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Abstract: Nigella sativa L. (family Ranunculaceae), also known as black cumin, has been used in cuisine
around the world for many years. Due to its health-promoting properties, it can be used not only
in the food industry but also in medicine. The main bioactive compound contained in the black
cumin extract is thymoquinone (TQ), which has a special therapeutic role. The results of research in
recent years confirmed its hypoglycemic, hypolipemic, and hepatoprotective effects, among others.
In addition, the results of laboratory tests also indicate its immunomodulatory and anticancer effects,
although there is still a lack of data on the mechanisms of how they are involved in the fight against
cancer. Including this plant material in one’s diet can be both an element of prophylaxis and therapy
supporting the treatment process, including pharmacological treatment. However, attention should
be paid to its potential interactions with drugs used in the treatment of chronic diseases.
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1. Introduction

Nigella sativa L. (family Ranunculaceae), also known as black cumin, is an annual
plant. It grows mainly in selected parts of Asia and southern Europe. The beneficial
properties of black cumin were already known in ancient times [1]. It consists of non-
volatile compounds, such as tannins or flavonoids, and volatile compounds, such as
terpene compounds [2]. It shows a wide spectrum of activity in the food industry as a
spice, as well as in the medical industry as a result of its antioxidant properties. The active
compounds contained in Nigella sativa (NS) show strong pharmacological potential; this is
why they can potentially be used as valuable components of drug-supporting therapies for
various diseases [3]. In several scientific reports, researchers described the beneficial effects
of black cumin on many diseases. By modulating the profile of inflammatory cytokines, NS
shows antioxidant activity, even in chronic inflammatory conditions. It displays a wide
spectrum of actions, for example, protective effects in cardiovascular diseases, i.e., high
blood pressure, and showing hypolipidemic effects [4–6]. It has a positive effect in metabolic
diseases, such as diabetes and obesity, and in various types of cancer, such as multiple
myeloma and lymphoma [7–11]. In addition, immuno-, nephro-, and neuroprotective
effects were reported [3,12,13]. NS also shows beneficial effects on the gastrointestinal
tract, such as the stomach, pancreas, liver, and intestines. Due to the numerous medicinal
properties of nigella, the main objective of this review was to present published scientific
reports on the effects of NS on the gastrointestinal tract (Figure 1).
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2. Chemical Composition of Nigella sativa

Several bioactive compounds found in different varieties of Nigella sativa are described
in the literature. There may be slight differences in its phytochemical composition, de-
pending on the growing region, maturity stage, processing, or storage methods. The main
active compound contained in black cumin extract is thymoquinone (TQ), which has a
particular therapeutic role [14]. Other important constituents include thymohydroquinone
(THQ), dithymoquinone (DTQ), thymol (THY), p-cymene, carvacrol, t-anethole, α-pinene,
and several other compounds that constitute terpenes and terpenoids, which are the main
chemical group of Nigella [15,16]. Trace ingredients, i.e., carvone, limonene, and citronellol,
were also found [17]. Other key phytonutrients of nigella are sterols (β-sitosterol, stigmas-
terol, campesterol, 5-avenasterol) and saponins (e.g., triterpenes-alpha-hederin), phenolic
compounds, and alkaloids. Nigella seeds contain isoquinoline alkaloids (nigellicymine
and nigellicymine N-oxide), diterpene alkaloids (nigellamine), and indazole alkaloids
(nigellidine and nigellicin) [5]. Depending on the variety, Nigella sativa contains (on a dry
matter basis) water (3.8–7.0%), proteins (18.59–31.2%), fats (22.0–56.4%), carbohydrates
(24.9–40%), dietary fiber (3.7–4.7%), both soluble (20.5–27.1 g/100 g) and insoluble fractions
(6.5–8.9 g/100 g), fat-soluble vitamins (mainly α-, β- and γ-tocopherols), water-soluble
vitamins (B1, B3, B6, B9), and minerals (potassium, iron, calcium, zinc, phosphorus, magne-
sium, copper) [18]. Current findings show that glutamic acid is the predominant amino
acid of NS, followed by aspartic acid, arginine, leucine, and glycine. Nigella seeds contain
relatively high amounts of alanine, isoleucine, serine, threonine, and phenylalanine, while
the cysteine content is low [19]. The major unsaturated fatty acids are linoleic acid and oleic
acid, and the predominant saturated fatty acid is palmitic acid [20,21]. Myristic, palmitoleic,
stearic, linolenic, arachidic, and lignoceric acids were also detected [22]. The content of
tocopherol isomers in black cumin may be influenced by the extraction methods used.
Their total content in black cumin oil ranges from 9.15 to 27.92 mg/100 g [23]. According to
Albakra et al., the levels of α-tocopherol, β-tocopherol, and γ-tocopherol in nigella seed oil
were 25.59 mg/100 g, 14.21 mg/100 g, and 242.83 mg/100 g, respectively [9]. In addition, a
total of 19 polyphenols were identified in the seeds. These include caftaric acid, gentisic
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acid, caffeic acid, chlorogenic acid, p-coumaric acid, ferulic acid, quercetin, kempferol,
and apigenin. Of these, quercetin and kempferol were found in the highest amounts [24].
Nigella sativa, due to its variety of organic compounds and their properties, shows potential
in the prevention and support of the treatment of many gastrointestinal disorders.

