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I~ a previous paper on this subject the authe )33) recowdad
results of their investigations 1nto e poss roof st wing
reflex closure of the oesophageal gro~ve, for urpose of dosing
sheep directly into the abomasum. ae bulk of the wo do

sisted of attempts to produce such stimulation by means of L

salts as Wester had successfully done in the case of cattle, and to
find out which factors were limiting or opposing this action of the
sodium-ion in sheep. Ilowever, since 2 results were rather incon-
clusive and the main object had bee~ that of wding a way to
administer anthelminthics into the : o>masum, 1t was decided to
follow up indications of successful stimulation by a few other
chemicals which had been used and {o iry others if necessary.

Two sheep which had been dosed with a solution containing
nicotine and copper sulphate, had swallowed this into the abomasum.
A repetition of this test again gave the same result. A test was then
made on two sheep with nicotine alone, but this failed to produce the
reflex. Before copper sulphate alone was tested a paver by Ross
(1933) appeared, in which he recorded successful results ith copper
sulphate as stiinulant. This author used 1 per rent. and ¥ per cent.
solutions, giving 30 c.c. of these with 10 c.c. « a red stain an he
found no significant differences between the results obtained with
sheep straved up to 48 hours and unstarved sheep. Of ¢ sheep
stimulated with 2 per cent. copper sulphate 79 swallowed into the
abomasum, and similarly 11 of 12 sheep stimulated with a 1 per
cent. solution.

Our results with copper salts which are given below, indicate
that reflex closure of the oesophageal groove can be stimulated in
this way, but that there are certain limiting factors, and it was
our intention to elucidate the conditions under which the best results
can be obtained. While the work is still in progress, it has reached
a stage at which publication of our results is warranted, particularly
also because methods of treatment against gasiro-intestinal worms
of sheep are now being recommended on this basis.

The sequence of the records of experiments as given zlow does
not coincide with the chronological order in v ich the tests were
made, but was arranged to give a systematic review of the results
obtained. Moreover, these expe  2nts were run more or  s8
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parallel with investigations on the chemotherapy of oeso; agosto-
miasis, frequently bem@ influenced by results obtained in that work
(see paper by Monnig in this issue).

1. EFrECcT OF STARVATION.

Sheep 1-6 were not starved. Sheep 7-14 were kept from food and
water for 24 hours.

All the sheep were dosed through a funnel, to which was attached

a short length of rubber tubing provided witl ~ metal nozzle, which

was placed in the mouth, The “drench consiste  of 30 c.e. 2 per cent.

copper sulphate mixed with 10 c.c. 4 per cent. ithium carmine, or in
some cases 4 per cent. erythrosin was used.

Taspre I.

Sheep No. \ Age. \ Condition. CEI‘:;:I??S. Result.
| '
.

Teeth !

Unstarved 1.............. 8 good semi-solid . (50-50)
2 8 . fluid 99-1
B 8 ' semi-fluid f10.15)
Ao 2 » »

5 T 8 Vs semi-solid
6. 8 . . 10-90 (2/2

Starved P 8 v fluid 0-100
8. 8 » " 5-95
S 8 . " 5-95

100000 2 i ’ 80-20

S D 2 . " 0-100
120000000000 2 N . 5-95
13000001 8 " semi-solid 100-0
4.0 3 ‘ " fluid (40-60) (2/5)

Under the heading °° Result 7 are given the estimated per-
centages of the drench which reached the rumen and reticulum (on
the left) and the abomasum (on the right). Sheep 3 d° not swallow
well. Discarding the results of sheep 1, 3 and 14, it 1s seen that of
the unstarved group two swallowed to the rumen and two to the
abomasum and of the starved group respectively two and five.

The following sheep were similarly freated, but the copper s
phate solution was administered first, llowed imme ately by 10

4 per cent. erythrosin.

TABLE
|
. iy Rumen -
Sheep No. ‘ Age. \ Condition. Contents. ‘ Result.
I : ‘ —
\ Teeth 1
Unstarved 15.............. 2 good semi-solid 5-95
16, ... 2 ’e semi-fluid 2-98
L 2 R . 10-90
18, 2 ‘ » ,, 0-100 (0/4)
Starved 19, .0 o, 2 . ys 298
20 2 " » 0-100
2o, \ 2 ‘ . semi-solid 5-95 (0/3)
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Tavre VI.

