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Abstract-Butylated hydroxyanisole (BHA), retinoic acid (RA), retinol acetate (RAc) and sodium 
selenite (Na,SeOs) inhibited the growth of Lebhmuniu donovani promastigotes (strains UR6 and 
AG83). There is a dose dependent inhibition of promastigote growth in both the strains. The 
concentrations of BHA, RA/RAc and NazSe09 required for 50% inhibition of the rate of growth were 
0.5 pg/mL, 0.5 ,uM and 0.125 mM, respectively, for UR6. In the case of AG83, LD~~ for BHA was 1 pg/ 
mL whereas LDjO for RA/RAc and Na,Se03 were the same as that of UR6. In Lebhmania spp., growth 
appears to be related to and dependent upon polyamine biosynthesis (Bachrach U et al., Exp Parusitol 
48: 457-463, 1979). Experiments to test the possibility that these antileishmanial agents exert their 
inhibitory effect by blocking polyamine biosynthesis suggest that decrease in ornithine decarboxylase 
activity and the inhibition of polyamine levels could be a mechanism of inhibition of promastigote 
growth by BHA and RA. 
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Protozoan parasites of the genus Leishmania are 
the causative agents of human Leishmaniasis, 
a widespread tropical disease transmitted -by 
phelobotomine sandflies. Leishmaniasis manifests as 
a mild cutaneous lesion, mucocutaneous disease or 
fatal visceral form depending upon the species of 
the parasites [ 1,2]. Currently, organic antimonial 
drugs are the only chemotherapeutic agents widely 
used for treatment of Leishmaniasis [2,3] and it is 
generally agreed that better agents are urgently 
needed. 

Some antioxidants, including vitamin A and its 
derivatives (retinoids) have been shown to play a 
critical role in cellular growth, differentiation and 
proliferation [4]. BHAt, a synthetic phenolic anti- 
oxidant and selenium an essential trace element for 
mammalian species and a potent antioxidant are 
known to suppress cell proliferation [5-8]. The 
effects of retinoids, BHA and selenium on cell 
proliferation in normal and neoplastic cells have 
been studied extensively and numerous changes in 
the proliferation pattern have been reported [8-141. 

Retinoids have been shown to prevent induction 
of omithine decarboxylase activity, the rate limiting 
enzyme in polyamine biosynthesis [ 151. Kozumbo et 
al. [8] have reported that BHA strongly suppressed 
the TPA enhanced ODC activity, an initiator for 
skin tumor induction [16] and hyperproliferation 
1171. 

The naturally occurring polyamines putrescine, 
spermidine and spermine are organic cations widely 
distributed in both procaryotic and eucaryotic organ- 
isms, including parasitic species e.g. trypanosomes 

* Corresponding author. FAX (91) 011-686-5886. 
t Abbreviations: BHA, butylated hydroxyanisole; RA, 

retinoic acid; RAc, retinol acetate; NalSe03, sodium 
selenite; DTT, dithiothreitol; ODC, ornithine decar- 
boxylase; TPA, 12-0-tetradecanoyl phorbol-13-acetate. 

[18] and Leishmania [ 1,191. In Leishmunia as in 
other organisms, the levels of putrescine, spermidine 
and spermine fluctuate during the growth cycle [l]. 
Growth appears to be dependent on polyamine 
biosynthesis. This being the case we thought that 
antioxidants which are known to inhibit cell pro- 
liferation may do so by inhibiting the polyamine 
biosynthesis and have antileishmanial activity. 

Here, we describe the inhibitory effect of retino- 
ids, butylated hydroxyanisole and selenium on Leish- 
mania. We have also studied the possible mech- 
anisms of the inhibitory effect on Leishtianial pro- 
mastigotes. 

MATERIALS AND METHODS 

ChemicuLs. All the biochemicals were purchased 
from the Sigma Chemical Co. (St Louis, MO, 
U.S.A.). Fetal calf serum was obtained from Bio- 
logical Industries (Israel). [14C]Ornithine (51.6 mCi/ 
mM) was from New England Nuclear (Boston, MA, 
U.S.A.). Precoated TLC plates were obtained from 
Anchrom Industries (Bombay, India). 

