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THE experiments recorded in t his paper include only tests wh ich were 
based on arlministration of t he drugs into th e abomasum, i .e. in 
which the drugs were administered after a small qua ntity of copper 
sulphate- solution-'-see paper by Monn ig and Quin in this issu e. The 
work r an somewhat parallel to th e investigations recorded in the 
latter paper and it will he seen th at, as rnor·e knowledge was gainetl 
in regard to stimulation o·f the oesophageal reflex, the chemo­
therapeut ic investigations profi ted by th is knowledge . 

Quite a number of the tests r ecorde<l below were carried out 0 11 

farms in the vicinity of Pretoria, on account of th e fact that it is as 
a rule difficult to produ ce ar t ificial infestations wit h Oesophagosto­
mum columbianum in a sufficiently l arge number of sheep and also 
because it \\"aS considered C!esirahle to work under ordinary farming 
conditions. T hese circumstances did not always allow the tests to be 
carried out as exactly an fl t h e resu lts to he followed up as far as one 
woulrl wish , because t he work entail ed much transport and loss of 
t ime and in several cases the sheep were eith er sold or moved t o 
ano ther locality soon after t h e treahnent. It was, however, usu ally 
endeavoured to attach faeces hags t o th e treated anim als, to replace 
these daily for sever al days by fresh b ags for the pu rpose of counting 
t he worms passed after t reatment, and to obtain faeces again abou t 
a fortnight after treatment for t he purpose of making cultures from 
which the final results conlfl be estimatefl . T he original infestation 
of the sheep was estimated on the basis of reports made by the 
owners , post-mortems of one or more cases where possible and the 
clinieal picture presented by th e sheep selecteil out of the flocks for 
treatment . Although th iH method is not qu ite satisfactory, it was 
known th at serious losses due to oesoph agostomiasis were occurring 
on the farms selected an d no other worms .except H a,emonch1ts co?J ­
tortns for which the sh eep had as a rule been treated, play an im­
portaiit part in this area. 

I wish to record my th anks to :Mr. B . J . van der V yver, Govern­
ment Veterinary Officer of the P retoria District, for h is assistance in 
selecting th e flocks on which these test s were carried ou t . 

In the course of previous investigati ons (M:i"innig, 1933), it hail 
been found th at certain relatively insoluble drugs appeared to produce 
th e best results and su ch drugs were therefore no\1- again tested in the 
first instance, t h e s.el ection of t he drugs being influenced to some 
extent by th e p revious r esults . · 

419 



CHEMOTHERAPY OF OESOPHAGOSTOMIASIS IN s·HEEP. 

Test No. 1. 

Out of a large :flock of yearling merino lambs 30 moderately poor 
cases were selected and marked in six groups of five each. They were 
allowed to graze-on young succulent grass-and drank water imme­
diately before treatment. Dosed 4 p.m. and the faeces bags removed 
24 and 48 hours later. In each case the drug was administered imme­
diately after 10 c.c. 1 per cent. copper sulphate solution. 

GrourJ l-each 1 gm. copper tartrate. Passed 451 Oes. col.'*· 
in 48 hours. 

G1·oup 2-eacl:J. 0 · 95 gm. arsenious sulphide. One lamb passed 
2 Oes col . 

Group 3-each 0 · 85 gm. copper arsenate. Passed G04 Oes. cul. 
Group 4-each 2 · 4 gm. hetcachlorethane. No worms passed. 
Group 5-each 0 · 6 gm. bariurn arsenate. Passed 94 Oes. col. 
Group 6-each 0 ·4 gm. rnercuro1ts sulphate. Passed 11 Oes. 

col. 

It is probable that in some cases worms were passed after the 48 
hours. In groups 1 and 3 each of the lambs passed a number of worms 
each day but, ab the lambs were not individually marked, individual 
records cannot be giYen . Some six weeks later the owner reported 
that the lambs of groups 1 and 3 had markedly improved but not 
the others. None of the lambs had appeared to suffer as a result of 
the treatment. 

T est No. 2. 

Sheep 1-2 years old, very poor and dull, grazing on gr·een grass but 
had no water on the day of treatment. Stimulated with 10 c.c. 1 per 

·cent. copper sulphate solution. 

Group 1-8 sheep, each 0 · 5 gm. copper arsenate . Passed 48 
Oes. col. in 3 days. 

Gronp 2- 8 sheep, each twice 0· 5 gm. cozJper arsenate on two 
successive days . Passed 188 Oes. co l. in 3 days from the 
first treatment. 

G1·onp 3-4 sheep, each 5 c.c. tetrachlo1·ethylene in 10 c.c. 
liquid paraffin. Passed 93 Oes . cot. in 3 days. 

Faeces cultures made a fortnight later showed that the sheep of 
group 2 were free .of nodular worms, while those of the other two 
groups were still infested. Again the sheep had not been individually 
numbered, hence it cannot be stated whether all or only some in each 
group passed worms. 

In the light of knowledge which was gained later it appears 
probable that the copper sulphate solution was too weak to produce 
a satisfactory stimulus in some cases and also that the single dose 
of 0 · 5 gm. copper arsenate was insufficient. The test had been carried 
out mainly to ascertain whether such a dose would be sufficient. 

* fJes. col. c= Oesophagostmum columbianum. 
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II. o. MO~KIG. 

T est iVo. 3. 

At Onclerstepoort three poor , weak, adult sh eep were dosed with 
0 · 85 gm. coppe1· arsenate each after 10 c. c. 1 per cent . copper sul­
phate . Th e follmving n umbers of Oes. col. were passed:-

\

1st dav ·1 . I I I I after . 2nd day. 3rd day. 4th day. 5th day. 
t reatment . I 

Total. 

Merino 41482 . ... . 7 5 48 30 0 90 
Merino 41483 . . .. . 21 7 as 18 0 84 
Persian 41466 . . .. . 0 1 0 0 0 1 

Subsequent examination showed that th e two merinos were clean 
but the persian still infested . The latter had probably s·wallowed the 
drug into th e rumen. 

T est No. 4. 

Merinos about 2-3 years old, in poor condit iou, grazing on green 
gr ass but had no water ·on day of treatment. These sheep were at 
the t ime n ot badly in fested as they had been giv€n enema treatments 
on sever al occasions. Stimulated with 10 c.c . 1 per cent. copper sul­
phate. 

G1'0U]J 1- 5 sh eep, each 0 ·85 gm. coppe1· arsenate. Three 
passed no worms, one 9 and one 190 Oes. col . in th ree days. 

G1·oup 2- 4 sheep , each 1 gm. copper tartrate. Passed 11 , 24, 
30 and 117 Uos. col. respectively in 3 days. 

G1·oup 3-5 sheep, each 1 gm. cryolite (mixture of fluorides) . 
P assed 11, 3, 2, 3 . 3 Oes . col . r espectively in 3 days. 

G1·oup 4-5 sh eep, each 5 c .c. tetrachlorethylene in 15 c .c. 
skimmed mille Passed 0 , 0 , 1, 1, 3 Oes . col . respectively 
in 3 days. 

rrhe sheep were not re-examined later . 

T est No . 5. 

Merinos, 2-tooth, moderate to poor condition but well grown. 
F ed on dry h ay and not kept from \Yater. Stimulated \vith 10 c.c. 
1 per cen t . copper sulphate. 

3 

Gmt~p 1- 2 sh eep, each 5 c .c. tetrachlmethylen e in 15 c.e. 
liquid paraffin. Only one passed one Oes. col . L ater both 
still infested . 

