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ABSTRACT    

Endothelial dysfunction is a crucial contributor to the development of vascular problems. Nigella sativa L. seed oil 

which is commonly known as black seed oil is an antioxidant, anti-inflammatory, and hypoglycemic agent that can 

be considered as an attractive candidate for improving endothelial dysfunction. Our objective is to evaluate the 

impact of Nigella sativa seed oil on intercellular adhesion molecule-1 (ICAM-1) and high sensitivity c-reactive 

protein (hsCRP), as well as the quality of life of type 2 diabetic patients. A prospective, randomized, placebo-

controlled, double-blinded study was conducted and registered in ClinicalTrials.gov (NCT03959306). Patients were 

randomly given either 1800 mg/day of black seed oil or placebo capsules for 12 weeks. Full clinical history, 

biochemical glycemic indices, lipid profile, kidney and liver functions, hsCRP, ICAM-1, as well as diabetes-39 

questionnaire were assessed at baseline and end of the study. After 12 weeks, the levels of hemoglobin A1C, total 

cholesterol, triglycerides, hsCRP, and ICAM-1, as well as diabetes control domain scores decreased significantly in 

the intervention group compared to the control group. In conclusion, the administration of black seed oil over 12 

weeks showed superior efficacy over standard treatment alone in the management of type 2 diabetes mellitus and 

can be considered as a therapeutic option for improving endothelial dysfunction. 

Keywords: Type 2 diabetes mellitus; Black seed oil; Endothelial dysfunction; Intercellular adhesion molecule-1; 

High sensitivity c-reactive protein; Quality of life. 
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1. Introduction 

Glucotoxicity, lipotoxicity, insulin resistance, 

oxidative stress, and inflammation associated 

with diabetes can negatively impact the 

endothelium [1]. In recent times, endothelial 

dysfunction gained focused attention due to its 

critical role in the onset and progression of 

atherosclerosis as well as being an early 

predictive factor for cardiovascular events [2]. 

Inflammatory cytokines cause an increased 

expression of cellular adhesion molecules that are 

considered as a novel diagnostic marker as well 

as a therapeutic target for preclinical 

atherosclerosis [3]. 

Being back to nature, several experimental 

and clinical studies demonstrated the positive 

effect of herbal medicine such as Salvia 

miltiorrhiza Bunge and Radix Puerariae that are 
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two frequently prescribed herbs in traditional 

Chinese medicine on endothelial dysfunction [4, 

5]. Nigella sativa L. (NS), commonly known as 

black seed or black cumin in English, is a 

herbaceous plant that belongs to a big family 

called Ranunculaceae. Thymoquinone is the 

major pharmacologically active constituent of NS 

and contributes to its several beneficial 

therapeutic effects [6]. NS is known for its 

miraculous healing properties such as anti-

diabetic, anti-hyperlipidemic, anti-convulsant, 

and cardioprotective effects [7]. These effects are 

mainly attributed to its role in improving 

oxidative stress, attenuation of inflammation, and 

modulation of biological activities involved in 

different pathological conditions [8]. 

It has become increasingly apparent in the 

literature from experimental animal studies that 

NS has a potential ameliorative effect on 

endothelial dysfunction [9, 10]. This could be 

mediated through the upregulation of endothelial 

nitric oxide synthase while downregulating cell 

adhesion molecules and the oxidized low-density 

lipoprotein receptor-1 expression [11]. Also, NS 

can enhance endothelium-mediated vasorelaxant 

effect through restoring vasodilating compounds 

such as endogenous nitric oxide and 

endothelium-derived hyperpolarizing factor [12]. 

Thus, regulating the expression of adhesion 

molecules could be one of the critical 

mechanisms that are involved in the ameliorative 

effect of NS on endothelial dysfunction [13]. 

It is worthy to mention that the effect of 

black seed oil on cell adhesion molecules and 

thus ameliorating endothelial dysfunction, in 

addition to its impact on QOL of type 2 diabetic 

patients has not been investigated up to the date 

of presenting this research article.  

