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Abstract

BACKGROUND: In vitro and in vivo antileishmanial activities ofude hydroalcoholic extract péganum harmala seeds

were investigated againiseishmania major.

METHODS: The extract ofaerial parts oP harmala was obtained by maceration. The in vitro experitherere per-
formed on promastigotes to assess antileishmacoiadityg of the extract using amphotericin B as &rence. The in
vivo studies were carried out on cutaneous leistasénin outbred mice to evaluate the effects pfdal application of

the ointment-based extract.

RESULTS: The in vitro experiments showed a concentratigmedeent decrease of parasites number caused lexthe
tract with an IC50 value of 59.4 pg/ml. In vivo dies demonstrated a significant post-treatmentedaer in the lesion
size and parasite count in infected animals, coegpér placebo and control groups. High performdigged chroma-
tography (HPLC) of the crude extract demonstratedeixistence of harmaline and harmine as beta-iaetalkaloids.

CONCLUSIONS: P harmala seeds extract showed significant in vitro andiim\antileishmanial activities. Most biologi-
cal activity of the extract could be attributedit® beta-carboline content. However, another allatdf P harmala
seeds extract, peganine, has also been reporteave antileishmanial activity. These beneficiakefs can be attri-
buted to the cumulative effects of various bioladficactive components present in it.

KEYWORDS: Cutaneous leishmaniaslssishmania major, Peganum harmala; outbred mice.

utaneous leishmaniasis (CL), an endem-
‘ ic disease in many tropical and subtrop-

ical areas, including central and south-
ern parts of Iran, continues to present serious
treatment problems. The disease, although
usually self-limiting, can cause considerable
morbidity and may result in severe disfigure-
ment. The manifestations can be greatly varia-
ble depending on the strain of the infecting or-
ganism, the host’s immunological status and
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the probable secondary infection. Pentavalent
antimonials such as sodium stibogluconate,
have been the mainstay for therapy in the en-
demic regions because of its efficacy and cost
effectiveness.1? The disadvantages of the anti-
monials are their requirement for intramuscu-
lar or intravenous injection each day for 20-28
days, their toxicity and the growing incidence
of resistance in endemic and non-endemic re-
gions.2? The second line drugs such as ampho-
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tericin B, paromomycin and miltefosine all suf-
fer from limitations of either cost, specific tox-
icities or need for parenteral administration.24
Other therapeutic modalities include pentami-
dine and azole antifungals.! Recent investiga-
tions focused on plants have shown an alterna-
tive way to get a potentially rich source of
drug candidates against leishmaniasis, in
which effective alkaloids have been found.2
Moreover, topical treatment of CL is attractive
compared with the systemic treatment because
of the easy application, particularly in remote
areas.

Peganum harmala (Zygophylaceae) is a me-
dicinal herb with a long history of folkloristic
use in Iran. Antimicrobial, 57 antifungal,® anti-
protozoal” and anticancer®0 effects of P harma-
la extract have been reported. Also, the inhibi-
tory effects of P harmala seeds extract and its
beta-carboline alkaloids on human DNA topoi-
somerase | have been previously shown.!! The
current study is an attempt to develop a topical
treatment for CL. The objectives were to assess
the in vitro and in vivo antileishmanial poten-
tials of the P harmala seeds extract on Leishma-
nia major. In vitro antileishmanial activity of P
harmala seeds extract against L major promasti-
gotes has been previously reported;'21> howev-
er, there is some inconsistency between their
results and those achieved in our experiments
that will be discussed later.

Methods

Plant material

Aerial parts of P. harmala were collected from
around Tehran province. The plant was veri-
fied by a taxonomist, and a voucher specimen
(6520 THE) was deposited at the Herbarium of
Department of Pharmacognosy, Faculty of
Pharmacy, Tehran University of Medical
Sciences, Tehran, Iran. The seeds were air
dried at room temperature and kept in a dark-
amber-colored bottle until processed.

Preparation of extract of P harmala seeds

The crude extract was obtained by maceration
of 100 g dried seeds in 200 ml solvent (55 ml
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double distilled water, 45 ml ethyl acetate and
100 ml 95% ethanol) in a dark place at room
temperature. After one week, the fresh extract
was filtered. The solvent was evaporated in
vacuo. Dried extract was stored in a dark amb-
er-colored bottle. All the concentrations of the
extract were based on dry weight of the ex-
tract.

