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Abstract

The effect of trifluoperazine (TFP), a calmodulin antagonist, was investigated on in vitro ATP levels of human derived
Mpycobacterium leprae. M. leprae were obtained from biopsies from multi-bacillary forms of leprosy and were incubated in a
modified Dubos medium system which supports limited in vitro synthesis of M. leprae. This incubation was carried out in the
absence and presence of different concentrations of trifluoperazine. Samples for estimation of bacillary ATP levels were taken
at day 0 and at 14 days of incubation. TFP inhibited ATP levels in M. leprae and this inhibitory effect was marginal at 2.5 ug
ml ™! (35% inhibition), highly significant at 5 ug ml~! (87% inhibition) and almost total at 10 pg ml~* (98.5% inhibition). This
compound appears to have potential as an anti-leprotic drug and also as a broad spectrum anti-mycobacterial agent in view of

its anti-tubercular activity reported earlier. © 1998 Federation of European Microbiological Societies. Published by Elsevier

Science B.V.
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1. Introduction

Although calmodulin-like protein (CALMP) has
been reported to be present in bacteria [1-5], its
role in bacteria was unknown. Systematic studies
initiated by Murthy and colleagues [6-9] not only
demonstrated the presence of CALMP in many spe-
cies of mycobacteria (Mycobacterium smegmatis and
M. bovis BCG [6,7], M. phlei [8], M. tuberculosis H37
Rv and Ra [9]), but also indicated its role in the
metabolism of their lipids, especially phospholipids,
as well as their growth [6-9]. Based on the above

* Corresponding author.

studies, Ratnakar and Murthy [10,11] found that
the calmodulin antagonist and anti-psychotic drug
trifluoperazine (TFP) inhibited the in vitro growth
of M. tuberculosis H37 Rv (minimum inhibitory con-
centration (MIC) of 4 pg ml™!) and of the clinical
isolates resistant to isoniazid (strain TRC C 1193,
MIC 8-15 pg ml!) and streptomycin (strain
SO111, MIC 8 upg ml™'). Trifluoperazine (TFP)
was observed to be the most potent in the six phe-
nothiazine group of calmodulin antagonists regard-
ing its in vitro anti-tubercular activity [12]. They also
found that TFP possesses multiple sites of action on
the synthesis of macromolecules by incorporation of
["'Clacetate into lipids, [PH]thymidine into DNA,
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["*Clglycine into proteins and glycine derived carbo-
hydrates [13] and ®’P into phospholipids [7]. After
exposure to anti-tubercular drugs, there was a de-
crease in the content of CALMP in M. tuberculosis
H37 Rv and H37 Ra [9].

Demonstration of anti-tubercular activity has been
an important lead which prompted us to find out
whether trifluoperazine could inhibit the growth of
M. leprae. In this communication we report that in
vitro TFP inhibits the viability of clinical isolates of
M. leprae.

2. Materials and methods
2.1. Chemicals

Trifluoperazine was purchased from Sigma Chem-
ical Company, USA. ATP reagents were from Bio-
Orbit, Bromma (Sweden). M. leprae were derived
from untreated lepromatous (LL) human cases.

2.2. Assay of in vitro ATP levels of M. leprae

M. leprae were obtained from three human lep-
romatous (LL) cases. Bacilli were harvested and pu-
rified by the technique of Dhople and Storrs [14] as
modified by Katoch et al. [15,16]. From a bacillary
suspension, smears were prepared, stained for acid
fast bacilli (AFB) by the Ziehl-Neelsen technique
and bacillary counts were determined [17]. These ba-
cilli were incubated in a modified Dubos medium
system comprising asparagine, glycerol and gelatin,
pH 6.2 at 30°C [18,19] and ATP levels were meas-
ured by a firefly bioluminescence assay reported ear-
lier [16]. Briefly, the bacilli were harvested and ATP
extracted by the Tris-boiling method [16]. ATP esti-
mation was carried out in a LKB-1251 (Pharmacia-
LKB, Sweden) Luminometer using the conditions
reported earlier [16]. The assay conditions were:
200 ul of the sample with proportional volumes of
reagents (LKB 1243-200) and Tris-EDTA buffer.
One minute integral counts were taken and the
ATP concentration was calculated using standard
ATP from LKB. Three ATP estimations were done
from the same specimen and mean values (calculated
as pg per million bacilli) were taken. ATP levels (in-
crease or decrease) were compared with the initial

levels in the same experiment. The pH was re-
checked after addition of the drug and was not al-
tered.