2. Materials and Methods 

2.1. Setting and Participants 

All patients presenting to the outpatient 

Internal Medicine and Endocrinology 

Department of Ain Shams University Hospitals 

in Cairo, Egypt were assessed for eligibility. The 

study was registered in www.ClinicalTrials.gov 

(NCT03959306, May 2019) and approved by 

Research Ethics Committee for Experimental and 

Clinical Studies, Faculty of Pharmacy, Ain 

Shams University (approval number: 47) and 

conducted following the 1964 Declaration of 

Helsinki.  

 Patients that met the following requirements 

were enrolled into the study: age above 18 years, 

presence of type 2 diabetes mellitus (T2DM) for 

at least six months and was diagnosed according 

to American Diabetes Association (ADA) 

criteria: Standards of Medical Care in Diabetes- 

January 2019.  On the other hand, patients were 

ruled out if they had any of the following criteria: 

candidates for insulin therapy, serious long-term 

diabetes complications, unstable coronary artery 

disease, cardiac arrhythmia or congestive heart 

failure, uncontrolled hypertension or recent 

stroke, presence of malignancy, chronic kidney 

disease or chronic liver disease. Participants 

should not have taken any intervention with black 

seed oil or any other herbal supplement within 

the last two months that precede the study. 

Signed informed consent was obtained from 

every patient before being enrolled in the study. 

2.2. Study Design 

This study was a prospective, randomized, 

placebo-controlled, double-blinded study. A total 

of 56 patients were blindly randomized either to 

the intervention or control group using 

computerized software (QuickCalcs - GraphPad 

Software). The intervention group received 1800 

mg/day of black seed oil (Nigella sativa L. seed 

oil) soft gelatin capsule (900 mg twice daily) 

under the trade name of Baraka 450mg
®
, Pharco 

Pharmaceutical, Cairo, Egypt. To assure the 

double blindness, the control group received 

identical placebo soft gelatin capsules with the 



Black seed oil supplement in diabetic patients 319 

same color and appearance for 3 months. All 

patients were under the same standard 

pharmacological treatment for the management 

of type 2 diabetes. Patients were followed up by 

making phone calls every week and asking them 

to visit the clinic every 10 days to refill their 

bottles that were previously prepared and 

numbered by an investigator with no clinical 

involvement in the trial. Patients were advised to 

report any undesirable effects in the provided 

adverse effects reporting sheet and were allowed 

to contact the investigator immediately. Both the 

principal investigator and study participants were 

blinded. 

2.3. Blood Sampling and Serum Parameters 

Measurement 

Serum samples were collected at the 

beginning and end of the study from each patient 

after 10 - 12 h of fasting. Serum samples were 

divided into two parts. One part of the serum 

sample was analyzed immediately for fasting 

blood glucose (FBG), glycated hemoglobin 

(HbA1c), full lipid profile, kidney and liver 

functions (serum creatinine (sCr), blood urea 

nitrogen (BUN), aspartate aminotransferase 

(AST) and alanine aminotransferase (ALT) 

levels), while the other part was stored at -80 

until the time of assay for high sensitivity c-

reactive protein (hsCRP) and serum soluble 

intercellular adhesion molecule-1 (sICAM-1). 

Ten healthy volunteers were recruited to 

determine the normal levels of hsCRP and 

sICAM-1 in diabetes-free, age, and sex-matched 

healthy people. 

hsCRP (DRG International Inc., USA) and 

sICAM-1 (bio-techne company, Minneapolis, 

USA) commercial kits were used in the current 

study. hsCRP and sICAM-1 were measured by 

quantitative enzyme-linked immunoassay 

techniques. All other blood sample parameters 

were determined using the commercial kits 

(Stanbio Laboratory, USA). 

2.4. Quality of Life (QOL) Assessment 

Patients of both groups were surveyed and 

their QOL was assessed at the beginning of the 

study and after three months follow-up period 

using an Arabic validated version of the 

Diabetes-39 questionnaire that is composed of 

five major domains that are affected by the 

presence of diabetes [14].  

