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Abstract Purpose. Peganum harmala L. (Zygophyllaceae)
seeds extract is one of the main components of an ethno-
botanical preparation used in the treatment of neoplasms
in Iran. Cytotoxic effects of P. harmala extract on cancer-
ous cell-lines have been reported before. β-carbolines like
harmaline and harmine are the major alkaloids present in
the seeds of the P. harmala. Considering reports concern-
ing DNA topoisomerase inhibition by other β-carbolines
like harmane, we have used DNA relaxation assays to
investigate topoisomerase I inhibitory activity of P. harmala
seeds extract and its β-carboline alkaloids to further
inspecting the mechanism of its cytotoxic activity. Meth-
ods. Harmine and harmaline contents of the extract were
determined using an HPTLC method. DNA topoi-
somerase I enzyme needed for investigating inhibitory
effect of the compounds using DNA relaxation assay, was
partially purified from the human placenta. DNA relax-
ation assay is based on the conversion of a supercoiled
plasmid substrate to its relaxed form by the catalytic activ-
ity of the enzyme. The supercoiled substrate and its
relaxed product can be easily distinguished using agarose
gel electrophoresis, since the relaxed topological isomers
of DNA migrate more slowly than supercoiled species.
Results. Using HPTLC method, it was found that each
gram of dried extract contained 55.5 and 79.0 mg of
harmine and harmaline respectively. In the DNA relax-
ation assay, order of potency was harmine > harmane >
harmaline > extract. The most active compound was
harmine with IC50 value of 13.5 ± 1.7 µg/ml. Conclu-
sions. Our in vitro findings demonstrate that P. harmala
seeds extract do inhibit human DNA topoisomerase I and
based on the results of HPTLC analysis, it appears that the
biological activity of the extract can be explained by its β-
carboline content.

INTRODUCTION

One of the current strategies for drug discovery involves
the study of plants and plant materials based on the ethno-
botanical usage. In the search for anticancer drugs, use of a
plant or plant material for the treatment of certain cancer-
related diseases can provide a guide for further studies.
This includes: cancer treatment, immune disorders, infec-
tious diseases, parasitic diseases and viral diseases (1).
Urgent collection, recording and confirmation of ethno-
botanical knowledge has been emphasized, since many
local healers are elderly and lack apprentices (2). As they
die, much of their knowledge of local plants dies too.

An ethnobotanical preparation used in the treatment of
cancer by the late Hakim Analoui, a local healer in Iran, is
a mixture of the extracts of Peganum harmala L. (Zygophyl-
laceae) and Dracocephalum kotshyi BOISS. (Labiatae). Eighty
percent of this local remedy is P. harmala seeds extract,
which its cytotoxic effects on cancerous cell-lines have
been demonstrated in previous studies (3-5). P. harmala is a
poisonous plant that grows in Central Asia, North Africa
and Middle East and β-carboline alkaloids like harmine
(7-methoxy-1-methyl-9H-pyrido[3,4-b]indole) and harma-
line (4,9-dihydro-7-methoxy-1-methyl-3H-pyrido[3,4-
b]indole) constitute more than 60% of its seeds extract
total alkaloids (6). In addition to their effects on CNS (7)
and cardiovascular system (8), there are reports of antimi-
crobial (9) and cytotoxic activities (5, 10) of β-carbolines.

DNA topoisomerases are enzymes that catalyze the pas-
sage of individual DNA strands (type I) or double helices
(type II) through one another, which is manifested in the
interconversions between topological isomers of DNA
(11). These enzymes have important roles in replication,
recombination, transcription, chromosome condensation
and the maintenance of genome stability (12) and hence
are good targets for antibacterial agents and antineoplastic
drugs (13). Unlike topoisomerase II, topoisomerase I is
not a cell cycle-dependent enzyme, i.e. its activity does not
change with different phases of cell growth and, therefore,
it is a more desirable cellular target for anticancer drug
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development than topoisomerase II (14). Recently, it has
been reported that harmane (1-methyl-9H-pyrido[3,4-
b]indole) another β-carboline present in cooked foods
and cigarette smoke, has inhibitory effect on human DNA
topoisomerases (15).

Considering the above-mentioned facts, we have used
DNA relaxation assays to investigate topoisomerase I
inhibitory activity of P. harmala seeds extract and its β-
carboline alkaloids to further inspecting the mechanism of
its cytotoxic activity. DNA relaxation assay is based on the
conversion of a supercoiled plasmid substrate to its relaxed
form by the catalytic activity of the enzyme (16). The
supercoiled substrate and its relaxed product can be easily
distinguished using agarose gel electrophoresis, since the
relaxed topological isomers of DNA migrate more slowly
than supercoiled species.