2.3. Effect of trifluoperazine on the ATP levels of
M. leprae

Trifluoperazine was incorporated into the medium
in concentrations of 2.5 ug, 5.0 ug, and 10 ug ml*.
The effect of the drug was assessed by determining
the ATP levels (pg per 106 cells) in the presence and
absence of drug. Percent inhibition was calculated by
comparison with untreated control ATP levels at 14
days.

3. Results and discussion

Trifluoperazine was observed to reduce the ATP
levels of in vitro incubated M. leprae derived from
human leprosy cases (Fig. 1). The inhibition was
observed to be marginal (35% mean) at 2.5 ug
ml™! but highly significant at 5 pug ml™!' (mean
87%) and almost total at 10 pg ml~' (mean 98.5%)
after 14 days of incubation. In the absence of growth
of M. leprae in any acceptable in vitro medium sys-
tem, an alternative in vitro drug screening approach
includes the measurement of intracellular ATP levels
[18-22] as an indicator of metabolic status [22] or
limited growth [18,20]. By comparing with colony
forming units for cultivable mycobacteria and
growth in the mouse foot pad for M. leprae, ATP
content has been established as an sensitive index of
viability for various mycobacteria [14-16,21,23-25].
Using such a system the anti-leprosy activity of rec-
ognized anti-leprosy compounds have been investi-
gated in our earlier studies [18]. The inhibitory activ-
ity of trifluoperazine as observed in this study is
significant and is in the same range as that reported
for M. tuberculosis by Ratnakar and Murthy [11]. In
the case of M. tuberculosis these investigators re-
ported multiple sites of action. Results suggest,
though do not prove directly, the presence of
CALMP in M. leprae. Inhibition by TFP suggests
that CALMP may have a role in the metabolism of
M. leprae possibly in a way similar to that in M.
tuberculosis. The mechanism of action may also be
similar to that in M. tuberculosis by inhibiting the
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Fig. 1. The effect of trifluoperazine on ATP levels of M. leprae.
ATP biomass estimated as pg per million cells (mean*S.D.) de-
picted as clear bars at day 0 and compared at 14 days (shaded
bars) with controls having no drug. A,B,C are three strains of
bacilli harvested from three patients.

synthesis of lipids (including phospholipids), DNA,
proteins and carbohydrates [13]. Its effect in the pres-
ence of the other anti-leprosy drugs like dapsone,
clofazimine and rifampicin as well as newer anti-lep-
rosy drugs is to be tried. The use of TFP in combi-
nation with other anti-leprosy drugs has to be ex-
plored first in animals and then in humans.

Rao et al. were the first to extend the limited stud-
ies of TFP with drug resistant clinical isolates of
mycobacteria [10,11] to a larger number of clinical
and environmental isolates [26,27]. According to
them, TFP inhibited the in vitro growth of M. avium
(MIC 10 pg ml™'). We have also observed that TFP
was very effective against single and multidrug resist-

ant clinical isolates of M. tuberculosis indicating the
possible advantage of TFP for drug resistant M. tu-
berculosis (unpublished). Murthy and others [11-
13,23,24] suggested that trifluoperazine or its deriva-
tives or other calmodulin antagonists could be useful
in the multi-drug regimen for tuberculosis patients.