2.5. Statistical Analysis 

IBM SPSS
®
 Statistics version 22 (IBM

®
 

Corp., Armonk, NY, USA) was used for 

statistical analysis. Numeric data were checked 

for normality using the Shapiro-Wilk test. 

Qualitative data were examined by using Fisher’s 

exact test. Comparison of quantitative data 

between the study groups was done using either 

the Student t-test or Mann-Whitney test.  

Comparison of two consecutive measures of 

numerical variables was done using either paired 

t-test or Wilcoxon-signed rank test as 

appropriate. Due to multiple comparisons, p-

values were corrected using the Bonferroni 

method. Comparison of the percent change of 

parameters was calculated using the Mann-

Whitney test. The Spearman-rho method was 

used to test correlations between numerical 

variables. All tests were two-tailed. p<0.05 was 

considered significant. 

The sample size was calculated based on an 

early work done by Satoh and his colleagues 

about the effect of alpha-glucosidase inhibitor, 

voglibose, on biomarkers of oxidative stress and 

sICAM-1 in obese patients with type 2 diabetes 

[15]. Considering the effect size of NS on 

sICAM-1 in diabetic patients is moderate (0.2). A 

total sample size of fifty patients (25 in each 

group) was required at an alpha level of 0.05 and 

a power of 80%. The sample size was determined 

using the G*Power
©
 software (Institut für 

Experimentelle Psychologie, Heinrich Heine 
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Universität, Düsseldorf, Germany) version 

3.1.9.2. 

3. Results 

3.1. Participants, Study Flow and 

Demographics 

From May to December 2019, 81 patients 

were assessed for eligibility. Only 56 patients 

fulfilled the eligibility criteria and were 

randomized into the study groups. Throughout 

the study, 6 patients were dropped out due to 

different reasons as illustrated in Fig. 1. Patients 

who participated and completed the study were 

44 (88%) females and 6 (12%) males. No 

significant differences were found between the 

study groups regarding demographics (Table 1). 

  

 

Fig. 1. Flow chart describing the study according to CONSORT guidelines 
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Table 1. Demographic data of the study participants 

Variable Intervention group 

(N= 25) 

Control group  

(N= 25) 

Between-group 

comparison (p-value) 

Sex number (%) 

Male 

Female 

 

3 (12.0%) 

22 (88%) 

 

3 (12.0%) 

22 (88%) 

 

1.000
a
 

Age Mean (SD) (years) 47.3 (3.8) 47.8 (2.8) 0.643
b
 

Duration of diabetes 
Mean (SD) (years) 

 

6.6 (2.0) 

 

6.3 (2.5) 

 

0.658
b
 

Data are expressed as mean and standard deviation (SD) or percentage (%), *p ≤ 0.05 is significant. a between groups comparison 

using Fisher's exact test; b between groups comparison using unpaired t-test; N, number of subjects. 

3.2. Effect on Metabolic Parameters 

No significant differences were documented 

between the study groups regarding baseline 

characteristics. The high-density lipoprotein 

(HDL) level was higher in the intervention group 

47.360 (7.4548) vs 42.520 (6.5008) mg/dL in the 

control group but it was not statistically 

significantly different after applying Bonferroni 

correction (corrected p-value= 0.072) as 

illustrated in (Table 2). 

When comparing the difference between the 

study groups at the end of the study, it is apparent 

from the results presented in (Table 2) that there 

was a statistically significant decrease concerning 

HbA1c (p= 0.004) and triglycerides (TG) (p= 

0.008), while, there were a statistically significant 

increase in HDL (p= 0.004) levels. Furthermore, 

a comparison of percent change among the study 

groups showed a significant difference regarding 

the levels of HbA1c (p= 0.009), total cholesterol 

(TC) (p= 0.005), and TG (p= 0.047). 

