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Antidiabetic Activity of Nigella Sativa (Black Seeds) and Its Active 
Constituent (Thymoquinone) – A Review of Human and 
Experimental Animal Studies
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The use of herbal medicine to manage chronic conditions including diabetes has become 
a recent global trend. Diabetes mellitus (DM) is a group of metabolic disorders charac-
terized by hyperglycemia. The present review is aimed to analyze the antidiabetic activ-
ity of N. sativa as many type 2 diabetic patients use it as a complementary therapy along 
with their modern allopathic medications or as an alternative therapy. The literature 
was reviewed in databases like Medline/PubMed Central/PubMed, Google Scholar, 
Science Direct, EBSCO, Scopus, Web of science, EMBASE, Directory of open access 
journals (DOAJ), and reference lists to identify relevant articles supporting the use 
of N. sativa in diabetes management. Numerous clinical and animal studies have dem-
onstrated the antidiabetic efficacy of black seeds (N. sativa) and its major bioactive con-
stituent thymoquinone. Based on these findings patients with diabetes may use N. sat-
iva as an adjuvant therapy, which may help to reduce the dose and incidence of adverse 
effects of modern antidiabetic medicines.
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INTRODUCTION

Diabetes mellitus (DM) is a group of metabolic disorders 
characterized by hyperglycemia. It is caused by decreased 
insulin secretion from pancreatic β cells, diminished action 
of insulin at the periphery or by both.1 Generally, hyper-
glycemia induces the release of reactive oxygen species 
(ROS) which stimulate cellular damage leading to compli-
cations including peripheral neuropathy, retinopathy and 
nephropathy.2

In 2019, it was estimated that there were 463 million peo-
ple living with diabetes across the globe and it has been pre-
dicted that the global prevalence of diabetes would reach 
578 million cases by 2030 and 700 million by 2045.3 Pa-
tients with type 2 diabetes are usually treated with oral an-
tidiabetic drugs such as metformin, sulfonylureas, megliti-
nides, thiazolidinediones (TZDs), dipeptidyl peptidase 4 
(DPP4) inhibitors and SGLT2 inhibitors.4,5

DIABETES AND BLACK SEEDS (NIGELLA SATIVA) 

Recently, people around the globe are opting to use herb-
al medicines to manage chronic conditions such as dia-
betes, hypertension, cancer, obesity, and others as modern 
medicines may be associated with harmful and undesir-
able side effects.6 Perceived failure of allopathic medicines, 
relatively high cost of allopathic medicines, social cultural 
practices and/or herbal knowledge, poor accessibility to 
medical facilities and safety concerns about allopathic medi-
cines are the primary reasons for the patients’ preference 
of herbal remedies to manage chronic conditions.7 

The prevalence of use of herbal medicines is higher among 
the patients with diabetes.8 A cross sectional survey de-
termined that about 7.3% of 310 Jordanian diabetic pa-
tients used N. sativa to manage their diabetes.9 

Nigella sativa (Black seeds) is an herb, which belongs to 
Ranunculacea family. N. sativa has been used to treat vari-
ous chronic conditions such as diabetes, hypertension, can-
cer, obesity, and others.10 The most prominent active con-
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TABLE 1. Clinical antidiabetic studies of N. sativa

S. No Study design
Number of 

participants
Outcome

1 Prospective observational study13 60 Significant improvement in plasma levels of FBG, LDL-c and TC
2 Pilot study14 41 Significant reduction of FBG and enhanced insulin levels compared

to the control levels.
3 Prospective cohort study15 94 Significant reduction of FBG, 2 hours PPBG and HbA1c
4 Pilot study17 80 Significant reduction of HbA1c, FBG and PPBG.
5 Randomized, double-blind, placebo 

controlled clinical trial18
70 Significant reduction of HbA1c, FBG, PPBG and BMI

6 Participant-blinded, placebo 
controlled clinical trial19

114 ㆍSignificant reduction of FBG, HbA1c and glutathione and 
thiobarbituric acid reactive substances (TBARS)

