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Introduction

The name pagana is spplied to a seriocus disease of cattle and
other domestic enimals in Africa — tsetse-fly disease — which is
characterised especielly by wasting and anaemia and is now known to be
due to infection with trypanosomes. The pioneer work of Bruce and his
associates pointed to the causal agent being the trypanosome known as
T._ brucei; but later investigations have shown that so far as cattle
are concerned T. congolense is probably the most important of the

parasites responsible for nagana. It resembles T. brucel and its

allies, T. rhodesiense and T. gambiense, snd dlso the T. evansi group
in that mice and certain other laboratory animals are susceptible to
experimental infection; thus it lends itself fairly rezdily to exact

study. On the other hand, T. congolease differs from all the above-

named trypanosomes morphologiceally, since 1t has very little in the
nature of a free flagellum; and also, infections due to it are poorly
influenced by the chemotherapeutic agents which act vigorously on the
other trypanosomes mentioned above, e.g. trypanblue, trypaflavin,
arsenicals, suramin (Bayer 205, or germanin), styryl-34, etc. The
chlorinated parafuchsin dye, tryparosan, and bismuth salts have some
therapeutic action,which, however, does not seem to be capable of
practical application.

The problem of the cure of cattle infected with T. congolense is

exceedingly important economically and many attemnpts have been made
tokdiscover efficient drugs. In the field the first compound with
considerable effect was found to be tartar emetic; Hornby (1919)
reported favourably on its use and Richardson (1928) by means of this

drug controlled sever:zl natural outbreszks, affecting large numbers of



of animals. However, owing to the extremely irritant nature of the
solution tartar emetic must be injected intravenously, which presents
considerable difficulties under field conditions, also the therapeutic
dose approximates to the toxic limit. A more easily administered and
better tolerated compound, antimosan, a complex of antimony and
pyrocatechin, was next extensively tested; success with repeated
dosage was reported by Parkin (197%), who observed no objectionable
sequelae, by Evans (1936) and du Toit (1936).

An organic compound, Surfen C, like antimosan of German origin,
stated to be an amino-quinoline derivative, was claimed to be curative
in a single intramuscular dose (Iensch 1937). Ven Rensburg (1938) from
his survey of the published work on treatment with this drug, concluded
that results, in respect both of efficiency and local reaction, were
conflicting. He obtained unsati sfactory results in cattle, using seversl
samples of the drug, since it had been claimed that the efficienc;y of
di fferent batches varied. Evens (1936) on the other hand, considered
that & single dose was superior to a course of antimosan. It;, appears,
howevar,' that none of the above drugs is highly effective in~catt1e.

Browning, Morgan, Robb and Walls (1928) in the course of
investigations on compounds of the phenanthridinium series synthesised
by Morgan and Wealls, showed that 7 amino-9 (R-aminophenyl)-lo—methylf
phenanthridinium chloride (No. 897) — 23 of Morgan end Walls, 198 —

exerted a definite therspeutic effect on T. congolense in mice; tut in

their original experiments the curative dose approximated to the maximum
tolerated. Further investigations showed, however, that much more

favourable results might be obtained (Browning, Browning and Robb, 1940);

and an inves tigation of the reason for the discrepancy between the /
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the earlier anci the later results, in which the present author took part,
has ylelded a satisfactory explanation for the difference; and the
conditions have been defined under which experimental infections with

T. congolense in mice maj be cured with a small fraction of the
tolerated dose of the drug, see section II — for reference to field
trials see section VIT. This opened the way for an investigation of

the immunological properties of T. congolense, which have turned out to

differ markedly from those of the T. brucei group which had hitherto
been examined from this point of view by various investigators (see
section VI). A series of substances related chemically to No. 897

has s&lso been studied {section III). A part of the results has been
published in summary form (Browning and Calver, 1943), but the following
account embodies the experimental work actually carried out by the
author. Subsequently certain amidine compounds have been found active

against T. congolense (section III).
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Experimental Strains of T. Congolense.

