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Abstract: The aim of this study was to investigate the effect(s) of a mixture ofNigella sativaseeds (N. sativa,
black cumin or fennel) and honey on (i) the modulation of cardiovascular disease (CVD) risks among
hypercholesterolemic and healthy subjects; and (ii) to assess the lipid-soluble antioxidants capacity of samples
using the photochemiluminescence (PCL) method. Sixty-five subjects, aged twenty-five to fifiy-eight, were
enrolledand assigned to three groups. Two groups of healthy andhypercholesterolemic subjects were
supplemented with N. sativa seeds and honey at 50 mg/kg (body weight) daily for three months. The third group
served as control (healthy subjects without supplementation). Fasting blood samples were taken at baseline and
again after three months of supplementation to measure (i) total cholesterol (TC), (ii) triglycerides (TG), (iii)
low density lipoprotein-cholesterol (LDL-c), (iv) high density lipoprotein-cholesterol (HDL-c), (v) blood
glucose, and (vi) hemoglobin concentrations. The findings were significant (p < 0.05),indicatingthat N. sativa
seeds mixed with honey had hypolipidemic, antiobesity and hypotensive effects.Results showed significant
reductions in TG (20.1%), TC:HDL-c (12.3%),accompanied by increased HDL-c (15.0%) among healthy
subjects.Supplementation also significantly decreased TC (6.2%), TG (13.3%), TC:HDL-c (19.5%),with
increased HDL-c (8.4%) in the hypercholesterolemic group. Furthermore, there were significant reductions in
body weight, body mass index and body fat by 2.3%, 2.2%, 4.5%, and by 1.8%, 1.9%, 4.5% in healthy and
hypercholesterolemic  subjects,  respectively. — Blood  pressureslowering  werealso  observed  in
hypercholesterolemic subjects with significant reductions in systolic blood pressure (3.9%) and diastolic blood
pressure (5.5%). There were no significant effectsfromsupplementation on blood glucose or hemoglobin
concentrations. It is postulated that the positive effects observed may be due to antioxidant activity. The
combination of of N. sativa seeds with honey showed higher synergistic effectswhen compared
withsupplementation ofN. sativa seeds or honey on their own. Overall, these findings suggest that a mixture of
N. sativa seeds with honey hasbeneficial effects in loweringthe citedrisk indicators for cardiovascular disease as
a natural source of antioxidant activity, thus aidingthe maintainence of health bylowering CVD risk factors.
Keywords: lipid profile, antihypertensive, antiobesity, N.sativa seeds, honey, antioxidant activity

I.  Introduction

CVD is an endemic and chronic human diseasethat over the past century has remained a common
public health problem globally (Caterina et al. 2006). According to the World Health Organization (WHO,
2008), it is estimated that 17.1 million people died from CVD in 2004 and that this rate will increase to 23.4
million by 2030. Hence, CVD remains a leading cause of death in both developed and developing countries
(Chia, 2011; WHO, 2011). By 2020 it isexpected to be the main cause of morbidity and mortality in most
developing countries (Celermajer et al. 2012). In Malaysia, CVD incidence has increased rapidly in recent years
(National Cardiovascular Disease, 2007), and is responsible for17% of deaths in government hospitals
nationwide (National Heart Association, 2011).

The use of natural supplements for disease management is both commonly practiced and gaining more
attention. However,until now, there is adearth of systematically and scientifically ordered studieson the efficacy
of dietary supplementation. The present study was initiated based on indications in Sura An-Nahl (The Bees),
verse 69:

“...There comes forth from their bellies a drink of varying hues. Therein is a cure for men. Surely, in
that is a Sign for people who reflect.”

There is also a supporting hadith narrated by IbnuMajah, wherethe Prophet Muhammad (Peace Be
Upon Him) said;

“Hold on to the use of the black seed, for it has the cure for every illness except death”(Mawsu’ah al-
Hadith al-Syarif al-Kutub al-Sittah).

