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Some Experiments on the Drug Treatment 
of Trypanosomiasis. 

By 1V. H. ANDREWS, B.Sc., M.R.C.V.S. 

These experiments were commenced in the year 1910 by Dr. H. 
~ieber, and were continued in 1911 by W. H. Andrews. 

During 1912 further experiments in " combined treatment" have 
been undertaken by W. H. Andrews in coll~boration wit.h Dr. "\VoHel, 
of German East Africa, and Mr. van Haes, of the BelgIan Congo. 

Species of the Trypanosome concenwd.-In all cases the 
trypanosomes concerned were of the T. congolense type (or T. pecorum 
of Bruce), but in the earlier experiments a number of different strains 
,vere used, including one obtained from Hartley, S. Rhodesia, and 
several strains from different localities in Portuguese East Africa. 

The later experiments all refer to the "Guara-Guara" strain 
sent from Portuguese East Africa in :May, 1910, by Mr. W. Jowett, 
and described by him in the Journal of Comparative Pathology and 
Therapeutics for September, 1910. 

With regard to Jowett's description, it may be remarked that the 
strain in the Onderstepoort laboratory was obtained from an inocu­
lated guinea pig, and that only the small form, without a free 
flagellum, was observed. 

In August, 1911, the original strain was lost, and had to be re­
covered from a heifer when dying from a relapse after treatment with 
Arsenophenylglycin. 

In subsequent experiments the strain used was, therefore, one 
which had been resistant to arsenophenylglycin in one passage. 

It may be mentioned that in recent outbreaks of trypanosomiasis 
in Zululand and N'gamiland (Bechuanaland Protectorate) the 
trypanosomes have also been of the T.congolense type, and indis­
tinguishable morphologically one from the other, a.nd from the strains 
a bove-mentioned. 

Virulence of the TrYIJanosomes.-N 0 significant differences with 
rega~d to the lethality for the various species of domesticated animals, 
and to the duration of infection and incubative period, were noted in 
the several strains of trypanosomes utilised. 

l! orses and 1TI/ules were largely used in the earlier experiments, 
and In them the trypanosomes were generally first been in the peri­
pheral blood a bout 21 ~ays after inoculation, the period varying 
between 15 and 30 days; In one case they were not recorded until the 
forty-first day. 
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A small number of these horses and mules, which were subjected 
to treatment varying in the different cases, died from 2 to 5 months 
after inoculation, and in a considerable number of cases the animais 
were killed, after the lapse of several months, on account of emacia­
tion and debility, but this debilitated condition could not in all cases 
be attributed Antirely to the trypanosome infection. 

On the other hand, some animals appeared to be surviving for 
~'ery ~ong perio.ds without showing any signs of serious ill-health, and 
In thIS connectIOn the case of one animal (Mule 5,338) may be quoted 

The mule was injected with the Guara-Guara strain (from a 
sheep) on the 25th January, 1911, and trypanosomes were found in 
the peripheral blood on the 9th February, the 15th day. 

The mule ,vas not treated, but was kept as a control animal. 
On the 12th August, nearly 7 months aIter infection, the animal 

was in rather poor condition, although otherwise appearing to be in 
good health, but inoculation of two sheep, each with eo c.c. of blood, 
gave positive evidence of trypanosome infection; the mule was killed 
three weeks later on account of limitations of space, all infected 
animals being kept in fly-proof stables. 

It would thus appear that the infection tends to run a very slow 
course in equines, although the majority of infected animals would 
ultimately succumb from anaemia. For this reason the later experi­
ments were made with sheep. 

Only two experiments were made with cattle, and in these the 
trypanosomes appeared in the blood 11 and 12 days respectively after 
inoculatlOn. Both animals were heated unsuccessfully with 
arsenophenylglycin, and death occured in 43 and 95 days respectively. 

'1'he strain (Guara-Guara) is apparently considerably more 
virulent for cattle than for horses and mules. 

A very considerable number of sheep were under observation, as, 
in addition to those used in experiments on specific methods of treat­
ment, there were those used to keep up the strains, the sheep being 
generally used by us for this purpose. 

In sheep, the hypanosomes appeared in the peripheral blood 
between 4 and 18 days (in one case :~4 days) after inoculation, the 
average period being 5-6 days. 

1'he duration of the disease varied within very wide limits; 
rather less than 50 % of infected sheep died within ~ne month of in­
oculation, the period exceptionally being as short as 7 days. 

In the other eases, the sheep survived for months, and, in about 
10 % of cases, even for a year. 

A number of dogs were iniected with the blood of infected ani­
mals, with the object, in most"" cases, of observing the effect of some 
previous treatment on the latter. 

In those dogs whieh beeame infected, the trypanosomes appeared 
in the peripheral blood in 9-17 days, and the animal died from 15 to 
36 days aIter inoculation. 
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In one case, however, a dog, injected with the hlood of a mule 
which had undergone drug treatment, showed trypanosomes only after 
a lapse of a1 days, and it survived for 51 days, when it was killed hy 
other dogs in the same kennel. 

rrhe results of inoculations from Mule 5, 3~~B (a control animal, in­
£ected with the Guara-Guara strain) are curious. A dog injected on 
the 139th day of the infection witb 100 C.c. of the mule's blood, did 
not contract the infection, whereas two sheep injected 60 days later 
vi'ith 20 c.c. and 40 c. e. respectively of the hlood, died from trypano­
somiasis in 36 and 50 days respectively (comp. Mule 5,145, treated 
with arsenophenylglycin, and :Mule 5,174, treated with X ovoflavin). 

rrhe prohlem of the drug treatment of trypanosomiasis in domesti­
cated animals differs from that of the treatment of Sleeping Sickness 
in man, in tliat the attention which may practicably he paid to in­
dividual cases is necessarily much more limited in the former case. 

A method of treatment, if it is to he of any practical importance 
in such a country as Rhodesia or :Mo(;amhique, must involve the per­
formance of only very few and simple operations, in order that it may 
he applied to a large number of patients within a reasonably short 
period, and that the assistance and equipment required may be cut 
down to a minimum. 

,Ve were, therefore, concerned chiefly with the effects of only a 
small numher of injections, and treatment was sometimes abandoned 
in cases which might possibly have recovered, had the treatment been 
continued for longer periods. 