3.3. Effect on Inflammatory and Endothelial 

Dysfunction Markers 

Compared to age and sex-matched healthy 

volunteers (n= 10), baseline hsCRP levels were 

statistically significantly higher in patients of 

both study groups 4.5 (3.6-5.1) compared to 

healthy volunteers 0.8 (0.7-1.0) mg/L with 

(p<0.001). Also, sICAM-1 levels were 

significantly elevated in diabetic patients 311.2 

(256-345) vs. 119 (110-134) ng/mL in healthy 

volunteers with (p<0.001). 

At baseline, there was no statistically 

significant difference regarding hsCRP and 

sICAM-1 between the study groups. Comparison 

of percent change among the study groups 

showed a significant difference regarding the 

levels of hsCRP (p= 0.003) and sICAM-1 (p= 

0.018) as illustrated in (Table 3).

3.4. Correlations Between sICAM-1 Levels 

and Glycemic Control, Lipid Profile 

Parameters and Inflammatory Markers 

A strong negative correlation was found 

among sICAM-l and HDL levels, while strong 

positive correlations were found among hsCRP, 

FBG, HbA1c, and sICAM-1 levels in all diabetic 

patients after 12 weeks (Fig. 2). 

3.5. Impact on QOL 

The study groups were comparable regarding 

the five QOL domains at baseline. Diabetes 

control domain scores were reduced from 70.8 

(69.4-73.6) at baseline to 65.3 (63.9-70.8) at the 

end of the study in the intervention group with p= 

0.012. Additionally, a comparison of percent 

change among the study groups showed a 

significant difference regarding diabetes control 

domain scores (p= 0.004). While no significant 

differences were observed in the other four 

domains' scores (Table 4). 
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Table 2. Comparison of the anthropometric and biochemical parameters of study participants 

Parameter 
Intervention group 

       (N = 25)    

Control group  

       (N = 25) 
p-Value a 

BMI-0 (kg/m2) Mean (SD) 

BMI-End (kg/m2) Mean (SD) 

30.716 (2.6418) 

30.042 (2.6721) 

29.367 (2.9088) 

28.980 (2.7897) 

0.368 

0.704 

p-Value b 0.004* 0.267  

BMI -change (%) Median (IQR) -2.7 (-3.9 – -1.3) -2.7 ( -4.1 – 2.4) 0.593 

FBG-0 (mg/dL) Mean (SD) 

FBG-End (mg/dL) Mean (SD) 

214 (60.3504) 

179.840 (53.293) 

220.040 (70.6266) 

200.040 (76.6814) 

0.747 

0.285 

p-Value b 0.044* 0.200  

FBG –change (%) Median (IQR) -18.4 (-39.4 – 7) -11.7 (-24.8 – 2.7) 0.628 

HbA1c-0 (%) Mean (SD) 

HbA1c-End (%) Mean (SD) 

8.824 (0.9369) 

7.988 (0.8217) 

9.248 (1.1244) 

9.012 (1.1526) 

0.616 

0.004* 

p-Value b <0.001* 0.576  

HbA1c–change (%) Median (IQR) -10.3 (-15 – -3.5) -2.6 (-9.1 – 2.7) 0.009* 

TC-0 (mg/dL) Mean (SD) 

TC-End (mg/dL) Mean (SD) 

193.280 (33.2698) 

180 (29.858) 

196.760 (35.2080) 

195.160 (33.3175) 

0.721 

0.388 

p-Value b <0.001* 0.530  

TC- change (%) Median (IQR) -7.3 (-11.8 – 2) -2.9 (-4.8 – 1.6) 0.005* 

TG-0 (mg/dL) Mean (SD) 

TG-End (mg/dL) Mean (SD) 

132.720 (51.4519) 

104.120 (30.333) 

143.640 (44.4915) 

138.880 (42.8732) 

0.426 

0.008* 

p-Value b 0.008* 0.232  

TG –change (%) Median (IQR) -18.9 (-25.4 – 1.6) -5.8 (-9.2 – -0.7) 0.047* 

HDL-0 (mg/dL) Mean (SD) 

HDL-End (mg/dL) Mean (SD) 

47.360 (7.4548) 

52.280 (6.6741) 

42.520 (6.5008) 

