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Abstract

Objective Antihyperglycemic activity of Thymoquinone (TQ)
was evaluated in diabetic mouse model and patients.

Methods TQ (50 mg/kg) was orally administered daily for 21
days in combination with metformin in diabetic mice and a
reduction on blood glucose level was monitored. In human, a
90-day randomized study was carried out in 60 Type 2 Diabetes
mellitus patients to evaluate safety and efficacy of TQ administration with metformin in a 3-arm study. Patients in arm 1 (T1)
received 1 tablet of metformin SR 1000 mg and 1 tablet of TQ
50 mg once daily. The second arm (T2) patients received 1 tablet of metformin SR 1000 mg and 2 tablets of TQ 50 mg once
daily. Patients in arm 3 (R) received 1 tablet of metformin SR
1000 mg only.
Results The diabetic mice treated with combination of TQ and
metformin showed significant decrease in blood sugar compared to those treated with only metformin. In patients who completed the study, the glycated hemoglobin (HbA1c) values in
T1, T2 and R decreased after 3 months from 7.2, 7.2 and 7.3 to
6.7, 6.8, and 7.1, respectively. A greater reduction in Fasting
Blood Glucose and Post Prandial Blood Glucose was also observed in T1 and T2 arms compared to R.
Conclusion At dose levels of 50 and 100 mg of TQ combined
with a daily dose of 1000 mg Metformin demonstrated a reduction in the levels of HbA1c and blood glucose compared to the
standard treatment of diabetic patients with metformin alone.
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Type 2 Diabetes mellitus (Type 2 DM) is the most common chronic
metabolic disorder characterized by hyperglycemia [1]. Type 2 DM
is associated with major systemic complications, resulting in disabilities, and therefore it is considered a serious comorbidity factor
[2, 3]. Metformin is the most widely prescribed oral drug which has
shown to lower the blood glucose among Type 2 DM patients largely by decreasing hepatic glucose output [4]. Despite its ability to
lower blood glucose levels, a significant proportion of patients do
not achieve optimum glucose homeostasis with monotherapy [5, 6]
and require a combination therapy with additional therapeutic
agents to achieve adequate glycemic control [7, 8]. Metformin in
combination with Sulfonylurea, DPP-4-inhibitor, Thiazolidinedione, SGLT-2 inhibitor along with some other class of anti-diabetic
drugs have been used for the treatment of Type 2 DM patients
[9, 10]. However, these combination therapies may increase the
risk of hypoglycemia [11] and cardiovascular events [12–14].
Hence, there is a need for a safe and more effective agent for a better control of hyperglycemia as an add-on therapy to metformin to
treat Type 2 DM patients.
Several researchers have investigated the effect of medicinal
herbs and found to be a beneficial adjuvant agent to oral antidiabetic drugs because of their integrated effects. Among medicinal
herbs, Nigella sativa was shown to significantly improve hyperglycemia and diabetes control after treatment with a much decrease
in blood glucose [15–17]. Thymoquinone (TQ) is a phytochemical
abundantly present in the seeds of Nigella sativa, which is often referred to as black cumin seeds or black caraway seeds. Biological
activities of Nigella sativa seeds including hepatoprotection, suppression of oxidative stress, and inflammation are mainly ascribed
to its essential constituent, TQ [18–21]. The ability of Nigella sativa
seeds to reduce hyperglycemia and insulin resistance in diabetic
patients have also been reported [22]. In a preclinical study in
Streptozotocin (STZ)-induced diabetic rats, treatment with a combination of Nigella sativa oil and metformin resulted in a better glycemic control when compare to the use of either Nigella sativa oil
or metformin alone [23]. However, not many clinical studies have
been conducted with pure TQ presumably due to its poor solubility in water, instability at room temperature, sublimation, degradation when exposed to light, and instability in aqueous solution at
extreme pH. To minimize the instability of TQ and to improve its
bioavailability when ingested orally, we have developed a novel,
well-characterized, stable, lipid-based, enteric coated TQ tablet
and evaluated its therapeutic efficacy in combination with metformin in STZ-induced diabetic mice. The significant reduction
(p = 0.02) in blood glucose level in TQ and metformin treated mice
vs. metformin treatment alone prompted us to further investigate
the TQ tablet safety and therapeutic efficacy in Type 2 DM patients.

Methods
Preparation of TQ Tablets
Enteric coated TQ tablets (50 mg) were manufactured by granulating TQ with inactive ingredients and lipids followed by blending.
The resulted mixture was then compressed using D Tooling machine. The blended tablets were seal coated followed by enteric coa-

ting in an auto coater and dried. The tablets were subjected to physical and chemical characterization including TQ, lipid content, microbial assay, and in vitro dissolution properties.