On the other hand, it was recognised that the desired results could 
not be ,expected from anyone trypanocidal agent at present known, 
and that a comhination of two or more drugs was essential. 

In practically all cases the agents were injected, in dilute solu­
tion, into the jugular vein. 

Before giving the results of experiments with several eombina­
tjons of drugs, the following ohservations on the trypanocidal actions 
of certain individual agents may be reeorded. 



TABLE I.-TREATMENT WITH ARSENOPHENYLGLYCIN. 

Strain 
of 

Try! ana­
somes. 

Time ! ',I'ime of Interval Inoculations of Blood after Treatment. 
after DOile i du,appear- before 

Animal. Trypano- of drug 'I ance of re-appear- ----~\ --
somes employed. Trypano- ance in . Vol. 

~rst seen somAS from blood. Ammal. of blood 
1Il blood. I blood. \ 

Horse 43161 Hartley \ 21 days 10'06 gm.1 ~ame day 
Mule 3050 i ,Same day 0'057 " 

Horse 4018 

Mule 3900 

Horse 3883 

Mule 4D6D 

Horse ii0l6 

Mule ii14ii 

Horse 09711 
Helfer 1371 I 
Heifer 1372 
~hee 
Shee 
8hee 
Shee 
8hee 
Shee 
Shee 
Shee 
Shee 
Shee 
Shee 
Shee 
Shee 
Shee 

Guara­
Guara 

lYIassonzane 
Hartley 

Mass~hzane 

Zen'dova 
Hartley 

, 

" I Massonzane 
Zendoga 

I Hartley 
I 

1 day 10'06 
Same day 0'058 

7 days 0'06 
8 days 0'07 
8 days 0'057 
7 days 0'075 
7 days 0'075 
5 days 0'09 
2 days 0'067 
3 days 0'0616 
36 days 0'0617 
2 days 0'06 
4 days 0'06 
8 days 0'062 
3 days 0'06 
() days 0'06 

54 (lays 

Same day 17 days 
21 days 

" Hi'days 1 day later 
27 days 

,. Sam~ day 
21 days 

1 sheep 40 c.c. 

1 dog 10 C.c. 
21 days 

22'days 
1!'idays 

I Time r 

\ 

after I' Result. 
treatmAnt 

I 
I 
I 

i I 
I I 
' - I 
13m~thsl 

122 days I 

I i 

I I 

Result. 

Relapse 

Relapse 

Relapse 

Remarks. 

Died (debility) after 4~ months. 
Subjected to further treatment. 

'}Killed less :~an 5 months after 
inoculation. 

Died (Trypanosomiasis) 2 days 
after treatment. 

}
Killed (in fairly good health) 

after 8 months. 

Subjected to further treatment. 

I

-KiIfed in extremis, after 95-days. 
Died after 43 days 
Subjected to further treatment. 

Died (acciden'tal) after 15 months, 
Subjected to further treatment. 

Died (debilit-F) after 19 months. 
Subjected to further treatment. 

Further treat~ent, 15 days later. 
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It will be seen that 9 infected horses and mules were injected 
v;ith doses of arsenophenylglycin varying from 0.057 to 0.06 grm. per 
kilogramme of body weight, and that relapse followed in every case, 
but that of a horse which died two days after the injection was made. 
Trvpanosomes were actually seen in the peripheral blood, after treat­
m;nt, only in two instances, but in the other cases their presence was 
demonstrated by sub-inoculations into sheep or dogs, such inocula­
tions usually giving positive results 30-35 days after the treatment. 

It must also be mentioned that in :Mule 5,338, kept as a control 
animal, microscopic examination of the blood frequently gave nega­
tive results (and, on two occasions, inoculation of dogs). 

Ehrlich and his collaborators have fixed the maximal therapeutic 
dose of arsenophenylglycin for the horse at 0.05 gramme per kilo­
gramme of body weight. (Bulletin de l'Institut Pasteur, April,. 
1909.) 

It is, therefore, evident that the above doses, all of which proved 
to be insufficient, could not with safety be increased. 

Two cases deserve special attention; in the first place it should be 
noted that Mule 4,969 gave a positive result with a subinoculation of 
blood taken from the mule 35 days aIter treatment, but that similar 
inoculations, on the E)8th and 107th days respectively, proved nega­
tive. 

Secondly, :Mule 5145 gave negative results with sub-inoculations 
into dogs performed on the 50th and 90th days aiter treatment, al­
though in the latter case 100 C.c. of blood was injected; yet 79 days 
later 20 C.c. of blood was infective to sheep. 

In both cattle relapse followed treatment; the dose of 0.059 gm. 
per kilogramme, given in one case, was obviously insufficient, as the 
trypanosomes disappeared but slowly from the peripheral blood, while 
in the other case a dose of 0.074 gm. was ",Yell supported, and gave a 
more promising result. We were not able to make further experi­
ments with cattle, although such are perhaps very desirable, in that 
the losses in MOQambique are anparently most serious in bovines. 

The maximal therapeutic 40se of arsenophenylglycin for eattle 
should be determined more exactly. 

Of the sheep, eleven animals were treated with a single Jose of 
arsenophenylglyein, varying in different cases from 0.057 to 0.075 gm. 
per kilogramme of body weight; in each case there was a relapse, the 
trypanosomes in all cases reappearing in the peripheral hlood, and 
generally about 21 days after treatment (limits 15-27 days). 

One sheep (S. 1295) was given a dose of 0.06 gm. per kilo., and 
no relapse had occurred up to the 15th day, on which day further 
treatment was instituted. 

rrwo other sheep, which received doses of 0.09 and 0.0617 gms. 
respectively, appear to have been cured thereby; trypanosomes were 
never recorded in the peripheral blood, subsequent to treatment, and 
in ea_ch case a sub-inoculation gave a negative result. 

_ The favourable result obtained with Sheep 2777 might be as­
cribed to the size of the dose (0.09 gm.) of arsenophenylglycin em­
ployed, but this will not explain the case of Sheep 2260, in' which a 
.dose of only 0.0617 gm. was given. 
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In this connection it is or interest to note that in the case or 
Sheep 2621, in which the results are the least ravourable or those oh­
tained with sheep, a dose or 0.075 gm. was employed. 