Parasites. L. donouani strain UR6 (MHOM/IN/ 
1978/UR6) and strain AG83 (MHOM/IN/1983/ 
AG83) were kindly given by Prof. A. N. Bhaduri 
(Indian Institute of Chemical Biology, Calcutta, 
India) and were maintained at the School of Life 
Sciences, Jawaharlal Nehru University (New Delhi, 
India). The maintenance of promastigotes and 
growth inhibition studies in liquid media were done 
as described in Ref. 20. For polyamine estimation 
in Leishmaniu donovani (strains, UR6 & AG83) 
promastigotes were grown in LY-MEM medium orig- 
inally described by Kar et al. [21]. Since IX-MEM 
is a completely defined medium, it contained no 
putrescine or polyamines. The promastigotes were 
grown at 22 +_ 1”. 
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Fig. 1. Inhibition of growth of Leishmaniu donooani promastigotes (UR6 and AG83) in the presence 
of different concentrations of the antioxidants (a-d) AG83; (e-h), UR6. C, control, treatment with 

vehicle alone. Arrow, indicates the time of addition of the drug. 

Drug study. BHA, RA and RAc were dissolved 
in ethanol and NazSe03 was dissolved in autoclaved 
distilled water and filter sterilized before addition to 
the medium containing parasites. The toxicity of the 
various drugs was determined by adding the drugs 
to a suspension of promastigotes (lo6 cells/ml) and 
incubating for 20 hr at 22”. The minima1 con- 
centration of the drug causing the inactivation of 
approximately 50% of the parasites within 20 hr was 
designated as LDSO. For growth studies, parasites 
were inoculated into the growth medium at a density 
of lo6 cells/ml and drugs were added 24 hr later. 
The control group was treated with the vehicle. 

Polyamine estimation. Cells (UR6 and AG83) 
were grown overnight free of drug to ensure 
exponential growth. Parasites were then inoculated 
in (u-MEM at a density of l@cells/mL and BHA 
(5 pg/mL), RAc (1 pm) and Na2Se03 (0.5 mM) were 
added at 48 hr. Cells (10’) were withdrawn at 72 hr 
time interval and assayed for polyamines. Leish- 
mania promastigotes were sedimented by cen- 
trifugation at 1000 g for 10 min, washed with PBS 
(pH 7.4) and resuspended in 2% perchloric acid and 
kept overnight at 4” to extract polyamines. The dan- 
syl derivatives were prepared according to Seiler [22] 
and separated by TLC on 0.2mm thick silica gel 
on precoated plates with ethylacetate : cyclohexane 
(2 : 3) as solvent. Quantification of plates was done 
by a TLC scanner (TLC scanner II/CAMAG with 
CATS3/TLCII software programme). Unknown 
samples were compared to that of known standards. 

ODC activity. ODC was measured according to 
Seeley [23]. Briefly, 2mL suspension of pro- 

Table 1. Growth inhibition of Leishmania donovani 
promastigotes in uitro by antioxidants 

Drugs 

BHA 
RA 
RAc 
Na$eO, 

Antileishmanial activity 
UR6 (L&o)* AG83 (LDS,,) * 

0.5 pgg/mL 1 pg/mL 
0.5 /LM 0.5 PM 
0.5 PM 0.5 PM 
0.125 mM 0.125 mM 

* LDSO represents the concentrations of drugs which cause 
inhibition by 50% when compared to untreated controls. 

mastigotes from a start culture of 3 X lo6 cells/ml 
were taken and kept at 22”. BHA (5 pg/mL), RAc 
(1 PM) and Na,SeO, (0.5 mM) were added at 48 hr 
and 2mL samples were withdrawn at 72 hr and 
assayed for ODC. The promastigotes were washed 
twice with PBS (pH = 7.4) and finally suspended in 
25OpL of harvest buffer (Tris-50mM, EDTA 
10 ,uM, DTT 2.5 mM, pH 7.5). The cells were freeze 
thawed twice before the actual assay. The ODC 
activity is expressed as nmol of CO2 released per 
107ce11s. At least two aliquots of each sample (in 
duplicate) were analysed for the above estimations. 
The results are expressed as means + SD of four 
determinations for each sample. Statistical analysis 
was done by Student’s r-test. 

