 days ( Squire s and Ginther , 1 975 ) and when 

fully funct ional it secretes up to ten t imes the amount of 

proge sterone necessary t o  maintain pregnancy (Amoroso , 1 955 ) . 

Secondary follicles and corpora lutea  devel op in one or both 

ovarie s and b oth primary and sec ondary c orpora lutea cont inue 

to funct ion unt il approximat e ly 220 days of gestation 

( Squire s and Ginther , 1 975 ) . P lasma proge stagens aft er mid-

ge s t at ion are as sumed t o  be of p lac ental or foetal origin 

( Squire s et al . , 1 974) . 

The c o;ncentrat ion of p lasma progestagens e-xhibit s 

two peaks : one during the third month of pregnancy which 

co inc ide s with high l evels  ·of PMSG and is probably induced 

by the endometrial cups or s econdary corp ora lutea , and the 

second in the eleventh month which probab ly repre sent s the 

secret ion of p lacental progestagens ( Ganj am , Kenney and 

F lickinger , 1 975b ) . P lasma proge sterone leve ls fall markedly 

aft er p arturit ion but higher leve ls  remain in the newborn 

foal ( Love l l  et al . , 1 975 ) sugge st ing that the foetal gonads - - ' 

are the sourc e  of ·progestagens in late  pregnancy ( Ganjam 
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N ett , Holtan and Estergreen ( 1 975 ) recorded plasma 

oe strogens pre sent in low c oncentrations early in ge st at ion , 

rising t o  a peak between 210 and 240 days , then gradually 

dec l ining towards parturit ion . A similar patt ern was observed 

for urinary oe strogens , with o estrone be ing the major c ompound 

excreted (Rae s ide and Liptrap , 1 975 ) . 

ii)  Cau s e s  of abort ion in the mare 

A l ist of the majority of the factors that have b een 

associated with equ ine abort ion is shown in Table  III . 1 .  

In many instance s  the relat ion between the de s ignated c ause 

and the abort ion it s e lf has not been def ined.  The sub st an­

t iat ion o f  many caus e s , part icularly functional and stre ss  

fact ors , has  been diff icult , and evidence  has oft en been 

conflict ing . The f o l lowing are brief c omment s on some of 

the po s s ib l e  c ause s . 

a)  Funct ional factors 

Orderly transport is vital in order that the blasto­

cyst enters the uterus at the appropriate stage of deve lop­

ment . Some of the embryonic mortality near implantat ion 

may have b e en due to functional factors such as f aulty 

synchroni z at ion of the stage s of development of the uterus 

and blastocyst ( P latt , 1 973 a) . 

P latt ( 1 973a) recorded that foals which were abnormal 

at b irth constituted 68% of the total perinatal mortality . 

Indicat ions of foetal anoxia were observed in some abort ions 

attributed to premature labour while others were c onsidered 

s econdary to functional failures of the fo etus and placent a .  



TAB L E  I l l . 1 .  

Non I nfectious 

6 0  

FACTORS ASSOC I AT E D  W I T H  ABO R T I O N  I N  TH E MAR E  

.----- Unknown 

1---- Functional d isturbances 

(Trauma, malnutrition, 
1------ Stress factors (fatigue, transport, fear 

-----1-----Twi nning 

1------ Developmental (structural ) anomal ies 

1----- Poisons (e.g. Ergot, Organophosphates) .  

'------ Hormonal d isturbances 

Specific pathogen : Salmonella abortivoequina 

Streptococcus zooepidemicus 

Escherichia coli 

Actinobacillus equuli 

.--------- Bacteria ___ _._ __ Facultative --+-- Klebsiella pneumoniae 
pathogens 

Corynebacterium equi 

Pseudomonas aeruginosa 

Brucella abortus 

Staphylococcus aureus 

I nfectious ---1 

E 
Equine Herpes ( Rhinopneumonitis) 

1--------- Viruses -----+-- Viral Arteritis 
· Equine Infectious Anaemia 

E 
Aspergillus fumigatus 

1------- Fungi ------+-- A llescheria boydii 
Mucor sp. 

L------- Oth"'� Candida albicans 
Mycoplasma bovigenitalium 

Protozoa 
Bedsonia sp. 
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b) Stre s s  f actors 

Abortion in the mare has often been attributed t o  

stre ss  factors , namely fear ( Mahaffey , 1 968) , trauma , f atigue , 

transport , and inade quat e  nutrit ion ( O sborne , 1 975 ) , but 

inf ormat ion in this area is c onfl ict ing (Te sio , 1 958) . In 

the absence of s ignif icant les ions , diagno sis  has usually 

relied on the case history . 

c )  Embryonic re s orpt ion 

The expuls ion of foet al product s has occasionally 

been recognized during early stage s of pregnancy but the 

death of an early conceptus has fre quent ly been followed by 

it s slow re sorpt ion b ack into the tissues of the mare . 

Detect ed abort ions have , therefore , repre sent ed only a small 

proport ion of the total prenat al loss  in mare s� 

Van Niekirk ( 1 965b) estab l ished the occurrence of 

embryonic resorpt ion and demonstrat ed a corre lation between 

re sorpt ion and poor nutrit ion . 

d) Development anomal ie s of the conceptus 

Anatomical defects  of the foetus suff ic ient ly severe 

to result in abort ion have b e e n  recorded infre quently ( Platt , 

1 973b ) . _In New Z ealand , such abnormalit ies  have included , 

c ephalocoele , cerebe ll ar hypoplasia and arthrogryposis 

( O ' Hara , 1 976) . Placent al anomalie s have been more numerous 

( Pr ickett , 1 970) , and Whitwel l  ( 1 975 ) de scribed seven p ath­

o logical condit ions involving the umbilical cord . 

e )  Hormonal disturbance s  

The use o f  prog e sterone t o  treat habitual abort ion 

in women probably led to it s use for a s imilar purpose in 

m are s .  Several workers have c laimed suc c e s s  in prevent ing 

abortion by implant ing proge st erone pellet s in mare s but 

evidenc e support ing the efficacy of hormone therapy in equ ine 



abort ion has been l�rgely circumstant ial ( G an j am et  al . , 

1 975a) . 
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R o ssdale ( 1 968) cons idered that the use of lute iniz ing 

hormone up t o  1 20 days of ge stat ion to promote the deve lop­

ment of foll icle s _ and subsequent corpora lut e a  was more 

logical , while Nishikawa ( 1 954) claimed suc cess  at reduc ing 

the abortion rate  with implant s of st ilboe stro l .  

f )  Twinning as a cause of e quine abortion 

Probably more than 2% of all pregnanc ie s b egin as 

twins ( V andeplas s che , Podliachouk and Beaud , 1 970 ) of which 

the vast ma jority ( 64 . 5%)  are aborted , usually in the last 

three months of pregnancy ( Jeffcott and Whitwell , 1 973 ) . 

The thoroughbred mare seems incapable of increas ing 

plac ent al or uterine size suffic ient ly to nourish two foetuses  

and the villous chorionic are a provided for  twins is  only 

s lightly greater than for a s ingleton foal .  J e£fcott and 

Whitwe ll ( 1 973 ) found that the type of placent at ion has an 

import ant influence on the survival of twin foetu s e s . However , 

placent al insufficiency has not explained fully the lo s se s  

o f  twin pregnancies and the abortion of twins in the mare 

may have an immunological bas is  ( J effcott and Whitwe l l , 1 973 ) . 

g) Bacteria 

F acultative pathogens 

Uterine infection in suscept ible mare s has long been 

considered a maj or c ause of impaired fert ility ( C o llins , 1 964 ; 

Brooksby , 1 965 ) and foetal los s  (Boyd , 1 969) . C onsiderable 

emphasis has been placed on bact erial culture re sult s from 

c ervical swabs ( Lieux , Baker , DeGroot , Laskey ,
"
· R aynor , 

Simpson , and Tob ler , 1 970) but Mahaffey ( 1 968) not ed that 

the pre s ence of b acterial infection doe s  not nece s s arily 



preclude a succe s sful gest at ion and the product ion of a 

normal foal . 
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F oetal de ath has been attributed to bacterial p lac en­

titis but the inf e ct ion was often suspect ed t o  b e  secondary 

to some funct iona� or anat omical disorder of the ut erus  

( Dimock , Edwards and Bruner , 1 947 ; Platt , 1 973b ) , and the 

role of infe ction in c aus ing embryonic lo s s  in e arly preg­

nancy is unknown . 

Group C streptococ�i ( Streptococcus zooepidemicus , 

� haemolyt ic)  are c onsidered the mo st serious pathogens 

c ommonly f ound in the reproductive tract of the mare , and · 

infection with this organism has been as soc iated with 

infertility and abort ion ( Dimock and Edwards , 1 936 ; Dimo ck , 

1 939 ; Moran and Cronin , 1 95 7 ; B ain , 1 966 ; E ll iott et al . , 

1 971 ) . Howeve r , from a study of equine abortuses  over two 

breeding s e asons , D imock ( 1 93 9)  f ound that tho se with no 

s ignificant f indings c ontribut ed by f ar the large st group . 

Most abort ions c aused by � haemo lyt ic streptococci  or other 

types of bacteria have occurred later than the seventh month 

of gestation ( B ain , 1 963 ) . 

Other bacteria incriminat ed in equine infert ility 

and abortion are list ed in Tab le III .  1 .  The se have included 

Kleb sie lla pneumoniae , Escherichia coli , a common secondary 

invader ,  Actinobac illus eguuli , Staphylococ ci , Corynebacteria 

( Bain , 1 963 ; B ain , 1 969 ; Platt , 1 973b) , and Pseudomonas 

aeruginosa ( Hughe s ,  Loy , A sbury and Bard , 1 966) . 

Salmonella abort ivoequina 

Salmone l l a  abort ivoequina c auses a spec ific infe ctious 

disease charact erised by late  abort ions in mare s ,  sept icaemia 

in newborn f o al s , and t e st icular l e s ions in male s .  This 

organism has not been isolated from equine abort ions in 
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New Zealand . 

Mating at the foal heat 

Much controversy exist s concerning the wisdom of 

mat ing mare s at the foal heat but it is  often unavoidab le 

due to the rigid !imit s of the imposed bre eding season . 

S everal authors have recorded low concept ion rates  (Ell iott 

et al . , � 97� ) and incre ased numbers of abo rt ions and malformed 

f o al s  ( Jennings , �94� , � 950) , but evidence i s  c onflict ing . 

h)  Mycotic abort ion 

Three types of fungi have been implic ated 1n equ ine 

abort ion ;  namely Mucor � - , A spergillus  fumigatus and 

Allescheria boydii ( Mahaffey , � 967) . Infe c tion , usually 

through the cervix (Platt , � 973b ) , has been f o llowed by 

abort ion at later than e ight months of gest at ion (Mahaffey 

and Adam , � 964) . Exc e s s ive or pro longed ant ibiot ic therapy 

for chronic endometritis  has predisposed t o  the e stablish­

ment of fungi or yeast s , part icularly Candida �· ( Z afracas , 

� 975 ) , in the genital tract . 

i )  Viral abort ion 

Equine viral rhinopneumonit is  ( EVR ) 

Equine rhinopneumonit is virus , a member of the herpes  

group , has c aused epizootics  of abortion in  horses  in the 

U . S . A .  ( Dimock and Edwards , � 936)  and on one stud farm in 

New Z ealand ( O ' Hara , � 976) . The distinct ive syndrome was 

that of a mild re spiratory tract infection frequently 

suc c eeded some months later by abortion . Abort ion usually 

o ccurred b etween eight months and term and has not been 

recorded e arlier than the f ifth month of pregnancy ( Doll  and 

Bryans , � 963) . 
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Viral art eritis  

A severe disease  characterised by acute infect ion of 

the upper respirat o ry tract and abort ion in mare s has b e en 

attributed to the arteritis virus , a viral agent provisionally 

c las sif ied as a Togavirus ( Doll , Bryans , McCollum and C rowe , 

1 95 7 ) . This disease  has not been reported in New Z e al and . 



III . 2 .  RESULTS FROM ABORTED FOETUSES 

In a pre liminary study of equine abort ions , 26 

f o etuses  were examined over a � 2  month period ( Serie s B ) . 

Spe c imens ranged in gestat ional age s betwe en five months 

and term and incl"i.1ded f ive twin f oetuse s .  Each abortion 
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was sub jected to a complete post -mortem examinat ion , supple­

mented for the less auto lyzed spe c imens with bact erio logy 

( aerob ic culture on b lood agar) and histo logical examination 

of various t issue s including placent a ,  lung , liver , kidney , 

spleen , brain , lymph node and adrenal . The possible diagno s e s  

of the abortions , based o n  aut opsy f indings, are shown in 

T able III . 2 .  

Prior to the period of this study a further � 8  abort ed 

f o al s  had been autopsied at Massey Univers ity between 1 968 

and � 973 . The re sult s f or the se spec imens ( Series A)  are 

also included in Table III . 2 .  Det ails of the ge stational 

age s  of all abortuse s are g iven in F igure I I I . 1 .  There 

appe ared ·to be an increase in foet al deaths towards the end 

of pregnancy , part ly acc ounted for by prob lems at parturit ion.  

The pre sumpt ive c ause of abortion was diagno sed in 

only 1 3  c ases ( 30% ) . Six foetal deaths wer·e attributed to 

twinning , two to dystoc ia , one to arthrogryp o s is , and f our 

abort ions were possib ly c aused by fo etal inf e ct ion. 

W ith the exception of one s even month f o etus showing 

advanced autolysis , explant culture s of subcutaneous fascia 

were prepared (Part II . 4 .  ii )  from e ach abortus of Series B .  

Where long distances  of transport were involved , a sample  

o f  subcutaneous fasc ia was  obt ained asept ically and carried 

in a universal bottle containing a sterile transport medium 

( Appendix VIIIa) . 
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The culture s from thre e abortions , including one twin 

pregnancy , were discarded due to bacterial cont aminat ion .  All 

other culture s were maint ained for at least one week ( average 

1 2  days ) with regular change s  of medium and daily observa­

tion for _ evidence of cell  growth . Minimal growth o ccurred 

in only one culture from a foetus aborted aft er 1 0� months 

gestation , but died out before suffic ient dividing cells  

were pre sent for  harve st ing . C e ll culture s from the remaining 

spec imens f ailed t o  show any evidence of cell divis ion . 
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TABLE I l l . 2. AUTOPSY D ETAI LS O F  ABORTUSES. 

Possible Possible 
Twinning Developmental Dystocia bacterial v iral Unknown Total % 

anomaly abortion abortion diagnosed 

Series A 1 1 2 3* 1 t 1 0  1 8  ?44 

(Arthrogryposis) 

Series B 5 21 26 ? 1 9  

TOTAL 6 1 2 3 1 31 44 ?30 

* Group C streptococci isolated from two specimens. 

Bacterial placentitis detected histologically in third specimen. 

t Possible EVR abortion ( Macroscopic diagnosis). 
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. III . 3 .  DISCUSSION 

In the majority of f oetuse s studied , the c ause of 

de ath was not det ermined , and . in others the observed patholo­

gical f indings could not be re l at ed direct ly to the  foetal 

de ath . As  in othBr studies ( P latt , 1 973b ) , abort ions of 

unknown c auses const ituted the l arge st group , and a " def inite "  

diagno s i s  was achieved for o nly 9 abortions ( 20% ) , of which 

6 were twin pregnanc ie s .  Twinning was re sponsib le usually 

for late abort ion in 14% of this s erie s .  I n  the l ight of 

pathological f indings from other abortions , this may have 

been an overe stimate , as not all twin pregnanc ies are abort e d .  

The se f igures underline the d e arth o f  knowledge of the 

aet iology of abortions in mare s .  

The mare ' s  uterus provide s an ideal environment for 

the rapid autolysis of a dead f oetu s . That foetuse s were 

u sually de ad for some time b efore expulsion from the uterus 

was indicated by the lack of suc c e s s  in culturing foetal 

tissue . In the pre sent study , the problem of foet al auto lysis  

was exacerbated by  transport difficultie s .  Advanced autolysis  

was  espec ially evident in e arlier abortions and for this 

reason Platt ( 1 973b ) concluded that "pathological examinat ion 

of foetuse s only becomes applicab l e  in the middle and later 

st ages of pregnancy . "  

Most embryos from spontaneous abort ions in women have 

been de ad for some t ime before abort ion . During this t ime 

there has been breakdown of t i s su e  and macerat ion , and 

abortuses  have been expe lled in various stage s of macerat ion.  

In contrast t o  the mare , p lacent al tissue oft en remains 

alive in the human uterus for weeks after the death of the 

embryo and is able to be grown in c e ll cu�ture . Becau s e  of 
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the long period of ut erine retent ion after foetal de ath in 

women , the age of the conc eptus is e stimat ed more accurately 

from it s stage of deve lopment than from the apparent durat ion 

of pregnancy (Bou{, Bou{, Laz ar and Gueguen , 1 973 ) . F or the 

reasons outlined , it would appear that in the mare unle s s  

aborted material can be obtained soon aft er the death o f  the 

conceptus , there is little  chance of chromo some studie s 

proving very succ e ssful in this are a .  
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PART IV 

CYTOGENETIC STUDIES IN THE HORSE 
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PART IV 

CYTOGENETIC STUDIES OF THE HORSE 

1 .  THE KARYOTYPE OF THE HORSE 

i )  Literature review 

a) Chromo some s of the horse : Eguus caballus 

Although cytoEenetic t echniques have been in use since 

1 91 6  when Bridge s ( 1 916) f irst c orre lated alt erat ions in 

chromosome structure with phenotyp ical change s  in Dro sophila , 

t e chnical difficulties hindered the ir applicat ion to mamma­

lian tissue s .  That the in vitro t echnique s allowing visual­

izat ion of chromosome s are a comp arat ively recent development 

is borne out by the fact that the human chromo some number 

was not finally e st ablished as 46 unt il as recent ly as 1 956 

(T j io and Levan , 1 956) . The normal karyotypes of all the 

dome st icated mammals have now b e en well established ( H su and 

Benirschke , 1 967 ) . 

As early as 191 2 , the hap l o id chromo some number of 

the horse was reported between t en and 1 6  ( Kirillow , 1 91 2) . 

Wodsedalek ( 1 914 , 1 91 6) placed the chromosome numbers o f  the 

horse and mule  at 37 and 51 re spe ct ive ly , and from the se 

f igures he inferred a diplo id number of 65 chromo some s for 

the donkey . Sub sequent studie s reported diplo id chromo some 

numbers for the horse of 38 ( Masui , 1 91 9) and 60 (Paint er , 1 924 ; 

R anquini , 1 934) , while a f igure of 38 was proposed for the 

mule ( Leon , 1 938) (Table IV . 1 . ) .  

From a study of spermatogene sis , Makino ( 1 943 ) 

recorded a chromo some numbe r  of 66 f or the horse . His c om­

p lement inc luded at least 12 chromo s omes with submedian 
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centromere s with the X probably the largest e lement pre sent 

and the Y the smalle st . A similar study o f  the donkey and 

mule (Makino , 1 955)  yie lded a diploid chromo some number - of 

66 for each spe c ies , and reve aled a remarkabl e  s imilarity in 

appearance between the chromo some s o f  the horse , donkey and 

mul e . 

The dip l o id chromo some number of the dome stic horse 

was first correctly reported as 64 in 1958 . The init ial 

discovery by R othfels , Axe lrad , Siminovitch , McCuiloch and 

Parker ( 1 958)  has since been confirmed by many other workers 

(Tru j illo , Stenius , Christian and Ohno , 1962 ; B enirschke , 

Brownhill and B e ath , 1 962 ; Sasaki and Makino , 1 962 ; Bruere , 

Sutton and Davis , 1 970 ; Marx , Me lnyk , Pers inger , Ohno , 

McGe e ,  Kaufman , P e ssin and Gille spie , 1 973 ) . Details o f  the 

various culture methods that have been used in conf irming 

the chromo some number of the horse are list ed in T ab le IV . 2 .  

In a total of 64 chromo some s ,  R othfe l s  et al . ( 1 958)  

found the female to pos s e s s  28 and the male 27 met acentric 

chromo some s, with the remainder acrocentrics . In the male , 

one member of the second longest p air of met ac entric chromo-

some s , pre sumably the X ,  was replaced by a rod , although 

Benirschke et al . ( 1 962 ) ranked the X chromo some third 

largest in s lz e .  It is generally agreed that the acroc e ntric 

Y is probab ly the smallest in the comp lement . 

Only a few chromosome s could b e  identif ied by s i z e  and 

shape . Notable f e atures inc luded the remarkabl e  length of 

the first auto s omal pair of met�centric chromo somes ( Sasaki 

and Makino , 1 962 ) , the short arms_ of  which posse s sed de licate  

satellites , and the  frequent occurrence of secondary con­

strict ions of the long arms nea� the centromere on one p air 
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of small acroc entric chromo some s ( Truj illo et al . , 1 962) . 

On the basis of chromo some s i z e  and posit ion of the 

centromere , Tru j illo , et al . ( 1 962)  and Benirschke et al . 

( 1 962) arranged the chromo some s o f  the horse into eight and 

four groups re spe qt ively . In contrast to the 1 3  pairs 

acknowledged by most authors (Hsu and Benirschke , 1 967 ) , 

Benirschke et al . ( 1 962) re cognized  at least 14 pairs of 

metacentric chromosome s .  To exp lain this discrepancy , 

B enirschke et al . ( 1 962) submitted that differences in int er­

pret at ion may have arisen due to varying degrees of colchic ine­

induced contract ion and borderline resolution under the 

microscope . 
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T able IV . 1 .  Est ablishment of the chromo some numbers 

of the hors e , donkey and mule 

Chromo some Number 

Author Date 
Horse Donkey Mule3( 

E .  cab allus. E .  asinu s .  

Kirillow 1 91 2  1 0  - 1 6 

Wodsedalek 1 914- , 1 91 6  37 65 51 •  

Masui 191 9  38 

Painter 1 924- 60 

R anquini 1 934- 60 

Le on 1 938 38 

Makino 1 94-3 66 

Makino 1 955 66 66 

Rothfels  et al . 1 958 64-- -

Sasaki and Makino 1 962 64-

Tru j illo et al . 1 962 64- 62 63 

B enirschke et al . 1 962 64- 62 63 - -

The mule is an equine hybrid produced by mat ing a male 

donkey with a mare . 
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TABLE I V. 2 .  C U LT U R E  M ETHODS U S E D  FO R OBTA I N I NG HORSE KARYOTYPE 

AUTH O R  T I SSU E CULTU R E  M ETHOD 

Rothfels et al. , 1 958 Kidney Cell cu lture from tissue 
explants 

Truj i l lo et al. , 1 962 Blood leucocytes Short term culture 
(< 72 hours) 

Benirschke et al. , 1 962 Blood leucocytes Short term cu lture 

Sasaki and Makino, 1962 Kidney and skin Monolayer cel l  culture from 
tissue samples 

Bruere, Sutton and Davis, 
1 970 Bone marrow Direct examination 

Marx et al. , 1 973 Blood leucocytes Short term cu lture 
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b) Chromo s ome s of the donkey . · Eguus as inus 

A diploid chromo s ome number of 66 for the donkey was 

accepted unt il 1 962 ( Whit e , 1 961 ) when Tru j il lo et al . ( 1 962) 

and Benirschke et al . ( 1 962) e stab lished the correct values 

of 62 for the donk$y and 63 for the . mule and h inny . Both 

authors noted marked structural differences b etween spe c ie s  

and ten more met acentric chromosome s in the donkey than the 

horse . 