With regard to the stage or the infection at the time treatment 
was undertaken, it will be seen that in different cases the injection was 
gi ven from a few hours to 36 days after trypanosomes were first seen 
In tne peripheral circulation, but that the results were not clearly 
affected by this ractor. 

2. NOVOFLAVliV.-See Table II. 

Six equines received each a dose or 0.01 gramme, and one mule 
was given 0.0098 gramme per kilogramme body weight. 

In three cases the animal treated was suffering from a relapse 
after treatment with arsenophenylglycin, and in these cases the try­
pansomes disa pp~ared rrom the peripheral blood and were not found 
again, the animals being killed on account of general debility about 
two months after the injection or N ovoflavin was given. 

In one of the four cases in which N ovoflavin was given to animals 
otherwise not treated, the animal was shown to be infected by sub­
inoculation or blood into sheep, on the 169th day after treatment. 

r:rhis animal (the mule wh-ich received only 0.0098 gm.) was 
killed six and a half months after treatment, although the general 
health was fairly good. 

In the other three cases the animals had to be killed on account 
,of general debility; this was done 11 days after the treatment in one 
case, and after 25 days in the other cases, and no relapse was observed. 

Eleven sheep were injected with a dose of rrom 0.009 to 0.013 
gramme of N ovoflavin per kilogramme, and in three cases the drug 
produced a fatal intoxication; in' two other instances the sheep died, 
12 and 15 days respectively after treatment, from an accidental com­
plication, pneumonia. 

In the remaining six cases, all or which had previously been 
treated unsuccessrully with arsenophylglycin, or with salvarsan, re­
lapses occurred, trypanosomes reappearing in the blood 13 to 29 days 
after treatment. 

In view of the fact ·that on several occasions a dose or 0.01 gm. 
per kilo. proved ratal, and that on 'cwo occasions a fatal intoxication 
was produced by a dose or 0.013 gm., it is evident that in the sheep 
the doses given approximated closely to the maximal therapeutic dose, 
and that they could not with sarety be increased. 

With equines also a dose ot 0.01 per kilo. on two occasions (out 
-Df 10) proved fatal, although a larger dose was given in two cases, 
without producing any serious effects. The dose or 0.01 gm. is there­
rore considered as the maximum dose ror equines. 

N ovoflavin is, thererore, to be classed, with several similar drugs, 
as a userul trypanocidal agent, which, however, in the majority or 
·cases, will rail completely to sterilise. 



TABLE II.-1REAT1HENT WITH N OVOFLAVIN. 

Animal. 
Strain of 
Trypano­

somes. 

Time after I I Time Interval Inoculations of Blood after Treatment. \ 
Trypa,nof:omes 'I Dose of I of disap- i befole I Result 

first seen the drug , pearance i re-a~- I Time I I of 
m the I employed. I from I pear'n I '\n' I Vol. of after Re- I tretttment. 

Remarks. 

blood. I blood. I t~ce d ' . Ima. blood. treat- suIt.! 
_____ ...;'---____ ---;.. ______ --;1__ ' 00 . ment. _____ _ 

Horse 4398 Guara-Guara 130 days " o· 01 gm. Same day 1 dog 10 C.c. III days :'\ 0 Relapseli Killed (poor condition) 11 days 
after treatment. 

Mule 4924 N'hongoOD... 31 days 40 C.c. I 10 days " " " 25th day 
Mule 4698 Massonzane I" " ,." I 11 " 11 

Mule 5174 Guara-Guam 33 days .. ' O· 00!J8 I. " ,,50 days - f Relapse, I K'II d (. f' 1 d d't') 
" I' 100 C.c. 90 days - I ,lIe In ~lr y guo ('on 1 IOn 

I. 2 Sheep 20 & 40 c c 169 days t \ 62 months after treatmrnt. 
Mule 3050 IHartley 
Mule 3900 

1 dog 'I 10 c.c 16 days \""0 Relapsei Killed (debility) within 2 months. 
" "I " I Killed (debility) in about 2 months. 

Mule 3883 

"'52 days ... 1* ",,0'01 

II " Killed (debility) 2 months after 
treatment. " 

Sheep 26~~14?ara-GuaIaI About 7 days 0'01 ~ Same da; -=----~I 
Sheep 26))1 N hongoon... " ,.""" - -
Sheep 264~ Massonzane : About 29 days" " " " 29 days - i 

Sheep 2131 Hartley ... About 24 days" " "" " - I 
Sheep 2262 " * " 0'009""" 13 days -
Sheep2621Massonzane *About35daysO'013" " " -- I - , 
Sheep 262)) * About 37 days ! 
Sheep 2767 tAbout 19 days I 
Sheep 2768 t About 19 days i 

, I I 
Sheep 2136 Hartley ... j*About 23 daysO'Ol 12~ days I 

Sheep 2146 I "'About 24 days" "1 ('3 daysl 

Intoxic't'ill Died (intoxication) after 1 day. 
" Died (pneumonia) after 15 days. 

Relapse Subjected to further tre tment. 

I 
~ 'I , , " 

- 'I Died (pneumonia) after 12 days. 
Intoxic't'n Die j (;ntoxication) 1 day hter. 

., , Died (intoxication) 2 days later. 
Relapse! Died Trypanosomiasis after 18 

I days. 
I Subjected to further treatment. 

i 

* Signifies that the animal was first injected with arsenophtnylglycin, and had shown signs of a relapse, 

t Signifies that the animal was first treated unsuccessfully with Salvarsan. 

cv 
O':l 
00 
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3. SALVARSAN, 01' "606." 

In the accompanying table (Table III.) it will be seen that this 
drug was administered to 15 sheep infected with Trypanosomiasis. 

In the first three cases the animals recE'ived Salvarson aIter un­
successful treatment with arsenophenylglycin and novoflavin, and the 
drug was injected into the jugular vein as a1% solution in normal 
saline. 

In the remaining case::-; Salvarsan ·was injected at an early stage of 
the infection, these results being therefore free from any sources of 
error connected with the treatment ·with other agents; the strain used, 
however, had been recovered from au animal dying after unsuccessful 
treatment with arsenophenylglycin, and had tmbsequently been passed 
through 5 sheep, untreated. In these later cases, the drug ·was given, 
intravenously, as a 1-500 neutral solution. 