The effects of trifluoperazine on M. leprae as ob-
served in this study, as well as its reported effect on
cultivable mycobacteria, suggest this compound to
be a broad spectrum anti-mycobacterial compound.
These findings in various mycobacteria including M.
tuberculosis, M. leprae and M. avium need to be in-
vestigated by further in-depth studies for their ulti-
mate clinical application.

Acknowledgments

The authors are thankful to LEPRA, England for
the gift of some of the reagents; to S.K. Bhan, Noel
S. Singh, Shri Ram and A. Robi for technical assist-
ance; to Mr. H.O. Aggarwal and Mr. N. Dubey for
illustration and to Mr. J.D. Kushwah and Mr. S.K.
Bhan for secretarial assistance.

References

[1] Iwasa, Y., Yonemitsu, K., Matsui, K., Fukunaga, K. and
Miyamoto, E. (1981) Calmodulin like activity in the soluble
fraction of Escherichia coli. Biochem. Biophys. Res. Commun.
98, 656-660.

[2] Harmon, A.C., Prasher, D. and Cormier, M.J. (1985) High
affinity calcium binding proteins in Escherichia coli. Biochem.
Biophys. Res. Commun. 127, 31-36.

[3] Kerson, G.W., Miernyk, J.A. and Budd, K. (1984) Evidence
for the occurrence of, and possible physiological role for the
cyanobacterial calmodulin. Plant Physiol. 75, 222-224.

[4] Fry, 1), Villa, L., Kuehn, G.D. and Hageman, J.H. (1986)
Calmodulin like protein from Bacillus subtilis. Biochem. Bio-
phys. Res. Commun. 134, 212-217.

[5] Swan, D.G., Hale, R.S., Dhillon, N. and Leadlay, P.F. (1987)
A bacterial calcium binding protein homologous to calmodu-
lin. Nature 329, 84-85.

[6] Falah, A.M.S., Bhatnagar, R., Bhatnagar, N., Singh, Y., Sid-
hu, G.S., Murthy, P.S. and Venkitasubramanian, T.A. (1988)
On the presence of calmodulin like protein in mycobacteria.
FEMS Microbiol. Lett. 56, 89-93.

[7] Burra, S.S., Hemlatha Reddy, P., Falah, S.M., Venkitasubra-
manian, T.A. and Suryanarayana Murthy, P. (1991) Calmod-
ulin like protein and the phospholipids of Mycobacterium
smegmatis. FEMS Microbiol. Lett. 80, 189-194.



102

(8]

[9

—

[10]

(1]

[12]

[13]

[14]

[15]

(6]

(17

V.M. Katoch et al.| FEMS Immunology and Medical Microbiology 20 (1998) 99-102

Hemlatha Reddy, P., Burra, S.S. and Suryanarayana Murthy,
P. (1992) Correlation between calmodulin like protein, phos-
pholipids and growth in the glucose grown Mycobacterium
phlei. Can. J. Microbiol. 38, 339-342.

Sastry, B.S., Hemlatha Reddy, P. and Suryanarayana Murthy,
P. (1995) Effect of some anti-tubercular drugs on the calmod-
ulin content of Mycobacterium tuberculosis. Indian J. Clin.
Biochem. 10, 126-128.

Ratnakar, P. and Murthy, P.S. (1992) Anti-tubercular activity
of trifluoperazine, a calmodulin antagonist. FEMS Microbiol.
Lett. 97, 73-76.

Ratnakar, P. and Murthy, P.S. (1994) Preliminary studies on
the surface growth of isoniazid and streptomycin resistant
mutants of Mycobacterium tuberculosis H37Rv by trifluoper-
azine. Indian J. Tuberc. 41, 35-37.

Ratnakar, P., Rao, S.P., Sriramarao, P. and Murthy, P.S.
(1995) Structure-antitubercular activity relationship of pheno-
thiazine-type calmodulin antagonists. Int. Clin. Psychol. Phar-
macol. 10, 39-43.

Ratnakar, P. and Murthy, P.S. (1993) Trifluoperazine inhibits
the incorporation of labelled precursors into lipids, proteins
and DNA of Mycobacterium tuberculosis H37Rv. FEMS Mi-
crobiol. Lett. 110, 291-294.