Tru j illo et al . ( 1 962) clas s if ied the chromosome s of 

donkey into six groups . He considered the X t o  be the third 

or fourth largest met acentric chromo some and the Y the 

smalle st in the complement . Benirschke et al . ( 1 962) 

recognized four groups with the X as the third largest meta-

centric and the Y the smalle st acrocentric chromo some . No 

charact eristic J-shaped elements  ( a  p air of l arge met acentric 

chromo s ome s with subterminal centromeres )  as de scribed by 

Makino ( 1 955 ) were found . However , Makino ( 1 943 , 1 955 ) 

examined histological sect ions of t e st icular t is sue whereas 

Benirschke et al . ( 1 962) and Truj illo et al . ( -1 962) studied 

met aphas e s  from leucocyte culture s . 

ii)  Re sult s and Discussion 

Materials and methods have been detailed previou s ly 

( Part I I ) . The terminology and nomenclature used  in this 

study were as def ined by the G eneva C onference ( 1 966) on the 

standardization of procedure s for chromo some s tudies in 

abort ion.  

a)  Chromo some number 

M any variables  have yet to be defined c oncerning the 

chromosome numb e r  and the morphology of individual chromo-
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some s in the horse .  Part icularly in c ases of suspected 

mosaic ism it is  i-mport ant t o  know the expe cte d  distribut ion 

of chromosome count s  from normal hors e s .  

The chromo some count s of metaphase cells  from leuco­

cyt e and fibrobl ast culture s from normal horse s  and horse 

embryos are summariz ed in T able IV . 3 ;  det ail s of individual 

c as e s  are given in Appendic es X and X I . The modal number of 

64 chromosome s was counted in 76% of 853 leucocyt e s , in 78% 

of 2693 mitotic f igures from mono l ayer fibroblast cell 

culture s ,  and in 77% of all 3546 c e ll s  examined .  By excluding 

spe c imens with f ewer than 30 count ed c e lls the proport ion. of 

modal c e lls becomes 75% for leucocyt e cultures , 79% for 

f ibrobl ast cultures , and 78% of 3 1 25 c e lls for the comb ined 

t ot al . (Table IV . 4) . The se spe c imens invo lved a much smaller 

number of animals ,  but the proport ion of aneupl o id cells  was 

unchanged .  

From human bone marrow preparat ions , C ou rt -Brown , 

J acob s  and Doll ( 1 960 ) showed the distribut ion of cell count s 

negative ly skewed around a modal number of 46 , with 1 2%  of 

hypomodal cells . A higher proport ion ( 94% ) of modal ce lls 

was obt ained from human leucocyte cultures ( Court-Brown , 

H arnden , Jacob s , MacLean and Mantle , 1 964) . When cells  with 

f ewer then 63 chromo somes were exc lude d , the modal numb er of 

64 chromo somes was counted in 82% of horse leucocytes . 

C ons idering the higher chromo some number of the horse , thes e  

f igure s are comp arab l e  t o  tho se obt ained from l eucocyt e 

cultures  in humans . 

C ons iderable  variat ion is evident in the chromo some 

c ount s from cultured cells , a large proport ion probab ly due 

· t o  chromo some lo s s  from cells broken during the ir preparat ion . 

T echnic al factors during s l ide preparat ion and difficult ies  
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in count ing individual metaphase s were respons ible  for the 

maj ority of aneuplo id cells , part icularly in e arlier stage s 

of this study when se lect ion of metaphases to b e  count ed was 

le s s  crit i c al . This applied e spec ially to chromo some count s 

from cell cultures of tissue explants . 

However , cell  breakage is not the only exp lanation 

for the pre senc e of aneuplo id cells . J acobs , C ourt-B rown 

and Doll ( 1 961 ) found that aneupl o id cells were more numerous 

among the leucocyt e s  of older humans and there was shown t o  

be a sex differenc e  associat ed with the increas ing frequency 

of aneuplo idy with advancing age ( Jacobs , Brunton , C ourt- · 

Brown , Doll and Goldstein , 1 963 ) . In addit ion , it appe ared 

that the Y chromo some was preferent ially lost from leucocyt e s  

in older men while in women it was the X chromo s ome that was 

involved . Thus  cells lacking a sex chromo some may o c cur in 

leucocyt e  culture s  from normal female s ,  and the p o s s ib i l ity 

of f inding such cells increase s  with age . These  f indings 

raised problems with regard t o  the diagnosis o f  s ex chromo­

s ome disorders , part icularly where mo saicism 1:!·' S involved . 

Using a c e ll culture method involving the growt h  of 

t issue explants ,  Kerr and Rashad ( 1 966) recorded 21% of  

aneuplo id ce lls  from chromo somally normal human abort ions . 

Metaphase s  examined after cell  growth from explant s of sub­

cut aneous fascia  from horses had 32% of aneuploid c e l l s  but 

the number of mit o s e s  was small ( 301 , Appendix XI) . Among · 

seven chromos omally normal rabbit blastocyst s ( 2n = 44) , 

Austin ( 1 967) found hypodiploid counts  ( 38 - '+3 ) in 26% of 

c e lls , while the hypodiploid c ount s from horse embryos  in 

this - study accounted for only 1 6% of cells . When all meta­

phase s  counte d  from horse f ibrobl ast cultures are included , 
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the quality of mitotic f igure s examined compares f avourably 

with similar studies in other spe c ie s  ( T able IV . 5 ) . 

Po lyploid c e lls 

The fusion of two or more diploid ce lls re sult s in the 

format ion of a polyploid cell . More than one sp indle may 

form during sub s e quent mitoses  and depending on the b ehaviour 

of the chromo some s and spindle s ,  a wide variety of het e ro­

ploid stat e s  may be found among daughter cells . The maj ority 

of polyploid c el l s  for which an accurate count was made were 

tetraploid (F igure IV . 1 )  with a l e s s er number of triploid 

cells . Triploid cells  may arise by the malsegregat ion of one 

hap loid set of chromo some s from a dip loid cell  line or by 

tripolar divis ion of t etraploid cells  which have been f ound 

in 0 . 5% of human diploid fibroblast culture s ( C it o ler , Pera 

and Schwarzacher , 1 969) . 



TAB L E  I V. 3. D I ST R I BUTION O F  CHROMOSO M E  COUNTS FROM HORS ES W ITH NORMAL KARYOTYPES 

D I STR IBUTION OF C E L L  COUNTS 
Cel l  type Number of Cells counted 

animals < 63 63 64 65 > 65 Polyploid 

Leucocytes 23 69 ( 8%) 85 ( 1 00/o) 644 (76%) 37 (4%) 7 ( 1%) 1 1  ( 1%) 853 

F ibroblasts 45 224 (8% )  223 (8%)  2096 (78%)  92 (3. 5%)  14  (0. 5%)  44 {lO/o) 2693 

TOTALS 68 293 (8%) 308 (9.5%) 2740 (77%) 1 29 (3.5%) 2 1  (0.5%) 55 ( 1 . 5%)  3546 



TAB L E  IV.  4. D I ST R I B UTION O F  CH ROMOSOM E COU NTS F ROM HORSES W ITH NORMAL KARYOTYPES AND AT L EAST 30 C E LLS 
COU NTED 

Cel l  type 

Leucocytes 

F i broblasts 

TOTALS 

* 

t 

D ISTR IBUTION O F  C E L L  COUNTS 
Number of 

animals < 63 63 

* 8  57 (9%) 63 ( 1 0%) 477 

t 23 205 (8%) 1 99 (8%) 1 963 

32 262 (8.5%) 262 (8.5%)  2440 

I ndividual cases are shown in Appendix X I I .  

Individual cases are shown i n  Append ix XI I I . 

64 65 

(75%) 2 1  (3%) 7 

(79%) 69 ( 2. 5%)  1 1  

( 78%) 90 (3%) 18 

Cel ls counted 
> 65 Polyploid 

( 1%) 1 1  (2%) . 636 

(0. 5% )  42 (:ZO/o) 2489 

(0.5%)  53 ( 1 . 5%)  3 1 25 

CO 
w 



TAB L E  IV. 5. SPECI ES COMPA R I SON O F  A N E U PLOIDY F ROM EMBRYO CE LLS COUNTS 

C E L LS AN EUPLO I D  
AUTHOR SPEC I ES TISSUE SOU RC E  C U LT U R E  M ETHOD COUNTED C E L LS % ANEUPLOIDY 

Kerr and Rashad, Chromosomal ly normal M onolayer 
1 966 Human i nduced abortions cu ltu res 560 96 17  

from 
Chromosomally normal tissue 

Human spontaneous abortions explants 859 1 97 23 

TOTAL 1419  293 2 1  

"Modified blood 8-36 26 
Austin, 1 967 Rabbit 7 blastocysts leucocyte technique" per blastocyst ( hypodiploid) 

Present study Horse Subcutaneous fascia Tissue explants 301 97 32 

Horse Embryos Trypsinized monolayer 2392 456 1 9* 

TOTAL 2693 553 20.5 

* 1 6% hypodiploid 
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F igure IV . 1. Karyotype of a tetraploid cell in a 

cell  culture from an e quine embryo . 

( Magnificat ion 4500x ) . 
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b ) Chromo some morphology 

F or the construct ion of the normal photographic kary­

otype the mo st  useful morphological feature s of chromo s ome s 

are the ir length and centromeric position . Nomenc lature for 

the clas s ificat ion of chromo some s on the b asis of arm rat ios 

and the posit ion of the centromere was det ailed by Levan , 

Fredga and Sandberg ( 1 964) . They suggeste d  the classificat ion 

of chromo some s into s ix cat egories depending on centromeric 

po s it ion. However , the ident ific at ion of individual chromo­

some s by the e st imation of the ir relative lengths and arm 

rat ios is of l imited value as size is affected by the degree 

of colchic ine- induced contract ion . A metac entric chromo some 

has it s centromere at or near the median posit ion ; a chromo­

some lS de scrib e d  as acrocent ric when the c entromere i s  sub­

terminal in po s it ion , and submetacentric when it is  p o s it ioned 

between these extreme s .  

The centromere , where the spindle fibre att ache s t o  

the chromosome , is  often referred t o  a s  the primary constric­

tion . An addit ional constrict ed region of the chromat id not 

connected with the spindle f ibre const itut e s  a s e condary 

constrict ion which may app e ar as an achromatic are a  of the 

chromat id ( Aula , 1 965 ) . A s e c ondary constrict ion near t he 

end of a chromosome arm produ c e s  a satellite stalk . Sat e llit e  

siz e o n  a p articular chromo some may be a charact eristic o f  

the individual ' s  karyotype (F erguson-Smith and H andmaker ,  

1961 ) and in hum an cells s at e llites appear to be involved 

in the format ion of the nuc l e o lus . The 64 chromo s ome s of the 

normal karyotype of the dome stic  horse consist of 3 1  homo­

logous · p airs of auto some s and two sex chromosome s . 

F or the purposes  of this study , the chromosome s of  



the horse were arranged into six rows to form the rout ine 

karyotype ( F igures  IV . 2  and 3 ) . 

Row A .  This group of large metacentric chromo somes 

87 

consist s of 14 chromo some s in the female and 1 3  in the male . 

Pair 1 is e as ily qist inguished by it s large s ize but there 

are only s light differences  in length between the other 

members of this group . The centromere is  l o c ated submedially 

on the f irst , second and f ifth autosome s � subterminally on 

the third and fourth, . and medially on the s ixth autosome . 

On morphological grounds the X chromo s ome is als o  

inc luded in this row . It is the second large st  chromosom� 

in the c omplement with a centromere in the submedial position . 

Row B .  Included in Row B are four pairs of  large met a-

centric chromo some s .  Although very similar in siz e , they 

can be dist inguished by the posit ion of the c entromere . 

Pair 7 has submedially-locat ed centromeres ,  on I·air 8 the 

centromeres are submedial , and the remaining two p airs have 

subt erminal centromere s .  

R ow C .  Six p airs of large acrocentric chromo some s 

diff ering only s lightly in l ength . 

Row D .  A further s ix pairs of acrocentric chromo some s 

progre s s ively decreasing in size . 
r r  7 

Row E .  Three p��s of small metacentric chromosome s 

differing in s iz e  and c entromeric posit ion . The largest  palr 

has medially-placed centromeres ,  in the second they are sub­

medial , and in the third , subterminal . 

Row F .  Six p airs of small acro centric chromo some s of  

· · s imilar app e arance . Two pairs of chromo somes in  this  group 

p o s s e s s  charact eristic paracentric secondary c onstrictions 

( Figure IV . 4) . 
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F igure IV . 2 . Karyotype of a normal stallion , 

Equus caballus . ( 2n = 64) . 

(Magnificat ion 4500x) . 
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F igure IV . 3 . Karyotype of a normal mare , 

Eguus caballus . ( 2n = 64) . 

(Magnification 4500x) . 
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In the male the Y chromosome , which is the smalle st 

acrocentric in the c omplement , is  included in Row F .  

90 

Sex chromosome s .  The X chromo some , a large submet ac e ntric 

inc luded at the e nd of Row A ,  ranks second in size among the 

chromosome s of the horse . The Y chromo some, as stated above , 

is  the smallest . 

With the except ion of the first aut osomal pair , the 

identif ication of individual chromosomes was found to  b e  very 

diff icult . While it was po s s ible to recognize the metacentrics 

in most Giemsa-s tained preparations , individual acroc entric 

auto some s could not b e  positively identified without the .aid 

of banding techniqu e s .  Other morphological features including 

s e condary constrict ions fac ilitate  the recognit ion of chromo­

some pairs and new t e chniques such as C-banding have further 

increased the cert ainty with which chromosome s of the horse 

c an be identified . 

Secondary c onstrict ions are constant in posit ion and 

are useful markers f o r  the ident ification of individual 

chromosome s in humans ( F ergus on-Smith , Ellis and Dickson , 

� 962) . Other worker s  have commented on the oc currenc e of  

s e condary constrict ions on  one pair of small acroc entric 

chromosome s in the karyotype of the horse (Truj illo et  al . , 

� 962 ; Benirschke e t  al . , � 962) . In the pre sent study , 

prominent secondary c onstrict ions were consistent ly f ound on 

two pairs of small ( Row F) acrocentric autosome s (F igure 

IV . 4) . The se constrict ions were positioned adj acent t o  the 

c entromere on e ach chromosome , but were markedly different 

in appearance betwee n  p airs and enabled definite ident ifica­

t ion of each of the s e  autq somal pairs . Secondary constrict ions 

were somet ime s found on other chromosomes (F igure IV . 5 )  but 

were not a constant f e ature of use in chromo some ident if ic at ion . 
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F igure IV . 4 . Karyotype of a normal stallion 

showing characterist ic secondary 

constrict ions on acro centric chromo-

sornes ( indicated by arrows ) . 

(Magnifi cation 4500x) . 
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Figure IV . 5 . Pre sumed secondary c onstrict ions on 

the short arms of a large met acentric 

chromosome . (Magnif icat ion 4500x) . 
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O c c as ional ce lls contained structurally abnormal 

chromo some s .  From a fibroblast culture of subcutaneous 
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fascia , the thre e cells able  to be analyzed e ach had a pre-

sumptive chromos omal translocat ion involving a large meta­

centric chromosome (F igure IV . 6) . Subsequent f ibroblast 

culture s from this mare revealed a normal female karyotype 

and the anomaly was considered to  have arisen dur ing cell  

culture , as described by Ford ( 1 973 ) in  culture s  of hum.an 

foetal f ibrobl ast s .  

One met aphase from a c e ll  culture of an e qu ine embryo 

showed an abnormal chromosome arrangement (F igure IV . 7) . 

After karyotyp ing , this was c onsidered to  repre sent an 

associat ion between two homologous metacentric chromo some s , 

the largest pair of Row E ( Pair 23 ) . That this was observed 
'------

in only one of 207 cells examined probably indicat e s  that it 

aro se as a mit ot ic error with premature separat ion of the 

chromat ids . 

The cyt ogenet ical significance of  seconrl ary constric-

t ions , and the s e  sporadic structural aberraticns remains in 

doubt . Fergus on-Smith and Handmaker ( 1 961 ) de scribed sate llite  

associat ions in  6Cf/o .of mitose s from human leucocyt e s  and they 

and others ( Ferrier , Ferrier , St alder , Btihler , B amatter and 

Klein , 1 964 ; M iller and Mukherj e e , 1 962 ) indicat e d  the ir 

p o s s ible role in the aet iology of chromo s ome aberrat ions . 

However , N i e lsen , Friedrich and Hre idarsson ( 1 974 )  found that 

certain families  lacking short-arm s at el lite material from 

an acrocentric c hromosome showed the same frequenc ies  of 

abortion and nondis junction as the general populat ion . 



Pair 1 � 
" 

F igure IV . 6 . Pre sumpt ive chromosomal translocat ion 

involving a large met acentric chromo­

some from a normal mare ( 2n = 64) . 
Not e the size of the abnormal chromo-

some in c omparison with Pair 1 .  

(Magnificat ion 6000x) . 
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F igure IV . ? . Karyotype of a c ell from an equine 

X 

y 

embryo showing presumpt ive premature 

chromat id separat ion and assoc iat ion of 

two homo logous metace ntric chromosomes . 

( Magnification 6000x) . 
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c ) C entromere staining of horse chromo some s 

C -banding of the karyotype of the horse has not been 

previously reported .  The t echnique of centromere staining 

reveals additional morphological features which f ac ilit at e  

the ident ificatio� o f  individual chromosome s .  A charact er­

ist ic C -banded karyotyp e  of the horse is displayed in F igure 

IV . S .  

This procedure is  part icularly valuable in the horse 

for the identification of the sex chromosome s .  Characterist i c  

addit ional C-bands are f ound a s  re liable markers o n  the long 

arms of the X chromo s ome while the Y chromo some appears as an 

int ensely stained block (F igure IV . 9) .  

A further feature is the lack of centromere staining 

on the f irst pair of metacentric chromo some s in Row E .  The 

f act that this was the chromo some pair invo lved in the struc­

tural abnormality ment ioned previou sly (Figure IV . 7 ) sugge st s  

that this centromere may have a different structure or 

funct ion from the rest . 

Chromosome pairs of  the horse karyotype rarely showed 

dimorphism aft er C-banding , and the size of the C -band on 

homologous  chromo some s was usually very similar . Howeve r , 

one acroc entric aut o some of Row D frequent ly stained more 

int ensely than the other members of the same group (F igure 

IV . S) . Some chromosome p airs , part icularly Pair 3 and the 

X chromo some , featured except ionally large C-bands and 

appe ared to  be  almo st dicentric . 
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F igure IV . 8 . Karyotype from a normal stallion after 

centromere st aining . The arrow indicat e s  

dimorphism shown by one pair of acrocentric 

chromos ome s . ( Magnif ication 5500x) . 
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F igure IV . 9 . Charact eristic appearance of the 

sex chromos ome s of the horse aft er 

centromere staining . Giemsa­

stained sex chromo some s are shown , 

as we ll as male and female s ex 

chromos ome s showing typical C -bands . 

(Magnif icat ion 5500x) . 
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2 .  CYTOGENETIC BTUDIES OF INFERTILE HORSES 

i) Literature review 

a )  Sterility of equine hybrids 

Little is known of the mechanisms re spons ible for 

hybrid sterility in mammals ( White , 1 954) . Makino ( 1 95 5 )  

and Truj illo et al . ( 1 962 ) compared chromo some differenc es 

b etween the hors e , donkey and mule with tho se in other 
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sterile hybrids . They found that the degree of infert ility 

was relat ed to the extent of chromosome disparity betwe en 

the parent spe c ie s .  Hybrid sterility was attributed to . 

structural dissimilarit ies betwe en parental chromo some s .  

The diplo id chromosome number of the mule and the 

hinny has been conclu s ively e st ablished at 63 (Benirschke 

et al . , 1 962 ; Tru j illo et al . , 1 962) , intermediate between 

that of their p arent s ; a male donkey ( j ack) and mare in 

the case of the mul e , a stallion and female donkey ( j enny) 

for the hinny . S imilarly , the donkey/Grevy z ebra hyb?id 

(Benirschke , Low , Brownhill , C aday and Vene c ;_a-F ernande z ,  

1 964) and Prz ewalski horse/dome stic horse hybrid ( Short , 

Chandley , Jone s and A llen , 1 974) possess a chromo some number 

int ermediate between tho se of their parent s . 

Despit e the well known st erility of the mule , numerous 

" f ertile " mule s have been de scribed ( Smith , 1 939 ; Anderson , 

1 939) . Report s o f  app arent fert ility in mule s re lied on 

breeding history and phenotype to confirm that the animals 

were in fact hyb rids . Craft ( 1 938) disproved account s of 

1 1  allegedly pregnant mule s and one pregnant hinny , and 

revealed the ne c e s s ity for such claims t o  be supported by 

chromos ome s tud ie s . More recently , Benirschke , Low , Sullivan 

MASSEY U�V�� 
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and Carter ( 1 964) found by chromo some analysis that a f emale 

mule de s cribed as fertile was an ordinary donkey . Dis-cussing 

the role of the mule in re search , Short ( 1 975 ) wrote " in the 

ab sence of scient ific justification and unt il there is c on­

c lu s ive proof to the contrary , it must be assumed that all 

mule s  and hinnie s are complet e ly sterile . "  

In the female , a g erm c ell must ent er meio sis before 

it is  cap able of induc ing the development of a normal Graaf ian 

f o l l icle which is the endocrine apparatus of the ovary . 

F emale mules  have been known to  demonstrate oe strous cyc le s 

and to  produce normal follicle s and c orpora lutea  (Benirschke 

and Sullivan , 1 966), but follicle s containing germ cells were 

virtually absent from the mature ovary . T aylor and Short 

( 1 973 ) f ound that although a few oocyt e s  may survive until 

ovulat ion , oocyt e s  in the ovarie s of the female mule and 

hinny were severely depleted due to p art ial meiot ic arre st . 

No substantiated report s of fertile  mules or hinnie s 

o ccur in the literature but the e j aculat e recovered f.rom 

male s may contain mature spermatozoa ( Short , '1 975 ) , and 

spermatogene sis has been reported in a male hinny (Truj illo , 

Ohno , Jardine and Atkins , 1 969) . This hybrid was verif ied 

chromo somally as a male _ hinny but was c onsidered to  be 

probab ly sterile on the basis of mat ing trials and the 

ab senc e  of significant numbers of mot ile spermatozoa . Sperma­

t o z o a  produced by such hybrids were found to be significantly 

smaller than tho se of a normal horse o r  donkey ( Chandley , 

Short and Allen , 1 975 ) and were probably incapable of 

f ert ilizat ion . 

From a study of spermatogenesis , Wodsedalek ( 1 91 6 )  

prop o s ed that az oospermia o f  the mule was the result of 



disorderly pairing of  chromo some s  in meiosis , accompanied 

by c ell death.  Histolo gical examinat ion of t e st e s  from 

1 0 1  

adult mul e s  reve aled a lack of spermatozoa , atrophy of the 

s eminiferous tubule s ,  and the pre sence of very few germ cells 

( Anderson ; 1 93 9 ; .. M akino , 1 955 ) . Chandley et al . ( 1 975 ) 

c oncluded that spe rmatogenesis  in the mule and hinny was 

almost totally arre sted due to difficult ie s of chromo some 

p airing , but a few mature spe rmatozoa were recovered from 

the e j aculat e  and ep ididymal f lushings of a male hinny . 

Unlike all other interspec ie s  equine hybrids in which 

me io s is is arrested in prophase , male and f emale Przewalski 

horse/dome stic hors e  hybrids are fertile ( Short et al . , 1 974) . 

Close  homo logy b etwe en the karyotypes of the Przewalski horse 

(Equus prz ewalski , 2n = 66) and the domestic horse has b een 

demonstrated by chromosome banding ( Short et al . , 1 974) . The 

only difference b etween the karyotypes of the two spe c i e s  is 

a s ingle translocat ion of the c entric fusion type , and the 

chromosome s are suff iciently alike to allow unimpaired 

p airing in me io s is . 

b )  The chromosome s of int ersex horses 

Disparit ie s between the s ex chromos ome s and gonad 

morphology are known in · several spe cie s  of dome st ic animals 

( M cF e e ly , Hare and B igg ers , 1 967 ; Bishop , 1 972) . Recent 

cyt ogenet ic  studie s in the horse have revealed an assoc iat ion 

b etween int ersex stat e s  and abnormalitie s of the sex chromo-

s ome s .  

