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Abstract

Cardiovascular diseases (CVD) are the leading causes of mortality worldwide. Flow-

mediated dilation (FMD) is a marker of vascular function. Beneficial cardiometabolic

effects of Nigella sativa (N. sativa) have been observed. We evaluated the effect of

N. sativa oil on FMD, plasma nitrite, and nitrate (NOx) as nitric oxide

(NO) metabolites, and inflammatory markers in subjects with CVD risk factors. Fifty

participants were randomly assigned to either the N. sativa (two capsules of 500 mg

N. sativa oil) or the placebo group (two capsules of 500 mg mineral oil), for 2 months.

The brachial FMD, plasma NOx, vascular cellular adhesion molecule-1 (VCAM-1), and

intracellular adhesion molecule-1 (ICAM-1) were measured. FMD and plasma NOx

levels was significantly increased in the N. sativa group compared to the placebo

group (changes: 2.97 ± 2.11% vs. 0.71 ± 3.19%, p < 0.001 for FMD and 4.73

± 7.25 μmol/L vs. 0.99 ± 5.37 μmol/L, p = 0.036 for plasma NOx). However, there

was no significant difference in ICAM-1 and VCAM-1 levels between groups. There-

fore, N. sativa oil improves vascular NO and FMD in subjects with cardiovascular risk

factors. However, more studies are warranted to confirm the beneficial impacts of

the N. sativa oil on vascular inflammation.
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1 | INTRODUCTION

Cardiovascular diseases (CVD) are the leading cause of morbidity and

mortality worldwide, with the lifetime risk exceeding 60%

(Mozaffarian et al., 2016). CVD account for about 30% of mortality

worldwide (Tarride et al., 2009). In line with the global trend, CVDs

cause 46% of all deaths and 20%–23% of the burden of disease in

Iran (Sarrafzadegan & Mohammmadifard, 2019). Diabetes,

dyslipidemia, hypertension, and smoking are known to be the most

important modifiable risk factors for CVDs (Romero, Romero, Shlay,

Ogden, & Dabelea, 2012). Atherosclerosis is a serious inflammatory

condition in which plaques made up of lipids, foams cells (cholesterol-

rich macrophages), fibroblasts, calcium, and other substances build up

in the intima of arteries, making them narrower and harder which can

restrict blood flow (Libby et al., 2019). This disorder is the underlying

cause of most CVDs; including myocardial infarction (MI), heart
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failure, stroke, and claudication (Frostegård, 2013). Vascular function

play an important role in pathogenesis of atherogenesis and is regu-

lated by many components, including endothelial cells (ECs), vascular

smooth muscle cells (VSMCs), inflammatory cells, autonomic nervous

system, etc. (Shimokawa & Satoh, 2014). Damage to the endothelium

upsets the balance between vasodilation and vasoconstriction and

trigger events that lead to atherosclerosis (Davignon & Ganz, 2004).

Endothelial function can be readily evaluated by several methods and

is a prognostic predictor of future CVDs (McMackin & Vita, 2005;

Vita & Keaney Jr., 2002). Flow-mediated dilation (FMD), that is, the

measurement of the brachial artery diameter before and after a raise

in shear stress-induced by reactive hyperemia, is a non-invasive, fast

and valid method for clinical measurement of endothelial function

(Ghiadoni, Salvetti, Muiesan, & Taddei, 2015). Nitric oxide (NO) is

known as endothelium-derived relaxing factor that modulates vascular

tone. The nitrite, and nitrate (NOx) is usually used as an indicator of

NO release (Levine, Punihaole, & Levine, 2012).

Inflammation plays a significant role in progression of endothelial

dysfunction that is a key player in the development of atherosclerosis

(De Ciuceis et al., 2005; Ong et al., 2012). Adhesion molecules, such

as vascular cellular adhesion molecule-1 (VCAM-1) and intracellular

adhesion molecule-1 (ICAM-1) are expressed on activated endothelial

cells, up-regulated in atherosclerosis-prone sites, and contribute in the

attraction of inflammatory monocytes into the endothelial layer

(Libby, 2006). Previous studies have shown an inverse association

between the brachial artery vasodilation and circulating ICAM-1 (Vita

Joseph et al., 2004) and VCAM-1 (Chen et al., 2015).

