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ABSTRACT

This study was performed to determine the influefclhe Peganum harmala L. (Zygophyllaceae) on estghe
antidiabetic factor. Some biochemical parameterd &istological were realizated in this study. Alatioxidant
activities were performed. Hypoglycemic activofythe seeds oil extract was realizated at 100 mdykv. dose
level in the treated rats with streptozotocin (STIA)comparison between Glucophage as hypoglycemig and
the seeds oil extract was studied. Oral adminigirabf Peganum harmala seeds oil extract moduléteddiabetic
elevation in the level of blood glucose and alpheykase activity revealing the anti-hyperglycemiee®s oil extract
effectively decreased the total cholesterol, ttitatls and triglycerides levels with consequencerdase in alpha
amylase activity. Furthermore, it decreased lip&tgxidation product MD and increased the activitéfscatalase
and superoxide dismutase enzymes. It could be wtedtithat the current P. harmala has many beneditgdures

in controlling blood glucose and harmful resultgliced in pancreas and liver and may be select asitaral
antidiabetic drug.
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INTRODUCTION

Diabetes mellitus was evaluated to increase in 1f8@H 4% to 5.4% in 2025. In the devolved countridse
diabetes mellitus elevated from 51 million to 73dliom (about 42 percent), then increased from 8Hioni to 228
million (about 70 percent) as reported by [1]. Mwerld health organization (WHO) determined thatbdies was
the 8" cause leading to death and in 2012 it was a refmodeath 1.5 million people [2]. The diabetes was
estimated in 2014 as a cause for death 4.9 mitleople as delivered by the International DiabetsteFation [3].

Peganum harmalavas a member of Zygophyllaceae family and it wasalered in North Africa and the Middle
East. The derivatives of beta carboline alkal@dsharmine and harmalol were isolated frBmharmala Other
compounds were extracted froReganum harmalas deoxyvasicinone, L-vasicinone, vasicine ,vodiamand
fagomine [4]. These compounds had significant plaaotogical effects covering immunomodulatory,

cardiovascular, nervous system, emmenagogue, gdesitnal, osteogenic, antidiabetic, antimicrobiahd
antitumor activity among many other effects [5].
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The alkaloids oP. harmalahad a cytotoxic effect on the cancer cells asalr®f the ability of harmine to display
a cytotoxic effect on HL60 and K562 leukemic celeks [6]. The antidiabetic effect &. harmalaseeds due to its
alkaloids especially the harmine [7]. The antioxidactivity of Peganum harmal&decause of the presence of these
compounds: ascorbic acid, tocopherol, cysteingatilione and polyhydroxy aromatic compounds (hydioone,
pyrogallol, etc.)[8].

MATERIALS AND METHODS

Plant material: The seeds Bf harmalawere bought from a vendor seeds market in Bab ek in the month of
August 2014. The plant was identified and autheitdid by plant biochemistry laboratory of the NagloResearch
Centre, Dokki, Giza.

Preparation of oil extract: The extraction was performed by using non-poldvesd. The powdered seed of
Peganum harmal@50 g) was packed into a thimble made of Whatnilger paper No. 1 and extracted with 500 mi
of hexane solvent using soxhlet extraction appar&iu48 h until the solvent extracted no more colde extract
was concentrated by using rotary-vacuum evapofajor

Experimental animals: 20 male albino rats of Wistar / Sprague-Dawlegiatof 6 to 7 weeks of age and 120 £+ 10
g of body weight were procured from the animal leoakthe National Research Centre, Dokki, Giza. @hienals
were kept for two weeks to acclimatize under theotatory conditions and were fed on Fodder as adsta
commercial diet. The following norms for the animabm were: temperature 23 + 2°C; humidity 50-60ight 300
lux at floor level with regular 12 h light cyclepise level 50 decibel; ventilation 10-15 air changer hour. The
animals had free access to the pellet diet anavéder unless stated otherwise.

