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Abstract

Anticancer compounds from natural products wereested using tumor cell lines. In the present stuay,
investigated the antiproliferative activity of fowompounds isolated from the alkaloidic fraction of
Peganum harmalaCompounds (1-4) were assayeditro for their effect on thymidine incorporation using
Jurkat leukaemia cell line at concentration of 16, 25, 50 and 100 pg/ml. Their cytotoxicity wasaal
evaluated at the concentrations indicated aboweewearal murine cell lines. Results showed thatcuasine,
harmine and harmalacidine inhibited the prolifematiof Jurkat, clone E6-1 cell line with significant
cytotoxic effect. No noticeable effect of pegan{nempund 3) on thymidine incorporation was observed
On the other hand, DFT calculation has been usethadyze the electronic and geometric charactesisti
The HOMO, LUMO and gap energieg fere also deduced for the stable structure foh eampound.
These results will be correlated with the experitabvalues.

Keywords:Vasicinone, Harmine, Peganine, Harmalacidine, ©yioity and antiproliferative activities,
DFT study, energies LUMO, HOMO, Gap

1. Introduction

The large projections of anti-cancer chemotherapyevobtained thanks to the discovery of drugs @f ne
structures, and new mechanisms of action. The abtgetvorld may constitute a potential source ofgdru
or models of molecules for new drugs. The spontamenedicinal plants in the Moroccan Saharian areas
would constitute a potential source of new antieesnmaterialsPeganum harmalas among the most
typical plants and most interesting of the cen8ahara in Morocco. Several biological activitiesPof
harmalahave been described in literature. These includidacterial, antifungal and antiviral activitiek, [
2, 3, 4], central nervous system, analgesic andretesxant effects [5, 6, 7]. Within the researadmfiework
on the new anti-cancer compounds, we were intetdstestudying the anti-cancer activity 8eganum
harmala

We showed in a previous work, that aqueous extw&d®. harmalahad an antimitotic activity. Total
alkaloids of Peganumhave cytotoxic activity on cancerous cell linesd amn inhibiting activity of the
synthesis of DNA. The study of the antitumor at¢yiihowed that the aqueous and alcaloidic extriabt o
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harmala presented an antitumor activity [8, 9, 10, 11]eTiesults obtained with total alkaloids Bf
harmala encouraged us to seek in the alkaloidic extraetabtive principle (s) responsible (s) for this
cytotoxic and antitumor activity. The chemical stud P. harmalarevealed 4 pure products (compounds 1-
4). The compounds were identified as alkaloids:H#wenalacidine (1) the harmine (2), the peganine8
the vasicinone (4) [12], and tested against cacekfines for antiproliferative and cytotoxic agty [13].

In the present paper, four compound (pure alka)aifl$. harmalaseed were tested for the cytotoxic and
antiproliferating activity against several muringmnior cell lines. The chemical structures of thelisd
molecules are given in Figure 1. On the other haedently, density functional theory has been used
analyze the electronic and geometric charactesidtiel]. Furthermore, it is considered a very useful
technique to analyze the experimental data [15¢ dllectronic properties of studied molecules swctha
highest occupied molecule orbital (HOMO), the loiwaisoccupied molecule orbital (LUMO), Gap energy
difference betweeRkomo andE ymo and dipole moments have been achieved the apptemdrrelation
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Fig. Structures of compounds4isolated fromPeganum harmala
Harmalaciding1), Harmine(2), Peganing3), and Vasicinone(4).

2. Experimental details

2.1. Plant materiel

Dried seed oP. harmalawere collected from the Figuig region of easterardtco, in July and August
2000 and authenticated by Dr Bennabidine, botami¢Ecole Forestiere de Salé). A voucher specirsen i
preserved in the herbarium of our Institute.

2.2. Tested materiel

Total alkaloids were recovered from a methanolicraet of Peganum harmalaseeds as described
previously (yield: 1.2 %) [8, 9, 13].