45.440 (7.2863) 

0.072 

0.004* 

p-Value b <0.001* 0.060  

HDL- change (%) Median (IQR) 10.2 (-4.2 – 24.4) 4.9 (-4.3 – 18) 0.240 

LDL-0 (mg/dL) Mean (SD) 

LDL-End (mg/dL) Mean (SD) 

119.376 (30.4241) 

106.896 (30.808) 

125.512 (33.1107) 

121.944 (32.756) 

0.498 

0.404 

p-Value b 0.004* 0.728  

LDL- change (%) Median (IQR) -13.8 (-20.5 – 0.6) -3.4 (-7.2 – 3) 0.056 

AST -0 (U/L) Mean (SD) 

AST-End (U/L) Mean (SD) 

31.120 (2.8624) 

30.720 (3.2853) 

30.640 (3.7956) 

30.040 (3.1289) 

0.616 

0.457 

p-Value b 0.322 0.228  

AST- change (%) Median (IQR) -3.2 (-5.9 – 5.1) -3.2 (-5.7 – 3) 0.900 

ALT -0 (U/L) Mean (SD) 

ALT-End (U/L) Mean (SD) 

28.480 (7.6546) 

28.240 (7.0017) 

27.680 (6.5046) 

28.040 (5.6751) 

0.692 

0.912 

p-Value b 0.736 0.640  

ALT –change (%) Median (IQR) 0 (-7.1 – 10.7) 4.9 (-11.1 – 15) 0.621 

BUN-0 (mg/dL) Mean (SD) 

BUN-End (mg/dL) Mean (SD) 

29.000 (2.9861) 

28.600 (3.8837) 

28.640 (3.8932) 

28.120 (4.1162) 

0.715 

0.673 

p-Value b 0.475 0.417  

BUN- change (%) Median (IQR) -4 (-7.4 – 7.4) -3.7 (-8.8 – 6.9) 0.884 

sCr-0 (mg/dL) Mean (SD) 

sCr-End (mg/dL) Mean (SD) 

0.9492 (0.15171) 

0.888(0.2166) 

0.9040 (0.13687) 

0.860 (0.1555) 

0.274 

0.602 

p-Value b 0.82 0.344  

sCr –change (%) Median (IQR) -12.5 (-25 – 12.5) -9.1 (-12.5 – 10) 0.509 

Data are expressed as mean and standard deviation (SD) or median and inter-quartile range (IQR), *p ≤ 0.05 is significant. p-

Value: abetween groups comparison using unpaired t-test, –change: percent change calculated using Mann-Whitney test, p-Value: 
bwithin group comparison using paired t-test. N, number of subjects; -0, baseline; BMI, body mass index; FBG, fasting 

blood glucose; HbA1c, glycated hemoglobin; TC, total cholesterol; TG, triglycerides; HDL, high-density 

lipoprotein; LDL, low-density lipoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, 

blood urea nitrogen; sCr, serum creatinine. 
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Table 3. Values and statistical analysis of inflammatory and endothelial dysfunction markers of the study 

participants 

Parameter 
Intervention group (N = 25) 

Median (IQR) 

Control group (N = 25) 

Median (IQR) 

p-Value a 

hsCRP-0 (mg/L) 

hsCRP-End (mg/L) 

4.3 (3.5 – 4.8) 

3.2 (2.5 – 5) 

4.7 (3.9 – 5.2) 

4.5 (3.5 – 5.4) 

0.317 

0.112 

p-Value b 0.004* 0.262  

hsCRP- change (%) -20 (-34.6 – -5.6) -6 (-9.7 – 6.4) 0.003* 

sICAM 1-0 (ng/mL) 

sICAM 1- End (ng/mL) 

282 (218 – 344) 

245 (184 – 291) 

314 (282.5 – 401) 

334 (251 – 375) 

0.244 

0.024* 

p-Value b 0.004* 0.696  

sICAM 1- change (%)  -15.2 (-20.3 – -6) -6.2 (-11.2 – 3.9) 0.018* 

Data are expressed as median and inter-quartile range (IQR), *p ≤ 0.05 is significant. 

p-Value: a between-groups comparison using Mann-Whitney test, –change: percent change calculated using Mann-Whitney test, 

p-Value: b within-group comparison using Wilcoxon-signed rank test. N, number of subjects; -0, baseline; hsCRP, high sensitivity 

c-reactive protein; sICAM-1, soluble intercellular adhesion molecule-1. 

