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IV. THE EFFECTS OF AMITHIOZONE (TBI / 69S), p.A MI NQSALICYLIC ACID 
(PAS), B283 (A PHENAZINE PIGMENt), FIVE ANTIBIOTI CS 

AND THREE DIPHE NY LTHIO UREA COMPOUNDS 
ON MOUSE LEPRO SY 

Y. T. CIIANG, 1'01 .0.1.: 
National l natitute 0/ Arthritis and MetalwliG Diseases 

National l nstituu80/ HellWt. BBthesda, Ma'1lland 

The results of treatment of murine leprosy in the mouse with strepto­
mycin, certain sulfones and ison icotinylhydrazines, nicotinamide and pyra­
zinamide have been r eported previously (G, 7). The present paper deals 
with amithfozone (TBl/ 69B), p-aminosalicylic acid (PAS), a phenazine 
pigment (B283). five an ti biotics (chlortetracycline, oxytetracycline, 
chloramphenicol, penicillin and erythromycin) and three diphenylthiourea 
derivatives (SU-1795, SU-1906 and SU-2358). 

Several reports on the effects of thiosemicarbazone compounds <l nd of 
p-aminosalicylic acid on murine leprosy have appeared, but the value of 
these drugs has not been established. Variation in sCI'eening techniques 
used by different investigators probably explains the discordant results 
reported. There are differences in the species of an imal used and in 
routes of inoculation, and in dosage of drugs, mode of administration, 
and length of treatment. 

Amith iozone (p-acetylaminobem.a ldehyde thio&emicarbszone) has been used in 
seven series of experiments, four in rats (8. t. !I, !2) and three in mice ( !. II . I t ), 

but in no two instances with either species were the exper imental conditions the same. 
The drug was reported active in one experiment in rats and in two in mice, inactive 
in three experiments in rats and one in mice. Two other thiosemicarbazones have been 
teated: 4-ethyl-sulfonylbenzaldehyde thioscmical'bazone, found to be inactive in mice 
(1 0), and p-pyridine aldehyde thiosemicarbuone, found active in the rat (II). 

Contradictory results have been reported also with PA S. Three experiments were 
perlOl"1Tled in rats and two in mice, the resu lts being successively inactive, active, active, 
inactive and slightly active (8. 11, !2, II . 15). 

Of the five antibiotics dealt with in the pl'esent report, two have previously been 
reported to be inactive: peniciUin, in three experiments in rats (20. ~. IS), in which 
dosages and duration of treatment differed; and oxytetracycline, in one experiment 
in mice (II). 

A summary of the principa.l experimental conditions and findings of various 
authors who have used thioscmical'bazones, PAS, penicillin and oxytetracycline is given 
in Table 1. 

The use of B283. the hydrochloride of 2-anilino-3-amino-5-pheny1-
phenazine, in murine leprosy has not previously been reported. It has 
been said to be effective in experimental tuberculosis in mice (3), in 

I Fellow in Pharmacology, Leonard Wood Memorial (American Leprosy Founda­
t ion). 

'I With the technical assistance of Robert W. Scaggs. 
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urinary-tract tuberculosis in man (14). and in human leprosy (1) . Recently 
dipheny1thiourea derivatives were reported to be effective in experimental 
tuberculosis of mice and of guinea pigs (19), and these compounds are 

T ABLr. l.-Summartl of published 1'"eporta on the effects of thio8emicarba.:ones, PAS. 
penicillin and oxytetracycline on murine leprosy. 