ㆍSignificant elevation of TAC, SOD and glutathione
ㆍSignificantly higher β-cell activity
ㆍSignificantly lower insulin resistance

7 Double-blind, randomized controlled 
trial20

250 ㆍDecreased FBG and lipids like LDL-c and triglycerides
ㆍImproved BMI, waist circumference, hip-circumference, blood 

pressure and c-reactive protein levels
8 Double-blind, randomized controlled 

trial21
72 ㆍSignificant reduction of FBG, HbA1c, LDL-c and triglycerides.

ㆍDecreased insulin resistance, body weight and BMI
ㆍElevated HDL-c levels

9 Participant-blinded, placebo 
controlled clinical trial22

60 ㆍSignificant reduction of HbA1c
ㆍProtected diastolic function and improved systolic function

10 Single-blind, randomized controlled 
trial23

99 Significant reduction in HbA1c levels

11 Prospective, comparative, 
open-label study24

63 Reduction of blood glucose along with other parameters like serum
creatinine, blood urea, and elevated GFR, and hemoglobin levels.

12 Prospective, open-labeled, random-
ized clinical trial25

66 ㆍReduction of fasting blood glucose, 2 hours post prandial glucose
and HbA1c levels

ㆍSignificant decline of body weight, waist circumference, BMI, 
fasting insulin, insulin resistance, TC, LDL-c, and triglycerides

13 Non-randomized clinical trial26 114 Significant reduction of TC, LDL-c, SBP, DBP, MAP and HR 
14 Placebo-controlled clinical trial27 40 Significant reduction of HOMA-IR index, and serum levels of insulin, 

glucose, triglycerides, TC, LDL-c, CRP, AST, ALT, ALP 
15 Randomized clinical trial28 117 Statistically similar improvements in body weight, BMI, glycemic, 

lipid and inflammatory parameters

stituent of N. sativa is thymoquinone (TQ) and it also con-
tains other bioactive constituents including dithymoquinone 
(DTQ), carvone, limonine, nigellidine, nigellicine, nigelli-
cimine and others.11 The present review is aimed to analyze 
the antidiabetic activity of N. sativa as many type 2 diabetic 
patients use it as a complementary therapy along with their 
modern allopathic medications or as an alternative therapy.

The use of N. sativa is very common in traditional medi-
cines including Unani, Ayurveda, Chinese medicine, and 
others. Several clinical and pre-clinical studies have al-
ready demonstrated the antidiabetic activity of N. sativa 
and its active constituent Thymoquinone. 

The literature reviewed for this article was found in data-
bases like Medline/PubMed Central/PubMed, Google Scholar, 
Science Direct, EBSCO, Scopus, Web of science, EMBASE, 
Directory of open access journals (DOAJ), and reference 
lists to identify relevant articles supporting the use of N. 
sativa in diabetes management.

CLINICAL STUDIES OF N. SATIVA

Numerous clinical studies have demonstrated the anti-
diabetic efficacy of N. sativa (Table 1). The administration 
of powdered N. sativa seeds for 40 days in 46 patients with 
type 2 DM produced a significant reduction of fasting blood 
glucose (FBG), total cholesterol, LDL-cholesterol and tri-
glycerides while increasing the levels of insulin and HDL- 
cholesterol.12 A prospective observational study found that 
the administration of 2.5 mL of N. sativa oil 2 times a day 
in patients taking Atorvastatin 10 mg once daily and Met-
formin 500 mg twice daily for 6 weeks, resulted in signi-
ficant improvement in plasma levels of fasting blood glu-
cose, low density lipoprotein (LDL)-cholesterol and total 
cholesterol.13 Furthermore, a pilot study of 41 patients with 
type 2 DM revealed that the consumption of N. sativa oil 
along with their regular antidiabetic medications for 40 
days resulted in significant reduction of fasting blood glu-
cose (FBG) and enhanced insulin levels compared to the 
control levels.14
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Moreover, a prospective cohort study of 94 patients with 
uncontrolled type 2 DM demonstrated that the admin-
istration of 2 gm/day of N. sativa for 12 weeks along with 
their regular antidiabetic medications induced superior 
diabetes control by reducing FBG, 2 hours post prandial 
blood glucose (PPBG) and glycosylated hemoglobin A1c 
(HbA1c) significantly.15 Similarly, the type 2 DM patients 
who took 5 gm/day of N. sativa tea for 6 months along with 
their usual antidiabetic drugs, diet and exercise, showed 
a significant reduction of FBG and HbA1c levels.16 In addi-
tion, a study of metabolic syndrome patients with poor gly-
cemic control (HbA1c >7 percentage) demonstrated that 
the administration of N. sativa for 8 weeks resulted in a sig-
nificant reduction of HbA1c, FBG and PPBG.17

