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INTRODUCTION.

EvER since.the outbreak of bubonic plague in India, almost every drug which
had been favourably reported upon as a possible cure has been tried at the Maratha
Plague Hospital, Bombay, but with disappointing results. Choksy (1923) after an
experience extending over a period of more than 25 years in the treatment of plague
came to the conclusion that ‘ all efforts hitherto made to cure the disease by drugs
have proved absolutely futile’ and urged the necessity for undertaking further
researches into the possibility of preparing a potent anti-plague serum in India,
as ‘it is the only remedy that holds out any hope of reducing the excessively high
case mortality which has so markedly characterized the epidemics at Bombay.’
Patel, the present Superintendent of the Maratha Plague Hospital, also came to
the same conclusion. He (Patel, 1925) observes that chemotherapy of plague with
iodine and its preparations, carbolic acid, mercurochrome, salvarsan preparations,
ete., has not been found to have any effect either on the mortality or on the course
of the disease. Looking to the analogy of other infectious diseases, the only rational
treatment, in his opinion, would be with a powerful concentrated antitoxic serum
prepared from local strains and given early and in large doses. Until such a potent
antitoxic serum becomes available, the medical practitioner called upon to treat
cases of plague must necessarily have recourse to one or the other of the drugs which
have been commended by his fellow practitioners.

( 749 )
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Dr. O. Urchs (1930) of Messrs. Bayer-Meister Lucius, having received a com-
munication from Dr. Vincent of Maymyo of the very good results he had obtained
with ¢ Bayer 205 * in the treatment of some cases of plague, suggested that he would
place a sufficient supply of the drug at our disposal should we desire to test its thera-
peutic value in experimental animals. This paper deals with a brief history of
chemotherapy of plague and with our experiments with ‘ Germanin,” a preparation
of ‘Bayer 205° for human use, in rabbits—animals susceptible to experimental

infection with plague.

CHEMOTHERAPY OF PLAGUE.

Several drugs have been administered to plague patients either orally, subcuta-
neously or intravenously, not only to relieve the distressing symptoms which
accompany the disease but also with a view to destroying the plague bacilli in
the body and effecting a cure. With this latter object, Choksy introduced the
method of injecting germicides into buboes during the first epidemic of plague in
Bombay.

Carbolic acid.—Choksy (1904) injected either pure carbolic acid or equal parts
of carbolic acid and liquor iodi in doses of 10 to 20 minims into each hubo. Paton
(1908) reported successful results following oral and subcutaneous use of carbolic
acid among cases treated at Amoy. Choksy (1918) found that even when pure
carbolic acid was administered in doses of 72 to 100 grains per day, it was inert.
Patel (1925) also obtained no success with this drug.

. Formalin and its preparations.—Roehr (1912) suggested the injection of a two
per cent solution of formalin into the bubo and Deggeller (1915) treated 5 cases of
plague with intravenous injections of formaldehyde sodium bisulphite (‘ Fonabisit )
with 3 deaths; but the number of cases treated was too small to allow of any
definite conclusion with regard to its therapeutic value.

EBusol.—Connor (1916) suggested the subcutaneous injection of eusol in the
treatment of plague. Brayne (1917) and Baker (1920) employed eusol but with no
benefit.

Izal.—Choksy (1904) treated 21 cases of plague with injections of 5 to 10 c.c. of
a one per cent solution of izal into buboes ; he found that these injections had no
influence, either local or general, on the course of the disease or on the mortality.
Patel (1926) also employed izal without any benefit.

Mercury and its preparations.—Choksy (1918) treated 21 cases of plague by
subcutaneous injections of collosol mercury with 15 deaths. Andrew Balfour (1924)
suggested the use of mercurochrome-220 soluble in plague. He (1925) reported later
that he had received accounts of a few cases of plague in which the drug had been
distinctly beneficial. Patel (1925) treated 6 cases of plague with this drug by the
intravenous route and all ended fatally. Still later, he (1929) tried the drug on two
more cases but without benefit. We (Naidu and Shamsher Jung, 1926) found that’in



B. P. B. Naidu and R: G. Sathe. 751

experimentally infected animals, such as rats and rabbits, the injections of mercuro-
chrome-220 soluble in sublethal doses either single or repeated had no influence on
the case mortality. At the Haffkine Institute Caius, Kamath and Naidu (1927)
tested the bactericidal action of some organic compounds of mercury on  B. pestis’
wn vitro and found that the bactericidal power of these drugs was roughly propor-
tional to the amount of mercury present in each. One of us (B. P. B. N.) tested
the therapeutic action of tetra-acetoxy-mercuri-trypan blue, a synthetic preparation
prepared at this Institute, in experimentally plague infected rabbits as it exhibited
-very high germicidal property against ¢ B. pestis’ in vitro. But when tested ¢n vivo
the drug was found to have no influence on the mortality from the disease in these
animals.