Pre-clinical
Male ICR (CD1) mice (Envigo, IN, USA) at 8–9 weeks of age were
used. Mice (5/cage) were housed in polycarbonate cages and accordance with the inhouse standard operating procedures and
“Guide for the Care and Use of Laboratory Animals” by the National Institutes of Health.
A total of 30 mice were administered i.p. with fresh 150 mg/kg
STZ solution [24] prepared in 1.0 mM citrate buffer (pH 4.5) at
10 mL/kg. After 3 weeks, fasting (6 ± 0.5 h) blood glucose level
(BGL) of each mice was measured after drawing blood from tail vein
with OneTouch Ultra Glucometer and OneTouch Ultra Test Strips
Blue (LifeScan Inc., NJ, USA). Blood samples with “HI” ( > 600 mg/
dL) reading on glucometer were diluted with normal saline and retested to calculate blood glucose level (BGL) values. The dilution
linearity of the blood samples was reliable and the correlation coefficient (R2) of the dilution linearity was found to be 0.997–0.999
in normal mice and STZ-induced diabetic mice. Twenty mice with
BGL of 250 mg/dL or higher were considered diabetic and used in
this study. Diabetic mice were randomized into A and B groups (10
mice/group) based on the BGL. The group average values of BGL
were comparable (A: 443 ± 102 vs. B: 445 ± 94 mg/dL) before the
treatment. Group A received an oral administration of metformin
at a dose of 200 mg/kg every day for 21 days. Group B received an
oral administration of metformin + TQ (200 mg/kg + 50 mg/kg)
every day for 21 days [25].

Clinical Study – Safety and Efficacy in Type 2 DM
Patients
A randomized, open label, prospective, three-arm, parallel, multicenter study was carried out to evaluate safety and efficacy of TQ
administration with metformin in Type 2 DM patients. Male and female patients with Type 2 DM having the HbA1c ≥ 7 % and ≤ 7.5 %,
aged between 18 and 65 having body mass index between 18 kg/
m 2 and 30 kg/m 2 , and receiving stable dose of metformin
(1000 mg/day) for the last 3 months were enrolled in the study. The
study was conducted in compliance with the protocol and in adherence to good clinical practices as per declaration of Helsinki (Fortaleza, 2013); ICMR Ethical Guidelines of Biomedical Research on
Human Patients, ICH E6 (R2) “Guidelines on Good Clinical Practice
2016, and as per the Guidelines for Clinical Trials on Pharmaceutical Products in India issued by the Central Drugs Standard Control
Organization, Ministry of Health, Government of India. The protocol, subject information sheet and subject consent forms were approved by Ethics Committee at each site.
A total of 60 Type 2 DM patients (32 males, 28 females) aged
27–64 years were randomized using SAS statistical software version 9.4 (SAS Institute Inc., USA) according to inclusion and exclusion criteria into 3 arms, Test arm 1 (T1), Test arm 2 (T2), and Reference arm 3 (R). Patients in arm 1 received 1 tablet of metformin
SR 1000 mg once daily and 1 tablet of TQ 50 mg. Patients in arm 2
received 1 tablet of metformin SR 1000 mg and 2 tablets of TQ
50 mg. Patients in arm 3 received only 1 tablet of metformin SR
1000 mg. All patients received treatment for 90 days.
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Introduction

The safety was assessed by evaluating changes from baseline to
significantly higher in the assessment of adverse event (AE) reporting, clinical laboratory tests, physical examinations, electrocardiogram, and vital signs. Adverse events were assessed for severity
and their relationship to the drugs. All 60 patients who were randomized and received at least one dose of study medication were considered for safety analysis. SAS Version 9.4 (SAS Institute Inc., USA)
was used for statistical and safety analysis of TQ and metformin.
Patients achieving glycated hemoglobin (HbA1c) < 7 % at 90 days
were compared with baseline. A point estimate and 95 % confidence
interval were computed for primary efficacy endpoint HbA1c of the
treatment arms and their differences (T1 and T2 vs. R). The change in
fasting blood glucose (FBG) and change on post prandial (after food
intake) blood glucose (PPBG) were also compared at 90 days. Out of
60 patients, 45 patients completed the study (T1 (n = 13), T2 (n = 18)
and R (n = 14) with no major protocol deviation. The remaining 15 patients withdrew their consent to participate further in the trial.

