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A BSTRACT 
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Homozygous grey Karakul_ lambs are born with a lethal genetic factor responsible for death at 
weamng age. When put ~n a h1gh roughage diet under field conditions they develop distended, thin
walled rumens and sand 1mpacted abomasa. Homozygous white Karakul lambs have a similar factor 
but survive for a longer period. Black Karakul lambs are not affected. The present study was undertaken 
to comp_are by imaQe analysis the number and size of the myenteric ganglia, and the number of 
myentenc neurones 1n the walls .of the fore-stomach and abomasum of 24-h-old grey, white and black 
Karakul lambs. One square cent1metre samples were taken from analogous areas of the rumen, reticu
lum, omasu_m and abomasum of 38 embalmed Karakul lambs. Haematoxylin and eosin stained histo
log~cal sect1c;ms of each S!imple were studied with a Vids 2 Image Analyzer. One way analysis of 
vanance 1nd1cated a s1gn1f1cant difference between the groups regarding the number and size of the 
myenteric ganglia and in the number of myenteric neurones in the reticulum, rumen and abomasum. 
The number and size of the ganglia and the number of neurones was greatest in the blaCk lambs and 
decreased pr~ressively in the white and grey lambs. The omasum was not affected. It is· suggested 
that the pauc1ty of myentenc ganglia and neurones in the regions examined is instrumental in causing 
the lethal condition described above. 

INTRODUCTION 

Homozygous grey Karakul lambs are born with a 
lethal genetic factor responsible for death at wean
ing age (Nel & Louw, 1953). When put on a high 
r<?ughage di~t under field conditions they develop 
distended th1n-walled rumens and sand impacted 
abomasa (Nel, 1965). These lambs have a potbelly 
appearance, become emaciated and die. Homo
zygous white Karakul lambs are born with the same 
genetic factor and show the same clinical signs as 
the homozygous grey lambs, but they survive for a 
longer period. Black Karakul lambs are unaffected. 
Homozygous grey and white Karakul lambs can be 
identified at birth by the lack of pigmentation of the 
tongue, palate and ears (Nel & Louw, 1953). 

Previous studies in 24-h-old grey, white and black 
Karakul lambs showed a significant difference 
(P<0,05) in the length and width of the rumen, and in 
the volume of the rumina-reticulum, between the 
three groups (Groenewald & Booth, 1989). The grey 
lambs displayed the largest rumen and the black 
lart:JbS the smallest. .In the homozygous grey and 
wh1te lambs the distended rumens were filled with 
milk (Groenewald & Booth, 1989). Studies on the 
~imensions of th_e tu':'ica muscularis showed a signi
ficant decrease 1n thickness in the rumen, reticulum 
and abomasum in homozygous grey and white 
lambs when compared to normal black lambs 
(Groenewald & Booth, 1990). 

The vagus nerve with its myenteric ganglia and 
neurones is responsible for the movement of the 
stomachs in ruminants (Duncan & Phillipson, 1951 ; 
Cook, 1986). Studies by Newhook & Titchen (1974) 
showed that the normal passage of liquids to the 
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abomasum of lambs was interrupted after cervical or 
abdominal vagotomy, resulting in the liquids being 
channelled to the reticulum and rumen. The same 
effects were achieved when the nerve endings were 
blocked by hexamethonium (Newhook & Titchen, 
1974). Habel (1956) performed dorsal, ventral and 
total vagotomies on sheep and found a distended 
rumen and reticulum resulted from dorsal and total 
vagotomies. The clinical signs (distended rumen 
and impacted abomasum), milk filled rumens, and 
the decrease in the thickness of the tunica muscula
ris, thus indicated a decrease in nerve supply to the 
fore-stomachs and abomasa of the affected lambs. 

As macroscopic dissections of the vagus nerve 
revealed no differences in its pattern between the 
grey, white and black lambs (Groenewald & Booth 
1989), it was decided to compare by image analysis 
the number and size of the myenteric ganglia and 
the number of myenteric neurones in the walls of the 
fore-stomachs and the abomasum of 24-h-old grey, 
white and black Karakul lambs. The study indicated 
a significant decrease in the number and size of the 
myenteric ganglia and number of myenteric 
neurones in the grey and white lambs when com
pared to black lambs. The decrease of myenteric 
ganglia and neurones could be responsible for the 
clinical manifestations of this condition. 