In order to determine the maximum therapeutic dose, ten normal 
sheep were injected intravenously with varying doses of Salvarsan 
(in 1-500 neutral solution) with the follmving results:-

2 sheep recei vec1 0.02 gm. of "606" per kilo---'-no effect. 
2 sheep receivE'd 0.03 gIll. of "606" per kilo-some salivation. 
2 sheep received 0.04 gm. of "606" per kilo-some salivation. 
2 sheep received 0.05 gm. of "606" per kilo-both sheep died. 
2 sheep received 0.06 gm. of "606" per kilo-both sheep died. 

The maximum dose was therefore fixed at 0.04 gm. per kilo. 
rrhe results of treatment were not at all encouraging, although in 

five cases the dose given \vas actually that determined as the 
maXImum. 

In practically all cases, after the i_njection of large doses of Sal­
varsan, the trypanosomes in the peripheral circulation diminished in 
number for from two to five days, but they never actually disap­
peared, and a few days later tlleY increased very rapidly. 

It is therefore apparent that, at least as far as concerns sheep 
infected with this particular strain of trypanosome, Salvarsan has 
only a very feeble trypanocidal action. 

COMBIN ATIONS OF TRYPANOCIDAL AGENTS. 

1. ARSENOPIIENYLGLYCIN lIND NOVOFLA FIN. 

(a) One injection of each agent given in succession. See Table 
IV. 

Of the four equines subjected to this treatment, three received 
the injection of N ovoflavin after an interval of 52 days, when a re­
lapse after Arsenophenylglycin had already been demonstrated; in 
the fourth case the two injections were separated by an interval of 
only 9 days. 



Animal. 

Sheep: 
*t2641 
*t2136 
*t2137 

3773 
3766 
3757 

3756 
3769 
3768 
3810 
3813 
3765 
3811 
3764 

3775 
3812 

Strain of 
trypanosomes. 

Massonzane. 
Hartley. 

Gu~~a-Guara. 

" 

TABLE IlL-TREATMENT WITH SALVAHSAN. 

Time which had II 

elapsed since 
trypanOS(lmeS I 

~ere first seen I 
in the blood. 

Dose of 
Salvarsan 
ppr kilo. 

Effect on the trypanosomes 
in the peripheral blood. 

59 days. 0 . 008 gm. ~ 0 effect 
53 days. 0 '01 gm. 
55 dayR 0'OJ4 gm. 
4 days. 0'02 gm. 
3 days. 0'02 gm. 
B days. 0'02 gm. 

4 day;:. 0'03 gm. 
3days. 0'03 gm. 
4 day~. 0'03 gm. 
2 day,.:. 0'04 gm. 

" 0'04 gm. 
3 days. 0'04 gm. 
1 day. 0'04 gm. 
1 day. 0'04 gm. 

2 days. 0'04 gm. 
Control. 

Few~r in number on second day, 
numerous on third day. 

Fewt-l" in num ber for 3 days 
No efi'tct 
Fewer in number for 5 days 

" " Fewer in number for 3 days 

No eff~~t 

Fewer in number for $ days 

* Previollsly treated unsuccessfully with arsenophenylglycin. 
t Previously treated unsuccessfully with novoflavin. 

Remarks. 

~ubjected later to otber treatment. 

Died (trypanOl;;omiasis a;;d peric'lrditis) in 
12 days. 

Died (trypanosomiasis) in 76 days. 
Died (trypanosomiasis) in 12 dalS. 
Subjected later to other treatment. 

~, " 
Di.d (trypanosomiasi,,) in 21 day, .. 
Died (trypanosomiasis and heartwater (?)) 

in 30 dayi'. 
Subjected later to other treatment. 
Died (trypanosomia-is) after 77 days. 

~ 
-.:{ 
o 
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In no case were trypanosomes again seen in the blood, and inocu­
lations into dogs on the 16th day (and in one case also on the 55th 
day) gave negative results, but all 4 animals were destroyed, about 
two months after the second injection, on account of general debility 
and emaciation. 

It would appear that in these cases the debility was due, in large 
measure, to causes other than the trypanosome infection, and the 
animals were old and in poor condition at the commencement of the 
experiment. 

Of the fourteen sheep, two died within a day from intoxication 
with N ovoflavin, a nd two succumbed to accidental complications, 
and one sheep died from the effects of the previous infection (and 
treatment possibly, in part), before a relapse could be expected. 

In two cases, 'where the injections were madE, on two successive 
days, no signs of relapse were detected, and the sheep died from 
accidental causes, nine and fourteen months respectively after the 
treatment was concluded. 

All the remaining seven sheep showed relapses, the trypanosomes 
reappearing in the blood from 13 to 29 days after the second injection. 

The treatment may therefore be considered to be worthy of more 
extended trial, but the debilitating effects of hoth infection and treat­
ment should be counteracted, as far as possible, by commencing treat­
ment early, and by giving the two injections at a reasonably short 
interval, before any relapse has oecurred. 



TABLE IV.-CO~IBINED TREATMENT WITH ARSENOPHENYLGLYCIN AND NOVOFLAVIN-Two SUCCESSIVE DOSES. 

Animal. 

Horse 3883 

Mule 3050 

Mule 3900 

Mule 3509 

Sheep 2621 

Sheep 2623 

Sheep 2775 

Sh,ep 277G 

Sheep 1295 

Sheep 2133 

Sheep 22;;7 

Sheep 2610 

Sheep 2643 

Sheep 2146 
Sheep 2262 
Sheep 2136 
Sheep 2137 
Sheep 2641 

Interval 
betwEen 
appear­
ance of 

trypano­
somes in 
blood and 

I treatment. 

Dose of 
Arsenophenyl­

glycin per 
kilo. body 

weight. 

21 days I O' 058 gm. 

o day I 0'057 gm. 

o day I 0'058 gm. 

40 days O· 06 gm. 

7 days I 0'075 gm. 

7 days I 0'075 gm. 

i) days 0·075gm. 

11 days 0'075 gm. 

G dl.1-Ys 0'06 gm. 

2 days O'OG gm. 

4: days 0'06 gm. 

8 days 0 . 062 gm. 