G1·oup 2- 2 sheep, each 0 · 42 gm. mercurochrome. Only one 
passed two Oes. col. L ater both infested . 

G1'0UJJ 3-2 sheep, each 1 gm. of a relatively insoluble pro­
prietary drug stated to posses an thelminthic properties . 
No worms passed. 
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CHEMOTI-IER .~PY OF OE SOP HAGOSTO"YfiASIS IK SHEEP. 

T est No. 6. 

Merinos and cwssbred sheep in poor con(lition, 1-2 years old. 
Running on green pastu re , not kept from water . Stimulated with 
10 c.c. 2 per cent . copper sulphate. 

Orovp 1-5 sh eep , each twice 0 ·95 gm. arsem.mts snlphide (on 
t " ' 'J successive days). P assed no worms . Later still in­
fested . 

Group 2- 5 sh eep, each twice 1· 1 gm. copper carbonate . Only 
one passed one Oes . col. Later still infested. 

G1·onp 3-5 s beep, each twice 1 · 75 gm. bismnth su lmit1·ate. 
Passed no "·orms. Later still infested. 

Group 4-5 sheep , each 1 gm. lead tartrate. Passed 23, 1, 
0, 0, 0 Oes. col. respectively . Later still infested. 

Gmup 5-5 sh eep , each 1 gm. lead arsenate. Passed 5, 9, 10, 
15, 0 Oes . col. respectively. L ater still infested . 

G1·o~t]J 6- 5 sh eep, each 1 gm. bismnth S1lbgallate (" Derma­
tol ") . P assed no worms . Later still infested. 

I n t h e above t ests copper arsenate and copper tartrat e were the 
two outstanding drugs which gave the most satisfactory results and 
fu r ther tests ,,·it h them wer e subsequen tly made, as will be reported 
below. 

TESTS WITH TETRACIILOllETHYLENE. 

In oth er anthelminth ic work indications had been obtainecl to the 
effect t h at tetrachlorethylene may sometimes be fairly effect ive against 
the nodular worm and further tests with this drug were made at 
Onderstepoor t in order to obtain more in formation. 

Tests with t h is drug on 11 sh eep have been mentioned above and 
the results were not promising. In some cases the 5 c.c. doses were 
quite l ar ge enough considering the size and condition of the sheep, 
in oth er cases th ey could have been larger. Also, it is possible that 
the copper sulphate solution used was too weak . 

In t h e further t ests 5 per cent. copper sulphate was used as 
stimulant and the doses of tetrachloretylene was usually 5 c .c . for 
la mbs of 6-12 m onth s and 10 c.c . for sheep over 12 months. The drug 
was mixed with mineral oils of various specific gravities and 
viscosities an d other Yehicles and adjuvants were tested . 

Since t his work is still in progress it will be reported upon in a 
later ar t icle, hu t at t his stage it may be ment ioned that, althoug-h it 
m ay b e possibl e t o arrive at an effective for mula, a simple combination 
of t etrachlorethylene and a miner al oil does not appear to be satis­
factory. T he doses required to clean sheep of nodular worms after 
sever al treatments are on t h e border of the limit of safetY and further 
study of t h e condi t ions under ''"hich tetrach lorethylene is toxic to 
sh eep is u rgently required. Moreover, the cost of repeated doses as 
required f or a complete cure are relatiYely high and would he pro­
h ibitive un der certain condit ions. 
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H . 0 . MONNIG. 

FuRTHER TESTS \OTH CoPPER A RSENATE AXD C oPPEll TARTJIATE. 

T e·st iYo . 7. 

A flock of full-grown merinos in poor condition and rather dull , 
grazing on slightly dry past ure, kept from \\·ater for 24 hours before 
and 18 hours after t reatment. 

G1·ouzJ 1- 70 sheep, st imulated with 10 c.c. 1 per cent . copper 
sulphate, dosed each 0 · 6 g m . CO]Jpe1' arsenate . Five of t h e 
poorest sheep of this group passed 73, 29, 29, 0, 0 Oes. col . 
in 48 hours. On e very poor sh eep in thi s gr oup (not o£ t he 

last five used for worm counts) killed three days after 
treatment had about 200 Oes . col. still alive . 

G roup 2- 0 f 5 poor sh eep, st imulat ed with 10 c.c. 2 per cent. 
copper sulphate and dosed each 0 · 6 gm . copper arsenate 
only one passed 13 and another 1 Oes. co l . in 48 hours . 

Gro~tp 3- 90 sh eep, st imulated with 10 c.c. 1 per cent. copper 
sulphate , dosed each 1 g m . COp]Jer ta rtrate. Five of t he 
poorest " ·ere selected for worm counts; only one passed 10 
Oes . col. 

Group 4----0f 5 poor sheep, stimulated ,,·ith 10 c.r . 2 per cent. 
copper sulph ate and dosed each 1 gm. copzJer tartrate only 
one passed 1 Ues. col . 

The doses of t he drugs u sed " ·ere apparently too small for t h ese 
full-grown sh eep, and, according t o later experiences , t h e stimulant 
was al so too weak. 

'l'OXI CITY T EST S . 

Since nothing vva~; known wi th regard to the toxicity of these 
tvvo drugs it was considered advisable first to gain smne knowledge 
on this point . 

T est No. 8. 

A mixed lot of per sian and cross-bred sh eep ranging in age from 
about 5 months to 2 years, all except some of the older ones in 
moderate or poor condition. Grazing was green and th e sh eep were 
allowed t o drink immedia telv before t reatment. St imulant 10 c.c. 
2 per cent . copper sulphate. v 

GTatl,p 1-40 sh eep of var ious ages closed each 1 gm. copper 
a rsenate. Two days after t reatmen t a l amb of 4-5 mont hs 
died with lesions of arsenical poisoning a nd anoth er of t h e 
same age was ver y ill but recovered. 

G1·oup 2-40 sh eep o£ various ages dosed each 1 gm . copper 
tart rate . 'fhese sh eep remained quite normal. 

The owner l at er r eported t hat th ese sheep h ad improved 
appreciably in condition after t reatment. 
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CHEC.IOTH ERAPY OF OESOT'HAGOSTOMIASIS IK SHEEP . 

T est No . 9. 

~1erinos m moderate to poor condition but well gr o"·n, age 2-
t ooth. 

Feeding on dry hay, not kept frmn water. Stimulant 10 c .c. 1 
per cent. copper sulphate. 

GToup 1- 7 sheep , each twice (on two successive days) 1 ·25 g·m. 
copp!Yr a1·senate . Four died of arsenical poisoning. 

Group 2- 2 sheep, each twice 2 gm. copper arsenate. Both 
died of arsenical poisoning . 

Grmvp 3.:_4 sh eep·, each one dose 4 gm. copzJer arsenate. 'l'wo 
died of arsenical poisoning. 

G1·oup 4- 5 sheep, each hYice 1 ·65 gm. coppc1' torttate. Ko 
adverse effects. 

G1·oup 5-6 sh eep, ea:h ~wice 2 gm. coppeT tmtmte. One 
died of copper po1somng. 

G1'0'UP 6- 2 sheep, each twice 2·5 gm. copper tartmte. One 
died of copper poisoning. 

GToup 7-3 sh eep, each one dose 4 gm. coppeT tm·trate . No 
adverse effects . 

GToup 8- 2 sheep, each one close 5 gm. coppeT tm·tmte. No 
adverse effeets . 

G1·oup 9-6 sheep, each one dose 6 gm. cozJpe1' tmtmte. 3 Died 
of copper poisoning, two others showed symptoms-marked 
icteru s and methaemoglobinuria-but recovered. 

