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Gaigeria pachyscelis from Infested Sheep, 
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D u iU N<< t h e cou n;e of i nn· .~t ig; il im1s h 1· on e of us (H . . j. (J. ) o n tbP 
life h i~ t·or)·, m otl P of ~pread and preYt> n t ion of i h P sh t-•t·p hooh\'llr·m­
Goigrrio ]JOr.ft y sr·ei Js- t h e 1ni.ter .~ hnn·. \YlrPr r lll <il er i:d be('allle aY<Iil­
ahle, tr ied Y:lriou s thugs in an atte lll pt to find a su itable med inmt 
for t h e r emoYal of t hi s p:n ;bit e horn infe~te rl sh Pt··p. The dn1gs 
nrainlY e.x p e rinJt•nte d " ·it h w pr·t" l' hemi<·a ll ,v pHre C::1rhon ' l'etra­
('hlorid P nn tl T et r;!c h lo reth .\· lt·ne , 11·hile n-Hu tyl-C hlo r i<l e, Extrad of 
P\Te th r nm ;m(l o th e r ('hPJJJ i<·;ils \I'P I'P ::1bo t ri ed . 'l'he i 11·o first­
ll~me<l <lrugrs h::J ~e• , s in (' e the rese:!rc1Jl•,; -of Hnll :lllll Sh illinger, etc., 
lwen Px te n .,il·el )· used in the frp:~hue J Jt of hmn:m ,.; <I! Jd <logs inft-•decl 
11·ith h ook\1·orms, tlw forn w r b;1ving been fon n d h v t h esP \Ym·kers 
and b)· D;!ulme)· (1910) t o h e nbo YPr~· effer-tiw in t h e treatm e11t of 
sh eep infes t e1l \l·ith t h e ftook\\'O l'lll n 1/110.dOI7/IIIII [JJ,Ij01/UI 'C}Jllllf 11111 . 
n-Hutyl -rldoride wn s ieRt- ell h~- \\'rigl1 t <111<1 8rh :dfe1· (1D82) nml fmmcl 
to b e S-1- p 1-•r <·ent. efft> d i 1·e fo r the l'PlllOY:Il of h ooh1·m·ms hmn 1log-R. 
Pn·et h n1m i•x h:td \\·a s h iPrl lwr ·:nt sP of its knm1·n ldh::Jl :1 rti on on 
,.,;1a hloo<l ed :cn im ;ll ~ a n rl it·s harmles~n ess 011 w :1 r lll hl oocl ed <Uli tn nl~ . 
anrl in Yi.e 11· of t he f :1Ynu r ;1 hlt> Tepor ts on ib pffirf!n· ap:ainst h ook-
1\ · o r nt ~ in rlog·s h Y oth e r nn i.hors . 

In th e firs t series of tPs ts IS <Hlnlt Pt> r~i.an ~ ltPe p 11·en• nsPrl , ;ill 
of '"hi('h h a(l h)· fa e1·al examin :1tion heen fo11ntl to rfllT\' a h t-•avy 
inft>din11 of Goi,~; cn·a pac l tyocc lis . ' l'hes<·' sh eP p lw rl h<> <'ll h mi t;·h i 
from .\Lr . Y . Th eop h ilns , Puil imot>. 'dt Pie t-II<·\ · lwrl <ll'qui reil a 
n ::1 tur a l in fection on hi s f::J I'l ll. Of t h PSP .~ h eep t e11 \\·pre rlosecl 11·it h 
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tetra L; Itlore thy len e in an equ ::d .-olume of m ea l " ·a ter, s ix \\·ere aosed 
with carhon tetrachloride in an equal Yolume of meal water and two 
"·ere kept a ,; co ntrol ~. T h e followi ng- tahle g iYe;; t he r esult:;: -

:'\ t~ mbcr 

of 
Shee p. 

a6429 . . 

364-10. 
36437 . 
:l6H:2. 

:i6-i~6. 

:~6427 ... 
:i6H I 

:16-i:!fl . 
36-(:3:) . 
36+4 -1. 
a6±3s . 
:{6-(:33 . 
36-U5 .. 
36436. 

364:11. 
:~6-i34. 
364:1:2. 
36+43 . 

D1·ug . I Qua nt ity . 

I 

C', C I , 3 e.c. 

' f c.e . 

5 c .c . 

,. 
. , 10 ( ' . (' . 

CCI, 3 C . l' . 

-i c .c. 

;) ( '. ( '. 

., 
Untr c-a tcd . 

T .-l. i!LE I. 

\Yo rm., 
passpd 
d 11ring 
next 

:~ cbtyH. 

!) 

1 

:!+ 

Egg:; in 
fa eceH 
l:l days 

nftcr 
drug.* 

ttt-i· 

tt 
titt 
ttt 

tti 

ttt 
i tt·i 
t H 
HH 
ii'tr 
ttt 
ttt 
Htt 

·it! 
ttH 
t tlt 
ti't 

t F ew eggs p1·csent ( l- 10 on s lide ). 
·[·i· F a ir ll l l!ll bN of q!gs present ( lJ- !iO 0 11 slide ). 

ttt ~[a ny eggs present (51- 100 on sl ick ). 
ttH )/ umcrous eggs present (o1·cr 100 egg' o n slick). 

H<'mark.-.:. 

Died 13 days a fter closing . 1:24 
li ,. ing Gaigeria colleeted . 

Died 1-i cla.1·s after dos ing . 12:1 
li ving Gaigeria eol lected. 

Diccl night a ft er clos ing . 77 
l i 1·c Gaige ria colleclccl . 

Died (i cLtys <tfter treatment . 
\·\'or IllS not collected. 

Bag.s \H' re t ied on t h P ;; heep :1 Her d o::; in g- i n .o rde r to colled all 
t he fa pee;; ]J:t ~;;t> d ; th e faece:; ,,·eu· care fully ~~- ,bb eu and ;; [eYed and 
all t he 11· orn t ~ pa:i;;erl d ur ing t he fullo1Ying t breP days were collected 
and count ed. l n o nl e r to d et Pnt ti n e the ]Jre;-;pnr ·e of egg-s in the 
faecPs , all!l1l(· 2:-J to :)() g-r:tm .s o f fre ;; h faer·es wpre t:tkr n fro 111 Pach 
.-dree p ..- it !t er rlired from th e rPd um or from t he hag . T lrese 11·ere 
t h en wPll h m kPn HJl in i:tp \\·:t!P r anrl thr·n p::t~se rl throng·h ,.;pyeral 
:i ieYPci to r ei:t in t h e coarser m nt e1·ials. l<:ar:h wac; then placed i n an 
F: rle nnre.\ e r tla ,.; k anrl :tllo ,,·ed to ;;ett- l e . The S1t pe rn:t! en t l iquid \Yas 
t h en c:tr r fully poure r] oft :md t h P rPttt :tinin g srcli mr nt \\' :l:i tt o\\· mixerl 
" · i th :tn r-•qu al ,-olu llle of g-l~·c- erin e a nd " ·ell slt aken. It was tht'n 
cPn(ri f ug Prl in :1 tulJe 8 em . rlt>ep a n rl 3 ern . (liameter, for abou t :3 
minutp,s :tt a lJO u t 1,000 r eYoluho n,.; pe rminute, IYhen the eg·g;; l'O:iP 
to tlw top of th e 1 iqn irl: t h ese \\·e re t h en pi e keel up 11·i th a fbt 
hottom N1 gl:h.s rorl :1bout 1 r·tn. rliamete r a n c1 seYI'ral (-t to :)) rlrops 
werP tntn sf pr-r,•rl t·o a slirl e :111 (1 pxa m i ne rl m inoscopie:tlly . As t he 
G'a,r;erio Pgg-s :trP much largPr :t n(l cl a rker t h a n tho,.;e of the r·ontiii Oll 
r ound \l·ornH of sheep ( H oemonrlw s contoPt us, T richost1·ongyl?t s spf1. 
anrl O r sOJ1h nqosfoll171111 r·ol umln.ru wm) the~· eoulcl e:tsil .v lw r ecogn isPrl. 
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From Table l it will be seen that doses of :3 to 5 t; .c . of 
Carbon t etrachloride had 110 effect on the remoYal of t he worms; 
closes of ;) t o 5 c.c. a rH1 10 l:. <·. Tetrnl:hlmethylene also h url Yery littl e 
effect, although three of t he sheep did pass out some worms, they 
ueYer th eless still 1etainecl a good infection; three sheep wh ich died 
how one to fourteen da:'i·s aft er dosin g sh o\\·ecl living hoobYorms on 
post-modem , ] 24, 23 and II worms being collectecl r especti Yely. 'l'hP 
,; heep which had receiverl 10 e .c. !HI Ssed no " ·orms and still remained 
heayiJy i11fected. Sheep ;~G4;J(j t rea t ed " ·ith <;arbon tetrachloride cli<>cl 
six clays a fter treat ment an<l t hrough a misu nderstanding the \Yorms 
wer e not c·ollPdecl. The t\YO f'ont rols also passed no '"onns and 
remainerl hea 1·ily infested. 

