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Abstract

The aim of this study was to investigate the irtoityi effect ofNigella sativa seed extract
(abbreviated as?NSSE) on adrenaline-induced dyslipidemia and left newiar hypertrophy
(LVH) in rats.Intraperitoneal injection of adrenaline for two Wweednduced dyslipidemia
whereas injection of adrenaline for four weeks tetl both dyslipidemia and LVH
significantly, compared with normal ratejection of NSSE with different doses (0.5, 1 and
1.5 mg/kg body weight, BW) on adrenaline-inducedligydemic rats (AIDRs) for two
weeks significantly reduced TC, TG and LDL-C andr@ased HDL-C compared with
AIDRs and the most effective dose was 1.5 mg/kg BVéatment withNSSE (1.5 mg/kg
BW) on AIDRs for eight weeks, significant anti-dystlemic effect was observed.
Moreover,NSSE significantly increased free radical scavengintivély and attenuated the
LVH and cardiomyocyte size compared with AIDRs. Theults suggested that the anti-
dyslipidemic, antioxidative and inhibitory effeai§ NSSE on LVH were closely resembled
to that of atorvastatin, a most effective lipid Enmg agent. Therefor&|SSE might be used
as a therapeutic alternative or as a combinatidh driug in the treatment of dyslipidemia
and LVH.
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1. Introduction

Dyslipidemia, one of the important risk factors foardiovascular disease (CVD), is a
serious public health problem in the world. Sevetalical and epidemiological studies
suggested that dyslipidemia predisposed atherasiteundoubtedly which can lead to
hypertension, coronary artery disease (CAD), myaiaehr infarction (MI) and

cerebrovascular and peripheral vascular diseasé¢s I{1has been reported that
dyslipidemia increases mass of the left ventricatgocardium known as left ventricular
hypertrophy (LVH) as well as the cardiac myocyteedi2]. LVH and increased cardiac
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myocyte size are independent cardiovascular ristofgfor myocardial infraction, stroke
and sudden cardiac death [3].

Dyslipidemia is associated with the increased pectdo of oxygen free radicals,
known as oxidative stress or impaired antioxidaetedses. Oxidative stress leads to
apoptosis or myocardial cell injury and dysfunctimn alteration of gene expression and
modification of cellular responses [4]. Chronic aadute overproduction of reactive
oxygen species under pathophysiologic conditionstegral in the development of CVD.
It has been reported that increased oxygen freiealadand decreased vitamin E levels
have also been demonstrated in patients undergoiranpary artery bypass graft surgery
[5]. All of these clinical studies provide suppéot the concept that increased oxidative
stress and decreased antioxidant defenses mayaplale in the pathogenesis of CVD.
Short term intaperitoneal injection of adrenalinduced dyslipidemia and hypertension in
rats [6-8]. However, administration of adrenalime §everal weeks to rats can stimulate
heart protein synthesis, induce cardiac hypertraptd/alter the sensitivity to ischemia [8-
10].

Diets play an important role in the management géligidemia. Some studies
indicated that increased dietary fiber aids indipeduction, possibly by trapping and
eliminating cholesterol within the intestinal comt® There are several synthetic drugs
that lower abnormally elevated plasma lipoprotelns reducing their production or
enhancing their removal. But none of the lipid-loivg drugs is completely satisfactory.
Derivatives of fibric acid and nicotinic acid possesome forms of adverse effect and are
costly, hence the use of these drugs are limitel]. [Btatins such as atorvastatin,
simvastatin, etc are another group of drugs usédeéd dyslipidemia [12]. However, both
fibrates and statins are very costly, possess stegece of adverse effects, hence the
search for new, safe and easy to administer dreiggins a top priority. Drugs derived
from medicinal plants have been brought into fofarsmeeting the goals of a wider
coverage of health care delivery including dyskpidas to all countries of the world.
Therefore our goal is to search new leads from airedli plant that could be cheap, easily
available and presumably less toxic.

Nigella sativa Linn. commonly known as black seed (local nameajkal), is a spicy,
annual herb, belongs to the family Ranuculaceaé. [IBis herb has been known to
exhibit potential medicinal properties in folklonoedicine [14]. Ethanolic extract &S
seed was shown to posses cytotoxic and immunopatieqgt effect [15] and in the
treatment of blood, liver, kidney and heart diseafk6]. The unsaturated fatty acids
present inNS may also provide antieicosanoid and antioxidativiéies [17]. However,
there is no published report about the effediBfseed on dyslipidemia associated LVH.
Therefore, we designed our present study to iryestithe inhibitory effects dfligella
sativa seed extract on adrenaline-induced dyslipidenda & in rats.