:i\1ost of t hese sh eep h ad been infested with nodular worms before 
treatment but were clean th ereafter. 

According to the resu lts of the above tests it would appear that 
a double dose of 1 gm . copper arsenate or a double dose of 1 · 5 gm. 
copper tartrate is within the limits of safety for sheep over 18 months 
old . Since an oYerdose of the former leads to arsenical poisoning 
and an overdose of t he latter to copper poisoning, a combination of 
the two dr ugs, which '" ould allow cutting down t he quantity of each, 
was now considered, particularly because it was though possible that 
the bvo drugs acted on the parasites in different ways . 

T est No . 10. 

110 Cross-bred sheep, various ages from about 5 month s to 2 
years . Grazing on green pasture and allowed to drink immediately 
before t reatment . Stimulated '"ith 10 c.c. 2 per cent. copper sulphate. 
Dosed with copper arsenate 1 part and coppe11 tartrate 2 parts, giving 
on each of two successive days to l ambs up to six months 0 · 72 gm. 
(0 ·24+ 0 ·48 gm.), 6-18 months 1·1 gm. (0·37+0·73 gm.) and sheep 
over 18 month s 1 ·45 gm . (0 ·48+ 0 ·97 gm.). 'l'he owner reported 
later th at four days after the second dose a small, weak lamb had died 
but th e oth er sheep sh owed no ill effects and · improved much after 
the treatment. 
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H. 0 . MONNIG. 

TESTS IUTH MIXTURES. 

Test !Vo. 11. 

Gro'up 1-5 cross-bred sheep in fairly poor condition, 1-2 
years old, grazing on green pasture and not kept from 
water. Stimulated with 10 c.c. 2 per cent. copper sul­
phate. Dosed on each of two successive days IYith 1·1 gm. 
of mixture as used in test No. 10. Passed 77, ;n ,18, 0, 0 
Oes. col. 

GrouzJ 2-4 cross-hrecl sheep similar to group 1 and similar 
treatment but dosed twice with 1· 25 gm. of a mixture 
copper arsenate: copper tartrate = 2 :3 (i.e. 0·5 gm. + 
0 ·75 gm. ) . Passed 139, 99, 32, 1 Oes. r:ol. 

In both groups no ill eff.ects were noticed and faeces cultures a 
fortnight later showed that the sheep " ·ere all free of nodular worms. 

G1'oup 3-About 100 cross-bred sheep of the same flock, treated 
like the other two groups but dosed twice with 1 · 4 gm. of 
a miXture of copper arsenate: copper tartrate = 2: 5 (i .e. 
0 · 4 gm. + 1· 0 gm. No faeces were oollected but the 
owner reported later that the flock had completely 
recovered. 

In this connection it should be stated that, when faeces were 
collected from groups 1 and 2 for <.:ulture::; a fortnight after treat­
ment the whole flock \\"US treated for infestation with Oest1·us oTis 
which appeared to affect a number of the sheep, and which may have 
accounted for the poor condition, because the majority of the sheep 
had relatively few nodular worms and some none at all, at the t ime 
of treatment. In seYeral instan ces it bas been noticed that the 
combination of nodular " ·orm and Oestrus ocis is .-ery severe on sheep. 
'l'he nasal maggots produce an irrita tion which keeps the sheep from 
feeding properly and an insufficiency of food has Yery serious effects 
on sheep infested with nodular worms. 

Test lVo. 12 . 

A :flock of 1GO full-mouth merinos ·in very poor condition and 
rather dull. Grazing on pasture which, though still green, was 
becoming coarse. Kept from water from 24 hours before fi rst dose 
until 12 hours after second dose. Stimulant 10 c.c. 2 per oent. copper 
sulphate . Dosed each twice with 0 · 5 gm. copper arsenate and 1· 25 
gm. copper tartrate (i.e. 2: 5). Twenty-four of the poorest sheep "·ere 
selected for collection of faeces and all except four passed nodular 
worms. They had not been individually numbered , but the total 
of worms passed: was 469, giving an a Yerage of 23 · 5 for the 20 sheep. 

A week after tr·eatment the three poorest sheep of the flock were 
killed; they still harboured roughly 50, 150 and 200 nodular worms. 

The day after the second dose t"·o sheep died and the next day 
another one, apparently of arsenical poisoning. The whole flock 
appeared to be affected by the treatment and difl not improve much 
later on. 
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CHEMOTHERAPY OF OESOPHAGOST0)1IAS I S IK SHEEP. 

This result led to further toxicity tests :-­

T (')st No. 13. 

Sheep ai. Onderstepoort, full grown, 4-G tooth , in medium to 
poor condition. Fed dry hay and crushed maize. Stimulant 10 c.c. 
2 per cent. copper sulphate. 

G1·oup 1-50 sheep . Not kept hom " ater but did not drink 
within a few hours of treatment. Dosed t wice "·it h 0 · 8 
gm. copper arsenate and 1·2 gm. copper tartrate. Two 
sheep died of arsenical poisoning after the first dose. 
Anoth er five died of arsenical poisoning after t" ·o dose;;. 

G1·ou.p 2-20 sh eep, kept from \Yater on the days of t reatment, 
dosed at 2 p.m. Each received twice 0·6 gm. copper 
arsenate and 1 · 5 gm. copper tartrate. Not affected by 
treatment, no deaths. 

GToup 3- 18 sh eep , treated like group 2 but dosed each tw1ce 
O·G gm. copper arsenate and 1 ·2 gm. copper tartrate. 
One sheep died a day after the second dose but showed no 
lesions and the liv.er contained only traces of a rsenic. 

GTOU]J 4---2 lambs about 4 months ol cl , treated like group 2 but 
dosed each twice 0 · 4 gm. copper arsenate and 0 · 8 gm. 
copper tartrate. X o ill effec· ts. 

G1·oup 5-20 sheep, kept from \Yater from 24 homs before first 
treatment unt il () homs after second treatment. Dosed 
each twice with 0 · G gm. copper arsenate and 1· 5 gm. 
copper tar t rate. One sheep died of arsenical poisoning a 
day a fter th e second close and another four days later. 
Th e other sh eep did not appear to be badly affected hut 
some were rath er dull for a few clays. 

Gro1tp 6- 20 sh eep, treated like group 5 but dosed each t " ·ice 
with 0 · 7 gm. copper arsenate and 1· 75 gm. copper tar­
trate. 'l'wo sh eep cl ied after the first dose; one, very poor 
and weak, died 8 hours after treatment and had all of the 
remedy still in the abomasum and th ere was a slight 
hyperaemia of the mucosa . The other sheep, in fair con­
dition , died 24 hours after treatment, h aYing been 
prostrated for several hours, and very little of the remedy 
had yet left the abomasum. There was an acute abomasitiR 
and the liver showed a sufficient quantity of arsenic 
(0·6 mg . As2 0 3 per 100 gm.) to confirm the diagnosis of 
arsenical poisoning . 'l'hree more sheep di-ed of arsenical 
poisoning t"·o days after the second dose. The rest all 
appear ed to be slightly affected for a few days. 

G1·ouz, 7-20 sheep, treated like group 5 but closed each t wice 
with 0 ·8 gm. copper arsenate and 2 gm. copper tartrate . 
Three sh eep died of arsenical poisoning, one, three and 
six days respectively after the second dose. Tb e others 
also were slightly affected for a few days. 

I n considering the results of tests Nos. 12 and 13 two points 
have to be taken separately. 
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II. 0. MONNIG. 