Four products (1-4)Fig.1) were isolated by Chromatography from the alkaloiflaction. They were
identified by spectroscopic techniques (Nuclear Mdiz Resonance, and mass spectrometry) as alkaloid
harmalacidine (1), harmine (2), peganine (3) amslcitaone (4). The yield of the four compounds Bas
%, 10 %, 4 % and1.3 % respectively. The isolation and characterizatibthe four natural compounds are
described in detail in a previous work [12].
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2.3. Tumoral cell lines

Cytotoxicity was evaluated on four cell-line§) Med-mek Carcinoma, a cell-line obtained from a
hepatocarcinoma induced by diethylnitrosamine athtnation to a Wistar raf(ii) UCP-med Carcinoma
obtained from a hepatocarcinoma on cirrhosis indumne carbon tetrachloride administration to a Wista
rat. (i) UCP-med Sarcoma obtained from a fibrosarcoma iedludy administration of 3-
methylcholanthrene to a Wistar rat [H0]d(iv) Sp2/0O-Agl4 a myeloma cell line [16].

2.4. Cytotoxicity assays

In vitro cytotoxicity assay was carried out using trypanmebbssay. All cell lines were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM) supplented with 10% fcetal calf serum, 2% L-glutamine
and 5 mg/l of each of the antibiotics gentamicienipillin, and streptomycin to prevent bacteriadan
mycoplasmal contamination. Cells were maintained B% CQ incubator at 37°C. They were grown to
confluence for 2 to 3 days and adjusted to ddlls/ml with fresh medium. Initial cultures of 18l were
prepared in 25 chflasks before application of treatments.

Alkaloids were solubilized in 0.2 % DMSO and apglie the cell culture at final concentrations of 20,

40, 60, 80 and 100 pg/ml. Alkaloid solutions wedfuated so the same volume of DMSO was added to
each culture. Controls received the same amouBtMBO. An additional normal control was carried out
with an equivalent volume of culture medium instiadé DMSO.

All treatments were done in five replicates. Thdtures were maintained under normal incubation
conditions and were examined daily under an indertécroscope. Cell counts were made on 0.1 ml
samples taken from cultures after vigorous shakimgmonitor cell viability using the Trypan Blue
colorimetric method [17]. Statistical analysis bétdata was analysed using Student's t-test aneatbes
were expressed as mean * SD, n=5. The dose effttetpline which permits the determination ofd@as
analysed using the program MICROPHARM [18].

2.5. Antiproliferative assay

The cancerous cellular line used is the line Jukétl clone. This line was established by Dr A.is¥én
1984 by cloning the Jurkat-FHCRC line.

This cell line was cultured in RPMI with 10% fetahlf Serum, L-glutamine (0.1%) and antibiotics
(gentamicin 0.1% - Penicillin /streptomycin 0.1%glls were cultured in round bottomed plates. Baeh
contained 200 pl of the test compounds (5 - 10 - 26 and 100 pg/ml). Plates were incubated foh 48
37°C with 5% CQ supply and 5% RH.

Tritiated thymidine [3H]-TDR in 10 ml of phosphateffer/saline was added to each well for 5 h. Télé ¢
were harvested and deposited on a glass fibber fiking Shatron multiple cell harvester. The rfdtevere
dried for 24 h at room temperature and transfetcedniniscintillation vials. To each vial 10 ml of
scintillation fluid was added. Radioactivity courgiwas performed by liquid scintillation spectroareind
tritiated thymidine incorporations. Measures wedteraone day.

Three separated sets of control Jurkat, clone E@hiaining the compound solvant were used in eashya
Data was obtained as counts/minute and the meaacbftriplicate was calculated.

For each product tested, we determined after 48shofi treatment the concentration of a substance
inhibiting 50% (1G) of the thymidine tritiated incorporation of thells of the line Jurkat, E6-1 clone.siC
values were obtained from the dose-response cualgsed with the MICROPHARM softwaf28].

2.6. Computational details

The quantum calculations were performed using thesGian 03 program [19]. The geometry of the studie

compound was evaluated using the DFT level of tiveetparameter compound functional of Becke
(B3LYP) [20]. The 6-31G* basis set was used for all atohiie geometry structure was optimized under no
constraint. We have also examined HOMO and LUMCelevthe energy gap was evaluated as the
difference between the HOMO and LUMO due to the &f@rgies [21-22].