3 days 

3 days 
3 days 
2 days 
3 days 
7 days 

0'06 gm. 

O'06Hi gm. 
0'057 gm. 
0'067 gm. 
0'07 gm. 
0'06 gm. 

Interval 
before 

relapse 
wa:i 

detected. 

Interval 
between 
the two 

injections. 

35 days 52 pays I 
35 days 52 days 

3;') days 52 days 

1

16 dflYs 

27 days 

21 day" 

21 dllys 

22 days 

15 da: s 

21 days 
21 days 

21 days I' 21 days 
17 days 

9 days 

28 days 

30 days 

1 day 

1 day 

L,) days 

21 days 

21 days 

22 days 

15 days 

21 days 
21 days 
21 day" 
21 days 
22 days 

Dose of 
Novofiavin 

per kilo. 

0'0] gm. 

0'01 gm. 

0'0] gm. 

0'01 gm. 

O' 013 gm. 

0'013 gm. 

O' 005 gIL 

0'00.') gill. 

0'01 gm. 

0'01 gm. 

0'0] gm. 

0'01 gill. 

0'01 gm. 

0'01 g-m. 
0'009 gm. 
0'01 gm. 
0'0] gm. 
0'01 gill. 

Interval Inoculations made subsequent to I' 

before the second injection. 
trypano- I 
somes re- [ 
appeared 1 Time I 

in the Animal. I b~~d I after I Result. 
blood. I . • treatment. I I 

20 days 

20 days 

13 days 
13 days 
29 days 
29 days 
29 days 

1 dog 

1 d g 

1 dog 

2 dogs 

1 shEep 

1 sheep 

lO C.c. 

10 C.c. 

10 c.c. 

j 10 and 
1 40 C.c. 

40 C.c. 

20 C.c. 

~6 days 

Hi days 

16 days 

{ 
16 and 
55 daYR 

2~- mths. 

20 days t 

Remarks. 

Killed (debility) 2 months after 
treatmen t. 

Killed (dt bility) within 2 months 
after treatment. 

Killed (debility) about 2 months 
after treat men t. 

Killed (debility) about 70 days after 
treatment. 

Died (Pneumon:a) 13 days after 
trea tmen t. 

Died (Intoxication) 1 day after 
treatment. 

Died (Gastro-Enteritis) 9 months 
after treatment. 

Died (Toxaemia) 14 montns after 
treatment. 

Died (Intoxication) 1 day after 
treatment. 

Died (Gastro-enteritis) 21 days after 
treatment. 

Difd (Trypanosomiasis) 12 days after 
treatment. 

Died (Gastro-enteritis) 15 days after 
treatment. 

Died (Trypanosomiasis) 20 days after 
treatment. 

Subjected to further treatment. 
do. 
do. 
00. 
do. 

C<:l 
-1. 
Ki 



(b) One injection 01 Arsenophenylglycin, 1ollowed by successive 
doses 01 N ovoflavin. 

(See rrable V.) 

Five of the sheep given in Table IV. were given a second dose of 
N ovoflavin, and in one case a third injection or this drug was given. 

In two~ cases the animal died shortly alter the second injection, 
and the effect on the trypanosomes could not be determined; in two 
cases a relapse was recorded, the trypanosomes re-appearing in the 
peripheral circulation, one month and three and a ha1£ months re­
spectively, alter the injection or N ovoflavin. 

In one or the latter hvo cases, a third injection or N ovoflavin was 
given, but the animal died rrom general debility 21 days later, and the 
result could not he observed. 

Only in one case was a ravourab1e result recorded; the sheep sur­
vived ror a year alter the second dose or N ovoflavin, and no sign:;: 
of a relapse were detected. 

U nrortunately tho experiment as a whole is not at all conclusive. 



Animal. 

Sheep 2262 

2146 

2136* 

2137* 

2(i4i * 

TABLE V.-ARSENOPHENYLGLYCIN, AND SUCCESSIVE DOSES OF NOVOFLAVIN, 

i 

I 

First dose of 
Xo?oflavin 
(per Kilo). 

O.OOH gm. 

0.01 gm. 

0.01 gill. 

0.01 gm. 

I[ 0.01 gm. 

I As sh own above 

Interval bebre 
Trypano~omes 

reappeared. 

13 days. 

13 
" 

29 
" 

29 
" 

2!) 
" 

Interval 
between the 

two injections. 

30 days. 

30 
" 

:w 
" 

3lJ 
" 

39 
" 

34 
" 

Second dose 
of :\ ovoflavin 

(per Ki.o). 

0.013 gm. 

0.01 gm. 

0.012,) gm. 

0.012 gm. 

0.013 gm. 

0.0134 

In terval before 
Tryp::tll.somes 
reappelred in 

the blood. 

3! months. 

31 days. 

Remarks. 

Died (Enteritis) 12 days after the injection. 

Died ((~astro-enteritis ) 1 year after the 
injection. 

Died 1 year after the injection. 

Died (Intoxicatic1l1) a few hours after the 
injection 

Treated again a::; gi ven below. 

Difd (Debil ty) 21 days later. 

* These animals received one inj'?ction of Sal var,an, in the interval between the first and second doses of X ovoflavin. 

C.;> 
--l 
,.;::.. 
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(c) Arsenophenylglycin and Novofla'vin-simultaneously. 

Only three animals were heated by this method, and the results 
are inconclusive. 

The details of the cases are as follows;-

Horse 4,018. (See Table I.) 

Relapse after treatment with Arsenophenylglycin. Injected 
intravenously, 7 days after the trypanosomes reappeared, with 0.05 
gm. Arsenophenylglycin + 0.005 gm. N ovoflavin, per kilo. The try­
panosomes disappeared from the blood, and were not again recorded, 
but the horse died 52 days after injection, from general debility and 
emaciation. 

Sheep 2,650. 

No preliminary treatment. 
The sheep received, 17 days after trypanosomes appeared in the 

peripheral blood, 0.05 gm. arsenophenylglycin + 0.005 gm. N ovo­
flavin per kilo. 

The trypanosomes disappeared, and were not again reconled. 
Death occurred 12 days later from pneumonia. 

Sheep 2,622. 