PreYious i·o i.rPattnent the sh er.p ha rl free accr.ss to ha:y au cl 
broken maize, ancl a week prior to treatment they daily received 
ahont 2 pouncls of a ~~: 1 mixt ure of hon e u1ea l and salt , while maize 
wa s removecl. Foocl or 11·at r.r \Yas not kept away f rom them bef01·e 
m· a fter t reatment. . 

Three weeks a fte r th e nLove hentn1 ent six of the aboYe sh eep 
\YPre again treated with Carlwn tetrachloride and 'retr achlorethylene, 
nncl fiye '"i t h n mixture of Pq ua l parts of t h ese drugs ancl two were 
l\P]1t as !'ontrols . 

The follcmi nog table g iYes th t> r r.sults : -

N mn bc r 
of 

Sheep . 
Quan t ity. 

'1'.\ llH TT . 

vYorms 
passed 
durin a 

followi~g 
3 days. 

Eggs in 
faeces 

10 clays 
after 

dosing. 

Hemflrks. 

~~~--;-~~~.;.-~~-'-~~~...;-.~~~,---~~~-· ~- - - - -

3643.~ .. . . C2CI1 6 C . C'. 

36444 .... 
36438 . . . . , 
36437 . .. . CCI, 
36425 . ... 
:{64iH .. . . ., 

( CCI, 
3644 l. .. ~ a nd 

:{6428. 
l C,CI, 

:~6433. 

:~6434 . . . 8 c.c. 
36426 . ... , I , 36432 . .. . Unt reate d cont roL 
36443 .... ,. '' 

ttt 
tttt 
Ht+ 
ttt 
Ht 
·:tt 

tH 
4 ttt-r 

tH 
3 ttt 

ttt 
tHt 
+tt 

Killed fo llowing c..lay. 39 Jiv. 
ing Gaigerin collf'ctecl. 

!lied 2 clays later. 167 liY ing 
Gaigeria c:OIIf'eted. 

Died 2 days later. 65 Jivin)l 
Gaigeria collected . 

Except fo r the last two sheep t reated , the clasP \Yas in all c·ase,; 
mixecl " ·ith 12 c.c. meal water ; in t he la st hYo cases only 10 c .r . m eal 
water "as aclcl ecl . Sinc~e the first trea tem nt all the sh eep hatl free 
arc;ess to hay and the salt ancl hone-mea l mixtu re, also they 11·erP 
not kept awa~' from food or "·a ter before an cl after closing. T h Pv 
'"er e a ll in a very poor c'on cl iti on . · 
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Table ll shtm,; l hat 6 c .c . of Car bon tetr;u ·hlo ri<l e ot· 
'l'etrachlorethylene in m eal '" a te r h a <l ver y little or no efted on th e 
remoYal of the hook11·onns, h1·o ~~- onJ I S onh· bei no· r etnoYed au tl all 
t he ~ h eep st ill remaining h e:wily infested a·s sho\Y~ by egg flotation . 
One of t he shPep ~~-h ich , ,·a s Yery 11·ea k was killed t he following day . 
<lllrl on post-nwrte lll 39 living &fli.l)cna 11·ere f.o uud adh ering to i:h t> 
ntu<.;o us m emhrnne. Of t h e 0 slwep 1dJich 1·eceive<l G and 8 G.C . of a 
mix ture uf ec1ual amounts of thesP t 11·o drt~ gs 2 sh eep p assed 4 an<l 3 
hookiYonns r esp ect ivel y rhuing i:hP following 0 clays . 'J'wo of t h em 
which cliP<l i11o <1:1 ~·s a fle r l r e;1i men t still h .1d 1G7 an d Go li Ying 
Gm:_IJI' n ;a r espectively , som e of 11·hich 11·er e lyi ng fr-ee in tl1 P l um e n 
of the int estine. Th e tn·o co nt rols pa.-;sed n o wo rms a n d still r emain e d 
h eaY ily infeeted. l t \Y oulcl t hu~ <l]lpea r thnt a mix tu re of t he,.;e 
drugs given i n G :1 nd 8 e. C'. d osPs is not t>:ffective for t h e rem oval of 
Gm;.r; eTia hookworm s. 

1\:-; t he ,;]Jeep \\'Pre i n a YPry pour <·ond ition the\· 11·ere frulll now 
on fe1l on h ay :mel ;1 li heral suppl~- of l'ru sh Pd nwi~e p l u::; hon e-JnPal 
and salt. Tb<-' .\ pil'ked up g'l'a (lu nlll i n <'OlHl ition , an <l du ring t h P 
r.oun;e of the next seYPn 11·eeks n llumher g ra du ally lost m osL of t11 t:>ir 
infe!'!ion <I IHl two E'Yentuall _,- b e<·am e free of h ook>Yor m s. Cen trif uge 
egg Hotat ion <l et e rJn i n :il ions afkr () a nd 7 , ,.Peks on t h is di et and 
fa ern l cultu r e after () \\Peks g-aYe t h P r esu lts sh o" ·n in t he fo llow ing­
talJlP : -

T .-UIT.E III . 

Gaigeria Gaigc ria I 
N11mber oggs eggs 

of a fter after Ctd ture . C. O.c. H.c. T r. F>.p* 
Sheep . 6 7 

weeks . wccl<i: S. 

:l642fl. 
:16-±26 .. t I \\' :!0 :34 14 3:! 
:{6431. t t 
36432 .. l):t H M 7!1 -5 12 + 
:16434. ) [ IG :22 ;)5 7 
:16437 . . . 'l'i''i' j· j t M l:2 35 5:1 
36438. tjt H ·j· '\I 6:! 10 :!2 6 
:1644 1 .. tt tt \\' :10 14 :36 
:3644:1. i"l' 'l'i M 50 10 30 10 
:!64-H ... ti H _v[ 47 1 :) 2 

* \1·= \\·cak Cll !turc: !li= medi 11m cultll r<' . These refer to the dcns ilv of t he la n ·ac on 
t he s ides of the bott le 8- JO days afte r cu lt 11re . · 

G = C:aigeria: O.c. Ocsophagootom11m ; H.(· .= l-l aemonchiiS : T r. = T richo,trm1p:y lus: 
S.p. = St rong_)' loicl<'S. T he numh0rs g i q~ t he percentage of the differ<'nt l; inds in the first 100 
Jan' >to counted. 

For fiome i n ex plicable Tea son no larvn e develop ed in t h P culture 
of fneees from sh eep 36431, alth ou g J1 eg gs werP p resent. 

vVhen COillpnring th ese i nt ens iti es of hookworm in fec tion , as 
r evenlecl by centrifug e egg fl otat ion rletermination , >~·ith t h ose of t h e 
fl am e sh eep seven weeks pn'Yiou ;;ly 11·e fi n <l t h at h1·o :sl1eep h avP en ­
tirely lost t h eir in fection (tt t to - ). bl·o lHlve lost two-t hir ds of 
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their infection ( t t t to t ) , t wo have lost half their infeetiou 
(tHt to tt) , two have lost one-third of their infection (ttt to t J 
one has lo~;t a quarter of its in fect ion (tt tt to t tt) and one h as 
retained its 11·hole infection. 

'l'he:;e shee]J huu now been in this experimen t for fom· w on t h,.; 
aud during thi s period they had been kept in a dry p en alHl \Yen· 
I'On~:;equentl,v not exposed to r einfection. The infection th ey still 
retained was that 11·hich they had brought wi th them. 'l'h e rliminu ­
tion of th ik infection may thus he asci:ibed to either of t"·o cau ses, 
firstly that many of the " parasites had already l each ed t h e end of 
their s]Jan of life and thus naturally rhecl, on ly the younger hook­
worms rem aining; or secondly by better f eed t he constit u tion o f 
the sheep was improved with the result that they were able to r iel 
themselves n a tnrally from a consid erable portion of their in fect ion . 
It is a fa ct oft~n see n in the field th at wlwre the diet of sh eep is 
improve<l, the sheep, " ·i th th e improvement of their ('on clition , tend 
to riel them sehes of a large p roportion of their worm h unl eu. In 
til e above ease both the above-mentioned canses maY ltu\' e lwen r e­
f'ponsible, hnt the writers are inr·l ined to the view . that t}Je hettel' 
<liet playerl the principal r ole . 

As the sheep appeared to be r api<lly losing th ei r infection and 
as the treatments with Carbon tetrachloride and Tetr achlorethvlene 
had given ;mch disappointing r esults i t 'n1 s <l ecidecl to dose s'ix of 