Irirstly the question whether the drugs were s \\·allowed into the 
abomasum in all cases. From information which was obtained at a 
later stage and "·hich is discus;,;ecl in another paper (see article by 
Monnig and Quin in this issue) it appears very probable that! this was 
not the case. It was later found that full-grown sheep, and 
particularly if they are in poor condition , are not well stimulated by 
2 per cent . copper Rulphate. In addition there is the factor of flu idity 
of the rumina l contents~ if the contents are fairly fiuicl the dtug 
passes to the abomasum more frequently than ' '"hen the contents are 
on the dry side, and the latter was probably the case with many of 
these sheep, especially groups 2-7 which \\·ere receiving dry food and 
were kept from n·ater. I£ the drug falls into the rumen it is 
practically lost as far as the nodular \Yorm is concerned, because th e 
small quantit ies which would pass through over a prolonged period 
would probably not reach the worms, since the drug would become 
dissolved in the abomasum and be absorbed . Since the absorption 
,,·oulcl be slow and spread over a considerable period of t ime, the 
danger to the sheep would he relatively small. In test No. J 2 
probably one or both of the two rloses were in many cases S\Yallowed 
into the rumen, h ence th e low efficacy. 'rhe fact that t he three 
poorest sheep were eventually killed for examinati on is also significant 
because these were the worst cases for stimula t ion and \YOuld therefore 
show the least successful result. 

Secondly there is the questior. what. h appens when the remedy is 
swallowed into the abornasum. B oth th e drugs are relatively 
insoluble in \Yater but more soluble in an acid medium. The follow­
ing degr·ees of solubilit:v were determined by :Mr. P . :M. Bekker of the 
chemistry section. 8olubility at ± 42°C. : ~ 

Copper arsenate .... . ..... .... .. .. . ......... . 

Copper tartrate ....... .. ... ... .. . .... . ...... . 

