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Turs paper is the first of a series of ““ Studies on the Alimentary Tract of
the Merino Sheep in South Africa.” The staff of Onderstepoort, realising the
tremendous 1mportance of an exact knowledge of all matters relating to the
alimentary tract of the sheep, have drawn up a comprehensive programme
which includes embryology, anatomy (macro- and microscopic), physiology
(physical and chemical), bacteriology and protozoology, to be studied on sheep
of all ages under normal conditions, abnormal dietary conditions and patho-
logical conditions due to worm infection and other causes. These investigations
will not be conducted in an absolutely systematic manner, but any single ques-
tion may be studied when a suitable opportunity arrives and the same material
is also to be used for the study of other aspects of the problem as far as possible.
It is, however, the intention that a special effort should be made to devote as
much time as possible to this problem.

INTROI

The work recorded here was started on account of difficulties expericnced
in connection with the chemotherapy of oesophagostomiasis in sheep (see this
Journal) with the object of finding a method which would ensure the
direct passage to the abomasum of drugs administered per os. The importance
of this matter is discussed in the article referred to above. A study on the
physiology of deglutition in a ruminant covers a very wide field and the investiga-
tions had to be restricted, for obvious reasons, on account of the practical
nature of the object in view. The main question was the possibility of adminis-
tering drugs in the form of powders into the abomasum and the method had to
be sufficiently simple in order that it could be applied in practice by farmers
handling large numbers of sheep.

A number of investigators have studied the route taken by substances,
especially fluids, administered to sheep per os. It is not intended here to enter
into a full discussion of their results, especially as this article is concerned with
the administration of solids and most of the work done in the past was con-
cerned with nothing more than a determination of the route taken by materials,
especially fluids, after ordinary administration. It is, however, clear from the
previous investigations, that powders are not regulaﬂy swallowed by sheep
mto the abomasum. Sprehn (1931) records tests made by him with small
tablets, weighing 0-2 gm. each, in which he found that such tablets passed
directly to the abomasum. These tests were, however, done on a few sheep
only and the good results obtained by treating sheep in this way for stomach
worms is no proof that the tablets are always swallowed through. Oppermann
and Behrens (1932) were not able to confirm the results of Sprehn and the
present investigations also do not support them.
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STUDIHES ON ALTMENTARY TRACT OF MERINO SHERP.

The physiology of deglutition, with special reference to the oesophageal
groove and the importance of the problem in connection with the admivistration
of drugs has been studied on cattle by Wester (1930) in great detail. This work
18 of uut\tandmo importance and ld\'\‘ the foundation for all further investiga-
tions in this dicection, although it will be scen that the sheep used by us frequently
reacted quite differently from Wester's cattle, This mav perhaps be explained
by the fact that the \hewp were not unusually tame. whl]o the cattle may have
become accustomed to frequent handling and examination throveh the rumen
fistula.  Wester remarks that sheep mayv react like cattle. but that this remains
to be proved experimentally.

As far as this paper is concerned. the findimgs of Wester can he summarised
ax follows :—

In the very voung animal the oesophageal groove ¢loses reflexly during
the act of (lrmlnnn so that milk and water pass divect] v to the abomasum.

The reflex for water soon decreases. so that in older calves a portion enters
the fore-stomachs and in adult animals the whole quantity, while the reflex for
milk persists a long time.  However. in relatively voung, thirsty animals the
reflex comes into action again after a few mouthfuls of water have heen swallowed
and the abomasum is first filled before the rest passes into the fore-stomachs.
In older animals alzo the reflex closing of the groove van he stimulated by
means of suitable fluids more readily: when the animals are thirsty than under
normal conditions.  After drinking a large quantity of water the reflex is some-
times much less readily stimulated.  The reflex ix Initiated in the anterior
part of the oesophagus or the pharvnx by stimulation of the vagus endings
there and the vesophageal groove closes immediatelv afrer deglurition. Fluids
administered by stomach tube will therefore not cause closing of the oroove
and will enter the rumen.  This reflex can be stimulated by the albumin of
mitk and possibly also the globulin, and further by sodinm salts, especially
Sodium chlortde and xodium Thicar) honate and sugar.  The speed and intensity
of the reaction depeud on the concentration of these substances.  Other stimn-
lants tested had little or no effect.

Axa practical method of dosing yvoung. healthv cattle. into the abomasum,
Wester recommends keeping the animals from water for 24 hours. then dosing
with 100 200 c.c. of a 3-10 per cent. sodium bicarbonate solution. followed
by the drug together with milk. bloodserum or preferablv 5 10 per cent. Bicar-
bonate solution. after an interval which is sufliciently lone to allow closure of
the groove to take place.