3. Effects of Nigella sativa on the Pancreas

The pancreas is one of the organs that influence the functioning of the entire body. It has
two main functions: endocrine (production of hormones, such as insulin and glucagon) and
exocrine (functions as a digestive gland) [25]. The multidirectional effects of Nigella sativa
are mainly concerned with the endocrine function of the pancreas. To date, scientific reports
that focussed mainly on Nigella sativa seeds and their main compound, thymoquinone,
indicate their antidiabetic effects and the prevention of diabetic complications [26–29].

In current reviews based on animal model studies, nigella seed extracts were shown
to support the treatment of diabetes by significantly decreasing fasting blood glucose
levels and glucose levels 2 h after meals, thereby decreasing glycated hemoglobin and
improving insulin tolerance [12,13]. In an animal model study, Faisal Lutfi et al. evaluated
the 4-week effects of TQ on glycaemic control and oxidative stress, among others [30].
The potential therapeutic effects of TQ were shown to lower fasting blood glucose levels
and attenuate oxidative stress. These findings support the antidiabetic potential of TQ,
where it was also shown to be effective at regenerating pancreatic β-cells and attenuating
pancreatic inflammation and oxidative stress, as well as inhibiting β-cell apoptosis [31,32].
The study by Dalli et al. demonstrated the inhibitory effect of different fractions of nigella
on pancreatic α-amylase and intestinal glucose absorption and concluded that Nigella Sativa
compounds could be used as antidiabetic agents due to their nontoxic effects and high
efficacy [33]. This effect was attributed to various bioactive compounds of nigella, such as
thymoquinone, p-coumaric acid, naringenin, quercetin, kemferol, and linoleic acid. Similar
results were obtained in an in vitro study by Varghese et al., in which a microencapsulated
hydroacetone extract of Nigella sativa seeds was shown to have the ability to inhibit α-
amylase [34]. The increase in inhibition was attributed to thymoquinone, which is degraded
by light, and microencapsulation protects it from degradation and, consequently, increases
α-amylase inhibition. The results of the in vitro study by Tiji et al. confirmed the benefits
of using nigella seeds to support the treatment of diabetes. In addition, the inhibitory effect
of Nigella sativa extracts and fractions on intestinal α-glucosidase and pancreatic α-amylase
activity was demonstrated [35]. Furthermore, the toxicity test showed that the tested
extracts were nontoxic up to a concentration of 10 g/kg, allowing for further evaluation
for future potential in vivo applications. Hannan et al. also described the beneficial effects
of nigella in diabetes, documenting that the antihyperglycemic effect of Nigella sativa seed
extract in normoglycemic and diabetic animals is related to decreased intestinal glucose
absorption and increased tissue glucose use, which is mediated by improved insulin release
in response to blood glucose levels [36]. Therefore, hypotheses are now being formulated
that TQ can be used as a natural support to treat hyperglycemia-induced insulin resistance
in type 2 diabetes [37]. In a study on rats whose high-fat diet was enriched with Nigella
sativa seed powder, Aboul-Mahasen et al. showed that there was a reduction in α-amylase
and serum glucose levels and an increase in insulin levels. Furthermore, Nigella sativa seeds
were highlighted to have antihyperlipidemic and hypoglycemic effects and can protect
the pancreas from damage caused by hyperlipidemia (regeneration of the exocrine and
endocrine parts of the pancreatic tissues of hyperlipidemic rats fed extra virgin olive oil or
Nigella sativa seeds was demonstrated) [38]. Current analyses of Nigella sativa’s lowering of
blood glucose levels in potentiating the hypoglycemic effect of drugs used to treat type 2
diabetes (pioglitazone) and the potential value of nanoemulsion as a nanocarrier to increase
bioavailability seem promising [39].

