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The Activity of Various Antituberculous Drugs in
Suppressing Experimental Mycobacterium leprae
/ Infection in Mice

G. R. F. Hilson, D. K. Banerjee and |. B. Holmes'

By means of the mouse footpad tech-
pique of Shepard, and using continuous ad-
ministration of drugs in powdered diet, the
following compounds have been tested for
their ability to suppress experimental My-
cobacterium leprae infection: (1) Trime-
thoprim; (2) Thiocarlide; (3) Compound
AW 16’ 1989 (the isobutyl alcohol ester of
N-carboxylated thiocarlide); (4) Com-
pound 20541 RP, a polypeptide antibiotic;
(5) Compound B.1912, a phenazine deriva-
tive related to clofazimine (B.663); and
(8) rifampicin. Five of these compounds
had been shown in the laboratories of the
manufacturers, and in some cases by other
workers, to have antituberculous activity.
Trimethoprim (Compound 1) has no sig-
nificant activity against Mycobacterium tu-
berculosis: however, in our laboratory we
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Fic. 1. Trimethoprim (Wellcome). (2, 4-
$amino-5-(3, 4, 5-trimethoxybenzyl) pyrimi-
dine). Action: Inhibitor of dihydrofolate re-
fuctase. Strong synergistic action with sulfon-
imides against fast-growing bacteria, with bac-
Rricidal effect,
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have found moderate activity of this drug
against Mycobacterium marinum in vitro.
The chemical structures of the compounds
tesctied are illustrated in Figures 1, 2, 3, 4,
and 5.

The methods used were essentially based
on those of Shepard and Chang (') and
are briefly outlined as follows: Mice were
inoculated in the left hind footpad with 10*
M. leprae (counted as acid-fast bacilli)
derived from homogenates of human lepro-
mas or of footpads of previously infected
mice. The mice were divided into control
groups and groups receiving different con-
centrations of the drug under test, made up
in powdered diet, and feeding of the drug
was started from the day of inoculation, or
50 or 75 days later (periods which are
within the “lag” phase of the infection). No
drug concentration higher than 0.1 per cent
was tested. Samples of three or four mice
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Fic. 2. Thiocarlide (upper) and AW 16
1989 (lower). Thiocarlide (“Isoxyl” Conti-
nental Pharma). 4.4’ diisoamyloxythiocarbani-
lide. AW 16’ 1989 (Dr. A. Wander S.A., Berne).
Isobutyl ester of N-carboxylated thiocarlide.

CH

! CHy-CH(CHy),
N—" CONH-CH-CON-CHg
I

|
(CHg)2-CH

Fic. 3. 20541 R.P. (May & Baker, Ltd.). A polypeptide antibiotic: (CgH,oN04y)

+ H,0. (MW. 1, 162).
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cets coya original inoculum of 10*/footpad, the
N N-Cyliyy r N-cHcilp:  was recorded as “active,” i, complete}
@ I:[ QI suppressive of M. leprae growth. b
ci N NH-Cglig N Gttt The results obtained with drugs whi
B.1912 B.663 were inactive, or active only at h

Fic. 4. 'B.1912 (May & Baker, Ltd.). Re-
lated to clofazimine (B. 663): CzoH,,N,Cl).
(M.W, 479).

from the control groups were killed four
months after inoculation, and the inocu-
lated footpads homogenized and counts of
their content of acid-fast bacilli (AFB)
made by a standardized technique. Further
samples were taken from the control groups
at monthly intervals thereafter, and when
these showed AFB counts approaching
10%/footpad, samples of mice from the
drug-treated groups were also taken and
counts of AFB/footpad made. If AFB
counts in the footpads of drug-treated mice
were essentially equal to those in the con-
trols, the drug was taken to be inactive at
the concentration tested; if the counts were
lower, “partial activity” was recorded; and
if the counts were no higher than the
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presented first, and are summarized ;n -?-re
ble I (Compounds 1, 2, 3, and 4). Ty £
thoprim (TMP) (Compound I) admingg.
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Fic. 5. Rifampicin (Lepetit). An antibiotie
semi-synthetic derivative of rifamycin froy
Streptomyces mediterranei. Empirical formy.
la: Cy3HysN,O,,. Chemical Name: 3-(4-meth
yl-1-piperazinyl-iminomethyl) -rifamycin SV,

TasLe 1. Data on drugs showing poor activity against Mycobacterium leprae i the mouse

Joot pad infection. M. leprae tnocula 10* or 5

X 10%. Viability (solid ratios): 12-33 %. County

of AFB at different times of harvest in confrol mice and mice receiving different drug treatments,