Induction of diabetes: The animals fasted overnight and diabetes wasceilby intraperitoneal injection
administration of a freshly prepared streptozot¢S8igma Co.) at the dose of 50 mg/kg body weightv®, and the
crystals of streptozotocin (STZ) were dissolvedsli@in (sodium chloride) 0.9%. Fasting blood gluctsel was
measured after 48 hours and animals showing blhambsge level above 180 mg/dl were considered dsetim The
rats with marked hyperglycemia (high fasting blgbacose) were selected and used for the study [10].

Grouping of animals: The rats were divided to fgtoups in plastic cages, 5 rats in each group:
Group 1 (Normal control): Normal rats without angatment.

Group 2 (Diabetic control): Diabetic rats withoutyareatment.

Group 3 (Diabetic . harmalaoil): Diabetic rats treated with oil &feganum harmalaeeds.
Group 4 (Diabetic + Drug): Diabetic rats treatedhwdrug (Glucophage 500mg).

The diabetic treated groups with the oilRofharmalaand drug were orally by a stomach tube at a dosd bf 100
mg /kg b.w. day after day for four weeks.

Record the rat's body weight: The rat's weights were recorded after four weeksnfthe beginning of the
experiment to define the rat's health and comgerdreated group's weight with the diabetic contatd and normal
control rats.

Blood samples: After an overnight starvation, blood samples weotlected after the administration of the
experimental extracts at zero time and after ontoto weeks. The blood samples were withdrawn fianiital
sinus vein [11]. The portion was collected in cléapes without anticoagulant and then centrifugaite8500 r.p.m
for 15 min to separate the serum. The serum waeffrat -20° C until biochemical assays as follows:-

Biochemical analysis:

Serum parameters

Serum glucose level was determined as describgld 2}y Total protein was estimated according to [1S¢rum
albumin was determined by using Stanbio direct mibukit [14], Determination of serum total lipid4g], Serum
triglyceride was determined as described by [16}e Berum cholesterol level was determined usingib&ia
enzymatic cholesterol kit [17], Determination oéthigh density of lipoprotein (HDL) in serum samplas carried
out using method of [18], Low Density LipoproteifidDL) in serum sample was determined by using amgqgn

as reported by [19], Serum bilirubin level was deteed using Stanbio enzymatic bilirubin kit [2@erum urea
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[21], Determination of uric acid in serum sampleswarried out using Stanbio uric acid (UV — Rati)[R1],
Serum creatinine [22], Theamylase activity was determined using enzymat#anylase kit [23], Determination of
ALT (GPT) activity according to [24], Determinatiaf serum AST (GOT) activity [25].

Liver parameters

At the end of the biological experiment, the trdatmimals were scarified and record its organs hieftiver-
kidney-lungs-spleen-tests-heart-pancreas), and itedivers were collected, quickly blotted witHtdér paper and
kept at -20°C until analysis. The liver was homaged according to [26] and subjected for Estimatidripid
peroxidation (Thiobarbituric acid) as reported ]} Estimation of glycogen according to the metludd28],
Estimation of superoxide dismutase (SOD) as desdrily [29], According to the method of [30] was dier the
determination of CAT activity in homogenated liveamples and the catalase content (CAT) was measured
spectrophotometrically

Histopathological examination: Liver of the sa@@i rats were taken and immersed in 10 % formalutisn. The
specimens were then trimmed, washed and dehydira@stending grades of alcohol. Dehydrated specnare
cleared in xylol, embedded in paraffin, sectioned-& microns thickness and stained with Haematoxahd Eosin
for histopathological examination according to thethod described by [31]. The histopathologicalnexation
was done in Department of Pathology, Faculty ofeYleary Medicine, Cairo University.

Statistical analysis: Data analysis was made bySS@8rsion 16.0) statistical software. Non-parainatata were
analyzed by LSD (the least significant differend@gsults are expressed as mean + standard deviatiorean
(SD). Differences between groups were determinedgusne-way analysis of variance (ANOVA) with Sdeef
multiple comparison tests. The minimal level ofrséfigance was identified at P<0.05 [32].