Table 4. Comparison of quality of life domain scores at baseline and after 3 months among the study groups 

Parameter Intervention group (N = 25) 

Median (IQR) 

Control group (N = 25) 

Median (IQR) 
p-Value a 

Energy and mobility domain scores 

at Baseline 

After 3 months 

 

68.9 (67.8 – 73.3) 

67.8 (63.3 – 72.2) 

 

70 (66.7 – 71.1) 

67.8 (65.6 – 70) 

 

0.483 

0.838 

p-Value b 0.0680 0.385  

Energy and mobility domain scores percent 

change (%) 

 

-4.3 (-6.8 – 3) 

 

-1.6 (-3.2 – 3.1) 

 

0.177 

Diabetes control domain scores 

at Baseline 

After 3 months 

 

70.8 (69.4 – 73.6) 

65.3 (63.9 – 70.8) 

 

75 (69.4 – 80.6) 

75 (69.4 – 80.6) 

 

0.164 

0.004* 

p-Value b 0.012* 0.408  

Diabetes control domain scores 

percent change (%) 

 

-5.7 (-9.6 – -1.9) 

 

-1.7 (-3.6 – 0) 

 

0.004* 

Anxiety and worry domain scores 

at Baseline 

After 3 months 

 

75 (66.7 – 79.2) 

75 (66.7 – 83.3) 

 

79.2 (66.7 – 87.5) 

79.2 (70.8 – 87.5) 

 

0.551 

0.372 

p-Value b 0.418 0.496  

Anxiety and worry domain scores 

percent change (%) 

 

-5 (-10.5 – 5.6) 

 

0.0 (-4.5 – 11.1) 

 

0.065 

Social burden domain scores 

at Baseline 

After 3 months 

 

70 (63.3 – 73.3) 

63.3 (63.3 – 66.7) 

 

70 (63.3 – 76.7) 

66.7 (60 – 76.7) 

 

0.458 

0.255 

p-Value b 0.596 0.892  

Social burden domain scores percent change 
(%) 

 

-5.3 (-9.5 – 0.0) 

 

-5.3 (-9.1 – 5) 

 

0.627 

Sexual functioning domain scores 

at Baseline 

After 3 months 

 

44.4 (11.1 – 61.1) 

38.9 (16.7 – 55.6) 

 

55.6 (27.8 – 66.7) 

50 (27.8 – 61.1) 

 

0.401 

0.964 

p-Value b 0.908 0.591  

Sexual functioning domain scores 

percent change (%) 

 

0.0 (-10 – 0.0) 

 

0.0 (-10 – 16.7) 

 

0.651 

Data are expressed as median and inter-quartile range (IQR), *p ≤ 0.05 is significant. p-Value:  abetween groups comparison 

using Mann-Whitney test, –change: percent change calculated using Mann-Whitney test. p-Value: bwithin group comparison 

using Wilcoxon-signed rank test. N, number of subjects. 
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Fig. 2. Correlations between sICAM-1 and different metabolic and inflammatory parameters in both study groups after 12 Weeks 

Statistical Test, spearman's rho; *p ≤ 0.05 is significant. r, correlation coefficient; sICAM-1, soluble intercellular adhesion 

molecule-1; FBG, fasting blood glucose; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein-cholesterol; hs-CRP, 

high sensitivity c-reactive protein; TC, total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein-cholesterol. 
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3.6. Safety and Tolerability 

Concerning safety and tolerability of the 

intervention drug, it was found that 70% (35 

patients) of all enrolled patients didn’t show any 

adverse events throughout the study including 16 

patients (32%) from the intervention group and 

19 patients (38%) from the control group. 