There were several clinical studies that evaluated the antidiabetic effects of Nigella
sativa. Badara et al. conducted a non-random clinical trial among patients with type
2 diabetes in which 57 patients received 2 g of Nigella sativa daily for one year and 57 re-
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ceived a placebo in conjunction with oral hypoglycemic agents [40]. Supplementation
with Nigella sativa improved total cholesterol and its HDL fraction (significantly increased
in the study group), blood pressure, and heart rate in patients with type 2 diabetes tak-
ing oral hypoglycemic agents. Kooshki et al. obtained similar results during a study in
which the intervention group took 1000 mg of Nigella sativa oil in two capsules per day
for 8 weeks [41]. The use of the nigella supplement was significantly associated with a de-
crease in triglycerides, total cholesterol, LDL fraction, serum C-reactive protein (CRP), and
malondialdehyde, and an increase in HDL fraction cholesterol in the intervention group
compared with the placebo group. A prospective and randomized clinical trial involving
patients with newly diagnosed type 2 diabetes showed that the administration of metformin
or 1350 mg/day Nigella sativa oil capsules for 3 months resulted in a reduction in fasting
blood glucose levels 2 h after a meal. Glucose and glycated hemoglobin levels in the Nigella
sativa group were found to be worse than in the metformin treatment group, but the Nigella
sativa treatment resulted in a significant decrease in body weight, waist circumference, body
mass index, fasting insulin, insulin resistance, total cholesterol, LDL fraction cholesterol,
and triglycerides, which were comparable in the metformin-treated patients [42]. Similar
results were obtained in a controlled study by Jangjo-Borazjani et al. involving 40 patients
with type 2 diabetes and also showed that the combination of resistance training and
Nigella sativa supplementation had a significant effect in decreasing HOMA-IR (homeostatic
model assessment-insulin resistance), insulin, passive reaction (ESR), and CRP, as well as
increasing HDL fraction cholesterol during the 8-week intervention [43]. Furthermore, a
randomized clinical trial involving 117 obese patients with prediabetes showed that the
administration of capsules containing 450 mg of Nigella sativa oil twice a day or 500 mg of
metformin twice a day led to similar improvements in anthropometric indices, glycemia,
lipid profile, and inflammatory parameters (TNF-α (tumor necrosis factor-α) levels de-
creased significantly) [44]. The results of the study indicate that Nigella sativa may be an
important factor in complementary therapy with other drugs for the treatment of diabetes
and the prevention of diabetic complications. In addition, the results show a protective
effect on the cardiovascular system in patients with type 2 diabetes by improving, among
other things, the lipid profile, glycemia, and anti-inflammatory effects (Figure 2).

For diseases related to the exocrine function of the pancreas, thymoquinone is mainly
effective at reducing pancreatic α-amylase levels, regenerating pancreatic β-cells, and al-
leviating pancreatitis and oxidative stress [25,38]. In addition, it is beneficial in reducing
the factors associated with chronic pancreatitis (which may be one of the causes of pan-
creatic cancer) mentioned earlier, such as reducing triglycerides, weight loss, and waist
circumference [29].
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Figure 2. Antidiabetic and antihyperlipidemic effects of bioactive compounds and fatty acids found
in Nigella Sativa [26,27,33–35,41].