No preliminary treatment. 
The sheep received, 2a days after trypanosomes appeared in the 

b10od, 0.05 gnl. arsenophnylglycin + 0.005 grn. N ovoflavin per kilo. 
The trypanosornes disappeared, and were not again recorded. 
Death occurred after 4 days from Peritonitis (Rupture of the 

Abomasum). 

2. A RSENOPHENYLGLYCIN, TRI
T

PANBLUE AND SODIU~M 
ARSENITE. 

Three sheep were injected 'with the three drugs, given simul­
taneously, 15 days after trypanm;omes were first seen in the peripheral 
blood. 

The drugs were injected, as 1~~ solutions, in the following doses: 
Arsenophenylglycin, 0.07 gm. per kilo, body weight. 
Trypanblue, 0.025 gm. per kilo, body weight. 
Sodium Arsenite, 0.001 gm. per kilo, body weight. 

Unfortunately the doses proyed to be excessive, and the animals 
succumbed in 1 day, 4 days, and 11 days, respectively. 

3. ARSENOPHENYLGLYCIN, TRYPANBLUE, AND TARTAR 
Eil1ETIC. 

A. Sheep were injected (intrajugular) with;-

0.06 gm. arsenophenylglycin per kilo-in 1-100 solution; 
9.0Q gm. trypanblue per kilo-in 1-200 solution; and 
0.01 grn. tartar emetic per Kilo-in 1-500 solution. 
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At first the three injections were given on successive days, but 

such treatment proved to be too severe, and intervals or 2 days were 
o bserved later. 

After 8 days, the treatment was recommenced, the doses "Jeing:-
0.05 gm. arsenophenylglycin per kilo-in 1-100 solution. 
0.02 gm. trypanblue per kilo-in 1-200 solution. 
0.01 gm. tartar emetic per kilo-in 1-500 solution. 

Sheep 3,771. 

Treatment started 4 days after the trypanosomes first appeared in 
the blood. 

Trypanosomes disappeared aiter the first injection (arsenophenyl­
glycin) and did not re-appear. 

Sheep died-intoxication-3 day::.; after the second dose of 
arsenophenylglycin. 

Sheep 3,760. 

Treatment started 4 days aiter trypanosomes appeared in the 
bJood. 

Trypanosome~ disappeared aIter first injection or tartar emetic, 
and did not re-appear. 

S~leep died-l nto,'(;'ication-the day the seeond dose or trypanblue 
was gIven. 

Sheep 3,774. 

r:rreatment ::.;tarted 6 days after trypanosomes appeared in the 
blood. 

Trypanosomes disappeared on the first day or the treatment, re­
appeared on the rourth day, and then disappeared, under the influence 
of the tartar emetie; no relapse ,vas seen. Death occurred 5 days 
after the first course or treatment concluded, rrom lnto:cicat'ion. 

Sheep 3,'754. 

Control-died from Trypanosomiasis after 6 weeks. 
Result.-The above doses are evidently excessive. 

N .B.-The maximal therapeutic dose of Tartar Emetic for sheep was 
round by experiment to be 0.01 gm. per kilogramme or body 
weight. 

B.-Sheep were injected as rollows :-

1st treatment 
0'06 gm. arsenophenylglycin (1-100) per kilO} 
O' 02 gm. trypan blue ( 1-200) per kilo 
0'01 gm. emetic (1-500) per kilo 

and 12 days later 

0'04 gm. arsenophenylglycin (1-100) per kilO} 
O' 01 gm. trypan blue (l-200) per kilo 
0'008 gm. emetic (1-500) per kill) 

With intervals of 
two days. 

With intervals of 
two days. 
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In the three animals mentioned belo\v rrrypanosomes appeared in 
the blood three or four days previous to the commencement of treat­
ment. 

Sheep 3,772. 
The trypanosomes disappeared from the blood after the first 

injection, and no relapse has been Iound up to the present date. 
r:rhe animal is still living ( 4th August, 1912), 5 months after the 

treatment. 

Sheep 3,761. 
The trypanosomes disappeared aIter the first injection; no re­

lapse until death occurred, 6 days aIter the second course of treatment, 
from 1 nto[cication. 

Sheep 3,770. 
The trypanosomes disappeared after the first injection, and did 

not re-appear. 
The sheep died, 3 days aIter the second course, Irom Enteritis. 

Sheep 3,'763. 
Control-died Irom Trypanosomiasis after 5 weeks. 

The resuTt in one out of three sheep is apparently very satis­
factory, but the above doses were obviously proving very severe. 

C.-Sheep received the following 

0.06 gm. arsenophenylglycin 
0.02 gm. trypanblue 
0.01 gm. emetic 

intrajugular injections:­

(1-100) per kilo } 
(1-200) per kilo Wi~h intervals 
(1-500) per kilo of two days. 

and 8 days later 

0.05 gm. 
0.02 gm. 

0.007 gm. 

arsenophenylglycin (1-100) per kilo '} . . 
bl (1 200) k 'l WIth mtervals 

trypan ue - per 1 0 of two days 
emetic (1-500) per kilo. . 

Sheep 3,762. 
r:rreatment commenced ;3 days after trypanosomes were first seen in 

the blood. 
The trypanosomes disappeared after the first injection, and were 

not again seen, although after death, which occurred 70 days after the 
conclusion of the second course of treat.ment, the lesions presented 
were those of T1'ypo11OsoTniasis. 

Sheep 3,758. 
Treated three days afh>r trypanosomes \,'ere first seen in the 

blood. The trypanosomes disappeared after the first injection, and 
re-appeared for one day only, six days aIter the second treatment 
concluded. Death occurred ten davs after the second treatment, from 
(}h'J'on£c Into,vication. ,; 
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.Hemar-ks .-'l'he treatment was still too severe, although In one 
(out of two cases) a relapse appears to have occurred. 

D.-Sheep were injected with the following:-

O 02 t bl (1 200) per kilo With intervals 
0.05 gm. arsenophenylglycin (1-100) per kilo } 

. gm. rypan ue - of two days. 
0.01 gm. emetic (1-500) per kilo 

and 12 days later, 

0.01 gm. 
0.04 gm. 

0.008 gin. 

trypanblue (1-200) per kilO} . . 
.. , . WIth mtervals 

arsenophenylglycin (1-100) per hlo of t\\ 0 days. 
emetic (1-500) per kilo 

N.H.-The undermentioned sheep had previously been treated un­
successfully with Salvarsan. 