Previous studies have been carried out on the utilization of N. sativa seeds and honey because of
empirically known beneficial impacts whichincludeCVD risk factors.The seeds of N. sativa contain both fixed
and volatile oils (Salem, 2005; Cheikh-Rouhou et al. 2007; Sultan et al. 2009). They are also rich sources of
unsaturated fatty acids and quinones, especially thymoquinone (Butt & Sultan, 2010; Lutterodt et al. 2010). N.
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sativa seeds have also been shown to improve blood lipid profiles in human studies (Bhatti et al. 2009; Tasawar
et al. 2011; Mahmood et al. 2012; Sabzghabaee et al. 2012). Human studies on the therapeutic effects of N.
sativa seeds havealso revealed hypoglycemic effects (Bamosa et al. 2010; Mohtashami et al. 2011); as well as
hypotensive effects (Dehkordi & Kamkhah, 2008); hematologic effects (Bamosa et al. 2010; Mohtashami et al.
2011); and antiobesity effects (Haque et al. 2011; Ghurbakhshani et al. 2012).

Similarly, other human studies have reported that honey possesses beneficial effects on CVD risk
factors andthe blood lipid profile (Yaghoobi et al. 2008; Mushtaq et al. 2011); as well as on hemoglobin
concentration (Al-Waili et al. 2006); and on body weight (Yaghoobi et al. 2008). However, up to the present,
studies of honey’s effects on blood glucose levels have been limited to animal trials (Fasanmade &Alabi,2008;
Sheriff et al. 2011); and on blood pressure (Oztasan & Songur, 2007; Erejuwa et al.2012).

In most studies, favourable effects derived fromN. sativa seeds and honey have been reported
separately. Only two studies have been done on their mixture and these were limited to healthy
subjects.Moreover, the effectiveness of any intervention is more pronounced in secondary prevention settings
(e.g., patients with high lipid profiles). No research has been attempted on the effects of a mixture ofN. sativa
seeds and honey in hypercholesterolemic subjects as a secondary intervention. Therefore, it was anticipated that
the present study would provide robust evidence in support of N.sativa seeds and honey in combination as a
health supplement.Additionally, the present study is significantas it is the first to investigate the effects of N.
sativa seeds and honey in modulating risk factors for CVD as both primary andsecondary measures.

II.  Materials and Methods

Subjects Selection

Sixty five male and female subjects were enrolled in this study. All subjects were provided with full
disclosure via a subject information sheet. Inclusion criteriafor healthy subjects were as follows; twenty-five to
fifty-eight years of age andno chronic diseases such as hypothyroidism, diabetes mellitus, gastrointestinal
disorders, renal impairment or cardiac problems, not taking medications (lipid-lowering drugs, anti-diabetic,
aspirin), not taking any dietary supplements, not vegetarian, not a vigorous exerciser (no more than three thirty
minute vigorous sessions per week), not pregnant or lactating, not a heavy smoker (< 10 cigarettes per day), not
a blood donor for at least three months, not planning to lose weight,not participating in any clinical trial for the
last three months. The sample size for this study was determined by using Altman’s Normogram with the
assumption that the effective size was 1.1 and the experiment had a test power of 98%. This study was approved
by the Universiti Malaysia Terengganu Committee of Research following the university’s ethical standards for
human trials.

Study Design

The study was conducted from May 2012 through October 2012. Alleligibile subjectsprovided a
written informed consent form prior to intiating the trial, and each participantwas screened by a Health and
Lifestyle Questionnaire. Baseline data for all participants was taken at the first visit. Subjects were categorized
into three groups: (1) a control group ofhealthy subjects without supplementation (n= 20); (2) a groupof healthy
subjects supplemented with a paste mixture of N. sativa seeds and honey (n=22); and (3)a hypercholesterolemic
supplementation group at CVD risk (hypercholesterolemia, n=23),all of whom were supplemented with the
paste mixture ofN. sativa seeds and honey. Subjects were required to consume the supplement daily according
to the dosage as instructed for three months (50 mg/kg of body weight). No placebo was used for the control
group because it was too difficult to mimic the unique taste and aroma of the paste. During the supplemental
period, subjectswere advised to maintain their usual daily lifestyles. Each participantwas followed-up minthly
to remind them to consistently consume the paste as instructed.