Silver and its preparations.—Elliot (1907) reported successful cures in bubonic
plague following the intravenous injections of a one per cent solution of collargol.
Choksy (1918) employed colloidal silver in 93 cases of plague with 60 deaths (645
per cent). Denman (1914) found that early cases of plague were benefited by
intravenous injections of electrargol. In his series the mortality among the treated
cases was 604 per cent as compared to the mortality of 83-4 per cent among controls.
Ilvento and Mazitelli (1914) and Choksy (1918) also employed electrargol in the
treatment of plague but found the drug to be of little value.

Salvarsan’and allied arsenical preparations.—Lancelin (1912) and Aumann (1912)
employed intravenous injections of salvarsan without benefit in plague. Schut
(1921) treated 5 cases of plague by intravenous injections of neosalvarsan all of
which ended fatally. Ram Mansoor (1922) treated one case of plague with the same
drug and it recovered. Marshall and Achhru Ram (1922) reported successful cures
in 6 out of 7 cases treated with neokharsivan. Patel (1925) found that salvarsan
preparations had no effect on the case mortality of plague.

Iodine and its preparations.—Choksy was apparently the first to use iodine in
the treatment of plague. He (Choksy, 1901) treated 104 cases by the oral adminis-
tration of sodine terchloride with a mortality of 663 per cent. Patel (1925) also
treated 32 cases with the same drug administered orally and had a mortality of 87-5
per cent. Commissioner Booth Tucker of the Salvation Army (1913) reported
successful cures following oral administration of tincture of todine. Connor (1912-13)
advocated the use of this drug intravenously in plague and reported that all the
three cases he had treated recovered. Liston (1913) conducted an experiment with
tincture of iodine among cases admitted to the Maratha Plague Hospital. He
classified the cases into four groups according to bacteriological findings: (1) no
plague bacilli in 0-25 c.c. of blood, (2) some but less than 10 plague bacilli in 0-25 c.c.
of blood, (3) more than 10 but less than 100 bacilli in 0:25 c.c. of blood, and (4) more
than 100 bacilli in 0-25 c.c. of blood. He considered such a classification necessary
as he had previously observed that all patients who showed more than 10 plague
bacilli in 0-25 c.c. of blood invariably died, while a proportion of cases with no plague
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bacilli or less than 10 bacilli in 025 c.c. of blood recovered. In his series of 60 cases,
20 received the routine treatment adopted by Choksy in his hospital cases, 20 were
treated with tincture of iodine by the mouth while 20 were given the drug intrave-
nously. In thefirst group of 20 cases there was a mortality of 16, in the second 12
and in the last group 17. Among the cases in which recovery was considered
possible from bacteriological findings as explained above, in the first group there
were 9 cases with 55'5 per cent mortality ; in the second therc were 12 cases with
33-3 per cent mortality and in the last there were 10 cases with 70 per cent mortality.
As the number of cases treated in each group was not sufficiently large, he could
not come to any definite conclusion as to the value of thistreatment. Choksy (1914)
in view of the lesser mortality that followed oral administration of tincture of iodine
among the cases treated by Liston, treated 27 cases by the same method and had a
mortality of 81-5 per cent. He (Choksy, 1915) made a further trial with tincture of
iodine in 88 cases and had a mortality of 72:7 per cent. From these results he
concluded that ‘ plague as observed in Bombay is unaffected and not amenable to
treatment by iodine.” Rama Iyer (1916) treated 6 cases of plague with intravenous
injections of tincture of iodine and of these 5 recovered. He also reported that Mg.
Tha Din treated a few cases in Mandalay by the same method with satisfactory
results. Vassallo (1921) treated 20 cases by intravenous injections of tincture of
iodine with 4 deaths and attributed his good results to very early treatment.
Jeudwine (1923) found that early cases were benefited by intravenous injections of
tincture of iodine and stated that Hari Ram had reported 26 cures -out of 28 cases
treated with intravenous injections and that Gian Chand also reported in the same
manner. Pal (1924) treated 2 cases with intravenous injections of iodine ; of these
one died. He noticed that the injections of iodine resulted in the reduction of the
temperature of plague patients even in septiceemic cases, but ‘ as regards cures the
results are as disappointing as with any other form of drug treatment of this dreaded
disease.” Naquvie (1924) reported that he had treated about 100 cases of plague by
intravenous injections of iodine and that most of his cases recovered and estimated
the cures at 75 per cent. Patel (1922) employed 06 per cent solution of iodine
subcutaneously and also intravenously in 153 cases with a mortality of 73-2 per cent,
while the mortality among the 48 control cases was 72'7 per cent. He (Patel, 1924)
further reported that he had treated in all 380 cases with tincture of iodine by oral,
subcutaneous and intravenous routes with a mortality of 757 per cent. Marshall
and Ram (1924) reported that the latter had treated 103 cases of plague in Uganda
by intravenous injections of iodine and only 16 of these recovered, and that Baker
had treated 50 cases by the same method and of these 19 recovered. Bharadwaj
(1926) reported that he had treated about 100 cases by the same method and claimed
80 per cent cures. Mallanah (1920) advocated the injection of a solution of iodine,
camphor and thymol into the plague bubo and reported that out of 34 cases treated
by this method in the Hyderabad Isolation Hospital there were 15 deaths whereas
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when tincture of iodine was injected into the bubo and also orally, all the twenty
cases thus treated died. Subbiah Pillai (1921) treated 3 cases by Mallanah’s method
with 2 deaths. Carman (1927) reported that he had treated 27 cases by the same
method with 9 deaths (33'3 per cent). Patel (1929) treated 16 cases by intravenous
injections of this mixture with 14 deaths (875 per cent). Choksy (1920) reported
that he obtained good results following the use of colloidal preparations of iodine.
Out of 260 patients treated with these preparations there were 160 deaths (615
per cent). Grimes (1926) treated seven cases of plague with colloidal sodine and of
these only one died. Choksy (1918) treated 63 cases with 7odeol and had
41 deaths (651 per cent). _