RESULTS AND DISCUSSION

Biological Evaluation of P. harmala seeds oil
A set of animals experiment was carried out toidhte the influence d?. harmalaseeds oil as an antidiabetic and
antilipidemic agent to use it as a human food adalit

Effect of P. harmala seeds oil on body weight and organs weight of STidduced diabetic rats

From The results of body weight of all rats, gre@pe shown in Table (1). There was a slight dser@athe body
weight of diabetic + drug rat group (was about g##vhen compared with non-diabetic rats group thistdecrease
was not significant (p < 0.05). The body weight vgfightly increased in treated diabetic group (diebe P.
harmalaoil) compared to the normal control group was at%6 g. There was a significant decrease in theg bod
weight of diabetic rat group (was about 184 g).eSéhresults in agreement with the results founfB3By whose
showed the changes of body weight in diabetic arddiabetic rats varied, and mentioned that thediahetic rats
even show a slight weight gain but in rats, diabé&eccompanied by loss of weight.

A significant elevation in organs weight of treatdidbetic rats B. harmalaseeds oil) compared to diabetic rats
were concomitant with the results of [34] whose tiwered that the induced diabetic rats' organs wevwgbre
decreased in diabetic control rats than that immabrcontrol rats. Data listed in Table (10) demmatstthe organs
weight of treated diabetic rats after four weekadinistration of the oil oPeganum harmalaeeds compared to
the diabetic control normal. The liver weight wagn#icantly increased in treated diabetic ratshwit. harmala
seeds oil than that in diabetic rats compared tonabcontrol rats. The kidney weight of diabetitsréwas about
0.96 g) was significantly lower than that in normatls (was about 1.92 g). A significant increas&itmey weight
was observed in treated diabetic groups: the offefanum harmalaeeds was about 1.94 g and drug group was
about 1.74 g compared with the diabetic group déiar weeks from the beginning of the experimerg.viell as,
Lungs and spleen weight was significantly decreasediabetic rats compared to normal rats. On ottend,
diabetic treated rats with the oil #feganum harmalaeeds had larger weight of lungs and spleen thanim
diabetic rats. Concerning the weights of lungsreated rats with the oil d?. harmalawere larger than that in
diabetic rats and also treated rats with the dsogthe oil rats' lungs weights were semi-similantomal control
rat's lungs weight. The spleen weights of the é@aliabetic rats with the oil dfeganum harmalaeeds and drug
group were significant; increased after four wedksaddition, the weight of tests in diabetic réisms about 1.6 g)
compared to the control normal rats (was abouig®.@he treatments with the oil 8feganum harmalaeeds had
an effective factor on increasing the tests weiigliabetic rats (was about 2.28 g) after four veedlhis means that
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the oil of Peganum harmalaeeds had a significant effect in increasing tesight in diabetic rats. Also, the hearts
weight of the treated diabetic rats with the oil Réganum harmalaseeds and drug group were significantly
increased (were about 0.82 g and 0.84 g, respggtis@mpared to the diabetic control group aftarrfareeks from
the beginning of the experiment. The results reacc#that hearts weight of diabetic rats decreased @bout 0.54
g), while in normal rats was about 1.14 g. Concggnpancreas weight, it was noticed a significasrease in
normal control rats (was about 1 g) compared tbetia rats (was about 0.4 g). On another hand etialreated
groups with the oil oPeganum harmalaeeds and drug (were about 0.46 & 0.46 g) had beaancreas weight
than that in diabetic rats compared to normal abmgfroup.

Effect of P. harmala seeds oil on blood glucose levels and alpha amydactivity of STZ-induced diabetic rats
These results were in concomitant with the presaudy results and the effect BEganum harmalaeeds oil on
blood glucose levels as shown in Table (2) and reid). Blood glucose a level of diabetic rats (\wasut 257.8
mg/dl) was significantly higher than that in normrats (was about 90.8 mg/dl). Significant decredsellood
glucose levels were observed in treated diabetapg: the oil ofPeganum harmalseeds and drug were about
112.4 mg/dl and 119.8 mg/dI, respectively after fmeeks from the beginning of the experiment. Adstmation of
Peganum harmalaeeds oil to diabetic rats caused an anti-diatzetit antioxidant activities by the diminution in
plasmatic glucose level [35].