Data Collection and Measurements

Height was measured using a portable stadiometer (SECA, Germany) and results were recorded to the
nearest 0.5 cm.Body weight was determined by using the Tanitadigital body fat monitor/scale model: UM-026
(Tanita, UK), recorded to the nearest 0.1 kg.Body fat percentage was determined by using the Tanitadigital body
fat monitor/scale, model UM-026 (Tanita, UK), recorded to the nearest 0.1%. Systolic blood pressure was
measured from the left arm using an Omron Automatic Blood Pressure Monitor, HEM-7080,following the
NICE Guideline (2011).

Blood collection was carried out in the morning after an overnight fasting of at least 10 hours. 40 pL of
whole blood was collected using a capillary blood collector to determine total cholesterol (TC), triglycerides
(TG), high density lipoprotein-cholesterol (HDL-c), and low density lipoprotein-cholesterol (LDL-c) using
Lipid Panel Test Strips with the auto CardioChek P*A™ Analyzer (Polymer Technology System, USA).
Classification of the blood fasting lipid profile was based on the National Cholesterol Education Program Adult
Treatment Panel III (NCEP, 2001).Fasting blood glucose level was determined by glucose reagent test strip with
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the Accu-Check Advantage Meter (Roche Diagnostics, Germany).Hemoglobin concentration was determined by
using the HemoCue® B-Hemoglobin microcuvettesandHemoCue B-Hemoglobin Photometer (HemoCue AB,
Sweden).

The final data was collected during the second visit during which subjects were required to return the
remaining paste mixture, which was then weighedas a measure of compliance. Subjects who consumedless than
90% of the provided supplement were excluded from the final analysis. Of thesixty-five subjects recruited,data

from sixty-onewas used for the final analysis. A summary of study design is shown in Figure 1.

| Subiects were screensed for Health and Lifestvle |

|

| Sixty-five subjects were enrclled and baseline data was collected |

|

| Subjects were assigned to control and supplemented groups |

|

|

l

20 healthy subjects
without
supplementation

22 healthy subjects
with
supplementation

23 CVD risk subjects
with supplementation

|

}l Drop outs,n=2 }l Drop outs,n=2

(pregnant) (protocel viclators)
Completed, n= 20 Completed, n= 20 Completed, n= 21
Males = 6 Males = 0 Males = 8
Females = 14 Females = 11 Females = 13

‘ End line data was collected after 3 months ‘

Figure 1: Study Design

The antioxidant capacity of lipid-soluble substances was assayed byluminol-photochemiluminescence
according to the procedure used by Popov and Lewin (1999) asadapted to standard ACL protocol. Lipophilic
antioxidants were measured withthePhotochem® instrument (Analytik Jena AG, Jena, Germany) using the
antioxidant capacity, lipid-soluble substance (ACL) kit.

All data were statistically analyzed with SPSS software, version-18 (SPSS Inc., Chicago, IL). A paired
sample t-test and variance analytics (one-way ANOVA) were applied. For variables where the criterion for
normality was not met, corresponding non-parametric tests, as per the Wilcoxon Signed Rank and Kruskal-
Wallis tests, were utilized (Pallant, 2011). Data was presented witha mean (SD) or median (10™, 90" percentile).
In all cases, the ‘P’ value < 0.05 was taken to indicate a significant effect.