the still infeded sheep with 1 to !) c.c . of Stafford Allen 's extract 
of Pyrethn1m M:.225 , one sh eep with ]!) e .c . C"Cl, and to keep one 
sheep us a control. In all cases t he dose 1n s m ixerl with 20 e.c. o£ 
distilled " -ater and " ·as admini sterefl ln· stoma ch tube. The 1·esu lts 
are ,.;et (Hit in the following· table :- . 

:~6443. 
:{6431. 
:!6440. 
3644-1. 
364aJ 
3643R. 
36444 . 
3643:?. 

umber of 
Sheep. 

. . .. . . . .. . 

. . . . . . . . . . 
... . .. . . ... 
.. .... . . . . 

.. . . .. . . .. 
. . . . . .. . . . 
. . . ... .. .. 

D r ul!. 

Ext. Pyr. 

, 

c:c1. I 
U ntrca(p d 

TABLE IV. 

Amou nt. 

1 c .e . 

" :l e. c . 

5 c .c. 
., 

1.5 c .c. 
Con t rol. 

~umber of 
worms 
passed 
tlnrinf! 
3 clrtys 

following. 

:~ 

Eggs in 
htcces a t 

trea t ment . 

'i'i' 
tt 
t 
tt 
t -;-n 
H 
H 

Eggs i11 
faeces 

10 dnvs 
afte;· 

t rentm0nt. 

·r-;-
·n 

·;· 
t 

·J·n 
tt 
tt 

From this table it is eYident that the int.eu:sit.y or wor m infes­
ta tion remainerl about the snme before an<l after h eatmeni \\-.ith 
Rxtrad of Pyrethrum: it is true that after 10 (lays one of t he sheep 
(:l()440) \\-hi l'h had TeceiYe<l 0 cJ·. h:ul lost it s infeetion (t t o - ) an<l 
the other (36441) '"hi ch haJ r ecei "Yed the same close had it s in fection 
hahed (tt to t); no worms, hO\\·eyer , were passed <luring ihe en­
suing three clays after treatmen t so that th e l oss probably took place 
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~ ubsequently a JHl b e for e d te ten th <la y ;tlt er trt>al lliPH(: t b i~ l oss IYas 
probably d ue to Ilat tu·al causes . lt thuR a ppea t s legititt t <tl<~ to cOlt­
d ud e t hat a dose of 1 to .) c .e . o f };:-;.had ot L'y r C'! h ru111 iu \\ ate r , 
d o~ed direct inh1 ! he r ulll e n h a~ no effPd o n !h e expulsion uf tl.tP 
Goiuerio h ook,,·onn . 

Tht> Rh Pep \\·hi dt lw tl I"e l" PiY t> <l 1 --~ l" .< ·. of C"Cl , i 11 11·n !P r d in='l"i 
i n to th e r ume n passed J h oob\·lnms, b u t th e i nfe~ tation rem a i n e d 
Lh e ~a1ne . Tl1 e con h·o 1 sh eep ~ho \\·ed no ch a n ge . 

A~ t h e h ook\yon ll in; e~t a ti on of t h ese sheqJ had n o"· b e l"Olll e 
r at lw r low it \\"<b cle <·id ed t o 1·e i n f ect lhem a il ific ialh· . Gnt:orl u­
n<ltely du ri ng· t hi s i nl <~ I"Y < t l se l"ernl of th ese silePp tli t·<l. "T it <· J e ttl<lin­
in g- f e " · \l" t' r e tt o t h u·!her PX]le t i ttt en !ed " ·i!l t e.'\ t·e p l o tt <' " ·b it·h \\"<< S 
v er y " e; tk . Thi s s hee p \Y a s rl osecl \\· it lt ]() <". <" . t !" (Jl , it t I () t:.c . l iqui tl 
par;~ffin a n d. d iecl i11 o cb _,·s h lPr. S o \\"Otllls "·en~ p :ts,;etl a ntl <tl 
p os l -nlor!P n t :):l4 li vi ng- U m_l)l'll ll \\Pre fo ullll ~ ti ll ad h Prin g· lo th e 
e< tn:t!l in te~ liuP :tllll e l r ,·e tt \\"P re free i n ! h e l:t rg·e i. n le:-;l i nP, ot \\· h il" h 
S<'Y Ptl \\·Pr P s t ill :tli,·e . 'l' h r oi he r sh eep \\·en• ~P l a ~ id P in orde r t h :d 
c nltu n~~ n t:t_Y IH· !ll a de fron t t lw nt to i n fed fn•sh .-; lu •t']J . 

\\'h il <· : 1 s toc k of in f r;; !ed ~ !J eep " ." " be in g prep;~ red , th r llldh orl 
of a dn t i n isler in g- \ln1 g-~ i n to !lte aho t t l rl ~ um of s hee p , :tfler a preli­
JHi na r :v <l os t' o f <:Oppe r ,;n [plw lP ,;olu \i.on , he l":tlll e knti\\"Jl (Hoss , 1904: 
:\I iinn ig- antl lJ <1 in , JHl--J ) . a llll i t ,,.,h t1Pt·i.d et1 t o t n · tJt i.s 111 etito c1 in 
f n t urP P:q w r iJtJP n ts , a g-ai11 us in g 'L'Ph:td!l or etby l en e ancl also n-Huty l ­
('hlor itl e . :'\ i ne s hePp 1\"Pre e n•Hhl :tll~· oh la i n erl \\·h it·h sh o11·e cl a 
m o<l erate infesta ti o n b_,. t h P eg·g- flob t i on m ethod. 'l' he:v w er P (1i vi cl Pt1 
int o t hree g-rou p s of t lt r re eac h; o n r g roup r ece i1·ed :) c .c. (\ ( '1, in 
10 e .c . liqu id ] J arr~ ftin , tlw ot ber 10 r· .c . ( ',('] , i n 20 c . <". l iq u itl prl la­
f-h n antl t h e t hir d g r o up 10 c .c . n -But~- 1-Ch lori cle i n :20 t· .l" . l il]1Ji tl 
paraf-fin . Imm e tli a tel y p r ior to <l osin g end1 ~hrrp \\·a s tlre n<"het1 \1· i t h 
a bout 10 c .c . of n 2 p er l"ent . coppe r s ulpl1n te ' olu l ion . 'J'hP ~h Pep 
\\·ere 11o t .-;p ecially p r e p a r ed , u e ii·h e r \\· ;tc; foo rl or \\·nt t> r kPpt <1\\· n~· 
from t h Pm bt>fore o r <tfter ll os ing·. T he resu lts of t h i s lrea lment are 
sh own in th e follo"·ing ta l:J l e : -

=====;=--=====--=====;::::===~= 

);umber 
of 

Sheep. 

:;917:{. 
:l9;"i88 . 
:19998 . 
3972+ . 
:l099G . . . . . . .... .. 
4000!) . . . . . . .. . . 
:19184 .. . . 
39+77 . 
39n l. 

c,c1. 

. . 
ll . Hut. ('h i. 

.-\ mou n t. 

;) c.c. 

lO C . (". 
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'1'\\-en ty days after t r eatm eut t h e faec;es hom the t hree ::;heep 
which h ad been trea ted wit h 10 c.e. 'l'etrachJorethylene were again 
axamin efl and >Yere again fo uucl negati Ye fo r hookworm Pgg.~ . 

The results of t bis dosin g appear to slHJ\\- that \\'hen dosed innue­
dia t ely a fter dren ching wit h oopper t>ulphate solutiou a close of 5 c.c. 
Tetrachlorethylen P is n ot pftrdiYP for the I'elllOY<ll of ()aigeria hook­
worms; a <lose of 10 c.c . n -B11 tyl-Chlorirl e 1s about 50 per cent. 
effective mHl a dose of 10 c.c. 'l'etrachlmethylene is Yery pffectiYe. 
In ord er fur ther t o test the effectiveness of t his dn1g the f.ou1· sh eep 
which h ad pas:>ecl no \1-orms in the ahove test "-ere eaelJ clo"ed 'Yith 
10 c .c. 'l'et rachlor ethylene in 21) e .c·. li <ju icl pa r affi11 imm er1iately 
after rhen ching \Y it h a \Yeak coppcw Slllplw !P solutio11 ,,-ith 1 he follmY­
ing r eRults. 

'l'AlJLE VI. 

Eggs in Eggs in 
Number Eggs in faeces faeet>s 

of D rug. Amount. faeces at 10 days 20 days 
Sheep. treatment. after after 

t reatment. treatment. 

39173 . . . .. ....... I C2Cl4 

I 
10 c.c. I ttt I - -

39588 .... .. . . . . .. 

I 

" " tt tt tt 
39998 ....... . .. . . 

" " I H - -
39731 ...... .• . . . . ,. I " I 

tt tt tt 

The >YOI'Jlls passed were unfortun ately not ('Olleeted in th ese 
eases. 

This r esult , although not so promi sing as t he previous one, sho>YS 
that in bYo sheep all t h e h ook,,-mms were remO\"ecl ,,-hile in the 
remainin g b 1-o the h ookworm 1m rc1 Pn \\'aS not red ul'ecl. In these hYo 
test s ''e thus h aYe fiye sh eep ou t of seYen freed of their hook,Yorms. 
vVhat is esp ecially striking is that these worms were either entirely 
d earecl or n ot a t all . This leads one to su,;pect that in the fiye 