MATERIALS AND METHODS

Chemicals

Camptothecin, quinidine sulfate, harmane.HCl,
harmine.HCl and harmaline.HCl were obtained from
Sigma Chemical Co. (St. Louis, MO, USA) and were dis-
solved in dimethylsulfoxide (DMSO) (Merck, Germany) at
10 mg/ml for camptothecin and 50 mg/ml for the others.
They were stored at –20° C until use. Teniposide was
obtained from Vehem-Sandoz. Polyethyleneimine (PEI)
(5% w/v, i.e.10% v/v solution) was prepared from 50%
(w/v) stock solution (Sigma Chemical Co.) as described
before (17). pBC KS plasmid was provided by Dr. B. Goli-
aei, Institute of Biochemistry and Biophysics, Tehran, Iran.

Plant material

The aerial parts of P. harmala were collected around Tehran
province. The plant was verified by Dr Gh. Amin, and a
voucher specimen (6520 TEH) has been deposited in the
Herbarium of Department of Pharmacognosy, Faculty of
Pharmacy, University of Tehran.

Preparation of extract

The crude extract was obtained by maceration of 100 g
dried seeds in 200 ml solvent A (55 ml double distilled
water, 45 ml ethyl acetate and 100 ml 95% ethanol) for 48
h at 50° C. The fresh extract was filtered and concen-
trated in vacuo below 60° C to an extract with dry matter
of about 700 mg/ml. Finally; resulting concentrated
extract was dried below 70° C in an oven. All the concen-

trations of the extract are based on the dry weight of the
extract.

High performance TLC (HPTLC)

The content of β-carboline alkaloids in P. harmala extract
were determined by HPTLC on 20x20 cm silica gel 60,
F254 (Merck, Germany) plate, using methanol/concen-
trated ammonia solution (100:1.5) as the mobile phase and
quinidine sulfate as the internal standard. Application of
samples was carried out using Desaga AS30 applicator (10
µl application volume) and a Desaga CD60 densitometer
was used to analyze the plate (fluorescence mode, λex =
320 nm, λ f = 420 nm).

Purification of human DNA topoisomerase I

Topoisomerase I was partially purified from human pla-
centa by the modified procedure of Holden at al (18). All
purification steps were performed at 4° C unless other-
wise stated. Fresh human placentas were obtained after
delivery from maternity department of Firoozabadi hospi-
tal (IUMS, Tehran) and umbilical cord and fetal mem-
branes were immediately removed. The placenta was
washed eight times in 500 ml aliquots of physiological
serum. About 200 g of tissue was minced in 500 ml buffer
A (30 mM Tris-HCl, pH 7.5; 150 mM NaCl, 0.3 M
sucrose, 0.2 mM EDTA, 15 mM 2-mercaptoethanol and 1
mM phenylmethylsulfonyl fluoride [PMSF]) by a hand
operated meat grinder. The minced tissue was gently
squeezed in cheesecloth to remove excess buffer, and
resuspended in 400 ml of buffer B (30 mM Tris-HCl, pH
7.5; 0.3 M sucrose, 4 mM CaCl2, 15 mM 2-mercaptoetha-
nol and 1 mM PMSF) and homogenized in 50 ml aliquots
with a Polytron PT2000 homogenizer (4 pulses, 15 sec
each at maximum speed). The homogenate was filtered
once through cheesecloth and centrifuged at 2,000 g for 15
min to pellet nuclei. The nuclei were resuspended in 100
ml buffer C (10 mM Tris-HCl, pH 7.5; 10 mM NaCl, 7
mM 2-mercaptoethanol, 1 mM PMSF) and lysed by adding
an equal volume of buffer D (50 mM Tris-HCl, pH 7.5;
2M NaCl, 7 mM 2-mercaptoethanol, 1 mM PMSF). The
suspension was stirred for 15 min and the resulting viscose
solution centrifuged at 5,000 g for 5 min. For each ml of
supernatant, 10 µl of PEI solution was added with con-
tinuous stirring and after 15 min, centrifuged at 5,000 g for
20 min. The volume of the supernatant was measured and
solid ammonium sulfate was slowly added to a concentra-
tion of 45% (w/v) with stirring. Stirring was continued for
15 min and the suspension centrifuged at 5,000 g for 20
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min. Solid ammonium sulfate was added to the superna-
tant to a concentration of 65% (w/v) and after centrifuga-
tion (5,000 g for 20 min), further amount of ammonium
sulfate was added to a final concentration of 85% (w/v).
The suspension was centrifuged (5,000 g for 20 min), and
the pellet was resuspended in minimum amount of buffer
E (50 mM Tris-HCl, pH 7.8; 10 mM Na2S2O3, 7 mM 2-
mercaptoethanol, 10% w/v glycerol). During ammonium
sulfate precipitation, pH was adjusted to 7.5 using 2 M Tris
base. Protein concentration of the partially purified topoi-
somerase I preparation was determined by measuring UV
absorbance at 280 nm (19) and the preparation was ali-
quoted in small batches and stored at -80° C for later use.
The protein content and specific activity at this stage were
7.8 mg/ml and 1.3 ×  105 U/mg respectively.