I n 1% H OI. I In 0·25% HOI. 
~~~~~~~~-

0·44% 

0·64% 

1 ·80% 

1· 44% 

Information on the acidity of the abomasal contents of sheep 
appears to be scanty but it seems that the degree of acidity may vary 
from about neutral to 0 ·1 per cent. or even more (HCl) and would be 
highest in the case of sheep in active process of digestion . It also 
seems reasonable to conclude that when concentrates are feel and water 
i5 withheld there would be a high degree of acidity. 

Further, the length of time the drugs remain in t he abomasu m 
would be important, since a long st ay would afford gr eater opportumty 
for the drugs to become dissolved. In group G the drugs remained 
in the abomasum for 8 hours in one case and about 24 hours in 
a not her . Although these periods are a bnonnally long, a similar 
state of affairs may have obtained in some of the other sheep . 

One may therefore conclude that, if t h e degree of acidity in the 
abomasum is high the drugs will becom e dissolved to a fair extent. 
The di ssolved drugs ''"ould t hen be readily absorbed and may lead to 
poisoning of the sheep and furthermore they could not be effective 
against the nodular worms in t he colon. Th e longer the drugs remain 
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CHEMOTHERAPY OF OESOPHAGOSTOMIASIS IN SHEEP. 

in the abomasum the greater becomes this risk. Unfortunately we 
have no definite knowledge to-day in regard to th~ physiology of the 
abomasum and the factors which control the passage of ingesta 
through the pylorus on which one could base attempts to accelerate 
the passage of drugs through the abomasum. While starvation is 
obviously contraindicated, it would seem that the most favourable 
condition to be aimed at under the circumstances is that of normal, 
active digestion in which the ingesta pass through the abomasum and 
intestine at a reasonable speed. Water should not be withheld and 
fresh, green grass appears to have a favourable influence. 

If one has to deal with a reasonably short stay of the drugs in 
the abomasum, it may be possible to neutralise the acid for that period 
and this was therefore the next step conteniplated. Both the drugs 
are relatively soluble in an alkaline medium, as can be readily shown 
in a test-tube. Since the amount of acid in the abomasum varies 
within wide limits, a neutralising agent given in sufficient quantity 
to cope with a high degree of acidity would often be in excess if 
acidity is low and should then not produce a sufficient degree of 
alkalinity to dissolve the drugs. The neutralising agent has therefore 
to be an alkaline substance which does not ionise to any marked 
extent. These requirements appear to be satisfactorily fulfilled by 
slaked lime (calcium hydroxide). 'rests in the laboratory showed that 
when the drugs were added to dilute hydrochloric acid, the addition 
to the drugs of slaked lime in excess of the acid produced an almost 
neutral medium with no appreciable solution of the drugs, while 
sodium bicarbonate instead of slaked lime produced an alkaline 
medium and a fair proportion of the drugs became dissolved. Sub­
sequent tests on sheep also showed that sodium bicarbonate did not 
improve matters while slaked lime brought about a definite improve­
ment. 

Test No. 14. 
The following mixtures were tested :-

Dose* for sheep-

I 
Over 6 to I Over 3- 6 months. 18 months. 18 months. 

Mixture I. Gramme. Gramme. 
Copper arsenate, 2 parts ... ...... ...... . 
Copper tartrate, 5 parts ................ . 

0 ·3 0·4 
0 · 75 1·0 

Mixture II. 
Copper arsenate, 2 parts ...... . .. ...... . 
Sodium bicarbonate, 3 parts ..... .... . .. . 
Copper tartrate, 5 parts ................ . 

Mixture III. 

1·05 I 1·4 

0·3 

I 
0·4 

0 ·45 0·6 
0·75 1·0 

1·5 I 2·0 

Copper arsenate, 2 parts .. .... . ... . .. .. . 
Calcium hydroxide, 3 parts ....... · . ..... ·. 
nopper· tartrate, 5 "parts .... . .... . ...... . 

0·3 0·4 
0·45 0·6 
0·75 1·0 

1·5 2·0 

* Single dose, to be repeated the following day. 
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Gramme. 
0·5 
1·25 

1·75 

0 ·5 
0 ·75 
1·25 

2·5 

0 ·5 
0·75 
1·25 

2·5 
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A flock of 5:2:1 sheep running on green grass, all well over 18 
months old , ''as heated as follmYs : -

The poorest sheep were selertecl, some being in a very bacl con­
cl itio n. Thi s lot of 14() was diviclecl into four groups : -

(rT011p 1- :2;-J sl1 eep, 24 hours '"ithout \Yater, drank immediately 
before t1·eatmen t . )fixture I. 

Grou p 2- 48 sh eep, 24 hours without "·ater, drank immediately 
before treatme11t. :Mixtur·e III. 

G1·n11 Ji 0- 25 shee1J, 24 hours 11·ithout water, drank immediately 
after h eatmen t. M:ixture I. 

b'T011]J 4- 48 sheep, 24 hou 1's 11·i.thou t water, drank immediately 
after treatmen t. nhxture III. 

The re;;t of tlw fl.ock, in moclerate to good ('Ondition, waR allo" ·ed 
to graze and chink ancl some drank immediate],,· befo1·e treatment. 

Grovp :)- 50 sh eep , mixture I. 

GroUJJ (i- 100 'heep , mixturE' II. 

Uro1171 7-:227 sh eep , mixture III. 

All the sheep 11·ere stimulated with 10 c.c . '2 per cent. copper 
sulphate and given a tlouhle dose, i .e. on t wo su ccessive days. 

Groups 1--± were kepl in a sni.bhle enclosure oyernight f!fter both 
treatments f! nd the droppings shcm·ed that numerous noclular '"orms 
ha d been paRsed. 1'h e sh epherd also reported that worms were passed 
during lhe daytime llJ) to n ree cbys afler th E' secon d treatment. 
Groups 6-7 also showecl nodular ,1·onns in man,v lots of ff! eres fou ncl 
in their pasture. 'l'he sh eep of groups 2, 4 :md 7 "·l1 ich had rereivecl 
the mixture containing slakecl lim e sho,Yecl no ill efred s all(l defin itely 
look eel more li ,·el ,v t han many of the oth er sheep cl i d shortly after 
treatment . 

A cby aftpr th e sPconcl rlose OJJE' sh eep ·each of groups 1, 0 and 6 
died of arsenical poisoning and durin g the following two day.· another 
bYo of group G i!ied, thus sh o1Yi ng apparently t hat the sodium 
bicarbonate was not sa tis factory. 

From t he number of \Yorms passed by groups 1-4 it "·as obvious 
that a consi derable proportion of the infestation hacl been r emoved 
hom the flock, but whether th e heatment had heen effective in all 
cases, especially t he very poor sheep, remained to be seen. The five 
poorest sheep were t herefore selected from each of t hese four groups 
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(1-4) and slaughtered . 'l'hey harboured the following numbers of 
nodular worms (given in rouud numbers in the positive cases with a 
fair or h eavy infestation) : -

Group 1- 0, 0, 11, 50, 200 . 
Group 2-0, 0, 80, 150, 200. 
Group 3- 5, 20, 26, 120, 120. 
Group 4-0, 80, 100, 200, 200. 

Tbi::; 1·esult \Yotdd seem to indi cate that, as has been m eiJ.tioued 
before :mel "-as later confirmed , sh eep in very poor condition are bad 
subjects for stimulation of the oesophageal reflex and that t he 
efficiency of t reatment depends not only on th e drugs u sed but to au 
equal degree on the route .of passage through the stomach. 

Another flock of 300 yearling lambs in moderately poor condition 
were treated, again using 10 c.c. 2 per cent. copper sulphate as 
stimulant and giving a double dose of mixture III. These lambs 
grazed on green grass and were allowed water freely. :Many of them 
drank sh ortly after being given the :first dose and also shortly before 
the second dose. During the night after the :first dose many worm s 
were passed. After h aving received t he second dose t he sheep were 
driven slowly to another farm and the owner reported later that no 
ill effects had been observed and the lambs had improYed markedly. 

Test No. 15. 

A toxicity tet>t was now made with mixture III as used in test 14. 
'l'he sheep \vere in good con eli t i on and wer e feel dry hay and crush ed 
maize. They were kept from water for 24 hours before each t r eat­
ment with the intention of getting them to drink immediately before 
dosing, but the weather was cold a nd on both days only a few of the 
sheep drank a little . Again 10 f·.c. 2 per cent. copper ::;ulphate \Yas 
used as stimulant. 

GrouzJ 1- 7 sheep, each t"·ice 3 gm. mixture IIJ (copper 
arsenate 0·6, lime 0·9 , copper tartrate 1 ·5 gm.). 

Gl'owp 2- 1 sheep, each twice 4 gm. mixture III (0·8, 1·2, 
2 · 0 gm.) . 

Group 3-6 sheep each twice 5 gm. mixture III (I · 0, 1· 5, 
2 ·5 gm.). 

K o ill effects were observed in any of t h ese sheep . 