-
Animal and Daily dOflC and Duration 

Drug Activity route of route of or Refer-
infection administf'Rtion treatment coce 

lO8.ctive nat H 20 m~m/rat 0 6 mo. • Inactive Rat H? (No atalr (1) • Active Rat H 0.3 rngm rat 0 00 da. 22 
Amithiowne (TB-l ) Inactive R.t H 0.1-0.2 gm/ rat H 3-10 mo. 21 

Active Mo"", IV 10 mgm/mouBC F ISOda. 2 
Active Mo"", IP 0.5 gm/kgm F 28 da. " Inactive Mo"", IP 10-&1 mgm/ moUlle O/B 30-42 da. 12 

4-Ethyl-fluUonyi. 
benza.ldehyde IMctivc Mo"", IE 0.1% F 4 mo. 10 
thiosemiearbazonc 

p-Pyridine aJdehyde 
thioscmicarbazone 

Active Hat 1M 50 mgm/ kgm H 171 da. 16 

Inactive R.t II 400 mgm / rat 0 G mo. • Active Rot IP 1.3 gm/ kgm " 8 mo. 17 
PAS Active Rot II 25 mgm/ rat 0 f,() da. 22 

Inactive Mo_ IP 2.5 gm/kgrn ,. 28da. " Slight Mo"", Ie 20 mgm / mouse H 77 da. 15 

Inactive Rat IP 800 u/ rat IP 10 wk. 20 
&H 

Penicillin inactive Rot II 1000 u/ rat II 5mo. 4 
Inactive n.t II 25000 u!kgm 

twiC1) weekly H? 2·3 mo. 13 

Oxytetracycline Inactive Mouse IP 20 mgm/ mouse H/O 30-42 da. 12 

Code: F = Food j H =HypodcrmicallYi IC = Intrace~brallYi IE = Intracorneally i 
1M = Intramuscularly ; IP = 1ntraperitoneally; IV = IntravenouslYi 0 = Orally by 
tube; u = Units. 

said also to be effective in murine leprosy (18). No report has been found 
on the action of chlortetracycline, chloramphenicol or erythromycin in 
murine leprosy. 

METHODS AND MATERIAL 

The technique of chemotherapeutic assay in intraperitoncally infected mouBC 
leproay previously described by me (') was employed. Female albino mice of National 
Institutes of Health general.purpose strain, weighing 20 ± 2 gm., were used in groups 
of 20, each group being caged separately. Inoculations were made with 0.5 cc. of a 
1 :80 IJUspension made from the omenta and pelvic fatty pads of mice which had been 
infected. four to five months before with the Hawaiian strain of Mycobacterium. leprae 
mu"um.. 

Except when otherwise stated, treatment was started on the day after inoculation. 
Streptomycin was injected subcutaneously, daily, five days a week. All other drugs 
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were mixed in the food except penicillin, which was given in the drinking waler. With 
amithio7:one, four dose levels were employed. Small doses, 0.05 and 0.1 per cent, werc 
tested in one experiment in duplicated groups. Moderate doses, 0.3 per cent, were 
screened in three repeated experiments. The la rge dose of 1 per cent was tested in 
two expe riments in which treatment was delayed for one and one-half months after 
inoculation and therapy then given for on ly one and one·half months. The dosage 
with PAS was 0.6 per cent. B283 was begun at a level of 0.5 per cent, but 108S of 
body weight was noted early and the dose was reduced to 0.2 per cent in the second 
week and to 0.1 per cent thereaftel.. or the antibiotics, chlortetracycline was used 
in 0.1 per cent concentration, and oxytetracycline and chloramphenicol at 0.3 per cent. 
The concentration of penicillin in the water was 200 units per cc., given fi ve days 
per week. Stock solutions were prepared once a week and kept at 40C. Erythromycin, 
also in the food, was 0.5 per cent. Of the diphenylthiourca del'ivatives, SU-1795 was 
begun at 2 per cent concentration, SU-1906 at 0.5 per cent, and SU-2358 at 0.1 per 
cent; changes proved necessary, as will be noted later. 