High performance
(HPLC) of the extract
Based on the method developed by Kartal et
al.,”* HPLC method was performed with a LC
system consisting of a Young Lin model SP-
930D pump and a UV-730D Young Lin
UV/VIS detector. Separation was carried out
using an EC 250/4.6 Nucleosil 100-10 C18 Ma-
cherey-Nagel column. All the calculations con-
cerning the quantitative analysis were carried
out with external standardization by mea-
surement of peak areas. HPLC analysis was
performed by isocratic elution with a flow rate
of 1 ml/min. The mobile phase composition
was  acetonitrile-water-trifluoroacetic  acid
(TFA) (25:75:0.1) (v/v/v) and pH was adjusted
to 8.4 with triethylamine. All solvents were
filtered through a 0.22 pM milipore filter be-
fore use and degassed in an ultrasonic bath. 10
ul of sample was injected into the column.
Quantification was affected by measuring at
254 nm. The chromatographic run time was 15
minutes.

liquid chromatography

Parasite preparation

The strain of L. major, obtained from Iran Pas-
teur Institute, had been isolated from CL cases
in Isfahan, one of the central provinces of Iran
in which CL is endemic. The parasites were
kept in BALB/c mice or in Novy-Macneal-
Nicolle (NNN) medium and subpassages in
NNN medium were used for the experiments.
The culture was incubated at 25°C and used
within 2 weeks of cultivation.

In vitro experiments

Leishmania major promastigotes in late log-
phase were incubated in RPMI medium
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supplemented with 12% fetal calf serum, at an
average of 10* parasites/ml. Parasites were in-
cubated, in duplicate cultures, with ascending
concentrations of the extract solubilized in di-
methyl sulphoxide (DMSO). The highest
DMSO concentration used was 1.0% (v/v),
which was not hazardous to the parasites. Af-
ter 24 hours incubation period at 26°C, the sur-
viving promastigotes were counted in a Neu-
bauer’s chamber. Half maximal (50%) inhibito-
ry concentration (ICsp) and maximal (100%)
inhibitory concentration (ICio0) were deter-
mined as the concentration of the extract ne-
cessary to inhibit 50% and 100%, respectively,
of parasite growth. Negative controls treated
by solvent (DMSO) and positive controls con-
taining amphotericin B (1 pg/ml) were added
to each set of experiments.

In vivo experiments

Animals

Outbred albino mice, 8 weeks old, were used
for in vivo studies. The protocol of in vivo ex-
periments was approved by the Institutional
Ethical Committee (letter # P387 of Iran Uni-
versity of Medical Sciences).

Effect of the extract on L. major development

The effect of the extract on in vivo develop-
ment of L major was monitored in mice by fol-
lowing the development of a local dermal le-
sion caused by the parasite. The mice were in-
oculated in the base of the tail with 1-2 x 10¢
infective promastigotes. The development of
lesion was followed macroscopically, and the
presence of parasites in biopsy material was
monitored microscopically in smears. Material
aspirated with a fine syringe through a small
incision made at the margin of the lesion with
sterile surgical blade, was stained with Giem-
sa. The results were expressed as lesion size
and parasite count before (week 0), just after
(beginning of week 4) and 6 weeks after com-
pletion of (beginning of week 10) the treat-
ment. These parameters were compared with
those of placebo and control groups. Control
group did not receive any treatment and pla-
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cebo group received the ointment base without
the extract.

Topical formulation and ointment regimen de-
sign

A dried extract was prepared in the ointment
base with the following formulation: P. harmala
extract 5% and 20%, lanolin 10% and DMSO
12%, all incorporated in white soft paraffin. No
preservative was added and the ointments
were kept at 4°C and tested within 1 week af-
ter preparation. Once a well-developed lesion
was observed, the ointment was applied twice
daily (early in the morning and late afternoon)
for a period of 20 days. To determine the
amount of the ointment applied to the lesion,
the ointment was weighted before application.
It was found that a 200-mg amount of ointment
was used per mouse per day.

Statistical analysis

The data are expressed as mean + SEM (stan-
dard error of mean) of n animals. Mean values
were analyzed with a two way analysis of va-
riance (ANOVA). Differences between mean
values were accepted as significant when p <
0.05. All statistical analyses were done using
SPSS software, version 11.5.

Results

HPLC of the extract of Peganum harmala
Using known standards of harman alkaloids,
i.e.,, harmaline and harmine, the HPLC analysis
of the crude extract showed the existence of
these two beta-carboline alkaloids (Figure 1).
Harmaline and harmine made up 3% and 1.7%
of total weight of Peganum harmala seeds, re-
spectively.