The clay after t h e second close one sh eep of each group w at; 
selectecl which had swallmYecl one or both doses into the abomasum, 
as far as this could be ascertained from the appear ance of the faeces. 
These three sheep " ·ere killed and carefully e"amined with the foll ow­
ing results : -

(7rouzJ 1-normal except for a very slight hyperaemia of the 
duodenum, which would be of practically no consequence. 
LiYer sh ows a trace of arsenic. 

G1'oup 2- normal. Liver shows a trace of arsenic. 
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Group J- a very slig ht hyperaem ia of th e abomasal mucosa 
and the anterior 1 :) em. of the duodenum ; of no practical 
importance . Li,-er :shmn a tra c-e of arsenic . 

T est .Yo. I G. 

A nitical test " ·ith mixture III, gi ,·ing 1 he salli e doses as 111 

tPst 14, \\·as now ma<le or, some Yery poor sheeJJ, using 10 c.e . f) per 
cPnt. copper sulp hate as stimulant. In t h e experimen ts on deo-luti­
tion it had m ean" ·ltil e been found th at· a stronge r hlu estone sol~tion 
gave a better stimulu~ iu su ch poor sheep. Som e of t he ,;h t>PJJ <lie<l 
of poYe rty sh ortly after lTeatment ,,·hile the ot·herc; " ·er e b lled in 
Lleg lu tit i011 te,.;h <l lld in eYer \· ca sro Ow i nt estine~ \\'Ple e);am ined for 
t l1 e Jll'eSellCP of no<lubr \Y01'.111S . 
-_-__ - _---- == -==--.c== ==--====-=======--==-= 

Age of sheep . 

4-tooth ... . .. ... .. . ... . .. . .. . . ...... . 

6-tooth ......... .. .... . .. .. . . . . . . ... . 
9 m onths .. ... ... . . ... . . .. . 

i\Todular 
worms 
passed. 

(i 

171 
82 

212 
.rs 

177 
l 

10 
:26 

157 

892 

Worms 
remain ing. 

Approximate 
efficacy . 

------- - --

1

1about30 
30 

0 
0 

about20 
0 
0 
2 
0 
0 
0 

82 

0 
0 ·5 
l 
l 
0·5 
l 
l 
O·ii 
l 
l 
l 

8 · 5/ 11 = 77% 

This 1·esul t was not yet quite satisfactory, esp ecially \Yit h r·egarrl 
to t h e older sh eep. Some m ay h a,·e swallo"·ed on ly one of the two 
doses in to the abo masulll. It \Yas l ater found that 10 per cent. copper 
~; ulphate proclnce ll better r esults in deglutition tests. Further tests 
,,·ere made on £ann,.; ''"ith 5 per cen t. copper ::; ulphat P as stimulant 
and u si ng t he same closes of mixture III as in test 14. I n all cases 
the results wAre sati~ factor~·, i. e . m a ny "·onns "·ere pas,;ed a nd the 
sheep improved in condition . 

In one cn,;e th e fi rst opportunity arriYed of treating young lambs 
of :l-4 mont·.hs . They " ·ere in ve1'.'· J)OO.r condit ion, \Y Aak an1l n1 t her 
,;mull for t heir age. '!'h e l::lmbs ,,·erA ~eparatP<l from the ewe,; fm· 
fom· h ours before up to three hours after treatment . A dou ble close 
of mi.::-;tur e ITI was g iven (each llose cop per a r~en ate 0 ·3 g m. , lime 
0 · 45 g m. , eopper tar trate () · 75 g-1n .) . Of 80 la lll hs so treated 30 died 
within a fort nig-h t . U 1dort UJ1:1tely t he own er made no obsA rYa tiom; 
" ·ith 1eganl t·o tlw cau:w of <lt>ath an<l only reporte<l th e <l eath s a f ew 
" ·eeks later . JTo,,-e,er , t·h e propo rt ion of deaths was higher than in 
the untrea ted <·ont rol:-;. 'l'he o"·ner then treated another 50 l ambs with 
a s ingle do~e . 'rl1 ese pas,;ecl man~- ,,·orms and one death occurred abou t 
10 <lays after trAatme nt. prohRlJly on account of weakness. 
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Since there appeared to be a certain degree of danger in usmg 
· the doses previously arrived at, it was decided to reduce the doses 
for young sheep and the following was now decioed on :-

Dose for-

il Over 6 to Over 3- 6 months. 18 months. 18 months. 

Copper arsenate . . ........... . ..... .. ...... 2 
Calcium hydroxide ........ .. . . .... . . . . . .... a 
Copper tartrate . ......... ... .... . ... .. .... . 5 

Dose No ............ . . ... . ...... . 

Gramme. 
0·2 
0·3 
0·5 

1: 1 ·0 

Gramme. 
0·36 
0 ·54 
0·9 

2: 1·8 

Gramme. 
0 ·5 
0·75 
1·25 

13: 2·5 

Sheep in very poor condition should receive the next smaller l1ose 
on the second day, Yer,y poor lambs only one dose. 

According to these measures about 2,000 sheep of various ages, 
including young lambs, were t reated on seven farms in different parts 
of the Union. The treatment was carried out by farmers with the 
assistance of Government Veterinary Officers. For stimulat ion 5 per 
cent. copper sulphate was used . No deaths occurred as the result of 
treatment. In some cases faeces were collected and the droppings of 
other sheep were examined where the animals had slept after treat­
ment. The impression was obtained that a large proportion of the 
infestation was eliminated. Incidentally it was noted t h at man,y 
Haemonchus contortus and Moniezia were also passed and heads of 
the tapeworms were recovered from the faeces in some cases. 

Meanwhile it had been determined that a 10 per cent. copper 
sulphate solution produced satisfactory stimulation even in very poor 
conditioned, full-grown sheep and that 2 · 5 c.c. was sufficient for this 
purpose. It was therefore decided to test the efficacy of the treatment 
again with the stronger stimulant. 

Test No. 17. 

Ten 2-tooth sheep in Yery poor condition and rather dull , feeding 
on dry hay and crushed maize, not removed from water. Stimulant 
2 ·5 c.c. 10 per cent. copper sulphate. First day close No. 2, second 
day dose No. 1. 

A ccording to faeces cultures made seven clay~ bef.ore treatment 
all these sheep had nodular worms, though not severe infestations. 
'fwo had H aemonclws contortus. Thev passed respectively 16, 9, 
52, 3, 17, 16, 20, 32, 23 and .203 (totaf391) nodular worms. Three 
died six to fourteen clays after treatment of poverty and had no 
worms left. Faeces cultures of the other sheep sho,,·ecl no residual 
infestation with nodular worms or Haemonchtu except ·one culture in 
which a single oesophagostome larva was found. Some of these sheep 
were l ater again examined and treated but appeared to be free of 
nodular worms. 
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U nfo1'tunat ely u o older sheep i u ]JOUr condition " ·i th nodula r 
\YOnn i nfPstat ion " ere available for these t ests . Such sh eep are 
importa nt a s r eservoirs of infech ou a n d t h erefore r equ ire to be 
clean ed. A s a rule, ho" ·ever , it is t h e you ng sh eep u p to 2-tooth 
that suffer and fo r ,,·lti ch a r emedy is m ain ly req uired . J u cl g ing 
from t h e r esults obta i n ed in deglutition test s on olcl, ]JOOr (' Oll(li tioned 
sheep, it is ver y vrob able t hat t wo or th1·ee t reatments wou ld clea r1 
such ca~es, while many woul d be clt>an ecl already by one t reatment. 

T est .\"o . 1:-l . 

Althoug h t est ~ o. 17 h <lcl sho\YU that one t reatm en t may ::; ufhce 
f.o r relatiYely y ou ng sh eep, r epeat ed trea tm en ts \\·oulcl proba bly be 
g i ven in practi C'e on fa r ms and it \Y;t ::; ther efm e con~:; icl ered d e~ i rable 
t o t est the sa fety of r epeate<l t rea tlllents, a t short intervals . 

A m ont h a fte 1 t est X o. 17 t \\ o of lh e sh ee]J used in t h at expen­
ment a ncl a noth er four of " ·hich one ,,·as infes t ecl , \Yere treat ed 
g iviug <lose N o. 2 each t im e . A ll t h ese sheep ,,·ere in very poor con ­
clit io n, th <' s tat<' whi('h is r e:tch ecl hy some sheep \Yith n od ular \YOfllt 
infe::;btion 1dw n , eYen if i h e p;~r;1 s it es ar e 1·emoYNl , tlt e an im<lb 
hang- on nnll e ith er rl ie after 11·ee ks or 1·ec:oYer Yery gradually . T he 
one in fl'st r d sh eep p;1sscd 3] norlular \Yon ns and nonr of the a nim als 
showed a ny adverse effects . 

A \\·eek later the treat ment >Ya s r ep eat eo , again g iYing fu ll cl oses . 
~ o " ·orms "·ere passed and n o adYer c;e effect~ ;;·ere not eLl. 

Anot he1· \Yeek lat e1· t he same trea tm ent \Yas r epeated an d t"·o 
n e" · in fest ed sh eep, abo in poor concl ition , '"er e in cluded . These 
latter h ,·o passed all th ei r n odu la r \Yorms. A gain no i ll effects were 
n oted . 

It appenrs ther rfo re that t rea tme11t can safely be r ep eated a t 
short interYals, although in pr actiee in te1·vals as sh ort as seven days 
;;·oulo Tarely be contemplaterl. 

DISCUSSION . 

If th e r es ult::; are con,.; iderell toget h e r wii h th e work done on 
stimula t ion of t·h e orso ph<l gPal ref-le:-; , " ·hir·h ran par <lllel , it b eron1 e,.; 
qu ite d ea r that the ques t ion of deglu ti tion is an important part o r 
t h e t reat m en t aga inst oesoph agostomia,.; is and that it " ·ill be C(] ually 
impor tan t in t b r chem othera py of oth er gasho-i ntestinal worm 