Bornste in ( 1 967)  found a normal female karyotype in 

two int ersex hors e s ; Gerneke and Coubrough ( 1 970) de s cribed 

an int ersex hors e  which was a genetic f emale ; and Dunn , 

V aughan and McEnt ee  ( 1 974) reported a bilat erally cryptorchid 
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stallion with a female karyotype .  In the latt er case the 

p o s s ibility of 64XX/64XY/65XXY was also suggested but the Y 

. chromosome could not be posit ive ly ident if ied . Male p seudo­

hermaphrodite s  with an XX sex chromosome constitut ion in 

domestic animals qre best known in the goat ( B iggers and 

McFeely , 1 966 ; Hamerton ,  Dickson , Pollard , Grieve s and 

Short , 1 969) and pig (Biggers and McFeely ,  1966) , but have 

als o  been found in the dog (Edols  and Allan , 1 968 ; Hare , 

McF e ely and Ke lly , 1 974) and in man (Yunis , de De la  Cruz , 
� 

Nossa  and Gut ierrez , 1975 ) . 

B asrur , Kanagawa and G ilman ( 1 969 ) reported a uni-

lat eral cryptorchid intersex hors e  with a mo saic karyotype , 

XX/XY/XXY/XO . W ith further study ( B asrur , Kanagawa and 

Podliachouk , 1 970) this was cons idered to  be the re sult of 

e ither double f ert ilization or the fusion of two blastocysts . 

A syndrome analogous to  Klinefelt er ' s  syndrome in 

man ( Klinefelter , Reifenste in and A lbright , 1 942) i s  we ll 
� 

known in the mouse (Russell and Chu , 1 961 ; C attanach , 1 961 ) 

and a s imilar chromos omal anomaly or it s mo saic variant s has 

been described in the cat (Thul ine and Norby , 1 961 ; Frota­

Pes soa , 1 962 ; Chu , Thuline and Norby , 1 964 ; Loughman , Frye 

and Condon , 1 970 ) , dog ( Clough , Pyle , Hare , Kelly and 
- - -

Patterson , 1 970) , she ep (Bruere , M ar shall and Ward , 1 969 ; 
--

Bruere and Kilgour , 1 974) , pig ( Breeuwsma , 1 968 ; Harvey , 
- . -

1 968 ) and ox (Rieck , H5hn and Herz og , 1 969) . 

The equ ine equ ivalent of Klinefelt er ' s  syndrome was 

discovered in a sterile intersex hors e  with chromosome con-

stitut ion 66XXXY . ( Gluhovschii , B istriceanu , Suiciu and Bratu , 

1 970 ) . A s imilar condition was de s cribed in an int ersex 

horse  exhibiting strong male behaviour but with a female 
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appearance and ambiguous external genitalia • ( B out ers , 

Vandeplassche and de Moor , 1 972) . No uterus was pre sent and 

undifferent iate d  seminiferous tubule s cont ained only 

support ing cells . Although chromo some analys i s  detected a 

predominant ly f em�le karyotype, the animal was considered to 

be  a 64XX/65XXY mosaic . 

c )  Sex chromos ome anomalie s in infert ile mares 

Cyt ogenetic  studies of infert ile horse s or those  with 

abnormalit ies of the reproduct ive system have been very 

l imited in numb er . Payne et al . ( 1 968) report ed aneup lo idy 

in an inf ert ile mare with normal phenotype . In a complement 

of 63 chromosome s ,  no normal X chromosomes c ould be  ident i­

f ied.  The fact that sex chromat in was absent from vaginal 

cells sugge sted the lack of a sex chromo some but a normal , 

level of  erythro cyte glucose-6-pho sphate dehydrogenase 

( G-6-P D ) , which is sex-linked in the horse ( '11l:u.j illo , W alden , 

O ' Neii and Anstall , 1 965 ; Mathai , Ohno and B eutler , 1 966) , 

indicat ed that at least part o f  one X chromos ome was pre sent .  

Although the pos s ib il ity of mo saicism could n" ! .  b e  exc luded , 

the author postulated structural re arrangement of the X during 

meiosis in the dam and fert ilizat ion of the abnormal egg 

produced by a sperm lacking a sex chromo some . 

Three cont emporary studies ( Chandley , F letcher , 

Ros sdale , Peace , Rickett s , McE nery , Thorne , Short and A llen , 

1 975 ; Hughes ,  Kennedy and Benirschke , 1 975a ; Hughe s ,  

B enirschke , Kennedy and Trommershausen-Smith , 1 975b )  have 

demonstrated an assoc iation between s ex chromo some aneuploidy 

and infe rt ility in mare s .  The clinical det ails of  the s e  mare s 

are re corded in T able IV . 6 .  I n  each c ase the phenotypi cally 

normal mares  were referred because of poor reproduct ive 



104 

performance ,  either irregularity or the ab sence of oe strous 

cycles and small gonads lacking follicular deve lopment . 

Hughes et al . ( 1 975b ) considered the XO mare s t o  be " small 

but with none of the somat ic anomalie s frequent ly assoc iated 

with gonadal dysg�ne sis in man . " 

F rom succe s sful culture s of nine infert ile mare s , 

Chandley et  al . ( 1 975 ) discovered seven ( 76% ) with chromosome 

anomalie s . Sex chromosomes were posit ively ident if ied with 

G-banding , and karyotypes inc luded t wo XX ' s ,  two XO/XX mosaic s , 

one 65 triple-X , one XY sex-reversed female and one normal 

karyotype with an addit ional auto somal fragment present in 

some cells . The last case exhib ited regular o e strous cycles 

although foll icles were absent , and the author doubt ed that 

the infert ility was attributable to the observed chromo some 

aberrat ion . Hughes et al . ( 1 975a ,  1 975b ) report ed four case s 

of XO gonadal dysgenesis and an XO/XX mosaic , and Hughe s and 

Trommershausen-Smith ( 1 976) f ound a further f ive mare s lacking 

one X chromo s ome , one XO/XY mosaic and one XY SAx-reversed 

female ( T able IV . 6) .  

Reaction to  the male varied . Oe strous b ehaviour was 

absent in most case s , yet four of the mare s had been bred on 

s everal o c casions (Hughes _ et al . , 1 975b ) and the ir b ehaviour 

was cons idered s imilar to that re cognized in normal ano e strous 

mare s (Hughe s , Stabenfeldt and E vans , 1 972 ) . The triple-X 

mare showed oe stru s  with an ovarian follicle on one occ asion 

and an XO/XX mosaic in the same study ( Chandley et al . , 1 975 ) 

also demonstrated oe strus but no follicle was produced . 

In general , the uteri of these  1 2  infertile mare s were 

s maller than normal but the dist inct ion was not c onclus ive . 

In two case s ,  the XXX and one XO mare ( Chandley et  al . ,  1 975 ) , 
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the endometrium was hypoplast ic . All  the mare s were charac­

terized by small smooth · ovaries devoid of follicles and 

germ cells and c ons isting primarily of ovarian stroma . 

Further studies on XO mare s ( Hughes et al . , 1 975b ) 

reve aled normal l$ve ls of G-6-P D but reduced p lasma concen­

trat ions of oe strogens . There were significant elevations 

of p lasma LH* in four XO mares but not in the XO/XX mo sai c . 

Pre sumably , increas.ed gonadotrophin levels were due t o  

absence o f  the normal fe edb ack inhib ition by o e strogens on 

the hypothalamus . Drumst icks were missing from polymorph 

neutrophil s  in XO mare s but were detected at subnormal levels 

( 1 . 75% ) in the XO/XX mo saic . 

Lute iniz ing hormone . 



TAB L E  I V. 6. C L I N I CAL D ETAI LS O F  I N F E RTI L E  MAR ES W I T H  SEX C H ROMOSOM E  D I SO R D E RS. 

Author 

Payne et al., 1 968 

Chandley et al., 1 975 

Hughes et al., 1 975b 

Hughes and 
Tromershausen-Smith, 
1 976 

Mare 
Breed Age 

(years) 

TB 1 2 

Pony 2 

TB X Arab 4 

Arab 5 
TB 7 

TB 5 

TB 8 
TB 1 5 

Oh 6 

Ap 6 

Arab 
Arab 

Arab 

Arab 
Arab 
Arab 

Arab 
Oh 
Oh 
Pony 

TB Thoroughbred 

External 
appearance 

Normal 

Normal 

Normal 

Normal 
Slightly 
gelding-like 
Normal 

Normal 
Normal 

\ 

Normal 
or 
slightly 
smaller ) than 
average 
size 

I/ I 

Oh Ouarterhorse 

Oestrous Vagina 
behaviou r cervix and 

vulva 

I rregular Normal 
cycles 

No cycles Normal 

No cycles Normal 

No cycles Normal 
Some after Pale, flaccid 
irrigation cervix 
One reCXJrded Normal 
cycle with 
follicle 
No cycles Normal 
Regular but Normal 
no follicles 
No cycles \ 
I rregular 

Oestrous Normal 
cycles external 
irregular genitalia, 
or cervic 
absent flaccid 

11 
Ap Appaloosa 

Uterus Gonads 

Normal Normal 
Foll icles present 
Ovulated 

Slightly small Very small 
No follicles 

Small Not palpable 
Endometrium per rectum 
immature 
Normal Very small (2x 1cm) 
Small Very small (2cm) 

Small Small 
Endometrium No follicles 
hypoplastic 
Small Very small 
Normal Very smal l 

No oocytes 
Small Small . No 

palpable follicles 
Small Very small 

No follicles 
Small Small 
Small Endometrium Small 

hypoplastic. No follicles 
Small Endometrium Small 

hypoplastic. No follicles 
Small Small 
Small Small 
Small Very small . Not 

palpable per rectum 
Small Very small 
Small Smal l 
Small Small 
Small Very smal l 

Karyotype 

2n=63 
rearranged 
X? 

63XO 

63XO 

63X0/64XX 
63X0/64XX 

65XXX 

64XY 
Extra 
fragment 
63XO 

63X0/64XX 

63XO 
63XO 

63XO 

63XO 
63XO 

63XO 
63XO 
63XO 
63X0/64XY 
64XY 
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ii)  Result s 

Chromo some analysis was undertaken for ten thorough-

bred mares characterized by poor breeding performanc e and the 

failure to produce a live foal . The methods employed were 

de scribed in Part� II . 3 ,  and the c l inical details of these  

infertile mares  are shown in T able  IV . 7 .  Mitotic f igure s 

obtained by leucocyt e culture s from each mare revealed a 

normal female karyotype ( 64XX ) in nine of the t en infertile 

mares . Cell  c ount s from the mare s shown to have normal kary-

otypes are given in Table IV . S .  Inconclusive re sult s were 

obt ained for three mares due to the small numbers of ce lls 

analyz e d .  However , one of the se mares  had previous ly con-

c e ived , and another ( 11Astrella 11 ) had had her left ovary 

surgically removed due to the pre sence of a granulosa c e ll 

tumour . 

Metaphase spreads from the remaining disclosed a 

modal chromosome count of 63 , and the consi:::; 0 e 1rt lack of one 

X chromosome ( Table IV . 9) .  
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TAB LE I V. 7. C L I N I CAL D ETAI LS OF I N F E RTI L E  MAR ES R E F E R R E D  F O R  CHROMOSOM E 
ANA LYSIS. 

Vulva, 
Case Name External Conceived/ Oestrous vagina and Uterus Ovaries Karyotype 

number appearance cycles cervix 

69/74 Astrel la Normal Never I rregular Normal Normal Very small * 

4/75 First Fancy Normal Never Normal Normal Normal Normal 64XX 

5/75 Sea Lark Normal Once Normal Normal Normal Normal 64XX 

1 3/75 Geedee Normal Never I rregular Normal Normal Normal 64XX 

35/75 Emi ly Small Never Normal Normal Normal Normal 64XX 

36/75 Anne Gable Normal Twice Normal Normal Normal Normal 64XX 

38/75 Small, 146cm. Never Absent Normal Small Very small * 64XX 

44/75 Banker's Delight Normal Never Absent Small Small Small 64XX 

4/76 Fiola Normal Never I rregular Normal Small Small 64XX 

PB Excitation Small, 146cm. Never Absent Normal Small Very small * 63XO 

* Smaller than 4cm x 2cm. 
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TAB L E  I V. 8. 

C H ROMOSOM E COU NTS F ROM I N F E RTI L E  M A R ES SHOWN TO HAVE NORMAL KARYOTYPES 

DIST R I BUTION O F  C E LL COU NTS 
Case Cel ls 

N u mber NAM E 
< 63 63 64 65 >65 Polyploid counted 

69/74 Astrella 0 0 1 5 0 0 6 

4/75 First Fancy 0 1 7 1 0 0 9 

5/75 Sea Lark 0 0 1 2  1 0 0 13 

1 3/75 Geedee 3 2 17 0 0 0 22 

35/75 E mi ly 2 2 20 1 0 0 25 

36/75 Anne Gable 0 4 16 3 0 0 23 

38/75 9 14 1 05 5 0 0 1 33 

44/75 Banker's Del ight 3 3 21 2 1 0 30 

4/76 Fiola 3 1 1 8  0 0 0 22 



Studie s on 63XO mare 

a)  History 

C onsidered a " well-bred " thoroughbred ( "Pretendre " -
-

"Bikini " ) , this mare ( named "Excit ation" ) was born during 

the 1 971 -72 bree�ing season . ( In New Zealand , the imposed 

1 10 

breeding season for thoroughbreds commence s  on August 1 st ) . 

Her growth was slow and as a four-year-old she measured 146cm 

in height ( 14 . 2  hand s )  at the wither (F igure IV . 1 0) . The 

average he ight for rac ing thoroughbreds in New Z ealand is 

155 to 1 60cm ( 15 . 2  to 16 hands ) .  

11Exc itation" neve r  rac ed and was sent to a breedin:g 

stud as a three-year-old for the 1 974-75 breeding season , 

where she was noted for her intractable behaviour . Apart from 

one doubtful report of mild oe strus ( described as " semicycled" ), 

this mare was never observed to demonstrate oe strous b ehaviour 

at stud , and was never mated . Her vulva and vagina appe ared 

normal· but rectal palp at ion det ected a small ut erus and 

. smooth ovarie s lacking p alpable  follicles ( Table IV . 7 ) . 

b )  Chromosome studie s 

In addit ion t o  leucocyt e culture s ,  mitot ic f igure s 

were obtained aft er culturing t issue explant s taken from 

sub-cutaneous fas c ia , me sent ery and the right ovary . Details 

of all cell  count s appe ar in T able IV . 9 .  Among the 1 23 c e lls  

counted ,  82% cont ained 63 chromo some s , and in each karyotype 

the missing element was an X chromo some (F igure IV . 1 1 ) . 

The proport ion of non-modal cells is comparable to  

that obtained from leucocyt e  and f ibroblast culture s from 

normal hors e s  and no normal c e lls were found . Karyotype s  

prepared from hypodiploid met aphase spreads were lacking in 

different chromo some s but in e ach cell one of the missing 
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e lement s was an X chromosome . 

No evidence of mosaic i sm was detected . Several cul­

ture s of leucocytes and mit o s e s  obtained from other tissues 

produced consist ent re sult s and the analysis of non-modal 

c ells showed them as broken c e l l s  with the lo s s  or gain of 

different element s .  Although mo saicism is diff icult t o  

exclude , the karyotype o f  this infert ile mare was conc luded 

t o  be a pre sumptive 63XO . 

Centromere staining 

Centromere st aining of yhe chromo some s of the horse 

p ermit s p o s it ive ident ific at ion of the X chromosome . M ito­

t ic cells  prepared from leuc ocyt e s  and from cells from the 

right ovary were C-banded and karyotyped ( Figure IV . 1 2) . 

Analyzed cells consistently c ontained only one X chromo some . 



F igure IV . 1 0. Phenotype of thoroughbred mare 

shown to have XO anomaly . 

1 1 2  
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TAB L E  I V. 9. CH ROMOSO M E  COU NTS O F  M ETAPHASE SPR EADS F ROM XO MAR E 

CO UNT DIST R I BUTI ON 
Tissue Cells 
cultured 

< 62 62 63 64 > 64 Polyploid counted Karyotype 

Leucocytes 1 1 2  50 0 0 1 64 63XO 

Muscle 0 2 26 0 0 0 28 63XO 

Fascia 0 0 6 0 0 0 6 63XO 

Mesentery 0 0 4 0 0 0 4 63XO 

Right ovary 1 4 1 5  0 0 1 21  63XO 

TOTA L 2 1 8  1 01 0 0 2 1 23 

( 1 .5%) ( 1 5%) (82%) ( 1 .5%) 
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F igure IV . 1 1 . Karyotype of mare shown to have XO 

anomaly , 2n = 63 . (Magnificat ion 4500x) . 
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Figure IV . 1 2 . Karyotype of 63XO mare after centro­

mere staining . (Magnif icat ion 4500x) . 
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c )  Examinat ion of the reproduct ive tract 

Following suc c e s sful ce ll culture s of blood leucocyt e s , 

subcutaneous f as c ia and mesent ery , the mare was de stroyed 

with pentobarb it one sodium ( "Euthatal " , May and Baker) and 

aut ops ied . The r�product ive organs are displayed in F igure s 

IV . 1 3 ,  14 and 1 5 . 

The vulva and vagina were normal in s1ze  and app e arance 

exc ept for the pre sence  of an incomplet e band of f ibrous 

t i s sue cranial t o  the urethral orif ice connect ing the lateral 

wall s  of the vagina ( pers istent hymen) . The cervix and uterus 

were of the normal s 1ze  expected for a young maiden mare . 

The ovaries  were almo st identical in appearanc e with 

a smooth firm t exture (F igure' IV . 1 5 ) . Both were markedly 

unders ized , measur1ng only 3 . 5cm x 2cm , and follicle s were 

ab sent from the ovarian surfac e . Sect ioning of the ovaries  

during autopsy f ailed to reveal macro s copic follicle s within 

the ovarian t i s sue . 



F igure IV . 1 3 . Int ernal genitalia of XO mare . 

The ut erus  is of normal siz e  for 

a young virgin mare but the 

ovaries are lacking in overt 

follicular development . 
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F igure IV . 14 . Internal genitalia of 

XO mare ; vagina cervix 

and ut erus opened . The 

persist ent hymen is 

indicat ed by the arrow . 

1 1 8  



Figure IV . 1 5 . Left ovary of XO mare . 

Note the ab sence of Graafian 

follicle s which , in a normal 

cycling mare , protrude from 

the ovarian surface . 

1 1 9  
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Histology 

Segment s from both ovarie s and the ut eru s  were f ixed 

in 1 0% formal saline and rout ine ly prepared for sect ioning . 

Slide s containing histological s e c t ions 7� thick were st ained 

with haematoxylin __ and eosin ,  and e ach slide was mount ed with 

a coverslip with DPX . 

The hypop last ic appearance of the endometrium is 

illustrated in F igure IV . 1 6 .  Little  arborizat ion is evident 

in the endometrial glands which are lined with cubo idal cell s .  

Cubo idal cells  indicat ive o f  low c irculating leve ls  o f  oestro­

gens compose  the luminal epithel ium of the uterus . 

Most of the ovarian sub stanc e cons isted of f ibrous 

c onnect ive t i s sue or ovarian stroma . However , one section 

t aken from the right ovary revealed the pre sence of a number 

of pre sumpt ive atret ic Graafian f o l l icles and a discrete area 

of funct ional lut eal tissue (F igure IV . 1 7 ) . N o  primordial 

germ ce lls  were observed and the structures pre sumed to be 

atretic follicles  were few . 

The wal l  of a normal Graaf ian follicle c ons ists of a 

row of granulo sa cells , init ially c o lumnar in shape , which 

pro liferate  to produc e a strat if ied layer of granulosa c ells 

at least f ive c e lls thick . The pre sumpt ive follicles  in this 

infertile mare were lined with cubo idal granulosa cells  in 

only one or two layers (F igure IV . 1 8 ) . The the ca interna 

and theca ext erna were also poorly different iated , completing 

the picture o f  an underdeveloped or atret ic follicle . 

The poorly deve loped wall of a Graaf ian follicle in 

the right ovary of this chromo somally abnormal mare is shown 

in F igure IV . 1 9 .  The granulosa c e l l  layer is only two cells  

thick , and the rich capillary network found in the the ca 



F igure IV . 16 . Histological sect ion 

of endometrium from XO 

mare . 

Note the hypoplastic 

appearance with little 

aborizat ion of endometrial 

glands and cuboidal cells  

l ining the luminal epithe­

lium and endometrial glands . 

( Magnification 500x) . 
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F igure IV . 1 7 . Pre sumpt ive atret ic Graaf ian 

follic le s ( a  and b)  and lut eal 

t issue ( c ) in the right ovary 

of the XO mare . ( Magnification 50x) . 

F igure IV . 18 . Presumpt ive Graaf ian follicles in 
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the right ovary of the XO mare . F our 

follicle s are e vident , each lined with 

a narrow layer of cuboidal granulosa 

cells . (Magnification 80x) . 



F igure IV . 1 9 . Wall of pre sumpt ive 

Graaf ian follic le . The 

granulo sa cell layer is 

only two c e lls wide and 

the thecas are po orly 

developed . The arrow 

indicates a red b lood 

cell in an early stage of 

phagocytosis  within a 

macrophage . 

( Magnification 500x) . 
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F igure IV . 20 . Atretic or degenerating 

Graaf ian follic le . The 

follicle has lost it s 

granulosa cell layer and 

theca interna . Consider­

able recent haemorrhage and 

haemosiderin is present . 

( Magnif ication 200x) . 

1 24 
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int erna of a normal follicle is  not apparent . Many macro­

phages are pre sent , having migrated into the t i s su e s  and 

engulfed and broken down erythro cyt e s , produc ing the p igment 

haemosiderin . In many macrophages the red blood cells  c an 

st ill be discerned , indicat ing that the haemorrhage and 

phagocyt o s i s  are rec ent occurrences . As the ir reparat ive 

function is complet ed , the phago cyt e s  move out of an are a ,  

but in the s e  s ect ions they are st ill fully funct ional and 

pre sent in large numb ers . 

A pre sumpt ive atret ic Graafian follicle in a more 

advanced st age of degenerat ion is  shown in F igure IV . 20 .  This 

follicle has largely lost it s f inite structure and the granu­

lo sa cells and thec a  int erna c annot be def ined . The f l imsy 

surrounding band of f ibrous c onne ct ive tissue is probab ly a 

remnant of the the c a  externa . Macrophages containing haemo­

s iderin are part icularly obviou s , indicative of recent 

haemorrhage . 

The discrete  region of lut eal tissue (F igure IV . 21 )  

has the charact erist ic appearanc e of a normal funct ional 

corpus lut eum cont aining endocrine cells and a rich blood  

supply , and lacking a f ibrous cap sule . Oft en found in  regions 

of cell act ivity , the p igment lipofuchsin ( 1 1 wear and t e ar 

pigment 11 ) is probably repre sent ed by a yellow-tinged are a  

among this lut e al t i s sue (F igure IV . 22 ) . F ine lip id drop lets 

are found in the lut e in cells of a normal c orpus lut eum . 

The s e  usually remain small in size  and number while the corpus 

lut eum is funct ional , but when involut ion begins the l ip id 

droplet s become larger and more numerous . As  involut ion 

pro c eeds , lip ids cont inue to accumulate in the lut e in c e lls  

which finally undergo complet e fatty degenerat ion . A ye llow 

or brown pigment , lipofuchsin , is  fre quent ly f ormed during 



this proc e s s , but is seen in · only small amount s in F igure 

IV . 22 .  
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In normal horse s ,  acces sory corpora lut ea  may form . 

from ruptured fol licles or , more commonly , by the lute iniza­

t ion of unrupture� follicles , in which cas e  the corpus lut eum 

would appe ar t o  be encapsulat ed due t o  the persist ence of 

the theca  ext erna . In F igure IV . 21 there is  no evidenc e of 

a f ibrous c ap sule surrounding the are a  of lut eal t i s sue . 

F igure IV . 23 reveals the typical appearanc e of  act ive 

endocrine cells  composing the region of lut eal t is sue . 

Almo st all the endocrine cells cont ain normal nuc l e i  with· 

distinct nuclear membrane s and prominent nucleoli . That 

the s e  ce lls are funct ional is further support ed by the pre sence 

of obvious cytoplasmic vacuo lat ion , giving them a finely 

vacuolated appearance . 