A significant increase in blood glucose level, whithe significant decrease imamylase enzyme activity
ascertained the diabetic state. The results ineT&) revealed that serum alpha-amylase activitdiabetic rats
increased about 794.33 U/L; while in normal rdtsyas about 736.06 U/L. After treatment with theasiPeganum
harmala seeds and drug the activity of alpha amylase wdsiaed about 766.26 and 774.9 U/L, respectively.
Similar observations were obtained by [36], whosewsed that alpha amylase activity reduced in tcediabetic
rats and normal control rats compared to diabetidrol rats.

Effect of P. harmala seeds oil on liver function and liver glycogen lal of STZ-induced diabetic rats

Table (4) showed a significant reduction in livanétion parameters associated with significantatien in total
protein and albumin content as compared to dialeetitrol group. Glutamic oxaloacetic transaminas® glutamic
pyruvic transaminase indicate liver function andittactivities were determined in diabetic rateafour weeks of
administration of the oil oPeganum harmalaeeds compared to the diabetic control normal.r€kelts revealed
that serum GPT levels of diabetic rats increasedia®6.1 U/ml; while in normal rats it was aboutz1Q/ml. After
treatment with the oil oPeganum harmalaeeds, the activity level of GPT was reduced dfter weeks. The data
for GOT activity indicate that the level of thisayme in the normal control rats less than thahadiabetic control
rats. The activity of GOT in diabetic rats was abd8.53 U/ml compared to the control normal ratsclwhwas
about 58.05 U/ml. The treatments with the oilR&fganum harmala@eeds had an effective factor on lowering the
GOT activity in diabetic rats after four weeks. Jiieans that the oil éfeganum harmalaeeds had a significant
effect in reducing GOT levels in the blood.

Considering albumin levels, its level in normahtrol rats was about 3.82 g/dl and it was abou6 3/l in the
diabetic rats and in treated diabetic groBpganum harmalaeeds oil) was about 3.56 g/dl. In other wordajree
albumin levels were reduced in diabetic rats. Afigant increase was noticed in serum albumin lkeé treated
rats with the oil oPeganum harmalaeeds compared to diabetic rats.

It has been easily noticed that serum bilirubirugalvas significantly increased in diabetic rats parad to normal
control rats. On another hand, diabetic treatesl wdith the oil ofPeganum harmalaeeds (was about 1.96 mg/dl)
had lower values than that in diabetic rats (wasiaB.64 mg/dl). Concerning the levels of serurirddiin, diabetic
rats had higher levels than that normal control diafetic treated rats.

Regarding the serum total protein levels, the ¢ématiabetic rats with the oil d?eganum harmalaeeds was
significantly increased compared to diabetic cdngmup in its total protein level after four week®m the
beginning of the experiment. The results revediatl serum total protein level of diabetic rats dased (about 5.36
g/dl) while in normal rats it was about 6.88 g/fték treatment with the oil dPeganum harmalaeeds, the levels
were increased to about 6.15 g/dl after four we€a@mplementing the study, the liver glycogen lewehormal
control rats was about 7.58 pg/mg tissue and it a@sut 1.87 pg/mg tissue in the diabetic rats anttdated
diabetic groups: (the oil dPfeganum harmalaeeds and drug) were about 2.46 and 3.83 pg/sggtisespectively.
In other words, liver glycogen levels were reduicediabetic rats compared to non-diabetic ratsrfrabrcontrol).
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These data were in symmetry with [37] showed that lbwest activity of GOT and GPT enzymes werehia t
treated group witP. harmalaextract while the highest values were in the itddgroup. The albumin and bilirubin
levels were in accompaniment with [38] results vehowed that there was a significant reduction (@5)0in the
serum albumin levels of diabetic rats while thérbidin levels were increased significantly (P<0.05}liabetic rats
as compared to the normal control rats. [39] whusationed that the serum total protein was incibase to the
P. harmalaadministration. Treatment with the oil BEganum harmalaeeds significantly increased liver glycogen
levels of diabetic rats after four weeks. Simildaservations were showed about the liver glycogeelde it was
noticed that the liver tissue of the diabetic rsltewed a significant decline in glycogen activisy @mpared to
normal control rats and treated diabetic rats [40].