RESULTS 

Figure 1 shows that all four antioxidants namely 
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Table 2. Polyamine levels of Leishmania donovani promastigotes (strains UR6 and AG83) when treated 
in vitro with the antioxidants 

Drugs Dose 

UR6 
Putrescine spermidine 

(nM/107 cells)$ 

Ag83 
Putrescine spermidine 

(nM/lO’ cells)$ 

Vehicle 0 19.51 f 3.59 19.03 k 0.933 
BHA 5 PglmI- 12.07 2 1.48* 13.95 + 1.29; 
RAc 1pM 9.492 ? 0.187: 12.81 t 0.309* 
Na2SeOs 0.5 mM 16.8 k 1.48-t 18.76 2 1.18”r 

* Significant decrease over vehicle (P < 0.05-0.001). 
t Not significant. 
$ Mean 2 SD. 

18.81 2 0.622 35.27 +- 2.08 
16.06 + 0.806; 31.075 2 1.87* 

9.8 2 0.622* 23.14 “_ 0.619* 
19.34 2 0.12t 30.18 f 1.856* 

BHA, RA, RAG and NazSe03 exhibit anti- 
leishmanial activity against the promastigotes of two 
strains of Leishmania donovani-UR6 and AG83. 
The effect of BHA was greatest against UR6 where 
10 pg/mL caused complete inhibition of growth (Fig. 
1). In the case of AG83, the same concentration of 
BHA (10 pg/mL) was not completely inhibitory. All 
other concentrations of BHA reduced the growth 
rate but did not stop growth. RA and RAc were 
quite active against the promastigotes of UR6 and 
AG83 (Fig. 1). The percentage survival of UR6 and 
AG83 48 hr after addition of RAc was 47 and 25%, 
respectively, RA and RAc were both less effective 
than BHA in causing growth inhibition of pro- 
mastigotes. NazSe03 when added to the growth 
medium, was found to be more effective against UR6 
than AG83 (Fig. 1). The percentage survival of UR6 
and AG83 48 hr after addition of Na*SeOs was 36 
and 66%, respectively. In both the strains, 1 mM 
concentration of Na$eOs reduced the growth rate 
but did not stop growth. In AG83 selenium was most 
effective in the mid log phase of the parasite. Table 
1 shows the LD5~ values of the four antioxidants. All 
the antioxidants tested were potent inhibitors of 
Leishmania donovani growth. 

Retinoids and BHA are known to result in growth 
inhibition of various tumors in model systems and 
exert an antiproliferative effect on a variety of cell 
lines [24-291. At the biochemical level they have 
been shown to markedly reduce the cellular level 
of ODC and polyamine [15]. Since a correlation 

between growth inhibition by these antioxidants and 
decrease in ODC activity and polyamine levels has 
been reported in various cell lines [15,29], we pos- 
tulated that these antioxidants inhibit L. donovani 
growth by interfering with polyamine biosynthesis. 
To test this possibility we studied the effect of RAc 
(1 PM) BHA (5 pg/mL) and NazSeOs (0.5 mM) on 
polyamine levels of Leishmania promastigotes 
(strains UR6 and Ag83). Table 2 shows the effect of 
BHA, RAc and selenium on the levels of polyamine 
in the L. donovani promastigotes. BHA and RAc 
resulted in significant inhibition of putrescine and 
spermidine levels in both the strains. Selenium did 
not result in any significant inhibition of spermidine 
and putrescine in UR6 and putrescine in the AG83 
strain. A significant decrease in spermidine in AG83 
strains (P < 0.05) was observed with selenium. 

Retinoids and BHA are known to inhibit the 
growth of various tumor model systems [8-141 and 
this growth inhibition was correlated with a decrease 
in ODC activity [8, 17, 181. This prompted us to 
study if the growth inhibition by these antioxidants 
resulted in Leishmania promastigotes correlated with 
the decrease in ODC activity. Table 3 shows the 
effect of RAc, BHA and Na$eOs on ODC activity of 
Leishmanial promastigotes (strains UR6 and Ag83). 
ODC activity was estimated as mentioned in 
Materials and Methods. BHA (5 pg/mL) resulted in 
61% inhibition, RAc (1 ,uM) 41% inhibition and 
Na$eOs (0.5 mM) 26% inhibition in UR6 strain. 
Maximum inhibition of ODC activity was observed 