�igure IV . 21 . Discrete area of luteal tissue 

in the right ovary of the XO 

mare . ( Magnificat ion 50x) . 

F igure IV . 22 . Typical histological appearance of 

funct ional lut eal tissue from right 

ovary of XO mare . An area c ont aining 

a faint yellow-brown p igment , probably 

lipofuchs in , is indicat ed by the 

arrow . ( Magnif ication 200x) . 
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1 28 

" 'fou fVl <!An E Doesn 1 = Nlc z ? "  . 



F igure IV . 23 . Charact erist ic active luteal endo­

crine cells  with dist inct nuc leoli 

and nuc lear membrane s and f ine 

cytoplasmic vacuolat ion . 

(Magnific at ion 500x) . 

1 2 9 
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· d)  Sex chromat in studie s 

( 1 )  Introduct ion 

The discovery of sex chromatin ,  usually attributed to 

Barr and Bertram ( 1 949) who f irst reported a sex difference 

in neurone s of the cat , has proved invaluab le as a scre ening 

pro cedure for the diagno sis of X chromosome abnormalities . 

At the s ame t ime , B arr and Bertram ( 1 949) note d  a s imilar 

feature in the nerve cells of women , and a smaller , le s s  

we ll-def ined chromat in mass  c an b e  identified in male s . 

Staining propertie s with nuclear dye s  indicated that 

the smal l  discrete  sex chromat in body was comp o s e d  of DNA 

( Lindsay and Barr , 1 955 ) but not unt il 1 960 was the pre sence 

of sex chromat in related to the number of X chromosome s 

( Stewart , 1 960 ) . The formula  re lating the number of sex 

chromat in bodies per cell , B ,  with the numb er o f  X chromosome s 

and the numbe r  of aut osomal sets , A ,  is 

A B = X - "2 (Harnden , 1 961 ) .  

From the f ormula , 1 1halve s 11 are c onsidered an indic at ion of 

the unstab l e  effect of an abnormal autosomal c omplement , as 

with human XXY triploids . 

Apart from the corre lat ion betwe en the sex chromatin 

and the number of X chromosome s , a size re lat ionship has also 

b een established . Abnormal s iz e  of the sex chromat in body 

is indic at ive of a structural abnormality of an X chromo some : 

a small sex  chromat in body has been linked with p art ial 

de letion of an X chromosome ( Jacobs , Harnden ,  Buc kt on , C ourt­

Brown , King , M cBride , MacGregor and Maclean , 1 961 ) ; a large 

B arr body may repre sent an isochromosome (Frac c aro , I kko s , 

Lindsten , Luft and Kai j ser , 1 960) . 

Since it s init ial disc overy , sex chromat in has been 
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demonstrat ed in many cell · types  in man (Moore and Barr , 1 954 , 

1 955 ) and in dome stic animals inc luding the cow ( Lang and 
-

Hansell , 1 959) , sheep (Bruere and M acNab , 1 968) , cat , pig , 

and horse (Ho shino and Toryu , 1 95 9) . In humans , the sex 

chromat in is re adily dist inguished from other part icles of 

general chromat in by it s larger s iz e  ( 0 . 7 to 1 . 2� ; Moore and 

B arr , 1 954 , 1 955 ) and charact eristic shape . In other specie s , 

problems of ident ification may arise  and it may be diff icult 

to differentiate sex chromat in from c o arse aut osomal chroma-

t in , as in many cells of rodent s (Moore , 1 965 ) . 

Whereas chromosome s are vis ib le as dense structure s 

only during met aphase ,  sex chromat in c an be ident ified only 

during interphase . As we ll as varying between tissues and 

with age , the frequency of sex chromatin bodie s found in 

mammalian tis sues may be gre atly influenced by te chnical 

factors such as f ixat ion and sectioning (Kl �nger ,  1 966) . Of 

all body tissue s , the most c onsist ent for the i_dent if ic ation 

of sex chromat in is nerve t issue ( Mo ore and B�rr , 1 95 3 ) . 

The sex chromat in body may b e  found in three different 

pos itions in the cell : ( 1 )  adj acent t o  the nuc leolus , 

( 2) free in the nucleoplasm , and ( 3 )  adj acent to _ the nuc lear 

membrane . The position of the sex chromatin body within the 

nuc l eus  appear s  to vary with the type o f neurone and with the 

spe c le s  (Moore and Barr , 1 953 ) , and depending on it s posit ion 

in the nuc leus , the sex chromat in may have several different 

shap e s . It t ends to conform to adj ac ent surfac e s ; when free 

in the nuc leop lasm it assumes a spherical shape , when pres sed 

against the nuc l eolus it is s emilunar . 
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In the dome stic horse (Eguus cabal lus ) ,  sex chromat in 

s imilar t o  that pre sent in bovine cells  has been de scribed in 

nerve t issues and nuclei  of ep ithel ial and smooth muscle  c e ll s  

o f  the duodenum (Eo shino and Toryu , 1 959) . Benirschke et al . 

( 1 962) c ould not dist inguish the sexe s by examining buc cal 

smears f or sex chromat in due to  the c lump ing of chromat in 

part ic les  in male nuclei . They did , however ,  det ect sex 

chromat in in the ep idermal ce lls of an alleged fert ile mare 

mule (Benirschke et al . , 1 964), and in skin cells  cultured 

from a donkey-Grevy z ebra hybrid (Benirschke et al . , 1 964) . 

Payne , et al . ( 1 968) were unable t o  ident ify chromat in 

b odie s  in bucc al ce lls  due t o  poor staining quality of the 

c e l l s  and the pre sence within nuclei of chromocentre s s imilar 

in appearance to  chromat in bodies . Vaginal smears were more 

succ e s sfu l , and sex chromat in bodies c ould be ident ified in 

approximat e ly 30% of cells  from a normal fertj le mare ( Payne 

et al . , 1 968) . 

( 3 ) Sex chromat in of polymorphonuclear leucocyt e s  

Dist inct from the Barr bodie s pre sent in interphase 

nuc lei  of t is sue cells , sex chromat in is also repre sent ed by 

a small nuc lear mass , the 1 1 drumstick11 , attached by a f ine 

f ilament t o  the body of the nucleus of some polymorphonuclear 

leucocyt e s . Davidson and Robert son Smith ( 1 954) f irst demon-

strated 11drumst icks 1 1  in human peripheral blood and drew 

attent ion t o  the pre senc e  of non-sex-sp e c ific structure s 

liable to be c onfused with them . In the horse , s e s sile 

nodules re s embl ing small 1 1 drumst icks 11 have been observed 

frequent ly in po lymorphonuclear neutrophils of both male s  

and female s ( Co lby and C olhoun , 1 963 ) . 
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Even in normal sub j ect s , the frequency of neutrophil 

drumst icks in humans and animals is extreme ly variable . 

Colby and C olhoun ( '1 963 ) , examining the polymorphonuclear 

neutrophils of dome stic animals , considered that the presence 

of six acc e s s ory npclear lobules per 500 c e l l s  was diagno stic 

of female sex . 

Typical 1 1 drumst icks 11 have been de scribed in 6% of 

po lymorphonuclear leucocyt e s  in a female mule and in 4% of 

similar c e lls in a female donkey (Benirschke et al . , '1 962) . 

Dunn et al . ( '1 974) found 11 drumst icks 11 in 6 . 25% of polymor-

phonuclear neutrophils from an intersex horse , in the ir view 

1 1  a posit ive diagno sis of female sex11 • Hughe s  et al . ( '1 975 a ,  
-
'1 975b) reported a 4% inc idenc e of 11drumst icks 1 1  in a normal 

mare , a reduced frequency ( '1 . 75% ) in an XO/XX mo saic , and no 

"drumst icks 11 pre sent in a c ase of pure gonadal dysgene s i s . 

A lthough the fre quency of 11 drumst icks 1 1  does not always 

bear a direct re lat ion t o  the number of X chromo some s , drum-

stick analysis provide s a means of 11 sexing 11 another t i s sue in 

the evaluation o f  mo saic ism of X chromosome abnormal it ie s . 

As with the sex chromat in in t issue cells , structural abnor-

malities of the s ex chromosome s in humans are reflected in 

the leuco cyte drumsticks ( M aclean , '1 962) . 

(4)  Examinat ion of neurone s for sex chromat in 

Nerve c e l l s  from the cerebe llum and spinal cord of 

three hors e s , a normal male , normal female , and the XO mare , 

were sc ored for the pre s ence of sex chromat in b odie s . The 

re sult s of thes e  examinations are shown in T ab l e  IV . '1 0 .  

- A sex chromat in body was identified in 3 94 of 566 nerve 

cells obtained from the cereb e l lum and sp inal cord of a normal 

mare . This  frequency ( 70% ) is slightly lower than the 80% 



inc idence found by Hoshino and Toryu ( 1 959)  in nerve cells  

taken from various regions of the nervous systems of  cat s , 

p igs , goat s , c attle and horse s .  
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The p o s ition of the sex chromat in b ody within the 

nucleus in the fiv.e regions of nerve t issue examined is shown 

in Table IV . 1 1 . Depending on the relative plane s in which the 

sex chromat in and the nucleolus o ccurred , int erpretation of 

the posit ion of the sex chromatin was often difficult . In 75% 

of neurone s containing sex chromat in , the semilunar sex 

chromatin body was situated ad j acent to the nucleolus (F igure 

IV . 24) ; in approximately 20% of c e l l s  it was located free 

in the nuc leop lasm (Figure IV . 25 ) , and it was infrequently 

found adj ac ent to the nuclear membrane (F igure IV . 26) . The 

position of the sex chromat in appears t o  be part ly species 

specific but also shifts it s p o s it ion within the nuc leop lasm 

during altered states  of metab o l ic act ivity of the cell 

(Bertram , 1 966) . 

The abs ence of sex chromat in bodies among 539 neurone s 

from a mare with sex chromo some c onst itution XO , is evidence 

for the lack of an X chromo some in cells  of the nervous system . 

S ince nerve t is sue 1s epidermal in origin , it is probable that 

c e l ls comp o s ing other body t i s sue s derived from epiderm are 

also characterized by the ab sence of a sex chromo some . 

( 5 )  Examinat ion of neutrophils f or " drumst icks 1 1  

Following the examinat ion of 1 00 po lymorphonuclear 

neutrophils from a normal mare , " drumst icks " were ident ified 

in 4% of the c e l ls examined ( F igure IV . 27) . This f inding· is 

c omparable to that reported from s imilar studies ( Hughes et 

al . , 1 975b ) . No typical "drumst icks " were dete ct ed among 

1 000 polymorphonuclear neutrophils from a normal stallion , 
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nor among a further 1 000 neutrophils from the infert ile mare 

lacking one X chromosome . However , a smal l number ( le s s  than 

5 per 1 000) of nuc lear appendages re sembling small 11 drum-

st icks " were not iced in both the XO mare and the normal male 

(F igure IV . 28 ) . 

When pre sent , "drumst icks " o ccur in only a small pro-
- -

port ion of neutrophils and may be c onfused with non-sex-

spec ific structure s . The s iz e  of the 11 drumst ick" head is  an 

important charact eristic because of po�sible confusion with 

other nuclear appendage s which may have a s imilar shape but 

are usually smaller . Further , the frequency of "drumst icks " 

alters with the degre e of lob at ion of the neutrophil nuc l eus 

in different individuals . 

Due to the very low frequency of ac cessory drums t ick 

appendage s ln the p olymorphonuclear neutrophils of  dome s t ic 

animals ,  Colby and C olhoun ( 1 963 ) c ons idered this t e st t o  b e  

of doubtful value as  a method o f  s e x  diagno sis . From this 

study too , the examinat ion of blood smears for "drumst icks " 

was concluded t o  have limit ed diagno stic value in the horse . 



T AB L E  I V .  1 0. 

S E X  C H R O M AT I  I N  N E R V E  C E l lS O F  A N O R M A l  

X O  M A R E 

N E RVOUS TI SSUE EXAM I N ED 

N O RM A l  MAR E A N D  

R EG I O N  Of SPI N A L  C O R D  

Cerebel l u m  Total % 
Cervical Thoracic Lumbar Sacral 

N o r mal Sex chromatin 0 0 0 0 0 0 
0 

stall i o n  Cells examined 1 06 1 06 1 07 1 1 2 1 06 537 

Normal Sex c h ro matin 87 98 69 65 75 394 

69.6 

mare Cel l s  examined 1 05 1 44 1 04 1 04 1 09 566 

Sex c h ro matin 0 0 0 0 0 

mare 

Cel ls  examined 1 05 1 04 1 08 1 1 3 1 09 539 

R EG IO N  
Position o f  

Cerebel l u m  Cervical Thoraci c  

t o  n u cleolus 84 8 1  50 4 5  

3 1 6  1 6  1 7  

n u clear 
membrane 0 1 3 3 

TOTA l 87 98 69 65 75 
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Figure IV . 24 . Sex chromatin body 

adjacent to the nucleolus 

in a neurone from a 

normal mare . 

(Magnification 1 250x) . 
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F igure IV . 25 . Sex chromat in body free in the 

nucleoplasm of a neurone from a 

normal mare . (Magnif ication 1 250x) . 

F igure IV . 26. Sex chromat in body adjacent t o  the 

nuclear membrane in a neurone from 

a normal mare . (Magnif ication 1 250x) . 
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F igure IV . 27 . Charact eristic nuclear appendage 

( "drumst ick" ) on a polymorphonuc lear 

neutrophil from a normal mare . 

(Magnif icat ion 1 250x) . 

Figure IV . 28 . Nuclear appendage on a polymor­

phonuclear neutrophil from a 

normal st allion. 

( � agnification 1 250x) . 

1 3 9 
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iii)  Discussion 

Disorders  of the sex chromosomes associated with pheno-

typ i c  abnormalit ies are we ll known in man , and comparable 

syndrome s have been found among the dome stic animals (Bishop , 

1 972 ) . The b e st known of the sex chromo some disorders in 

humans are the st erile male with Klinefelter ' s syndrome 
-

( Kl ine f e lter , Re ifenst e in and Albright , 1 94-2) and the female 

with Turner ' s syndrome (Turner , 1 938)  charact erized by 

ster.ility and infant ile sexual deve lopment . 

The animal count erpart of Klinefe lter ' s syndrome with 

XXY sex chromo some s in either pure or mo saic form has been 

de s cribed in e ach of the dome stic animals .  The XO karyotype , 

as f ound in women with Turner ' s  syndrome , is  re corded in mice 

(We l shons and Rus sell , 1 959 ; Russell , 1 961 ) and has now been 

repo rt ed in three of the dome stic animals :  the p ig ( Ne s , 

1 968 ) , c at ( Norby , Hegreberg , Thuline and F indley , 1 974-) 

and horse . 

Origin of the XO anomaly 

In the mare , as in other spe c ie s , an XO s ex chromosome 

const itution may arise by nondis junction in a parental germ 

c e l l  or in mit o s is after fertilizat ion , or by the lo ss  of an 

X c hromosome during gametogenesis or e arly cleavage of the 

zygote .  

The XO anomaly in women is unassociated with maternal 

age ( Tenne s , Puc k ,  Bryant , Frankenberg and Rob inson , 1 975) 

and is often f ound in mosaic form .  This was considered 

indirect evidenc e that the lo s s  of a sex c hromo some most 

c o mmonly re sulted from a mitot ic error between fert iliz ation 

and f irst cleavage ( Morishima and Grumbach , 1 968) . The XO 

karyotype in mice  was also thought t o  re sult from sex chromo-
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some l o s s , more frequent ly o f  the paternally-derived chromo­

some (Russell , 1 962) , and f amily studies of X-linked trait s 

in man ( colour blindne s s  and Xg b lood group ) have further 

indicated the preferent ial loss  of the paternally-derived 

X chromo s ome . Similar informat ion concerning the XO anomaly 

in the horse is  lacking . 

In the only report of an XO cat , Norby et al . ( 1 974) 

believed that the ret ent ion of the paternal X was due to 

nondis junction in the dam ' s germ cell line or during very 

ear ly embryonic division.  Not ing the family history of unusual 

coat colour p att erns he sugg e sted the pos s ibility of an 

hereditary inf luence . 

Frequency of the XO anomaly 

In newborn children , the XXY anomaly is about f ive 

t im e s  more common than XO (Moore , 1 959 ; Mac lean , Harnden and 

C ourt-Brown , 1 961 ) . The inc idence of the XO anomaly in live­

born female children has been est imated at 0 . 4/1 000 ( Jac ob s , 

1 966) . No s imilar surveys have been undert aken in animals , 

but from this and other c oncurrent report s , the XO anomaly 

seems remarkably common among inf ert ile mare s .  

Prior t o  this report , disorders of the sex chromo some s 

hav� been f ound in 1 9  of 28 infert ile mare s ,  an incidenc e of 

68% . (An e arlier but inconc lusive report of a chromo some 

anomaly in a sterile mare was rec orded by Payne et al . ( 1 968) ) • 

The se re sult s are comp arable  t o  cytogenet i c  studie s on women 

with a history of primary amenorrhoea ( Jacobs et al . , 1 961 ) , 

but anomalie s of the s ex chromosomes in inf ert ile mare s are 

apparently more frequent than the 50% inc idenc e recorded in 

amenorrhoe ic women ( T able  IV . 1 2 ) . 



TABL E  I V. 1 2. COMPA R I SON O F  SEX C H ROMOSOM E D I SO R D E RS AMONG I N F E RTI LE MAR ES AND WOM EN.  

Nu mber Number 
SEX CH ROMOSOME CONSTI TUTION Author Patients with with Autosomal 

examined chromosome abnormal sex XV Abnormal abnormal ity 
anomaly chromosomes xo XO/XX XO/XY XXX female X 

32 women 

Jacobs et al., 1 961 
having 17 16 6 1 3 1 2 3 1 
pri mary 

amenorrhoea (1 XO/XYY) 
( XO/XXX) 

Chandley et al., 1 975 29 

Hughes e t  al., 1 975b infertile 20 1 9  1 1  3 1 1 2 1 ( ? ) 1 
Payne et d., 

Hughes et al., 1 976 mares 1 968 
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Most p lacental mammals including the mouse , dog , cow , 

horse , donkey and man have X chromosome s s imilar in size  and 

g enet ic constitut ion ( Ohno , Stenius , Christ ian , Be z ak and 

B ez ak ,  '1 964 ;  Mathai et al . , '1 966) but the function of the X 

chromo some remai�s large ly equivocal . The o ccurrence of a 

relatively high incidenc e of chromosomally abnormal mare s 

may indicat e  that the X chromosome plays a l e s s  signif icant 

role in the embryonic development of this spe c ies . 

The f inding of a sex chromo some dis order in only one 

of t en infertile mares examined chromosomally in this study 

appe ars  to repre sent a lower frequency of chromo some anomalies 

than is evident from other reports ( ChandlBy et al . , '1 975 ; 

Hughes , '1 976) . There are s everal possible reasons for this 

dis crepancy . 

In  this survey it was not possible for the author t o  

apply rigid clinical standards o f  se lection t o  the mare s 

referred for chromo some analys is , and sele ct ion was based 

only on the failure to produce a live foal . Whereas the 

inf ertile  mares in previous studie s were characteriz ed by 

the failure of follicular development and c onc eption , and 

the presenc e  of small rudimentary gonads , two of the t en 

mare s reported here had previously conceived and seven had 

shown o e strous behaviour . In addit ion , the ovaries in f ive 

mare s were c onsidered normal by rectal palpat ion , and in one 

c as e  ( "A strel la" ) an ovary had been removed after it was 

f ound t o  cont ain a granulosa cell tumour . Had the author 

been abl e  to apply more strict criteria of select ion , only 

f our mare s would have been referred for chromo some analysis . 

Also  in many instances , blood sample s  sent for screening were 

pro c e s s ed before the full history was availab l e . There were 

considerab l e  diff icult ies  in liaison with f ield  veterinarians 
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and in acc e s s  to infertile broodmares .  The mare shown t o  

have a 63XO karyotype was a p atient at Mas sey University during 

the period that b lood samples  were obtained from mare s at 

studs . This mare was able to be adequately studied chromo­

somally while many of the others were not ( T able IV . 8) . 

T he possibility of c e l l  s e lection in culture cannot 

be ignored . C e l l  lines apparent ly grow at different rat e s , 

and one l ine may outgrow another (Fraccaro , Gemzell and 

Lindst en , 1 960 ) . Other f actors which may influence the suc c e s s  

o f  det ect ing chromosome errors inc lude the range o f  tissue s 

sampled and the number of c e l l s  analyzed for e ach mare . 

Mosaicism is common in humans and horse s with sex 

chromo s ome abnormalit ies , and it is often neces sary t o  make 

chromo some preparat ions from several tissu e s  to determine a 

patient ' s  chromo somal const itution.  In thi s  study , cells  other 

than b l o od leuco cytes  were analyz ed in only o n e  case , the XO 

mare . Due to difficultie s of acc e s s  t o  the individual mare s , 

the mult iple  sampling of a range of t issue s was usually not 

p o s s ib l e  and chromosome analysis relied on the culture of a 

s ingle sample of blood.  

In any glven case the pre s ence or abs ence of mo saic ism 

c annot b e  det ermined with abs o lut e c ertaint y .  Court-Brown 

e t  al . ( 1 964) commented that " in most cas e s  the pre senc e or 

absence of mo saic ism may reas onably be det ermined after 

c ounting 30  metaphases" . F or. only three o f  the ten inf ert ile 

mare s wer e  30 or more met aphases  c ounted ,  and 22 cells were 

analyzed in a f ourth mare having a s imilar phenotype and 

reproduct ive history to the XO mare . 

That the pre sence of mo saicism can b e  eas ily over­

l ooked was illustrated from the b ovine true hermaphrodit e 

describ e d  by Dunn , McEnt ee  and H anse l  ( 1 970) . Only d iploid 
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c e lls  were det e cted among the first 300 _ leucocyt e s  examined , 

but a further 400 metaphases  revealed one 88XXY c e ll . The 

author stat ed that 11 the triploid c e l l  line would have gone 

undete c t ed if only 200 met aphases per culture from blood , 

skin and b one mar.�ow had been examined11 • 

Mo saicism is probably much more common than has been 

recognize d , and is difficult t o  exclude bec au s e  chromo s ome 

c onstitut ion may vary in diff erent t issue s and even between 

areas of the same tissue ( Morishima and Grumbach , 1968 ) . A 

survey of Xg ( a sex-linked blood group system) in Turner ' s  

syndrome disclo sed a much gre ater incidence of mo saic ism ·than 

f ound in other aneuploid stat e s  ( Race and Sangcr , 1969) . This 

apparently high frequency of mosaicism in women with Turner ' s  

syndrome i s  due to their pref erent ial survival in uteri in 

comparison with XO zygote s  ( He cht and MacF arlane , 1969) .  

S imilarly in the horse , leucocyte  cultures have shown that 

approximat e ly one third of the chromosomally inf ertile mares 

report ed have b e en mosaics .  A lthough in these case s . mo saic ism 

was det ected in leucocyte culture s , the po s s ib ility c annot 

b e  ignored that undetected mo saicism may acc ount for the 

re lat ively low inc idence of sex chromosome disorders f ound in 

this survey , part icularly in view of the small numbers of 

c e ll s  examined . 

B ishun , R ashad , Morton , Mannion , Nee ly and Burke ( 1.964) 

suggested that the pre sence of gono some mo saic ism might lead 

t o  the product ion of some abnormal gametes and embryonic 

death . They reported XO/XX mosaic ism in a women with a repro­

duct ive history of four pregnancie s , of which three had 

result ed in stillbirths . In view of the re lat ive ly high 

inc idence of mo saicism with sex chromosome anomalies in mares , 
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this may have considerab l e  importance in the o ccurrenc e of 

embryonic death in the hors e . 