Effect of P. harmala seeds oil on kidney function of STZ-induced diabét rats

The illustrated data in Table (4) represent kidhaction parameters of treated diabetic rats coegbarith normal
and diabetic rats. The serum urea is one of kidaegtion parameters, its level in the treated digbats with the
oil of Peganum harmalaeeds was significantly reduced after four weekspared to diabetic control rats, on other
words diabetic treated rats with the oilRéganum harmalaeeds and drug (were about 49.74 and 42.16 nigidl)
urea level nearly similar to normal rats (was at®u83 mg/dl) than that diabetic rats (was abousd ng/dl).

Concerning the serum uric acid level, its values &hout 3.74 and 4.06 mg/dl in treated diabetizgsowithP.
harmala seeds oil and drug, respectively and about 4.48lImg diabetic group compared with normal control
group (was about 3.28 mg/dl), the results showguifitant decrease in uric acid of administrateabéiic rats with
the oil of Peganum harmalaeeds compared to diabetic rats.

In addition, serum creatinine level of treated diabrats P. harmalaseeds oil and drug) were significantly reduced
compared with diabetic control group, this mearat tiabetic rats was about (3.73 mg/dl) had hidaeels of
creatinine than that normal control rats (was alR6é mg/dl) and diabetic treated rats withharmalaseeds oil
and drug (were about 2.96 and 3.18 mg/dl, respag)ivSimilar observations were obtained by [41]oa# found
that the serum urea, uric acid and creatinine waeificantly increased in streptozotocin-inducedbetic rats as
compared to normal control and treated diabet& rat

Effect of P. harmala seeds oil on lipid profile of STZ-induced diabeticats

Data obtained in Table (5) show the lipid profiteriormal control, diabetic and diabetic treated with the oil of
Peganum harmalaeeds. Serum total lipids value was significaimlyreased in diabetic rats (was about 490.04
mg/dl) compared to normal rats (was about 400.5&hdOn another hand, the diabetic treated groitp the oil

of Peganum harmalaeeds (was about 428.28 mg/dl) had the lower lthai that in diabetic rats. One of the
possible actions of the oil #feganum harmalaeeds on serum total cholesterol were observinhiering its levels

in treated diabetic rats, the levels of serum totadlesterol in diabetic rats were higher than thabther rats.
Diabetic rats treated with the oil ®eganum harmalaeeds induced significant decrease in total cteiaslevels

in serum (was about 136.4 mg/dl) compared to dialentrol rats (was about 144.2 mg/dl). Generdlhg oil of
Peganum harmalaeeds had an effect in lowering total cholestiergkerum. In addition, blood triglycerides level of
diabetic rats (was about 167.36 mg/dl) were sigaiftly higher than that in normal rats (was abdi&.12 mg/dl).
Blood triglycerides value was significantly incredsin diabetic rats compared to normal control. réts another
hand, diabetic treated groups with the oiPeiganum harmalaeeds and drug (were about 137.22 and 160.1 mg/dl,
respectively) had lower values of triglyceridesrtltlaat in diabetic rats.

Oral administration oP. harmalaseeds increased serum HDL value in treated raigpared to diabetic rats (was
about 67.1 mg/dl), So the treated diabetic rath Wit oil ofPeganum harmalaeeds and drug were significantly
increased in serum HDL levels about 81.02 and 8th@8ll, respectively compared to diabetic contmaugp after
four weeks from the beginning of the experiment.ilVhDL levels of untreated diabetic rats (was abéR.82
mg/dl) were significantly higher than that in notneantrol rats (was about 7.96 mg/dl), significalg#creases in
LDL levels were observed in treated diabetic grotips oil of Peganum harmalaeeds was about 28.32 mg/dl and
the drug group which was about 25.36 mg/dl.