Topoisomerase I assay

Topoisomerase I activity was measured by in vitro relax-
ation of supercoiled pBC KS plasmid DNA to the relaxed
topoisomer. DNA relaxation assay has been used by many
investigators to study the catalytic activity of both type I and
type II topoisomerases, but relaxation mediated by eukary-
otic topoisomerase II requires both Mg2+ and ATP (16).

The 20 µl reaction mixture contained 10 mM Tris-HCl,
pH 7.9; 150 mM NaCl, 1 mM EDTA, 1 mM 2-mercapto-
ethanol, 1mM PMSF, 0.1 mM spermidine, 100 µg/ml
bovine serum albumin and 50% w/v glycerol, 25 µg/ml
pBC KS DNA and various amounts of enzyme prepara-
tion. Mixtures were incubated at 37°C for 15 min in an
Eppendorf 5436 thermomixer. The reactions stopped by
addition of 5 µl stop buffer (5% sodium dodecyl sulfate,
0.0025% bromophenol blue; 30% w/v glycerol). DNA
was resolved on 1% w/v agarose submarine gels in the
electrophoresis buffer (TBE 0.5×: 45 mM Tris-borate, pH
8.0; 1 mM EDTA) for 3 hours at 45 V (3 V/cm). The gels
were subsequently stained with 0.5 µg/ml ethidium bro-
mide for 15 min, destained in H2O for 30 min, photo-
graphed under UV illumination and the relative amounts
of relaxed and supercoiled DNA was determined by scan-
ning with an ImageMaster 1D digital imaging system
(Pharmacia Biotech).

One unit of topoisomerase I activity was defined as the
minimum amount of enzyme required to achieve complete
relaxation of 0.5 µg superhelical pBC KS DNA in 15 min at
37° C (about 100-fold dilution of stock enzyme prepara-
tion).

Inhibition of topoisomerase I relaxation activity was inves-
tigated by the same procedure using one unit of enzyme
and different concentrations of test compounds. Three
independent experiments have been carried out for each
compound. The percent of relaxed DNA was calculated by
the following formula:

Where Scontrol is the percent of supercoiled DNA in the
control lane (without enzyme and test compounds) and S0

is the percent of supercoiled DNA in the lane without test
compounds. The IC50 was defined as the concentration of
the test compound resulting in a 50% reduction of relaxed
DNA. Compounds dissolved in DMSO gave final DMSO
concentrations of 2.5%, which at these concentrations,
DMSO had no effect on drug-free controls.

RESULTS

HPTLC analysis

In HPTLC analysis, harmine and harmaline were sepa-
rated from each other with Rf values of 0.66 and 0.21
respectively (Figure 1). Harmane (Rf 0.70) was not
detected in the extract. The plots of the ratio of peak area
of the alkaloids to quinidine sulfate (Rf 0.40), which was
used as an internal standard, versus concentration, were
straight lines with slopes of 0.0274 (r2 = 0.9897) for
harmine and 0.0211 (r2 = 0.9925) for harmaline. Using this
method, it was found that each gram of dried extract con-
tained 55.5 and 79.0 mg of harmine and harmaline respec-
tively.

Topoisomerase I assay

Partially purified topoisomerase I obtained in this study
had enzymatic properties similar to other mammalian type
I topoisomerases. It readily relaxed supercoiled plasmid
DNA, and the relaxation activity was stimulated by MgCl2
and inhibited in the presence of ATP as described by other
workers (18). MgCl2 was omitted from reaction mixture in
order to reduce nuclease activity and spermidine was
added to stimulate relaxation activity of topoisomerase I
(20). Teniposide, a known topoisomerase II inhibitor (21),
did not inhibit relaxation activity even at 250 µg/ml con-
centration (Figure 2).
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Figure 1: Chromatogram of HPTLC analysis of P. harmala
seeds extract. Peak No. 1: harmaline, Peak No. 3:
quinidine sulfate (internal standard), Peak No. 4:
harmine. Horizontal axis is distance in millimeter.
Vertical axis is fluorescence intensity expressed in an
arbitrary unit.