Animals were sacrificed approximately three months after inoculation. Autopsies 
were performed by me without knowledge of the treatment the animals had received. 
The mortality rate, body weight , weights of omenta and pelviC fatty pads, a.nd the 
bacillus and leprosy indices, were recorded, and the omenta and pelvic fatty pads 
were photographed. The bacillus index represents t he total scorc (graded as 0 to 5 
for each smear) given to smears made f rom the following sites and organs: site of 
inoculation, omentum, pelvic fatty pads, portal lymph nodes, paravertebral lymph 
nodes, thymus gland (bronchotracheal lymph nodes in some early experiments), splcen, 
liver, lung and kidncy. The leprosy index is the total score given to gross pathologic 
lesions in various sites and organs graded as follows: Bite of inoculation and lymph 
nodes, each, ()..2; omentum and mesentery, 0-6; pelvic fatty pads, spleen and liver, each, 
0-4.; miscellaneous, including lungs, kidneys, diaphragm, pericardium, retrosternal 
region, and thymus gland, each , ()..l. The data presented in Tables 2 to 6 represent 
the averages of all animals of each group except the bacillus indices, which are 
averages of two representative animals of each group. 

Amithiozone (Myvizone) was supplied by E. R. Squibb & Sons; PAS and chloram­
phenicol (Chloromycetin) by Parke, Davis & Co.; B283 by Geigy Pharmaceutical 
Laboratories ; erythromycin (llotycin) by Eli Lilly & Co.; chlortet racycline (Aureo­
mycin) by Lederle Laboratories; oxytetracycline (Terramycin) and penicillin, crystal­
line G, by Chas. Pfizer & Co.; and streptomycin sulfatc by Merck & Co.: wh ile Ciba 
Pharmaceutical Products supplied the following three diphenylthiourea compounds: 

SU-1795 , 

SU-190S . 

SU-2358, 

RESULTS 

Evaluation of amithiozone.-Of 380 animals included in these experi­
ments, 31 died . Twenty-seven of these deaths were caused by intercurrent 
diseases, and only four by leprous involvement: two in the control group 
of Experiment 2, and one each in the control group and Group B (0.1% 
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dosage) of Experiment 4. The drug was well tolerated, as shown by the 
experience of the toxicity control group given 0.3 per cent of the drug in 
Experiment I. and that of the group treated with 1 per cent in Experi­
ment 5. 

The average weights of the omenta of all animals treated with different 
doses of amithiozone were either equal to 01' larger than the comparable 
weights for the controls except in the tl'cnted group of Experiment 6. 
The weights of pelvic fatty pads of all amithiozonc-treated groups were 
likewise similar to or greater than those of the untreated controls. The 
rougher appearance and the larger sizes of omenta and pelvic fatty pads 
of representatives of the treated groups are shown in comparison with 
normals and untreated controls in Plates 7 and 8. Leprosy indices of all 
treated groups, especially those of Experiments 2, 5 and 6, and of Group 
B (0.05%) in Experiment 4, were larger than those of corresponding 
controls (Text-fig. 1). The bacillus indices of all treated groups, except 
two groups receiving the smaller doses of the drug, were likewise slightly 
higher than those of the controls. 

'~.,_ .... '_I_.OO.~ 

.... , ...... o_ •. oon 

,",,'­" ,'-:_.0 " 
'''''~'Ol_. 0 '" 
_'000. 

' _''''''ll'''''. 0 " 

.... "00. 
''''. 001'''''. ," 
WO'""" ,,,,.,,,W'I. '" 

• • • '0 ': , • " ...... , .... 

T~:XT- FIC. 1. Comparison or the lep­
rosy indices of animals treated with 
various doses of amithiozone, with those 
of their corresponding control •. All the 
lelll"08Y indices of treated group. are 
definitely larger than those or the con­
trols except 2 gl'OUpS which are only 
slightly larger than those or the controls . 
These were one treated with 0.05 per 
cent in the food, and another with 0.3 
Iler cent. 

The average index of chemotherapeutic effectiveness (ICE) J of all 
the treated groups was 0.8, with a range of 0.5 to 1. This indicates that 
the administration of various doses of amithiozone resulted in an increase 
of about 25 per cent in the growth of the leprosy lesions. 