Stomach upset and itching were the most 

frequent side effects among the intervention 

group. The occurrence of stomach upset and 

itching in the intervention group was (16% and 

12%) vs (4% and 8%) in the control group 

respectively. All of these symptoms disappeared 

after a few days from taking the capsules and did 

not result in discontinuation of the intervention 

drug or withdrawal from the study. Regarding 

Kidney functions and liver enzymes, within and 

between-group comparisons showed that there 

were no significant changes in their levels during 

the study period in both groups (Table 2). 

4. Discussion 

It has become obvious that CRP is a major 

contributing factor in platelet activation, 

atherosclerotic plaque formation as well as 

vascular remodeling [16]. Based on current 

evidence, CRP gained considerable attention as a 

useful biomarker in predicting cardiovascular 

events and mortality [17], retinopathy [18], and 

nephropathy in type 2 diabetic patients [19]. 

Similarly, with regards to cell adhesion 

molecules, a linear association was reported 

between elevations of ICAM-1 and diabetic 

renal, retinal, and macrovascular complications 

[20, 21]. There is also a link between the levels 

of ICAM-1 and diabetic neuropathy [22]. So, 

both CRP and soluble adhesion molecules can be 

considered as attractive early predictors of 

diabetic complications and therapeutic targets for 

diabetic patients [23].  

The effect of NS on body composition and 

anthropometric indices was not consistent 

between studies [24]. In the present study, daily 

consumption of 1800 milligram NS seed oil for 

12 weeks decreased body weight and body mass 

index (BMI) significantly compared to baseline. 

However, between-group comparison and 

comparison of the percent change among the two 

groups were not significant. Anti-obesity 

properties of NS could be explained by the 

decreased feeling of hunger and increased 

fullness, soluble fibers content, and basal 

metabolic rate level [24]. The current study 

results are in line with a previous study that 

documented the same findings [25].   

In the current study, NS oil significantly 

decreased FBG level by 18.4% compared to 

baseline, but it was not significant between the 

study groups. A previous study failed to improve 

FBG with the use of 1g/day dose, while it 

reported a significant improvement with 2 and 3 

g/day doses [26]. Also, the administration of NS 

at a dose of 2g/day in hyperlipidemic patients had 

no significant effect on FBG [27]. Moreover, a 

recent study reported no significant effect on 

FBG in metabolic syndrome patients [28]. This 

could be explained by the variability in dosages, 

duration of diabetes, last meal content, physical 

activity, stress, and diseases of study participants 

that could affect FBG level. It was found that 2 g 

of NS for a period of 3 months and up to 1 year is 

the optimum dose to improve glycemic 

parameters [29]. The glucose-lowering effect of 

NS could be mediated through its effect on the 

adenosine monophosphate-activated protein 

kinase pathway, which in turn increases insulin 

sensitivity and the oxidation of fatty acid, the 

synthesis of glucose transporter type 4, and 

peroxisome proliferator-activated receptor-γ 

(PPAR-γ) activity [30]. This current work 

demonstrated a significant decrease in the level 

of HbA1c, similar to the majority of previous 

studies [29]. 

Disturbances in lipid panel, elevated levels of 
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TC, TGs, low-density lipoprotein (LDL), while a 

decreased level of HDL, are commonly seen in 

diabetic patients leading to an increased risk of 

atherosclerosis [31]. Previous studies reported 

different effects of NS on lipid parameters. The 

majority of studies showed a positive effect on 

plasma concentrations of TC, LDL, and TG, 

while more controversial results were reported 

regarding HDL [32]. In the present work, a 

significant reduction in the level of TC and TG 

by 7.3% and 18.9% respectively was observed in 

the intervention group. Also, NS oil decreased the 

level of LDL by 13.8%, while it increased the 

level of HDL by 10.2% in the intervention group 

without reaching a statistical significance 

between the study groups. The hypolipidemic 

effect of NS could be explained by its role in 

PPAR-γ activation, up-regulation of LDL 

receptors which increases the clearance of LDL, 

reduction of cholesterol de novo synthesis, and 

inhibition of lipid peroxidation [33].  