diseases of ruminantR. 

Th e mixture of coppr r arsena t e , C'alcim n hy 1lroxi rle an d coppe r 
ta rtrate. appea r" i.o fulfil t he requirem ents 0f un effective r emedy 
agai nst nochtlar \YOrm in sl1 eep . If tll e r emedy does not h ave tlw 
desired effect, th e eviden ce appears t.o sh mY th at deglutition in to tlw 
:1 hom as11 m w::~ s n ot sa tisfrt ctory. 

The rem edy appears to stimula tr secret ion of m ur'us in t h e colon , 
fiO t h at in m any cases th ~ f aeces bero me soft or m ixerl \Yith a fair 
amount of m u cu s a n d sometimes a sh eep m ay e,-en p ass a mass of 
mucus. In a fe \\· rases i t h;~ s l:een obsPl'YPO t h nt l iYP norlub r ,,·on m; 
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were passed "·ith such m ucus, as may be expected. The remedy does, 
h owever, not n ct by virtue of this property, since in many of the 
cases on whi ch careful observations were macle t he IYOrms \Yere passed 
iu normal or sli ghtly pasty faeces. 

It may be necessary t,o explain why the idea of double dosing 
was adopted . The r eason s "·ill be g iYen in order of their estimated 
importance :-

1. In t he case of a paraBite \Yith feeLling habits such as tho,;e 
of Oesop hagostonvum. columbianum: and a drug which 
probably acts as an internal poison it appears desirable 
to have a long period during which action Qf t he drug on 
the parasite is possible. 

2. Since the oesophageal reflex cann·ot yet be stimulated i n 
100 per cent. of cases, but in well over 50 per cent., and 
since the efficacy of one of t he doses is very probably more 
than half that of the two doses, some sheep which swallmY 
'me dose into the rumen may swallow the other ink! the 
abomasum and t he total r esult in a flock will be better 
than if a single large close is given. 

3. The total quantity of t h e drugs administered can be greater 
and each dose smaller than one single close. 

It is not daimed that a completely satisfactory remedy has been 
found for oesophagostomiasis in sheep. F urther tests on a large 
:-icale will have to show what degree of efficacy can be obtained under 
different c:onditions and whether certain vet unknown factors may 
not introduce an element of danger. ~101·eover, furth er possible in;­
provements with respect to stimulation of the oesohageal r eflex may 
improve the r esults. It is, however, expected that a few treatments 
at the correct time of t he yea r will stop the disease and lead to satis­
factory conh ,ol of the parasite, particularly if treatment is canied 
out with a view to removing· the source of infection at a Emitable 
season . 

The D epartment of Agriculture h as decided to i,;,;ue to farmer s 
about half a million double doses of th is remecly for the purpose of 
a test. The directions for use issued with th e rented y are g iven 
below and from these it can be seen in " ·h ich \Yay i t is int ended that 
the remedy shoulJ be used i n the treatment and C'Ontrol of t he disease. 
It might be added here that the disease is mainly important in areas 
with a summer rainfall (October to ~'[a rc·h) and a relatively dry 
winter. 

vVith regard to costs i t may be stated that , if t he remecly should 
prove satisfactory and is later issued on a large seale , it is expected 
that the costs should not be higher than about l s. per lOO rlonble 
a dult doses. 

I would like to express my t hanks to Jhs. )1almJ an d Gra f ancl 
other member s of the Chemistry Sect ion for m a king- t he copper 
a r senate and copper tartrate used in th ese teRts and for assistance in 
various other \Yays. 
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SuMMARY. 

1. Chemotherapy for oesophagostomiasis must be based on the 
administration of the remedy into the abomasum. At first a 1 per 
cent. oopper sulphate :;olution was used for stimulation of t he 
oesophageal reflex, then higher concentrations until finally satisfac­
tory results 1Yere obtained wi th 2·5 c; .c. of a 10 per cent. solution . 

2. Preliminary tests were made with 15 different chemicals 
which had either preYivusly given indicationB that tLey may be 
effective, or appeared, according to their chemical and physical pro­
perties, to be suitable. Of these copper arsenate and copper tartrate 
gave rather outstanding r esults. 

3. Both these drugs were found to be dangerous in doses \Yhich 
would be large enough to effect a cure. An overdose of copper arse­
nate leads to arseni cal poi son ing 1Yhile an overdose of copper tartrate 
leads to copper poisoning·. 

4 . A mixture of the two drugs produced Yariable results 1Yhirh 
were found to be connected with the variable amount of aci d i n th e 
abomasum. Since the chugs are relatively soluble in acirl and alka­
line media, high stomach acidity would cause solution and absorption 
of t he chugs \Yith consequ ent poisoning of the sh eep and little or 
no effect against the parasites. Calcium h ydroxide was found to be 
a suitable corrective anll ''"a s incorporated in t he mix ture. EffectiYe 
closes of this mixture wer e founcl to possess a suitable degree of 
safety. even if treatment is repeated at relatively short interval s. 

5. T aking int·o account all ages an<l conditions of sh eep, the 
efficacy of one treatment, i.e. a dose on each of two successiYe days, 
is expected to reach at least 75 per cent. If only young sheep under 
2 years of age are treated the efficacy "·ill be consillerabl:v higher . 

6. It h as incidentally been observed that the mixture has a fai r 
degree of efficacy against Haemonchus con to1·tt~s and lvl oniezia 
ex pans a. 

7. }Ieascnes for treatment and prevention ·of oesophagostomiasis 
by means of a suitable remedy under South African condit ions are 
outlined. 

AnmmnuM. 

The following informati·on is available with 1·egard to the test 
referred to a hoYe : -

Reports have been received on 94,263 sheep treated by 103 
farmers. 1'he total losses register ed after treatment are 231 or 0 · 245 
per cent. Most of the sheep were in poor conrlition and wer e grazing' 
·on dry pasture. In some cases the death s were cl efinitel~· rlue to t h e 
treatment; one flock whi ch was affected had been Rtanecl; in a few 
cases the po,nler was inhaled and in w me oth er 1·ases the deaths 
were due to \Yeakness and would probably h aYe occ urred in a ny case . 
In two cases, accounting fm losses of 30 and 28 sheep respeetively, 
the sheep " ·ere receiving fairly large rations of nushed maize . From 
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WHEN AND HOW OFTEN TO TREAT. 

In order to understand this pro ·] tl l 'f ] f m t b . 1 · d h pel Y, Ie I e·cyc e o the nodular " ·orm 
an~l ha~chxi~ ~ne . T e ~>orm_ eggs. a re passed in the droppings of t he sheep 
t . f he pasture lf 1t IS mmst and warm. The s ma ll worms are r eady 
/ 

1~ e~t· sh
1
eep after a week and ca n live in t he p asture for se,·er al months. 

W~\:~1~~ =~·eW~Dledt bS ~?the rastudredbecomes clea n , because t he eggs and young 
· f t ' f Y le p to onge 1ought. Infested sheep a r e the source of 
;,~ne~el:~)n or the next summer. (They should t herefor e be clea ned during t he 
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obserYations nwde it appears that crushed maize or other grain 
frequently reaches the a homasum from the fQre-stomach s and there 
is then a tenrlent.:y to,Yards retention of the abomasal t.:ontents until 
the grain hns been softened nncl broken up. This dietetic factor seems 
to be of consi<lerahle importance in t.:ausing stagnation in the 
abomasum, ,,-hich is dangerQus in connection with this treatment. 

A few farmers were Hot Ratisfiecl with the efficacy of the remedy 
since only a small number of worms " -ere observecl to be passed or 

· some sheep killed after treatment still had a residual infection. 'l'he 
large maj{)l·ity, however, reported that large numbers ·Of worms hacl 
been passed and they were well pleased with the result. In 
several cases it was reported that deaths clue t{) oesophagostomiasis 
stopped immediately an<l with few e:s:t.:eptions the reports con tain t he 
statement that the sheep improYed markedly after treatment. It 
was also noted in several cases that the animals started to feed much 
better than before from the day after the administrati.on of the 
second dose. 

From the experience gained the following appear to be impor­
tant points to observe and these are being incorporated in the direc­
tions for use o£ further issues of the remedy. 