Studies indicate that nutritional factors can affect vascular endo-

thelial function (Emamat, Asadian, Zahedmehr, & Ghanavati, 2020;

Emamat, Tangestani, Totmaj, Ghalandari, & Nasrollahzadeh, 2020;

Vamvakis et al., 2020). Antioxidants have potential effects on improving

the endothelial function (Varadharaj et al., 2017). Nigella sativa

(N. sativa) as a seed rich in antioxidants and bioactive compounds such

as thymoquinone (TQ), alkaloids, saponins, flavonoids, proteins, fatty

acids, and so forth, has been found beneficial in the treatment of vari-

ous diseases (Butt & Sultan, 2010; Shafiq, Ahmad, Masud, &

Kaleem, 2014; Tavakkoli, Mahdian, Razavi, & Hosseinzadeh, 2017).

N. sativa and its constituents have demonstrated some protective prop-

erties against metabolic syndrome (Razavi & Hosseinzadeh, 2014),

hypertension (Dehkordi & Kamkhah, 2008; Fallah Huseini et al., 2013),

obesity (Mahdavi, Namazi, Alizadeh, & Farajnia, 2015), dyslipidemia

(Ibrahim et al., 2014; Tasawar, Siraj, Ahmad, & Lashari, 2011), diabetes

(Hadi, Mirmiran, Hosseinpour-Niazi, Hedayati, & Azizi, 2015; Heshmati,

Namazi, Memarzadeh, Taghizadeh, & Kolahdooz, 2015), and inflamma-

tion (Majdalawieh & Fayyad, 2015). On the other hand, evidence shows

that these disorders are associated with vascular dysfunction and so it

is possible that improvement in any of these disorders also improves

vascular function (Brook, 2006; Dharmashankar & Widlansky, 2010;

Lorenzo Ghiadoni et al., 2008; Teixeira et al., 2014). A number of exper-

imental studies have shown that N. sativa can increase the production

and bioavailability of NO (Purnamayanti, Windu, & Poeranto, 2018;

Sayed, El-Latif, Eid, Elsayed, & El-Kader, 2009; Tasar, Sehirli, Yigner,

Leymanoglu, & Yegen, 2012). To the best of our knowledge, so far only

a few animal studies have been conducted on the effects of N. sativa

on vascular function (Idris-Khodja & Schini-Kerth, 2012; Niazmand,

Fereidouni, Mahmoudabady, & Mousavi, 2014; Suddek, 2010) and vas-

cular inflammation (Abbasnezhad et al., 2019). Therefore, in the present

study we decided to evaluate the effect of N. sativa oil on vascular dys-

function in a clinical trial setting, using the FMD technique and ICAM-1

and VCAM-1 as vascular inflammatory factors and in subjects with at

least one risk factor for cardiovascular disease.

2 | MATERIALS AND METHODS

2.1 | Participants

In the current clinical trial, we recruited subjects with at least one risk

factor for cardiovascular disease. The announcement as to how the

volunteers could participate in the study and the necessary inclusion

criteria was put on display in the hospital. If they met the eligibility

criteria, volunteers among AJA personnel who had a medical record in

the academic hospital (Emam Reza Hospital, AJA University of Medi-

cal Sciences, Tehran, Iran) were recruited to participate in the trial.

The inclusion criteria were having at least one CVD risk factor

(including diabetes, hypertension, dyslipidemia or smoking), willing-

ness to participate, an age range between 20 and 65 years, BMI < 30,

and no vitamins or minerals supplementation in the last 2 weeks.