cleared sh eep th e drug pa~secl direct into the ahomasum nntl was thu~ 
able ver y soon to reach t h e h ookworms iu th e intestine, whereaR th e 
clrug passed into th e rumen in the othm· h-ro sh eep, and eonsefJu Pntly 
was n ot able to r·om e in ('Ontad wit h the hookworms immedinteh ­
and in conceutra tecl for m . ThesP sheep also earriecl a fa irly heav)~ 
burclen of " ·ireworms ancl n orlula1· \YOI'lUS aurl it \Yas striking that iu 
th e five rle:1 uecl sh eep the number of strongyle eggs >Yas also reduced. 

H aving ob tainecl th ese highly promising results with t h e dosi11g· 
of 'l'etrachloretlty leue immediateb· nfter (lren ring with a 2 pe.:· ceJt t . 
sob Hion of Copper sulphate, an opportunity wa s n~Ynited 10 t.ry nut 
tb is metholl of treatment on n large seale. Thi s opporhwity srJon 
·oeeurrerl in t h at ~Ir. Th eoph ilns, \Yh o l1ad b een suffering very f!Xten­
sive J os;:;e~ in hi s P er s ia n Rheep due to this hookworm, ofreren to 
place his ent ire flock of abont 1,000 sheep at our disposal if we 
" -ish ecl to (' HJTy out an~· t ests . 'l'h is offer \Yas aecepterl and one of us 
(R. J. 0.) proceeded to hi s farm in the Vryburg district of th e Cape 
Prov in ee. H is adult sh eep , about 480 in number, were found to be 
in a ver y bad st ate, Yery t h in and Yery anaemic and a l arg·e per­
centag·e of th em showed marked swellings under the jaw. Six ful] 
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grown ewes of these \\~ere taken and an examination of their faece6, 
taken from the rectum, showed th at they \\·ere Yery heaYily infester! 
with the Gaigeria hookworm and also \vi t h stl ongyloirls. 'l'h ey were 
then dosed with 10 c.c. 'l'etrachlorethy lene mixed in an equal Yolmne 
of a light neutral mineral oil after drenchin g wi th 10 c .c. of a 
2 per cent. eopper sulphate solution . 'l'wo clays after th ey 11·ere 
slaughtered with the following 1·esu lts : -

T AJJL E VII. 

Xo. 

I of nrup-. Amount. H ookw. H.c- . T r. O.c. R.emarks. 
Sheep. 

1. ... C2Cl, 10 c.c . Numero:1~ All liv.i nu. 
2. Many N umero,· s N umerou '" 
:3 . . .. 
'J- . . . . Numerous Many F air K n. 
.') ... 1 (detached 

in s . int. ) 
6 ... Numerous Many Ma ny :V[an_v 

The ab0ve t est sh rmed t hat drench ing as aboYe cleaned hal£ of 
the sheep of thei r hookworms, \vhereas the 1·emain ing three still 
remainerl heavily infested. In t he three cleaned sh eep wireworm and 
trichostrong-yles we1e also absent, \1-h ereas in the remainin g t h r ee 
both these worms were presen t. A ll six sheep wer e ;;ti ll heavi ly in­
t est ed wit h nodular wor ms . It woul d thus appea r h om th is test t h at 
where the drug is able to pass rtirect into the abom asu m it kills not 
only hoolnvorms but alw wir e" ·orms and 1rich ostrongyles . I n the 
three Rheep which remainerl infested the drug m ost probably passerl 
direct into the rumen. 

The sheep were closed in t he cool of the eYening- di rectl,y from 
t he Yeltl. After dosing, which was done by means -of a suitable 
syring e with a long bent nozzle and squir t ing the dru g gently down 
t he sicle of the> ch eek. all the sheep shmYed m arked readions; all 
became som e\\·hat gicldy and slugg ish and three of them developed 
marked tympan~· of th e rumen which had event ually to be relieved 
b~· pundnring ,1·ith a trocar. X ext morning, hmn•ver , all six werE' 
normal again an c1 g-razing . 

Sixty sheep ,1·ere now t aken mi cl cliv iclerl into l\YO groups of 
thirt:'i·-fi ye and twenty-five sheep: their ag-es va riecl from 2-tooth t o 
adultR, and consiHtecl of e" ·es only . F aeces from hYen h ·-fiye \Tere 
taken hom the 1 ectmn nurl all on examination sh mYecl Gaigm·ia eggs. 
As the>:;e sheep had not been selected front th e fl ock but taken at 
r andom, except that all l ambs " -ere discarded . it appeared leg·it.im ate 
to comlnde th;1t if not all ther1 a Yery l1i u·h perc•mtag-e of thP acluli­
sheep rarried h ookworm in feetion. In addition all t h e sh eep showerl 
numerous stronp,·yle eg·g·s, probably H . contm·tv s , T n'chos fl-onm;llts sp. 
ancl Oe.wphngost omu111 co l1t mln'nnmn as r eveal ed by the post-mortem ,; 
on the sheep cli sc·ussed above . T he grou p containing t h i rty-fiye sh eep 
wa s g·iven ea ch i) c .<". C"Cl1 in an equal volume of a l ight min ernl 
nil. while th e oth er g roup receiYecl 10 c.c. C,CI. in nn equal Yol ume 
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of light mineral oil. Immeclia tely prior to dosing with this drug 
each sheep received 10 c.c. of a 2 per cent . copper sulphate solution. 
Th ese sh eep '" er e dosed during the l ate afternoon direct hom t he 
veld ; during the evening it " ·as n oticed that some of t he sheep in 
the group which ha d r eceived t he larger dose were slightly bloated 
and a trocar ha cl to be used on one ; the sheep in t h e other grou p 
showed n o signs of bloating , althougi1, after dosing, both groups 
became somewhat giddy and sluggish. N ext morning, however, all 
t he sh eep were again normal. Two of the sheep hom each group 
were now slaughterecl , 13 hours after dosing, with the following 
results . 

'l' AnLE VIII. 

Worms at post mortem . 
Drug. Amount. 

Gaiger ia . I H.c. 
I 

Tr. 
I 

o.c. 

c2c1. ;) c.c. \ fany Numerous Numerous Numerous 

" " " " " " 
" 

10 c.c. -- - - · .. 
" 

., -- -- -
" 

'l'he two sheep which had r e1:eived the larger flose showed no 
hookworms in the small intestine. Among the faeces of the large 
intestine, however , numerous dead hookworms were found. The 
other two sh eep sho,yefl no deacl hookworms in their faeces . 

The a boYe ex peri men t confirm ed th e r esults obtai ned at the 
laboratory (vide Table V ), namely that a dose of 5 c.c. C2 Cl,. was 
not suffi cient to r emove t he hoobYorms, " ·h ereas t h at of 10 e.e . was 
very effectiYe. A large number of sh eep " ·as used in this experiment 
iu order to see whether blonting was generally associated with t he 
administration of the drug, anrl if so wheth er i t harl to be considered 
a serious r eason against its use . From the above r esult the wri ters 
are indine1l to the Yiew that sh eep aftEw adeq uate fl osing shoulrl be 
caref ully "-;~tch e rl during the ensuing few hours anrl a ny sheep ;:;how­
ing marked bloating ;;hould he r elieved: notwithstanding this clra" ·­
back , i t is felt that, "-ith careful handling·, 'l'etrachlOl'etylene is a 
relatively safe rhug for use, e;.;peciall:v for the reason t h r1t sinC'e per­