The abnormal high concentration of serum lipidsliabetic rats was mainly due to increase in theilizakion of
free fatty acids from the peripheral fat depos#sduse insulin inhibits the hormone sensitive Bga®duction [42].
Administration ofPeganum harmalo rats after hyperglycemia produced a markededesa in blood cholesterol
level. Similar observations were obtained by [48fhose found that the dietary administration of h2@ ethanol
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extract of Peganum harmaldor 30 days to diabetic mice reversed the decrkddeod cholesterol level. A
significant decrease was influenced in serum teiglides and LDL associated with significant inceeas serum
HDL of treated diabetic group compared with diabetntrol group. These data were in accompanimétht [@4]
whose showed that the serum triglycerides and LBlels were decreased significantly (>0.05) duehmR.
harmalatreatment, while the HDL levels were increasedrafte administration witR. harmala

Effect of P. harmala seeds oil on the antioxidant enzymes activity anlipid peroxidation of STZ-induced
diabetic rats

Table (6) demonstrated the activity of CAT and S@@Dthe liver tissue of different groups. Catalasdue was
significantly increased in diabetic rats (were ab@184 U/mg tissue) compared to normal rats (Wasug0.093
U/mg tissue). On the other side, diabetic treatsd with oil extract oPeganum harmala@eeds and the drug had
lower levels (were about 0.11 and 0.107 U/mg tissegpectively) than those in diabetic rats. Dietbieeated rats
had CAT level nearly similar to that of control nw@l rats. This means that the oil Béganum harmalaeeds
possessed an obvious reduction in CAT level in atialtreated rats. Superoxide dismutase activitgarmal rats
was lower than that in diabetic rats. The treatnweitit the oil of Peganum harmal@eeds and drug-induced an
elevation of SOD activity compared with diabetitsrand its activity in normal rats was approximatétle lower
than that in diabetic treated rats. This indicdlbesremarkable effect of the oil Beganum harmalaeeds towards
resuming SOD activity. The values of lipid peroxdda normal and diabetic treated rats were lowantthat in
diabetic rats. Malonaldehyde (MDA) level in norneaintrol rats was about 0.42 puM/mg tissue and it al@zut 1.5
times as low as that in the diabetic rats (was 808 uM/mg tissue). Treatment with the oilRégganum harmala
seeds and drug significantly decreased the lipidxyiee levels compared to diabetic rats after foieks (were
about 0.46 and 0.45 uM/mg tissue, respectively).

The present study revealed that the treatmentatfetic rats with the oil dP. harmalaseeds caused a significant
decrease in liver antioxidant enzymes (CAT and S@mj lipid peroxidation (MDA) compared to diabetantrol
group. This diminution in the both liver antioxidaanzymes and lipid peroxidation was in symmetrshi45] who
mentioned that the liver SOD and CAT activitiesndigantly increased in diabetic control group ahdt indicated
an increased oxidative stress in diabetic controug, as showed also a significant elevation iidljperoxidation
(MDA) in diabetic control rats while reduction ihd treated diabetic rats.

Histopathological results of the oil ofPeganum harmala seeds

Rats liver from normal control group: Figure (2)]ai3) represent lives for two rats from the normahtrol group,
it indicates that there weren’t any histologicahiebes but also it shows the normal structure oétiefobule in the
liver of rats in normal control group.

Rats liver from diabetic control group: The twostdivers from diabetic control groups were shovredh figure (4)
& (5), the lives in diabetic control group rats wefiound portal infiltration with massive inflammagocells In
addition to focal hepatic necrosis associated wiflammatory cells infiltration as well as congestiof hepatic
sinusoids.

Rats liver from treated diabetic group with theafiP. harmala(100 mg/Kg rats): The diabetic treated groups with
the oil extract ofPeganum harmalaeeds there weren’t any histological changes hatlmeans the liver made
recovery to its cells and other showed Kupffer celttivation as shown in Figure (6) & (7), that leims the
magical effect of the oil oPeganum harmalaseeds as hypoglycaemic, antioxidant and antitudrag. Oral
administration ofP. harmalaseeds oil improved structural changes inducedialetes. This preservation B
harmala seeds oil might be due to both inhibitions of rhbetsm and/or detoxification of cytotoxic radicalSur
findings were in agreement with [467448].