Exclusion criteria were reluctance to continue, changes in medication,

pregnancy, inflammatory or autoimmune diseases, chronic kidney dis-

ease (stages 4 or 5), and taking nitrate-containing medications. Partici-

pants were able to leave the trial at any time.

The study protocol was according to the Helsinki Declaration.

The trial has received ethical approval from the Ethics Committee of

AJA University of Medical Sciences, Tehran, Iran (The ethical commit-

tee code was IR.AJAUMS.REC.1399.167). All participants signed writ-

ten informed consent. Present clinical trial was registered at the

Iranian Registry of Clinical Trial (IRCT) with number

IRCT20201126049495N1.

2.2 | Study design

This was a 2-month, single center, single-blinded, parallel assigned,

randomized controlled clinical trial (RCT). Participants were blinded to

the type of products, but the main investigator was not blinded. The

cardiologist and study staff confirmed that the subjects were eligible

according to the inclusion criteria. At the first session, the procedure

and the goals of the study were explained to participants, and then

they signed a written consent. A questionnaire was filled out regard-

ing some data related to the participants' anthropometric measure-

ments, demographic status, disease history, drug use, smoking status,

and physical activity.

The participants were randomly assigned to the N. sativa (inter-

vention) or the placebo group. The intervention group received two

capsules containing 500 mg of N. sativa oil and the placebo group
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received two capsules containing 500 mg of mineral oil daily, 30 min

before mealtime, during a 2-month period. Soft gel capsules with

identical appearance were filled with N. sativa and placebos to ensure

participants blindness. The cold pressing method is used to extract oils

from the N. sativa seeds. The N. sativa oil standardized based on the

presence of at least 6.5 mg TQ and 495 to 605 mg linoleic acid per

soft capsule. All products were purchased from Barij Essence Pharma-

ceutical Company, Kashan, Iran. Participants received 120 capsules in

four packs, each containing N. sativa oil or mineral oil for daily use.

Participants' adherence to supplementation was monitored every

2 weeks by phone call. Also, for each participant the remaining cap-

sules counted to check the adherence to study medication. Partici-

pants were asked not to change their current dietary habits, physical

activity, and medication regimen during the study period. In case of

significant change in these variables, the person in question was

excluded from the study. Participants did not participate in another

parallel study but continued their previously prescribed medication.

2.3 | Randomization

Patients were randomly allocated to the N. sativa oil or the placebo

group. Stratified block randomization was employed to assign each

subject to either of the groups. The randomization was performed

with the aid of a sequence generator by using a random number table

and by opening consecutively numbered, sealed, and opaque enve-

lopes. A block size of four was considered, with a 1:1 randomization

ratio between the two groups.

2.4 | Biochemical assays

A 10-ml venous blood was obtained following a 12-hr fasting period

by a hospital lab technician. The blood samples were centrifuged

(4,000 rpm for 20 min); plasma was separated and stored at �80�C.

Afterwards, samples were thawed at room temperature and the

inflammatory markers were measured using commercially ELISA kits

(R&D Systems for ICAM-1 and VCAM-1). Plasma NO-derived end

products (NOx) levels were determined using a colorimetric assay kit

(Cayman Inc., USA).

2.5 | Flow-mediated dilation

The radiologist in the research team (J.K.) performed the

brachial artery FMD measurements using the method previously

described (Khandouzi, Zahedmehr, Mohammadzadeh, Sanati, &

Nasrollahzadeh, 2019), in radiology section of Emam Reza Hospital.