Pancreatic Cancer

Pancreatic cancer is one of the most common cancers worldwide and is character-
ized by a particularly poor prognosis, high metastatic rates, mortality, and resistance to
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chemotherapeutic drugs [45]. It develops as a result of excessive proliferation and DNA
mutations in pancreatic cells. These mutations cause uncontrolled growth of pancreatic
cells, leading to the appearance of cancerous tumors and causing the actual cells to lose their
function [46]. The causes of pancreatic cancer are not fully understood, but the following
risk factors were identified: age (usually 50–70 years), smoking, family history of pancreatic
cancer, diabetes, chronic pancreatitis, lifestyle, and obesity [47]. TQ is not harmful to human
cells and has shown beneficial antitumor effects in various cancers, including pancreatic
cancer [48]. Mechanisms underlying the TQ-mediated apoptosis of pancreatic cancer cells
based on in vivo and in vitro experiments include cell cycle arrest, the antiproliferative
effect, the antimetastasis effect, the inhibition of angiogenesis, and the induction of apop-
tosis [32]. Furthermore, TQ mediates the post-translational modification of histone H4
acetylation, contributes to the alteration of its epigenetic state, inhibits histone deacetylase
(HDAC) expression, and induces a pro-apoptotic signaling pathway [49,50]. More than
15 years ago, scientists confirmed that TQ can limit the proliferation of the pancreatic cancer
cell line PANC-1 [51]. Furthermore, TQ can inhibit the viability of the PANC-1 cell line
and promote its apoptosis in a concentration-dependent manner, as well as downregu-
late nuclear factor kappa-B (NF-κB) and matrix metallopeptidase 9 (MMP-9) [52,53]. In
addition, TQ can reduce mucin glycoprotein 4 (MUC4) expression in pancreatic cancer
cells, contributing to the regulation of differentiation, proliferation, reduced migration of
pancreatic cancer cells, and chemoresistance [54]. Furthermore, Mu et al. analyzed the
antitumor effects of thymoquinone and gemcitabine and found that TQ downregulates the
antiapoptotic proteins Bcl-2 and Bcl-xl, increases the pro-apoptotic protein Bax, induces the
release of cytochrome c from the mitochondria of cells with PANC-1 AsPC-1 and BxPC-3,
and activates a family of aspartate-specific protein hydrolases containing cysteine in a
dose-dependent manner, resulting in increased cleavage of active components of caspase-3
and -9 and cell apoptosis [55] (Figure 3). In this context, particular attention should be
paid to the occurrence of drug resistance in the treatment of pancreatic cancer, such as
gemcitabine (GEM). The most common type of pancreatic cancer is pancreatic ductal ade-
nocarcinoma (PDAC), for which gemcitabine and gemcitabine-based chemotherapy are
insufficient [56]. It was shown that pretreatment of pancreatic cancer cells with TQ can
increase the sensitivity of cells to the drug [57]. Based on the results of the study, it was
hypothesized that the combination of gemcitabine with TQ could improve the benefits of
the drug treatment [58]. Karki et al. showed that TQ can also exert a synergistic effect with
juglone, which is another cytotoxic molecule for pancreatic cancer cells [59]. Furthermore,
TQ in pancreatic cancer also exhibits powerful anti-inflammatory effects, reducing the
synthesis of inflammatory cytokines, such as monocyte chemotactic protein 1 (MCP-1),
TNF-α, interleukin, and cyclooxygenase-2 (COX-2) in pancreatic ductal cell carcinoma,
depending on the dose and time [32]. Preclinical in vitro and in vivo studies demonstrated
the therapeutic ability of TQ against pancreatic cancer, but data are still limited. TQ was
confirmed as a promising anticancer agent with different molecular mechanisms of action
underlying its multidirectional tumor inhibition. The synergistic effect of TQ on drugs
may also contribute to the resolution of drug resistance in pancreatic cancer. Currently,
research is limited mainly to laboratory studies; however, the discovery of TQ carriers
(nanoparticle preparations of TQ) opens the way to their clinical applications [60,61]. More
research is needed to effectively plan the intervention, assess the safety of TQ, and identify
the mechanisms involved in pancreatic cancer.
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4. Effects of Nigella sativa on the Liver

In a study by Kanter et al., the authors analyzed the effects of NS on the action
of selected liver enzymes in animal models with the introduction of carbon tetrachloride
(CCl4) treatment. Treatment of rats with CCl4 for 45 days decreased the antioxidant enzyme
levels and increased the levels of selected liver enzymes (ALP, alkaline phosphatase; AST,
aspartate aminotransferase; ALT, alanine aminotransferase) and lipid peroxidation. On the
other hand, from days 46 to 90, treatment with Nigella sativa L. or Urtica dioica L. (as a single
substance or in combination) was included, which reduced the liver enzyme concentrations
and the degree of lipid peroxidation and increased the levels of antioxidant enzymes. In
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addition, the inclusion of NS in therapy may exhibit a treatment-induced weight loss
effect [62]. In another study, the authors evaluated the effects of NS on metabolic disorders
that were induced by bisphenol A (BPA) in rats. When NS was administered with BPA or
thymoquinone with BPA, a decrease in selected liver enzymes was observed [63].