1. The sheep should get no grain ration or sal t lick from two 
days before until a clay after treatment . 

2. The sheep should have access to water immediately before 
being closed. 

3 . If the pasture is dry it is very desirable to allow green 
food for a few hours before each dosing. 

4. In onler to prevent inhalation the powder should be ad­
mini stered immecliatelv after the hlue,;toue solution, so 
that it reaches the pl~aryn:s: when the sheep has dosed 
the glottis in preparati·on for swalhm-ing the bluestone 
solution. 
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APPENDIX. 

NonuLAR 'Vo1nr RmmDY: DmECTIO:KS FOR Usll. 

The remedy is issued in tins which contain a sufficient quant ity for single 
dosing of 100 sheep over 18 months, or 140 sheep between 6 and 18 months, 
or 250 lambs of 3 to 6 months. 
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H. O. MONNI G . 

METHOD OF TnEATME!\T. 

The sheep must not be kep t from food or water before treatment and 
may g raze again immedi ately after t reatment but should h aYe no wa0 r for 
1-2 hours. They may al o be t reat ed towa rds eYening and t hen remam 111 t he 
kraal overnight. 

Suckling lambs must not ha,·e a drink four hours befor e and four hours 
after treatment. 

The efficacy of t he r emedy depends on it s be ing swallo\\·ed directly into t he 
fourth stomach , a nd this is brought abou t by admi ni stering a small quant ity 
of bluestone solut ion immediately before the remedy. The moment the b lue­
stone r eaches the t hroat of the sheep the large otom ach closes and r em a ins closed 
for 15 seconds. 

T he t reatme nt t he r<'fore consists of t \\·o pa r ts as follows: -
1. 'l'he spoo n marked X is fi lled w it h a 10 per cent . bluestone solution­

to prepare t hi s diswh·e 1 pounu bluestone in l gallon of water, or 
2 ounces t o 1 pint wat er , or 2~ ounces to 1 bottle water- open t he 
sh eep 's mou t h we ll and pour t he bluestone alongs ide of the ton gue 
so that it runs down in to the throat. For sma ll lambs a i spoonful 
is sufficient. 

2. The correct mea ·urmg spoon is filled " · ith t he remedy beforehand a nd 
is kept r eady to be emptied on to the back of the tongue immediately 
afte r g iving the bluestone, without ha,·ing closed t he sheep 's mou t h . 
Directly after t he admi nistrat ion of t he powder t he mo nt h is closed 
and t he sheep r eleased. 

The sheep have to get a dou IJle dose of t he r e medy a nd a re therefore 
t reated in t he sa me way on t\\·o suceessive days. 

Before u sing the remedy it is desirablt to emr,ty the contents of each ti n 
into a suitable r eceptacle and t<J stir it well. 

A quantity of t he powde r is t hen pl aced into t he ti n with the crossbeam 
(as used wi t h Government Wirewor m l temedy a nd obta inable from t he Labor a­
tory). The correct measuring spoon is filled lightly, withou t pressing aga inst 
t he s ide of t he tin, a nd scr aped off le,·el against t he underside of t he cr oss­
beam. 

The remedy is admini stered by means of the measuring spoon. Sh ould t he 
spoon become wet and the powder cling to it , it must be wiped. The following 
are the correct doses : -

For lambs 3 to 6 months, spoon No. 1. 
For lambs over 6 to 18 months, spoon No. 2. 
For sheep over 18 m ont hs, spoon No. 3. 

Sheep which are Ye ry weak or sma ll for t heir age should get a sm aller 
dose on t he second day , e .g . a 2-tooth sheep first day spoon No. 3 and second 
d ay sp oon No. 2. ·weak lambs are dosed once only . Lambs under 4 months 
should not be closed unless it is r eally necessary . 

RESULTS OF TREATMENT. 

The r e medy causes much slime to be formed in the la rge intestine and 
the droppings t herefore often contain much slime after t r eatment and h ave a 
blue-green colour due to the r emedy . It is expected t h at one t r eatment (double 
dosing) will r emove at least t hree-fourths of t he worms and many sheep will 
be clean. It has also been noticed that the remedy is effective against wire­
worms and tapeworms in sheep. 

WHEN AND HOW OFTEN TO TREAT. 

In order to understand t his properly, t he life-cycle of the nodula r worm 
must be expla ined. The worm eggs a r e p assed in t he dropping of the sheep 
and hatch in t he pasture if it is moist a nd warm. The sma ll worms a re ready 
to infect sheep after a week and can live in the p asture for sever al mont hs. 
In winter when it is dry the p asture becomes clean, because the eggs and young 
worms are killed by t he p ro longed drought. Infested sheep are t he source of 
infection for t he next summer . (They sh ould ther efore be cleaned during the 
winter. ) 
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CHEMOTHERAPY OF OESO.PI-L\GO STOML>\SIS IK SHEEP. 

\Vhe n the young 1\·orms are swallowed by a sheep t hey bore i n to the \\·all 
of the intestine, eaus ing the well-known nodules to de,·elop. H er e they may 
st ay fo r 5 days to 3 m ont hs, then t hey return to the inside of t he gut, pass 
to t he large bowel \\·he re they g ro\\· adult a nd begin to lay eggs after about 
5 weeks. (One treatment therefor e does not clean sheep , since the young 
worms in t he nodules a r e not k illed.) 

The sheep t here fore infect t be pasture ,,·ben the r a iny season starts ami 
the~- themselves become fu rt her infected during the summeL \Vhen t he pasture 
becomes dr_,- a nd feeding p oor about April , t he sheep begin t o die of the worms 
1\·hi ch the.v harbour. (The:v s honl d there fore be treated before t his t ime a rr i,·es .) 

The following is the refore recommended:-

1. Badly infested slwep may be t rea t ed at any time of the year to eurc 
t he m and three t reatments with intervals of 4-G week s a re necessary. 
(lt will , h owever , clo no harm if the sheep are treated a few times 
a t intervals of 2 weeks.) 

2. Under ordinar·~- c ircumstances it wi ll suffice to treat 8\·ery si x weeks 
from Janua ry or February until July. The first few treatments are 
to cure the sheep before th ey should die in April-May. The further 
t r eatments arc to clean them thoroughly during tl1e winter , so as to 
r emo,-e t he source of infection for the following year. 

:3. It is expected t ha t after a few years of t reatment as i ndicated 
unde r 2, the nodular 1\·orm as a pest will disa ppear. In or de r to 
prevent further t rouble it is strongl:v r ecommended that sheep sl10uld 
t hen still be dosed a nnually t hree t imes with inten ·als of six \Yee ks 
between t he mont hs of April and Ju ly. 

TVirewoTms.- S heep may be dosed for wireworms a fortnight before nr 
afte r dos ing for nodu lar worm. Since the nodular worm r emedy kills wire­
worms fa irly effecti1·e ly, t h e u sual treatment for wireworms can be carried ont 
under sch eme 2 outlined above each third week after a t r eatmen t for n odular 
worm. At other t imes sh eep should be dosed for \Yi reworms throughout t he 
year at inte rva ls of :1 weeks, or in ,-ery \\·et su mmer months e,·er~' 2 weeks, 
us ing the ordinary wireworm remedi es. 

S PECIAL NlEASl:RES. 

Etues.-Jt is not ad,·isabl e to t r ea t e\res from about a mont h before lambing 
up t o about a fortnig ht ther eafter. Pregnant ewes must be h andled carefuiJ_,-. 

The sheep should not be chased about unduly during or after dos ing and 
i t is des irable to use a su itable crush for dos ing. 

As the r emedy is poisonous it should be handled carefully and sheep should 
not get more than the closes r ecommeJ,cled . 

LASTING PnoPRRTIES oF THE Pown.En. 

The powder does not decompose or lose stre ngt h , but it is advisable to ketp 
the tins well closed and to store them in a dry pl ace. 

PnrcF.-I,IST. 

Tins of powder co11ta tning ]00 s ingle doses for sheep over 18 mont h s, ea ch 
I s. 3d . (fo r one treatment of 100 adult sheep t wo such tins are r equire d ). 

M.easuring spoons-set of 4 (X, 1, 2 and 3), 5s.; single spoon , 1s . 3d. 
Measuring bowl with crossbeam, 6d. each. Post or rail-free t o an~' post or 
t he Un ion. 

These artic les are del iver ed onh· for cash or c.o.d. by rail or post. Or de rs 
to be addressed to the Director of V eter in a ry Services, P.O. Onclerst epoort, 
Pretoria . 

All Laboratory products are carefullY tested before issue but are issued 
solely at buyer's ri sk. The Government' ca nnot be held responsible f.or any 
losses or accidents which might poss i bl~- occur after t he ir u sc. 

N . .71. - Empt_v tins should not be returned. 
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