Pre-measurement, the participants were told to keep an overnight

fasting state and a 10-min rest. Afterwards, the brachial artery was

imaged while the patients were laid in a supine position in a quiet,

temperature-controlled room. The measurement procedure included

the ultrasound imaging of the brachial artery by the use of a non-

automatic (manual) device using the iU22 xMATRIX color Doppler

system with a 12-MHz linear array transducer (Philips Medical Sys-

tems, Canada, Product number: 795050). A 3.5 MHz linear transducer

was used to perform the scans. The brachial artery scan was con-

ducted in a longitudinal section 2 cm above the antecubital fossa. The

research team measured the diameters of the vessel from the anterior

to the posterior interface, between media and adventitia, at a fixed

distance from an anatomical marker. We also obtained a rest image

and measured the arterial diameter at the baseline. To perform a sec-

ond scan, a forearm blood-pressure cuff was placed distal to the

antecubital fossa and inflated to at least 50 mmHg above systolic

pressure for 5 min, followed by release; the scan was then conducted

90 s after deflation of the cuff. The following formula was used to cal-

culate the percentage FMD (%FMD): [(d2 � d1)/d1] � 100 (d1: the bra-

chial artery diameter at baseline; d2: brachial artery diameter after

90 s of cuff release). The radiologist was blinded to the patients' treat-

ment group.

2.6 | Statistical analysis

The study sample size was determined using FMD as the primary out-

come variable. By assuming probability of a type I error of 5%

(α = 0.05) and a type II error of 20% (β = 0.2; power = 80%) and the

Cohen standardized effect value of 0.62, plus considering up to 10%

chance of withdraw, the sample size was calculated 25 participants

for each group to detect the desired effect.

All statistical analyses were performed using SPSS software (ver-

sion 21.0, SPSS Inc., Chicago, IL). The Shapiro–Wilk test was used to

verify the normality of the data. Mean and standard deviations or fre-

quency and percent were used to express quantitative and qualitative

variables, respectively. Between-group differences were analyzed

using independent t test and Chi-square (χ2) test for quantitative and

qualitative data, respectively. Within-group changes were tested using

paired t test. In final analysis, the 2-month values of FMD and inflam-

matory biomarkers were compared between the two groups using

ANCOVA test, adjusted for baseline values. We performed an

intention-to-treat analysis in this study. Baseline-carry-forward was

used to impute missing data.

3 | RESULTS

Fifty subjects were eligible to participate in study. Three subjects

were unable to finish the project (one subject due to refusing to

continue weeks after consumption in placebo group and two sub-

jects due to refusing to continue weeks after consumption (n = 1)

and missing telephone responses (n = 1) in N. sativa group). Finally,

47 participants (23 in the N. sativa group and 24 in the placebo

group) completed the study (Figure 1). Participant compliance was

acceptable throughout the treatment period, and they consumed

more than 80% of the capsules delivered to them. No adverse

effects were reported.
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Baseline characteristics of the participants are shown in Table 1.

There was no significant difference between the two groups in terms

of the variables of interest. The mean ± SD of age was 43.54 ± 9.63

and ranged between 25 and 64 years. About 84% of the participants

were male. Twenty four percent of the participants had diabetes, 42%

had high blood pressure, 60% had dyslipidemia, and 30% were

smokers.

The mean ± SD of baseline weight, body mass index (BMI), and

physical activity (PA) of the participants were 74.81 ± 8.41 kg, 25.85

± 2.73 kg/m2, and 30.07 ± 3.49 MET-hr/d; respectively. There was no

F IGURE 1 CONSORT flow diagram
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difference between the two groups in terms of weight, BMI and PA at

the baseline and at the end of the study (Table 2).

The mean ± SD of baseline brachial artery diameter of partici-

pants was 4.42 ± 0.59 mm. There was no significant difference in the

basal brachial artery diameter between two groups at the baseline

and after 2 months. FMD values were similar between groups at base-

line, but were significantly higher in N. sativa group after 2 months

(0.27 ± 0.11 mm or 6.41 ± 2.96% and 0.15 ± 0.09 mm or 3.80

± 2.56% for N. sativa and placebo group; respectively). Intragroup

comparisons revealed that FMD values increased significantly in the

N. sativa group (p < .001). After adjusting for baseline values, a

significant increase was observed in FMD values in the N. sativa group

when compared to the placebo group (p < .001 and p = .001 for FMD

(mm) and FMD (%), respectively) (Table 3). The intra-observer variabil-

ity of FMD was determined by measuring FMD of six patients at two

different times. The mean ± SD of repeated measurements were

3.10 ± 0.51 and 3.29 ± 0.73 with correlation coefficient of 0.95

(p < 0.001) and the mean difference of 0.19 ± 0.21. This intra-

observer variation was less than our observed effect of N. sativa

on FMD.