It was observed in the present study that 

hsCRP and sICAM-1 levels were elevated in 

diabetic patients compared to healthy volunteers, 

which are following previous studies that 

demonstrated the increased level of these markers 

in diabetic patients and their association with 

future diabetic complications and mortality [20, 

23]. At the current work, a statistically significant 

reduction in hsCRP levels in the intervention 

group was found following randomized 

controlled trials which demonstrated the 

beneficial effect of NS on the CRP level of 

patients with different disease states [34]. On the 

contrary, a recent meta-analysis failed to 

demonstrate any beneficial effect for NS on the 

CRP level [32]. Inhibition of cyclooxygenase and 

lipoxygenase pathways, thus decreasing the level 

of pro-inflammatory cytokines, is the major 

mechanism contributing to NS anti-inflammatory 

properties. In addition, it can suppress 

inflammation by decreasing body weight, 

scavenging reactive oxygen species, and 

increasing the activity of antioxidant enzymes 

[34]. 

The effect of NS on adhesion molecules in 

type 2 diabetic patients is still unexplored yet. 

The current study was the first clinical trial to 

investigate the effect of NS on soluble adhesion 

molecules in type 2 diabetic patients. NS 

demonstrated a significant decrease in sICAM-1 

levels of the intervention group compared to the 

baseline and control group which might prove the 

potential protective effect of black seed oil 

against diabetic vascular complications. Strong 

positive correlations between sICAM-1 levels 

and FBG, HbA1c, and hsCRP were found, while 

there was a negative correlation between sICAM-

1 and HDL levels. Similarly, previous studies 

reported a positive correlation between ICAM-1 

and hsCRP [35], as well as HbA1c and ICAM-1 

levels [36]. Furthermore, in diabetic patients with 

renal complications, there was an increased 

expression of profibrotic genes (ICAM-1) that 

positively correlated with HbA1c and CRP 

indicating their role in the pathogenesis of 

diabetic nephropathy [37]. Moreover, our results 

are following a previous study that demonstrated 

a decreased expression of ICAM-1 with HDL 

[38]. 

NS is a safe and well-tolerated herbal 

medicine. Our results are following previous 

studies that reported the potential safety and 

nontoxic effect of NS in type 2 diabetic patients 

[26]. However, some previous reports 

documented undesirable side effects with high 

doses of NS use, such as; indigestion, anorexia, 

nausea, diarrhea, stomachache, allergies, and 

eczema [34]. 

Poor glycemic control and its related diabetic 

complications have a great burden on the health-

related QOL of those patients. The diabetes-39 

questionnaire is a reliable multidiscipline 

diabetes-specific questionnaire that has been 

extensively used in diabetic patients with 
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different demographic and clinical 

characteristics, ethnicity, gender, age, or level of 

education [39]. In the current study, patients 

treated with black seed oil experienced a 

statistically significant improvement in the 

diabetes control domain that may be related to 

the improvement of glycemic indices, lipid 

profile, and inflammatory markers in the 

intervention group. Energy and mobility, social 

burden, as well as anxiety and worry domains 

were improved but without reaching statistical 

significance that may need higher doses and a 

longer duration of time to be more obvious. 

Previous studies examined the effect of NS on 

patients' QOL in different disease states [40], but 

there is no study in the same field of diabetes to 

compare with. 

Conclusions 

The current study shows that hsCRP and 

ICAM-1 are elevated in diabetic patients which 

increases their risk for diabetic complications. 

The administration of black seed oil with its 

proven antioxidant and anti-inflammatory 

properties decreased the level of both markers of 

vascular inflammation. Moreover, black seed oil 

was superior to standard treatment alone in 

improving metabolic parameters.     

Recommendations 

Since this is the first study conducted to 

study the effect of NS on endothelial dysfunction 

of type 2 diabetic patients, further multicenter 

trials with higher doses and for a longer time are 

needed to be performed to support current 

promising results. 
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