2. Materialsand Methods

2.1. Collection of NS seeds

Seeds olNS were purchased from a local herbal grocery frorjsiReni city in August,
2010 and were botanically authenticated by a plaxwnomist from the Department of
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Botany, University of Rajshahi, Rajshahi, Banglades voucher specimen is deposited
at the Department of Botany, University of Rajsh&angladesh.

2.2. Preparation of crude seed extract

The crude ethanolic extract N seed was prepared according to Algral., (2002) [18].

In brief, the seeds were cleaned and dried coniplateler mild sun and then ground into
coarse powder with an electric grinder. The powderaterial was then extracted with
96% ethanol at room temperature for 7 days withasiomal shaking and stirring. The
extract was filtered through cotton filter and thiltrate was then concentrated with a
rotary evaporator under reduced pressure to gewrbish mass that was kept in
refrigerator for further use.

2.3. Animal studies

All protocols for the animal experiments were revéel and approved by the animal care
and use committee of Institute of Biological Sciendniversity of Rajshahi. Long-Evans

male rats weighing about 110-130 gm, aged 2 montiese purchased from animal’'s

house of International Centre for Diarrhoeal Digse&esearch, Bangladesh (ICDDRB).
Prior to commencement of the experiments, all tis were acclimatized to the new
environmental condition for a period of one weekiring the experimental period, the

rats were kept in a well ventilated animal houseoam temperature and were supplied
standard pellets from ICDDRB and fresh drinking evatAll the rats were kept in cages
and maintained with natural 12 hour light and dagkcle. Adrenaline was injected

intraperitoneally (i.p.) in rats. Adrenaline-indacdyslipidemic rats (AIDRs) were treated

with i.p. injection of ethanolic extract &S seed (0.5, 1 and 1.5 mg/kg BW) for 2 weeks
as dose adjustment. After completing the dose adpr#, AIDRs were treated with i.p

injection of NSSE (1.5 mg/kg BW) and atorvastatin (20 mg/70 kg BV)3 weeks.

2.4. Measurement of lipid profile

After completing the treatment with ethanolic egtraf NS seed and atorvastatin, the rats
were at first anesthetized with sodium phenobdrbitaen abdominal skin was cut, and
thoracic artery was opened. Finally, 3-5 ml of lblomas collected directly from thoracic
artery by syringes. At last, the blood was cengfd at 4000 rpm for 10 minutes, and the
serum was obtainedserum lipid profile, such as TC, TG, LDL-C and HDL-@as
assessed using diagnostic kits (Human, Germany).

2.5. Freeradical scavenging activity

Free radical scavenging activity was determinedgiihe modified method described by
Blois [19]. The assay was performed by addingiR6f blood plasma and 10 mM sodium
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phosphate buffer (pH 7.4) to 4Q0 of 0.1 mM methanolic solution of 1,1-diphenyl-2-
picrylhydrazyl (DPPH). After 30 min incubation atmhbient temperature (21°C),
absorbance of the samples was measured at 517 s\pregipitate was formed in most of
the plasma samples, they were centrifuged beferendasurement.

2.6. Histopathological analysis

Histopathological studies were performed for thdedaination of LV weight and
cardiomyocyte cross sectional area as reportedqudy [20-21]. In brief, LV weight
was measured, and the ratio of LV weight to bodightewas calculated to determine an
index of LV hypertrophy. Four sections were obtdirim each heart, and mounted on
slides and stained with hematoxylin and eosin. Valuate the extent of cardiomyocyte
hypertrophy, cross sectional images of cardiomyocytere scanned at x 400
magnifications. Approximately 20 cross-sectionsafdiomyocyte were analyzed in each
heart. Average values for each heart were usedrfalysis. All images were taken using
A. KRUSS OPTRONIC (Hamburg, Germany), and all measients were determined
using Scion Image software (Scion Corporation, ere#t, MD).

2.7. Statigtical analysis

The results were expressed as mean + SEM (staediandof the mean). We used a one-
way analysis of variance (ANOVA), followed by Durtie post-hoc test or students
paired or unpairetitest where appropriate. The statistical methodieghin each analysis
was described in each figure. Results were coreidéy be significant when p values
were less than 0.05 (p<0.05).

3. Results
3.1. Effects of Nigella sativa seed extract (NSSE) on lipid profilein AIDRs

AIDRs were treated with ethanolic extract ¥ seed at different concentration (0.5, 1
and 1.5 mg/kg BW) for two weeks to determine th@rapriate dose at which most
significant results were obtained and the deterthidese was used to carry out the
research for next 8 weeks protocol.