Rumen

Sheep No. Age. Condition. ‘ Contents.
(a) 10 c.c. 0-19, CuSO,. Teeth.
6 good \ semi-solid
6 . ! »
6 5 5
6 good semi-solid
Months.
B8 . 6 » 5
69, .. Young lamb ) empty
(¢) 10 c.c. 0-59, CuSO0,. Teeth.
TOee 6 good semi-golid
R 6 »s »»
(d) 10 c.c. 29, CuS0O,.
T2 i 4 good solid
2 S 4 ” semi-solid
Thooiiiii i, 4 9 w
[ 4 medium .
T 4 good semi-fluid
A 4 o semi-solid
= J N 4 55 s
T 4 ' .
80 .. it 4 " 2
= 4 poor '
82, e 4 » »
(e) 10 c.c. 5%, CaS0O,.
83 4 good solid
84 .. e 4 . semi-solid
B 4 s ’
BB i 4 " solid
U 4 . fluid
B8 e 4 vs semi-sohid
89 . 4 v semi-fluid
Q0. i 4 . fluid
Ol 4 ' semi-fluid
Months.
92 12 poor 5
93 12 " .
Mo 12 . fluid
95 i 12 s ss
6. i 12 . .
Teeth.
97 8 very poor semi-solid
98 e 8 v semi-fluid
9. 8 2 2
(f) 3 c.e. 109, CuSO,. Months.
1000 oo, 12 poor semi-fluid
0 12 . "
1020000 12 . fluid
103, .00 12 . .
104 00, 12 R 5
5 c.e. 109 CuSO,. Teeth.
105, ... it 8 very poor | semi-solid
106,00 8 ' »
1070, 8 .s 2
25 c.c. 109, CuS0O,.
108, .., 8 very poor | semi-fluid
109, ... i 8 ys semi-solid
O 8 . solid
) 5 PP 8 ys semi-solid
M2 oot 8 ss v
L 8 ‘ > .
] 8 s ‘ 52
115 . 8 ‘ ' semi-fluid

Result.

100-0
0-100
60-30 (2/1)

0-100

0-100
0-100 (0/3)

0-100
0-100 (0/2)

-90
-60)
0-100
-20

0-1ov
100-0

0-100
(50 -50)
100-0
100-0 (5-4)

20-80
5-95

10-70
0-100
0-100
0-100
0-100
0-100
0-100

0-100
0-100
0-100
0100
0-100

0-100
0-100
-5 (1/16)

0-100
0-100
0-100
0-100
0-100 (0/3)
0-100
0-100
0-100 (0/3)

0-100
100-0
0-100
0-100
0-100
0-100
5-95
2.10) (1/6)
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immediately followed by red lead oxide and s was done 1n what-
ever position the sheep happened to be at tra time. Twmmediately
after having been dosed, the sheep were k ed and e stomachs

were examined later. Of 143 sheep dosed 32 had mnot swallowed
before they were killed. Of the remaining 111, 108 swa Hwed into
the abomasum. The ruminal contents were fluid or semi-fluid. There
were 25 persian lambs, of which 24 swallowed into the abomasum,
and the other sheep were of different ages but mostly full-mouth, some
being presians or cross-breeds but the majority merinos. The posi-
tion in which the sheep were held at dosing did not appear to have
any effect at all.

These results were certainly satisfactory and both the condition
of the sheep as well as the consistency of the ruminal cortonts were
favourable. The sheep had been grazing on young, sucer mnt grass
the previous day.

Four sheep in poor condition were driven into the post-mortem
hall at Onderstepoort and an atter»t was made to excite them v
hitting them with a white towel an chasing them about before they
were dosed, but they did not pay much attention to thece efforts.
They were stimulated with 10 c.c 2 per cent. CuSO, and en given
the usual level teaspoonful of re lead oxide.

Taste V.
Sheep No Age Condition Rumen Result
I . aSge. " Contents. ’
Tceth

116. ..., 4 poor solid 1000
] 4 ., \s 90-10
118, i 4 i . semi-solid 90-10
L D ¢ " . 0-100 (3/1)

Here the condition as well as the consistency of ruminal con-
tents, at least in sheep 116 and 117, were unfavourable and the result
was accordingly unsatisfactory.

7. Acipiry or RumiNan CoNTENTS.

It had been mnoticed that the =1minal contents of somwe sheen
have a strong acid swmell and that is 1s usually the case v en e
contents are on the solid side, particutarly in <heep that had received
a ration of grain in their food. In ovder to termine whe er such
acidity might counteract the stimulant, four sheep (a) were given
o0 c.c. H per cent. sodium bicarbonate solution before the stimulant
(1C c.e. 5 per cent. CuSO,) and indicator were administered, four
others (%) were dosed only with water instead of bicarherate and
another four (¢) only with stim='ant and indicator. All 2 sheep
had heen given a ration of dry ay and maize for some days re-
viously.
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Tasre VIII.