III.  Results and Discussion

Table 1 show the baseline characteristics of the subjects according to groups. Based on the amount of
returned N. sativa seeds and honey paste forthe supplemented groups, compliance was high, at 98.8%. In
addition, no adverse effectswere reported by participants. Table 2 showsthe effects of supplementation on the
lipid profiles. These resultsrepresent the first reported effects of N. sativa seeds mixed with honey as a
supplementfor hypercholesterolemic subjects. Previous studies reported the effects of N. sativa seeds mixed
with honey on lipid profiles observed in healthy subjects only (Yusof et al. 2012). Table 2 alsoshows changes in
lipid profilesfor all three groups at the end of the study’s intervention.
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Table 1:Baseline Characteristic of the Participants

Group F istics (df
- -statistics or
Parameter Control Healthy \ Hypercholesterolemic T*-statistics (df) F-value
. supplementation . o -

(=10 (n=210) supplementation (n=11)

34.5(3.9) 38.5 (B.1) 3179 (5.4) 22, 38) 0.317
Svstolic Blood Pressure
{mmHeg) 7.1(14.2) 2.9¢17.1) 1238 (21.6) 0.721 (2, 58) 1. 490
Dhastolic Blood Pressure
(mmHg) 79.2(12.7) 21.7(11.4) 851 (14.0) 39 (2, 58) 0.327
Body Weight (kg) 63.7 (14.8) 75.1(18.3) 70.3(15.4) 2478 (2, 38) 0.093

255 (203,
Body Mass Index (kg'm™) | 30.4) 276 (21.6, 38.3) 26.2 (229 36.3) 3.447 (2, 61) J.178
Body Fat (%) 27.3({R.3) 202 {7.9) 202 {7.8) 0.358 (2. 58) 0.704
Hemoglobin
Concentration (g/dL) 14.6 (1.3) 14.3 {1.5) 4418 0.183 (2, 58) 0.833
Fastmg Blood Glucoss
(mmalL) 34004 6.0 (0.7) 6.0 (0.7} 5518 (2, 58) 0.006%
Total Cholastaral
(mmall) 4.49 (0.37) 4.69 (0.18) 6.17 (1.06) 32.801 (2, 38) 0.000%
HDL-c {mmolL) 1.48 (0.44) 25 (0.36) 54 (0435 2.760 (2, 58) 0.072
LDL-¢ {mmall) 2.57 (0.61) 2.76 (0.41) 4.02 (0.97) 25.607 (2, 38) 0.000%

0.88 (058,
Triglyeerides (mmolL) 1.38) 35(0.63, 2.63) 1.09 (0.62,3.53) 6.016 (2, 61) 0.049
Fatio TC:HDL-c 3.3(1.10) 4.1 (1.1 ) 43113} 4133 {3, 38) UOxTe

Diata are presented in mean (50 or madian (10%

fp < 0.05 indicate sinificant differance by One-w

. 90" pearcentile)

3y ANOVA Test

p = 0.05 mdicate siemificant difference by Kmskal-Wallis Test

The present study found that theN. sativa seeds and honey mixture had pronounced effects on blood
lipid profiles with significant overall reductions in TG by twenty percentand with significant elevations in HDL-
¢ by fifteen percent in healthy supplemented subjects. Ofgreater significancewas the supplement’s beneficial
effect onthe hypercholesterolemic group with anoverall reductionof TC by 6% and TG by 13.3%; also reduced
LDL-c by 6.7% (but not statistically significant), with a significant increase in HDL-c by 8.4% (p < 0.05) (Table
2). Lipid lowering for both supplemented groups is possibly due to the effect of nigellamines contained in N.
sativa seeds (Tulukcu, 2011). In addition, it has been reported that fructooligosaccharides (FOS) in honey
inhibitfatty acid synthesis in the liver, resulting in TG reduction (Nemoseck et al. 2011).