AFB (X 10) in mice on treatment with:
Harvest | AFB in o
at controls | 0.01%, | 0.039% |0.19% in diet
Drug month | (X 10%) (25) (75) (250) (mgm./kgm.) Activity
Trimethoprim 4 88 140 — 20 Inactive
5 190 11 — 100
Thiocarlide 5 320 73 15 - Active at 0.03%
6 180 100 5.3 — (75 mgm. /kgm.)
7 360 110 1:3 -
AW 16' 1989 4 88 24 — 1.3 Active at 0.1%
(Strain 1) 5 190 55 — <1.0 (treated from
day 0)
5 320 — 190 110 Inactive
(Strain 2) 6 180 — 140 130 (treated from
7 360 — 430 200 75th day post-
inoculum)
20541 R.P. 5 120 22 15 <1.0 Active at 0.1%
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tered up to 0.1 per cent in the diet was
inactive. [t has also been previously found
active (C. C. Shepard, 1969, personal
communication) by the kinetic method
[Shepard ()], with no enhancement of
dapsone (DDS) activity. We have found
TMP with DDS is synergistic in inhibitory
action in vitro (but with no bactericidal
effect) on M. marinum, but in mouse foot-
pad infections with this species TMP alone
was ineffective, and it did not enhance the
activity of DDS (unpublished). Thiocarlide
(Compound 2) was active at 0.03 per cent in
the diet, corresponding to a dosage of 75
mgm./kgm. This particular diphenyl thiou-
rea has not apparently been tested pre-
viously in the mouse footpad; other related
compounds have generally only been active
experimentally at 0.1 per cent in the diet.
There are favorable clinical reports of the
activity of thiocarlide (Buu-Hoi (*32),
Criffiths (®) and Sentilhe ('°). The thio-
carlide derivative (AW 16’ 1989, Com-
pound 3), administered from the day of
inoculation with one strain of M. leprae,
showed definite activity only at 0.1 per cent
in the diet, and against a second strain, the
drug being given from 75 days post-
noculation, was inactive. Compound 4, the
polypeptide antibiotic 20541 RP, showed
partial activity down to 0.01 per cent, but
was only fully suppressive at 0.1 per cent
dietary dosage. Neither this compound nor
the previous one, AW 16’ 1989, has previ-
ously been tested experimentally or clini-
cally.

B.I1912 (Compound 5): the results are
shown in Table 2, and suggest that a diet-
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ary concentration of 0.0001 per cent is
active in the short term, but that 0.0003 per
cent (0.75 mgm./kgm.) may be necessary
for complete suppression. B.1912 has not
previously been tested against M. leprae;
against Mycobacterium lepraemurium the
activity of B.1912 was found to be equal to
that of B.663 (Y. T. Chang, 1970, personal
communication), and Shepard ('?) has
shown activity of B. 663 against M. leprae
at 0.0001 per cent dietary dosage. The
activity of B.663 at higher dose levels is
well established [Shepard and Chang
(), Rees (®) and Gaugas (®)] and the
clinical value of the drug in leprosy is well
recognized [Browne and Hogerzeil ('),
Pettit and Rees (7)]. As in the case of B.
663, mice receiving B.1912 developed a
reddish pigmentation. It is too soon to say
whether B.1912 may be found to have any
advantage in practice over B.663: in the
case of both compounds the minimum clini-
cally effective dose has yet to be found,
and the relationship between blood levels
in patients or in mice on treatment with the
drugs is as yet unknown.

Rifampicin (Compound 6): the results
of rifampicin treatment of infections in
mice with two strains of M. leprae are
shown in Table 3. Against both strains
0.0001 per cent of this drug in the diet
showed partial activity of a similar degree,
and 0.0003 per cent (0.75 mgm./kgm.) was
completely suppressive in the case of ome
strain, the drug having been administered
from the 75th day after inoculation. With
the second strain, 0.01 per cent dietary
dosage was effective: the intermediate dos-

TasLe 2. B. 1912. M. leprae tnoculum i0* AF B/footpad (solid ratio 22%). B. 1912 given

—

m powdered diet from 50th day after inoculation.

AFDB (X 10Y in mice on treatment with:
AFBin | ;
Harvest controls 0.0001 { 0.001 0.01 % in diet
at month (x 109 | (0.25) (25 (25)  (mgm./kgm.)
. 1 |
4 45 = | — —
5 110 7.6 L <10 <1.0

| 5.6 & 15)

(mean of 2.2,
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TanLe 3. Rifampicin. M. leprae tnocula 104 AFB/ footpad: 2 strains used (soli rati,
and 14%). Rifampein given in pouwdered diel from 75th day after inoculation s 12
B T - D
! , AFB (% 10% in mice on treatment with:
AFBin | B N . B
Harvest controls | 0.00019; i 0.0003% | 0.001 9 in diey
at month (x109 | (0.25) | (0.75) | (25) (mgm./kgm )
— | ——r——— i“_ s——
5 120 ; 13 1.0 10
(Strain )
6 : 190 | 25 =| 1.0 I <1.0
e o o] —t
| 0.00019; [ 0.019
5 110 - 35 f 1.0 (Strain 2)

ages were not investigated in this case. M.
leprae has previously been shown to be
suppressed by 0.0025 per cent in mouse
diet, which was the lowest dosage tested
[Rees, Pearson and Waters (?)]. These au-
thors reported the results of a pilot clinical
trial, on the basis of which they concluded
that this drug appears to show especially
high bactericidal activity against M. leprae.