Effe ct of XO anomaly on phenotype 

Infert ile mare s exhib it a range of phenotyp e s  and not 

all infertile mare s with small inactive ovarie s contain 

dete ct ab le chromo some .anomalie s ( T ab le IV . 7 ) . There were 

marked s imilarit ies in appe arance and breeding historie s 

between the XO mare and in.f ert ile mares shown t o  have normal 

karyotyp e s , and it was not p o s sib l e  t o  dist inguish b etween 

them on the bas is of phenotyp ic characteristic s . In par-· 

ticular , one unnamed mare ( Ca s e  38/75 , Table IV . 7) was almo st 
. .  

identical t o  the XO mare in physical appearanc e and reprod-

uct ive b ehaviour , and from rectal palpation the int ernal 

genitalia of the s e  two mare s s eemed very similar . However , 

leucocyt e culture s showed one to have a normal female karyo-

typ e ; she was returned t o  the stud and sub sequently 

c onc eived . 

The product ion of a l ive f o al does not , however , pre-

e lude the pre sence of chromo s ome anomalies re sponsib le for 

reduced fert ility . In  the woman reported by B ishun et al . 

( 1 964) , XO/XX mo saic ism was a s so ciated with reduced f ert ility 

rather than sterility , and the pre s ence of parental chromo-

some anomalie s in man has b e en causally as soc iated with sub-

fert il ity due t o  the embryonic death of chromo somally unbal­

anc ed gamete s  ( Chandley , Chr i stie , F letcher , Frackiewicz and 

Jac obs , � 972) . All  of the reported mare s having the XO 

anomaly i� pure or mo saic f o rm have b een sterile . However , 

there may be a yet undis c l o s e d  pool of chromo s omally abnormal 

mar e s  characteriz ed by redu c e d  fert ility or apparent embryonic 
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f indings from the XO mare . 
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Reports of XO mares have drawn attent ion to the ir 

frequent ly small siz e and abs ence of oestrous cycles (Hughe s 

et al . , 1 975a 1 975b ; Chandley et al . , 1 975 ) . These 

f indings were c onfirmed in the pre sent case . However , 

although the XO mare was never c onf irmed as b e ing in o e strus , 

this f inding is not uncommon among young maiden mare s in their 

f irst seas on at stud , and Hughe s  et al . ( 1 975 b )  noted that 

inf ert ile mare s having chromos ome anomalie s may exhibit 

s imilar reproductive behaviour to that of normal anoestrous 

mare s ,  except that their behaviour is never cyclical . 

The reasons for the irasc ible  nature o f  the XO mare 

studied here are unknown . The general behaviour of mare s 

with s ex c hromosome anomalies has not differed apprec iably 

from that of normal mares ( Hughe s , 1 976) and T e nnes et al . 

( 1 975 ) reported that women with Turner ' s  syndrome were also 

usually of normal intelligenc e .  In the only av ailable animal 

compar i s on Bruere and Kilgour ( 1 974) found no detectable 

diff erenc e s  in behaviour between normal and Klinefelter she ep .  

Women with an XO sex c hromo s ome const itution tend t o  

have a number of phenotypic abnormalities in common with XO 

mare s ,  including shortne s s  of stature and the absence of 

cycl ic al ovarian act ivity or menstruat ion. M o st of the pheno­

typic  characteristics of c l as s ic al Turner ' s  syndrome in women 

seem t o  b e  due to monosomy of the short arms of the X chromo­

some ( F erguson-Smith , 1 965 ) , but studie s of p at ients with 

stru ctural abnormalities of the X chromosome s have sugge sted 

that l o c i  on both the long and short arms are involved in 

ovari an differentiation (Fergus on-Smith , 1 965 ; F orabosco 

and Dallap iccola , 1 974 ; Nankin and Loiudice· , 1 974) . The 
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short arm of the X chromos ome and long arm of the Y may con-

tain homologous loci  s ince the presence of e ither element 

prevent s the short stature and many of the somatic abnormal­

it ies  of Turner ' s  syndrome (Ferguson-Smith , '1 966) . 

Effe ct of XO anomaly on the reproduct ive organs 

Except for the ovaries , which were small , f irm and 

lacking in palpable f o llicle s , the genitalia of the XO mare 

reported here were re lat ive ly normal . However , structures 

pre sumed to be Graaf ian follicle s in various stage s of degen-

erat ion , and a dist inct ive are a of apparent ly funct ional · 

lute al tissue were f ound in the right ovary. The s e  f indings 

conflict with other report s of XO mare s ( Chandley et al . , 

'1 975 ; Hughes et al . , '1 975a '1 975b) in which the ovarie s 

were invariably devo id of germ c ells . That the atretic 

follicles and lut e al t is sue were detected in only one s e ct ion 

sugge st s that only few were present at the t ime of autop sy .  

The cutt ing o f  serial sect ions from a numbe r  o f  ovarian 

segment s obvious ly enhanced the detect ion of the few germinal 

structure s present . 

The characteristic appearance of the rudimentary 

" streak gonads " in many women with Turner ' s  syndrome was f irst 

described by Wilkins and F l e i schmann ( '1 944) . Recogni z ab le 

ovaries have occurred in all the XO mare s reported , and the 

extreme s ituat ion where the gonad exist s as a rudiment ary 

streak has not b e e n  reported in mares .  A kitten with 3 7XO 

karyotype also had normal ovarie s with follicular devel opment 

( Norby et  al . , '1 974� , while Nes  ( '1 968) disc e rned a 37XO kary-j 
otype  in e ach of four N orwegian Landrace pigs characterized / 
by ambiguous or hyp oplastic genitalia , leg deformitie s and 

anoe strus . 



The sex chromo some anomalie s are as s o ciated with a 

range of phenotypes depending on the chromo some disorder and 

the specie s  involved (Table  IV . 1 3 ) . The XO anomaly in the 

hors e  has not yet been assoc iated with increased prenat al 

mort ality , furthe� evidenc e that the X chromo some in this 

spe c ie s , as in the mouse ( C att anach , 1 962) , has a more trivial 

funct ion than in man . Howeve r , as ln man , normal ovarian 

dif f erent iation and fert ility seem t o  require the pre sence o f  

two normal X chromosome s . 

Inact ivation of X chromo s ome s 

The re lat ively mild phenotyp ic change s  seen with 

abnormalit ies of the sex chromo some s when c ompared to aut o s omal 

errors may be attributed at l e ast part ly to the phenomenon 

of X inact ivat ion ( Lyon , 1 962 ) in which one X chromosome is  

genet ically inact ive in all  female cells . Whether the p at­

ernal or maternally derived X is inactivated appe ars t o  

depend o n  chance but once e s t ablished , the inactive state of 

that p art icular X is transmitt ed t o  all it s daughter cells . 

The female , therefore , has the same amount of act ive genetic 

material as the male , although in man , unl ike the mouse , the 

X chromosome is not complet e ly inact ivated and some loc i  may 

expre s s  a dosage effect ( R ac e  and Sanger , 1 969) . 

In hybrids of the hor s e  and donkey , the individual X 

chromos ome s can b e  ident ified from morphological differen�es 

and the pre sence of the spe c i e s-spe c ific enzyme , glucose-6-

pho sphat e dehydrogenase , which is c ontrolled by a locus _ on 

the X chromosome . Evidence from the mule and hinny has c on­

firmed the Lyon hypothe s is that only one X chromo some is  

funct ional in female cells and that this st ate  is transmitt ed 
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TABL E  I V. 1 3. 

SPECI ES C H AR ACT E R I STICS ASSOCIAT E D  WITH SEX CH ROMOSOM E D I SO R D E RS 

SEX CH ROMOSOM E CONSTITUTION 
SPECI ES 

XV XX XXV xo XXX 

Phenotypically Phenotypically 
Normal Normal 

Mouse normal male. normal female. 
male female 

Ster ile. Ferti le. 

Phenotypically Phenotypically 
Normal Normal 

Cat normal male. normal female. 
male female 

Sterile. Ferti l ity unknown 

Phenotypically 
Normal Normal 

Dog normal male. 
male female 

Steri le. 

Phenotypical ly 
Normal Normal 

Sheep normal male. 
male female 

Steri le. 

Phenotypically Phenotypical ly 
Normal Normal 

Pig normal male. abnormal female 
male female 

Steri le. Sterile. 

Phenotypically Phenotypically 
Normal Normal 

Cattle normal male. normal female. 
male female 

Ferti l ity unknown I nferti le. 

Phenotypical ly Phenotypical ly Phenotypical ly 
Normal Normal 

Horse abnormal male. normal female. normal female 
male female 

Steri le. Sterile. Sterile. 

Phenotypical ly Phenotypical ly Phenotypical ly 
Normal Normal 

Hu man normal male abnormal female. normal female. 
male female -

Steri le. Steri le. Fertile. 



151  

t o  daught er c e lls . In addition , there seemed to be prefer­

ent ial inact ivat ion of the donkey X chromo s ome (Hamerton , 

Richardson , Gee , A llen and Short , 1 971 ) .  

Triple-X female s 

The inact ivat ion of X chromo some s addit ional t o  one 

explains the relat ively minor phenotypic change s in women 

with extra sex chromo some s when compared t o  the severe anom-

alies a s s o c iat ed with trisomy of an auto some as small as 

number 2 1 . However , it doe s  not ent irely prevent their 

expre s sion in the phenotyp e . The abnormal f e ature s of Kline-

f e lt er ' s syndrome are more severe with extra X chromo some s 

and many wome n  with additional X chromo some s are physic ally 

normal and f ert ile but have an increased t endency to mental 

ret ardat ion , the severity of which increase s  with the number 

of X chromos ome s .  

I n  c attle , two triple-X f emale s have been  report ed.  

R ie c k , H5hn and Herz og ( 1 970) de s cribed a S immental he ifer 

with normal reproductive organs and normal sexual funct ion , 

and Norbe rg , Ref sdal , Garm and Nes  ( 1 976) re c orded a triple-X 

he ifer of normal appearance but c ons idered t o  b e  probably 

sterile due t o  severe depletion of ovarian f o l l icle s .  Human 

female s with t hree X chromo some s exhibit a range of pheno-

typ e s  (T ennes et al . , 1 975 ) but f ert ility is apparently - -

unimpaired ( Stewart and Sanderson , 1 960) , while a triple-X 

mare had irregular oe strous cycle s and produc ed a pre sumptive 

follic l e  on only one occasion , and ovarian b iop sy disclosed 

a lack of ovarian follicle s ( Chandley et al . ·, 1 975 ) . 

In contrast to the syndrome in catt l e  and humans where 

fert ility is at least possible , a phenotyp i cally normal mare 

with _ an extra sex chromosome was shown to b e  sterile . However , 
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a variable phenotype has b e e n  associated with triple-X 

femal e s  ·in other species  and it may be that this st erile mare 

repre sent s  an extreme of a range of phenotype s  yet to b e  

discovered in the horse . A lt ernat ive ly , the se difference s  

may be attributed t o  spe c ie s  differences in the function o f  

the X chromosome . 

F ert ility and the lack o f  an X chromo some 

The XO anomaly is not invariably as soc iated with ster­

ility . In fact it is the normal female karyotype in certain 

spe cies  of rodent s (Bishop , 1 972) . 

While XO mice ( C at tanach , 1 962) and rat s (Yong , 1 971 ) 

are normal fertile femal e s , a lbeit with fertility lower than 

normal ( Lyon and Hawker , 1 973 ) , all the XO mare s report ed 

have b e en sterile and XO women are almost invariably sterile 

and have Turner ' s  syndrome . 

The origin of XO spe c ie s  difference s may have at least 

two explanat ions ( Lyon , 1 962) . In some mammals a short 

pairing segment of the hete ro chromat ic X may remain act ive 

(H amert on ,  1 958) and the abnormalit ies in XO women may result 

from def ic iency of this region.  A second prop o sal relat ed 

the variable phenotypes obs e rved tq the time of X inact iv­

at ion in different spe c ie s .  Inactivat ion may occur at a 

lat er deve lopment al stage in the horse and man , and anomalie s 

may re sult from abnormal sex  chromo some action before the 

st age when one X is normally inactivated . Sex chromat in is  

first detectab le in the human embryo after 1 6  days ge st at ion 

r (Park , 1 957) ; in the rat which has an embryology similar t o  

the mouse it i s  f irst evident aft er seven days (Zybina , 1 960) , 

which probably corresponds t o  an earlier stage . The st age 

when sex chromaton is f irst  detectab le in the horse embryo 
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is unknown .  

Aft er migrat ion into the primit ive gonad , primordial 

XO cells degenerate  more rap idly than cells with XX or XY sex 

chromo s ome s ,  and if an appropriate number of germ cells fail 

to survive , ovaria� development do e s  not oc cur . Similarly , 

t e sticular deve lopment will not proc eed in the ab sence of XY 

germ cells  in the gonad. Hamerton ( 1 968) sugge sted that the 

migrat ion and development of germ c e lls require s only one X 

chromo some but that the second X is  ne cessary to c ontrol the ir 

rat e of atresia and perhaps also to c ontrol o e strogen production.  

Unlike the mouse , normal female deve lopment with com­

plete  ovarian differentiat ion in mare s and women requires the 

pre senc e of two normal X chromosome s . However , s ome bre ast 

deve lopment and even menstruat ion has occurred in a few 45XO 

women , and there is one report of an XO woman who gave birth 

t o  a normal son (Bahner , Schwarz , Harnden ,  Jacob s , He inz , and 

Walter , 1 960) . In the latter case , sex chromo some mo saicism 

was not det ected in any tissue . 

A recent hypothe sis by Lyon and Hawker ( 1 973 ) re lated 

the degre e  of infert ility as sociated with an XO sex chromo- · 

some c omplex to the longevity of the specie s .  They sugge sted 

that in all XO individuals ,  o o cyt e deve lopment is similar , 

but in larger mammals with a longer delay before puberty , the 

degenerat ion of germ cells re sult s in the exhaust ion of viable 

o ocyt e s  before s exual maturity . Indeed , germ c ells  are 

pre sent in the gonad of the human XO embryo ( Singh and Carr , 

1 966) but have disappeared or are severely depleted at birth 

( C arr , H aggar and Hart , 1 968) , and when puberty is reached the 

gonad is usually devoid of gamet e s . G amete s  pers ist , however , 

in the gonads of the post-pubertal XO mouse which has a much 
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shorter reproduct ive life . In older XO mic e , however , 

reproduct ion stopped due t o  a short age of oocyt e s  (Lyon and 

Hawker , � 973 ) . C onceivably , gametes might s omet ime s persist 

in the ovary of an XO woman so except ional case s of fert ility 

are not really s�rprising . 

The pre sence  of normal follic les in the ovaries of a 

newborn XO kitt en ( Norby et al . ,  � 974) appe ared t o  conflict 

with the f indings in infert ile XO women , but is not nec e ssar­

ily an indicat ion of fertility . In human XO embryo s the 

gonads deve lop normally up to the third intraut erine month 

and in this kit t en too , the germ cells may gradually hav� 

been lost  f rom the ovary b efore puberty . The domestic c at 

is re lat ively short-lived in comparison with the horse and 

man and may att ain sexual maturity before degenerat ion of 

oocyte s  is complete . On the basis of the above hypothe sis , 

the XO c at is more like ly t o  be fert ile than it s equine or 

human c ount erp art . 

I n  the sow and mare the XO anomaly has b een invariably 

associat ed with sterility . These mammals have a much longer 

reproduct ive lif e  than rodent s so more severe depletion of 

o o cyte s  might be expect ed , yet a number of degenerating 

Graafian f o llic l e s  were discovered in the ovary of an XO mare 

reported in this study . While the occurrence of atretic 

f o llic l e s  and organised lut e al tissue doe s  not affirm that 

ovulat ion has o ccurred , it do es indicate that the ovary was 

c apable  o f  at le ast some cyc lic act ivity . I f  f e rt ility is  

re lated to  the rate  of  o ocyt e degeneration , the f inding of an 

occas ional fertile mare would not be unexp e ct e d . 

The full relationship of chromo some disorders with 

development and prenatal lo s s  in the mare i s  unknown , but the 
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pre sence of  c hromosomal errors may he lp to  exp lain the low 

fert ility of the thoroughbred mare . From pre l iminary report s , 

the high incidence of chromo s ome anomalie s amo ng infert ile 

mare s is emphasiz ed , and chromo s ome studies c an obviously be 

of considerab le value in the inve stigation of infert ility 

problems in mare s at breeding studs . Chromo some studies have 

added importance in this regard due t o  the difficulties  in 

det ecting chromo s omally abnormal mare s clinically when com­

pared with s imilar chromos ome disorders in women .  The 

clinical effe cts of the XO anomaly are mainly manifested in 

the abnormal deve lopment of the primary and se c ondary sex 

charact eristic s , which are more difficult t o  r e cogniz e in 

mare s .  Further , in view of the high prices currently realized 

at thoroughbred and standardbred ye arling sale s in New 

Zealand , and other breeds of horses  throughout the world , 

the chromo some analysis of animals offered for s ale is  an 

important practical applicat ion . 
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PART V 

CHROMOSOME STUDIES IN ABORTION AND EMBRYONIC LOSS 



PART V 

CHROMOSOME STUDIES IN ABORT ION AND EMBRYONIC LOSS 

1 .  LITERATURE REVIEW 

i) Chromo some s and human abortion 

a) Inc idenc e of abort ion 

Javert ( 1 957) defined human abort ion as the termin-

at ion of pregnancy before 22 we eks of gestation or before 

foetal we ight exceeds 500g . A lthough the actual inc idence 

of spontane ous abort ion is in doubt it has been widely 

believed that 10-20% of human gestations terminate in this 

way . This is probably a cons e rvat ive estimat e as in c as e s  

of e arly foetal loss the pat ient i s  often unaware that she 

is pregnant , and Creasy and Crolla ( 1 974) considered that 

25% of recognizable pregnanc i e s  end in abortion . 

1 5 7  

A n  e arly study b y  Hert ig e t  al . ( 1 956) indicated that 

as f ar as early conceptus l os s  was concerned , the se e st imat e s  

were low . In a serie s of human ova obtained by hystere ctomy 

from women of known fert ility , they discovered abnormal 

conceptuse s , many of which would probably neve r  have implanted .  

A c c ount ing for early conceptual loss  by the addit ion of about 

30% failure of gro ssly abnormal c onceptuse s to the e st imate 

of c linic al abort ion , C arr ( 1 970a)  proposed a t ot al incidence 

of 45% for the spontaneous l o s s  of conceptuse s in wome n .  

b )  Chromosome studie s in spontaneous abort ions 

Chromos ome disorders were f irst report ed almost s imul­

t aneously from three sourc e s . Trisomy of chromo some 21  was 

f ound in association with mongol ism or Down ' s syndrome 
. -

( Le j eune , Turpin and Gautier , 1 95 9 )  and abnormal sex chromo-
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some const itut ions were de scribed in patient s with Turner ' s 

syndrome ( Ford , Jone s , Polani , De Alme ida and Briggs , 1 959)  

and Klinef e lt e r ' s  syndrome ( Jacobs and Strong , 1 95 9 ; Ford , 

Jone s , Mille r , Mittwoch , Penro se , Ridler and Shap iro , 1 959) . 

Since the �e original discoveries , an overwhelming 

amount of informat ion has accumulated in this f i e ld .  A wide 

variety of chromo some disorders have been found in c l inical 

pat ients ( Makino , 1 964 ;  Carr , 1 969) 'and also o c c as ionally 

in phenotyp ically normal pers ons (Warkany , Weinste in , Soukup , 

Rub inste in and Curle s s , 1 964) . 

Init ially it appeared that specific chromos omal 

abnormalit i e s  might be corre lat ed with certain c l inic al 

syndromes .  This association h�s gradually broken down 

although not ab le examples of such correlat ions do exist . The 

best known example  is  the associat ion of mongol ism or D own ' s 

syndrome with at l east part ial trisomy of chr;;�os ome 21 . 

The Geneva C onference ( 1 966) concluded that chrome-

somal abnormalit i e s  were a s ignif icant factor �n spont aneous 

abortions , s ince 1 9%  of nearly 800 spontaneous abort ions 

reported up to that t ime were found to have a chromo some 

anomaly . In order t o  standardiz e procedure s  for  c hromo s ome 

studies o f  abort ion , definit ions and nomenclature were defined 

by the Geneva Conference ( 1 966) . This terminol ogy was 

adhered t o  in the present study . 

C onsiderable variat ion was evident from separate 

cytogene t i c  studies  of human abort ion . From 1 8  studie s  

believed t o  b e  uns e lect ed , the mean inc idence o f  heteroploid 

abortuse s  was 21 . 5% ( C arr , 1 970a) and even in t hree studie s 

involving the chrono some analysis of 100 or more abort ions , 
� � 

the inc idence s  o f  chromo some errors were 38% (Boue , Boue and 
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Lazar , 1 95 7 ) , 22% ( C arr , 1 967a) and 8% �tenchever ,  Hempel 
- . .  

· and Mac intyre , 1 967) . 

Many factors are known t o  influence the inc idenc e of 

chromo some anomalie s  in populations . Prob lems have arisen 

when comp aring different populat ions , and to ass e s s  geograph-

i cal variation , guideline s for standardizat ion were drawn 

up at the Geneva Conference ( 1 966) . 

The prevalence of unsuspe cted induced abort ions in 

the populat ion may influence the frequency of chromosome 

disorders . Hosp ital admis s ion practices may be another 

s ource of b ias ; while women in some areas are admitted .t o  

hospital f o r  early abort ion � similar patients i n  other are as 

may be treated at home . 

A more important fact or is the possible se lect ion of 

the abortus material it self . Unknown to the inve stigator , 

the abortus may have b een s e l e cted on anatomical grounds by 

the phy s ic ian .  I ntact sac s , e ither empty or c ont aining only 

a stunte d  remnant of embryonic material are much more likely 

t o  yield a chromo some anomaly than those cont aining a normal 

embryo or foetus . Anomalous embryos apparently have only 

about a 50% chance of c ontaining normal chromo s ome s ( Singh 

- and Carr , 1 967) and by sele ct ing for so-called " blighted ova", 

Thiede and Metcalfe ( 1 966) found an extreme ly high incidence 

( 88% ) of  chromos ome anomalie s . 

Abortus material may also have been sele cted f or age 

of the c onceptus . Bou� and B ou� ( 1 969) report ed that 70% 

of embryos with a deve lopment al age of six weeks or le s s  are 

chromo s omally abnormal . From c ollected studie s , C arr ( 1 970a) 

found that the incidence of chromosome anomalie s remained at 

about 40% for the first 90 days of gestat ion , fell  t o  

approximat e ly 25% between the 1 3th and 1 7th weeks , and at 



later stag e s  c hromo some anomal ie s  

of abortuse s . 
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were f ound in only 3 . 5% 

After  c orrect ing for the various sourc e s  o f  bias , 

C arr ( 1 970a)  c alculat ed that approximately 36% of all spon-

t aneous abort ions in humans are chromosomal ly abnormal . 

c )  Typ e s  of chromosome anomalie s in abort ions 

The react ion of the organism to chromos ome disorders 

varies betwee n  the plant and animal kingdoms as we l l  as among 

different animal c las se s . Not all chromosome aberrat ions 

of a given type are prenatally lethal , while s ome chromo some 

defects may never b e  found b e c ause of their lethality at .the 

gametic st ag e . 

In general , the chromo s omal abnormalit i e s  de s crib ed 

in spontaneous abort ions are the same as tho se reported from 

l ivebirths . M o st of the chromosome anomalie s f ound in 

abortuse s  have been  numeric al , involving one of three type s :  

autosomal trisomy , mono somy X and polyploidy , although a 

variety of mis c e l laneous anomalie s have been reported .  The 

frequenc ie s of the chromo some disorders among spont aneous 

abortions in women are shown in Table V . 1 ; the re sult s of 

cytogenetic studi e s  in spont aneous abortion are summariz ed 

in Table V . 2 .  

Tab l e  V . 1 . Chromo some anomalie s among human 

spontaneous abort ions ( Carr , 1 970a) 

Chromo s ome anomaly 

Trisomy XO Polyplo idy O ther 

3X 4X Other 

Frequency 45% 20% 1 9%  5% 1% 1 0% 
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The c ommonest chromo some anomaly among abort ions and 

l iveborns i s  aut osomal trisomy , characteriz ed by the pre s enc e 

of one extra chromo s ome . Auto somal trisomy has been - found 

in about 45% of chromosomally abnormal spontaneous abort ions 

in women. 