In human studies, Hussaina et al. also observed a reduction in liver enzymes (AST,
ALT) after supplementation with 1 g of NS twice a day in patients with non-alcoholic
fatty liver disease (NAFLD). Furthermore, the body weight of patients with a high BMI
(body mass index) was reduced, and in more than half of the patients, the parameters
indicative of liver steatosis improved. The researchers pointed out that it is worthwhile to
include treatment as early as the early stages of NAFLD [64]. In another study involving
40 men diagnosed with NAFLD who were divided into two groups (NS and placebo),
liver parameters, such as AST and ALT, were reduced in the NS group after supplemen-
tation with 1 g of NS per day for 8 weeks compared with the placebo group. However,
for GGT (gamma-glutamyl transpeptidase), the researchers did not observe a significant
difference. In addition to improving the levels of selected liver enzymes, the authors
pointed to significant reductions in inflammatory factors, i.e., CRP (C-reactive protein),
IL-6 (interleukin-6), and TNF-α [65]. Darand et al. recommended supplementation of up
to 2 grammes of NS per day for patients with NAFLD to reduce inflammation [66]. In a
meta-analysis, Razmpoosh et al. found that there were no interventive dosing effects of
NS on AST and ALP levels, while an association with ALT values was demonstrated [67].
Khonche et al. studied the efficacy and safety of black cumin oil in NAFLD. The study
enrolled 125 patients, who were assigned to two groups (with NS supplementation and a
placebo group). They took 5 mL of either NS oil or placebo every 12 h for 3 months. In the
NS supplementation group, researchers found a significant decrease in TG (triglyceride),
LDL-C (low-density lipoprotein cholesterol), and the degree of liver steatosis compared
with the placebo group [68]. In their review, Mohtashamian et al. also pointed to the
hepatoprotective effects of NS by, among other things, reducing oxidative stress in hepato-
cytes and decreasing lipid accumulation in the liver, but they also pointed to the need for
more studies to determine the effects of NS on NAFLD [69]. Other authors also pointed to
significant reductions in liver steatosis through NS supplementation [70].

Nigella sativa not only has a protective effect on hepatic steatosis but may also show
beneficial effects in hepatitis. Barakat et al. evaluated the efficacy and safety of NS in
patients diagnosed with hepatitis C who cannot be treated with interferon α (IFN-α). They
administered NS seed oil in capsule form (450 mg) to 30 patients three times a day after
meals for 3 months. They observed a reduction in the viral load of hepatitis C (HCV)
and an improvement in factors such as RBC (red blood cells), platelets, total protein, and
albumin. Furthermore, postdosing NS also had an effect on lowering the glucose levels
in HCV patients. The authors pointed to the role of NS in improving clinical indicators in
this group of patients; therefore, the introduction of such an option into primary therapy
could be considered [71]. In another study, Abdel-Moneim et al. tested the effects of NS
extract and Zingiber officinale extract on HCV. Sixty patients with a 15-patient control
group were included in the study. A group was given a capsule of NS extract (500 mg)
twice a day for one month. They showed that NS significantly reduced viral titers and
improved the overall clinical status of patients with HCV [72]. In another study, NS was
administered along with antiviral drugs used in HCV patients at a dose of 250 mg per day
for 8 weeks. The researchers observed an improvement in biochemical blood results and a
reduction in liver enzymes. NS, through its antioxidant activity, can also reduce the adverse
effects of drugs. However, further studies are needed to evaluate the impact of NS on HCV
treatment [73]. Thymochonon (TQ), which is one of the components of NS, reduced liver
damage by inhibiting IFN-γ (cytokine interferon-gamma) and TNF-α and blocking nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-κB) signaling [74]. The reduction
of thymochonon inflammatory responses can occur through the degradation of IRAK1
(interleukin-1 receptor-associated kinase 1) and, consequently, lead to the reduced activity of
AP-1 (activator protein 1) and NF-κB [75]. The substance also exhibits antigenotoxic effects
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by inhibiting the activity of cytochrome P450 1A2/A2, (CYP1A1/A2), which are involved in
the biotransformation of xenobiotics [76]. NS can also be used as an adjunct to antiparasitic
therapy, which could reduce liver damage caused by parasites [20]. In addition, it exhibits
antifungal activity, which also has a strong effect on liver function [77]. Thymoquinone was
indicated by many researchers as a chemopreventive agent and beneficial as an adjuvant to
liver cancer therapy [78,79]. Therefore, new agents are being developed with the addition
of NS oil to enhance anti-HepG2 cell lines [80]. The mechanism of action of NS is poorly
understood, and it was suggested that thymoquinone may post-mediate an increase in
miR-1-3p expression, which, by affecting levels of matrix metalloproteinase-2 (MMP2) or
TIMP Metallopeptidase Inhibitor 3 (TIMP3), among others, may inhibit angiogenesis [81].