In intra-group analysis the plasma levels of ICAM-1 and VCAM-1

were significantly decreased in the N. sativa group after 2 months of

TABLE 1 Baseline characteristics of
the patients

Variable Nigella sativa group (n = 25) Placebo group (n = 25) p valuea

Age (years) 44.28 ± 11.29 42.80 ± 7.79 .59

Sex (female) 4 (16%) 4 (16%) 1

Diabetes mellitus 6 (24%) 6 (24%) 1

Hypertension 11 (44%) 10 (40%) .50

Dyslipidemia 14 (56%) 16 (64%) .38

Smoking 8 (32%) 7 (28%) .50

Note: Data represented as mean ± SD or frequency (percent).
aValues were compared using independent t test for quantitative and Chi-Square (χ2) test for

qualitative data.

TABLE 2 Body weight, BMI and physical activity of the participant at the baseline and after 2 months

Variable Time Nigella sativa group (n = 25) Placebo group (n = 25) p valuea

Weight (kg) Baseline 73.63 ± 6.78 75.99 ± 9.77 .32

After 2 months 73.45 ± 6.74 76.11 ± 9.34 .25

BMI (kg/m2) Baseline 25.53 ± 2.85 26.16 ± 2.62 .42

After 2 months 25.47 ± 2.80 26.21 ± 2.49 .33

Physical activity (MET-h/d) Baseline 29.52 ± 3.25 30.62 ± 3.70 .26

After 2 months 29.43 ± 3.61 31.04 ± 3.43 .11

Note: All values are means ± SD.
aValues were compared using independent t test.

TABLE 3 Measures of vascular flow-mediated dilation (FMD) in participant at the baseline and after 2 months

Variable Time Nigella sativa group (n = 25) Placebo group (n = 25) p valuea p valueb

Brachial artery diameter (mm) Baseline 4.45 ± 0.56 4.39 ± 0.63 0.72 .68

After 2 months 4.47 ± 0.52 4.40 ± 0.55 0.63

p valuec .62 .85

FMD (mm) Baseline 0.14 ± 0.11 0.13 ± 0.07 0.61 <.001

After 2 months 0.27 ± 0.11 0.15 ± 0.09 <0.001

p valuec <.001 .36

FMD (%) Baseline 3.44 ± 2.67 3.09 ± 1.94 0.60 .001

After 2 months 6.41 ± 2.96 3.80 ± 2.56 0.002

p-valuec <.001 .27

Note: All values are means ± SD.
aValues were compared using independent t test.
bValues were analyzed using ANCOVA test with baseline values as a covariate.
cValues were compared using paired t test.
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intervention (28.32 ± 6.48 to 26.69 ± 6.87 ng/ml for ICAM-1,

p = .008 and 21.28 ± 2.19 to 20.34 ± 2.47 ng/ml for VCAM-1,

p = .019, respectively) (Table 4). Moreover, VCAM-1 was significantly

higher in placebo compared to the N. sativa group at baseline (22.55

± 1.55 and 21.28 ± 2.19 ng/ml, p = .022, respectively) and after

2 months (22.24 ± 1.93 and 20.34 ± 2.47 ng/ml, p = .004, respec-

tively). However, after adjusting for baseline values, there was no sig-

nificant difference in ICAM-1 and VCAM-1 levels between two

groups (p = .07 and p = .08, respectively).