Two laboratory strains of J. congolense have been used throughout
ﬁhe experiments; the origin, characters of the infection and methods
of maintaining one strain (Strain I), have been fully described (Browning,
Cappell and Gulbransen 1934), but they are now summarised. |

Strain I

A rat infected wita this strain was received through Dr. C.M. Wenyon,
Wellcome Bureau of Scientific Research, London, from Mr. H.E. Hornby,
Director of Veterinary Services, Tanganyika Territory. Prior to passage
through rats the strain had been passed through a rebbit. Continuous
passage through mice has been maintained since December 1929, In order
to transmit the strain, fresh mice are inoculated subcutaneously with
a suspension in saline of infected klood; the inoculum for each mouse
consisting of 6 to 8 drops of blood taken from the tip of the tail of
an infected mouse in which the parasites are abundant, in 0.5 c.c. normal
saline. Scanty trypanosomes can usually first be demonstrated in a
fresh film of the blood with the 1/6" objective on the 4th or 5th day
after inoculation; the following day the numbers have increased to
3 to 12 per field and by the 3rd day they are sbundant, i.e. gt the
"fastigium®, The table below gives symbols used to indicate the
progress of the infection.

~ = no parasites
+vl = very scanty parasites
+l = 1 parasite in every 2nd or 3rd field
+ = 1 to 3 parasites per field
++ = 4 to 12 parasites per field
+H = an uncountable number of parasites per field (fastigium).

The /
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The stage of fastigium may be said to have been reached on the first
occasion on which an uncountable number of trypanosomes are observed
following & progressive increase in their numbers, e.g. in mouse 1784H
the ihfection. had reached the fastigium on the 8th of March (see
appended table).

Table - Mouse No. L784H.
1.3.44. inoculated

6.3 +vl

7.3 + .

8.3 +H (fastigium)
9.3 +H

10.3 H

13.3 -

15.3 +

17.3 +++

2.3 +H

22.3 +++

Course of the infection., Three courses of infection subsequent to

the fastigium were originaliy described, viz. acute (in which death occurs
in a few days with the trypanosomes persisting in large numbers), relapsing
and clfronic. The relapsing-chronic course is still the most common, with

. the first negative period occurring from 2 to 5 days after the fastigium,
The trypanosomes may never disappear completely from the blood; or again,
they may persist in considerable numbers, although fluctuating for days

or weeks. During the first 50 passages of the strain, before it became
accommodated, about 1 mouse in 7 failed to become infected with the

usual inoculum; since then, however, animals resistant to infection
although still met with occasionally, are very exceptional. A slight

decrease in the incubation period, which i1s described as the interval

in days between the subcutaneous inoculation and the first appearance of

parasites in the blood, was observed in the course of early passages; the

/
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the period being 5 to 10 days for the majority of animels of the first
50 passages, 4 to 9 days for the next 50 and 4 to 8 days for passages
100 to 150.  After continuous transmission through mice for over 14
years no further noteworthy alteration has teken place in the incubation
period. This is shown in Table I.

Maintenance of the strain. The strain is maintalned by passage to

a fresh animal immediately the parasites become abundant; this is
designated as a fastigially propagated strain. The stock strain which has
been propagated in this way now for meny hundred passages is referred to

as the acme strain of T. congolense I; and in this connection the

fastigium is termed the acme. In the light of the present work, it is
considered highly important to transfer the trypanosomes to a fresh host
immediately the fastigium (acme) is reached in order that their
immunological characters may remain unchanged. When the infection becomes
relapsing-chronic and the parasites after diminishing in the blood or
disappearing, again become numerous, the event is spoken of as a relapse
fastigium.

Strain II.

Strain II mentioned by P. Browning (1933) was received in a guineal,-
pig from Mr. H.B. Hornby; the previous history of this strain is unknown.
Immediately on arrival at this laboratory on December 9th, 1933, blood
from the infected pié was passed to mice and since then the strain has
been continuously propagated through mice in the form of en acme strain
by the methods described. Table II shows the percentages of mice with
the same incubation periods and totael numbers of mice in groups at first
of 10 or 20 passages and later of 100. Only a slight shortening of the

incubation period was observed as the strain became accommodated to /
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to mice; this corresponds with observations with Strain I. By the
80th to 100th passages the incubation period was 3 days for over %0 per
cent. of the snimals and 4 days for most of the rest; after passage
for 11 years the incubation period is now slightly longer, being 4 or 5
days for about 70 per cent. (Table II).