NS shows a broad spectrum of action (Figure 4) on the functioning and various patho-
logical conditions of the liver; therefore, its inclusion in basic therapy can be considered.
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5. Effects of Nigella sativa on the Stomach

In animal models, both TQ and NS showed antioxidant properties that helped to lower
elevated free radicals that promote the development of gastric disorders [82,83]. Using a rat
model, Manjegowda et al. showed that RG-I type pectic polysaccharide of NS can stimulate
a molecular signaling cascade that can enhance the ulcer healing process [84]. TQ was
also found to increase NO production and gastric mucin secretion. TQ exhibits inhibitory
effects on factors that may be involved in the depletion of the gastric mucosal layer, reduces
gastric acid secretion by inhibiting the action of the proton pump, and decreases neutrophil
invasion. It suggests that TQ may find use in conditions related to gastric hyperacidity,
such as gastritis, dyspepsia, reflux, or peptic ulcers [82,85].

Helicobacter pylori (H. pylori) infection is one of the most common chronic bacterial in-
fections associated with the development of gastritis and gastric ulcers [86]. In addition, it is
one of the biggest risk factors for the development of gastric cancer and it was classified as a
group I carcinogen to humans, which means there is convincing evidence of carcinogenicity
in exposed humans. Additionally, there is evidence that H. pylori eradication in asymp-
tomatic individuals reduces the risk of gastric cancer [86,87]. The antibacterial properties
of NS, TQ, and thymohydroquinone were demonstrated in in vitro studies against both
Gram-negative and Gram-positive bacteria [88,89]. NS also shows antimicrobial activity
against some multidrug-resistant pathogenic bacteria [90].
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While many of the studies on NS used animal models, a few human studies that
evaluated the effect of NS on H. pylori eradication were also published. Salem et al.
conducted a study involving 88 adult patients (56 females and 32 males) with non-ulcer
dyspepsia and confirmed H. pylori infection [91]. Participants were divided into four
groups: (1) standard triple therapy (TT)—clarithromycin, amoxicillin, and omeprazole;
(2) 1 g NS powder + 40 mg omeprazole (OM); (3) 2 g NS powder + OM; and (4) 3 g NS
powder + OM. TT was applied for one week and the other therapies for four weeks. The
TT group, which received one of the standard therapies against H. pylori, achieved an 82.6%
eradication rate. The 2 g NS + OM group achieved a statistically comparable result to
the TT group (66.7%). The other groups were significantly less effective at eradicating H.
pylori than TT (1 g NS—47.6%, 3 g NS—47.8%) [91]. It is worth noting that eradication
was more effective in the group with a lower supply of NS (2 g vs. 3 g). Improvement
of dyspeptic symptoms was similar in all groups, which was probably related to proton-
pump inhibitor (PPI) administration. The study suggests that the administration of NS
along with PPIs may have the potential to be used as H. pylori eradication therapy with
comparable efficacy to therapy using clarithromycin and amoxicillin. Dosin is a traditional
Islamic mixture of NS with honey (HNS) [92]. There are references to the use of HNS to
relieve symptoms of the upper gastrointestinal tract in the literature of traditional Persian
medicine [93]. In a pilot study by Hashem-Dabaghian et al., 19 patients (13 females and
6 males) with gastrointestinal complaints and H. pylori infection were advised to receive
6 g of HNS three times a day (6 g/day of NS seeds and 12 g/day of honey) after meals for
two weeks. After the intervention, the eradication of H. pylori infection was observed in
57.1% (n = 8) of participants and dyspepsia symptoms reduced significantly [92]. Hanafy
and Hatem demonstrated in an in vitro study that NS can exhibit a synergistic antibacterial
effect in combination with streptomycin and gentamicin, as well as an additive effect with
several other antibiotics, suggesting that NS administered with antibiotics can increase
their efficacy [88]. Alizadeh-Naini et al. conducted an RCT that included 46 adult H.-pylori-
infected patients diagnosed with functional dyspepsia. Both groups received quadruple
therapy (500 mg metronizadole + 1000 mg amoxicillin + 240 mg bismuth subcitrate +
40 mg OM twice daily) for two weeks. The treatment group additionally received 2 g
NS daily for 8 weeks, and the placebo group received 2 g placebo daily for 8 weeks. The
H. pylori eradication rate was significantly increased in the NS group compared with the
placebo group (p = 0.01). After the intervention, 45.45% (n = 10) of participants were still
H.-pylori-positive in the placebo group compared with 12.5% (n = 3) in the NS group [94].

In 2015, Mohtashami et al. conducted a study evaluating the effectiveness of HNS in
patients with functional indigestion [93]. The RCT involved 70 participants (35 each in the
experimental and control groups). Patients were assessed for dyspepsia severity using the
Hong Kong index of dyspepsia questionnaire (HKDI). After 8 weeks of intervention, the
mean HKDI score was significantly lower in the group that received 5 mL of NS oil with
honey and water compared with the placebo group, which received only honey with water
(p < 0.001). Furthermore, the presence of H. pylori infection was verified before and after
the test using a urease test. The H. pylori eradication rate was significantly increased in the
NS group compared with the placebo group. No significant adverse effects were noted
during the course of the study, and its results provide a basis for further research with a
larger sample size [93].