Figure 2: Effect of teniposide on DNA relaxation by
placental preparation. Positions of origin, relaxed and
supercoiled plasmids have been shown on the left side by
o, r and s letters respectively.
Lane 1: supercoiled pBC KS DNA, lane 2: no drug, lanes
3-7: 50, 100, 150, 200 and 250 µg/ml of teniposide.

Effects of P. harmala extract, harmane, harmine and har-
maline on topoisomerase I was determined by measuring
relaxation of pBC KS plasmid DNA, using camptothecin
as positive control (maximal inhibition was observed at 1
µg/ml or 2.87 µM). As shown in Figure 3, both harmine
and harmaline like harmane, inhibited formation of the
relaxed form of DNA in a concentration-dependent man-

ner. Fifty percent decrease in formation of relaxed DNA
(IC50) occurred at 13.5 ± 1.7, 28.5 ± 2.8, 140.5 ± 8.2
and 186.4 ± 35.8 µg/ml of harmine, harmane, har-
maline and P. harmala extract respectively (Figure 4).

Figure 3: Inhibitory effects of investigated compounds on
topoisomerase I mediated DNA relaxation. A: P. harmala
seeds extract; B: harmaline; C: harmane; D: harmine.
Positions of origin, relaxed and supercoiled plasmids
have been shown on the left side by o, r and s letters
respectively. Lane 1: supercoiled pBC KS DNA, lane 2: no
drug, lanes 3-12: 5, 10, 20, 30, 40, 50, 100, 150, 200
and 250 µg/ml of corresponding drug, respectively.

DISCUSSION

Mechanism of the cytotoxic activity of P. harmala seeds
extract was the main motivation of this investigation. Pre-
vious work (22) has shown that β-carbolines could inter-
calate into DNA. In theory, this effect may cause
inhibition of DNA topoisomerases and results in cytotox-
icity. In this study, DNA relaxation assay was used to
determine the extent of DNA topoisomerase I inhibition
by P. harmala extract and its β-carboline alkaloids. A prep-
aration of human placenta topoisomerase with type I activ-
ity prepared in our laboratory, was used in the assay. Our
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results show that harmine and harmaline like harmane do
inhibit topoisomerase I. Order of potency of topoi-
somerase I inhibition by tested β-carbolines is: harmine
> harmane > harmaline which is the same order of
potency observed in the cytotoxicity assays reported previ-
ously (5, 10).

In order to correlate topoisomerase I inhibitory effect of
P. harmala extract with its β-carboline content, HPTLC
method was used. The results of HPTLC analysis show
that harmine and harmaline constitute 13.5% of dry
weight of the extract. Harmane content of the extract, if
present, was below the detection limit of the HPTLC anal-
ysis that was used. Results from DNA relaxation assay on
P. harmala extract and the pure β-carboline alkaloids sug-
gest that there is a good correlation between the observed
biological activity of the extract and its β-carboline con-
tent.

Figure 4: Dose response curves for effects of harmane
(▲), harmine (❍ ), harmaline (● ) and P. harmala seeds
extract (❏ ) on topoisomerase I mediated DNA relaxation:
The proportion of relaxed DNA to total DNA was
measured by scanning with an ImageMaster 1D digital
imaging system (Pharmacia Biotech). Data points
represent the mean ± S.E.M. of three independent
experiments.

Intercalation and binding to the DNA minor groove or
cleavable DNA-topoisomerase complex are among the
methods that can be utilized by both topoisomerase poi-
sons and inhibitors as a mechanism of inhibition (23). As
described before (22, 24), absorption spectrophotometry
and fluorescence quenching analysis revealed intercalating
activity of β-carbolines with the same order of potency
(harmine > harmane > harmaline). This is in good agree-

ment with our finding that harmine is a considerably more
potent topoisomerase I inhibitor than the others. In that
case, the planar ring system in harmine and harmane,
which is absent in harmaline (Figure 5), may explain their
much greater topoisomerase I inhibitory effects. Other
structural analogues should be investigated to enhance our
understanding of structure activity relationship of β-car-
bolines as topoisomerase I inhibitors and potential antine-
oplastic agents.

Figure 5: Structures of harmane, harmine and harmaline

CONCLUSION

Our in vitro findings demonstrate that P. harmala seeds
extract do inhibit human DNA topoisomerase I and based
on the results of HPTLC analysis, it appears that the bio-
logical activity of the extract can be explained by its β-
carboline content.
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