A randomized, double-blind, placebo controlled clinical 
trial of 70 type 2 DM patients, demonstrated that the 
HbA1c, FBG and PPBG were significantly decreased by the 
administration of 2.5 mL of N. sativa oil 2 times daily for 
3 months compared to control group. In addition, the body 
mass index (BMI) of the patients who received N. sativa oil 
was also found to be significantly decreased.18 

A participant-blinded, placebo controlled clinical trial of 
114 type 2 DM patients receiving standard oral anti-
diabetic drugs demonstrated that the administration of 2 
gm of N. sativa daily for 1 year lead to a significant reduction 
of FBG, HbA1c and glutathione and thiobarbituric acid re-
active substances (TBARS) and a significant elevation of 
total antioxidant capacity (TAC), superoxide dismutase 
(SOD) and glutathione compared to the control group. In 
addition, β-cell activity was significantly higher and in-
sulin resistance was significantly lower in patients who re-
ceived N. sativa along with standard oral antidiabetic 
drugs.19 Moreover, a double-blind, randomized controlled 
trial of 250 healthy males with metabolic syndrome found 
that the supplementation of 1.5 gm of black seeds daily for 
8 weeks produced a decrease in FBG and lipids like 
LDL-cholesterol and triglycerides. Moreover, the admin-
istration of black seeds (900 mg/day) in combination with 
turmeric (1.5 gm/day) for 8 weeks resulted in decreased 
FBG and LDL-cholesterol along with improved BMI, waist 
circumference, hip-circumference, blood pressure (BP) and 
C - reactive protein (CRP) levels.20 In addition, a double- 
blind, randomized controlled trial of 72 patients with type 
2 DM who received 1 gm soft gel capsule of N. sativa oil 3 
times daily for 12 weeks, shown a significant reduction of 
FBG, HbA1c, LDL-cholesterol and triglycerides. Moreover, 
N. sativa therapy has also decreased insulin resistance, 
body weight and BMI while increasing HDL-cholesterol 
levels.21 

A participant-blinded, placebo controlled clinical trial of 
60 type 2 DM patients taking oral hypoglycemic agents 
demonstrated that the administration of powdered N. sat-
iva (2 gm/day) for 1 year resulted in significant reduction 
of HbA1c. In addition, the patients treated with N. sativa 
for 1 year have shown protected diastolic function and im-
proved systolic function.22 Furthermore, a single-blind, 
randomized controlled trial of 99 outpatients with meta-

bolic syndrome who received 1.5 mL and 3 mL of oral N. sat-
iva oil daily for 20 days, reported a significant reduction in 
HbA1c levels.23 In addition, a prospective, comparative, 
open-label study of patients with chronic kidney disease 
(stage 3 & 4) due to diabetic nephropathy who received 2.5 
mL of oral N. sativa oil daily for 12 weeks along with con-
servative therapy reported a reduction of blood glucose 
along with other parameters like serum creatinine, blood 
urea, and elevated glomerular filtration rate (GFR), and 
hemoglobin levels.24