Rats liver from treated diabetic group with drudneTFigure (8) & (9) show livers for two rats frorraldetic group
administrated with drug (Glucophage), it appear@densimilar to the rats' livers in diabetic treatats with the oil

of P. harmalaseeds which seemed no histopathological changt®ther seemed Kupffer cells activation, so we
could conclude that the oil &. harmalaseeds and drug had the same histopathologicateffe
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Table (1): Effect of the oil ofP. harmala seeds on the body weight and organs weight of stiegotocin-induced diabetic rats

Parameter Normal control  Diabetic control  Diabetic + P. harmala oil Diabetic
+ Drug
Body weight(g) 244.00+25.10 184.00 + 18.18 256.00 + 35.07 242.00 + 26.83
Liver (g) 8.0€ £ 0.54" 4.8( +0.65° 6.86 £ 1.17" 7.08 £0.8€"
Kidney (g) 1.92 +0.14 0.96 +0.32 1.94 +0.40 1.74+0.23
Lungs (g) 2.60+0.37 1.56 + 0.40 2.14+0.317 1.68+0.13
Spleen(g) 1.36+0.45" 0.7C+ 0.27° 1.12 £0.217 1.30 +0.15™
Tests(g) 2.60+0.17 1.60 + 0.46 2.28+£0.37" 2.10 £ 0.22™
Heart (g) 1.14+0.33 0.54+0.18 0.82+0.20™ 0.84 +0.08™
Pancreas(g) 1.00+0.28" 0.4(+0.15° 0.46 +0.1% 0.46 +0.1F

e Data are presented as mean + SD of five rats.
e a P<0.0005, b < 0.005 ,c P<0.05, compared with normal control group.
e * P <0.0005, ** P<0.005, *** P <0.05, compared with diabetic control group.

Table (2) Effect of the oil ofP. harmala seeds on the blood glucose levels aagtamylase activity of streptozotocin-induced diabeticats

Parametet Normal control  Diabetic control  Diabetic +P. harmala oil  Diabetic + Drug
Glucose leve[mg/dl) ~ 90.80 + 6.83 257.80 + 29.54 112.40 £ 10.4F 119.80 + 2.49"
Alpha amylase(U/L)  736.0¢+14.64"  794.3:+17.81° 766.26 + 37.8 774.90 + 17 5€

e Data are presented as mean + SD of five rats.
e a P<0.0005, b P<0.005 ,c P<0.05, compared with normal control group.
e * P <0.0005, ** P<0.005, *** P <0.05, compared with diabetic control group.

800
600
400
H Blood glucose
B Alpha amylase 200
0
Normal Diabetic  P. harmala Drug
control control oil ex.

Figure (1): The blood glucose level and alpha amyde activity in groups treated with eitherP. harmala or drug compared to normal and
diabetic control groups

Table (3): Effect of the oil ofP. harmala seeds on the liver function and liver glycogen leVef streptozotocin-induced diabetic rats

Parameter Normal control  Diabetic control  Diabetic +P. harmala oil  Diabetic + Drug
GPT (U/ml) 40.50 +3.1¢ 66.10 + 12.0€ 45.88 +5.2(C 4514 +1.3¢
GOT (U/ml) 58.05 +4.19 75.53 + 3.56 63.46 + 3.39 60.81 + 6.59
Albumin (g/dl) 3.82+0.171 3.16 £0.27 3.56£0.15" 3.50 +0.18"
Bilirubin (mg/dl) 1.95+0.057 2.6£+0.46° 1.96 +0.04” 2.13+0.22"
Total protein (g/dl) 6.88 +0.19 5.36 + 0.37 6.15 + 0.258" 6.42 £+ 0.47F
Glycogen(ug/mg liver) 7.5€+£0.18" 1.87+0.22° 2.46 +0.08 3.83+0.3F

e Data are presented as mean + SD of five rats.
e 2 P<0.0005, b P<0.005 ,c P<0.05, compared with normal control group.
e * P <0.0005, ** P<0.005, *** P <0.05, compared with diabetic control group.

