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B.663, a flmInO compound of Barry's 
phenazine series (1) ( Fig. 1 ), has been re
ported from this laboratory to possess an 
unusual long-lasting activity in the suppres
sion of murin e leprosy (7) . Among various 
antituberculosis drugs that have been test
ed, B.663 has been the only one to hold the 
infection in animals in check for as long as 
816 days. An additive action was observed 
when the animals were treated concurrently 
with isoniazid. Mice inoculated with or
ganisms obtained from animals treated with 
the combination of B.663 and isoniazid for 
a period of 240 days showed a favorable 
response to B.663, equal to that of mice in
fected with organisms from untreated ani
mals. The response to isoniazid alone in 
mice previously treated with a combination 
of B.663 and isoniazid, was marked but not 
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as effective as in previous experiments in 
which organisms from untreated animals 
were used as the inocula. This finding in
dicates that M ycobactel'ium lepraemurittm 
has acqujred some degree of res istance to 
isoniazid, but not to B.663 (7). 

Browne and Hogerzeil (~) have reported 
effectiveness of B.663 in the treatment of 
human leprosy. However, development of 
resistance of M. Zeprae to this drug (judged 
by the appearance of the bacilli ), was ob
served after treatment for one year. 

In a recent publication Browne (2) stated 
that the reappearance of solid-staining 
bacilli after 12 months' treatment with 
B.663 alone, which had led him to conclude 
that resistance of M. Zeprae to B.663 oc
cUlTed, was a transient phenomenon , the 
solid-staining rods gradually disappearing 
in the course of three to four months. The 
eventual bacterial and clinical improve
ment in these patients seemed unaffected 
by this episode. Therefore, true resistance 
to B.663 was not observed in his clinical 
trial. 
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F1G. 1. Chemic:a] structure of B.663, 2- (4-c:h] orani]ino ) -3-isopropylimino-.5- (4' -c:h]orophenv]) -3, 

5-dihydroph enClzine. 

Since emergence of res istance of M. Zep
m emul'ium to B.663 has not been observed 
with the combined treatment of B.663 and 
isoniazid for a short period of 8 months , it 
would be interesting to know if resistance 
wi ll develop when treatment has been given 
for a much longer time. This paper deals 
with the results of such a study following 
combined drug therapy for a period of 816 
days. 

METHOD 

As reported previously ( .. ), studies have 
been undertaken to measure the survival 
time of mice that were infected with mu
rine leprosy and treated with different doses 
of B.663 and isoniazid, given either singly 
or in various combinations. One group of 
animals was treated with a combination of 
B.663 (0.005 1< in the diet ) and isoniazid 
(0.01 1< in the diet ) continuously until the 
deaths of all the animals (Group 6 of Table 
2 ( 7)). On the 816th day the last mouse of 
this group was sacrificed, although still in 
good condition. Macroscopic leprosy le
sions were not observed; short acid-fast or
ganisms, however, were found in smears 
madc from the liver and onwntllm. A tissue 

homogenate was prepared from the omen
tum and pelvic fat. It was slightly yel
lowish-red and contained a few acid-fast 
bacilli. Subcutaneous inoculations of 0.5 ml. 
of the homogenate were made in three 
mice. Palpable subcutaneous lesions were 
noticed in 6 months, and generalized exten
sive lesions developed later. Animals were 
sacrificed on the 343rd day of the infection . 
Material from two of the animals was used 
to infect 5 groups (20 mice per group) of 
NIH general purpose female mice, weigh
ing 16 to 20 gm. each. The groups were 
placed under treatment, with two different 
doses of B.663 and isoniazid, separately, to 
determine if resistance to either of these 
doses would develop. Autopsy was per
formed on all animals after 3 months of 
treatment. The technic of the chemothera
peutic assay has been reported elsewhere 
CO). The average weight of the omenta and 
pelvic fatty pads, and a "leprosy index," 
which is an average evaluation of the gross 
lesions in various sites and organs, formed 
the bases of the assay. 

RESULTS 

B.663 showed a marked suppressive ac
tivity on murin e leprosy in the present 
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TABLE 1. Dev('lo/ll1lelll of dmg resistance ill murin e lepros!] . Anil1lals prev iously treated with 
{/ cOI1l/)inatioll of 13 .66.3 (lnd isonia::id for {/ pe riod of 816 days . 

Dose in I 010. mice 
diet 

I 
died / 

Drug (;'1 used . ( 
-- -

I 
Leprosv control 0/ 20 

1I n trea ted 
B.663 0.005 0/ 20 
B.663 0.01 1/ 20 
Tson iazicl O.OJ 0/ 20 
Tsoll iazid 0.02 1 20 

study. As shown in Table 1, the wcights of 
omenta and pelvic fatty pads of the two 
groups of B.663-trea tcd animals were less 
than those of the untrea ted leprosy con
trols. The leprosy indices of the two treated 
grou ps were ·0.2 and 0.1 respectively, whilc 
that of the controls was 5.5. Isoniazid 
showed on ly slight suppressive activity. The 
leprosy indices of the two isoni azid-treated 
groups were 3.4 and 4.4 respectively. 