As shown in Table 4, plasma levels of NOx were significantly

increased in N. sativa group after 2 months (42.63 ± 12.66 to 47.37

± 13.99 μmol/L, p = .003). In placebo group the plasma levels of NOx

did not change significantly after 2 months (37.39 ± 11.08 to 38.38

± 11.84 μmol/L, p = .36). After adjusting for baseline values, the

plasma levels of NOx were significantly higher in the N. sativa group

compared to the control group after 2 months (p = .036).

4 | DISCUSSION

In the present study, we examined the effect of N. sativa oil supple-

mentation on FMD, plasma NOx and vascular inflammatory bio-

markers in subject with CVD risk factors. Our results suggest that

N. sativa oil supplementation significantly improves vascular function

when assessed by NOx and FMD. We also observed that N. sativa oil

supplementation might not be able to improve circulating level of vas-

cular inflammatory biomarkers of ICAM-1 and VCAM-1 compared to

the control group; considering the issues of dose and duration.

Previous studies highlights the potential benefits of N. sativa or

its components on CVD biomarkers (Shabana, El-Menyar, Asim, Al-

Azzeh, & Al Thani, 2013; Shakeri, Khazaei, & Boskabady, 2018). The

potentially beneficial effects of N. sativa on cardio-toxicity (Ahmed &

Hassanein, 2013; Nagi, Al-Shabanah, Hafez, & Sayed-Ahmed, 2011),

blood pressure (Leong, Rais Mustafa, & Jaarin, 2013; Sayed

et al., 2009), endothelial dysfunction (Idris-Khodja & Schini-

Kerth, 2012; Niazmand et al., 2014) dyslipidemia (Ali et al., 2013; El-

Dakhakhny, Mady, & Halim, 2000), and atherogenesis (Al-Naqeep, Al-

Zubairi, Ismail, Amom, & Esa, 2011) are indicated in some experimen-

tal animal studies. Some clinical trials have also reported the beneficial

effects of N. sativa supplementation on inflammation (Hadi, Kheirouri,

Alizadeh, Khabbazi, & Hosseini, 2016), blood pressure (Dehkordi &

Kamkhah, 2008; Fallah Huseini et al., 2013), and dyslipidemia (Amini,

Fallah Huseini, Mohtashami, Sadeqhi, & Ghamarchehre, 2011;

Sabzghabaee, Dianatkhah, Sarrafzadegan, Asgary, & Ghannadi, 2012);

all of which, as we know, might interact with vascular function.

Although no clinical trial has directly examined the effect of N. sativa

consumption on vascular function, studies have evaluated the benefi-

cial effects of this plant on blood pressure as a closely relevant indica-

tor of vascular function (Brandes, 2014; Dharmashankar &

Widlansky, 2010). Eight weeks of intervention with N. sativa extract

in two doses of 100 and 200 mg twice a day could reduce systolic

and diastolic blood pressure in a dose-dependent manner in patients

with mild hypertension (Dehkordi & Kamkhah, 2008). In another

study, daily intake of 2,000 mg of N. sativa oil in overweight and

obese women for 8 weeks reduced systolic blood pressure but had no

effect on diastolic blood pressure (Razmpoosh et al., 2021). In another

study, administration of 300 mg of the N. sativa extract twice a day

with a shorter intervention period (28 days) and in elderly subjects

with hypertension did not cause a significant change in blood pressure

(Rizka, Setiati, Lydia, & Dewiasty, 2017). It can be said that the differ-

ences in study designs, population characteristics and dosages and

duration of N.S supplements might cause these discrepancies.