Assays were made by a microbiologic
method of the concentrations of rifampicin
in the serum of mice on continuous treat-
ment with the drug at two levels of dietary
dosage, and the method and results are
shown in Table 4. The levels found ap-
peared to be mutually consistent, since a
tenfold difference in amount of drug ad-
ministered corresponded to a tenfold differ-
ence in serum levels. If strains of M. leprae
can be taken to be suppressed by a dietary
dosage of 0.0003 per cent in mice, and the
serum levels found at higher dosage may
be extrapolated to the lower dose level, the

TanLe 4. Rifampicin. Assay of serum
levels in mice «n centinucus treatment at 2
dose levels

Method By tube titration with doubling dilu-
tions of serum in nutrient broth + 509,
horse serum. Test organism: Sarcina
species with rifampicin sensitivity in
the system of 0.01 pg/ml.

In mice on 0.19, Rmp, serum levels
were 15-30 pg/ml; in mice on 0.01%
Rmp, serum levels were 2-4 pg/ml.

Results:

minimum inhibitory concentration (MIC)
of rifampicin in vivo for M. leprae appears
to be of the order of 0.06-0.12 ,g )
Serum levels of this drug in patients recgy.
ing 600 mgm. of rifampicin daily averyge
about 2-4 ug/ml. [Furesz et al. (n‘-:l
which would apparently constitute a ¢op.
centration at least tenfold higher than th,
MIC for M. leprae suggested on the basi
of the experimental infection.

CONCLUSIONS

Trimethoprim and the compound AW 1g'
1989 appear unlikely to be of practical
value in the treatment of leprosy, and the
potency of the latter appears to be inferiar
to that of thiocarlide, of which it is g
derivative. Thiocarlide and the antibiotic
20541 cannot be completely dismissed, and
much would depend on the determination
of the MIC’s of these compounds for M.
leprae and their relationship to serum
levels in patients on tolerated dosage. The
potency of the compound B.1912 is clearly
high, of the same order as that of the
related  riminophenazine  B.663, and
worthy of further investigation. The validi-
ty of the great interest being shown at
present as to the value of rifampicin in
leprosy is confirmed by the finding
presented above.

SUMMARY

By means of the mouse footpad tech
nique of Shepard, and using continuous
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ministration of drugs in powdered diet,
the following compounds have been tested
for their ability to suppress experimental
M. leprae infection: (1) Trimethoprim;
(2) Thiocarlide; (3) Compound AW 16’
1989 (the isobutyl alcehol ester of N-
carboxylated thiocarlide); (4) Compound
20541 RP, a polypeptide antibiotic; (5)
Compound B.1912, a phenazine derivative
related to clofazimine (B.663); and (6)
Rifampicin.

Trimethoprim (1) at dosages up to 0.1
eer cent in the diet (approximately 250
mgm./kgm.) was inactive; thiocarlide (2)
was active in suppressing bacillary growth
at 0.03 per cent (75 mgm./kgm.), but not at
lower dosages; AW 16’ 1989 (3) was sup-
pressive against one strain of M. leprae at
0.1 per cent but not lower dosage, and
inactive at 0.1 per cent against another
strain; and 20541 RP (4) was completely
inhibitory at 0.1 per cent; at 0.03 and 0.01
per cent slight activity only was detected.
Activity of a much higher order was found
with B.1912 (5) and with rifampicin (6).
Five months after inoculation B.1912 was
completely suppressive at 0.01L and 0.001
per cent and partially active at 0.0001 per
cent (0.25 mgm./kgm.) against one strain.
In the case of rifampicin, 0.0003 per cent
(075 mgm./kgm.) was completely sup-
pressive, and 0.0001 per cent partially so,
against one strain, these results being based
on harvests at five and six months after
inoculation: with a second strain 0.0001 per
cent was also partially suppressive. By a
microbiologic assay method rifampicin at
0.1 per cent in powdered diet was found
to produce a blood level in mice of 15-30
sg/ml, and at 0.01 per cent a level of 2-4
sg/ml. These results suggest, therefore, by
xtrapolation, that the minimal inhibitory
tncentration in mice of rifampicin for

M. leprae may be of the order of 0.06-0.12
#2/ml.
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