Table 2:Effects of Supplementation on Blood lipid and Blood Pressure

Parameter/Trial Group

Control (n=20)

Healthy supplementation

Hypercholesterolemic

(n=20) supplementation (n=21)
Total Cholesterol (mmol/L)
Baseline 4.49 (0.57) 4.69 (0.36) 6.17 (1.06)
Endline 4.77(0.71) 4.66 (0.58) 5.73(0.71)
Percent change (%) 6.9° -0.04" -6.2°
HDL-c (mmol/L)
Baseline 1.48 (0.44) 1.25(0.36) 1.54 (0.45)
Endline 1.50° (0.42) 1.41°(0.37) 1.79°(0.38)
Percent change (%) 2.5% 15.0° 8.4"
LDL-c (mmol/L)
Baseline 2.57(0.61) 2.76 (0.41) 4.02 (0.97)
Endline 2.85(0.77) 2.87(0.44) 3.66 (0.68)
Percent change (%) 12.4* 47" -6.7°

Triglycerides (mmol/L)

Baseline 0.88 (0.58, 1.38) 1.35(0.63, 2.63) 1.09 (0.62, 3.53)
Endline 0.85(0.58,1.67) 0.99 (0.55, 1.96) 0.79 (0.55, 1.69)
Percent change (%) -7.5 -20.1 -133

Ratio TC: HDL-c

Baseline 3.00 (2.01,5.14) 3.86 (1.49) 4.10(2.90, 5.98)
Endline 3.25(2.20,5.39) 3.50 (0.77) 3.10 (2.62, 5.26)
Percent change (%) 4.4° -12.3° -19.5°

Systolic Blood Pressure (mmHg)
Baseline
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Endline 117.1 (14.24) 119.9 (17.12) 123.8 (21.62)

Percent change (%) 115.9 (14.32) 114.7 (13.91) 118.0 (17.45)
-0.9 2.3 -3.9

Diastolic Blood Pressure (mmHg)

Baseline

Endline 79.2 (12.68) 81.7 (11.44) 85.1(14.03)

Percent change (%) 76.5 (11.90) 78.3 (9.60) 79.9 (12.09)
-2.9 -1.2 -5.5

Data are presented in mean (SD) or median (10", 90™ percentile) ~or ~ indicate significant difference between
baseline and endline in a column by Paired t-Test or Wilcoxon Signed Rank Test
Values with different superscript letter indicates significant difference by One-way AOVA or

Howeverthe hypolipidemic effect of amixture of N. sativa seeds and honey on cholesterollowering
activity are not fully understood. It is postulated that the effect is due to synergistic activity of the supplement’s
different constituents. In N. sativa seeds, the pharmacological actions of active constituents such as
thymoquinone (TQ), sterols, flavonoids, soluble fiber and polyunsaturated fatty acids (PUFAs) (Butt & Sultan,
2010; Lutterodt et al. 2010) have demonstrated important rolesin the reduction of plasma cholesterol.
Moreover, the antioxidant components ofN. sativa seeds (fixed and essential oils)may inhibit lipid peroxidation
(Sultan et al. 2009). Since the exact pathways of such activitiesare not yet well defined, the lipid-lowering
activility of N. sativa seed might be due to a modulation of HMG-CoA reductase activity, as well as increased
levels of LDL-receptors and the prevention of LDL-oxidation through antioxidant mechanisms (Ahmad & Beg,
2013). It is also possible to reduce cholesterol levels through intestinal cholesterol absorption which is inhibited
by plant sterols (Trautwein et al., 2003).

Honey has also demonstrated lipid-lowering activities that are likely due to antioxidanteffects on lipid
metabolism (Nemoseck et al., 2011).In addition, honey was reported to have favorable effects on lowering TC
and LDL-c while enhancing HDL-c levels (Chepulis & Starkey, 2008). The antioxidant activity of honey has
also been suggested as a beneficial adjunt influencing lipid metabolism (Nemoseck et al. 2011). Al-Waili (2004)
observed the effects of 75 g of natural honey on hyperlipidemic patients for fifteen days and found that honey
significantly reduced TC by eight percent and LDL-c by eleven percent. Yaghoobi et al. (2008) also found that
honey reduced TC by 3.3%, TG by 19%, LDL-c by 4.3%,while enhancing HDL-c production in obese patients
after a month of supplemental treatment with 70 g of natural honey daily. These results are in accordance with
Mushtaq et al. (2011),whose group obtained similar results (reduction of TC, TG, and LDL-c with increased
HDL-c) in obese subjects after a month of supplementation with 40 g of honey dissolved in water with regular
meals. To the contrary, Hussain et al. (2012) reported no significant effect in the lipid profile among healthy
postmenopausal Malay women after four months of supplementation with Tualang honey at 20 g/day.