forming· t h e aboYe test, a large mn nlwr of doses haYe lweu arlmini­
ster ecl at the l aboratory to sheep of cli fferent ages, in poor nJl(l goorl 
condition, starYed and unst arYecl , \\'ater ecl and unwate1·ecl , with and 
without copper sulpha te solution , hut in not a single cnse was there 
any sign;; of hlnr1tin g. (See also rliscu ssion on toxicity of Tetra­
ethylene belo,Y .) 

For the next test thirt:;·-eight sheep similar to and from the same 
flock as those used in th e foregoing t est " -ere u sed. These had slept 
overni ght in a kmal acl jacent to the shee]/ used in th e foregoing test, 
and were dosed the next morning· after drenching with Copper sul­
phate solu tion . Ear-h sh eep r eceived 20 c.c . of a h alf-and-lull£ mix­
t ure of C2C1, ancl liu·ht minera l oil ; these sh eep "-er e then given free 
access to water , whi ch th ey did not t ake. and placed in a nearby 
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paddoc k with plenty of gTeen g r ass . l<'or a ±elY h o urs the~e sheep 
k ep t tog-et Iter ::1nd a ppear etl Yery d ro"·sy, but oth er11· i se no se riou" 
afte r-e:lfeds 11e re noted au<l by midday a ll 11·ere normal 81JU gra;~,iug-. 

'l'h is PX )lPr illl ent t hu s ten ded to s lto11· that sh eep 11·hic h ha ll hee11 
h ·a: tle<l OY PI"llip;ht and dosed HexL Jll o rning, \\"P i e less lii;Ply t o hlo:tt 
than th osP IY h i<·h had bel' n dosed during tl1e lat e aH ernoon dir r<- t 
h o nJ t hr Yel<l. 

Th e rPsul ts so far obtaim•d in the fiel<l n·it h :.\lr. ' l'h<>ophi l u~· 
s ltP<' fl 111 :1y lw s uJJllll:trisecl as fo ll01n;: -

I . Si:-.: :;p led<•<l ad u lt shet·p a nd hl·euty-fiye a d ult s tak<•n lt ap­
lw ;~, a r < ll,· sho 11·ecl bv fael":tl rxan1 inatio n t hai ilwy 11·en• hadlv infestPt! 
11·ith lw.okll·o rJJJ s : i.he probahilit .v 11 as th us tl1at i't ll ot t hr 11lwle :1d u l t 
Ho("k th Pn a \ Pry high persPIJLq .. n• of t h<>m 11·as infpst <·d. 

2. Al l t ltesP ,; heep 11en• :dso hPa,·il_l, iu fl'..;ted 11·it h 11"11<'-. 
Jl O<lubr- a nd trichm;trongyle 11·o rm s. 

:{. or Pight sh ePp ll·h id l hnd r el"eiYeLl 10 (; .(; . U2C'l,j fi.y e lw d Ul\ 
pos t-J lJod PnJ lost all th Pi r hooh,·o rnb. 1Yi r e11·orms :1 nd t ri< ·hostrong:y lP 
worn1s. TltP re nw i n ing t h ree sti ll had a ll tlwse 11·on ns. J\ ll Pig lJ! 
::>tilllwd lll!JlJ<•roll s noJ ula r "·o n u s . 

4. Of tiYo s heep 1dtich h acl recei Yed :) c·. r . C' 2 Cl 1 both on post­
morte JlJ still c:Jnie<l a he:ny infedion of all t hP a lJOYPnantecl IYO J"J l l~. 

,-1. U ap pL·a r~ ~a fer to clo,;e- t he ,;h N•p in the Jllo rnin g- :1ft <•r h:11· in .~ 
heP n kraa ]pr] oYe rnig-h t . 

(i . ,\ s t he • sh Pe p " ·h ic·h hac! h1•<·u me <·ur<'<l of hoo k11·orm s hacl lost 
tlwir c • Jd in~ \\·orJJJ lJllrcl<' JJ s of t he :lhO Jll <l s llJ\1 an cl s nJ:tll intL•.-;ti nP, <t n cl 
:IS (li P IIO II-l" ll i Pc"J apj> L:' <Il"Pd to h:ll"l-' J"Pta iJl!'(] :1ll t il PS< ' , it aJlJlt'<II"S )ig·i i i­
lll<Jt P to <·one-luci e that t hr PHPc·t.iYPDPSI> of 'l'e t rac ·hlo J<•t hy lenP is 
almo,;t <' JJt irPI _, clqH··ncl Pn t o Jt 11·hPih er i t reac:hes tl1 P :Jho nJ a s1JJJJ direc·t 
or not . Thi s l"OIJ <" lusion is SlJbsi n nti a te<l b,· the results obtain<'tl bY 
t lH• clo~ in g· of t hi s chug- 11·i tho ui pn ·Yio u:'; ~lrenchi ng- IYil h :1 Copp<;J. 
s ul ph ate> solu tio n . 1d w rP tlw pffpc·tiYP11f'S,; of th is <lrug- w:1~ ,;ho11·11 
to hp n• ry lm1·. 

As it hrul no 11· hPf' n sho11·Jl tha t T c·tnH·hlo rpt !Jylc•np 11·:1s :1 n·n· 
PffPl"ti YP :1 n t hPln1 in tir for thf' h ·patnwut of Gai_qet,;l h ook1Y0nn, pro­
,·icl P<l it ir-; rlosP<l rl i rPd i n to t lw ahom ns11 m , i t \Yas clecirlecl (o doH' 
tlw 11·holr floek , in ha tclH•o; of :JI10 u t h1·o h11nrh Prl <'l·ery llJOl'niJJg-. 
E a d allul t s hPep wa ~ to rPce iw th e full <lose, i .P. ]() <'.<·. (; 2 Cl .1 + 10 
c·.c ·. nPutTal JlliJJ PI'al oil. ' l'h P <lo,.; illg" h rul to lw 1·epe>:li e<l three hn1rs 
:1t int·f' n :tl s of 10 t o 1 -~ (b ~·s, :md 10 <lay,; afiPr P:lc ·h clo"ing- :-10 or 
JJJ oJ·p hec·Ps s: \lllples lw cl to lw b kpn ho J\1 the n •r-i l!JJJ ho n1 a simi l:n 
nuJn be r of sh ePp ta kPn fro m the flock at l";lJHlom : th PsP f:tec·c-':; to hP 
PX< IIll i JJ Pcl mis<·Tsc·Ojli l":il lY h1· t h C' egg- rPnirifu.Q·<· flot:dion nwth o<l 
fo r t lw prPSP I!C"P o r :dlsP nc ·p of h ook1nln n Pggs . I t was f'Onsirlererl 
tha t ,; 11l"h :1 p rol" Pd u rE' 11·oulcl g·iYP a •!·no<l in rl ir-ation of thE' progTPs,; 
of t lw <· u n~ or o tlJ PJ"II·i ,;p in th P ''"h o1 p fi or·k afte r onP. t 11·o or t hrP<~ 
h<•ab1J<'ll t~. As h,·en t_,·-fiyp sh <'PP takE'n at ra nd om h acl alrPrHl _, . 
. ..;lumJl to l:P all in fec·terl wit h hookll"mllls an d ot-l JPl" stroug-yloid 
11·o rm s. i t ap pPa re <~ l eg- iti m atE' to as~ u111 e t hat p rio r to hrahnent· all. 
or a Yer _v hig·h perc-en tage of t lw slwPp, werE' in fer·terl " ·i th botlt 
honkn·or m s and ot lwr s tron g~· lo i <l s. 
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The do:siug- of t he first n inety ~Sheep on t he first day wa" done 
p ersona lly ann it was arranged that the owner should continue the 
first dosing and also carry out the r equired second and third treat­
m ent s. T h e collection of t h e faeces was also clone under the super­
vision of t h e owner , wh en 25 to 30 gram s from each sh eep were 
placed in a su itable t ube in 10 per cent. formal in and ;;eut to the 
la bola tory for furth er ex ami u a tion . A s the sheep fro Ill which the 
,.;ampl et> ''"er e taken weTe on each occasion taken at Tandom it is 
p oi:>s ible that sa mples from the sam e s heep may haYe l1een t:ollecterl 
on more tha n on e occasion; the cbant;es . howeYer , m·e that on eac·h 
occas ion th e ~ h eep were clifferen t, or at least th e gTea ter num her of 
t hem \Yer e . 

'l' he 1·esults afte1· these trea tm ents ma,v b e summarisecl as follo \YS: 

A .ftrr l si trea fm.ent of 54 sa mples taken* :-

2;l ! 42 · () [lf'r c-ent.) \Yere free of h oohYorm egg,; ( - ). 
FJ (27· S pp1· c-e nt. ) ""Pl e j nst po,.;itiYe for hookworm f'g·gs (t) . 

:) (:) ·:) JWr ee nt.) had a lig l1t infectio n of hookworws (tt) . 
!) ( l(i · (i per c·ent. ) h arl a fa ir in efdion of hookworlll s (t tt). 
4 (1·4 pe r !'ell t . ) hncl a good infed iou of bookwm·n 1~ (tttt). 

ln adll it iou all the sh eep sho,Yed the presen e:e of a considerable 
nullllJP r ·Of ot her nem atode eggs (ttt to ++tt). 

Aftrr 2nrl trrntlllt'nf of :)0 :'alll ]Jles taken h olll the whole flock:-