Table 3. ODC activity of Leishmania donovani promastigotes (strains UR6 and AG83) when treated in 
vitro with the antioxidants 

Drugs Dose 

UR6 
ODC activity 

(nm/lO’cells/hr)$ % Inhibition 

AG 83 
ODC activity 

(nm/lO’ cells/hr)$ % Inhibition 

Vehicle 0 0.65 k 0.19 0 2.56 f 0.17 0 
BHA 5 pg/mI 0.25 2 0.071* 61 1.45 * 0.13” 43 
RAC ~PM 0.386 k 0.05* 41 0.955 r 0.301* 63 
NarSeO, 0.5 mM 0.48 ? 0.06t 26 1.105 f 0.29* 57 

* Significant decrease over vehicle (P < 0.05-0.001). 
t Not significant. 
i Mean 2 SD. 
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with BHA. The inhibition observed with selenium 
was not significant over the control values, whereas 
in the Ag83 strain inhibition of ODC activity with 
BHA. RAc and Na2Se03 was 43, 63 and 57%. 
respectively. However when the direct effect of the 
antioxidants was tested on the ~e~~~u~~~ ODC 
activity it was observed that BHA (5 pg/mL), RAc 
(1 PM) and NazSe03 (0.5 mM) caused significant 
inhibition of ODC activity (data not shown). 

DISCUSSION 

Antioxidants like BHA, retinoids and selenium 
are known to have antiproliferative effects [a]. 
Vitamin A and its analogs (retinoids) are known to 
induce a variety of biological and biochemical effects 
which seem to vary according to the cell type. Among 
these are their ability to prevent the induction and 
growth of tumors in model systems, to induce dif- 
ferentiation in a variety of cell lines and to exert an 
antiproliferative effect in certain cell lines. 

The important role of reactive oxygen and free 
radical species in skin tumorigenesis has been much 
discussed [23,24] and from this standpoint the effects 
of some antioxidants in suppressing tumor promotion 
have been studied with food additives like BHA 
and butylated hydroxytoluene (BHT) [8,25-271. 
Selenium, another potent antioxidant and an impor- 
tant trace element of mammalian diet has recently 
been reported to control human malaria if used in 
combination with vitamin E [28]. Since these anti- 
oxidants had a role in inhibiting cell proliferation we 
were prompted to study their effect on Leishmanial 
promastigote growth and to work out the mechanism 
of inhibition. All four antioxidants used, RAc, RA, 
BHA and selenium resulted in dose dependent inhi- 
bition of both the strains of Leishmania donovani, 
i.e. UR6 and AG83. 

At the biochemical level retinoids have been 
shown to markedly reduce the cellular level of ODC 
and intracellular levels of polyamines [15]. Kozumbo 
et al. [8] have determined that BHA strongly sup- 
presses TPA-induced ODC activity in the mouse 
skin. Taniguchi et al. [29] recently showed that the 
BHA induced inhibition of TPA induced ODC in 
the mouse skin is due to decrease in the ODC gene 
expression. These studies prompted us to study if 
the inhibition caused by antioxidants on Leishmania 
growth observed here is due to inhibition of poly- 
amine synthesis levels and ODC activity. It was 
interesting to note that BHA and RAc resulted in 
signi~cant inhibition of ODC in the promastigotes 
of Leishmania donovani (strains UR6 and AG83) 
and also inhibited the levels of putrescine and sper- 
midine. On the other hand NazSe03 did not sig- 
nificantly decrease ODC activity in the strain UR6 
nor polyamine levels in UR6 whereas in AG83 strain 
selenium caused a significant decrease in ODC 
activity and spermidine levels. 

From these observations it is possible that retinoids 
and BHA induced growth inhibition of Le~hmania 
may be due to depletion of polyamine levels. Growth 
inhibition by selenium shows a different pattern in 
both the strains. It is quite likely that selenium inhi- 
bition of leishmanial promastigotes may also involve 
some other mechanism. 

The in uivo murine model is being used in this 
laboratory to check further the efficacy of these 
drugs. It will be interesting to explore the possibility 
of using these antioxidants in combination with some 
polyamine biosynthetic inhibitors. 
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