Dhople, A.M. and Storrs, E.E. (1982) Adenosine triphosphate
content of Mycobacterium leprae: effect of purification proce-
dures. Int. J. Lepr. 50, 83-84.

Katoch, V.M., Katoch, K., Ramu, G., Sharma, V.D., Datta,
A.K., Shivannavar, C.T. and Desikan, K.V. (1988) In vitro
methods for determination of viability of mycobacteria: cor-
relation of ATP content, morphological index and FDA-EB
fluorescent staining in Mycobacterium leprae. Lepr. Rev. 59,
137-143.

Katoch, V.M., Katoch, K., Ramanathan, U., Sharma, V.D.,
Shivannavar, C.T., Datta, A.K. and Bharadwaj, V.P. (1989)
Effect of chemotherapy on viability of Mycobacterium leprae
as determined by ATP content, morphological index and
FDA-EB fluorescent staining in Mycobacterium leprae. Int.
J. Lepr. 57, 615- 621.

McRae, D.H. and Shepard, C.C. (1971) Relationship between
the staining quality of Mycobacterium leprae and infectivity of
mice. Infect. Immun. 3, 116-120.

(18]

(191

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Katoch, V.M., Katoch, K., Shivannavar, C.T., Sharma, V.D.,
Patil, M.A. and Bhardwaj, V.P. (1989) Use of ATP assays for
in vitro drug screening against M. leprae. Indian J. Lepr. 61,
333-344.

Bharadwaj, V.P., Katoch, V.M., Katoch, K., Sharma, V.D.,
Kannan, K.B., Datta, A.K. and Shivannavar, C.T. (1989)
Studies on energy synthesis in M. leprae. Acta Leprol. 7,
Suppl. 1, 30-32.

Dhople, A.M. and Green, K.J. (1986) Limited in vitro multi-
plication of Mycobacterium leprae: application to screening
potential anti-leprosy compounds. Lepr. Rev. 57, Suppl.,
149-156.

Kvach, J.T., Neubert, T.A., Palomino, J.C. and Heins, H.S.
(1986) Adenosine triphosphate content of Mycobacterium lep-
rae isolated from armadillo tissue by percoll buoyant density
centrifugation. Int. J. Lepr. 54, 1-8.

Franzblau, S.G. and Hastings, R.C. (1987) Rapid in vitro
metabolic screen of anti-leprosy compounds. Antimicrob.
Agents Chemother. 31, 780-786.

Gheorghiu, M. and Langranderie, M. (1979) Mesure rapide de
la viabilit¢ du BCG per dosage de 'ATP. Ann. Microbiol.
(Paris) 130B, 147-156.

Lee, Y.N. and Colston, M.J. (1985) Adenylate kinase activity
in Mycobacterium leprae. J.Gen. Microbiol. 131, 3331-3337.
Prioli, R.P., Tanna, A. and Brown, I.N. (1985) Rapid meth-
ods for counting mycobacteria — comparison of methods for
extraction of mycobacterial adenosine triphosphate (ATP) de-
termined by fire-fly luciferase assay. Tubercle 66, 99-108.
Rao, S.P., Murthy, P.S. and Catanzaro, A. (1993) In vitro
activity of trifluoperazine against Mycobacterium avium-intra-
cellulare. Am. Rev. Respir. Dis. (Suppl.) 147, Abstr. 917; In
vitro activity of trifluoperazine against M. avium and M. bovis
BCG. 33rd Interscience Conf. of Antimicrobial Agents and
Chemotherapy, Abstr. 1345.

Rao, S.P., Ratnakar, P., Murthy, P.S. and Catanzaro, A.
(1995) Inhibitory and bactericidal activity of the calmodulin
antagonist, trifluoperazine, against Mycobacterium avium in
vitro and within human derived macrophages. Indian
J. Clin. Biochem. 10, 77-84.