MATERIALS AND M ETHODS 

Thirteen grey, fifteen white, and ten black 24-h-old 
Karakul lambs were embalmed with 1 0 % formalin 
via the left common carotid artery immediately after 
they had been slaughtered and skinned. Grey and 
white lambs with unpigmented tongues, palates, and 
ears were specifically selected. Black lambs were 
randomly selected and served as the control group. 

A one square centimetre sample was taken from 
an analogous area of the rumen, reticulum, omasum 
and abomasum in each of the 38 embalmed lambs. 
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The samples of the rumen were taken from the 
middle of the left dorsal, left ventral, right dorsal and 
right ventral sacs. The other samples were taken 
from the right surface of the reticulum, the parietal 
surface of the omasum, and the greater curvature of 
the abomasum. Routine histological sections were 
prepared from each sample and stained with hae
matoxylin and eosin for microscopic evaluation. All 
counting and measuring of the myenteric ganglia 
and myenteric neurones was performed with a Vids 
2 Image Analyzer. 

The number of myenteric ganglia and myenteric 
neurones, as well as the surface area (size) of the 
myenteric ganglia, was determined in each section 
and the mean for each group was calculated. The 
number of myenteric ganglia and neurones was 
counted and measured in the left dorsal, left ventral, 
right dorsal and right ventral rumina! sacs and the 
mean for the rumen was calculated. 

One way analysis of variance was implemented to 
determine whether significant differences existed 
between the three groups of lambs regarding the 
number and size of the myenteric ganglia and the 
number of neurones. 

RESULTS 
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showed a progressive decrease between the black, 
white and grey lambs. The omasum was not 
affected. 
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DISCUSSION 

The results of the present study clearly indicate a 
paucity in the number of myenteric ganglia and 
myenteric neurones in the homozygous grey Kara
kul Lambs, and to a lesser extend in the homozygous 
white Karakul lambs, when compared to the black 
control lambs. 

Since nerve supply can play a role in the normal 
conservation of muscle, the reduction in the number 
of myenteric ganglia and neurones could be the 
cause of the reduction in thickness of the tunica 
muscularis (Groenewald & Booth, 1990). However, 
this phenomenon could also be a developmental 
defect as the reduction in thickness of the muscle 
layers is present 24 h after birth. 

Habel (1956) demonstrated a distended rumen 
and reticulum by doing a total vagotomy on sheep. 
The same result was achieved when he performed a 
dorsal vagotomy. The clinical signs demonstrated 
by the lambs with the lethal factor correspond to the 
features found by Habel (1956). 

In suckling lambs the suckling reflex causes the 
milk to bypass the rumen and go to the abomasum 
by means of the oesophageal groove (Habel, 1956; 
Swensen, 1984). Studies by Newhook & Titchen 
(1974) revealed that milk passes into the rumen and 
reticulum instead of the abomasum after cervical or 
abdominal vagotomy because of a oesophageal 
groove disfunction. By blocking the nerve.endpoints 
with hexamethonium they achieved the same 
results. Therefore, the presence of milk in the rumeri 
of the affected lambs in this study could be the result 
of malfunctioning of the oesophageal groove. The 
volume of milk in the rumen could then cause a 
distention and subsequent additional thinning of the 
rumina! wall. 

The myenteric ganglia and neurones are respon
sible for movement of the fore-stomachs (Habel, 
1956; Duncan & Phillipson, 1951) which is a pre
requisite for digestion of roughage in the ruminant. 
Cooke (1986) found neural connections between 
the myenteric and submucosal ganglia and sug
gested that they work as a single integrative system. 
She also found that the submucosal ganglia project 
into the mucosa and suggested that they function to 
control and coordinate absorptive arid secretory 
function, blood flow, and contractility of the muscula
ris mucosa. As the myenteric and submucosal 
ganglia work as a single integrative system (Cooke, 
1986), a decrease in the number of myenteric 
ganglia and neurones may lead to impaired absorp
tion of nutrients, decreased secretion of enzymes 
and decreased movement of villi. Reduced move
ment of the fore-stomachs, coupled with the thin 
tunica muscularis and decreased blood flow, would 
lead to impaired digestion and absorption of 
nutrients, leading eventually to emaciation and 
death. 

The impaction of the abomasum is most probably 
caused by reduced peristalsis resulting from the 
reduction of nerve supply. Further distention of the 
rumen is caused by accumulation of water and 
roughage in the rumen because of reduced rumina! 
movement. 