~l8 (7 () p er c·Pnt. ) \\·er e free of hoolnYonu eggs ( - ). 
:J (G per t;ent. ) \\' f' l'e ju st pohitin~ for h ook"·o1·m eggs (t). 
fi (10 per c·eJlt.) hat1 a li gh t infedion of hoolnYorms (tt). 
2 (4 Jl f' l l'eu t. ) h a cl a fa ir iHfedion of hookworm s (ttt). 
2 (4 per ('ent . ) h :ul a goorl infec ti on of hoobYorms (tttt). 

'With regard to oth er h elmiuths these ~amples showed that: ­

l() (:32 p er ('ent .) " ·ere fr ee of all l1elm inth Pggs ( - ) . 
0 (10 perc ent. ) ,,-ere ju,;t positi,·e for h elminth eggs (t). 

l() (:3.2 per (' f' ll t. ) shmYe1l a li ght h ebninth infect ion (tt) . 
(i ( 12 pe1· ('f' n t. ) sh m, ed a fair helminth infec.tion (tt t). 
7 (1 4 ]'Pl' r· e11 t .) showed a good helminth infection (ttt t) . 

A .ftl'r th e :)nl tn•td m ent of 54 san1ples taken h om the whole flock: ­

,-l4 (.1 00 ]W l' C'e nt .) \\ ere frpe of h ookworm eggs ( - ). 
4:) (S0· :j per t·ent .) \\·ere free of nll l!ellllinth eggs ( - ) . 

4 (7 ·4 pe r cent. ) \YPJP just positiw for h elminth eggs (t). 
8 C>··-> p er r·eni .) sh o,nd n light h elminth infedion (tt). 
2 (8· 7 per l'e nt. ) st ill h ntl n fa ir h elmi nth infedion (ttt). 

(*These sam ples \H' r e taken nt random from t he 90 sheep dosed person­
a lly.) 
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J•'or pnwtical puqJo~e::; lYe ean consider iltat the sh eep 11·lJidt 
a re jus t po:;iti,·e fm hook 11·onn~ (i .e. hom 20 w JU gntuts of IYho,;e 
fae (·p:-; afte r sediJJI('Jtta liou and centrifugmg nol lllot·e than lU egg,.; 
are seen iu -± to :j (h ops frolll the top of t.be centrifuge liquid) are 
a lso ll (TPr1, <I S t he fe11· worm:; ,,·h il'h t.hey contai n 11·ould not p1odul'P 
;t ny dinical sy ni] Jtoms. \Y e ltaYe th en u p ercentage of sheep cured 
of h oohYorn ts of 10 ·-J. ver t· enl. after the firs[ treatment , 82 after the 
seco nd t rea t 1ne nt anr1 IOU a fte r the t.hird trPatment.; in addition \\' e 
find a percf' n tage t·tJrP front oth er hPlmint.hs of -±2 aft.Pr t hf' :;el'ond 
t rea tment a 1Hl !JO·I after t.he tl1iTd trcatlllenl. J f thPse figures, 
''"hi c it sLtti stic;tll_y ar e hi gh ly sigJJificant, are indicative of t ht> 
floc k, th en th (• e lti('a cy of '-L'ehn chloretbylene, dosed imme(liatPly 
;cfter the adntiJJi,.;tr;ttion o r a 2 p r r cPnt. sol utimt of Coppl' l' s ulph<il e, 
is >e ry sati sfnctor.1·. (J•'ig.) In ;1dclit io 11 llw margin of safPt.\· is w r.\' 
hi gh, as SO ll ie I ,40(1 closes 1\'l:' l'l' <Himini::; lPJ 'E' cl wd,h only 7 dP;tt hs , all 
of , ,·hich \YPJ'e al'id ental <111(1 due• to thP tlin•L:i result of the Jl<l:isagP 
of e illter t l1P C'oppPr s ulp hat e so lut ion or T etrachlorethylPne 1lirP!'t 
i nt o t h e lun gs . Jt is t rue thaL b loat ing 11·us often a sequel of dosi ng, 
hut 11-h ('ll til e ,.; h f' l']l arE' tl os1'd in tliP IIJ Orn ing·, ;Jflto r lt;n·ing h t'l' n 
kr :wll'tl oVE'l'lli;.dll , tlii ~ l'P<tl'iion i ~ n ot sr ri ous: lJesi(l Ps it is (louhtfnl 
,,·hf't hE' r t. hi :-; h loat in g t·a n lw l'on~illnPd to hr a g·E' JI ('rnl sPq uel -of 
'I'PtnH· hloret hy ]('II P acl nJi ni str;llion: it is possible tli ;ll some ingre­
tliE'nt in the fc·pfl in t.h is pa rtit· uLH <U'Pil is a prrcli~pos ing l'au:-;e , 
JWrh ;tps Yf' rm E'rrhossie (G'eiqeun ~pp . ) \\'bi t·h is Yer~· plPntifnl in 
tl1iH area . 

In onler tha t th PsE' lt ighl.\· ~ignificnnt rE';; ul ts !'nulrl I1P confirmed or 
not th e heat E' cl ,.; llP( 'jl \l'f'l'P pe l '/'iOll<tll~- P:S;t minE' rl ~:) 1hys uftpr th e last 
rl o,:;i ng anll ,-10 fa e(·(•s ,.;a mplE's II'E' I'P ag·;1i n tai;E'n fro n1 diffe rPnt shrPp. 
'l'h E' imprOYPll JPnt in th E' g enE'rn·l r·onclit ion of the treate1l E'\l' l'~ was 
st r il; in g: "·lJE' l' P <J ~ prior t o hPah tJ Pilt t l1 e.1· \I'E'J'P a ll Yc ry thin, " ·rak 
ancl anaPmil' , th eY "·erP no11· in a YC'r1· p;ootl and st ron g· l·onrli tio n. 
Only t h ree slt PPJl i n thP ,,·holP filll' k ,,·prf' still poor, a11tl one of these, 
th e o nl~- one in t llP fl m·k, shrnn, rl din ira l ~Ymptoms of yennino~i~ 
(<l ll <ll'll1ia ;t nrl S\l'(lllPn ja11·). 1\ p ost-modPm of 11i is shPt'll shm1·prl 
ahmli :) (1 ll ook,,·orJJ is anrl a p;ood n1llnhr r of IYirE'\Y t>Jil l.~ ;tnrl n nrh1 lar 
\I"OJ·JJJ S. F<l! 'l'(-'~ hmn t.hE' ot hPr t 11·o slt m,·f•tl no lH10b1·onn f'gg·s on 
f'Xa lllinati on, hut !1oth sti ll h;1d ;1 li g·ht inf(•l'lio n 11itl1 ot hr·r \\'O J'JII S. 
'l'hP ,-J() ~an tpl r-· .~ - LikE'n at ntn tlom . indurle<l far•r·ps hon1 tl1 esP ihrPP 
shrP p, ;t 11 1l on I'X<tlllinat ion t h1• fnllo11·in g rPsults ,,·prf' ohi<tinrrl: -

47 (04 p t> r !'Pll t .) frl' E' of hook"-m·ms ( - ) . 

(2 Jl<-'1' l'eJil. ) jnst positi ,·e f.n r h oohYorms (t). 

2 (4 pE'r ('ent .) b i1· infe(·t ion ,,·itli hookll'()l'lll :' (ttt). 

27 (--J4 per 1·eDt .) ht>P of all oth Pr ,,·onns ( - ). 

·trJ (:10 p E' r 1·t> nt.) ha1l ;1 n•ry li .cdli infpt·tion ,,·ith otl1E'r 
\\' 01'111 ~ (t) . 

4 ~8 ]Wr l'ent.) h arl a l ip;hi in fection (tt ) . 

:2 (4 Jlf'l' 1·t> nt. ) had a fair in fpt·tinn with oth r r wonns (t tt). 

2 (4 JlE'l' (:ent. ) h arl n g-ooll in fE>dion 11·itl1 nthPr wonns (ttt t). 
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A 
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B 

GAIGE RI A 
c D 

OTHE R HELMI NTHS 
3 4 5 

EXPLANATIO!<S 

Clear = Free(-) 

St ippled - Just Positive (+ ) 

Black ~ Posit ive (++ to ++++) 

A - Before Treatment 

B "" After 1st Treatment 

C = 2nd 

D = 3rd 

E ..... Untreated Control Lamb$ 

1 = Before Treatment 

2 - After 1st Treatment 

3 = 2nd 

4 = 3rd 

5 "' 25 days after 3rd Treatment 

6 = Untreated Control Lam~$ 

F ig. 1. Columns sho"·ing worm burde~1 (Gaig eria and other Helminths) of 
flock befor e and afte r t reatments with Tetrachlorethyle ne. 
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From t hese r esults it \Yill be seen that \Ybereas in the previous 
faeces samples ta ken 10 llays after the th ird llosing- all were free of 
h ookworms in t h ese latter , t aken 25 days atfer t h e last rlosing t h ree 
showed h oobnn·n15 eggs This is not due t o re infection as it takes 
abou t 10 \Yeeks for t hese hook\\ orms to attain t h e egg laying stage 
i n th e host; tll e only explanation is t hat these sh eep were infected 
prior to trea tmen t :u Hl that as far as t hey were coneernecl the treat­
m en t was not snceessful , in that t he drug was, at l east in bYo of 
t hem, n ot swallo,Yecl direct into the abomasum. That t h e previou ~ 