Induction of adrenaline in rats for two weeks siigaintly altered lipid profile when
compared with normal rats (Fig. 1A-1D). We studibé effects of different doses of
NSSE (0.5, 1 and 1.5 mg/kg BW) on lipid profile (e®C, TG, LDL-C and HDL-C
levels) to select the most effective doseNSSE in AIDRs. We observed thISSE at
different doses significantly changed the lipidffleoand most significant change of lipid
profile was found at 1.5 mg/kg BW among three dogég. 1A-1D). TheNSSE (1.5
mg/kg BW) reduced TC level 1.25 mmol/L (Fig. 1A)GTevel 1.19 mmol/L (Fig. 1B),
and LDL-C level 1.46 mmol/L (Fig. 1C), whereas tH8SE increased HDL-C level 0.73
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mmol/L (Fig. 1D) when compared with AIDRs. As thHiéeet of NSSE on lipid profile was
dose dependent, we selected the most effectivefdofigrther study.
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Fig. 1.Effects of NSSE of different doses on lipid profile [A) Total clesterol, B) Triglyceride, C)
Low-density lipoprotein-cholesterol and D) High-dén lipoprotein-cholesterol] in AIDRs for two
weeks. All values were presented as mean + SEM; in=6€ach group¥p<0.05 and**P<0.01

compared to adrenaline-induced dyslipidemic ratBIQ¥A followed by Dunnett's test). Nor =

Normal, Adr = Adrenaline]NSSE = Nigella sativa seed extract.

Like two weeks, induction of dyslipidemia by adréma in rats for 8 weeks
significantly altered lipid profile when comparedthvnormal rats (Fig. 2A-2D). To
evaluate the effect dISSE on lipid profile, we examined TC, TG, LDL-C ahiDL-C
after i.p injection oNSSE and atorvastatin (as reference standard) foeeksvin AIDRs.
After eight weeks treatment witNRSSE and atorvastatin, we found that b&&SE and
atorvastatin reduced TC level 1.83 mmol/L and In®&ol/L (Fig. 2A), TG level 1.02
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mmol/L and 1.16 mmol/L (Fig. 2B), and LDL-C levelol mmol/L and 1. 04 mmol/L
(Fig. 2C), whereas they increased HDL-C level OmaiiL and 0.5 mmol/L (Fig. 2D),
respectively when compared with AIDRs. These ressiliggested that the effectNSSE

on lipid profile closely resembled to that of atastatin.
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Fig. 2. Effects of NSSE and atorvastatin on lipid profile [A) Total chsterol, B) Triglyceride, C)
Low-density lipoprotein-cholesterol and D) High-dén lipoprotein-cholesterol] in AIDRs for
eight weeks. Data were presented as mean + SEBIin each group’p<0.05 compared to eight
weeks adrenaline-induced dyslipidemic rats (ANOVWAdwed by Dunnett's test).
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3.2. Effect of NSSE on scavenging of DPPH freeradicalsin AlDRsfor eight weeks

To determine the effect ONSSE and atorvastatin on DPPH free radiddSE and
atorvastatin were injected i.p. to AIDRs for eighieeks. The result showed that the
percentage of free radical scavenging activityN®SE and atorvastatin was 27.10 and
23.20, respectively, which was increased by 80.3H8d 53.97% respectively when
compared with normal rats (Fig. 3A). This resulvaaled thatNSSE had higher
antioxidant activity than that of atorvastatin.
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Fig. 3.Effects ofNSSE and atorvastatin on A) DPPH radical scavengitigiag B) Left ventricular
hypertrophy and C) Cardiomyocyte size in AIDRs. Tata were shown as mean + SEM;6 in
each case®P<0.05 and**P<0.01 compared to eight weeks adrenaline-inducesipigemic rats
(ANOVA foll-owed by Dunnett's test).

3.3. Effectsof NSSE on LVH in AIDRsfor eight weeks

Intraperitoneal administration of adrenaline irsradr eight weeks significantly increased
LVH (0.0055) compared with normal rats (0.0027). Rimow the inhibitory effect of
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NSSE and atorvastatin on LVH (LV weight/body weightje treated the AIDRs with
NSSE and atorvastatin for 8 weeks. After 8 weekstineat, NSSE significantly reduced
LVH (0.0040) when compared with AIDRs. Atorvastadéilso significantly reduced LVH
(0.0034). This finding suggested that tNSSE effectively reduced LVH and the
inhibitory effect of NSSE on LVH was similar to thaf atorvastatin (Fig. 3B).

