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Abstract

Peganum harmala alkaloiods are biologically activmpounds. They were used as spices and hallucisogtarmaline
and harmalol hydrochloride were tested for theisgilole embryolethal effects on Wistar pregnant ratse hundred and
twelve mature rats of both sexes were used insthidy. In the first experiment, females were giiyeimjection of 5 and 10
mg/kg of the two compounds for 14 days startingnfrihe first day of gestation. In the second expentnmales were
given ip injection of 10 mg/kg of the two compounfds 21 days and mated with untreated females Hozet weeks.
Numbers of live, dead and resorbed fetuses in iaddto skeletal variations were recorded. A remhl&ancrease in
maternal body weight and food intake was noticetha higher dosages of the first experiment. Irsgea the average
number of resorbed or dead fetuses was found ifirfiexperiment and the first week mating of #eeond experiment. A
significant decrease in fetal body weight was shamwall dose levels of the two experiments. Skéletaiations were
shown in all groups of the two experiments. Thadgtdemonstrated that harmala alkaloids are toxicatoembryos
resulted in fetal mortality, decreasing fetal bedsight and enhancing skeletal anomalies.
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Introduction

It has long been known that the harmala alkaloidmely, harmaline, harmine, harmalol and harmol are
biologically active compounds [1, 2, 3]. Harmaliisealmost twice as toxic as harmine and in modedates
causes tremors and clonic convulsions [4]. Thesepooinds which are extracted frdPaganum harmala were
used as spices and hallucinogens in the Middle, Haskey, Spain and along the African coast of the
Mediterranean sea [2]. Tremor and convulsion wérseoved in rats treated with aqueous extradegbnum
harmala and these toxic signs were postulated to be dubet@lkaloids content of the extract which have a
central nervous system stimulant effect [(5] antbtokic effect [6].Peganum harmala seeds extract showed
significant in vitro and in vivo antileishmanial activities [7]. Shapira et al.,889[8] have reported that
methanolic extract dPeganum harmala reduced the number of living pups, increased timaber of resorption
and produced a dose dependent decrease in liteerosirats. Abortion is frequent in animals thagedit this
plant in a dry yea[9]. SincePeganum harmala seeds are still utilized by local people in mangaa for the
treatment of tooth aches and in aches relatedete¢htebral column and since the seeds contaihaii@oids

in a percentage of 4-5% [10], the present study w@slucted to evaluate the possible embryotoxiofty
harmaline and harmalol in pregnant rats.

2. Materials and Methods

Albino Wistar rats of both sexes (10-12 Weeks & agd weighing 250-350 gms) which were bred ancedea
in the High Institute for Infertility Diagnosis & RT/ Al-Nahrain University were used throughout thtady.
The animals were housed in wire meshed cages areh ggtandard diet and wated libitum. Timed
pregnancies were obtained with the day of matingsictered as day 1 of pregnancy. Harmaline hydroickdo
() and harmalol hydrochloride (Il) were obtaineri Fluka AG. Solutions of the two compounds were
prepared immediately before use. Rats were traategperitoneally with the test compounds since ikian
accepted route for administration in animals [FHmale rats were treated for 14 days starting trenfirst day
of pregnhancy whereas male rats (10 weeks old) tweated for 21 days. Two experiments were carrigd o

In the first experiment, four groups of pregnars naere given 5 and 10 mg/kg body weight from eafcthe
two compounds and one control group received kdidtivater only. A record of body weight and foothke
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was conducted daily throughout the experiment deoto monitor maternal toxicity. Dams were sacefi on
day 20 of pregnancy by cervical dislocation. Therusg was obtained and the number of live, deadesatbed
fetuses was recorded. After that, the whole uteras placed in ammonium sulfide for 10 minutes ideorto
stain implantation sites not visible to the nakgd EL2]. In the second experiment, two groups oé¢hmales
each received 10 mg/kg body weight of compoundsdl la respectively for a period of 21 days and tined

group received distilled water only. All males werated by the end of the treatment individuallytwm

untreated females for one week and another twolésnfar each of the following two weeks. Pregnamdles
were sacrificed on day 20 of pregnancy and the sdroee parameters were similarly recorded.