Polyplo idy is the term used to define mult ipl e s  of 

the haploid number of chromos ome s ,  including triploidy and 

t etraploidy . Approximate ly one quarter of_ the chromo some 

anomalie s in spontaneous abort ions have involved whole extra 

sets  of chromos ome s . 

About 20% of human spontaneous abort ions are due �o 

the absence of one sex chTomo s ome ( 45XO ) , the only mono s omy 

c ommon in man , and the remaining 1 0% of chromo s ome disorders 

inc lude auto somal monosomies , double trisomie s, mosaics and 

structural anomalie s .  



TABLE V. 2 SUMMARY OF CH ROMOSOM E STUDI ES I N  HUMAN SPONTAN EOUS ABORTI ONS 

AUTHOR 

Arakaki and Waxrnan, 1 970 J Wax man, Arakaki and Smith, 1 9  
Bou�, Boue a� Lazar, 1 967 ' ' 

� Boue and Boue, 1 970 
Bowen and Lee, 1 969 
Carr, 1 963 1 1 965, 1 967o 
Clendenin and Benirschke 1 963 
Hall and Kallen, 1 964 
l n.horn, Therrnan and Patau, 1 964 
Jacobson and Barter, 1967 
Kajii, Oharna, Niikawa, Farrier 

Avirachan, 1 973 
Kerr and Rashad, 1966 
Larson, 1969 
Lauritsen, Jonasson, Therkelson, 

Lass, Lindsten and Peterson, 1 972 
Makino, lkeuchi, Sasaki, Murarnoto 

Shirnba, Fujirnoto and Matsuda, 
1967 

Mikarno, 1970 
Smith, MacNab and Ferguson-

Smith, 1 969 
Stenchever, Hempel and Macintyre, 

1 967 
Szul man, 1965 
Thiede and Metcalfe, 1 966 
Thiede and Salm, 1964 

Number of 
specimens 

358 

1 87 

1 63 

395 

1 8  

1 35 

52 

216 

62 

69 

71 

73 

1 50 

22 

75 

179 

51 

Age Analyzed 
(weeks) Number % 

<20 1 27 35.5 

<20 1 32 70 

< 1 5  41 25 

< 1 6  227 57.5 

9-17 10  59 

<13 8 

?88 65 

< 1 3  35 67 

< 1 3. 1 52 70 

< term 35 56 
40 58 

< 1 6  68 96 

6-24 37 51 

<17 67 45 

<24 1 6  72 

<20 101 65 

25 33 

54 30 

<20 1 2  24 

Abnormal CHROMOSOMAL ANOMAL V 
Karotype 

Number % Structural 
Trisomy xo Triploidy ITetraploidy Mosaics �bnormal� 

63 49.5 19 18 7 1 14 1 

50 37 
27 8 10  1 2 

267 51 

1 2  29 3 4 3 1 1 

50 22 26 1 2  9 

3 30 1 1 1 

2 25 2 

8 1 2 2 

8 23 3 2 

82 54 50 1 2  10 5 3 

6 17  3 1 

1 6  40 8 5 3 

34 50 14 12 3 4 

4 1 1  1 1 1 

17 25.4 7 2 3 2 

3 19 1 1 1 

8 8 1 2 3 2 

16 64 6 5 5 

24 44 1 5  5 1 3 

7 58 4 4 1 1 

Double Autosomal 
trisomy monosomy Other 

1 2 

2 

1 

3 

1 2 

1 1 

2 

1 

1 

3 
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d) Trisomy and monosomy in spontaneous abortions 

The pro c e s se s  of chromo some splitt ing and polar migra­

t i on are referred to as dis junct ion.  Nondis junct ion is the 

mo st frequent funct ional error of b o th meio sis and mit o s is 

and account s for �any of the abnormalit ies of chromos ome 

number ( aneupl o idy) . A le s s  common c ause of aneuplo idy 7 

invo lve s premature disjunct ion with the lo s s  of a chromo some 

through anaphase lagging . 

Within a group of chromosome s ,  different trisomies  

are  eliminated at  different stag e s  of  development . Trisomy 

o f  a large auto s ome has such a severe effect on the embryo 

that it usually results in abort ion.  In general , the larger 

the chromos ome involved , the le s s  commonly it has b e en 

encountered in t risomic form . If all  trisomie s o ccurred with 

e qual frequency , the ir occurrence should be related t o  the 

s iz e  of the group . Such has not b e en the c ause s o  the chance 

o f  occurrence of a part icular trisomy c annot be random . A s  

w e l l  as double t risomie s ( C arr , 1 967a) , members of �11 the 

c hromosome group s have been repre sented in trisomic abortuse s ,  

with Groups D ,  E and G be ing the most frequent ( Kajii  et al . , 

1 973) . 

The oret ically , _ mono somy should be just as c ommon as 

t risomy , but trisomie s have outnumbered mono somie s by about 

20 to one . Aut o somal monosomy has a more s evere effect on 

the conceptus than trisomy and the majority are pre sumably 

l o st before deve loping to the st age of clinically recogniz­

able abort ion. While monosomy X is  common , auto s omal mono­

s omy is rare , but monosomie s of s ome autos ome s (Pawlowitzki , 

C enami and Frischbier , 1 973 ) and even double monos omy have 

b een describ e d .  
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Mono somy of the X chromo some is the only mono somy 

c ommon in man , account ing for 20% of all heteroploid abo r­

tus e s .  The XO disorder . is  apparent ly one of the c ommone st 

chromo some anomal ies  in man but owing to a large f o et al loss  

it l S  relat ively uncommon at term . 

e )  Po lyploidy 

Polyp lo idy is  apparently c ommon in man and other 

mammals but is lethal before b irth . As long as the chromo­

some complement is  an exact mult iple of the haploid number , 

p olyploidy may b e  c onsidered an anomaly of fertilizat ion or 

po st-fertilization rather than an abnormality of the chromo­

somes themse lve s .  Triplo idy , involving three haplo id 

chromosome sets has been more common in abortuses , with an 

inc idence three t ime s gre ater than that of t etraplo idy . 

A high proport ion ( 20% ) of triploid embryo s have shown 

f o c al disorders , but the mo st consist ent phenotypic f e ature 

in abort ions with triplo idy has involved the placent a  rather 

than the embryo it s e lf . Cyst ic degeneration of the chorionic 

villi produce s the c ondit ion known as hydatidi form degenera­

t ion , first not iced in association with triploidy by M akino , 

Sasaki and Fukushima ( 1 964) . 

Viable triplo id individuals have been found only in 

c ertain amphib ia and birds (Ohno , Kittrell , Christian , 

Stenius and W itt , 1 963 ) . Triploid embryos in the mou s e  

survive only unt il mid-ge st at ion (F ischberg and B e atty , 1 952)  

and probably as in  man , where l e s s  than 1% of triploid 

e mbryos survive (Edwards , Yuncken , Rushton , R ichard and 

M ittwoch , 1 967) , the maj ority o f  triploid conceptus e s  in 

domestic animals and birds die during early pregnancy . 

Whereas ten children with diploid/triploid mosaici sm have 

survived beyond the neonatal period ( Niebuhr , 1 974 ; Dewald , 
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Alvarez , Clout ie r , Kelalis and Gordon , 1 975 ) , human foetuses  

with complete triplo idy have died e ither in ut ero or in the 

ear ly neonatal period ( Niebuhr , 1 974 ;  Henrikson , H�kansson 

and Sandahl , 1 974) . Mammalian triploids are apparently not 

viable in post-natal life unle s s  they cont ain a suffic ient 

number of diploid c ells , and of domest ic animals the only 

two triploid individuals surviving to adulthood , a tort o i­

shell c at ( Chu et al . , 1 964) and a bovine true hermaphrodit e 

( Dunn et al . ,  1 970) proved to  be diploid/triploid mosaic s .  

Tetraploid abortuses are e liminated earlier in g e sta­

t ion than triploids and have been characteriz ed by extremely 

poor development ( Carr , 1 971 ) . Tetraplo idy apparent ly has 

a more severe effect on embryonic development than triploidy 

and it is not surprising that there are no report s of  l ive­

born individuals with this chromos ome const itut ion . 

Origin of Polyplo idl 

Evidence for the deve lopment of triploidy has b e e n  

summariz ed b y  Austin ( 1 960) and N iebuhr ( 1 974) . The c on­

dit ion results from the pre sence of three haploid nuc l e i ,  

two from one p arent and one from the other . The extra hap­

loid set of chromo some s may b e  of  mat ernal ( digyny) o r  

p aternal ( diandry) origin. 

In theory , triploid zygo t e s  may arise from failure in 

the first or s e cond me iot ic divis ion of oocytes  or spe rma­

t o cytes , from dispermy , or from mitotic disturbance s  in the 

germ cell pre cursors . The p o s s ible  mechanisms for the origin 

o f  triploidy are shown in F igure V . 1 .  Complete t riplo idy 

may also re sult from other mechanisms (Edwards et al . , 1 967) 

including the malsegregat ion of  one set of hap lo id chromo­

s ome s from the zygote and tripolar division of a triplo id 
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or t etraploid zygot e .  

Dispermy is one of the major c auses of triplo idy in 

the pig (Hancock , 1 959) and has been incre ased by aging of 

the ovum with delayed mat ing (Aust in , 1 960 ) . It has al s o  

b e e n  observed in the cat , she ep and cow at a probable 

inc idence of 1 -2% (Austin , 1 960) . 

T etraplo idy probab ly arises  by normal division of  

the  chromo some s at  the first mitosis and suppre s s ion of the 

f irst cleavage of the zygote .  
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F I GURE \1.1 . POSSI BLE MECHANISMS FOR ORIGIN OF TRIPLOIDY 
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f )  Miscellaneous chromo some anomalies in abortions 

A small proport ion ( 1 0% ) of chromosomally abnormal 

abort ions have c ont ained a variety of miscellaneous chromo­

some e rrors . The se have comprised mo saicism (Arakaki and 

Waxman , 1 969) , anq a range of structural aberrat ions 

inc luding translocat ions (Bas s , Crandall and Marcy , 1 973 ; 

Kajii , Meylan and Mikamo , 1 974) , ring chromo some s (Arakaki , 

W axman and Nonomura , 1 969 ; Moore , He ller and Thomas , 1 973 ) ' 

a dicentric chromosome (Aula and H j ett , 1962) , de let ions and 

unexplained chromosome breaks (Makino et  al . ,  1 967) . 

g)  Parental chromo some s and spontaneous abortion 

From the accumulat ed re sults of 23 surveys , Papp , 

Sandor and Dolhay ( 1 974) noted that chromosome anomalies  

re sponsible for  mult iple aberrat ions had occurred in 70 

( 6 . 5% )  of 1 066 married p artners and that translocations were 

more frequent than in the general population . Many diff erent 

typ e s  of chromo s omal aberrat ion including rec iprocal trans­

locat ions (Makino , Aya and Sasaki , 1 965 ; McKay , Hodgkin and 

White , 1 967 ; Kadot ani , Ohama , Sofuni and Hamilton , 1 970 ; 

Lindenbaum arid B obrow , 1 975 ) , centric fusions ( Lucas , 1 969) 

and mo saicism ( Bishun and Morton , 1 968) have been incriminated 

in recurrent abortion , but unless  the abortus c an be examined 

chromo somally it is not possible to  directly re late the 

p arent al chromos ome aberrat ion to the abort ion . As we ll  as 

a higher risk of produc ing chromo somally abnormal gamet e s , 

c arriers of balanced translocations are more prone to me iot ic  

nondis junct_ion of  other chromosome s ( Hamerton , Giannel l i  and 

C arter , 1 963 ) . 

A ltho�gh the occurrenc e  of transloc at ions or mo saicism 

predisposes  the c arrier t o  abort ion ( Jacob sen , Dupont and 

M ikke lsen , 1 963 ; B ishun et al . , 1 964 ; Bishun and Morton , 
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1 968) , p arental chromosome anomalie s are probably not a 

common c au s e  of recurrent abort ion . Surprisingly few trans­

locat ions have been found among spontaneous abort ions but 

many aberrat ions may be undet ectable by direct staining 

t echnique s, and K illl , H su , Paciuc , Cristian ,  Quintana and 

H irschhorn ( 1 975 ) have demonstrated structural re arrangement s  

by chromo s ome banding . 

h) Polymorphisms 

Several early reports ( Schmid , 1 962 ; Carr , 1 963 ) 

sugge sted that observed chromo somal def e ct s  such as the extra 

chromat in p iece translocated to the short arm of one chromo­

some in both the propositus and it s father de scribed by 

Schmid ( 1 962) may have c aused recurrent abo rt ion.  Many such 

" defect s "  are now known to be normal variant s . 

C ourt-Brown , Jacob s and Brunton ( 1 965 ) found a struc­

tural chromo some rearrangement in about 0 . 5% of normal 

human adult s .  Thes e  change s seemed to be " wit:hout effect 

on their c arriers not only in terms of deve lop�3nt but also 

in regard to the risk of the concept ion of ab:rrurmal children" . 

i )  Chromo some anomalie s in induced abort ions 

The occurrence of chromosome errors in spontaneous 

abortions is  of major significance when cOiupared with the low 

frequency of chromos ome anomalies among induced abort ions . 

The findings from chromos ome studie s in induced abort ions 

are summarized in T able V . 3 .  From a total of 891 therapeut ic 

abort ions in which chromosome analysis was undertaken , chromo­

s ome anomalies were dete cted in 29 specime ns , an incidence 

of 3 . 25% . The se f ig�res emphasize the marked contrast bet­

ween the low frequency of chromo some errors in induced abor­

t ions and the frequency among spontaneous abort ions which 

has been c onservative ly e stimated at 36% ( C arr , 1 970a) . 
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TABLE V. 3. C H ROMOSOM E STU DI ES I N  IN DUCED ABORTI O NS 

AUTH O R  

Thiede and Sal m, 1 964 

Szu lman, 1 965 

Kerr and Rashad, 1 966 

Carr, 1 967a 

Jacobson and Barter, 1 967 

Sasaki, Makino, Muramoto, 
l keuchi and Shi mba. 1 967 

Yasuda, Matsuda and 

Suzoromi ,  1 968 

Valenti, 1 968 
, 

Boue et al. ,  1 967 

Bowen and Lee, 1 969 

Hahnemann, 1 973 

TOTAL 

Nonomura, 
1967 

N UM B E R  
O F  

ABO RTIONS 

37 

1 5  

1 5  

22 

53 

358 

1 49 

1 0  

1 8  

35 

7 

1 7 2  

891 

C H R OMOSOM ES 

ABNORMAL 
NORMAL 

N U M B E R  % 

34 3 8. 1 

1 5  0 

1 4  1 6.7 

22 0 

50 3 5.7 

348 1 0  2.9 

146 3 2 

1 0  0 

1 7  1 5.5 

34 1 2.9 

6 1 1 4.3 

166 6 3.5 

862 29 3.25 
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ii) Chromosome s and embryonic de ath in animals  

More than one third of  the spontaneous abo rt ions in 

women c an be attributed to chromo some disorders . Cytogene­

tic studie s of embryonic lo s s  in animals have been  fe� but 

preliminary reports have indicated the pot ent ial for further ·. 

inve stigat ion in this area .  

The chicken 

Among 344 e arly chick embryos ,  Miller , F e chhe imer and 

Jaap ( 1 971 ) found a high frequency with abnormal karyotyp e s , 

inc luding many cases of triploidy and it s mosaic variant s .  

Other studie s have reve aled a variety of chromo s ome anomalie s ,  

many in phenotyp ic ally abnormal embryos (Fechhe ime r , 

Z artman and Jaap ., 1 968 ; Bloom , 1 969) . 

The rabb it 

F rom a chromo some study of 463 rabb iT. blasto cysts , _ 

Fechhe imer and Beatty ( 1 974) recorded a 5% incidence of 

spontaneous heteroplo idy , including triplo idy , trisomy and 

five mo s aic karyotypes . One haploid and two di ploid/trip loid 

mosaics were de s cribed in embryos from normally-mat ed 

rabb its (Hansen-Me lander and Me lander , 1971 ) .  

Shaver and C arr ( 1 967 , 1 969) demonstrate d  an increase 

in the incidence of chromos ome anomalie s ,  part i cularly t ri-

ploidy , in blast o cyst s from rabbits in which f ert iliz at ion 

had been delayed . Austin ( 1 967)  also found that aging of 

ova by delaying f ert ilizat ion l ed to an increase  in chromo­

somal aberrations in the embryos .  Between six and t en days 

after f e rt ilizat ion , howeve r , the difference in chromo s ome 

counts b etween embryo s from normally-mated rabbit s and 

tho se in which inseminat ion had been dela�ed had disappe ared, 

and Shaver and C arr ( 1 967) further noted that an ovulat ion-
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mat ing interval of more than ten hours re sulted in a marked 

reduction in the number of b lastocyst s recovered . Thus  it 

appeared that mo st embryos with abnormal chromosome consti­

tut ions were e liminated early in gestat ion . 

Dome st ic animals 

McF e e ly ( 1 967) demonstrated a variety of chromo some 

defect s , p articularly polyplo idy , in 10% of blastocyst s from 

normal p igs . A further 2 . 3% of blastocyst s were already 

degenerat ing . Among 15 blastocyst s , Moon , Rashad and Mi  

( 1 975) found one tetraploid karyotype and thre e diploid/ 

t riploid mosaics . Since the s e  anomalies have not been dis­

c overed in living pigs , at least some of them are pre sumably 

associat ed with embryonic death . Smith and Marlowe ( 1 971 )  

reported only one abnormal karyotype , a mono somy , among 

76 25-day p ig embryo s ,  although a further e ight embryos were 

already dead and in various s t ages of degenerat ion . They 

concluded that chromosomally abnormal p ig embryo s rarely 

survive implantat ion.  

F o llowing delayed inseminat ion in sows , Bomse l­

Helmre ich ( 1 965 ) found 6% of t riplo id embryo s after 1 8  days 

ge stat ion , but no chromosomal abnormalit ies  after 26 days . 

A s  in rabb it s , chromo somally aberrant pig embryos seem t o  b e  

e liminated during early pregnancy . 

The only other domest i c  animal in which a cytogenet ic 

study of embryonic loss has been reported is the cow.  From 

a study of 1 2  bovine blast o cy st s  aged between 1 2  and 1 6  days 

o f  gestat ion , McF eely and R a j ako ski ( 1 968) report ed a pre­

sumpt ive diploid/tetraploid mo s aic . A case of embryonic 

death due to  auto somal trisomy in one of four foetuse s from 

a pregnant cat was de scribed by Benirschke et al . · ( 1 974 ) . 
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Pulo s  and Hutt ( 1 969) attributed a genet ic c ause to 

one type of embryonic death in hors e s . From mat ing trials , 

they de c ided that when homozygous ,  the autosomal gene for 
I 

whit e coat colour was lethal learly in development . 

A chromosomal translocat ion in a Swedish Landrace 

boar was shown t o  be associated with reduced f ert ility due to 

embryonic los s  ( Henricson and Backstrom , 1 964) . F ive types 

of unbalanced karyotypes were detected in foetus e s  sired by 

the transiocat ion heterozygot � and 41% of the progeny had 
- -

the same trans loc at ion as the ir sire (Akes son and Henric son , 

1 972) . Since none of the 1 1 1  surviving off spring possessed 

an unbalance d  chromo some const itut ion , the defect ive karyo-

typ e s  were as sumed to be lethal at the embryonic stage . A 

similar mechanism whereby the rearrangement of chromo some s 

re sult s in ·reduced f ert ility from embryonic loss may also 

exist in c attle  ( Hansen , 1 969) . 

The s ignif icance of transloc at ions on reproduct ive 

perf ormance in animals is by no me ans fully understood . 

De sp ite tradit ional emphasis on the ir possible de leterious 

effect s  (Gustavs s on ,  1 969) , translocat ions of the c entric 

fus ion type  may be advantageous (Bruere , 1 975 ) , and have . 

b e en suggested as  a basic evolut ionary pro c e s s  ( White , 1 969) . 

The f irst report of an auto somal transloc at ion in· a horse 

was de s crib e d  in a normal stallion ( Qu�inne c ,  Berland , Darr{ 

and Carlotti , 1 975 ) . The abnormality was pre sent in all 

t i s sue s examined but details of f ert ility were unavailable . 
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iii) Aet iology of chromo some disorders in abort ions 

Many factors of exogenous and endogenous origin c an 

influence the frequency of chromo s ome disorders in human 

abortions (Fechhe ime r , 1 972) . The s e  include c ert ain virus 

groups ( Stoller �nd C ollman , 1 966 ; Nichol s ,  1 966) , s ome 

drugs and other chemical compounds ( Stevenson , Bedford , Hill 

and Hill , 1 971 ) , maternal exposure to  ioniz ing radiat ion 

( Uchida , Holunga and Lawler , 1 968 ; Rugh and Budd , 1 975 ) and 

possibly autoimmune disease (Fia lkow , 1 966 , 1 967) . The 

aging of gamet e s  prior to  fert ilizat ion is a popular exp lan­

ation for the origin of chromosomally abnormal zygot e s , and 

a maternal age e f f e ct has been not iced in s ome spe c ie s .  

Hormones 

From women who conceived within six months of dis­

continuing the u s e  o f  oral contraceptives , Carr ( 1 969 , 1 970b) 

report ed a dramat ic increase in the incidenc e of trip l o id 

abortuses . Similar studie s have revealed no increase in 

polyploidy among abortions (Boue et  al . ,  1 973 ; Laurit sen , 

1 975 ) and the ro le of steroid hormone s in the production of 

chromo some aberrat ions has yet to b e  defined .  

Abnormal oe strogen leve ls have re sulted in anomalous 

embryonic development in rabb its ( Widmeyer and Shaver , 1 972) 

and mice . Following the treatment of pregnant mice with 

diethylstilboe strol dipho sphat e ,  there was a s ignifi cant 

increase in the number of aneuplo id cells from e ight day 

mouse embryos ( Chrisman , 1 974) and from the bone marrows of 

adult male mice ( Chrisman - and Hinkle , 1974 ) . The degre e of 

aneuploidy depended on both the dose and the duration of  

exposure to the drug . 
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Maternal ag� 

An assoc iation b etween maternal age and the occurrence  

of  c ertain chromo s ome disorders has been noticed in some 

spe c ies . The frequency of trisomic embryo s has been found 

t o  increase with �mat ernal age in women (German , 1 968 ) , and 

mice ( Go sden , 1 973 ; Yamamoto , Endo and Watanabe , 1 973 ) , 

while the proport ion of triploid embryos has not . The higher 

f re quency of cert ain chromosome disorders from older dams 

has been related to hormonal disturbances ( Carr , 1 967b ) , 

delayed fert ilizat ion secondaryto decreased frequency of 

c o itus ( German , 1 968) , and reduced frequency of chiasmat a 

f ormat ion in older oocytes ( Henderson and Edwards , 1 968) , 

but the factors re sponsible f or the mat ernal age effect have 

remained unknown . 

Aging of gamet es 

The aging of gamete s  is apparently an important c au s e  

of  chromo somal def e c t s  in the mammalian conceptus , and many 

typ e s  of chromosome aberrat ions have been produced . 

De layed ovulat ion has been shown to re sult in chromo­

s ome anomalies and embryonic death in rat s (Fugo and Butcher , 

1 966 ; Butcher and Fugo , 1 967 ) , mice ( Vickers , 1 969) and 

rabbit s  ( Shaver and Carr , 1 969) . In part icular , there was 

a dramatic increase in the inc idence of triploidy . 

The t iming of  ovulat ion is  an important factor in the 

development of mammalian triploidy .  I f  fertilizat ion i s  

delayed , shedding o f  the second polar body or the normal 

b lock to polyspermy is defe c t ive , but there are marked 

spe c ies difference s . Where as delayed mating in rabbit s and 

mice leads to an increased fre quency of triploid b last o cyst s 

from digyny , in the rat and p ig a longer interval betwe en 
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ovulat ion and mat ing renders the ovum more sus c eptible to 

polyspermy . 