Histologic studies revealed no Qualitative changes in the lesions re­
sulting from the amithiozone therapy. Quantitntive evaluations of the 
involvement of tissues were not conclusive, although a slight increase in 
the lesions has been found in certain tissues (e. g ., heart, thymus, etc.) 
of treated animals. 

, Index or chemotherapeutic eUedivcncss is calculated by: 
Total leprosy index of control group . ='-=;-;::C":'=-;:c:2"::-::;-;=;:::;-:::::::- The larger the rlgure, the higher is the 
Total leprosy index of tre&ted group 

activity of the drugs. Unity means no action. A rigure below unity means enhancement 
of the leprous growth. 
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Streptomycin, on the other hand, had marked suppressive activity. The 
animals given combined therapy with streptomycin and amithiozone 
showed a slightly higher leprosy index and lower ICE than did those 
given streptomycin alone. 

From these findings it may be concluded that the various dose levels 
of amithiozone employed produced no SlIPI}J'cssivc activity. On the con­
trary, there was a slight but definite stimulation of the infection . This 
was observed in animals receiving fu ll treatment, as well as in those in 
which therapy was delayed. When amithiozone was used in combination 
with streptomycin, the suppressive activity of streptomycin was not 
enhanced. 

Evaluation of PAS.-The effect of p·aminoSc'lJicylic acid, or PAS, was 
studied in three successive experiments the r esults of which are shown in 
Table 3. Four animals in the first two experiments and 17 in the third 
died of intercurrent diseases. That the drug was well tolerated, however, is 
shown by the mortality rate and the body weights of the PAS groups of the 
first two experiments. 

In the first experiment, the over·all average weights of the omenta 
and of the pelvic fatty pads, and also the bacillus indices, had approximately 
similar values in the treated and untreated groups. 'The values of the 
weights of omenta and pelvic fatty pads, and of the leprosy index of the 
treated group, were slightly lower than those of the control group in the 
second experiment but slightly higher in the third onc. Streptomycin 
alone showed a definitely suppressive effect, as before, but the combination 
of streptomycin and PAS was not advantageous. 

Evaluation of B283.-The phenazine pigment B283 was tcsted in dupli­
cate groups in one experiment, the results of which are also given in Table 
3. E leven animals, five in one of the duplicate treated groups, three in 
the other, and three in the control group, died of intercurrent diseases. 
The average body weight of the survivors in the two treated groups was 
lower than that of the control animals. No marked differences in the 
weights of omenta or of pelvic fatty pads, or in the bacillus and leprosy 
indices, were noted between the treated and untreated groups, indicating 
that this drug possesses no suppressive activity in mouse leprosy. 

Evaluation of antibiotics.-Two successive experiments were performed 
to determine the effects of chlortetracycline, oxytetracycline and chloram· 
phenicol, as shown in Table 4. All three of these antibioti cs were well 
tolerated. One animal of the control group and two of the chloramphenicol 
group in the f irst experiment died of intercurrent diseases. 

Two animals of the control group in Experiment 1 and one of the 
controls in Experiment 2 died because of extensive leprous involvement. In 
the first experiment, oxytetracycline showed a slight suppressive action on 
leprous growth, while the other antibiotics were inactive. In the second 
experiment, the leprosy indices of all three were slightly higher than that 
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of the control. The average ICE's of the two experiments were, 1.0 fo r 
chlortet racycline, 1.2 for oxytetracycline nnd 1.0 for chloramphenicol. 
None of these antibiotics, therefore, was found to possess suppressive 
activity. 

Penicillin was tested in three successive experiments (Table 5). Four 
animals of the treated group in the first experiment and two animals of 
the control group in the second experiment died shortly before termination 
of the experiments f rom extensive lep rous involvement. Eight other deaths 
were caused by intercurrent diseases. The leprosy index of the treated 
group in the first experiment was definitely higher than that of the 
control, definitely lower in the second, and only slightly lower in the 
third, showing that activity of penic ill in, if any, was inconsistent. The 
average ICE of the three experiments taken together was 1.2, and it is con­
cluded that penicillin had no marked suppressive action. 