EXPERI [ Wt

In the following tests a red powder was usually administered after pre-
limnary treatment of the sheep, which were killed after a definite interval,
cut open and exam’ned to de ‘rmnmw the route taken by the powder. Red
mercuric sulphide, carmine and red lead oxide were used, being well visible,
relatively insoluble, heavy (except carmine), fine of texture and apparently
not irvitating to the mucous m mbranes.

The results are given in tabulated form for the sake of brevity,
The sheep used in these tests were fed on ey hay with a ration of crushed
maze and receive:d no green food. Water was alwavs accessible unless it was

spectally withheld.
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STUDIES ON ALIMENTARY TRACT OF MERINO SHEEP.

Trst 1

Sheep kept from water 18 hours. All were stimulated with NaCl like
sheep 9-12 above. The intervals between s  ulation and dosing with HgS
were b seconds for sheep 17-19, 1 minute for 20-21 and 2 minutes for 22-24.
All killed 5 minutes after dosing in this and subsequent tests.
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Discussion.—The interval of 5 seconds was suitable in two of three cases;
the third may have been affected by the condition of the sheep, but it will be
seen later that this is not necessarily the case. Sheep 24 was young and should
have swallowed well ; the interval of 2 minutes may have been too long.

Trst IV.

Sheep kept from water 18 hours. Stimilated with NaCl as before and
dosed with HgS after 5 seconds, sheep 25-28 and 1 second, sheep 29-32. The
sheep were selected on account of poor condition.
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Discussion.—There are good indications of sufficient stimulation after 5
seconds. Sheep 27 with fluid contents in rumen poorly stimulated, also 29
31 and 32, with semi-fluid contents. The others with semi-solid contents w
stimulated.
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STUDIES ON ALIMENTARY TRACT OF M [NO SIIEEP.

TEsT

Another test like No. X was attempted with the intention that  » sheep
should drink. They were kept from water 24 h s, then given saiv to lick
for 30 minutes followed by water for 15 minutes. sneep 80, 83, 84 and 86 did
not drink and the others drank a moderate quantity. They were dosed with
salt, followed 5 seconds later by red lead oxide, 83 one »Hur, 84-87 two
hours and 88-91 three hours after dri ing.
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Discussion.—Sheep 91 swallowed ba . If drinking has an influence,
this may still be evident three hours after drinking. The results were, however,
so variable that it appeared desirable to investigate other possible factors.

TEsT

The sheep were selected on account of their extremely emaciated condition,
which was due to oesophagostomiasis. They had been running on green pas-
tured and were placed in a shed for 24 hours with dry hay and a salt lick, but
they took little of either. When they were taken to water it was very cold
and raining and none drank. ey were dosed with salt, HNowed after 5
seconds by Carmine in the case of 92-96 and arsenious sulphide in the case of
97-101.
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Discussion.——The very fluid ruminal ¢ = tents of all these sheep, except 95,
was rather remarkable. In spite of the extremely poor condition they swallowed
very well. The impression was again obtained that the fluid consistence of the
ruminal contents had an influence, although the effect of drinking was absent.
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STUDIES ON ALITMENTARY TRACT OF MERINO SIIEEP.

Discussicn~—The Government Wireworm Remedy contains Sodium arsenite
and copper sulphate and the sodium salt may have stimulated the groove to
close. However, 1t is known from other tests that this Remedy is not regularly
swallowed to the abomasum. Concerning the fluids administered to sheep
108113 ; 1t is apparently usually the case that sheep swallow small quantities
of fluid to the abomasum, but the sodium ¢ (108 and 109) and the milk (112
and 113) may have had an influence. On the other hand, sheep 114 and 115
swallowed the fiuid to the rumen. It is rather remarkable that sheep 116
swallowed both tablets to the abomasam, although they have a fairly large size.
The capsules in both cases passed into the forestomachs as would be expected.
It is obviously out of the question to administer anthelminthies for oesophago-
stomiasis in the form of capsules or large pills, as they would almost invariably
pass to the forestomachs where they will either disintegrate before passing
on or they would be passed to the mouth in rumination and probably dropped
by the animal.

Trsr XV.

The sheep were kept from food and water for 28 hours. The intention was
to see what effect starvation had on the abomasal contents and whether thirsty
sheep would swallow water to the abomasum, as Wester found to be the case
with cattle. Soni= of the sheep were dosed at the same time.

Sheep 120 and 121 received only salt and 5 seconds later Pby0,. 1In 120
the ruminal contents were semi-fluid, and in 12! fluid. In both cases the
abomasum contained about 50 c.c. fluid ingesta and the powder went to the
rumen and a small quantity to the omasal groove.

Sheep 122 and 123 given each 2 litres water with Carmine by stomach tube.
This went to the rumen and reticulum as expected. In 122 the abomasum
contained a normal quantity of ingesta, in 123 it was almost empty.