Live fetuses were removed, weighed to the neargsamd externally examined under the dissectingoampe
for any deformities. Fifty percent of the fetusesni each group were fixed in 95% ethanol, cleared%

potassium hydroxide and stained with alizarin r8sfer skeletal examination [13]. The remaining 56f4he

fetuses from each group were placed in Bouin'slffar detection of visceral anomalies by the resection
technique [14]. Changes in maternal body weighteweraluated by subtracting the dam's body weighdayn
one plus the total litter weight from their weightt day twenty of the experiment. Food intake wasnged
daily from the first day of gestation until day twe. Student's t-test was employed for calculatdrihe

differences in the average body weight, food intakenber of implantation sites, live and dead fesusnd fetal
body weight [15]. Results are expressed as meant8ad/statistical significance was considered adlpes
<0.05.

3. Results and Discussion

Experimentl:

Maternal toxicity: Maternal body weight during the gestation periaswsed to assess the maternal toxicity of
I and Il. Changes in the body weight of dams tratith 5mg/kg of both compounds were negligible as
compared with the control group, whereas damsddeatth 10mg/kg of |1 and Il showed a significant (@.05)
increase in their body weight (Figure, 1). Nonettad two dosages of | and Il used in this investigatvas
lethal to the dams. The daily food intake of damsemy the lowest doses of | and Il was not affedied
comparison with the controls. On the other handmals treated with 10mg/kg of both compounds coreim
more food than did the controls.
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*P< 0.05 in comparison with the control.
Figure 1: Effect of harmaline and harmalol on the averageemal body weight by the end of gestational
period in rats.

Changes in body weight

Embryotoxicity: Table 1 summarizes the effects of | and Il givemaiperitoneally to pregnant rats on day 1-14
of gestation. From these results it can be sedrtiihaverage number of implantation sites andftiteses per
dam was within the control range in the differeosel levels of the two compounds. The average freyuef
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fetal death or resorption was increased in theddegroups in comparison with the control grougs thcrease
was statistically significant €P0.05) in the groups treated with 10mg/kg of | éind

A significant (< 0.05) decrease in fetal body weight was eviderthen5 and 10mg/kg groups of | and Il in
comparison with the control group. Two fetuses fitbe group treated with 5mg/kg of Il were abnormoale of
them the toes of the left leg were missing and twes emerged from abnormal position at the leg,other
fetus showed missing toes and femur of the righidhaThe fetal mortality and decrease in their bagyjght
indicate that | and Il / or their metabolites crtiss placenta at a fast enough rate to reach ctmatiens toxic
to the embryo. It has been suggested that someala@tkaloids may interact with DNA [16], therefpreis
possible that | and Il / or their metabolites magiiice embryolethality which varies with the sta§gestation.
Nrubertet al., 1980 [17] reported that the rate of DNA repligatin the embryo increase 1000 fold during 2 or
3 days of early organogenesis around day 13 ohgestin rats.

Table 1Effects of harmaline and harmalol given to pregmatd on days 1-14 of gestation.

Group 5mg/kg 10mg/kg 5mg/kg 10mg/kg
control harmaline harmaline harmalol harmalol
Parameters
No. of Dams 9 11 10 7 10
Total implant. Sites 73 75 82 53 78
Average No.
implants./dam+SEM 8.1+1.09 6.8+1.06 8.2+0.97 7.6+£1.21 7.8+1.03
Total No. fetal mortality 4 12 15 10 18
Average fetal
mortality/dam+SEM 0.4+0.2 1.1+0.5 1.5+0.6 1.4+0.6 1.8+0.6
Percentage fetal mortality 55 16 18.3 18.9 23
Total live fetuses 69 63 67 43 60
Average live
fetuses/dam+SEM 7.7+1.6 5.7+1.4 6.7+1.6 6.1+1.5 6.0+1.4
Percentage live fetuses 94.5 84.0 81.7 81.1 77.0
Dams with resorption and 4/9 6/11 7/10 317 7110
live fetuses/total dams
Average fetal body weight 2.47+0.05| 2.03%0.08 | 1.99+0.08 | 2.19+0.04 | 2.04+0.21
gm+ SEM
No. stunted fetuses 0 0 0 2 0

P< 0.05 in comparison with the control group.