A prospective, open-labeled, randomized clinical trial of 
newly diagnosed type 2 diabetes mellitus patients revealed 
that the administration of metformin or 1350 mg/day of N. 
sativa oil capsules for 3 months ensued in reduction of fast-
ing blood glucose, 2 hours post prandial glucose and HbA1c 
levels caused by N. sativa treatment was found to be in-
ferior to metformin treatment. However, the N. sativa 
treatment resulted in significant decline of body weight, 
waist circumference, body mass index, fasting insulin, in-
sulin resistance, total cholesterol, low-density lipoprotein 
(LDL) cholesterol, and triglyceride levels, which were com-
parable to the metformin treatment.25 Moreover, a non- 
randomized clinical trial of 114 patients with type 2 dia-
betes mellitus demonstrated that the supplementation of 
2 g/day of N. sativa for 1 year led to a significant reduction 
of total cholesterol and low-density lipoprotein (LDL) cho-
lesterol along with a significant reduction of systolic blood 
pressure (SBP), diastolic blood pressure (DBP), mean arte-
rial pressure (MAP), and heart rate (HR).26

Similarly, a placebo-controlled clinical trial of 40 pa-
tients with type 2 diabetes mellitus demonstrated a sig-
nificant reduction of Homeostatic model assessment for in-
sulin resistance (HOMA-IR) index, and serum levels of in-
sulin, glucose, triglycerides, total cholesterol and low-den-
sity lipoprotein (LDL) cholesterol, c-reactive protein (CRP), 
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), and alkaline phosphatase (ALP), by perform-
ing resistance training and consuming N. sativa for 8 
weeks.27 In addition, a randomized clinical trial of 117 
obese prediabetic subjects determined that the admin-
istration of capsules of 450 mg of N. sativa oil 2 times daily 
or 500 mg of metformin 2 times daily led to statistically sim-
ilar improvements in body weight, BMI, glycemic, lipid and 
inflammatory parameters.28 

EXPERIMENTAL ANIMAL STUDIES OF N. SATIVA

The antidiabetic potential of various extracts of N. sativa 
has been demonstrated in normal and streptozotocin or al-
loxan-induced diabetic rats, rabbits or hamsters by various 
studies (Table 2). Administration of aqueous extract of N. 
sativa in normal rats resulted in improved glucose toler-
ance.29 Furthermore, lowered serum glucose levels,30,31 de-
creased oxidative stress and preserved pancreatic β-cell in-
tegrity,32 and increased serum insulin levels33 were ob-
served following the administration of N. sativa in strepto-
zotocin-induced diabetic rats.
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TABLE 2. Pre-clinical antidiabetic studies of N. sativa 

S. No Study design Outcome References

1 Animal study (streptozotocin-induced diabetic rats) Lowered serum glucose levels 30, 31
2 Animal study (streptozotocin-induced diabetic rats) Decreased oxidative stress and preserved 

pancreatic β-cell integrity
32

3 Animal study (streptozotocin-induced diabetic rats) Increased serum insulin levels 33
4 Animal study (streptozotocin-induced diabetic hamsters) Diminished hepatic gluconeogenesis 34
5 Animal study (streptozotocin-induced diabetic hamsters) Enhanced insulin secretion 35
6 Animal study (alloxan-induced diabetic rabbits) Significant reduction of serum glucose 36
7 Animal study (cadmium-treated rats) Attenuation of cadmium-induced degeneration of 

pancreatic β-cells
37

8 Animal study (HAART-associated insulin resistance) Attenuation of highly active antiretroviral therapy 
(HAART)-associated insulin resistance

38

9 Animal study (streptozotocin-induced diabetic female 
Wistar rats)

Significant reduction in glucose levels, body 
weighty, insulin levels 

39

10 Animal study (streptozotocin-induced diabetic male 
Wistar rats)

Significant improvements in fasting blood glucose, 
insulin and lipid profile

40

11 Animal study (streptozotocin-induced diabetic rats) Significant prevention of weight loss and controlled 
feed consumption levels