For studies of the development of res ist
ance of M. lepl'aemtll'ium in the long-term 
experiments, it is necessary to compare the 
findings of the present study \,vi th those 
observed previously. A summary of the 
leprosy indices of various related groups of 
an imals of both the present and previous 
experiments is shown in Table 2. 

The suppressive activity of B.663 re
mained the same in both the present and 
previous studies, as shown by the leprosy 
indices of B.663-treated animals of 0.2 and 
0.1 for the former ( Table 2, Expt. 5) and 
0.4 and 0.5 for the latter ( Table 2, Expt. 2). 
This indicated that there was no develop
ment of resistance to B.663 by M. lepme
mUl'ium that had been treated previollsly 
with the combination of B.663 and isoniazid 
for a period of 816 days. 

Differences were observed, however, in 
the findings of isoniazid-treated animals 
between the present and the previous ex
periments. In the experiment in which the 
animals were infected with M. lepraemll-
1';11111 from untreated mice, isoniazid showed 
marked activity, as indicated by low lep
rosy indices, 1.0 and 0.7, in comparison 
with the respective indices 8.4 and 9.7 for 
the controls ( Table 2, Expt. 1 ). When mu
rine leprosy infection was trea ted with iso-

Bod y Wt. of Wt. of 
wt. omentum pelvic fat Leprosy 
gill. gill . grn. index 

26.8 0.12 ],32 .5 .. 5 

27,.5 0 .0.5 0.92 0.2 
27.6 0.10 0. 78 0 .1 
27.1 0.09 0.91 3.4 
26.7 0.09 0.98 4.4 

niazid alone for a period of 407 days , M. lep
ra emlll'illm became completely res istant to 
the drug. Animals infected with organisms 
obtained from such animals revealed a lep
rosy index of 10.4 for the isoniazid-treated 
group and 9.2 for the controls ( Table 2, 
Expt. 3). 

Development of slight res istance to iso
niazid was observed in animals infected with 
murine leprosy and previously treated with 
a combination of B.663 and isoniazid for a 
short period of 8 months. Animals infected 
with organisms obtained from such animals 
showed a leprosy index of 2.8 for the iso
niazid-treated and 14.9 for the controls ( Ta
ble 2, Expt. 4). Marked resistance to iso
niazid was observed when the previous treat
ment of the combination of B.663 and iso
niazid was extended to a total of 816 days. 
Animals infected with organisms obtained 
from such animals revealed leprosy indices 
of 3.4 and 4.4 for the isoniazid-treated , in 
comparison with 5.5 for the controls (Table 
2, Expt. 5 ). 

It is interesting to note that although 
marked resistance to isoniazid had devel
oped at this time, the resistance was, never
theless, not complete. The antimicrobial 
activity of isoniazid, although less, was still 
evident at this stage; this picture was quite 
different from the findings observed in ani
mals infected with organisms from animals 
that had been treated with isoniazid alone 
for a period of only 407 days ( i.e., about 
half the time used for combined therapy ). 
Furthermore, development of resistance to 
isoniazid has been observed by other inves
tigators in Illlll'ine leprosy in rats following 
a shorter period of time of administration 
of the dl'1lg, e.g., 6 months by Bushby and 
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TABLE 2. Summary of relate-! experiments on dl'llg resistan ce in murine lepros!} 

--

Drug in diet % 
Experiment 

No. B.663 I Isoniazid 
-

1" 0.01 

- -

2h 0.005 

3< 0.01 

4" 0.005 0.01 

5· 0.005 0.01 

I 

i i 
I 

I i 
• 3- month experiment (') . 
b 3-month ex periment n. 

I 

Time of 
Average transfer 
survival after 

time infection 
days clays 

I 

- I 

279 407' 

-----

509 8 16 

581 816 

I 

Time, new 
animals Treated 

Leprosy 

infected again 
index: 

after with same treated 
transfer drug singly 

cl ays 3 months control 
-----

1.0 0.7 
-' -

I 8.4 9.7 

0.4 0.,5 
- ' -
8.4 9.7 

-

Isoniazid, 
I 

10.4 

0.01 ('~ 9.2 

B.663, 0.7 
--

0.01 % 14.9 
158 

Isoniazid , 2.8 

0.01 % 149 

B.663, 0.2 

0.005 % 5.5 

B.663, 0.1 
0.01 % ----s.s 

393 
Isoniazid , 3.4 

---
0.01 % 5.5 

4.4 Isoniazid, 
0.02% ----s.s 

C Treatment contin ued until death of a ll animal s (0). 
d Treated for th e first 8 months and th e animals we re o bserved until the ir deaths (') . 
• Treatment conti nued until death o f a ll animals. R ef. 7 and the present stud y. 
'At this stage the anim a l had lesions ex tensive enough to inoculate two groups of an ima ls for the sec

ond 3-monlh trea tm ent. 