;;amples \Yere all uegati Ye " ·as simply a matter of chanee, as the 
sh eep fro m whi('h th ey " ·ere taken were not seleeteJ . Taking the 
cmubinerl r es ult s o f t hPse i\Yo faecal examin ations \\'e still obtain 
very sign ifican t 1es ults, namely out of 104 samples there are 101 
fr ee of hoolnYorms, and only ~) still it1fected , a p ercentage absolute 
cure of just over 97, "·hid 1 iii Yer y sati,;factory. 

That th e loss of infection \\' t1::; not clue to a natural loss of the 
h oo lnym·ms is sh o\\·n by about one hundred l ambs which were run­
ning \Yit li t he e\Yes; faeca l exam in n tions of teu of them sho,Yed that 
seven of t hem h arbou reu a lig ht h ook\\·orm infect-ion al th e time the 
last faecPs samples were tnken from the treated e\\es. It may thus 
j ustly be condudecl th at th ese L1 tter sam ples fully confirm the 
r esults of t hose t aken pr eviously; this vie"· is a lso supported by post­
m ortem exaini.nation s done by the O\Yner on four sheep "·hich had 
a i eel as a result of en ting venneerbossie ( Gri.r;en:a sp.) a fe"· days 
after the taking of th e thircl batch of faeces samples; in these sh eep 
t h ere " ·ere n o h ook\\·orms ; neither were there any \Tire\vorms or 
t richostrongyles ; three of tl1 e sh eep " ·ere also free of noclular "·orm ~ 
anrl on e h ad ver y few. 

As fa r a s t h e other '"·Orms are concerned, the results obtain ell 
hom an examination of this last lot of faeces is a lso Yery striking· 
and supports t he preYious results. It is true that the inf~station i ~ 
110\\' high er (04 1;er l:eut. frpe as a !_!·a inst S1 per ee nt . free) bui ihe in­
t en s ity is not ver y lllU(' h gren t er and can lJ? ,·e r:v Pnsily P:s:plainecl 
as d ue to r ein fedion; the periorl of .25 clays since th e lnst closing 
is quite su fficien t fo r '" ire"·{ll'JJIS ancl triclwstrongyles t o infect shPep 
and attni.n th e egg-laying- stage. The intensity of infestation with 
these " ·orm s is . h owever , ver.v mueh lo\\·er than that in the on<-' 
hund1 ecl la lllbs running with t h e e\\es or in <1 floek of about three 
lnmclrell ancl fi fty lnmhs \Yeanecl iiOme f01n month s pre'.-irmsly ancl 
runnin g ~>eparntely. As t hi" in feeti.on was a mixe:l one, consisting 
of " ·i r e\\·o rms, 1ric1wstron gyl es aml nodular worm s, ancl as t he ewes 
harhoured all these worms to a very m arked ext ent prior to dosing, 
we are fcn·c·Nl t o th e con ch1 sion th at t heir dimunition is duP to the 
dosi ng '" i th Tetra chloret hy len e . 

That this clrug h as " toxie effed Oil hookworms, wirp"·orms ann 
trirhostrongyloids is very easily nppreciated, beeause, when closed 
llired ini·o the nhomasnm, t he clrug imm Pcl iately or Yery soon comes 
i.nto contact with t h ese h elminths in a Yerv concentrnted condition 
nncl its adion is th en Yery quiek; in h~·o sh ee11 post-mortemed 
thir t een hours nfter closin g', no '"orm ;; were fouurl in the abomasum 
or sn~all intestine, but numerous h ookworms were p resen t in th e 
la rge intestin e up to th e anus; in ninety slwep , whose droppinp:s 
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were examined four hours after Llosing, a number were already 
passillg dead hookworms. In l10th eases no search was made for 
\YireiYorms or hichostrongy les. ltii 1·ol e, bo1Yever, in the expu ls ion 
of the nodular worms is not so d ear, and i ts effects on these worms 
beeame apparellL only after iJJe seeoull and thinl dosings; it is 
possible tha t after the initia l rem.oval of the hookworms, "ire\l·onns 
and triehostrougyles, the balan ce between the nodular \I"·Orllls au<l 
their host became di;;hnbed 11·ith the resul t that the worms were 
natura lly go Tid of. Dur iJtg the "·hole eourse of treatment no 
scouring of the sl1 eep " ·as noticed which IYould naturally tend to rid 
the sheep of a porhon of its nodular worms. 

\Yhile these expel i lll en( ,; IH ' I"l' b eing· carried out, more cletaile<l 
information bernme aYailable ITi th reganl to stimulation of the 
oesoph cig-enl r eflex aml, in YieiY of the fact that it appeared necessary 
t o u~e 10 p er cen t. CnSO. for satisfactory sbmulation in full -gro\l·u, 
poor-conrl itioned sheep, t ests with 5 c .c . and 7 · 5 c.c. Tetra.chlor­
ethylene ,,·ere again started on thi t:> basis. The followin g sh eep IYere 
<l osecl " ·ith a tuixture of equal qu:mtities of the drugs a nd liquid 
paraffin, after :1 preliminary close of 2·5 c.c. 10 per cent. CuSO •. 

Dose of 
c,c1 •. 

5 c.c. 

., 
7 ·5 c.c. 

Eggs at 
t reatment. 

t 
t 
t 
t 

Ht 
H 
tt 
tt 
tt 
tH 
tt 
t t 
tt 

Eggs 
14 days 

after 
t-reatment. 

t 

t+ 
t 

l<'rom these resu lts it is seen that six out of nine sheep " ·ere 
freed of Gaigeria infestation by a single treatment "·ith 5 c.c. of 
the drug, while hYo out of fonr were eleaned with 7 ·5 c.c. It 
therefore appears to be rl esira hle to eontinu e investigations in i his 
rliredio n in order to Ter1u ee th e rosts and risks of this treatment . 

THE ToxiCI T Y OF TETRACHLORETHYLENE. 

T ufonnn tion on the t oxicity of this drug f.or sheep is urgently 
requirecl. 1' h e experimen ts reported ahoYe and the experiE'nce of 
farmers haYe ,;hown that the drug· has two properties which are 
obYinnsb · undesirable . In the fir fi t pla ce the drug is volatile anrl, 
even when given in minera l oil as a vehicle, sheep are very liable 
to cou g·h nnrl r·hoke 11·h en t h e ndministration is not carried out ~Yith 
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gTeat care. Se<.:ondly, absorption hom the ;;mall intestine takes 
place 1·ery rap i<.lly, since the sheep sho1Y signs of giddiness within 
a fmy minutPs of treatmen t, even if they have swallo1Yed the mixture 
tiU tidadortly, and t he drug can be smel t in their ln·eaih. 

The first <liffi culty cannot be obviated by a<.huinistering the 
drug in :1 capsule, sin<.:e i l would then no t be s11·allo11·ed into the 
abomasum. Consequen tly attempts were made to fiud a better 
Yehicle. S ndt a Yehide shou l<l comply 11·ith the follo1Ying 
1·equisites : (1) It should bind t he drug in such a 11·ay that no fumes 
escape at th e momen t of arlministratiou ; (2) ii should be ina etiYe 
itself and should not be absorbed hom the abomasum or intestine; 
(3) i t should r educe absorption of the drug IYithout binding the latter 
in su('h a w::~y that it he<.:om eo> less effectiYe agai11st the parasites . 
(It is known that some vehicles may enter into sueh a dose combina­