Unlike the early passages of Strain I, in the first 50 passages of
Strain II only 1 mouse failed to become infected with the ordinary
inoculum; a reinoculation was successful, there being no difference in
incubation period from that of a fresh mouse similarly inoculated.

Thus appreciable natural resistance to this strain was not evident
evan iIn early passages.

The parasites, as with Strain I, after appearing in the blood,
inerease rapidly in numbers, becoming abundant 1 or 2 days later, i.e.
the acme stage is commonly reached on the 5th or 6th day. In the early
passages, however, the strain took several days longer than at present
to reach the acme stage. The course of the infection in 12 animals of
the first 100 passages was exceptional, in that the parasites after
appearing in the blood in scaanty numbers, increased to + or ++ but
dimini shed again before finally reaching the +++ stage, which was not

attained until from 9 to 20 days after imoculation; e.g.
mouse ZBA 3).5.34 inoculated
3. L]

+vl
4. 8. +1
5.8. +
6.8. 1
7.8. +1
B.g. +
9. . +
10.8. +
11.8. +
12.8. ++
13.8. +++
14.8. +++
15.8. +++

No /



No amormalities of this nature have been noted in later passages up to
date — 550th to almost the ‘DOth.

The nunbers of trypanosomes in the blood in Strain II infections
may fluctuate subsequent to the acme stage, but only in very exceptional
cases do they disappear completely — twice in many hundreds — or evea
fall to small numbers. Death of the host may occur from 2 days to
several weeks after the acme stage. Thus, in mice, Strain II is more
virulent than Strain I; but neither attains the virulence of T. brucei
for those animals. Considerable enlargement of the spleen is a feature
of chronic infections with both strains.

Treatment and Methods of Eetimating its Effects.

In the treatment of infected mice the drug is given subcutaneously
in a single dose in the proportion of 1 c.c. of aqueous solution containing
the amount of drug stated per 20 g. body weight; e.g. a dose of 1/1,000 g.
means that a mouse weighing 20 g. would receive 1/1,000 g. dissolved in
1 c.c. of water. Mice weighing between 18 end 25 g. were usually selected
for the tests. After treatment, a small drop of blood from the tail is
examined daily or every 2nd day for a month end frequently, at least
weekly, during the next month, then at monthly intervals for some time —
"~ 4 to 6 months =— before cure is reported. Permanent disappearance of the
parasites from the blood, and sterilisation of the infection, i.e. cure,
results from treatment with an effective trypanocidal agent. Table III
shows representative details for each strain of the examinations of a
cured infection, a relapse and an infection uninﬂﬁenced by the drug. The
time taken for the trypanosomes to disappear varies with the drug and the

strain of trypanosome. On the other hand, if the drug has only a marked /



marked trypanocidal action but is not capable of effecting cure, or

if a subcurative dose of an effective one is administered, the
trypanosomes will disappear from the blood for a time, only to reappear
later and increase in numbers, as in the untreated animal. This
reappearance of the trypanosomes is termed a relapse. The course
followed by the infection after treatment with a substance devoid of

trypanocidal properties is identical with that in untreated animals.
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Treatment of Experimental T. Congolense Infection in Mice with
7 amino-9 (R-amino—phenyl) 10-methyl-phenanthridinium chloride — No.897.