Sheep No. !‘ Age. ‘ Condition. L 051111,;23: “ Result.
T |
Teeth. /

(@) 120 ... 4 poor semi-solid 0-100

12100 4 v s 0-100

122 4 . . (10-0)

1230000 4 . semi-fluid 0-100 (0/3)
by 124 ..o 4 s semi-golid 0-100

125 e, 4 . . (1010

126 ..o 4 » semi-fluid 0 0

127 4 . . 0-100 (0/3)
{c) 128.. ... it 4 . semi-solid (50-50)

129, .o 4 . ' 100-0

130, ..o 4 . semi-fluid 0-100

13Luueenenins 4 ; . . 0-100 (1/2)

| |
Unfortunately the ruminal contents 3re not solid. > results

do not indicate that there is anything mn favour of the  :ali, but

possibly the 50 c.c. of fluid given in cases of («) and (b) may have
had a favourable effect.

8. ASTRINGENCY OF STIMULANT.

Since 1t was not clear why copper s >hate produced the
stimulus, the tests under this and the »ext two headings sre made
to gain some knowledge with regard to  is question. It is known that
copper sulphate solutivus are strongly astringent, and therefore o ar
astringents were tested.

Tasre [X.
3
Sheep No | age | Condition, | Sumen | Resalt
b N0 ‘ SEe * | Contents. R
Teeth. ‘
(«) 10 c.c. 59, Ferric chloride,| then indicat'or.
B2 4 medium semi-solid 100-0
133 4 5 s (30-30)
134 i 2 good fluid 0-100
136, i 2 . . 5-95
6. 2 | poor scimi-solid 1090
137 2 ‘ . . 10-50
138, oL : 2 ‘ . . 0-100 (1/5)
(b) 10 c.c. 59, Sodium alum, then indicator.
139,000l 2 good flaid (50-50)
140, 2 M 5 0-100
10 c.c. 109, Sod. alum, tihen indicator|.
Months.
] 12 poor semi-fluid 100-0
42 12 . . (50-50)
14300000 oo 12 ’ > (50-50) 1)
(c) 10 c.c. 109, Tannic acid, |then indicator.
Teeth.
144, .00 2 poor semi-fluid (50-50)
5 2 . » 90-10
M6, 2 . 5 95-5 (2/0)
l
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It 1s, of course, not known which of these sheep had swi owed
the drug into the abomasum.

The results appear to Indicate that the drug passes out of the
abomasum 1 small quantities over a period of several hours, that
the first amount may pass the tleo-caecal valve about H hours after
treatment and that 1t remains in the colon for several hours, usually
not being passed in the faeces before 15 hours have elapsed since the
time of treatment, the bulk being pussed from about the 22ud liour.
It must, h()\\e\ex, be expected that marked variations may oceur,
depending on the natuie of the drug itself, the food eaten by the
sheep and the general digestive conditions in the alimentary tract
at the time of treatment, for instance e degree of acidity of the
abomasal contents.  In  therapeutic work on  Ocesophagostonm
columbianum, 1 which the vesults have bheen observed on several
hundred sheep, it was found that the first worms muay be passed from
about 15 hours after treatment, while e majority are passed after
that time and sometimes for a peric  up to five davs, but *his does
not necessarily mean that the drug remains in the colon all  at time.

13, T DanxcEr or ADMINISTERING IDRUGS TNTO TTIE 3OMAST AL

This article would not be complete without a warning against
the dangers involved in administering drugs into the abomasum,
The mucosa of this organ is remarkably tender, apparently much
more o than the castric mucosa of non-ruminants, and it 1s conse-
quentl\' very e’lslh corroded by drugs which come in contact with 1t
in a concentrated form. In ﬂlerapeuh( te=ts 1t was found that this
danger is not by any means negligible. or jm«tance, 2ep sed
with 1 gm. sodinm fluosilicate after copper s shate all died anid
showed a localised necrosis surrounded by an ntdamed area in the
abomasal mucosa. Also some farmers who had heard about the
method of adininistration and administered various remedies for
Haemonchus contortus in this way, lost considerable numbers of
sheep through remedies which they had previously used successfullv.

SraMARY AND ("ONCIUSTONS.

(1) A solution of copper sul] ate stimulates reflex eclosure of
the oesophageal groove in sheep so that drugs subsequently admi-
nistered will pass into the abomasum.

(2) Preliminary starvation has mo favourable influence, unless
the sheep are starved for such a long pertod that the ruminal con-
tents beconte fluid, in which case e latter condition is favouralle,
Starvation 1is, however, contra-indicated for reasons which are  x-
cussed,

(3) The method of adminizstration and the position in which
the animal is held are of no importance.

(4) The reflex 1s estabhlished imme ately after the stimulant
touches the miucosa of the pharynx.

(5) The groove remains closed for 15 seconds, sometimes longer,
after stimulation.
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