3. Results and discussion
Alkaloidic fraction, 2 p-carbolines alkaloids : harmalacidine (1) and haenm{2) and 2 quinazolines

alkaloids : peganine (3) and vasicinone (4) (Figwére extracted fronPeganum harmalaThey were
tested for cytotoxicity on a panel of murine turoel lines. The results are summarised in table 1.
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Table 1 Cytotoxicity of compounds 1-4 isolated frdpeganum harmalaeeds on 4 cell-lines

*
Cell lines 'C 0 (Ha/mi)
1 2
4
Med-mek Carcinoma 17.72 + 0.05 14.40 + 0.03 52.24 + 0.04
25.32 £ 0.08
UCP-med Carcinoma
28.93 + 0.02 18.39 + 0.03 > 100
UCP-med Sarcoma 59.97 + 0.05
Sp2/o-Agla 17.60 = 0.03 6.48 + 0.05 52.36 + 0.05
64.79 £ 0.04
7.96 +0.04 243 +0.14 > 100
19.20 £ 0.04

Data shown are mean * SD of five independent exparents.
* Cytotoxicity as ICsy for each cell line, is the concentration of compad that inhibits of 50% the cell
multiplication after 48 hours of treatment.

By comparing the I6; of the various products tested in the 4 celldtad, we can say that:

The Sp2/0-Ag1l4 line is the most sensitive of thedistudied to the various products tested. Theviies
between 2.43 and 19.20 pg/ml and 4 out of the Bymts tested have ansfJower than 20 pg/mil.

The line UCP-med Carcinoma is the least sensitivbé various products tested is compared to thib&
lines used in our study. Indeed, the value of @y Varies between 13.83 and 59.97 pg/ml.

Among the 4 isolated pure products, the peganihés(Be less active. Indeed, it has no effecthegibn
incorporation of the thymidine tritiated in thedidurkat, clone E6-1 (the dgJs higher than 100 pg/ml) nor
on the growth of the cells Sp2/0-Ag14 and UCP-medcidoma (the 16 is higher than 100 pg/ml). The
ICso in the 2 other lines remains higher than 50 pg/ml.

The harmine (2) was the most active compound mghidy. Its IG, varies in the 4 lines between 2.43 and
18.39 pg/ml. Moreover, this alkaloid presentedltveer IC, among all the products testedfaf harmala
(2.43 = 0.14 pg/ml in the Sp2/O-Agl4 line). The rhare should be testemh vivo to confirm these
important results ofn vitro. In the same way for the harmalacidine, the, i@ the the 4 lines varies
between 7.96 — 28.93 pug/ml.

Our results are in agreement with those of thedltee. Indeed, harmine showed potent cytotoxitviact
against KB, A549, CAKI-1, 1A9 and HEL cells with EDvalues of 2.2, 2.4, 1.9, 1.6 and 1.9 pg/ml. In
addition, harmine exhibited cytotoxic effects ineth drug-resistant cell lines including KB-7d, KBN/and
KB-CPT[23].

According to Ayoub et al (199424] the harmalol (an alkaloid d?. harmalg inhibits the proliferation of
the carcinogenic cellular line Leukaemia K 562 watlttoncentration of 10 ug/ml by inhibiting the DNA
synthesis and the cellular division.

Also work of Jin (1990]25] showed that the harmaline (an alkaloidP&ganum harmalaln comparison
with 5-fluorouracil (5-FU) had a cytotoxic activiip vitro on a cellular line SO-Rb50 from the human
retinoblastoma with a concentration of 12 pg/ml arft2 hours incubation, the rate of inhibition196.6 +
1.98% for the harmaline and 93.5 + 0.90% for thieLb-Their respective I§ are 1.437 pg/ml and 0.321
pg/ml. In vivo the same alkaloid appeared inactive on the samee Tihis inactivity was attributed to the
existence of the blood barrier retinal * fair mefi barrier' '. It should be pointed out that theelies could
be completed by aim vivo study to withdraw valuable conclusions.

Moreover, we examined the effect of compounds (1sd)ated fromPeganum harmalaseeds on the
incorporation of the thymidine tritiated in the DNAthe cells from the Jurkat, E6-1 clone cell line

The effect of the 4 pure alkaloids Bf harmalaon the incorporation of the thymidine by the cdilskat,
E6-1 clone is summarised in tableFar each product, we determined the concentratioishwinhibits the
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incorporation of the thymidine tritiated of 50% ElCafter 48 hours treatment. Table 2, however, pitsse
the IG, for each product in the line Jurkat, E6-1 clone.

Table 2 Effect of compounds 1-4 isolated froPeganum harmalaseeds on the Jurkat, E6-1 clone
proliferation

IC 50 (Hg/mI)*
1 2 3 4
Jurkat, E6-1 clone 27.10+£0.02 46.57+0.02 >100 8.60%0.04
Data shown are mean * SD of three independent experents.
* |C g0 IS the concentration of a substance inhibiting 50%(Clsg) incorporation of the thymidine
tritiated of the cells of the line Jurkat, E6-1 clme analyzed by means of a nonlinear technique of
regression using software MICROPHARM after 48 hoursof treatment.