From this review, it is apparent that a very large number of cases of plague
have been treated especially with iodine in one form or another but with very
divergent results : some claiming cures with this drug to the extent of 80 to 100
per cent while in the hands of others the results have been very disappointing. In
spite of these apparently conflicting results iodine continues to be a favourite remedy
with many. This is partly due to the fact that its use is unattended with any
constitutional disturbance and that a temporary fall in the temperature of the
patient very often follows its injection. The divergent results obtained by these
several observers may be reconciled when one remembers that in the course of an
epidemic several cases of fever resembling plague but in reality not due to infection
by B. pestis are treated assuch. Ina series of 276 cases that were sent to the hospital
by medical practitioners in which we carried out bacteriological examination both
by bubo puncture and by blood culture there were no less than 40 cases in which
the diagnosis of plague could not be confirmed. It is obvious that inclusion of such
cases among those treated as plague with any special line of treatment will naturally
raise the percentage of recoveries depending upon the proportion of such cases
treated. Further, even among cases that have been definitely diagnosed as plague
and classified according to the severity of blood infection, our observations have
shown that in purely bubonic cases in which no plague bacilli were detected in
0-25 c.c. of blood the mortality under ordinary hospital treatment varied only from
25 to 33 per cent, while in septiceemic cases in which less than ten plague bacilli were
present in 025 c.c. of blood the mortality rose to about 75 per cent and in septiczemic
cases in which more than ten bacilli were detected in the same amount of blood the
mortality was 100 per cent. From these resultsit would be evident that for correctly
estimating the value of any form of treatment it is necessary not only to confirm
the diagnosis of plague by bacteriological examination but also to estimate the
severity of infection in each case.

¢ GERMANIN ’ (‘ BAYER 205 °).
¢ Germanin ’ is a loose white powder which dissolves readily in physiological
solution of sodium chloride and also in cold distilled water. According to the
J, MR 4
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manufacturers it is a complex organic combination containing neither arsenic,
antimony, mercury nor any other inorganic substance. It is regarded as the best
trypanosomicidal drug at present available for the treatment of human trypano-
somiasis. The manufacturers emphasize that this drug has produced no satisfactory
results in other diseases not caused by trypanosomes. It has been ascertained that
in encephalitis lethargica, it has proved to be quite useless, while in other bacterial
diseases and in infections caused by spiroch®tes it has not been a success. They
warn that the drug is not entirely harmless. They, therefore, recommend not to
employ it at random, as it would not only do harm but also discredit the drug.

Nevertheless, this drug has been used by some observers for the treatment of
plague. Dyce Sharp (1926) reported 8 recoveries out of the 12 cases of plague he
had treated with ¢ Bayer 205,” while Carman (1927) found that this drug had no
definite specific action on plague. Very recently, Vincent (1931) published successful
results he obtained in four cases of plague with ‘ Bayer.205." In view of these
apparently good results which are reported to have attended the use of ¢ Bayer
205 in the treatment of plague we undertook to test this drug in experimental
animals. ’

OUR EXPERIMENTS WITH ‘ GERMANIN.’