In vitro effects on parasites

As shown in Figure 2, the extract of P. harmala
seeds showed activity against extracellular fla-
gellated promastigotes in a concentration-
dependent manner. The extract exhibited
moderate cytotoxic activity with ICsp = 59.4
pg/ml and ICio0 = 350 pg/ml.
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Figure 1. HPLC chromatograms of harmaline (retention time = 7.33 min) and harmine (retention
time = 7.75 min) standards and the hydroalcoholic extract of Peganum harmala seeds.
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Figure 2. In vitro effects of the extract of Peganum harmala seeds on Leishmania major promasti-
gotes. Control: 1% DMSO; [Tug/ml amphotericin B was used as the reference. The values
represent the mean + SEM. *p<0.05, **p<0.005, ***p<0.001.

In vivo experiments

Development of cutaneous leishmaniasis in
outbred mice

A nodule developed 2 to 3 weeks after the in-
oculation of 1-2 x 10¢ promastigotes of L major
into the base of the tail of a mouse. Two weeks
later, the nodule transformed into an ulcer that
was increased in size. The internal organs, i.e.,

JResMed Sci / August 2011; Vol 16, No 8.

spleen and liver, did not become parasitized in
outbred mice. This was confirmed in random
autopsies of control mice. Therefore, the in-
fected animal could be regarded as a suitable
model for studying the topical effect of drugs
in CL. No spontaneous healing or recovery
from infection was observed in control mice.
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Antileishmanial activity of P. harmala extract
After 20 days of treatment, twice daily, with
the ointment base of P. harmala seed extract,
the parasite in 2 out of 10 animals in each test
group (5% and 20% ointments) disappeared
from the lesion area, and the open lesion com-
pletely healed in a period of 6 weeks, i.e., up to
the completion of the study. In other animals,
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the lesion size in the two test groups (5% and
20% extract) were significantly decreased in
comparison with placebo and control groups
(Figure 3). The parasite count in both test
groups was also diminished significantly in
comparison with placebo and control groups
(Figure 4).

*

**
* i *k
Week 4 Week 10

Time (Weeks)

Figure 3. Effect of a 20-day period of topical treatment with ointment-based extract (5% and 20%)

of Peganum harmala seeds on cutaneous leishmaniasis in outbred mice infected with Leishmania

major. Lesion size in each test group is compared with those of control and placebo groups at the

beginning of (week 0), just after (week 4) and 6 weeks after completion of (week 10) the treatment.
The values represent the mean + SEM. *p < 0.05; **p < 0.001
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Figure 4. Effect of a 20-day period of topical treatment with ointment-based extract (5% and 20%)
of Peganum harmala seeds on cutaneous leishmaniasis in outbred mice infected with Leishmania
major. Parasite count in each test group is compared with those of control and placebo groups at
the beginning of (week 0), just after (week 4) and 6 weeks after completion of (week 10) the treat-

ment. The values represent the mean + SEM. **p< 0.001
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Discussion

L major is a causative agent of CL in many cen-
tral and southern parts of Iran. Since antileish-
manial chemotherapy depends upon a small
group of compounds,’31¢ development of new
drugs is of great importance. In this regard,
medicinal plants seem to be promising candi-
dates for drug discovery against leishmaniasis.?

The present study was an attempt to devel-
op a topical treatment for CL. An effective anti-
leishmanial activity for the extract of P. harmala
seeds was demonstrated in vitro and in vivo.
The extract exhibited moderate in vitro cyto-
toxic activity, compared with amphotericin B
(1 pg/ml), with IC50 = 59.4 ng/ml against
extracellular flagellated promastigotes. Moreo-
ver, the results of in vivo study showed that
the lesion size and parasite count decreased
dramatically, in comparison with control and
placebo groups, after a 20-day topical treat-
ment of 5% and 20% ointments of P. harmala
seed extract. Discontinuation of treatment did
not lead to significant increase in the lesion
size or parasite count during a 6-week period.
In each test groups (i.e., 5% and 20%), the le-
sions in 2 animals, out of 10, disappeared com-
pletely. The results did not differ significantly
in the two test groups.