2 .  RESULTS . AND DISCUSSION 

A cytogenet ic. study was undertaken on a serie s of 

equine embryos surgically removed from mare s '  uteri . The 
• 

materials and te chnique s employed were previous ly det ailed 

in Part I I . 4 .  

i )  Clinical details of eguine embryos 

T i s sue was obtained from 26 e qulne embryos following 

their surgical removal from uteri . The clinical detail s of 

these  spe c imens are given in Table V . 4 .  

E mbryo s of the same size  are not ne c e s s arily the same 

age . V ariations may relate  to  the low pre c i s ion of measure-

ment , differences  in the init ial size  of the egg and it s 

genetically controlled rate Df development , arrival t ime of 

the egg into the ut erus and speed of implant at ion . Douglas 

and Ginther ( 1 975 ) reported a maximum variab ility in crown­

rump length of the equine foetus b etwe en 50 and 80 days of 

pregnancy .  

The embryo s examined in this study varied in e st imated 

gestat ional ages from 28 to 64 days . F igure V . 2  shows a 

normal horse embryo of approximat e ly 32 days ge stat ion . The 

embryo i s  clearly visible within it s intact allantochorion 

which is fully formed and slightly opaque due to the e arly 

development of  allantochorionic villi over its  entire sur-
. . 

face . A p icture of the �mbryonic pole of the s ame conceptus 

shows the remnant of the yolk sac which is surrounded by an 

indist inct pale avascular area repre senting the chorionic 

girdle ( F igure V .  3 ) . The s·inus terminalis  is clearly visible . 
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After the removal of  it s surrounding membrane s ,  the embryo 

appears we ll diff erent iated and the l imb s and tail are 

recogniz able (Figure V . 4) . 

An embryo s light ly more advanced in deve lopment ( 34 

day s  gestat ion) is  shown in F igure V . 5 .  The umbilical 

art eries  are well developed and the well formed embryo is 

surrounded by a dist inct amnion.  
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TAB LE V. 4. C L I N I CAL DETAI LS O F  EQU I N E  EMBRYOS. 

Estimated 
"Crown-ru mp" duration First cel ls 

Specimen length of pregnancy studied 
nu mber (cm) (days) (days) 

1 8  4.0 42 2 

2B 4.5 46 2 

38 4.0 42 2 

4B 3.5 37 2 

58 1 .5 2 

GB 3.6 38 2 

7B 3.0 32 3 

1 08 3.4 36 2 

1 1 8  3.4 36 3 

1 28 4.7 48 3 

1 38 3.0 32 3 

1 48 5.0 50 6 

1 58 7 .5 64 6 

1 68 2.8 30 6 

1 78 7 . 1  62 8 

1 88 4.6 47 6 

1 9 8  3.2 34 5 

208 7.0 61 6 

21 8 3.2 34 8 

228 2.6 28 9 

238 2.8 30 5 

248 3.8 40 4 

258 6.5 59 20 

268 3.8 40 4 



F igure V . 2 . Normal horse embryo (E . caballus)  

within int act allantochorion 

( 3 2  days ge station) . 

�R:a:.;;:..X.J�-=�·�- / 7  I 7 �I I E ( 1 - � ·r·) L 
7 8 9 10 

F igure V . 3 . Normal horse embryo ( 32 days 

ge station) showing remnant of 

yolk sac ( a) and the sinus 

terminalis ( b ) . 
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F igure V . 4 . Normal horse embryo ( 32 days 

ge station) with membranes 

removed . 

F igure V . 5 . Equine embryo ( 34 days ge station) 

with we ll deve loped amnion and 

umbilical art eries . 

180 
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ii)  Chromosome studie s 

Cell culture s from 22 horse embryo s grew sufficient ly 

we l l  to provide ade quat e chromo some preparat ions . The 

re sult s of the s e  chromo some studie s  are shown in T ab l e  V . 5 .  

Due to problems of bact erial contaminat ion , insuffic­

ient cells were counted and no cells  could be analyzed for 

c as e s  4B and 5B . The chromosome constitut ions of the s e  

specimens are therefore unknown . Spe c imens 8B and 9B were 

obt ained from a t win pregnancy of fewer than 20 days durat ion 

( F igure V . 6) . C e ll culture s were init iated , but viable  

c e lls  died out b efore a suff ic ient number were pre sent for 

h arvest ing . 

The 22 equ ine embryo s which were successfully cul­

tured and chromo somally analyzed were found to have normal 

karyotypes . A variab le number of metaphase spre ads , including 

the majority of hypodiploid c e ll s , were karyotyped for e ach 

spe cimen . For e ach embryo , the karyotyped aneuploid c e lls  

were found to b e  broken cells  with irregulai lo s s e s  or gains 

of elements . As ment ioned previou s ly , the quality of meta­

phase preparat ions obt ained from e quine embryo s compared 

f avourab ly with re sults from s imilar studies of human 

abortions and rabbit blastocysts (Table IV . 5) . 

One metaphase among 207 c e l l s  examined from a 38 

day embryo was f ound to  contain a structural aberrat ion 

( F igure IV . 8 ) . This anomaly was previously discussed in 

Part IV , 1 ,  ii( b ) . It was cons idered to repre sent an 

�s sociation between two homologous chromo some s , with prema­

ture separation of the chromat ids . 

The normal horse sex rat io at birth is 52 . 5% ( Short , 

1 975 ) . Sex chromo some s from embryo s in this study revealed 

an equal number of male s  and f emale s . 
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V. 5. CH E ES O F  EQU I N E  

COUNT DISTR I BUTI ON 
Cells Sex 

l"ll.lmber < 63 63 64 65 > ss Polyploid counted chromosomes 

1 B  1 6  1 2  1 48 1 1 1 1 
1 1  1 7  1 23 2 0 2 X V  

3B 5 1 0  9 0  6 0 0 1 1 1  1 5  XX 
4B 0 1 1 4 0 0 6 0 
5 B  0 1 7 1 0 0 9 / 0 
6B 1 6  23 1 59 6 3 0 207 X V  
7 B  1 3 20 0 0 0 24 5 X V  

1 0B 0 1 46 4 0 0 4 
1 1 B 1 0  8 1 35 2 3 9 1 2 1  
1 2B 9 1 5  1 1 1  8 0 0 1 43 9 XX 

3B 1 9  1 5  1 1 1 4 1 0 1 50 1 0  XX 
1 4B 7 1 44 5 1 0 167 9 XX 
1 5B 7 1 0  1 3 1  5 0 0 1 53 8 
1 6B 9 6 6 0 0 80 5 XV 
1 7B 4 2 2 0 0 3 XV 

5 4 49 2 0 2 62 4 XX 
1 9B 4 5 2 1  0 1 0 3 1  4 XX 
20B 1 0  6 1 01 1 0 � 4 
2 1 B  3 5 1 1 1 73 3 XV 

7 3 5 1  0 0 1 0  7 1  3 XV 
23B 2 7 0 0 3 6 XX 
24B 6 7 0  1 0 0 5 

6 1 0 9 1 4 X X  
2 6 B  1 4  3 79 2 0 2 1 3 XX 



F igure V . 6 . Equine twin embryo of fewer than 

20 days ge stat ion . 

( Magnif ication 40x) . 

183 
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Prob lems with cell  culture s 

The eff ic iency of the c ell culture technique is  of 

vit al importance to  a study of this type . Succ e s s  rat e s  for 

the culture of aborted mat erial from women have shown a 

wide variat ion , and from two large serie s of studie s of 

human abortions , attention was drawn to the high f ailure rate 

of c ell culture s ( Carr , 1 967a ; Boue et al . , 1 967) . In the 

current report , successful cultures were obtained from 84 . 6% 

of e quine embryo s .  This is a cons iderably higher rat e of 

suc c e s s  of chromosome analysis  than the 56% achieved for 

2276 spont aneous abortions in women (Table V . 2) . 

C e ll culture s initiated from spontaneous abort ions 

in women have somet imes failed after only minimal growth in 

vitro . W axman et al . ( 1 967) sugge sted that the abnormal 

growth of thes e  cultures was due to the pre sen�e  of chromo­

somal and/or biochemical le s ions incompatible  with sustained 

cell  divis ion in vitro as we ll  as in vivo . C e l l  culture s  

prepared from two early equine twin embryo s failed before 

sufficient cells were pre sent for harve sting . This was 

attribut ed to the small number of cells available  and the 

re lat ively cell-wasteful method of monolayer c e ll culture 

by tryps in disaggregation . 

The varying succe s s  rat e s  of cell cult ure may have 

inf luenced the re lative frequenc ies of chromo s ome disorders 

in human abortions . Indeed , the study with the highest succe s s  

rat e o f  c e l·l · culture ( 96%) ( Laurit sen et al . , 1 972) revealed 

an unusually high frequency of the XO anomaly ( 35%) , while . 

the incidence of triploidy was re lat ively low ( 8 . 8%) . Carr , 

B at eman and Murray ( 1 966) att empted to judge the re lat ion-

ship b etween failed and suc c e s sful culture s  on the basis of 
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maternal age , ge stational age of  the specimens and the 

mothers ' p revious ob stetrical histories ,  and C arr ( 1 967a) 

conc luded that " the 42 . 5% of spontaneous abort ions which 

failed to grow in culture did not differ in any measurab le 

way from the succ.� ssfully cultured specimens " .  A lthough the 

succ e s s  rate of c ell cultur e s  in this study was re lat ively 

high , in view of the small number of embryo s examined the 

po s s ibility that chromosome anomalie s were pre sent ln the 

spec imens which failed to grow cannot be excluded . 

A common problem with c ell cultures from human abor­

tions is the pos sible contamination with maternal cells . · In 

this study the foetus was re covered int act within its p lacen­

tal membrane s and tissue for c ell culture dBrived only from 

the foetus . 

Chromosome analysis involved the ce ll culture of the 

ent ire foetus , and often ent ailed several subcultures .  In 

the ory , the re sults could have bee·n influenced by the 

different ial growth of various tissue s , but svidence concern­

ing the relat ive viab ility in cell culture of �ells with 

different chromo some const itutions is conf l ict ing . Dewald 

et al . ( 1 975)  noted the relat ive loss  of triploid cells during 

the in vitro growth of human f ibroblasts while others have 

found no disadvantage for t riplo id cells ( A sp il laga , Schlege l ,  

Neu and G ardner ,  1 964) . Undetected mosaic ism in some abor­

tuse s  reported as complete triploids may explain the re lat ive 

s c arcity o f  2n/3n .karyotype s  among abortions . 

Mo saicism 

Mention has previous ly been made of the difficult ie s 

in dete ct ing mosaic ism . Whether metaphase preparations from 

s e condary cultures introduce  a b ias against mo saicism i s  
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unknown , but the Geneva C onference ( 1 966) recommended that 

s ome chromosome preparat ions be made from the primary growth 

phase and addit ional cultures cont inued . They further 

advised that for embryo studies , at least 50 metavhase s  

should b e  count ed� of which t en modal cells and all or a 

majority o f  non-modal cells should b e  analyz e d  or preferably 

karyotyp e d . The s e  criteria were followed in the pre sent 

study and for the majority of the embryos studied , many more 

than 50 metaphase s  were c ount ed.  As well as · analyz ing cells 

from b oth the primary and sec ondary growth phase s ,  a propor­

t ion of c e lls produced from disaggregation of the embryo 

were stored at -70° C for subsequent study if ne c e ssary . 

Mo saic karyotypes  have been found at a relatively 

high fre quency in sex chromo some anomalie s among infert ile 

mare s .  I f  mosaic ism is more common in the hors e , the presence 

of undet ected abnormal c e ll line s may partly explain the 

absenc e of chromo some anomalies  among the 22 embryo s studied . 

�ii) Po s s ibility of a s ire eff�ct 

Att empt ing to account for unexplained f ert ility 

differenc e s  between sire s , B ishop ( 1 964) sugg e sted that a 

c ons iderab l e  part of embryonic death is attrib11table t o  the 

male . The frequency of chromo some errors among the embryos 

analyz e d  may have been influenced by the use  of  only one 

stallion in the mat ing group . From mating trials there is 

some evidence of a s ire effect on- prenatal mortality in p igs 

( Cro s sman , Wijerat ine , Imlah , Buckner and Gould , 1 973 ) , and 
. . 

it is  p o s s ible that the stallion used in this study was 

characterized by a low incidence of embryonic lo s s .  The 

examinat ion of stud records for evidence of a s ire effect on 

pregnancy wastage · may have · important pract ical applicat ions . 
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iv) Chromosome anomalie s and embryonic lo s s  in the horse 

Abortion and embryonic lo s s  are a major s ource of 

reduced product ivity in farm animals but the inve stigat ion 

of prenatal loss has been hindered by the lack of accurate 

data on it s inc idence .  Stallion fert ility f igure s re leased 

by the New Zealand Rac ing Conference ( 1 976) revealed an 

annual abortion rate ( foetal loss later than s ix weeks 

gestat ion) of 1 3% ,  s imilar to other report s ( Platt , 1 973b) . 

The se f igure s showed that only 54% of 7057 mar e s  mated in 

the 1 974-75 breeding season produced a live foal . The horse , 

like other . animals studied including man , probably suffers 

a zygotic loss of at least 30% , about twice the f igure for 

clinically rec ogniz able abort ion . 

Not more than 1 2%  of chromo s omally abnormal human 

zygote s  are carried to  term , yet many live individuals with 

chromo s ome anomalie s have been described. The small propor­

t ion of chromo s omally abnormal embryos not re j e ct ed during 

pregnancy are mostly restricted to  trisomie s of the small 

autosomes and the XO anomaly . Many of the cl inical syndrome s 

associated with abnormalit ies of the sex chromosomes in man 

s eem t o  have the ir equivalent ln the dome st ic animals . In 

addition , the well documented autosomal trisomy syndrome s in 

humans may have paralle ls in s ome of the recent ly described 

autosomal trisomies in c attle (Bruere , 1974) . As with the 

e arly work in humans , chromo some anomalie s were discovered 

after attention was focussed on individuals having pheno­

typic abnormalities .  In the horse , chromos ome studie s have 

been directed t owards phenotyp ically abnormal int ers�x horses 

and infert ile mare s , and the most frequent chromo some anomaly 

reported has b e en X mono somy . Doubtless , many further 

types of chromos ome anomaly will b e  discovered in hors e s ,  
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many of  them sub j ect to severe intrauterine se lection . 

There are major spec ie s  differences  with respect to 

the origins of chromo somal aberrat ions and the ir relat ive 

import ance  in embryonic lo s s .  Consequently , extrapolat ion 

b etwe e n  spe c ie s  may be mislead ing . In chickens , the maj ority 

of  chromo somally aberrant embryos found have been euploid 

mosaic s , while abnormal embryos  of the mous e ,  rabbit and 

p ig have shown a preponderance of triploid karyotypes . Among 

spontaneous abort ions in women the mo st common chromosome 

anomaly has been trisomy , followed by X monosomy and poly­

ploidy .  -Btte to a lack of dat- a , the frequencie s of the various 

chromo s ome errors in the horse  are unknown , but the relat ively 

high frequency of mo saicism associat ed with sex chromosome 

d isorders sugge sts  that post-fertilizat ion errors may be 

common in this specie s .  

The XO disorder i s  probably the most common chromo­

some anomaly occurring in man , but le s s  than 3% of XO zygote s  

survive t o  term ( Polani , 1 970 ) � The average incidence of 

0 . 7% f or XO in the mouse (Rus s e ll and Saylors , 1 961 ) is  very 
cJ 1, ' 

s imilar to  it s probable inc idence in man ( 0 . 83% ) , but the XO 

mouse is a normal fert ile f emale with no evidence of incre ased 

prenatal lethality ( C attanach , 1 962) . The absence of XO 

e quine embryoJJ�a; indicate  that the X chromos ome in the 

horse p l ays only a trivial p art in embryoni c  development and 

XO embryos  are not sub j ect e d  t o  the same degree of intra-

uterine s e lection as in man . This hypothe s i s  is support ed 

by the f inding of a relat ively high incidence of the XO anomaly 

among infertile mares .  S ince the phenotype of the XO mare 

i s  relat ively normal in comp arison with XO women , it may be 

that XO embryos in the horse have a greater chance of survival , 
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and are ext remely rare among abort ions . In addit ion , 

mo saic ism is  apparently c ommon with. sex chromo some anomalie s 

in inf ert ile mare s ,  and the pre sence of a normal c ell line 

enhance s  the survival and sub s e quent development of XO 

embryos .  

A lternat ively , many XO embryos may b e  re j ected during 

pregnancy in the mare but have not been det ected .  As in man , 

the occurrence of  adult ho�se s  with an XO sex chromosome 

constitution may be indic at ive ·of a considerable embryonic 

lo s s .  

The f act that no chromo s ome errors were found among 

the 22 e quine embryo s examined in this study d8e s  not pre-

e lude the ir occurrence .  In contrast to  the high frequenc ies  

found in spontaneous abort ions , studies of  induced abortions 

in women have yielded very low frequencies of 8hromo somal 

aberrat ions . In fact , there is no significo:,·t difference 

between the incidence of chromosome errors in induced abor-

tions in women and the re sult s of this stud y . The inc idence 

of chromo somal abnormalit i e s  in induced abortions in women 

1s  approximately 3% (Table V . 3 ) . If a similar lo s s  occurs 

in the horse , on average at l east 30 embryo s would need to b e  

studied t o  detect one chromosome anomaly . Although the se 

re sults of the chromosome analysis of 22 e quine embryo s are 

of limit ed value by themse lve s ,  they form an init ial and 

important contribut ion towards cumulat ive studies  of embryonic 

los s  in the mare . 

Another p o ss ible reason f or the absenc e  of - chromo somal 

abnormalit ies among the embryos studied may be that chromo­

somally abnormal embryos in the horse are r e j e ct ed at a very 

e arly st age of  pregnancy and may be almost imposs ible to  



1 90 

detect without the aid of more refined technique s .  The vast 

majority of chromosomally abnormal abortions in women occur 

during the f irst trimester and many are lo st . b efore preg­

nancy is c l inically detectab le . In other spec ie s  too , e arly 

pregnancy is  the .. crit ical period for embryo survival , in 

p igs the f irst 25 days (Dufour and F ahmy , 1 975 ) , and from 

studie s of the effect s  of delayed f ert ilizat ion in rabb its 

( Shaver and Carr , 1 967) and pigs ( B omse l-He lmre ich , 1 965 ) 

the re sp e ct ive authors concluded that most chromo somally 

abnormal embryos were re j ected during very e arly stage s of 

pregnancy . In the sheep and cow the indicat ions are that 

chromo s omally abnormal embryo s are lost very early in ge s­

t at ion , probably within the course of  one heat cycle 

( Quinlivan et  al . , 1966) . 

F rom induced abortions in women it is  evident that 

the chance s  of f inding chromo some anomalie s depends upon the 

stage at which the pregnancy was interrupt ed (Boue et al . , 

1 967) . The author encount ered a maj or problsw in procuring 

a suff ic ient numb er of equine embryos in e arly stages of 

pregnanc y .  Due to  the occurrenc e of  embryonic re sorpt ion 

( V an Niekirk , 1 965b ) it appe ars virtually imp o s s ible to  

obtain spe cimens of  early abort ions in mare s .  A s  in many 

small animal s , e arly clinical abort ion is often prevent ed 

/ 

and an abnormal foetus may b e  re sorbed or , in polytoccous  

spe c ie s , de l ivered as  a mummified f o etus inco rp orated in the 

placental membranes . · In addit ion , the free graz ing conditions 

typ ical _ of p asture management on thoroughbred studs in New 

Z ealand are not conducive to the detection of abortuse s .  

McF eely and Rajakoski ( 1 968) report e d  a chromo s ome anomaly 

in an e arly _ bovine e�bryo . The small number of  embryo s in 
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the ir study emphasiz e s  the difficulties in obt a ining e arly 

embryo s from the dome stic animals . Although the anomaly 

reported was based on the examinat ion of only a small number 

of  cells ( 1 8 )  and is not nec e ssarily conclus ive , it c ertainly 

indicat e s  the pot ent ial for further invest igat ion in this 

dire ction.  

v)  The aetiology of chromo some disorders in re lat ion t o  

embryonic lo s s  in the hors e  

Drugs 

Hormonal disturbance s  have been imp l ic at ed in chromo­

s ome disorders in human abort ions and in abnormal embryonic 

development in rabbit s and mice , and German ( 1 968) sugge sted 

that the increas ing frequency of some chromo s ome e rrors 

among the progeny of older women may be an hormonal eff e ct . 

Steroid hormones have been used to prevent pregnancy by 

disturbing ovum transport and may result in chromo some errors 

in the emb ryo by _ c ausing aging of gametes . Hormones are 

c ommonly used for the treatment of infertility in the brood­

mare and may int erfere with ovulation or the transport of 

the ovum or sperm , re sult ing in aging of game te s . 

Many diverse  chemicals are known to c au se chromo somal 

abnormaliti e s  in other spec i e s  and Stevenson � Hastie and 

Archer ( 1 972)  reported chromo s ome damage in hor s e s treat ed 

with phenylbutaz one . Evidence in this are a i s , however , 

lacking . 

Heritab le chromo s ome aberrat ions 

The ma.j or ity of chromo some disorders in human abort ions 

arise as sporadic events during meiosis or e arly mitot ic 

division , but some are the re sult of unbalance d  g amete s  pro-
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duced aft er the segregat ion o f  parental trans locations . 

Most genet ically unbalanced off spring are lost , so  a history 

of pregnanc ies ending in abort ion or the production of 

abnormal progeny may indicate a parental chromo somal abnor-

mality . The birth of a Down ' s syndrome child has been fre­

quently preceded by abort ions ( Z e llweger and Mikamo , 1 961 ) , 

but clinical syndrome s have varied depending on the chromo­

s ome s involved in the translocat ion ( Jacob s , Frackiewicz , 

Law , Hildit ch and Morton , 1 975 ) . 

Approximat ely one in 1 5 0  newborn babie s carrie s  a 

structural aberration (Hamerton et al . , 1 975 ) , sometime s · 
' I 

t. I " -.L 
associat ed with reduced fert ility or sterility . Chromo some 

studies in recurrent abort ion in women have revealed many 

p arental chromosome abnormal it ie s  and Kim et al . ( 1 975 ) attri­

buted 1 0% of the foetal wastage of the general populat ion to 

such anomalie s .  Whereas many phenotypically normal humans 

have been screened for the pre sence  of structural chromo some 

anomalie s , similar surveys in animals have yet to be under-

t aken. A chromo somal trans locat ion in a boar was causally 

associat e d  with embryonic lo s s  (Ake sson and Henricson , 1 972) 

and _ infert ility of genet ic o rigin has been rf 90rted in 

horses ( Pulos and Hutt , 1 969) . However , infert ility in the 

horse has not yet been asso c i ated with parental translocat ions . 

Maternal age 

Chromosome anomalie s have been found more commonly 

in human abort ions present ing one or more of three factors : 

short gestat ion , ' bl ight ed '  o r  structurally abnormal ova and 
-

advanced maternal age . The s election for similar crit eria 

in the mare was not possible in this study . Because f emale 

g erm cells  complete their stem c ell mitoses  before b irth , 
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the ir chromo some s are suscept ible to damage from b irth unt il 

the time of  f ert ilization. However , the re lat ionship 

b etween maternal age and chromos ome errors in sp�ntaneous 

abortion is unclear , and increas ing age in women has been 

associated only with trisomies  of spe c ific chromo some s 

( B oue and B oue , 1 970) . 

A maternal age effect may also _ occur in the horse . 

S ince 1 903 , the fert ility of thoroughbred mare s in New 

Z e aland has gradually declined and maiden mare s at stud are 

now older and matings less suc c e s sful than formerly ( Dewe s , 

1 973 ) . Dewe s  ( 1 973 ) further not ed that there i s  a sharp 

de c l ine in live foal product ion in mares more than 14 years 

o ld .  Stallions and mare s of proven performance are in 

greatest demand when past the ir period of optimum fert ility 

and mat ing is often between o lder animals . Such breeding 

among the dome stic animals i s  peculiar to the horse and in 

this regard the horse may b e  more similar to  man than are 

the other dome stic · species . 