Results
A stable well-characterized enteric coated tablet of TQ was developed and characterized by physical and chemical studies. The stability studies demonstrated that TQ and lipids were stable at 25 °C

up to 18 months. The in vitro dissolution studies in acidic media
(0.1N HCl) showed no release of TQ whereas, it was released in
phosphate buffer (pH 6.8) indicating TQ release in the intestine.
The anti-diabetic (hypoglycemic) effect of TQ in combination
with metformin (Met) was evaluated in streptozotocin (STZ) - induced diabetes mellitus in male ICR (CD-1) mice. Mice treated with
either Met at 200 mg/kg, or TQ/Met at 50/200 mg/kg every day for
3 weeks resulted in 299 ± 96 mg/dL BGL, a 32.5 % reduction, while
the TQ/Met group was 261 ± 70 mg/dL, a 41.3 % reduction in BGL.
A significant reduction (p = 0.02) in BGL in TQ/Met treated mice vs.
Met treated mice was observed (▶Fig. 1).
In clinical study, a daily dose of TQ (50 mg or 100 mg) in combination with metformin SR (1000 mg) tablet was evaluated. The demographic and other baseline characteristics of Type 2 DM patients
are described in the ▶Table 1.
The safety of the patients was assessed based on the number of
adverse events (AEs) observed till end of the study. A total of 13 AEs
were reported by 11 (18.3 %) of the 60 patients who were dosed in
the trial. In treatment arm T1, 3 (15 %) patients reported 4 AEs, while
7 AEs were reported by 6 (28.6 %) patients in arm T2 whereas. 2
(10.5 %) patients in the arm R reported 2 AEs. The adverse events
were diarrhea, epigastric pain, abdominal pain and stomachache.
The outcome of the adverse event was “resolved” for all 13 AEs. None
of the patients treated experienced serious adverse events.
Patients who completed the study, the values of HbA1c at 90
days in T1, T2 and R were reduced to 6.7, 6.8, and 7.1 from 7.2, 7.2
and 7.3 respectively (▶Table 2). A significant number of patients
showed decreased HbA1c < 7 % as following. T1–69.2 % patients,
T2–61.1 % patients and 21.4 % patients in R at 90 days (▶ Fig. 2).
The change in FBG and PPBG were also evaluated at 90 days. The
decrease in mean FBG was 29.7 mg/dL, 14.9 mg/dL and 18.3 mg/
dL in T1, T2 and R respectively whereas, the decrease in mean PPBG
was 51.9 mg/dL, 41.7 mg/dL and 29.5 mg/dL in T1, T2 and R respectively (▶ Table 3). As compared to R, higher reduction in PPBG
was observed in T1 and T2 arms.

Discussion
▶Fig. 1 Blood glucose levels in Thymoquinone (TQ) + Metformin (Met)
vs. Met treated mice. Data represent mean ± SE (n = 10); Two-factor
ANOVA was performed for statistical analysis of animal data and p-value
was less than 0.5 when comparing TQ/Met vs Met over 3-week period.

Previous studies demonstrated the anti-hyperglycemic effects of
Nigella sativa in Type 2 DM patients where reduction in the levels of
fasting blood glucose (FBG), postprandial blood glucose (PPBG),
HbA1c, and insulin resistance were observed [22, 26]. The clinical
evaluation of oral TQ has not been reported presumably due to its
poor solubility and instability. To improve its bioavailability and

▶Table 1 Demographic and other baseline characteristics of the patients.
Parameter (Units)

T1 Mean ± SE

T2 Mean ± SE

R Mean ± SE

Total Mean ± SE

Age (years)

50 ± 3.1

48 ± 2.5

49 ± 1.7

49 ± 1.4

Height (cm)

162 ± 3.3

160 ± 2.2

163 ± 2.1

162 ± 1.4

Weight (kg)

63.3 ± 3.1

65.8 ± 2.3

67.0 ± 2.4

65.5 ± 1.5

BMI (kg/m2)

24.1 ± 0.9

25.6 ± 0.8

25.3 ± 0.8

25.1 ± 0.5

Male

9 (69.2 %)

8 (44.4 %)

9 (64.3 %)

26 (57.8 %)

Female

4 (30.8 %)

10 (55.6 %)

5 (35.7 %)

19 (42.2 %)

Gender

T1 (N = 13) = Metformin SR tablet (1000 mg) and Thymoquinone tablet (50 mg). T2 (N = 18) = Metformin SR tablet (1000 mg) and Thymoquinone
tablet (50 mg; 2 tablets). R (N = 14) = Metformin tablet SR (1000 mg). Data for age, height, weight, and BMI represent Mean ± SE.
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T1 Mean ± SE

T2 Mean ± SE

R Mean ± SE

HbA1c (mmol/mol)
Day 1

55.0 (0.4)

55.0 (0.4)

56.0 (0.4)

Day 90

50.0 (0.6)

51.0 (0.7)

54.0 (0.6)

HbA1c ( %)
Day 1

7.2 (0.1)

7.2 (0.1)

7.3 (0.1)

Day 90

6.7 (0.1)

6.8 (0.1)

7.1 (0.1)

T1 (N = 13) = Metformin SR tablet (1000 mg) and Thymoquinone
tablet (50 mg). T2 (N = 18) = Metformin SR tablet (1000 mg) and
Thymoquinone tablet (50 mg; 2 tablets). R (N = 14) = Metformin
tablet SR (1000 mg).