The drug used throughout this investigation, unless otherwise
specified, is 7 amino-9 (p-amino-phenyl) 10-methyl-phenanthridinium chloride,
No. 897 — 23 (Morgan and Walls — 193), prepared at the Chemical Research
Laboratory, Teddington, Middlesex. The drug is a dark red crystalline
compound which dissolves in hot water to give a stable 1 per cent. solution
of a clear orange-red colour and of pH just above 7.0. The solution may

be boiled. Its constitution may be represented graphically as follows:-

A dose of 1/1,000 g. subcutaneously is well tolerated both generally
and lﬁcally, while 1/750 g. kills almost 3 per cent. of mice — usually
within 24 hours — and causes halr to disappear from areas of the back
at the site of the injection in most of the survivors and necrosis of the
subcutaneous tissues in some of thett; 1/500 g. kills about 75 per cent.

acutely and larger doses are always fatal. The table below gives details

of mice used in toxicity experiments.

Dose of drug. No. of survivals. Total No. tfeated.
1/%00 g. 0 2
1/400 g. 8

0
1/500 g. 3 12
1/7%0 g. 20 42
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Acute Infections — Strains I and II.

Effect of size of dose. 1In the present work, the satisfactory

results of Browming, Browning and Robb (1940) have been confirmed and
extended and investigations on the curability of both strains at various
stages of infection have been cerried out. Table IV shows the dose of
drug, stage of infection‘at treatment and results for both strains when
treatment was given at the sarly (+vl) or the acme (+++) stage. It is
seen that Strain I responds better to treatment than Strain II. Thus
of 41 mice infected with the former 25 (elmost 61 per cent.) were cured
at the acme stage by a dose of 1/75,000 g. to 1/100,000 g., while
1/10,000 g. to 1/15,000 g. cured 26 out of 62 (elmost 42 per cent.)
infected with the latter at the same stage. With each strain doses
snaller than those mentioned failed to effect cure.

Effect of stage of infection at the time of treatment. With both

strains the stage of infection at the time of treatment influences the
curability of the disease, the drug being more effective when given at
the acme than at the early stage when parasites are scanty in the blood.
Thus with Strain I, a dose of 1/75,000 g. or 1/100,000 g+, which cured
61 per cent. at acme, when given at the early stage cured only 2 out of
32 mice (6 per cent.); &and with Strain II a dose of 1/10,000 g. or
1/15,000 g., which cured 42 per cent. at acme, yielded only 1 cure out of
15 at the early stage (7 per cent.). Both these results are highly
significant statisticallyl. This indicates that immunity reactions
probably play a considerable part in helping to effect cure. After /

1 All estimations of statistical significance are made according to a

modification of Fisher's factorizl method (Loewenthal end Wilson, 1939).
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After administration of the drug in a curative dose, trypanosomes seldom
disappesr from the blood within 24 to 48 hours; as & rule, they persist
for 2 to % days, sometimes increasing in numbers, especially when
treatment is given at the early stage. These facts also support the
view that the intervention of antibodies assists the action of the drug.
The observation that more favourable results are obtained by treating
T, congolense infections in mice at the acme rether then at en earlier
stage, is novel and is in contrast to the treatment of the acute type
-of infection, e.g. with T. brucei. With the latter species it is
generelly agreed thet as the infection progresses the more difficult it
becomes to effect cure.

From Table IV it can be seen that the action of the drug shows
;:onsiderable regularity in reletion to the dose. Occesionzl failures,
however, may result from treatment with an amount of the drug which is
within the curative range. This is seen in Strain I, where in a single
case there was failure with the relatively large dose of 1/15,000 g. given
at aéme, in spite of elmost 54 per cent. of those treated at the same
stage with 1/100,000 g. being cured. Failure in such cases 18, of course,

most probably due to variation in the individusl enimal.

Relapses — Time Intervel after Treatment.

Strein I. ’ The mejority of relapses occur between the 9th end 14th
days &fter non-curative treatmgnt which temporarily clesrs the blood of
parasites. Analysis of the results recorded in Table IV has been cerried
out in order to determine if (&) the dose of the drug or (b) the stage

of the infection at the time of treatment influences the length of the

period following treetment during which the blood was free from trypanosomes.