Erythromycin, tested in one experiment in duplicate groups (Table 
5) , was well tolerated. Three control an ima ls and two of the treated 
groups died in the first two months of the experiment of intcl'current 
diseases. Identical results were obtaincd in the weights of omenta and 
of pelvic fatty pads, and in the bacillus and leprosy indices, for the treated 
and untreated groups, showing that erythromycin has no activity in mouse 
leprosy. 

In short, none of the five antibiotics-chlortetracycline, oxytetracy­
cline, chloramphenicol, penicillin and erythromycin-revealed any signif­
icant activity. 

Evaluation of diphenylthiourea com110unds.-The three derivatives of 
dipheny1thiourea employed were tested in one experiment, duplic~l.te groups 
being used for each drug and also for the control. With SU-1!l06, started 
at 0.5 per cent, marked loss of body weight was noted in both groups 
within two weeks; the drug was then stopped for 10 days and resumed 
with the reduced dose of 0.2 per cent . With SU-1795, started at 2 per cent, 
both groups showed some loss of body weight, and the dose was reduced 
to 1 per cent from the fourth week. SU-2358 was well tolerated. The 
results are shown in Table 6. 

Two animals receivi ng SU-1906, Group B, and three recei ving SU-2358, 
Group A, died of intercurrent diseases in th is experiment, two in the ea rly 
days and three shortly before the termination of the experiment. The 
average leprosy index of the two control groups was 9.04, which was the 
same as that of the two g:roups treated with SU-1795. The SU-1906 
animals had leprosy indices slightly higher, a nd the SU-2358 animals 
slightly lower, than t hose of the controls. In general, the three derivatives 
of diphenylthiourea showed no marked activity. 

DDS, 0.1 per cent in the food, was used as a standard of reference 
fo r this experiment. Its suppressive activity on the leprous growth is also 
shown in Table 6. 
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DISCUSSION 

The results of all the experiments presented in this report are sum­
marized in Table 7. The average index of chemotherapeutic effectiveness 
(ICE) of each dose of each drug or of each combination of drugs is shown. 
The averages, excepting those for streptomycin and DDS, are for two or 
three groups of animals lested in different experiments or for duplicate 
groups screened in A single test. Forty animals were usually used for each 

TAIII,E 7._Com bi1lflll 1-e lt'll i tlt concerning Ole Oc/i1, jt1l 0/ the rln/us Ileait witlt 
in T ables ! to 6, 

-- -
0 "", No. of 

Drug mice ICE~ 
Per cent Mgm./kgm.~ ...... 
in food 

Amithiozonc 0.05 100 '0 0.' 

Amithiolone 0.1 200 .0 0.' 

Amithio.onc 0.3 UOO '0 0.' 

Amithiozonc 1.0 2000 .0 0.7 

PAS 0.6 1200 '0 1.0 

D2"" 0.5-0.1 1000-200 .0 1.0 

Chlortetmcycline 0. 1 200 .0 1.0 

Oxytetracycline 0.3 UOO ' 0 1.2 

ChlofaIDllhenirol 0.3 UOO .0 1.0 

Penicill in ' 100 u/ cc. 20000 u/ kgm. 60 1.2 

Erythromycin 0.5 1000 .0 1.0 

su·m~s 2-1 .000-2000 .0 1.0 

SU·l006 0.5-0.2 1000400 .0 0.' 

SU·2358 0.1 200 .0 1.2 

Streptomycin 150 20 2.' 

Streptomycin and 
Rmithiozone 0.3 

150 
UOO 20 2.3 

Su:~mycin and 150 
0 .• 1200 20 2.' 

DDS 0.1 200 20 I.. 

II Calculated on the basis ot an average tood intake of 4 gm., or an average water 
intake ot 4 cc., da ily per 20-gram mouse. 

b Indf'.Jl" nf chemotherapeutic etfectiveneu. The higher the figure the more the 
activity; unity means no action: less than unity means enhanct'ment of the infection 
(see text) . 

c Drug dluolved in drinking water. 
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dose of a single compound, and 20 animals for a combination of two com­
pounds. ICE values above unity. indicating suppressive action, a re seen 
only with streptomycin and DDS. 