Sheep 3,766. 
Treated 13 days after trypanosomes ·were first seen in the blood. 
The trypanosomes disappeared after the first injection, and re­

appeared, for one day only, on the ninth day after the injection of 
emetic. The animal was too weak to permit the carrying out of the 
second course of injections. 

Death occurred, 15 days aftE'r the first course, from Into.vication. 

Sheep 3,773. 
Treated 15 days after trypanosomes were first seen in the blood.· 

':rhe trypanosomes disappeared after the first injection, and re­
appeared 8 days after the second course of treatment concluded. 

Death· occurred, 46 days after the second course, from 
Trypanosomiasis .. 

Sheep 3,756. 
Control (also relapsed after Salvarsan treatment). 
Died from r:rrypanosomiasis, 76 days after inoculation. 

Remarlcs.-The treatment was too severe, but insufficient to cure 
completely those animals which did not succumb to the effects of the 
trypanocidal agents injected. 

E.-The doses were reduced to the following:-

0.04 gm. arsenophenylglycin (1-100) per kilo 
0.01 gm. trypanblue (1-200) per kilo 

0.008 gm. emetic (1-500) per kilo 

and, after 11 days, 

} 

Intrajugular, 
with intervalH 

of two days. 

{

Half intrajugular 
0.05 om. arseno1)henylglvcin (1-100) .1)e .. r l.rilo and half given b ./ subcutaneously, 

0.008 gm. emetic (1-500) per kilo with an interval 
of three days. 

*These two sheep had previously been treated unsuccessfully with 
Sa1varsan. 
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*Sheep 3,810. 

rrreated 14 days after trypanosomes v\~ere first seen in the blood. 
'The trypanosomes disappeared from the peripheral blood alter the first 
injection, and re-appeared (in small numbers) 3 days later. 

They disappeared after the injection of emetic, re-appearing on 
the third day, for one day only. :Five .days later they were again 
recorded, and persisted for three days, until the second course of 
injections was commenced. 

N 0 relapse was observed. 
Death occurred, 35 days after the second treatment, from 

P el'itonitis. 

*Sheep 3,813. 

Treated 14 days a~ter the trypanosomes were first seen in the 
blood. The trypanosomes disappeared after the first injection, re­
appeared ten days after the emetic injection, and on the following day 
disappeared again, under the influence of the second injection of 
arsenophen y Ig I ycin. 

The animal is still alive (4th August, 1912) and no relapse has 
been noted to date (128 days after the second course concluded). 

Sheep 3,819. 

Treated 22 days after trypanosomes were first seen in the blood. 
X 0 second course of injections was given. 

The trypanosomes disappeared after the first injection, and no 
relapse has been observed up to the present date. 

The animal is apparently in excellent health at the present date 
(4th August, 1912), 133 days after the conclusion of the treatment. 

Sheep .3,759. 

Treated 38 days after the appearance of trypanosomes In the 
blood. 

Only one course of three injections was given. 
The trypanosomes disappeared !rom the p.eripheral blood after 

the first injection of arsenophenylglycin, and were not again recorded. 
The animal is still alive (4th August, 1912), 132 days after the sus­
pension of treatment. 

Sheep 3,765. 

Treated 37 days after the appearance of trypanosomes in the 
blood. Only the first course of injections was given. 

The trypanosomes disappeared after the first injection, and were 
not again recorded. 

The sheep is still alive, 132 days after the suspension of treat­
ment. 

Remal'lcs.-In three cases the first course or injections has 
apparently proved successful, no relapses being recorded up to the 
present time, more than four months after the termination of tha 
treatment. 
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In two cases this first course or injections proved insufficient, and 
a second course or the injections was given; this appears to have 
succeeded in both cases, although in one case death occurred 35 days 
later, rrom an accidental complication. 

The later history or the rour sheep, which have survived until the 
present date, will be or considerable interest, and the experiment 
cannot yet be considered to have terminated. 

4. ARsENOrIIENYLGLYCIN AND TARTAR EMETIC. 

A.-Sheep were injected intravenously with:-
One does or 0.05 gm. Arsenophenylglycin (1-100) per kilo, 

and 3 successive doses or 0.005 gm. E,metic (1-500) pei:· 
kilo, with intervals or two days between the injections. 

Four sheep were subjected to the above treatment, and in each case 
the treatment was too severe, the animal succumbing 1-3 days after 
the third injection or emetic was given. 

B.-Alternate injections or 
0.05 gm. arsenophellylglycin (1-100) per kilo and 
0.01 gm. emetic (1-500) per kilo 

At first the injections were made at intervals or 2 or 3 days (a), 
but later the interval was increased to rour days (b). 

In all the cases mentioned below, treatment was commenced 3-5 
days after trypanosomes were first seen in The blood. 

Sheep 3,81'1. 
Four injections (a). Trypanosomes re-appeared in the blood 14 

days after the last injection. Other treatment was then instituted. 

Sheep 3,873. 
TViTo injections (a). Trypanosomes re-appeared in the blood 10 

days after the last injection. The sheep died rrom Trypanosomiasis, 
12 days atter the second (emetic) injection. 

Sheep 3,879. 
Four inj ections (a) rollmyed in 9 days by two inj ections (b). 

Trypanosome:;; were seen in the blood, ror one day, 3 days arter the 
third injection or arsenophenylglycin, and they re-appeared 8 days 
after the third dose or emetic. Other treatment was then instituted. 

Sheep 3,877. 
Two injections (a), followed in 13 days by h'{o injections (b). 
Relapses occurred 10 da~Ts after the first dose, and 8 days after the 

second dose, or emetic. Further treatment was then commenced. 

Sheep 3,872. 
Two injections (a), rol1o\~'ed in 13 days by two injections (ll). 
Relapses occurred 10 days after the first injection or emetic, and 

8 days after the second dm::e. Other treatment was then commenced. 
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,Sheep 3,866. 

:Four injections (a), followe<1 in 9 <1ays by two injections (b). 
Trypanosomes re-appeared in the blood, for one day, 7 days after the 
seeond injection of emetic, and for one day on the 8th day after the 
third dose of emetic. 