▶Fig. 2 Percentage of patients achieving HbA1c < 7 at 90 days.
TQ = Thymoquinone; Met = Metformin; g = gram.

▶Table 3 Change in Fasting Blood Glucose (FBG) and Post Prandial Blood
Glucose (PPBG) levels in Patients.
T1 Mean ± SE

T2 Mean ± SE

R Mean ± SE

Day 1

144.0 ± 21.6

118.0 ± 5.6

129.7 ± 6.9

Day 90

114.3 ± 8.6

103.2 ± 4.4

111.4 ± 6.3

Day 1

199.8 ± 28.5

180.3 ± 12.4

191.1 ± 10.8

Day 90

147.9 ± 10.7

138.6 ± 6.6

161.7 ± 7.7

FBG

PPBG

T1 (N = 13) = Metformin SR tablet (1000 mg) and Thymoquinone
tablet (50 mg). T2 (N = 18) = Metformin SR tablet (1000 mg) and
Thymoquinone tablet (50 mg; 2 tablets). R (N = 14) = Metformin
tablet SR (1000 mg).

eschew the instability, TQ tablets were formulated with lipids and
were enteric coated.
The primary efficacy endpoint results demonstrated that HbA1c
values were reduced more significantly once TQ was added to the
metformin regimen compared to metformin SR monotherapy. These
results are consistent with the findings reported12 where reduction
in HbA1c was observed after 12 weeks of treatment with 2 gm/day
Nigella sativa adjuvant therapy along with anti-diabetic medications
in Type 2 DM patients. Similar observations were also reported [27]
using 5 gm/day Nigella sativa tea for 6 months and with 2 gm/day of

Nigella sativa for 1 year [28]; in addition to standard medication (metformin, sulfonylureas) in Type 2 DM patients. In the present study, a
higher reduction in HbA1c in T1 and T2 in 90 days compared to R
could be attributed to TQ add-on to metformin SR.
A significantly more patients showed pronounced effect where
HbA1c < 7 % was observed after combination treatment with TQ
and metformin. The proportion of patients with HbA1c < 7 % at the
EOS were almost 3 times with TQ and metformin compared to metformin alone. It has been reported that combination of metformin
and sulfonylurea treatment showed only 9 % patients attained
HbA1c < 7 % after 24 weeks [29]. In other findings 53.1 % Type 2 DM
patients achieved HbA1c < 7 % at 3 months with sitagliptin (50 mg/
day) add-on to the pre-existing anti-diabetic therapy [30]. Further,
TQ and metformin combination treatment in this study resulted in
early significant therapeutic outcome (90 days). In contrast, therapeutic outcome takes longer (24 weeks) with other combinations
such as treatment with dapagliflozin (10 mg) + metformin (1500–
2000 mg) showed only 22.2 % patients who achieved HbA1c < 7.0
vs. 18.3 % patients treated with saxagliptin (5 mg) + metformin
(1500–2000 mg) [31]. The mechanism how TQ lowering glycemic
effect is not known however, previous studies using Nigella sativa
have shown that secretion of insulin increases by inducing β-cell
proliferation and regeneration [32, 33]. Other investigators have
reported that Nigella sativa induces hypoglycemic effect via tissue
sensitization to insulin and system glucose homeostasis in diabetic patients [34, 35]. It is also reported that hypoglycemic effect of
Nigella sativa is due to the peripheral insulin resistance and β -cell
function [36]. TQ being major component of Nigella sativa may induce hypoglycemic effect in a similar mechanistic pathway as described for Nigella sativa.
As TQ is naturally occurring molecule it was found to show no
serious adverse effects in patients treated for 3 months. In addition, no patient encountered hypoglycemia during the clinical trial
which indicated that the TQ add-on therapy with metformin is safe
and well-tolerated in patients with Type 2 DM. Since a well-controlled blood glucose and lower serum levels of inflammatory markers [37, 38] are important to minimize systemic long-term Type
2 DM-associated damages, addition of TQ to the existing treatment
regimen may have beneficial effects.

Conclusion
Preclinical and clinical study demonstrates that TQ has distinct antihyperglycemic effects when added to metformin therapy. In addition, this combination therapy was safe and resulted in better control
of diabetes compared to metformin alone. It is concluded that TQ
may be safely used as an adjunct therapy to conventional drugs to
achieve better glycemic control in Type 2 diabetes patients.

Acknowledgments
The authors thank all study participants.

Conflict of Interest
The authors declare that they have no conflict of interest.

Ali SM et al. Thymoquinone with Metformin Decreases … Drug Res 2021; 71: 302–306 | © 2021. Thieme. All rights reserved.

305

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

▶Table 2 Decrease of HbA1c levels in patients treated with Metformin
with or without Thymoquinone.
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