It will be noted that the ICE values of amithiozone are below unity. 
AU the doses of thi s drug used in these experiments showed some stimu­
lating effect on mouse leprosy. producing an avcl'age of 25 pel' cent 
increase in the lesions. No other drug in the present series showed this 
effect. This apparent stimulating action of amithiozone is not in agree­
ment with the findings of others, who have found that the drug is either 
suppressive or inactive (Table 1). Nor does it agree with the findings 
in human leprosy, in which definite effectiveness has been reported by 
several investigators. No satisfactory explanation can be given at present; 
further studies may throw some light on the reason for these discrepancies. 

SUMMARY 

8tudies have been made of the therapeutic effects on murine leprosy 
of several drugs and antibiotics, employing the intra peritoneally-infected 
mouse. The following results were obtained: 

Amithiozone (TE1/ 698) seemed to cause some .stimulation of the 
infection. 

PAS (p-aminosalicylic acid). B283 (a phenazine pigment), chlortetra­
cycline (Aureomycin). oxytetracycline (Terramycin) . chloramphenicol 
(Chloromycetin), penicillin, erythromycin (Ilotycin), and three deriva­
tives of diphenyIthiourea, i. e., 8U-1795, SU-1906 and 8U-2358, revealed 
no significant activity. 

RESUMEN 

Esw estudios versan sobre los efectos terapeuticos de varias drogas, incluso 
antibi6ticos, en la lepra murina, habiendose empJeado para ellos ratones infectados 
intraperitonealmente. Se obtuvieron los siguientes resultados: 

La amitioT.(lna (Tbl/698) pareci6 ocasionar alguna excitRci6n de Is nfecci6n. 
EI PAS (icido p.nminosalicilico)' el B283 (pigmento fenacin ico), Is clortetra­

ciclina (Aureomicina), la oxitetnll::ielina (Terramicina), el cloranfenicol (Cloromi. 
cetina), la penicilina, la eritromicina (lloticina) y tres derivados de In difeniltiourea, 
a saber, SU-1795, 8U·1906 y SU-2858, no revelaron mayor actividad. 
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DESCRIPTION OF PLATES 

PLATE (7) 

1955 

Compariaon of the pelvic Catty pads and omenta of untreated leprosy mice with 
those treated with small doses ot amithiozone three montha after inoculation. In each 
photograph the upper part is or the pelvic fatty pads, the lower one of the omenta. 

FIG. 1. Pelvic fatty pads and omenta of 19 normal mice. 
FIG. 2. Untreated leproay control group or Experiment 4. 
FIG. 3. Amithiowne, 0,05 per cent, group n. The lesions in the pelvic (aUy pads 

and omenta are la rger than those of the controls (Fig. 2), 
FIG. 4. Amithiozont:!, 0. 1 per cent, group A. The lesions here are also larger than 

those oC the controls. 
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PLAn: i. 



PI.AT~; (8) 

Comparison of the pelvic fatty Ilads and omenta of unt l"eilted le))rosy mice with 
those treated with moderate and large doses of amithiozone three months a ft e l' inocu­
lation. In each I)hotograph the UPllel' ra rt ill of the I>clvic fa tty llads, the lower one 
of the omenta. 

FIG. 5. Untreated ]epl'os)' cont l'ol gl"OulI of EX llel' iment 2. 
F IG. G. Amithiozone grou p, 0.3 pel' cent. The lesions in the Ileh' ic fatt), pads alld 

omenta a re larger than those of the control. (Fig. 5). 
FIG. 7. Untreated lelll'Oll)' control group of E Xlleriment 5. 
F IG. 8. Amithio7.()ne group, I per cent. The leaions in t he pelvic (atly pads and 

omentll lll'e larger than those of the controls ( F ig. 7). 
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