In terms of blood glucose and hemoglobin levels, results demonstrated nosignificant
observablechangesconsistent with previous studieswhichreportedthat neitherN. sativa seed/extract nor honey
had any significant effects oneither blood glucose levels (Sabzghabaee et al.2012; Hussain et al. 2012),or
hemoglobin concentrations.Thus, the present resultsdid not exhibit hypoglycemic effects forN. sativa seed and
honey mixture. This might be due to the fact that participants were not glucose intolerantor diabetic patients.

The present study demonstrated that theN.sativa seeds and honey mixture had a hypotensive effect in
the hypercholesterolemic supplementation group but did not significantly affect blood pressure in healthy
subjects (Table 2).The insignificant reduction of blood pressure in normotensive subjects ofthe healthy
supplementation group agrees with Yusof et al. (2012) who also studied the effects of N. sativa seeds and honey
mixture on the blood pressure of healthy individuals. No other studies of the effect of honey on blood pressure
in humans has been previously reported.

Table 3 indicates that body weight and BMI increased and body fat was slightly decreased in the
control group whencompared to baseline values, but were statistically not significant (p > 0.05). The antiobesity
effect of the N. sativa seed and honey mixture might be due to various components in the N. sativaseed,
especially lipase which is responsible for antiobesity activity (Haque et al., 2011), but the exact mode of activity
is not yet fully understood (Shah et al., 2012). Possible explanationsinclude the antioxidant activity of honey or
its lower glycemic index in the regulation of body weight (Nemoseck et al., 2011). Nemoseck et al. (2011)
reported that honey may havethe potential to suppress appetite which causes a reduction in food intake by
increasing the production of serum leptin levels.

Table 3:Body Weight, BMI and Body Fat at Baseline and After Three Months Supplementation

Parameter/Trial Group Control (n=20) Healthy szlli)i)zlg;nentatmn s.flll)ylﬁeeﬁgﬁ::ﬁ;o(lﬁgi)
Body Weight (kg)
Baseline 63.7 (14.80) 75.0 (18.31) 70.2 (15.35)
Endline 64.0 (15.64) 72.1 (17.58) 68.9 (15.18)
Percent change (%) 0.17 -2.26 -1.83

Body Mass Index (kg/m?)
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Baseline 25.0 (4.64) 27.6(21.6, 38.5) 26.2 (22.9,36.3)
Endline 25.1 (4.86) 26.4(21.1,37.2) 25.6 (23.1,35.5)
Percent change (%) 0.18 -2.24 -1.92

Body Fat (%)

Baseline 27.32 (8.26) 29.2 (7.88) 29.2 (7.82)
Endline 27.27 (7.77) 27.7 (7.36) 27.7 (8.20)
Percent change (%) 1.03 -4.46 -4.50

Data are presented in mean (SD) or median (10", 90™ percentile)
or "Hndicate significant difference between baseline and endline in a column by Paired t-Test or Wilcoxon Signed Rank Test

The findings of the current study are also consistent with Yusof et al. (2012) whose group found that
aN. sativa seeds and honey mixture produced an antiobesity effect. Results from this study showed greater
weight loss (reduced body weight, BMI and body fat by 2.3%, 2.2% and 4.5%, respectively in healthy subjects;
and by 1.8%, 1.9% and 4.5%, respectively in hypercholesterolemic subjects). It is possible that these results are
due to the longer duration of the study and itslarger sample size.