Table (4) Effect of the oil ofP. harmala seeds on the kidney function of streptozotocin-indzed diabetic rats

Parameter Normal control  Diabetic control  Diabetic +P. harmala oil  Diabetic + Drug

(mg/dl)
Urea 37.33+2.22 72.68 +8.18 49.74 + 4.64 42.16 +3.18
Uric acid 3.28 £0.2T 4.46+0.28 3.74+0.12" 4.06 0.4
Creatinine  2.26 +0.15" 3.73+0.28 2.96 + 0.45" 3.18 + 0.66°

e Data are presented as mean + SD of five rats.
e a P<0.0005, b < 0.005 ,c P<0.05, compared with normal control group.
e * P <0.0005, ** P<0.005, *** P <0.05, compared with diabetic control group.
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Table (5) Effect of the oil ofP. harmala seeds on the lipid profile of streptozotocin-induad diabetic rats

Parameter Normal control  Diabetic control  Diabetic +P. harmala oil ~ Diabetic + Drug
(mg/dl)
Total lipids 400.5:+15.30° 490.0<+ 32.98° 42828 +31.77 424.88 + 20.6.”
Total cholesterol ~ 124.20 + 3.56 144.20 +8.3¢ 136.4 +2.30™ 133.40 +3.78"
Triglycerides 116.12 +3.28 167.36 + 7.53 137.22 +12.84 160.10 + 1.66
HDL 96.2:+2.1¢ 67.10 £5.72 81.02 +6.5"" 82.38 +8.8”
LDL 7.96 +0.84 42.82 +5.39 28.32+5.87 25.36 + 3.88"

e Data are presented as mean + SD of five rats.
e a P<0.0005, b P<0.005 ,c < 0.05, compared with normal control group.
e * P <0.0005, ** P<0.005, *** P <0.05, compared with diabetic control group.

Table (6) Effect of the oil ofP. harmala seeds on the antioxidant enzymes activity and lipideroxidation of streptozotocin-induced

diabetic rats

Parameter Normal control  Diabetic control  Diabetic +P. harmala oil  Diabetic + Drug
CAT (U/mg tissue) 0.09 +0.01" 0.18 £ 0.0Z 0.11 £0.027 0.11+0.06~
SOD (U/mg tissue 36.15+2.62" 66.57+1.86° 48.34 +13.0¢" 56.84 £ 6.57
Malonaldehyde (MDA) (uM/mg tissue)  0.42 + 0.05 0.68 + 0.0 0.46 + 0.05" 0.45 +0.02"

e Data are presented as mean +SD of five rats.
e a P<0.0005, b P<0.005 ,c P<0.05, compared with normal control group.
e * P <0.0005, ** P<0.005, *** P < 0.05, compared with diabetic control group.

Effect of Peganum harmala seeds oil on histopathological results of STZ-indied diabetic rats

Figure
showing the normal histological structure of hepat lobule
(H & E X 400)

» = . o gl [ &'. > - i { ¥ “ ,

S - - ¢ g, [Ny o M o

Figure (4): Section of rat liver from diabetic contol group | Figure (5): diabetic contol group
showing portal infiltration with massive inflammatory cells | showing focal hepatic necrosis associated  wit
(black arrow) (H & E X 400) inflammatory cells infiltration as well as congestn of
hepatic sinusoids (H & E X 40C
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Figure (6): f rat liver from diabetic grow | Figure (7 liver from diabetic growp
administrated with the oil of P. harmala seeds showing ng administrated with the oil of P. harmala seeds showing
histopathological changes (H & E X 40( Kupffer cells activation (H & E X 400)

S A, ‘—-“ 4 T Y o o P
Figure (8): Section of rat liver from dial

Fig
administrated with drug showing no histopathologicé | administrated with drug showing Kupffer cells activation
changes (H & E X 400) (H & E X 400)

CONCLUSION

This study aimed to investigate the antidiabetfecfof oil extract ofP. harmalain streptozotocin-induced diabetic
rats. The overall goal of this study can be samt the extract is effective in reducing blood glsedevels in
diabetic rats, and of course, the most effectiveedeas 100 mg/ kg b.w., while in normal rats waseased blood
sugar.
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