tion, e.g. solution , with anthelmint hics that the efficaey of the latter 
is reduced .) 'L'his thinl requisite is the most difficult lo satisfy, but 
it would be wol'th 11·hile to investigate in this direetiou, since 'retra­
chloreth,ylene may become a satisf::letory ani hellllinthi c for eoso­
phagostomes also if success could be achieved. 

A t fi rst a series of heavy mineral oils, right up to vaseline, 
wer e tried aud t he h eavy oils did to some extent satisfy points 1 and 
2, but not 3, althoug-h e:fficaey 11·as not redueed . 

Ii was t hen found that Tetrachlorethvlene (abo Carbon tetra­
chloride) could easily be eutulsifiecl in the f~llowing "·ay: 'L'o 25 c .<'. 
of an aqueous solution of 7 · 7 g m . soil soap add successive small 
L!uan t i ties of a mix tlll'e l'ontaining 07 ·0 e.c. 'J'p(raddoret hylene aucl 
07 · 5 c .c . liquid paraffin , 11·hile shaking vi gorou sl:Y. 'L'h e emulsion 
obta ined r esembles thick cremn and can he d ilu te<l 11 ii.h half : 1 

volume of soft water. It will be seen that 40 c.l' . of tht> dilut ed 
emulsion contains 10 c.c. T etrachlorethylene. T hi :o; emulsion can he 
administer ed without t h e slightest risk of coughing or choking on 
ar.count of fumes, because t hese are not given off. This sntisfi es 
point 1 complet ely. The elll ul sion is, ho1Yever, broken b~· th e ariel 
in the abomasum anrl does therefore not h ave any f urther a clvautage. 
The sh eep treated with :) <·.e. an<l 7 ·f) c .c. Tetn1c·hlorethy lene. 
reported on iu the last test mention ecl above, were d·ose<l 11·ith this 
emulsion. Also in oth er case:; it " ·as found th::~t tlt e efficacy of tlw 
emulsion I S q nite satisfactory. · 

Continuing investigations in this direction it \Yas foun<l thai 
enllllsions could be mad e wi th gum arabi c using various proportions 
of the dn1g and min e r::~l oil , e.g . g·n m arabi(' q g m ., 11·ai·er to 50 c.c. 
C, (;I_, 50 e .c. , liqnirl paraffin 2-5 c .c . Sltl'h au emulsion is not b1·oken 
b~· ar iel anrl apparen th · pns,;es t hnmg-h the abomasum. On rPaelJiug­
t he small intestin e it is, ho" ·e\·er, eYen more rapiclb· ::~hsmbecl than 
a solution of t lw clrug in miner al oil , causing llWl'e ~en•re s.Yntptom~ 
of g-iddiness. H has, ho\YeYer, the aclYantage that it 1':111 be 1nixe<l 
IYitlt solution,; of magn esium ;mlphate or tannic al·ill , whi ch woul(l 
t end to <lecrease absorption . And ind eed it was fmm rl that such 
l'Ombination s appeared to satisfy the requirements enumerated abo \·e, 
except th at the efficacy against Gaigen·a appeared to he gTe::~ tly 
recluce<l . . 

414 



R . J . ORTL EPP AND H. 0 . MONNIG. 

It was furth er found that the addition of a small quantity of 
alkali (NaOH or N aHC03 ) to the gum arabic emulsion len to the 
rapid ilevelopmen t of tympanitis in a fair proportion of t he sheep, 
smne dying as a result. 

Returning to the soap emulsion it was found possible to aclJ 
eroton oil to the undiluted emulsion and then diluting as before . 
Sheep dosed ·with this prepar a tion showed very little giddiness, the 
majorit:y r emaining C}uite normal after treatment. Doses of 1 and 
2 c.c. croton oil were used. A treatment carried out on sheep in­
fested \Yith Gaige·ria, using an emulsion as· described above and 
containing in each dose 10 c .c. C2 Cl,, and 1 e.c. croton oil gave the 
following result : -

Sheep. 

1 ... . . . ..•..... . .. .. ... . .. .. .. . . . .. . 
2 ... . . . . . .....•... .. ... . . .. .. . • . . . . . 
:l .... .. . . .. ... . .... . .... . .. . .. . .... . 
4 . . .. .... . ......... . . . .. . . . . . . . . . . . . 
5 . . . . ... . . . .. . . .... . ... . . .. ... ..... . 
6 ... . . .. . .... . . . .. ... .. . . . ... . . . . . . . 

I Gaigcria a nd 

I 

faeces passed 
in two days 

after treatment. 

3 S x N* 
:?8 S x ~ 
:.'1 S x N 

S x N 
20 N 
16 N 

* S = soft. N = normal. 

Eggs a t 
treatment. 

H 
tttt 
ttt 
tt 

tttt 
tt 

Eggs 14 days 
later. 

+ 

In tests on sh eep infested with Oesophagostomum colwnbianum 
it seemed as if the efficacy was greater than that of a n ordinary 
solution of T etrachlorethylene and mineral oil. 

Th e a boYe n re only preliminary records of the work done in 
1:onnection with th e l'tndesirable effects of Tetrachlorethylene and 
the investigat ions will he continued. 

Su~DfARY . 

l. Doses of 3, 4, 5 , 6, 10 and 15 c.c. of pure 'f etrachlorethylene 
per sheep are not efficient for the r emoval of the hookworm­
G . ]Ja chyscelis. 

2 . Doses of 3, 4 , 5 and (i e.c. pure Carbon tetrachloride nre not 
efficient for t llf' r emoval of the hoohYorm- G. pachyscelis. 

3. A close of 8 c.e. of a half-and-hal£ mixture of 'fetrachlor­
ethy lene and Carbon tetr achloride is not efficient for the removal of 
the hookworm- G. zJachyscelis . 

4. Doses of 1, 3 and 5 c.c. of Siafford Allen's Extract of Pvre­
thrum M: .225 had no effect m the removal of hookworm- G. pa~hy­
celis. 
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5. \Vhen dosed i nto t he abomasum afte r administer ing 10 c.c . 
of a 2 per cen t. Copper sulphate solution, 6 c .c. o£ Tetrachlor ethy­
lene in mineral oil \\·as ineffectiYe whilst 10 c .c. was very effective 
for r emon tl of t he h oolnH>rm- G. zmchycelis . 

After 2· 5 e.c. of JU per !'en t. Copper ,;ulphate a clo~e of :) c .c. 
was fairly effectiYe . 

(). n -Butyl chlordie iu 10 c.c . doHes was only partially effectiv<> 
Jm· the rem ond of the lioob Hmu- G pachyscelis- when dosed flftPr 
Copper sulphate ,;olution . 

7. In a Hoek of s heep badly infested 'vith this hoolnYorm and 
<tbo 11·ith \l·i r e\vorms, trichostrongyles and nodular \Vorms 10 c.c. 
pure '1\~tra chlorethylene i n an equal volume of liquid par a ffin achni­
nister ecl three times immediat ely after drenching with 10 c.e . of 
2 per cen t. CuSO., solu t ion at interYflls of 10 to 14 days \VflS very 
effectivP for the re lll oval , directly or indirectly , of all these 11·orms, 
giving a pereentage eu re of 97 fo r hoobvorms anll 83 for :1 ll thP 
oth er \l·orms. 

~. The undesir fl l1le f'ffeds of 'l'eirachloreth :ylen e rluring admi ni­
stratio u, i .e . coughing aucl !'hoking , ! ' flll lw over eome hy u;;m g- a 
soap f' lllnlsion of the drug. 

9 . Experiments ear!:iecl out with a vJ.e\1' to oven·ommg- th P 
rapid absorption of the drug from thf' a l imentn r~- h ad a n1l i ts 
sequelae , i. e . girlrliness ::m el r educed efficn r )·, an' rlesn ihe1l . 
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