Aging of gamet e s  

The aging of gamete s , p art icularly ova , may lead to 

chromosome errors in the embryo . The retention of sperma­

t o z oa in the female genital tract may also be detrimental to  

normal embryonic deve lopment ( Austin , 1 975 ) and reduced 

f ert ility due to embryonic l o s s  was observed in cows insem­

inat ed with semen that had been  stored at 4u c ( Salisbury and 

H art , 1 970) . 

Polyploid embryos afte r  delayed mat ing have been found 

in mice , r at s  and rabbits ,  and de layed ins eminat ion in pigs 

has resulte d  in polyploid embryo s and smaller l itt ers . A 

s imilar effect has not jet been  demonstrat ed in monotoccus 
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species but there is  evidence to suggest that the f ert iliza-

t ion of aged ova increases  the risk of chromosome anomal ie s 

in human abort ions ( Boue and Boue , 1970) and German ( 1 968) 

suggested that the maternal age effect in women may relat e  

t o  aging of  ova • .. Following the study of pregnanc i e s  where 

the time s of c onc ept ion were known , Iffy ( 1 963 ) postulated 

that some chromo somally aberrant embryos may have result ed 

f rom delayed fert il iz at ion . Indeed , polyp loidy has been  

f ound at a relat ive ly high frequency in human abortions . 

In humans , many f actors such as dis e ase , drugs , 

nutrition and diverse p sychological factors may inf luenc e 

the release of lute iniz ing hormone and lead t o  intrafollicu-

l ar overripene s s  of ova . Similar mechanisms may operat e 

in the horse . In dome stic animals ,  delayed ovu lation was 

c onsidered to  be more important as a cause of o-vum aging than 

delayed fert ilizat ion . However , in amphib ia , �- s imilar 

effect was achieved whether the eggs became ' e �ed ' before 

or after ovulat ion ( Mikamo , 1 962 , 1 968) . 

Aging of gamete s  in the oviduct predisp o s e s  towards _ 

errors of f ert ilizat ion and e arly cleavage . V arious typ e s  

of chromo s omal aberration may re sult depending on the spe c ie s  

involved and the length o f  the aging proce s s  (F echheimer ,  

1 972) . Whereas delayed fert ilizat ion in the sow predispo s e s  

t o  the format ion o f  polyploid embryo s from dispermy , delayed 

fert ilizat ion in the mare may be manifested by an increase 

in the frequency of mosaicism due to errors during cleavage . 

The relat ively high incidence of mosaicism among sex chromo­

s ome anomalie s  in mares suggests that aging of the ovum 

b efore fert ilization may be a common occurrence in this 

specie s .  



In theory , po st-ovulatory aging due to delayed 

f ert iliz at ion should not occur in domestic animals having a 

defined oe strous period which ensures the synchronization of 

c o itus and ovulation . However , e specially in the thorough­

bred mare under �ew Z ealand stud c onditions , ova have ample 

opportunity to become ' aged ' . Breeders are we ll aware of 

the marked irregularity of the o e s trous cycle in individual 

mare s .  O e strus  is oft en prolonged and the time of ovulation 

unpredictable , creat ing a situat ion re semb ling that in man 

where coitus and ovulation o c cur independently . The fre­

quency of mat ing , p art icularly to  popular s ire s , is  limited , 

and human interference with normal ovulat ion and f ert ilization 

t imes may further predispose t o  the aging of ova and sub se­

quent chromosome disorders in the embryo . 

vi)  C onclusion 

The import ance of chromos ome disorders to  f ert ility 

in f arm animals is unknown , but infertility attributable to 

chromo some errors has been de scrib ed in cattle , p igs , sheep 

and horses . Some of the infert ility ln cattle and p igs  has 

been  ass igned to  structural chromo some abe rrat ions in pheno­

typ ically normal animals and in the horse there has been 

one report of a structural chromos ome anomaly in a pheno­

typ ically normal stallion ( Queinnec  et al . ,  1 975 ) . In man , 

c hromo s ome anomalie s have been e st ablished as an important 

c ause  of spont aneous abortion and approximately a third of 

the pregnancy wastage in pigs  may b e  due t o  chromo some dis­

o rders (McF e e ly , 1 967) . It is  suggested that chromo somal 

abnormalit ies may ac count for a s ignificant proport ion of 

e mbryonic loss  in mares .  

In human medic ine , " current emphasis is directed 
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t owards defining tho se factors which predispo s e  t o  chromo­

s ome anomalies in the conceptus .  Whereas it is wel l  advanced 

in humans , the  e ra of  defining the  extent of  the problem 

and the typ e s  of chromosome e rrors in abort ions in other 

mammals has only � just begun . This thesis is an init ial study · 

of  possibly one of man ' s mo st interesting dome stic species  

which , because o f  its size  and singular reproduct ive cyc le , 

i s  a perplexing sub j e ct for invest igation . 
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a) 
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Parasite contro l of experimental animals 

Equ izole . Merck Sharp and Dohme (N . Z . )  Ltd .  

(Thiabendazole 3 3 - 3% w/w) . 

b )  Neguvon . B ayer . 

(a··, 0-dimethyl 1 -hydroxy-2 ' 2 ' 2-trichloroethyl 

pho sphonat e ) . 

c )  Louse Powder . C ooper , N . Z .  Ltd .  

(Active ingredient : Rotenone ) .  

Appendix II . 

a) 

b )  

Drugs used for anae sthesia and surgery 

Acetylpromaz ine . The Boots C ompany Ltd . , 

Nott ingham , England . 

( contains Acepromaz ine Maleate B . P . C .  1 968 

equ ivalent t o  1 0  mg A cepromaz ine base per ml) . 

' Intraval '  Sodium . May & Baker Ltd . , 

Dagenham . 

(Thiopent one s odium 5% ) .  

c )  Tetanus antitoxin . T asman Vaccine Laboratory 

Ltd . , Upper Hut t , New Z ealand . 

( 1500 internat ional units) . 
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· Appendix III . Materials required for blood leucocyte culture 
.. 

a )  Preparat ion of culture . 

1 0  ml Veno ject tube with sodium heparin 

( Jintan Terurno Co . , Ltd . , Tokyo , Japan) + 

20g x 1 "  needle . 

Adapter f or veno j ect tube . 

Universal jar ( 25 ml) with lid . 

St erilize d  syringe s :  1 x 10 ml syringe + 20g 

x 2 "  needl e . 

1 x 1 m l  syringe + 26g 

x � " ne edl e . 

Pasteur p ipett e s  ( 9 " )  + rubbe r  bulb s .  

Medium 1 99 (Wellcome Reagent s Dtd . , Wellcorne 

Re search Laboratorie s , Beckenharn , England) . 

Phytohaemagglut inin ( Wellcome Reagent s Ltd . , 

We llcome R e search Laboratori e s , B e ckenham , 

Kent , England) . 

Sodium hydrogen carbonate , NaHco3 , as 1 0%  

aqueous  s o lut ion . 

Incubator set at 37° C .  

L aminar-f low Bio-C lean Work Stat ion ( G elman 

C lemco Pty .  Ltd . , Australia . 

General L aboratory centrifug e  ( Sorvall , 

Newt o wn , C onnecticut , 06470 , U . S .A . ) .  

R ot or diamet er 18 cm . 



b )  Harve st ing of culture s .  

C ol chic ine (Aqua Colchin,  0 . 5  mg c o lchicine 

200 

in 1 ml per ampoul e )  Park , Davis and C ompany , 

Sydney , Australia . 

T o  make stock co lchicine solut ion : add 9 ml 

phosphate buffered saline ( PBS )  t o  one ampoule . 

F or use : add 1 ml stock solut ion t o  49 ml 

PBS .  

C oncentration = 1 �g/ml . 

A dd 0 . 1  ml colchic ine solution to  e ach 

leucocyte culture . 

Graduated centrifuge tubes . 

Pasteur p ipett es ( 9 11 ) and rubber bulb s . 

HyPotonic solut ion : 0 . 075M KC l (Hungerf ord , 

1 965 ) . 

Preparat ion : add 5 . 6  gm KCl t o  1 lit re 

d i st illed water . 

F ixat ive : Methanol glac ial ac et i c  acid 

( 3  : 1 ) . 

C l e aned slide s in beaker cont aining iced dis­

t il led wat er .  

R e frigerator . 

c )  T o  mount slide s .  

C over glasses (Mat sunami 22 x 64 No . 2 ,  

W at son Victor Ltd . , Wellington , New Z ealand) . 

D . P . X .  ( DePex mount ing medium , G . T .  Gurr Ltd . , 

London , England) . 

G l a s s  rod , Xylol ,  Absolute alcoho l . 



Appendix IV . Preparat ion of Giemsa stain 

201 

G iemsa powder (Allied Chemic al Corporat ion , 

New York) 0 . 5g dis s olved in 3 3 c c  glycerine at 

55° C to 60° C for 1 . 5 to  2 hours . Methyl 

alc oho l - 33cc - added . This is STOCK s o lut ion .  

F or use : 1 ml sto ck dissolved in 50 ml buffer 

at pH 6 . 8  (Buffer t ablets pH 6 . 8 ,  Geo . W .  

W ilton and Co . Ltd . , Lower Hutt , New Z e aland : 

1 t ablet to  100 ml dist illed water) . 

Appendix V .  Procedure for centromere staining. 

S l ide s prepared rout ine ly for mitotic chromo-

some s .  

A llowed t o  age for at least 4 days . 

Stand slide s 1 hour at room t emp . in 0 . 2M HCl . 

R inse in de-ionized wat er . 

St and slides in 5% solution b arium hydroxide 

( B a( OH) 2 . 8H2o )  at 50° C for 10 minut e s . 

R inse slide thoroughly in de-ionized water . 

Incubate for 60 minut e s  at 60° C in 2 x SSC ( be low) . 

R inse with de-ioniz ed water . 

Stain 60 minut e s  with G iemsa ( ab ove ) . 

R inse and air dry . 

F ormula for 2 x SSC ( 0 . 3M Sodium chloride 

c o ntaining 0 . 03M tri-sodium c itrat e ) . 

N aC l  1 7 . 53g 

N a3c6H5o7 . 2H2o 8 . 82g 

D e -ionized H2o 1 litre 

Store at 4° C .  Do not use hot 2 x SSC more 

than two days old.  



Appendix VI . Preparation of glas sware . 

All  debris ,  blood �tc . removed .  
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Soaked 1 2  hours in Pyroneg . ( Diversey Wallac e  

Ltd . , N e w  Z ealand) . 

Bruph-washed and rinse d .  

Machine -washed in dri-decon solut ion ( Decon 

Lab oratorie s Ltd . , B righton) . 

R insed in .de-ioniz ed distilled water . 

Dried .  

Aut o claved 1 0  lb . pre s sure for 25 minut e s . 

Appendix VII . M aterials required for f ibroblast culture : 

Plasma clot emb edding t echnique . 

a) T o  obtain t i s sue from live horse s :  

Local anae sthet ic , Xylocaine 2% ,  A stra Chemicals 

Pty . Ltd . , 10 Khartoum R d . , North Ryde , N . S . W .  

1 0  ml steriliz ed syringe + 25g x 1 "  needl e . 

S c alp e l , rat-toothed forceps . 

Universal j ar ( 25 ml) + lid.  

HBSS . Hanks ' Balanced Salt Solut ion (Hanks , 

1 948) . 

b)  Growt h  medium : 

Medium 1 99 ( 60% ) Wellcome Reagent s Ltd . , 

We llcome R e s e arch Laborat orie s ,  Beckenham , 

Kent , England . 

F o et al bovine serum ( 20%) . Laboratory Servi c e s  

Ltd . , P . O .  B o x  6562 , Auckland . 

E quine serum ( 20%) . 

Strept omycin ( 0 � 2  mg/ml ) . Streptomycin sul­

phat e , B . P .  Glaxo Laboratorie s ,  Ltd . , Gre e nf o rd ,  

England . 
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Benzylpenicillin ( 200 u/ml) 1 Cry stapen 600 mg 1 •  

B enzylpenicillin ( sodium) B . P .  Glaxo 

Laboratorie s .  

Tric inE? buffer.  

c )  To prepare tric ine buf f er:  

Add 1 . 8g Tricine ( N-tris-( hydroxymethyl) methyl 

glycine , Calbiochem . ,  San Diego , California , 

921 12 , u . s .A . ) to  1 0  ml PBS .  

F ilter through millipore ( 0 . 22�) . 

Use  1 ml per 1 00 ml medium . 

d)  To prepare plasma c lot : 

1 0  ml Veno ject tub e . 

B i j ou bottle and lid . 
I 

R efrigerator . 

Centrifuge . 

Alsever 1 s solut ion . 

De-ionized wat er 

Sodium citrat e 

1 00 ml 

0 . 8g 

Sodium chloride ( NaC l )  0 . 42g 

G lucose  2 . 05g 

M ake up to near volume and adjust to pH 6 

with c itric ac id . F ilter and dispense . 

Ke ep 3 days before u s e . Store at 4° C .  

C alcium chloride CaC 12 2% .  

e )  A . T . V .  (Ant ib iot ic-tryPsin-versene solution) . 

Tryps in 1 : 250 ( Difc o  Lab oratorie s ,  Detro it , 

Michigan , U . S . A . ) 0 . 5g 



E . D . T . A .  ( Seque stric ac id , T etrasodium 
-
salt ) , Hopkin and Williams Ltd . , 

Chadwell Heath , Essex , England . 

Sodium Chloride NaC l  

Pot assium chloride ( KC l )  

Dextro s e  
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0 . 2g 

S . Og 

0 . 4g 

1 . 0g 

0 . 58g Sodium hydrogen carbonat e (NaHco3 ) 
Penicillin 2 x 1 05 unit s 

Streptomyc in 

Phenol red 

1 00 mg 

0 . 02g 

M ake up to 1 litre . Steriliz e  by filtration � 

St ore at -20° C .  

f )  PBS (Phosphate-buffered saline) . pH 7 . 5 .  

( Dulbec c o  and Vogt , 1 954) . 

Solution ( 1 )  

S o lution ( 2) 

S o lution ( 3 )  

NaC l  

KC l 

Na2HP04 
KH2POL1-

Ion-exchange H2o 

CaC 12 
Ion-exchange H2o 

S . Og 

0 . 2g 

1 . 1 5g  

0 . 2g 

800 ml 

0 . 1 g 

1 00 ml 

Ion-exchange H2o 1 00 ml 

Auto cl ave solut ions ( 1 ) , ( 2 ) and ( 3 )  separat e ly . · 

M ix when cool and store at 4° C .  

g)  Sterilised scissors , forcep s , petri dishe s . 

Laminar flow cabinet . 

Incubator  set at 37v C .  

Pasteur pipettes ( 9 " )  + rubber bulb s .  



T is sue culture flasks . Falcon 301 3 , 25cm2 

growth are a . F alcon:  1 950 Williams Dr . , 

O xnard , CA 93030 , U . S . A .  

Appendix VIII . Mat erials required for fibroblast culture . 

Tryps in disaggregat ion technique . 

a) Transport medium . Composit ion : 

M edium 1 99 
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Streptomyc in sulphate 1 . 25g/litre 

C rystalline benzylpenicillin B . P .  1 , 000 , 000 
u/lit:re 

Amphotericin B ( ' Fungilin' , 5 mg/litre 

S qu ib b ) . 

b)  Tryps in solut ion 0 . 25% (Difc o  1 250 )  

c )  A nt ib iot ic solut ion : 

500 ml HBSS 

5 g  Streptomycin sulphate 

5 , 000 , 000 u .  Cryst alline benzylpenicillin B . P .  

2 l itre s H2o .  

St ainl e s s  ste e l  filter . 

d) C o lchicine (Appendix IIIb) . F inal dilut ion 

1 f..Lg/ml . 

0 . 1  ml added to each 5 ml culture . 

e )  Long t erm s torage : 

D e ep fre e z e  at �70u c .  

Glass  ampoule s , 2 ml . 

D imethyl sulphoxide ( DMSO) . B . D . H .  Lab orat ory 
- - . 

Chemicals Divis ion , Poole , England . 



f )  
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G eneral egui:12ment 

Laminar flow c abinet , scalpe l  blade s , petri 

dishe s , Pasteur pipette s ( 9 " )  + rubber bulb s , 

1 25 ml conical flasks . 

Tissue culture flasks ( above ) . 

M agnet ic st irrer , Chiltern ,  Smith , Biolab 

Ltd . , Auckland , New Z ealand . 

I nverted light micro s cope . Ernst Leitz 

W et z lar , Germany . 

Eyepiece 6 . 3x magnif icat ion . 

Ob j e ctive lens 6x magnification 

Appendix IX . Analys is of re sult s . 

a)  Examinat ion of slide s .  

W ild MII Micro scope . Wild Heerbrugg Ltd . , 

Swit z erland . 

H and operated Tally c ounter . �nglish 

Numbering Machine s Ltd . , England . 

b )  Deve lo:12ment of film . 

Dektol print deve loper  ( Kodak , New Zealand 

Ltd . ) 20u c for 3 minut e s .  

Universal fixer . 

c )  Develo:12ment of J2rint s .  

Enlarger : Focomat I I c , Leitz , Germany . 

Dekt o l  print developer ( diluted 1 : 3 with water) 

Stop bath : water c ontaining acetic  acid . 

Hypo bath : 2 . 5  lb . hypo cryst als + 8  oz . meta­

bisulphate + 1 teaspoon alum . 

W ater bath . 

Glaz e . 
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APPEN D I X  X. 

CH ROMOSOM E COU NTS OF HORSES PR EPA R ED F ROM LE UCOCYTE CU LTU R ES 

Case COUNT D I ST R I BUT I ON Cel ls 

nu mber Sex* <63 63 64 65 >65 Polyploid counted 

96/74 F 0 8 42 2 0 0 52 

98/74 M 0 1 4 0 0 0 5 

101/74 M 0 3 1 7  5 0 0 25 

1 02/74 M 0 2 27 2 0 1 32 

105/74 M 0 2 1 5  1 0 0 1 8  

4/75 F 0 1 7 1 0 0 9 

5/75 F 0 0 1 2  1 0 0 1 3  

8/75 F 0 2 8 0 0 0 1 0  

1 1 /75 F 0 2 0 0 0 0 2 

1 3/75 F 3 2 1 7  0 0 0 22 

1 5/75 F 1 1 14  4 0 0 20 

35/75 F 2 2 20 1 0 0 25 

37/75 F 7 9 74 6 0 1 97 

38/75 F 9 14  1 05 5 0 0 1 33 

39/75 F 3 0 1 3  0 0 0 1 6  

40/75 F 6 5 50 1 1 0 63 

42/75 F 0 1 5 0 0 0 6 

44/75 F 3 3 21 2 1 0 30 

46/75 F 2 2 24 0 0 2 30 

48/75 F 0 4 1 6  3 0 0 23 

54/75 M 30 20 1 34 3 5 7 1 99 

4/76 F 3 1 1 8  0 0 0 22 

5/76 F 0 0 1 0 0 0 1 

TOTALS 69 85 644 37 7 1 1  853 

(8"/c,) ( 1 0%)  (76%) (4%)  ( 1 %) ( 1%) 

* M = male; F = female. 
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APPE N D I X  X I .  

CH ROMOSOME COU NTS O F  HORSES PR EPA R E D  BY FI BROB LAST CULT U R ES O F  
TISSU E EXP LANTS 

Case COUNT DIST R I B UTION Cells 

nu mber Sex* <63 63 64 65 >65 Polyploid cou nted 

2/73 M 1 3 1 0  0 0 0 1 4  

3/73 F 2 0 3 0 0 0 5 

6/74 M 7 2 8 0 0 0 1 7  

1 0/74 F 1 7  4 23 1 0 1 46 

1 1 /74 F 0 2 1 4  1 0 1 1 8  

1 3/74 M 1 2 1 6  0 0 0 1 9  

1 4/74 M 0 0 2 0 0 0 2 

1 5/74 M 0 0 4 0 0 0 4 

1 8/74 F 0 0 6 1 0 0 7 

24/74 F 0 0 1 0 0 0 1 

25/74 F 0 0 1 0 0 0 1 

26/74 F 5 2 1 6  5 0 0 28 

27/74 F 0 0 1 0 0 0 1 

29/74 F 0 0 3 0 0 0 3 

45/74 F 0 2 7 1 2 1 1 3  

48/74 M 1 0 3 0 0 0 4 

69/74 F 0 0 1 5 0 0 6 

85/74 F 0 5 2 0 0 0 7 

92/74 M 1 0 3 2 0 0 6 

97/74 M 0 1 4 3 1 0 9 

1 07/74 M 6 8 73 3 0 0 90 

TOTA LS 41 31 201 22 3 3 301 

( 1 4% )  ( 1 0%) (67%) (7%) ( 1% )  ( 1%) 

* M = male; F = female. 



APPEND I X  XI I .  CH ROMOSOM E COU NTS PR EPARED BY L E UCOCYTE 
C U LTU R E  F ROM HORSES W I TH NORMAL KARYOTYP ES. 
CASES W I TH FEWE R THAN 30 CELLS COUNTED A R E  
EXCLUDED. 

COUNT D I STR I BUTION 
Case Cel ls  

number < 63 63 64 65 > 65 Polyploid counted 

96/74 0 8 42 2 0 0 52 

1 02/74 0 2 27 2 0 1 32 

37/75 7 9 74 6 0 0 97 

38/75 9 1 4  1 05 5 0 0 1 33 

40/75 6 5 50 1 1 0 63 

44/75 3 3 21 2 1 0 30 

46/75 2 2 24 0 0 2 30 

54/75 30 20 1 34 3 5 7 1 99 

TOTALS 57 63 477 21  7 1 1  636 
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APPEND I X  XI I I . CH ROMOSO M E  CO U NTS FROM F I BROB LAST C E L L  CU LT U R ES 
EXC L U D I N G  CASES WI TH FEWE R THAN 30 C E L LS COUNT E D. 

(a ) CH ROMOSOM E COUNTS F ROM HORSES W I TH NORMAL KARYOTYPES 
PR EPA R E D  BY C E L L  C U LTU R E  O F  TISSUE EXPLANTS. 

Case 
COUNT D I ST R I BUTION 

Cel ls 
number < 63 63 64 65 > 65 Polyploid counted 

1 0/74 1 7  4 23 1 0 1 46 

1 07/74 6 8 73 3 0 0 90 

TOTALS 23 1 2  96 4 0 1 136 

(b)  CHROMOSOM E COUNTS F ROM EQU I N E  EMBRYOS W I TH NORMAL 
KARYOTYPES 

Case 
COUNT D I ST R I BUTION 

Cel ls 
nu mber < 63 63 64 65 > 65 Polyploid counted 

1 B  1 6  1 2  148 7 1 1 1 85 

2B 17 1 7  1 23 2 0 2 1 6 1  

3 B  5 1 0  90 6 0 0 1 1 1  

GB 1 6  23 1 59 6 3 0 207 

1 0B 0 7 46 4 0 0 57 

1 1  B 1 0  8 135 2 3 9 1 67 

1 2B 9 1 5  1 1 1  8 0 0 143 

1 3B 1 9  1 5  1 1 1  4 1 0 1 50 

1 4B 7 1 0  144 5 1 0 1 67 

1 5B 7 1 0  131 5 0 0 1 53 

1 6B 9 6 59 6 0 0 80 

1 7 8  4 2 36 2 0 0 44 

1 88 5 4 49 2 0 2 62 

1 98 4 5 21 0 1 0 31 

208 1 0  6 101 1 0 2 1 20 

21 8 3 5 62 1 1 1 73 

228 7 3 51 0 0 1 0  71  

238 2 7 57 0 0 3 69 

248 6 1 3  70 1 0 0 90 

25B 1 2  6 84 1 0 9 1 1 2  

26B 1 4  3 79 2 0 2 1 00 

TOTALS 1 82 1 87 1 867 65 1 1  41 2353 

2 1 0  
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