NS seems to have potential clinical applications in gastric diseases (Figure 5), particu-
larly in the treatment of diseases associated with H. pylori infection. Further well-designed
clinical trials verifying the efficacy of using NS in combination with antibiotics for H. pylori
eradication may be warranted, especially given the increasing antibiotic resistance and
declining eradication rates of currently used therapies [86]. It should be noted that there is
currently insufficient evidence to establish a recommended NS dose. Various doses and
forms of administration of this agent were used in clinical trials, often in combination with
another biologically active substance.
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6. Effects of Nigella sativa on the Intestines

The effects of nigella were also confirmed in studies on its effects on the gut. Shahid
et al. investigated the effectiveness of NS oil and its main bioactive component, namely,
thymoquinone, on the intestinal tract in animal models. They administered cisplatin(CP)
to rats, which induced the overproduction of ROS (reactive oxygen species), which is
associated with increased oxidative stress. After the NS supply, the researchers noticed a re-
duction in brush-border membrane enzymatic activity in isolated brush-border membrane
vesicles. In addition, both enzymatic and non-enzymatic parameterizations of the antioxi-
dant defense of the intestinal mucosa improved [95]. Such effects of NS were confirmed
by histological and biochemical studies, indicating the potential of NS for clinical use [96].
The mechanism of the anti-inflammatory effect of TQ was presented by Venkata-raman
et al. They showed that TQ exhibits PPAR-γ (peroxisome proliferator-activated receptor
gamma) agonist through the induction of PPAR-γ promoter activity. Furthermore, they
pointed to the suppression of MAPK kinases (mitogen-activated protein kinase) and a
decrease in the activity levels of NF-κB signaling pathways, with a concomitant increase in
IκB (inhibitor of nuclear factor kappa-B) expression. Due to its potent anti-inflammatory
effects, the authors indicated that TQ may be considered a potential adjunctive therapy for
inflammatory bowel disease [97]. In another study using animal models, El-Sheikh et al.
attempted to investigate the mechanisms of action of TQ in counteracting toxicity with
methotrexate treatment. The administration of methotrexate resulted in the formation of
non-villiform villi and intestinal crypts, which may be a risk factor for the development
of celiac disease. Furthermore, catalase activity and glutathione concentrations decreased,
with a concomitant increase in malondialdehyde (MDA), indicating the development of
significant oxidative stress. In the group of rats in which methotrexate treatment was
accompanied by a TQ supply, increased intestinal GSH (reduced glutathione) and catalase
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concentrations were observed. Researchers also observed lower total nitrite/nitrate levels
in the group treated with methotrexate supplemented with TQ compared with the group
that received the drug alone [98]. TQ can also counteract the effects of gamma radiation
by reducing superoxide dismutase (SOD) and MDA [99]. TQ also exhibits apoptotic ef-
fects by increasing the expression and activity of caspase-3 in proliferative MCF7 and
HCT116. Thus, it may have applications in the treatment of aging breast and colon cancer
cells [100]. The beneficial effects of NS on intestinal toxicity induced by cadmium loading
were also documented. After exposure to cadmium, NS can restore the normal expression
of MUC2 (mucus glycoprotein 2) expression in the colon, increase IL-2 (interleukin-2), and
downregulate TNF-α [101]. Furthermore, due to the delay in digestion and absorption of
carbohydrates in the intestinal tract, NS can exhibit antihyperglycemic effects, supporting
the treatment of diabetes [33,102].

7. Safety

NS toxicity appears to be at a low level, but it should be highlighted that safety data
is mainly based on preclinical studies using TQ. The review by Mashayekhi-Sardoo et al.
summarized the in vivo toxicological profile of TQ. The degree of toxicity of TQ highly
depends on the dose and route of administration, and TQ itself appears to be relatively
safe when administered orally. LD50 for TQ ranges from 250 to 794 mg/kg in rats and from
300 mg/kg to 2400 mg/kg in mice when administered orally. LD50 for TQ administered
i.p. was 57 mg/kg in rats and 90.3 to 104 mg/kg in mice. Oral TQ is safer than i.p., as it
can undergo biotransformation to produce less toxic metabolites in the GI tract or become
metabolized in the liver, whereas the i.p. administration of TQ makes its transport into
the systemic circulation easier, which enhances its toxicity [103]. It is estimated that the
LD50 values for TQ taken orally can be about 100–150 times higher than the doses needed
to achieve therapeutic effects [104].