Barnett (4) and 2 to 4 months by Nishi
mura and Masuda (9) . Thus, previous treat
ment with the combination of B.663 and 
isoniazid markedly delayed the emergence 
of resistance of M. lepmemul'iu.m to iso
niazid. 

DISCUSSION 

It is clear that the activity of isoniazid 
was markedly prolonged by the concurrent 
use of B.663 in the animals. Advantages of 
the extended activity are obvious, since 

isoniazid has been reported by many inves
tigators to have a favorable effect in the 
clinical treatment of leprosy, despite the 
development of resistance by M. lepme to 
the drug following on ly a few months of 
treatment. 'With the concurrent use of 
B.663, it seems possible that the effect of 
isoniazid will be extended to a longer pe
riod of time in the treatment of human lep
rosy. 

B.663 maintained its potency for 816 days 
with the concurrent use of isoniazid. It is 
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of interest to know if its potency wi ll re
main unchanged without the concurrent 
treatment with isoniazid. Unfortunately, 
data are not ava ilable to clarify this point 
in the present study, sin ce an animal trans
fer was not made in the group of an imals 
treated with B.663 a lone for 816 days in the 
previous study; however, studies of myco
bacterial infections other than murine lep
rosy have indica ted that development of 
resistance to B.663 has been observed in 
both experimenta l and clinical infections in 
which the drug was given a lone. Grumbach 
(8) reported that emergence of resistance 
of M. tuberculosis, H37Rv, to B.663 has 
been observed in mice following previous 
treatment with B.663 for only 3 to 4 months. 
Browne and Hogerzeil (X) have claimed 
that M. leprae developed resistance to B.663 
in human leprosy after one year of trea t
ment. It is likely, therefore, tha t the con
current use of isoniazid may have protected 
M. lepraemurium from the development of 
resistance to B.663 in the present study. 

As reported previously, eradication of 
mouse leprosy is observed in animals treat
ed with both B.663 and isoniazid, but not 
with either drug given alone. The extent of 
skin pigmentation , resulting from accumu
lation of B.663 in the tissues, is reduced 
somewhat by concurrent treatm ent with 
isoniazid. These findings suggest that iso
niazid has mobilized the stored B.663 in 
some way by turning it into a more active 
form , or perhaps by altering its solubility 
an d thereby increasing its blood concentra
tion. " ' ith such an interaction between 
B.663 and isoniazid in the animals, a mu
tual protection against the development of 
resistance was obtained when a combined 
therapy ,.vas administered. 

Thus, by combination of B.663 and iso
niazid, the full antimycobacterial activity 
of each agent can be maintained for a long 
period of time. This combination seems to 
offer an unusual opportuni ty for the t;'eat
ment of leprosy. 

SUMMARY 

Continued study of the development of 
resistance of Mycobacterium lepraemurium 
to B.663, a phenazine derivative, and iso-

niazid, was made in mice in a long-term ex
periment. 

Murine leprosy was induced in mice with 
bacilli from animals previously treated with 
a combination of B.663 and isoniazid for an 
816 day period. These newly infected mice 
were then trea ted with either B.663 or iso
niazid. The preconditioning of the mmine 
leprosy bacilli by a combin ation of the two 
drugs appeared to prevent the development 
of res istance of M. lepraemuril.lm to B.663, 
and to cause a marked delay in the devel
opment of resistance to isoniazid. 

RESUMEN 

Fueron realizados en un experimen to de lar
ga duracion, estudios con tinuados del desar
rollo de la resistencia del Mycobacterium 7ep
raemurium al B.663, un derivado de la fena
zina, y la isoniazida. 

La lepra murina [ue inducida en las ratas 
con baci los provenientes de animales previa
mente tratados con una combinacion de B.663 
e isoniazida pOl' un periodo de 816 dias. Estos 
animales infectados a nuevo, fueron entonces 
tratados sea con B.663 0 con isoniazida. EI 
preacondicionamiento del bacilo murino lep
roso pOl' una combinacion de las dos drogas, 
parece prevenir el desarrollo de la resistencia 
del M. lepraemuriwn al B.663, y causa un 
marcado retardo en el desarrollo de la res is
tencia a Ia isoniazida. 

RESUME 

La suite d'une etude sur Ie developement 
de la resistance de Mycobacterium 7epraenw
ritl1n au B.663, un derive de la phenazine, 
ainsi qu'a l'isoniazide, a ete mene chez des 
souris au COUl'S d 'une experience de longue 
haleine. 

La lepre murine a ete transmise aux souris 
en utilisant des bacilles obtenus chez des ani
maux traites auparavant par une combinaison 
de B.663 et d 'isoniazide durant une periode de 
816 jours. Ces souris recemment infectees ont 
alors ete traitees soit par Ie B.663 soit par l'iso
niazide. L'exposition prealable des bacilJes de 
la lepre murine ~I une combinaison de ces deux 
produits semble empecher Ie development de 
la resistance au B.663 chez M. lep-raemllril/.1n, 
et causer un retard marque dans Ie develop
ment de la resistance a l'isoniazide. 
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