(1) Germicidal action of * Germanin’ on B. pestis.

 In the first instance, we attempted to ascertain the germicidal property of this
drug on the plague bacillus. A broth culture of B. pestis of 48 hours’ growth was
employed. Equal volumes of this culture and of different dilutions of * Germanin ’
" were mixed together and allowed to stand at room temperature. At the ep’
15 minutes and 24 hours respectively, cultures were made from these mixturer-
blood-agar slopes. These subcultures were examined for growth from day "~

for a period of seven days. The results showed that the drug has no gefuuvidal
action on B. pestis even in a dilution of 1 in 20 and after a contact of as long as
24 hours.

(2) Toxicity of * Germanin’ for rabbits.

We then proceeded to test the toxicity of the drug. For this purpose rabbits
weighing from 1,690 to 1,980 grammes were inoculated intravenously with a single
dose varying from 0-01 to 2 grammes of the drug. In another series, rabbits
weighing from 1,690 to 2,790 grammes received intravenous injections of the drug
in doses varying from 0-1 to 0-5 gramme repeated at intervals of 24 hours for 2 to 7
days, the total amount of the drug injected being 07 to 125 grammes. The results
showed that the drug was not toxic to rabbits up to 0:6 gramme, given either as a
single dose or in fractional doses ; but was fatal when the dose reached 07 gramme
and over with a mortality of 100 per cent, death ensuing within about 20 minutes
to seven days according to the size and fractioning of the dose employed. These
results are symmarized in Tables I and II,
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From Tables I and IT it would also appear that either a single dose of
05 gramme or repeated doses of 0-1 gramme on five successive days at intervals
of 24 hours were well borne by rabbits.

Following the injection of a rapidly fatal dose rabbits scream, have convulsions,
their respirations become hurried and death ensues in a short time. Should the
animal survive for a period of 24 hours or longer, as it happened when the doses
were given in fractions, the post-mortem appearances in these animals were:
(a) hemorrhages in the walls of the intestines, more particularly in the large
intestine, (b) liver presenting appearances of simple congestion to fatty degeneration,
(c) spleen congested, (d) lungs presenting appearances of congestion or sometimes of

broncho-pneumonia, and (e) pleural, pericardial and in one instance pefitoneal
effusion.

TasLe L
Daily mortality following intravenous injections .
Weight of of ¢ Germanin ’ in single dose. Survivors at
b 3 a 2 the end of 30
rabbits in | days after
gramumes. 0 1| 2| 3| 4| 5| 6} 7| 8| 9/10|11|12]| treatment.
gm.
1,730 001 |l ]
1,750 (07778 R R IR R N I N A A T B R 1
1,690 0025 | oo e | e e ] l
: !
1750 [ 005 || 1
1,800 005 | .l e 1
1,820 01 [P [P IR (O P RS ISP PO (R R IR N 1
1,820 0125 RS IO IR O I I VO O R I A 1
1,830 025 [P PO I N T T PO (R IR IR IR 1
1,900 05 ol ] 1
!
1,800 05 FP [P RO R R VORI O PR VO B 1
1,900 06 R T A N ' v 1
1,910 07 Died within one hour after injection D
1,900 08 do. do. 20 minutes do. do. D
1,940 10 do. do. do. do. do. D
1,980 2:0 do. do. do. do. do. D
ToTAL
15 11

D = Died.
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TasrLe II
Daily mortality following intravenous injections of Survivors
Weight, of ¢ Germanin ’ in repeated doses. at the
rabbits in end of 30
grammes. days after
B 0 1 3 4 5 6 7 8| 9] 10| treatment.
gm. | gm gm. | gm. | gm. | gm.

1820 | 05 |05
1800 | 05 |05
1760 | 05 | 05
1,60 | 05 | 05
1870 | 02| 025] 025|025 D

99 9o i e

1,990 02 | 025 025|025 | 025 .. | D

2,020 025 | 025 | 0025 | 025 0025 | D

2,070 02| 025 | 00256 | 025 | 025 | .. D

2,010 01 {01 |01 |0l |01 | .. U IR R P I 1

2220 {01 |01 [0l ol |01 | .. R O IO R P 1

2,220 0r | o1l |01 [0l |01 . R ORI 1

2,230 01 {01 [0l |01 [ol [0l [ .. |..]..]..].. 1

2,790* | 01 [ 01 [OL [01 JOL |01 [0 |..]..0.. (.. D
ToTAL

13 4

* Died seven days after the last injection. D = Died.