Sheep 124 and 125 allowed to drink and killed 20 minutes later after dosing
with salt and lead oxide. Both rumen fluid and abomasum about 46 c.c. fluid
ingesta. Swallowed to abomasum and omasal groove. Apparently little or
none of the water was swallowed to the  omasum.

Sheep 126 and 127 given salt to lick, then water to drink, then dosed with
salt and lead oxide and killed. In 126 rum:n contents semi-solid, 127 fluid
and gas ; both had about 40 c.c. fluid ingesta in abomasum. Powder swallowed
to rumen in both cases. Here also the water apparently all went to the fore-
stomachs.

Sheep 128 and 129 given each 2 litres water and much air by stomach tube
and then dosed with salt and lead oxide. In 128 rumen contained fluid and
gas, abomasum almost empty; swallowed powder to reticulum and small
quantity to omasal groove. In 129 there was much gas in the forestomachs,
abomasum and even the duodenum. The abomasum contained a small quantity
of ingesta and the powder. This gives no definite indication whether gas in
the rumen hinders closing of the groove. 1In sheep 129 the excessive amount
of gas may have had an abnormal effect.
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H. 0. MONNIG AND J. I. QUIN.
Trsr XV

Sheep kept from water 28 hours, dosed a level tablespoonful of salt 8.30
a.m., allowed to drink at 2 p.m. and all drank v~'l.  They were then dosed with
salt and 5 seconds later with red lead ox . ' intention was to observe any
possible factors other than those that were being controlled.
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Discussion.—Four of the five sheep with fluid ruminal contents swallowed
satisfactorily in spite of gas in three of them. One of six sheep with semi-
fluid ruminal contents swallowed satisfactorily and one did not swallow ; five
had gas. The sheep with semi-solid ruminal ~~mtents swallowed to the rumen.
These results again indicate that consistence of 2 ruminal contents is apparently
important. Age had no influence, the older sheep swallowed even better than
the younger ones. There were no factors that appeared to be important besides
those that were taken into account.

Tust XVIL

The object was to determine the effect of various mulants and sedatives.
The sheep were kept from water for 29 hours, dosed a level tablespoonful of salt
at 8.30 a.m. and allowed to drink $—-1 hour before treatment.

2

Sheep 142 and 143 received 05 gr. Atropine in 4 c.c. water per os and 1
minute later Ph,0,.

Sheep 144 and 145 received 2 gr. Cocaine in 4 c.c. water per os and | minute
later Pb,0,.

Sheep 146 and 147 received 2 gm. Chloral hydrate in 5 c.c. water per os
and 1 minute later Pb,0,.

Sheep 148 and 149 received 20 c.c. strong coffee per os and 1 minute later
Pb;0,.

127






11I. 0. MONNIG AND J. I. QUIN.

Sheep 175-174 dosed with 3 gm. Barium sride in 1,600 c.c. water and
1 hour later Pb,0,.
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Discussion.—Sodium acetate acted well as cxpected. ronine is not

always able to counteract the stimulation of salt, or the route t n by the
powder is not influenced by these factors only. The latter view gains support
from the other results which indicate that the most important factor has not
yet been discovered.

Tesr X
In order to test again the influence of starvation sheep 175-180 were lent
from food and water and sheep 181-186 from water only for 28 hour L
were allowed to drink {-1 hour before dosing, but they were apparent ;

very thirsty, as only 176-177 drank well and a few of the others drank a httle.
They were dosed in the usual way with salt and 5 scconds later red lead n¥ide.
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Discussion.—These results appear to he in favour of starvation, but when

they are taken together with those of Test , the findings are not conclusive.
Again the presence of gas does not seem to attect the result.
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H. 0. MONNIG AND J. I. QUIN.

Sheep 263 and 264 dosed with level teaspoonful of lead shot only.

The kaffircorn has almost round seeds, 3-4 mm. in diameter and the.shot
was about the same size. The kaffir corn seeds had been stained in eosin to
make them conspicuous in the stomach contents.
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Discussion.—These results indicate that particles of this size will only
exceptionally pass to the abomasum, even after stimulation with salt.

SUMMARY AND

The possibility of dosing into the abomasum by administering various
materials, especially inert powders, after stimulating the oesophageal groove
to close, was investigated and the results obtained with 264 sheep arc recorded.

The work of Wester was taken as a basis and numerous variations were
made in the preparation of the animals, the method of administration and the
materials administered. The results are of such a nature that practically no
conclusions can be drawn. It is possible that soluble sodium salts stimulates
the vagus endings in the pharynx and may thus cause reflex closure of the
oesophageal groove, but other important factors, which have r~+ been cluci-
dated, frequently counteract such stimulation or the reflex. . is possible
that semi-solid nature of the ruminal contents and the presence of gas in the
rumen and reticulum are such adverse factors.

On the whole, the age and the condition of the sheep did not  pear to
affect the results.
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