Other treatment was then instituted. 
r11hus six sheep were treated by this method, the number of In­

jections ma<1e varying in <1ifferent cases from two to six. 
!lela pses occurred in every case, the trypanosomes re-a ppearing 

in the peripheral blood from 7 to 14 days after the injection of the 
emetic. It is evident that this treatment is not at all effective, and 
that the interval between the injection and the relapse was becoming 
distinctly shorter, ,,,hen se"eral injections were giveI1. 

C.---Treatment consiste<1 in injecting into the jugular vein:-
(L04 gm. Arsenophenylglycin (1-100) per kilo .} . 

d Glvtn 
an . . simultaneom:ly. 

0.005 gm. emetie (1-500) per kIlo 

The injection (of the same quantities) was repeated at intervals 
varying in the different cases. 

The following sheep were treated by this method, treatment being 
commeneed 3 to 5 days after trypanosomes were first seen in the 
peripheral blood. 

Sheep 3,801. 
1st injection.-Relapse not seen. 
2nd injection, 5 days later-Relapse in 12 days. 
8rd injection, 15 days later-Relapse in 10 days. 
4th injection-15 days later-Relapse in 10 days. 
Died (Trypanosomiasis)-15 days after the 4th injection. 

Sheep 3,802. 
1st injection-Relapse not seen. 
2nd injection-5 days later-Relapse after 8 days. 
3rd injection-II days later-Relapse after 8 days. 
4th injection-19 days later-Relapse after 10 days 
Other treatment was then instituted. 

Sheep 3,803. 
1st injection-Relapse after 9 days. 
2nd injection-9 davs later-Relapse after 6 days. 
8rd injection-7 days later-Relapse after 1 day, 3 days, etc. 
Died (Trypanosomiasis)-18 days after the third injection. 

Sheep 3,804. 
1st injection-Relapse after 8 days. 
2nd injection-9 days later-Relapse after 15 days. 
3rd injection-26 days later-Relapse after 10 days. 
Other treatment was then instituted. 
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Sheep 3,805. 
1st injection-Relapse after 8 days. 
2nd injection-after 9 days-Relapse after 6 days. 
3rd injection-after 7 days-Relapse after 10 days. 
4th injection-after 19 days-Relapse after 10 days. 
Other treatment \yas then instituted. 

Sheep 3,782. 
1st injection-oX 0 relapse seen. 
2nd injection-after 5 days-Helapse after 9 days. 
3rd injection-after 11 days-Helapse on 1st and 5th days, etc. 
4th injection--after 19 days-Relapse after 10 days. 
Died (T1'ypanosomiasis)-18 days after the fourth injection. 

Three sheep, ·which had previously been treated unsuccessfully 
with alternate doses of these two agents (treatment 4B), were given 
one simultaneous injection of the doses mentioned above. 

In each case trypanosomes reappeared in the peripheral blooJ 
ten days aIter the injection. 

The method is evidently not effective, or the doses given are in­
sufficient, for in every case injection was followed by relapse, usually 
in 8 or 9 days. 

It is significant that on two occasions the relapse occurred only 
one day after the third injection. 

It is doubtful whether the doses could be increased by more than 
a very small amount. 

5. COMBIKED TREATMENT 'YITI-I QuININE AND ATOXYL. 

This experiment was suggested by the publication of Dr. Helm 
"Heilung von Trypanosomiasis in 7.wei Fallen" (Archiv fur iSchiffs­
und Tropen-Hygiene, 1911). 

Six sheep, infected ,,,ith the" Guura-Guara" strain of trypano­
some, were treated as follows:-

Two doses of 2 grammes of Quinine Hydrochloride were adminis­
tered per os. with an interval of three days, 3 grammes of atoxyl 
(in a 1-50 solution) ,vas injected into the jugular vein, on the day 
following that on which the second dose of quinine was given. 

In one case this treatment was recommenced, ten days after the 
injection of atoxyl. 

Each of the sheep used in this experiment weighed approximately 
34 kilogrammes. 

It will be seen, by reference to Table VI., that we did not by any 
means get the satisfactory results obtained in two cases by Dr. Helm. 

In two of our cases the animal died shortly after the injection of 
atoxyl, and the dose (approximately 0.088 gm. per kilo.) could not, 
therefore, be increased with safety. 

In two sheep the trypanosomes in the peripheral blood diminished 
in number, but never actually disappeared. 

In the remaining two animals, both of which had previously been 
treated with Salvarsan, the trypanosomes disappeared for a

V 

short 
period (two and four days respectively), and then increased rapidly in 
numbers. 



Animal. 

TABLE VI.-TREATMENT WITH QUININE AND ATOXYL. 

Interval between the 
appearance of 

trypanosomes jn the 
blood and treatment. 

Effect of the treatment of the trypanosomes 
in the peripheral blood. Remarks. 

---~~-------------
~-l------~--"-.----- ~~.-~ -._-_ .. 

Sheep 3817 

Sheep 3816 

Sheep 3815 

Sheep 3818 

*~heep 3768 

*Sheep 3775 

Sheep 3755 

4 Cla.yS. 

4 days. 

4 days. 

3 days .. 

13 da:- s 

13 days. 

Control. 

I 

I 

Trypanosomes diminished for 5 days after the 
. IlIjection of atox.v 1. 

TJypanosomes diminished for 4 days after the 
injection of atoxyl. 

Trypanosomes disappeared after the injec'.ion 
of atox) l. 

" 
Trypancsomes disappeared for 2 days after 

atoxyl was given. 
Trypanosomes disappeared for 4. days after 

atoxyl was given. 

* Previou~ly treated unsuccessfully with salvarsan. 

D:ed (trypan030miasi~) 7 days after the atoxyl 
was given. 

Died (trypanosomiasi:5) 7 days after the atoxyl 
was givt-n. 

Died (intoxication) 1 day after the atoxyl was 
given. 

Died (trypanosomiasis and enteritis) 10 days 
after the atoxyl was given, 

Died (tryp lllo~omiasis and enteritis) 11 days 
after the atoxjl was given and 1 duyatter 
the first dose of quinine in the second 
course. 

Di. d (trnanosomiasis) in 9 days. 

(Xl 
00 
(Xl 
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