Cell lines

For the vasicinone, the effect is depending onatmeunt during the first 24 hours contact with the
product, and then we noticed a light increase énilcorporation of the thymidine with concentrataf 5 -

10 and 25 pg/ml from 24 to 48 hours. Theol€alculated after 48 hours of treatment was of &@D04
pag/ml.

With the harmine we noticed an effect which dependsthe amount and the time. Indeed for
concentrations of 5, 10, 25 and 50 pug/ml, the peegge of incorporation is always higher than 6086nfl0
to 48 hours. With the higher concentration 100 [Lgtine effect depends on time and reached a maxiatum
48 hours. The 16 calculated after 48 hours of treatment was of 26.5.02 pg/ml.

The peganine seems to be less active comparee totdl alkaloids oP. harmalaand with the other
pure alkaloids (compounds 1, 2 and 4) ; with 4 eom@tions 5, 10, 25 and 50 pg/ml. The tritiated
percentage of incorporation of the thymidine reradiralways higher than 50% during all the period of
experimentation. For the higher concentration 190nl the effect reaches 70% of inhibition in tivstf24
hours then decreases by 24 to 48 hours. TheckIculated after 48 hours of treatment was higien 100
pg/m.

The harmalacidine with concentrations of 5, 10 2Bdig/ml shows a moderate effect on incorporation
of the thymidine which is always higher than 60%.t®e other hand with the concentration of 100 [Lgdm
100% inhibition is reached at 48 hours. Theyl€&lculated after 48 hours of treatment was of @£ 10.02
pg/ml.

The lines Sp2/0O-Ag14 and Jurkat, E6-1 clone arb bbtymphocyte origin. A comparison of thes}C
after 48 hours of treatment with the compounds)(dhdw that the peganine (3) has no effect neitheéhe
incorporation of the thymidine tritiated in the Wat line, E6-1 clone nor on the cell multiplicationthe
Sp2/0-Agl4 line: the 16 is higher than 100 ug/ml. The same its effectten3 other types of cancer are
not very important: the I§ remains higher than 50 pg/mil.

Evaluation of proliferation, cytotoxicity and difientiation of harmine and harmaline on HL60 cells,
alone or in combination with ATRA (all-trans retinaacid), a drug for treatment of APL patients &Bd
CSF (Granulocyt-Colony Stimulating Factor), a cytek which enhances the efficacy of antileukemic
therapy showed that harmine and harmaline redpiideration in dose and time dependent mannel. [26

In addition, some harmine derivatives showed lmghitro cytotoxicity and cell death via apoptodis.
vitro studies have shown thtcarbolines such as harmine were highly cytotorid significantly inhibited
tumor cell growth with apoptotic effect [27, 28,]28urther mechanistic studies indicated that s@mne
carbolines could inhibit DNA synthesis and inteatalinto the DNA helix and were inhibitors of DNA
topoisomerase | and Il [30, 31}loreover, many B-carbolines such as harmine were potent and specifi
inhibitors of cyclin-dependent kinases (CDKs) wittost compounds inhibiting CDK2 and CDK 5 to the
same extent [32].

Many naturally occurring alkaloids (e.g., campdatin, vincristine and ellipticine) are potent aaticer
agents. These alkaloids Kill tumor cells by différdiochemical modes of action, such as inhibitidn
apoptosis, inhibition of topoisomerase | and Il anbdibition of microtubule formation. The molecular
mechanisms for the antitumor activity pfcarbolines are not fully defined, but induction agoptosis,
inhibition of DNA topoisomerase | and 119-14 and ICbhave been implicated [32].

Mechanism of the cytotoxic activity ¢f. harmalaseeds extract was studied by Sobhani et al. [33].
Results has shown thgicarbolines could intercalate into DNA. In theotlyis effect may cause inhibition
of DNA topoisomerases and results in cytotoxicity.
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DNA relaxation assay was used to determine thenexdé DNA topoisomerase | inhibition bk.
harmalaextract and it$-carboline alkaloids. It was found that harmalaseeds extract do inhibit human
DNA topoisomerase | and based on the results ofUldPdnalysis, it appears that the biological acfit
the extract can be explained by fitgarboline content. The most active compound washimg with 1C50
value of 13.5 + 1.7 pg/ml.