An in vivo study was performed on outbred
albino mice. During the experiments, L. major
did not produce visceral infection in the ani-
mals so they seemed to be a suitable animal
model for the present study. The fact that a
spontaneous healing was not demonstrated in
the control mice indicates that healing, to any
extent, was due to topical treatment alone.

To develop a suitable semisolid antileish-
manial preparation, an ointment base of the
extract was prepared. White soft paraffin (pe-
trolatum) was selected as a typical oleaginous
ointment base in view of its widespread use for
many pharmaceutical ointments and lanolin
was added to increase the hydrophillicity of
the vehicle. DMSO is a well known penetration
enhancer’61” and was used to increase percuta-
neous absorption of the drug.

In vitro antileishmanial activity of P. harma-
la seeds extract against L. major promastigotes

JResMed Sci / August 2011; Vol 16, No 8.
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has been previously reported;'213 however, we
found ICs values of 59.4 pg/ml as compared
to results from Mirzaie et al. in which ICs val-
ues of the extract against L. major promasti-
gotes demonstrated to be about 1832 ng/ml.
This might arise from the differences due to
plant collection parameters (locality, season,
etc.), protocols of extract preparation and/or
protocols of in vitro experiments.

It has been shown that P. harmala seed ex-
tract inhibited human DNA topoisomerase I
and it appears that the biological activity of the
extract can be explained by its beta-carboline
content.119 P. harmala, especially in its seeds
and roots, contains several alkaloids. The alka-
loid content of the plant includes beta-
carbolines (harmaline, harmine, harmalol and
harmane) and quinazoline derivatives (vasi-
cine and vasicinone).?0 In the present study,
using the HPLC method, harmaline was found
to be present in the highest concentration in
the extract followed by harmine. This is consis-
tent with the results reported by others.”! Be-
ta-carboline derivatives have been demonstrat-
ed to have antiparasitic properties. Evans and
Croft?! showed that harmaline exerted in vitro
and in vivo antileishmanial activity. In another
study, in vitro antileishmanial activity of other
beta-carboline alkaloids, i.e., harmine and
harmane, against L. infantum was compared to
that of harmaline.2 Harmine and harmane
displayed a moderate antiproliferative activity
toward human monocytes and exerted a weak
antileishmanial activity toward both the pro-
mastigote and the amastigote forms of the pa-
rasite. On the contrary, harmaline was devoid
of toxicity toward human cells and leishmania
promastigotes; however, it exerted a strong
antileishmanial activity toward the intracellu-
lar amastigote form of the parasite. The results
observed in the latter study suggested that in-
hibition of promastigote internalization within
macrophages could result from inhibition of
protein kinase C activity by harmaline. In
another study, harmine was tested for its anti-
leishmanial properties against L. donovani both
in vitro and in vivo. In vitro antileishmanial
activity of harmine was encouraging. Harmine

1037

WWW.mui.ac.ir


http://www.mui.ac.ir

Antileishmanial activity of Peganum harmala

was also found to reduce spleen parasite load
in hamster model and toxicity of the drug was
reduced using vesicular forms such as lipo-
somes, niosomes and nanoparticles.?

In addition to beta-carboline alkaloids, frac-
tionation of P. harmala seed extract has led to
isolation and identification of an alkaloid
named peganine. In vitro antileishmanial activ-
ity of the compound was assessed against L.
donovanis. The results indicated that, besides
being safe, it could induce apoptosis in the pa-
rasite via loss of mitochondrial transmembrane
potential. The compound also inhibited L. do-
novani topoisomerase 1.2¢ In another study, pe-
ganine exhibited in vitro activity against both
extracellular promastigotes as well as intracel-
lular amastigotes residing within murine ma-
crophages in L. donovani. Furthermore, oral
administration of the compound also exerted
in-vivo antileishmanial activity against estab-
lished visceral leishmaniasis in hamsters.? It
should be mentioned that a case of intoxication
after the ingestion of self-made P. harmala
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preparation has been reported.? it seems that
harmine and harmaline inhibit mono-amino
oxidase type A (MAO-A) enzyme which leads
to psychological disorders such as hallucina-
tion.?? This means that a caution should be
practiced in systemic use of this drug although
in topical application, e.g, as an anti-
leishmanial drug, the incidence of the adverse
reactions may be reduced.

In conclusion, the beneficial effect of P. har-
mala seeds extract can be attributed to the cu-
mulative effect of various biologically active
components present in it.262 Future compara-
tive studies are needed to reveal which frac-
tion(s) shows more antileishmanial activity
and less toxicity.
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