Most of the beneficial medicinal effects of N. sativa are attributed

to its volatile oil, of which TQ is a major component (30%–60%) (Iqbal,

Ahmad, & Pandey, 2018). Previously desirable effects of TQ in cardio-

vascular disorders, diabetes, inflammation, atherogenesis, and lipid

profile dysfunction have been shown with a wide range of safe doses

and we speculated that the beneficial effects of N. sativa on vascular

function are due to TQ (Darakhshan, Bidmeshki Pour, Hosseinzadeh

Colagar, & Sisakhtnezhad, 2015; Gholamnezhad, Havakhah, &

TABLE 4 Measures of inflammatory markers in participant at the baseline and after 2 months

Variable Time Nigella sativa group (n = 25) Placebo group (n = 25) p valuea p valueb

ICAM-1 (ng/ml) Baseline 28.32 ± 6.48 29.14 ± 4.57 .60 .07

After 2 months 26.69 ± 6.87 28.67 ± 4.54 .23

p valuec .008 .17

VCAM-1 (ng/ml) Baseline 21.28 ± 2.19 22.55 ± 1.55 .022 .08

After 2 months 20.34 ± 2.47 22.24 ± 1.93 .004

p valuec .019 .26

NOx (μmol/L) Baseline 42.63 ± 12.66 37.39 ± 11.08 .12 .036

After 2 months 47.37 ± 13.99 38.38 ± 11.84 .018

p valuec .003 .36

Note: All values are means ± SD.
aValues were compared using independent t test.
bValues were analyzed using ANCOVA test with baseline values as a covariate.
cValues were compared using paired t test.
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Boskabady, 2016). Therefore, in the present study, N. sativa oil

was used.

In previous study, intervention with N. sativa oil for 2 months was

able to have beneficial effects on glycemic control, lipid profile, blood

pressure and body weight in diabetic patients (Hadi et al., 2021). In

another study, 2 months intervention in patients with rheumatoid

arthritis increased plasma levels of interleukin-10 as an anti-

inflammatory cytokine and also showed antioxidant properties (Hadi

et al., 2016). Therefore, the intervention period in this study was con-

sidered 2 months.

To the best of our knowledge, no clinical trial has been conducted

on the effect of N. sativa supplementation on vascular function indi-

ces, as of the composition date of this article. The effect of N. sativa

on vascular function has been investigated in a few experimental

studies. Niazmand et al. evaluated the contractile responses of iso-

lated aorta to KCl and phenylephrine in different dosages of N. sativa

hydro-alcoholic extracts (2–14 mg/ml). They found that the

vasorelaxation effect of N. sativa was independent of endothelium

and mediated mainly through the inhibition of calcium channels and

reduction of intracellular calcium release (Niazmand et al., 2014).

Another study examined the in vitro TQ-induced relaxation of isolated

rat pulmonary arterial cells. They proposed that this observation is

probably mediated by activation of ATP-sensitive potassium channels

and possibly by non-competitive inhibition of serotonin, α1-adrener-

gic, and endothelin receptors (Suddek, 2010). Additionally, worthy of

note, a review of evidence showed that N. sativa and its active pheno-

lic compound, TQ, has the ability to improve vascular dysfunction in

diabetes mellitus due to its anti-diabetic, anti-inflammatory, and anti-

oxidant properties (Mohebbati & Abbasnezhad, 2020). Discovering

definitive underlying mechanisms requires further experimental and

clinical studies.

Gender plays an important role in vascular function (Khalil, 2005).

Regarding gender differences between the two groups, although the

number of female participants in this study was lower, there was no

significant difference between the two groups in terms of gender

(Table 1). Also, female participants in both groups were in

premenopausal status and then this factor has not distorted the

results.

FMD is an acceptable technique to quantify vascular function and

has been shown to have prognostic value for future CVDs (Green

Daniel, Jones, Thijssen, Cable, & Atkinson, 2011; Tomiyama

et al., 2008). The results of a meta-analysis showed that for every 1 %

increase in FMD, the risk of CVD decreased by 8%. This reduction in

risk is even greater in subjects with CVD risk factors (13% risk reduc-

tion) (Ras, Streppel, Draijer, & Zock, 2013). Therefore, in our study an

absolute increase of about 3% in FMD in the N. sativa group could

have potential clinical relevance. Given that NO bioavailability is

known as a vascular relaxant, a significant increase in NOx in the

N. sativa group can be considered as an underlying mechanism for the

observed effects of N. sativa on FMD. Consistently the beneficial

effects of N. sativa on NO production and bioavailability have already

been demonstrated in animal studies (Purnamayanti et al., 2018;

Sayed et al., 2009; Tasar et al., 2012).