4. Theoretical results

It was shown from experimental results that theestigated compounds have interesting biological
activities but no giving further insight into thercelations between these experimental propertiestiae
electronic ones such as the highest occupied nlelesbital (HOMO), the lowest unoccupied molecule
orbital (LUMO), Gap energy difference betwerwo andE ymo and dipole moments. Thus the density
functional theory was applied to study correlatwith experimental results. The optimized geometry
structures of the studied compounds are illustratédg 2. The optimization process (the global minimum
energy information of the materials is achieved} fdly done using B3LYP/ 6-31G* calculation.

3 4
Fig. 2. Optimized structures of studied molecules obtaime83LYP/6-31G* level.

According to the structures of the 4 studied mdies;uone can compare only the similar structures
presenting the same skeleton namg)y3 on the one hand ar8] 4 on the other hand. For this purpose, we
have calculated the HOMO and LUMO energies, Gapgynaifference betweeBomo andE, yvo, dipole
moments and total energies. The obtained resdtprasented in table 3.

It is known that the value dEovo is often associated with the electron donatinditgbdf inhibitor
molecule, higher values &.omo is an indication of the greater ease of donatlagteons to the unoccupied
d orbital of the receptor. The value Bfyvo is related to the ability of the molecule to adcelectrons,
lower values o, yuo shows the receptor would accept electrons. Comseiyythe value oAE,,, provides

a measure for the stability of the formed complextlee metal surface. The lower valueA# has, the
higher stability is for the formed complex. The ualof AE for 1 and2 are 4.3, 4.7 eV respectively; the
values of dipolar moment are 3.92 and 3.49; theesmbf total energies are -724 and -687. Let uallrec
from experimental results that the compounhtas the best cytotoxicity. We can thus concluag The
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values of Gap energy and total energy are propwtito the cytotoxicity whereas the values of dipol
moment are inversely proportional. The same resméisobtained by comparirfsggand4: the decrease of the
energy difference between the frontier moleculétakland the total energy on one hand and the asgref
the dipolar moment while passing frofrto 3 means that cytotoxicity of is better than that &. From
these theoretical calculations carried out for isttidnoleculesl, 2, 3and4, it can be concluded that the
electronic properties are correlated with theiragkpental results.

Table 3 Calculated HOMO (eV), LUMO (eV)AEg,, (FLUMO-HOMO) (eV), Dipole moments
(Debye) and total energies (u.a.)

1 2 3 4
HOMO (eV) -5.1922 -5.5372 -3.5687 -6.0733
LUMO (eV) -0.8008 -0.8237 -0.5731 -0.9617
GAP (eV) 4.391 4.713 2.995 5.111
Dipole 3.9239 3.4922 3.2786 2.503
Moments
(Debye)
Totale -724.46452 -687.34969 -610.48850 -609.96304
energies
(u.a.)

On the other hand, it is important to examine ti@MO and the LUMO for these molecules because
the relative ordering of occupied and virtual abfirovides a reasonable qualitative indicatioelettronic
properties and the ability of electron hole tramspo general, as plotted in figure 4, the HOMGsgpesses
an antibonding character between the consecutivensts; whereas the LUMO generally shows a bonding
character between the subunits.
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(HOMO) (LUMO)

Fig. 4. Schematic representation of HOMO molecular orlifaitudied molecules

Conclusion

1. The study of the activities cytotoxic and antipierative of P. harmalaon experimental models of
cancer allowed us to show that the compounds (liyhated from the alcaloidic fractiohave an
in vitro cytotoxic activity on carcinogenic cellular linead an inhibitory activity of the synthesis of
DNA. The obtained results showed that the activigy depend on of the product tested and the
cellular line considered. The 3 pure alkaloid$?oharmalacontrary to the peganine seem to act on
the Jurkat line, E6-1 clone by inhibiting the syetis of the DNA and also the cellular division;

2. The active extracts ¢f. harmalastudiedin vitro on the cellular lines, must be testedivo for the
antitumor effect. In the same way, the inactiveaetsin vitro should be also tested because there
are products which are inactive vitro but have an antitumor activity vivo. It is the case of the
immunostimulateurs;

3. From The theoretical calculations carried out toe studied molecule$, 2, 3and 4, it can be
concluded that the electronic properties are catedlwell with their experimental results.
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