Experiment 2;

Embryotoxicity: The results of the three weeks paternal matingieféxperiment are shown in tables 2, 3 and 4
for the first, second and third week respectivélyis obvious from these results that the averagebrer of
implantation sites and live fetuses were not afféaiuring the three weeks of the experiment. Therame
number of fetal death and resorption was signifigafiP< 0.05) increased during the first week in the gsoup
treated with the two compounds in comparison whitl ¢ontrol groups but this effect was not appedrethg
the second and third weeks of the experiment in afythe two compounds treated groups.
A significant (< 0.05) decrease in fetal body weight was foundrduthe first week and a highly significant
(P<0.01) decrease was exhibited during the secondtfardi weeks in the groups treated with | and Il as
compared to the control groups. In case of therpatdreatment, the effects were very clear oneindryo
resulted from the mother mated during the first kvafter the cease of treatment in the males. Théfsets
represented by the average number of dead or exsdebuses since it was significantly increasethengroups
treated with both compounds. 4/5 and 3/5 of thesdalhowed resorption and live fetuses in the hanmaaind
harmalol treated groups respectively in comparisith 1/5 in the control group. Average fetal bodgight
was significantly affected in the three weeks nwatfter the end of male dosing.

The present results may suggest that the two congsoincrease the frequency of dominant lethal rinrtdn
the sperm and that the post implantation loss cbeldttributed to the increase in the frequencyetial
mutations.These results are in accordance withrémdrted by Murasalet al. [18] after treatment of some
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harmala alkaloids to male rats which resulted oeereased spermatogenic activity in the testesganainal
epithelium after day 7 of treatment. El-Dwairi aBadnihani [19] reported that the aqueous extractegénum
harmala might have adverse effects on the processes ofmspagenesis due to direct or indirect effects on
seminiferous tubules and or the pituitary testicabas. No visceral anomalies could be detecteekperiment

1 and 2 by using the razor section technique aftamination of the sections by the dissecting nsicope.

Table (5) shows skeletal variations in all grougsboth experiments including the control group, i
incidence in the experimental groups was more thmarthe control group. These variations including
rudimentary 13 rib, extra 14 rib and in some cases fused ribs. The embryoriect observed in some
embryo are probably not due directly to treatmeith vaarmaline and harmalol since most of those asfe
occurred in the control embryos as well, so it @sgible that the two compounds enhance the spaniane
occurrence of such anomalies.

Table 2: Effects of Harmaline and Harmalol on Fetuses Redlrom the First Week Paternal Treatment.

Group control 10mg/kg harmaline 10mg/kg harmalol
parameters
No. of Dams 5 5 5
Total implant. Sites 40 44 38
Average No. 8.0£0.63 8.8t0.96 7.6£1.12
Total No. fetal mortality 1 7 8
Average fetal 0.240.1 1.6:0.5 1.8:0.6
Percentage fetal mortality 2.5 13.6 18.4
Total live fetuses 39 37 30
Average live fetuses/damzSe 7.8£0.5 7.4+:1.1 6.0+0.5
Percentage live fetuses 97.5 86.4 81.6
Dams with resorption and 1/5 4/5 3/5
Average fetal body weight 2.58:0.02 2.29:0.08 2.13:0.13
No. stunted fetuses 0 0 0

P< 0.05 in comparison with the control group.

Table 3:Effects of Harmaline and Harmalol on Fetuses Redfrom the second Week Paternal Treatment.