(8) Treatment of plague in experimentally wnfected rabbits.

Rabbits were infected subcutaneously with our test dose, namely, 0-003
milligram of spleen of a rat dead of acute plague. They were treated with varying
amounts of ‘ Germanin.” In one series, the first dose was injected immediately
after infection. Some of the infected animals received a single dose while in others
the doses were repeated at intervals of 24 hours. Out of 10 rabbits treated with a
single dose varying from 0-1 to 0-5 gramme intravenously, all died by the eighth day
after infection. Of the 10 rabbits treated with repeated doses in total amounts
varying from 0-3 to 0-5 gramme, 9 died by the twelfth day of infection, while the
mortality among the ten control rabbits was 80 per cent during the same period.
In another series, treatment was commenced after 24 hours of infection and the



Tasie III.

‘sommeld

ur sy1qqes Jo 9yt

-8jI0m Jo eZejuodiog

- = - . = = o
geze | B Treated with anti-plague | 258 | B g : =
Treated with ¢ Germanin ’ intravenously. Daily *5‘2' 8 gﬁ' serum intravenously. ‘E% EB' 50;‘ Ulg;e:tm; o;:)tﬁgi:ingl)uly 99
mortality following infection. ® E.E RS Daily mortality 222 = infootion %3
e y me : .
§§_ R 2o following infection. § ‘%% 8o § %
5g S g : Eg % g Eg
0 14 2 3 4 5] 6| 7(8|9|10| 11| Ay = 1ol 1] 2 3,|455 gty g (123 4| 5|67 8] 9:8A
| g23 & g§>s @ g%
gm. gm. l gm. | gm. | gm. ‘ E] gg 5 c.c.|c.c.|c.c. c.c.[ 5 o;g 5 Ta
01 .. .. .. L. D . .. 1,930 D N ..
01 .. .. .- .. Ip| .. . . . 1,790 . . D -
01 . .. .. .. D . . 1,650 |. | D S .
ol . . . .. |D S T O .. . JUR DR RN VRN FON DY DO (S 1,610 |..|[-.|-.] D .. ..o o] .
01 . . . I D [..[..] .. [..| 1000 . JOPR PR EUR VR DN DO D B 1510 [oofee|ed] oo | oo [l oo oo | 8O0
0'5 .. .. . D .o . 100-0 | ee | e - . .- .
(198 01 01 01 01 . o] . .. P O IR .e ..
01 01 01 01 01 D . .. R P P O B . e
01 01 01 01 0-1 D . A A B .. .e
0l 01 01 01 D - N S P P .. [ T .. .
01 01 01 01 .. O IR R R O e 809 .o I N .. . .
o1 |01 |01 . D o] .. 2,090 | 1| 1} 1.. 2,410 .. ..
01 01 01 . R O B (O T PR PO [ SO .. 2,010 1 1 1) .. 2,080 .o .
01 01 01 .o .. '..|D R N N N .. 1,970 1 1 ... 2,070 . ..
01 |01 |01 . . D B P .o {18e0 [ 1] 1| 1., .. 1,710 .. ..
(13 01 01 . D .. .| .. | 1000 1,700 1 1 1] .. 00 1,690 . 800
.. Jo1r.{0o1 |01 | D ! .. . . 2370 | ..| 1f 1| 1 . .. . .
01 o1 |01 | .. |..|D N P I 2,050 1l 1] 1 . O
01 01 01 R T .. 2,030 .. 1 1 1 . .. .
01 01 D . o oo} ot .. 1,720 s 1 1 1 . .
01 {01 | D ' cof-efeef o .- ] 2000 | 1680 |..| 1| 1| 1|..]..]..] o©0 .. . ..

D=death from plague.
'
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infected animals received three doses of 01 gramme of the drug at intervals of
24 hours. All the five rabbits so treated died by the eighth day after infection.

For purposes of comparison, ten other infected rabbits were treated at the same
‘time with our local anti-plague serum. All these serum-treated animals survived,
while four out of the five control rabbits died within 9 days after lnfectlon These
results are summarized in Table 1L

_ CONCLUSIONS.
1. “Germanin’ (‘Bayer 205°) when tested ¢n wvitro was found to possess no
germicidal action upon B. pestis even in a dilution of 1 in 20.
2. The minimum lethal dose for rabbits was found to be 07 gramme whether
given as a single dose or in fractional doses administered in the course of 2 to 7 days.
3. When tested in experimentally infected rabbits in tolerant doses it was
found to possess no curative property against plague.
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