(a) /
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(a) The relspses following relatively large doses, 1/15,000 g. and
1/25,000 g., occurred on the 13th end 8th days respectively after
treatment, while in the 5 mice which received the small dose of
1/200,000 g., they were observed on the 8th, 1%th, 14th, 17th and

19th days. = (b) The stage of infection at the time of treatment does
not gppear to influence the duration of the free period; of the 34
mice which relspsed after treatment with doses varying from 1/%0,000 g.
to 1/100,000 g. at en early stage (Table IV), 2 did not respond to the
drug, but in 29 (90 per cent.) of the remainder the relapse occurred
between the 9th end 14th deys. Of the 25 animels which relapsed
following treatment at the acme stage with doses verying from

1/15,000 g. to 1/200,000 g., 17 (68 per cent.) occurred during the

same period. The only exceptionally late relapse observed wes in a
mouse (No. 1672D) treated at the acme stage with 1/100,000 g.  Numerous
examinations of the blood of this enimal during the first 2 months were
ell negative, but a further examination mede % weeks later showed esbundant
trypenosomes; therefore the relapse probably took place at least 2
months after treatment, certeinly not during the first € weeks when
examinations were frequent. Details of this mouse and of & few others
which relapsed, selected at random, are given in Talle V, _

This striking regularity of the duration of the free period is
further illustrated by anglysis of the relapses following treatment at
the acme stage with other phenanthridinium drugs, related in chemiceal
structure to No. 897. Here sgain, after administration of %0 different
compounds, relapses occurred in 64 mice, of which 45 (70 per cent.) took

place between the 9th and 14th days after treatment, Table VI shows /
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shows the duration of the free period in deys after different doses of
No. 897 administered to Strain I infections at an early stage, at acme,
and also after other phenanthridinium drugs. From this table the
remarkable regularity of the relapses appears clearly, and is seen to
be independent of the particular drug or of a considerable range of
dosage or stage of the infection at which the drug was administered.
M so the few exceptions are shown in which reldpses were observed
after a longer time.

Strain ITI. Relapses occurred mostly 8 to 11 days after treestment,
“irrespective of the dose of drug administered within wide limits and the
stage of infection at the time of treatment. In 4 mice — 2 treated
with 1/20,000 g. @ relatively large dose, and 2 with the small dose of
1/100,000 g. — the relapses of each palr occurred on the 9th and 10th
days respectively. Table IV shows that 26 and 52 relapses followed
treatment st the early and the acme stages respectively; in 21 (81 per
cent.) of the former eand ZB (73 per cent.) of the latter the relapses
were observed between the 8th and 11th days. Exceptionally the free
period was much longer — 2 relepses occurring on the Zlst, 2 on the
24th, end 1 on the 50th day after treatment. Similer details to those
given for Strain I are given for Strain II in Tables V and VI,

From the foregoing data i:t may be deduced that after administration
of the drug in an amount which is not curative, an immunity developé
which bresks down after a period, which is relatively constant for each

\

strein, constituting a relepse.

Treatment /
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Treatment of Chronic Infections — Strains I and II.

———— -——

In view of the difference in curability of the infection when treated
at the early end acme stages, it appeared important to delay treatment
until the chronic stage, this being arbitrarily fixed at 3 to 6 weeks:
after the acme for Strain I; thus time was given elther for & relapse
to occur or for paresites to have persisted in the blood for & considerable
period. In the case of Strein II, the chronic stage was reckoned es
having been reached a few days after the acme, since by then abundant
parasites had been present continuously in the blood for some time and
the host would probably die if left untrested. Such delays caused still
further difficulty in effecting cure; the results are given for both
strains in Teble VII under the heading "chronic in the original mouse".
It is of interest to note that with Strein II, % to 4 days after the
acnme stage the curability of the strain has sltered considerably. Thus
it can be seen that By witholding treastment until the chronic steage, in
the case of Strein I a dose of 1/10,000 g. cured 12 mice out of 29;
similarly with Strein II a dose of 1/2,000 g. to 1/3,000 g. cured only
6 out of 40 enimals,

The contradictory results reported in the two early publications
of Browning et sl. referred to in the introduction (p.2), are readily
explained as a result of the above investigations on the curability of
the strains at varying stages of infection. Examination of the records
hes shown that the original trials of the drug on Strain I infections
were 8ll carried out by treatment at the chronic stage; thus, Browning,
Morgen, Robb and Walls (1938) found that cures were obtained with doses
approximating to the maximum tolerated. ‘On the other hand, the more

favourable results obtained by Browning, Browning and Robb (1940) were all

/
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€ll in animals with ecute infections (either early or acme).