Group
control 10mg/kg harmaline 10mg/kg harmalol
parameters
No. of Dams 5 5 4
Total implant. Sites 45 51 40
Average No. 9.0+0.44 10.2:1.11 10.Gt1.47
implants./dam+Se
Total No. fetal mortality 1 4 1
Average fetal 0.2+0.2 0.8:0.48 0.3:0.25
mortality/damzSe
Percentage fetal mortality 2.2 7.8 2.5
Total live fetuses 44 47 39
Average live fetuses/damzSe 8.8+0.37 9.4+1.32 9.7+1.31
Percentage live fetuses 97.8 92.2 97.5
Dams with resorption and live 1/5 2/5 1/5
fetuses/total dams
Average fetal body weight 2.62£0.03 2.10£0.17 2.06:0.15
gm+Se
No. stunted fetuses 0 0 0
"P< 0.01 in comparison with the control group.

130



J. Mater. Environ. Sci. 5 (1) (2014) 127-132

ISSN : 2028-2508
CODEN: JMESCN

Adaay

Table 4: Effects of Harmaline and Harmalol on Fetuses Redufrom the third Week Paternal Treatment.

Group
paramete control 10mg/kg 10mg/kg
harmaline harmalol
No. of Dams 5 5 6
Total implant. Sites 45 52 56
Average No. implants./dam+Se  9.0+0.31 10.4+0.67 9.5:1.94
Total No. fetal mortality 2 4 5
Average fetal mortality/dam+Se 0.4+0.24 0.8+0.58 0.8:0.40
Percentage fetal mortality 4.4 7.7 9.0
Total live fetuses 43 48 51
Average live fetuses/dam+Se 8.6+0.39 9.6+1.16 8.6:1.70
Percentage live fetuses 95.6 92.3 91.0
Dams with resorption and live 2/5 2/5 3/6
fetuses/total dams
Average fetal body weight 2.51+0.03 2.02+0.08 1.95:0.61
gm=Se
No. stunted fetuses 0 0 0

P<0.01 in comparison with the control group.

Fetuses No. Fetuses Percent
Examined Affected Fetuses
reatmef t
Maternal treatment
control 34 11.8
5mg/kg Harmaline 32 15.6
10mg/kg Harmaline 33 39.5
5mg/kg Harmalol 22 18.0
10mg/kg Harmalol 30 43.3
Paternal treatment first

week nating 20 10.0

control
10mg/kg Harmaline 19 37.0
10mg/kg Harmalol 16 37.5
Second week mating 22 13.6

control
10mg/kg Harmaline 24 25.0
10mg/kg Harmalol 20 20.0
Third week mating 22 13.6

control
10mg/kg Harmaline 24 21.0
10mg/kg Harmalol 26 15.4

Table 5: Skeletal variations in rat fetuses after materndl paternal treatment with harmaline and harmalol.

"Skeletal variations include rudimentary™@bs, extra 14 ribs and some fused ribs.

B-Carboline alkaloids are a large group of naturad aynthetic indole alkaloids with different degseaf
aromaticity, some of which are widely distributednature, including various plants. These compouardsof
great interest due to their diverse biological \atitis. Particularly, these compounds have beerwshim
intercalate into DNA, to inhibit cyclin-dependenbh&se (CDK), Topisomerase, and monoamine oxidagkta
interact with benzodiazepine receptors and 5-hydsaxotonin receptorset [16]. Some derivativeshisf group
are the harmala alkaloids, namely, harmaline, hagmharmalol, harmol and tetrahydroharmine whicheha
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been extracted frorPeganumh armala [20, 21]. These harmala alkaloids are potent sl inhibitors of
monoamine oxidase test@d vitro or in vivo in animals and human [21-23]. Harmaline was fotmde the
main effective antinociceptive agent Béganum harmala alkaloids extract [24]. Slotkin and Distefano [25]
reported the conversion in the rat of harmalinkaomalol, harmine and several other compoundsoétih the
conversion of the harmaline series to the harmieges of compounds took plaga vivo, the opposite
conversion did not occur.

Conclusion

In conclusion, the results of the present study destnated clearly that harmala alkaloids used i $hidy are
toxic to rat embryos in the used doses resulte@tad mortality, decreasing fetal body weight amdhancing
skeletal anomalies.
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