3.4. Effects of NSSE on cardiac myocyte sizein AIDRsfor eight weeks

Injection of adrenaline in rats for eight weeksnd#igantly increased cardiac myocyte
cross sectional area (66866°) when compared with normal rats (421u88). To find
out the inhibitory effects oNSSE and atorvastatin on cardiac myocytes size, eatdd
the AIDRs withNSSE and atorvastatin for 8 weeR$SSE significantly reduced cardiac
myocyte size (444.48n°) when compared with AIDRs. Atorvastatin also siigaintly
reduced cardiac myocyte cross sectional area (#861%. Our result inferred tha¥SSE
and atorvastatin equally inhibited cardiac myocyies (Fig. 3C).

4. Discussion

Atherosclerotic cardiovascular and cerebrovascdiseases are the major cause of
disability in western as well as in developing coi@s [22]. Dyslipidemia following CVD
is obviously a grave consequence. Prevalence d&érdift forms of CVD with their
associated complications such as cardiohypertraphincreasing, but the treatment
alternatives are limited due to unwanted side &ffemd high costs [23]. In the recent
years, medicinal plants have come to view for teatment of many diseases including
CVD owing to their easy availability and relativetginimal adverse effects. Due to
advancement of modern technology, isolation and racierization of bioactive
compounds from natural sources could be made pges3iberefore, it could be expected
that the successful trials may lead to isolatiomfre potent therapeutically effective
drugs from medicinal plants having relatively lemdverse effects. From our present
investigationNS is found to be effective medicinal plant in theatment of dyslipidemia
and LVH in rats.

NS is available in the South-Asian region whose allang effects upon several
ailments have been noticed from long time [24].&ahal (2004) [25] has been shown
that NSSE possessed significant lipid lowering effectgats suggesting that treatment
with NSSE in sufficient amount might lower dyslipidemia.significant increase in TC,
TG and LDL-C levels and decrease in HDL-C levelavebserved in our experiment after
induction of dyslipidemia by adrenaline for bothotand eight weeks protocdlhe NSSE
significantly reduced the TC, TG and LDL-C levedsd increased the HDL-C level and
the results were consistent with the previously lighbd reports [26-27]. The
hypolipidemic effect of NSSE was due to the synergistic action of its diffiere
constituents, including thymoquinone, soluble fibgerols, flavonoids and high content
of polyunsaturated fatty acids [28]. Although theaet mechanism of hypolipidemic
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action is not clear, it had been hypothesized M&E produced anti-dyslipidemic effect
by decreasing cholesterol synthesis, and more impily by having antioxidant
properties.

It has been reported that dyslipidemia increasddatixe stress and oxidative stress
had been implicated in the pathogenesis of a yatgéhuman diseases including CVD
[29]. Since NSSE had hypolipidemic effect, therefoMSSE might be used in the
treatment of CVD caused by oxidative stress. Weenkesl in our study thaNSSE
significantly reduced oxidative stress by scavegdhe free radicals (Fig. 3A). Thus, we
conclude thalNSSE had appreciable free radical scavenging presesand our data are
agreed with previous studies [30].

Chronic dyslipidemia is associated with CVD. It lie®n reported that i.p injection of
adrenaline in rats for several weeks produced LSH.[However, recent evident revealed
that LVH was associated with enhanced oxidativesstiby up-regulation of endothelial
NAD(P)H oxidase and endothelial dysfunction [32].0ur present study, i.p. injection of
adrenaline for 8 weeks markedly increased thevisitricle weight/body weight ratio and
NSSE significantly reduced LVH (Fig. 3B). The inhitiy effect ofNSSE on LVH may
due to the fact that the reduction of oxidatives$rwas done OYSSE.

Statin had pliotropic effect for reducing cardiosalar hypertrophy (CVH)n vivo
through inhibition of Racl signaling pathway [3Zhe present study demonstrated that
induction of dyslipidemia by adrenaline increasbd tardiomyocyte size in rats. Both
standard drug andNSSE were effectively ameliorated adrenaline-induéedreased
cardiomyocyte sizén vivo (Fig. 3C). The inhibitory effect oNSSE on cardiomyocyte
size suggested the therapeutic potentidNS3E for the treatment of CVH.

In conclusion, the present study suggested thenelicaextract ofNS seed as a potent
lipid lowering and antioxidant agent. Also, theiaity to reduce the LVH may contribute
to its cardio protective role. Further studies meeessary to insight the inhibitory effect of
NSSE in molecular level on LVH.
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