Infections with & Chronic Strain — Strains I and II.

Whan the inoculum is derived from & mouse in which the infection
has become chronic, the resulting infection due to this "chronie strain"
is more difficult to cure than one from the customary acme infection (p.6).
Agein, the chronic stage has been arbitrarily fixed as 3 to 6 weeks sfter
the acme for Strein I and a few days sfter the acme for Strain II.
Deteils for both chronic strains sre given in Teble VII; thus 1/10,000 g.
cured 13 out of 17 mice with chronic Strain I infections, while
1/2,000 g. to 1/3,000 g. cured 14 out of 22 mice with chronic Strain II.
Failure to develop infection when the inoculum is derived from a
chrenically infected animal is common with Strain I, e.g. out of 149
inoculeted mice, 41 (elmost 28 per cent.) feiled to become infected;
but ell inoculsations with chronic Strein II trypanosomes were successful.
The feilures with chronic Straein I inoculations ere most probably due to
resistance of the individual host, since in most of the series of
inoculations at least one animal became infeéted. This variation in
susceptibility is similar to that found by Binns (197%8) in individusl °

rets and rebbits to inoculation with 7 strains of T. congolense from

infected cattle.

Summary. By comparing Tables IV and VII it cen be seen that the
order of curability of the various stages of the infection of both
strains, starting with the most readily cured, is as follows:-

(2) acme, (b) early — +vl, (c) a chronic infection and (d) the chronic

stage in the original mouse. Thus it has been found that in mice the
curative dose for a chronic infection may be at least 5 to 10 times /
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times that required at acme. These observations on the experimentel
trestment of chronic infections probably have an important bearing on
the results under field conditions.

Prophylactic Action.

No. 897 in a dose of 1/1,000 g. edministered 2 days before the
inoculation, protected 2 mice against Strain I. Doses given 4 to 6
days before inoculation did not exert any prophylactic action, since
in each instance the trypanosomes sppeared in the animals under test

at the same time as in the untreated controls, see table below.

No. - Dose of drug. Time before Result.
inoculation.

16634 1/1,000 g. 2 days complete protection
16638 1/1,000 g. 2 days " "
1664D 1/2,000 g. 4 days as control
1673A 1/1,000 g. 5 days nooon
16738 1/1,000 g. 5 days " "
16644 1/1,000 g. ~ 6 dsys " n
1664C 1/1,000 g. 6 days " "

Thus only a slight prophylactic action is evident; these results are in
contrast to the prolonged protective effect of Bayer 205 and certain

benzoylamino quinoline styryl compounds against I, brucel (Browning and

Galbrensen, 1934). In field trials Cermichael and Bell (1944}) found

that No. 897 protected cattle egeinst T, congolense infection up to

48 hours after administration (section VII).
Orel Administration of No. 897.
Daily feeding with bread sosked with 1 c.c. of 1/1,000 solution of

No. 897 was given in place of normel diet to 6 mice for 11 days. On the

11th day the mice were infected with Strain I, and feeding with the drug
was continued for a further 7 days, during which time the trypanosomes
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trypenosones developed as in the controls. By this time the infection
was at the acme stage; & subcuteneous dose of 1/30,000 g. was given
to each and feeding with the drug discontinued; 4 out of the 6 mice
were cured. Drug feeding as above was instituted in 6 mice infected
with Strain I when trypanosomes were in scanty numbers in the blood and
continued for 7 deys, during which time the course of the trypanosone
infection progressed through the acme to the relapse stage as in the
controls. Thus there is no evidence that absorption of the drug in an
active form tekes place from the alimentery tract, since No. 897 on

oral administreation exerts neither prophylactic nor curative action.



SECTION ITI -
| TREATMENT WITH OTHER DRYGS. -















































































































































































































































