In this study, we also assessed vascular inflammatory biomarkers

of ICAM-1 and VCAM-1. In-vitro studies show that TQ reduces

expression and secretion of some cytokines or enzymes, such as

MCP-1, interleukin-1β, TNF-α, NF-κB, and Cox-2, which might in turn

further provoke anti-inflammatory pathways in the body (Chehl,

Chipitsyna, Gong, Yeo, & Arafat, 2009). We conducted a similar study

in which we examined anti-inflammatory effects of N. sativa in rheu-

matoid arthritis patients. Participants received two capsules of

500 mg N. sativa oil daily, lasting for 8 weeks (Hadi et al., 2016). We

observed that Interleukin-10 increased in the group supplemented

with N. sativa oil, but TNF-α did not change. The dose and duration of

intervention in this study was similar to those of the present study.

However, in the current study, even though the intragroup changes of

ICAM-1 and VCAM-1 values in the N. sativa group were significant,

we were not able to detect such significance when compared to the

control group. We can attribute the disparities between the two stud-

ies to the higher basic level of inflammation in rheumatoid arthritis

patients in the former study. In another study (Farhangi &

Tajmiri, 2020), supplementation with 2 g of N. sativa powder for

8 weeks was able to reduce VCAM-1, but did not change the levels of

ICAM-1. Likewise, this study was performed in patients with

Hashimoto's thyroiditis who have higher basic levels of inflammation.

Due to such ambiguities regarding the mechanisms of action and the

disparities in the results of different studies, we recommend that fur-

ther clinical trials with longer intervention duration and larger sample

sizes be conducted to clarify the possible beneficial effects of

N. sativa on biomarkers of vascular inflammation. Also in future stud-

ies, quality control of the herbal preparations is recommended as one

of the limitations of former studies.

Several potential mechanisms for the vasodilator effect of the

N. sativa have been mentioned, including inhibition of voltage-

dependent calcium channels (Niazmand et al., 2014), muscarinic

receptors, thromboxane B2, leukotriene B4, and prostaglandin D2

(Keyhanmanesh, Gholamnezhad, & Boskabady, 2014); activation of

potassium channels, anticholinergic receptors, adrenergic receptors

β2 (Niazmand et al., 2014), NO production (Abbasnezhad

et al., 2019); and increasing the release of histamine (Keyhanmanesh

et al., 2014).

The present study has some limitations. For instance, the dura-

tion of the present intervention did not suffice to detect the poten-

tial impact of N. sativa on anti-inflammatory vascular biomarkers and

the sustainability of positive effects on vascular function. As well, to

obtain more knowledge regarding the possible mechanisms of

action, we could recommend future studies to explore the impact of

N. sativa supplementation on the absorption and metabolism of its

phenolic compounds by measuring N. sativa metabolites in plasma

and urine. Assessment of other biomarkers related to endothelial

function (such as endothelin and MCP-1) and quality control of the

herbal preparations are recommended in future studies. Also, we did

not have positive control. Our study is the first that clinically exam-

ines the effects of N. sativa on vascular function and has some nota-

ble strength, including proper design, high compliance, and high

completion rates.
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5 | CONCLUSION

Our results indicated that supplementation with N. sativa oil improves

vascular NO and FMD in subjects with cardiovascular risk factors.

Therefore, daily consumption of two capsules of 500 mg of N. sativa

oil in subjects with CVD risk factors might prevent the aggravation of

vascular dysfunction and the occurrence of CVDs, such as atheroscle-

rosis in the future. However, confirmation of the beneficial effects of

N. sativa oil supplementation on vascular inflammatory biomarker,

such as ICAM-1 and VCAM-1, requires more clinical trials with longer

duration of intervention and larger sample sizes.
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