41

12 Animal study (alloxan-induced diabetic rabbits) Significant lowering of serum glucose levels, TC, 
LDL-c, and triglycerides

42

13 Animal study (streptozotocin-induced diabetic albino 
Wistar rats)

Significant reduction of blood sugar in comparison 
to 100 mg/kg of metformin

43

TABLE 3. Proposed mechanisms of antidiabetic effect of N. sativa

S. No Study design Proposed mechanism References

1 Prospective cohort study Decreased insulin resistance 15
2 Randomized, double-blind, placebo-controlled trial Decreased insulin resistance 21
3 In-vitro study Accelerated β-cell proliferation 49
4 Animal study (streptozotocin-induced diabetic 

male Wistar rats)
Enhanced pancreatic insulin secretion 40

5 Animal study (streptozotocin-induced diabetic 
hamsters)

Diminished hepatic gluconeogenesis 45

6 Participant-blinded, placebo controlled clinical trial Enhanced glucose uptake, and attenuated oxidative stress 19
7 In-vitro study Induce insulin signaling pathway, AMP-activated 

protein kinase (AMPK) pathway and peroxisome 
proliferator-activated receptor-γ (PPAR-γ) pathway, in 
skeletal muscle cells, hepatocytes and adipocytes

50

In addition, diminished hepatic gluconeogenesis,34 and 
enhanced insulin secretion35 were observed in streptozoto-
cin-induced diabetic hamsters by the administration of N. 
sativa oil. Moreover, a significant reduction of serum glu-
cose was noted in alloxan-induced diabetic rabbits by the 
oral administration of petroleum ether extract of N. sativa 
oil.36 Similarly, daily intraperitoneal administration of N. 
sativa attenuated the cadmium-induced degeneration of 
pancreatic β-cells37 and highly active antiretroviral ther-
apy (HAART)-associated insulin resistance, in rats.38

An experimental animal study using adult female strep-
tozotocin-induced diabetic Wistar rats demonstrated a sig-
nificant reduction in glucose levels, body weighty, and in-
sulin levels by the administration of 10 mg/kg of N. sativa 
extract (Thymoquinone).39 In addition, the administration 
of 2 mL/kg of N. sativa oil for 30 days produced significant 

improvements in fasting blood glucose, insulin and lipid 
profile in streptozotocin-induced diabetic male Wistar rats.40

Moreover, the administration of 24 mg/kg and 48 mg/kg 
of ethanolic extract of N. sativa for 4 weeks in streptozoto-
cin-induced diabetic rats, resulted in significant pre-
vention of weight loss and controlled feed consumption 
levels.41 In addition, significant lowering of serum glucose 
levels, total cholesterol, low-density lipoprotein (LDL) cho-
lesterol, and triglycerides were observed in alloxan-in-
duced diabetic rabbits, following the administration of 2.5 
mL/kg of N. sativa oil for 24 days.36

Another experimental animal study using streptozoto-
cin-induced diabetic albino Wistar rats determined that 
the administration of 1.5 mL of N. sativa oil for 40 days pro-
duced a significant reduction of blood sugar in comparison 
to 100 mg/kg of metformin.42 Similarly, an in-vitro study 
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confirmed the antidiabetic efficacy of N. sativa flavonoids 
surface coated gold nanoparticles (Au-NPs), which ex-
hibited 78% increase of antidiabetic properties.43 

The antidiabetic activity of N. sativa is mainly attributed 
to thymoquinone, the major bioactive constituent of vola-
tile oil of N. sativa. Daily administration of thymoquinone 
in streptozotocin-induced diabetic hamsters resulted in 
decreased hepatic gluconeogenesis via reduction of gluco-
neogenic precursors such as alanine, glycerol and lactate.44 
Similarly, intragastric administration of thymoquinone in 
streptozotocin nicotinamide-induced diabetic rats ensued 
in reduction of HbA1c, elevation of insulin and significant, 
dose dependent hypoglycemic effect.45