105 

White Karakul lambs, when compared to grey 
lambs have a greater number of myenteric plexuses 
and ganglion cells and a thicker tunica muscularis in 
the reticulum, rumen and abomasum which would 
result in better movement of the stomachs and 
better digestion of roughage, thus prolonging survi
val. 

The omasum develops from the lesser curvature 
of the foetal stomach, the rumen and reticulum from 
the greater curvature, and the abomasum from both 
(Bryden, Evans & Binns, 1972). The structures that 
develop from the greater curvature of the stomach 
are mainly supplied by the dorsal vagal trunk and 
the structures that develop from the lesser curvature 
are mainly supplied by the ventral vagal trunk 
(McGeady & Sack, 1968). The omasum also receive 
a branch from the dorsal vagal trunk (McGeady & 
Sack, 1968) and that would explain why the number 
of myenteric ganglia and neurones were unaffected 
in this organ. 

In the developing autonomic nervous system the 
preganglionic fibres of the nerves are formed by 
neurones that originate in the ventrolateral plate, 
and the ganglionic cells and postganglionic fibres 
are neural crest derivatives (Latshaw, 1987). 
Melanoblasts responsible for pigmentation also 
develop from the neural crest (Latshaw, 1987). The 
lack of pigmentation of the tongue, palate and ears, 
and the reduction of myenteric plexuses and 
ganglion cells in the rumen, reticulum and aboma
sum of the affected lambs, therefore strongly sug
gest neural crest involvement in the condition 
described. 

It is concluded that the paucity of myenteric 
ganglia and neurones in the rumen, reticulum and 
abomasum is instrumental in causing this lethal 
condition in grey and to a lesser extend in white 
Karakul lambs. 

ACKNOWLEDGMENTS 

The authors would like to thank the Medical Uni
versity of Southern Africa for financial assistance 
and for the use of facilities, Messrs D. Kotze and B. 
Oberholzer for their invaluable assistance and 
advice in collecting the research material and Prof. 
A. J. Bezuidenhout and Mr J . T. Soley for critical 
reading and contributions. 

REFERENCES 

BRYDEN, M. M., EVANS, H. E. & BINNS, W., 1972. Embryology of 
the sheep. Journal of Morphology, 138, 187- 206. 

COOKE, HELEN, J., 1986. Neurobiology of the intestinal mucosa. 
Gastroenterology, 90, 1057- 1081 . 

DUNCAN, D. L. & PHILLIPSON, A. T., 1951. The development of 
motor responses in the stomach of the foetal sheep. Journal of 
Experimental Biology, 28, 32-40. 

GROENEWALD, H. B. & BooTH, K. K. , 1989. An anatomical compa
rison of fore-stomachs and abomasum of grey, white and 
black Karakul lambs. South African Journal of Science, 85, p. 
466. (Abstract) 

GROENEWALD, H. B. & BOOTH, K. K., 1990. A histological compari
son of the fore-stomachs and abomasum of grey, white and 
black Karakul lambs. South African Journal of Science, 86, p. 
162. (Abstract) 

HABEL, R. E., 1956. A study of the innervation of the ruminant 
stomach. Cornell Veterinarian, 46, 555-633. 



HISTOLOGICAL STUDY OF THE NUMBER AND SIZE OF THE MYENTERIC GANGLIA AND NEURONES 

LATSHAW, W. K., 1987. Veterinary developmental anatomy. 
Toronto & Philadelphia: B. C. Decker Incorporated. 

MCGEADY, T. A. & SACK, W. 0., 1968. The development of vagal 
innervation of the bovine stomach. American Journal of 
Anatomy, 121,121-130. 

NEL, J. A., 1965. The effects of the sub-lethal factor on the inter
nal organs of the grey Karakul. Proceedings of the South Afri
can Society of Animal Production, 1965, 282-285. 

NEL, J. A. & Louw, D. J., 1953. The lethal factor in grey Karakul 
lambs. Farming in South-Africa, 5, 169-172. 

NEWHOOK, J . C. & TiTCHEN, D. A., 1974. Effects of vagotomy, 
astropine, hexamethonium and adrenaline on the destination 
in the stomach of liquids sucked by milk-fed lambs and calves. 
Journal of Physiology, 237, 415-430. 

SWENSON, M. J., 1984. Dukes' physiology of domestic animals, 
1Oth edn. Ithaca & London: Cornell University Press. 

Printed by the Government Printer, Private Bag X85, Pretoria, 0001 

106 