Figure 2 indicates that the lipophilic antioxidant capacity of honey, N. sativa seeds, and a mixture of N.
sativa seeds and honey as Trolox equivalents were 7.18 (0.28), 9.67 (0.19) and 29.94 (0.75) ng/mg, respectively.
Interestingly, these resultsindicate that the mixture of N. sativa seeds and honey demonstrated the highest
antioxidant capacity. This finding suggests that lipid-soluble antioxidants in whole seeds of N. sativa have a
synergistic effectwhen combined with antioxidants available in honey,thus causinga higher antioxidant capacity
for the mixture as compared to eitherN. sativa seeds or honey alone. This result further suggests that
consumption of theN. sativa seeds and honey mixture at lower dosage (50 mg/kg body weight), when compared
to previous studies, exhibited positive effects on the modification of the lipid profile and CVD risk factors.
Based on previous studies, consumption of N. sativaseeds or honey alone required higher dosages: 2 — 18.4
g/day of N. sativa seeds (Sabzghabaee et al. 2012; Ghurbakhshani et al. 2012) and 40 — 80 g/day of honey (Al-
Waili, 2004; Al-Waili et al. 2006; Mushtaq et al. 2011) in order to improve the lipid profile.

Antioxidant Capacity (ACL)

30.0 A
25.0 A

20.0 +

Antioxidant capacity (ug/mg)

Honey N_sativaseeds N sativa seed and honey mixtur
Sample

Figure 2: Lipid-soluble antioxidant capacity [Trolox equivalent (ng/mg)] of N.
sativa seeds, honey and mixture of N. sativa seeds and honeyassayed by
photochemiluminescence (PCL-ACL)

A possible explanation for this result might be related to major bioactive constituents in the seeds of N.
sativa as fat-soluble antioxidant compounds (Salem, 2005; Cheikh-Rouhou et al. 2007; Sultan et al. 2009), with
the assumption that it is rich in thymoquinone (TQ) as an oil extract (Butt &Sultan, 2010; Lutterodt et al.,2010).
TQ has been shown to exert an antioxidative effect (Ashraf et al. 2011) through inhibitingthe generation of the
superoxide anion radical (0,") (Mezeti et al. 2012). In addition, the natural antioxidant phenolics in honey can
be classified into lipophilic or hydrophilic groups that probably contributed to antioxidative activityviathe
reduction of lipid peroxidation (D’Arcy, 2005). Thus, it can be suggested that the variability of lipid-soluble
antioxidant components in theN. sativa seeds and honey mixture may havedirectly modulated lipid profiles for
subjects in this study. Lipid-soluble antioxidant compounds have been reported to have the capability to
neutralize free radicals cell membrane fatsby inhibiting lipid peroxidation (Gupta & Sharma, 2006). Hence,
oxidation of LDL-c, by which the oxidized LDL-c both accumulates and is deposited on arterial walls,
subsequently leadingto cardiovascular disease, can be avoided (Yashin et al., 2010).

Overrecent decades, studies have sucessfully focused on determining both the general and specific
antioxidant activities of various extracts (Mohamed et al. 2010; Mezeti et al. 2012). Until now, no report has
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sufaced on the lipid-soluble antioxidant capacity of crude N. sativa seeds, of honey, or of the mixture of N.
sativa seeds and honey. Thus, the current finding of the lipid-soluble antioxidant capacity ofN. sativa seeds, of
honey, and ofa mixture of N. sativa seeds and honey have been revealed for the first time
byphotochemiluminescence (PCL-ACL) assay. The overall findings of the present study demonstrated that a
mixture of N. sativa seeds and honey has beneficial effects,not only as a nutritious health supplement, but also
as a natural source of antioxidantsfor maintainenceothealth by preventing or lowering risks for cardiovascular
disease.

IV.  Conclusion
The present results demonstrate significant cardioprotective effects based on lipid profile modulation
among hypercholesterolemic subjects when compared to healthy subjects.This clearly suggests that theN. sativa
seeds and honey mixture has a positive effect on the management of CVD. This key finding calls for further
research in which different dosages of the N. sativa seeds and honey mixture may be utilized in order to identify
optimal dosagesfor more effectiveand efficient lowering of the lipid profile in order to help reduce
CVDmorbidity and mortality.
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