An experimental animal study using streptozotocin-in-
duced diabetic rats revealed that the administration of thy-
moquinone led to significant lowering of plasma glucose 
levels probably through increased insulin levels and en-
hanced activities of some cytosolic and mitochondrial enzy-
mes.46 Another experimental animal study using strepto-
zotocin-induced diabetic rats determined a significant re-
duction of HbA1c, lipid peroxidase and nitric oxide, and 
higher total antioxidant capacity (TAC) by the supple-
mentation of 50 mg/kg of thymoquinone daily for 4 weeks.47 
Moreover, an in-vitro study confirmed that thymoquinone 
has agonistic activity on peroxisome proliferator activated 
receptor-γ (PPAR-γ).48 

PROPOSED MECHANISMS OF ANTIDIABETIC 
ACTIVITY OF N. SATIVA

Various mechanisms have been proposed for the anti-
diabetic activity of N. sativa (Table 3) including decreased 
insulin resistance,15,21 accelerated β-cell proliferation,49 
enhanced pancreatic insulin secretion,40 diminished hep-
atic gluconeogenesis,45 enhanced glucose uptake, and atte-
nuated oxidative stress.19

Moreover, the N. sativa seed extract may exert anti-
diabetic activity through insulin signaling pathways, the 
AMP-activated protein kinase (AMPK) pathway and per-
oxisome proliferator-activated receptor-γ (PPAR-γ) path-
way, in skeletal muscle cells, hepatocytes and adipocytes.50

DRUG INTERACTIONS POSSIBILITY OF 
N. SATIVA WITH MODERN ANTIDIABETICS

Interference of effects of one drug by the concomitant ad-
ministration of other drug(s), food, supplements, herbs, al-
cohol or tobacco smoke is termed drug interaction.51,52 Drug 
interactions resulting in enhanced toxicity or diminished 
therapeutic efficacy are called adverse drug interaction.53,54

The risk of polypharmacy is high among patients with 
diabetes as they may take many medications to manage co-
morbidities such as hypertension, dyslipidemia, depres-
sion, and others along with their regular antidiabetic 
medications. Furthermore, black seeds (N. sativa) is rec-
ommended as an adjuvant therapy to manage diabetes.55 

However, the addition of black seeds (N. sativa) in to the 

regimen of diabetic patients taking modern antidiabetic 
medicines may further reduce the blood glucose. Synergis-
tic antidiabetic activity of metformin (1000 mg /day) was 
observed by the addition of 1 or 2 tablets of Thymoquinone 
50 mg daily for 90 days in 60 patients with type 2 diabetes 
mellitus, through further reduction in the levels of HbA1c 
and blood glucose.56 Moreover, an experimental animal 
study using streptozotocin-induced diabetic rats de-
termined that thymoquinone improves the antidiabetic ac-
tivity of metformin synergistically through its antioxidant 
properties (decreased malondialdehyde [MDA] and aug-
mented total antioxidant capacity [TAC]).57 Hence, the pa-
tients taking this combination should be monitored for the 
signs and symptoms of hypoglycemia.

CONCLUSION

The use of herbal medicine to manage chronic conditions 
including diabetes is increasing. Numerous clinical and 
animal studies have demonstrated the antidiabetic effi-
cacy of black seeds (N. sativa) and its major bioactive con-
stituent thymoquinone. Various mechanisms including de-
creased insulin resistance, accelerated β-cell proliferation, 
enhanced pancreatic insulin secretion, diminished hepatic 
gluconeogenesis, enhanced glucose uptake, and attenu-
ated oxidative stress have been proposed for the anti-
diabetic activity of N. sativa. The patients with diabetes 
may use N. sativa as an adjuvant therapy, which may help 
to reduce the dose of modern antidiabetic medicines and ad-
verse events.
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