Severe side effects of NS are rarely observed in human studies [105]. In the Mo-
htashami et al. study, some patients experienced only mild adverse events, including
nausea and bloating in both treatment (5 mL NS oil + honey + water) and placebo (honey +
water) groups. Moreover, some participants experienced a burning sensation in the treat-
ment group. The difference in the incidence of these complaints between the groups was
not statistically significant [93]. In a study by Barakat et al. (n = 30), one case of epigastric
pain and five cases of hypoglycemia (two of whom had diabetes) were reported during
the NS oil treatment in patients with HCV [71]. A recent RCT that involved 60 healthy
subjects (n = 29/placebo group) indicated that taking 200 mg/adult/day of TQ-rich NS
oil formulation for 90 days was not associated with any significant side effects. No severe
adverse effects nor any alterations in the hematological parameters were reported [106].

8. Drug Interactions

Polypharmacy (PP) may be associated with a higher risk of drug interactions, adverse
reactions, hospitalizations, and mortality [107]. It occurs most often in the elderly, especially
in hospitalized patients and those with comorbidities [108]. Patients with chronic diseases
may be especially vulnerable to PP. In the context of GI diseases, it is worth highlighting
IBD, which is often associated with comorbidities such as cardiovascular diseases, rheuma-
tological diseases, acid-related disorders, autoimmune diseases, and psychiatric disorders.
PP prevalence appears to be similar in IBD and other chronic diseases. According to
Mesonero et al., it occurs in one in five patients in the general population and affects 48% of
patients over 62 years of age. In other studies, PP defined as the administration of ≥5 drugs
occurs in up to 49.8% of patients with Crohn’s disease and 29.8% of patients with ulcerative
colitis [109]. The inclusion of over-the-counter drugs and supplements may contribute to
increased PP prevalence in patients with chronic diseases; therefore, obtaining accurate
information from the patient about the medications and supplements used, including NS,
is important.
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NS appears to be able to interact with various medications. In vitro studies demon-
strated that TQ can significantly inhibit the activity of CYP1A2, CYP2C9, CYP3A4, and
CYP2D6 enzymes in human liver microsomes [109]. This suggests that NS may interact
with drugs that are metabolized by these enzymes. There are several reports in the literature
regarding the potential interactions of NS with drugs used in IBD. CYP3A4 is the impor-
tant enzyme responsible for the metabolism of most corticosteroids, such as budesonide,
prednisone, and methylprednisolone. CYP3A4 inhibitors such as ketoconazole can inhibit
budesonide and methylprednisolone metabolism suggesting that TQ could also have some
inhibitory effect [110,111]. Cyclosporine (CsA) and tacrolimus are metabolized by CYP3A
enzymes in the liver and small intestine. Both are the substrates for P-glycoprotein (P-
gp). Inhibitors and inducers of CYP3A or P-gp may disrupt the metabolism of CsA and
tacrolimus, which can affect their blood concentrations [112,113]. In an in vivo study, the
oral administration of 200 NG extract for 8 days in rabbits appeared to significantly reduce
Cmax and AUC0–t of CsA [112]. In Alrashedi et al.’s study, TQ administered to rats reduced
the oral bioavailability of CsA but did not interfere with the i.p. bioavailability of CsA.
Interestingly, TQ administration significantly attenuated the renal toxicity and diabetogenic
effect induced by CsA [113].

9. Conclusions

Increasingly used as a spice in kitchens around the world, black cumin, due to its
immunomodulatory properties, has potential applications in the prevention and treatment
of many conditions accompanied by chronic inflammation.

There is ample evidence of its anticancer, anti-inflammatory, antiparasitic, cholagogic,
hepatoprotective, and anti-ulcer effects (Table 1). Positive effects from its use were also
observed regarding improving lipid profile and body composition parameters in patients
with type 2 diabetes and liver steatosis, such as body weight and waist circumference,
making it useful for the specific prevention of metabolic syndrome, the occurrence of
which also increases the risk of developing the aforementioned diseases. Therefore, it
seems reasonable to include this ingredient in the diet as an element of therapy supporting
the treatment process, including drug treatment, while paying attention to its potential
interactions with drugs used in the treatment of chronic diseases.

Table 1. Summary of the effect of Nigella Sativa on gastrointestinal diseases.

Organs Disease Effects of Black Cumin Conclusion

Stomach Peptic ulcer disease

- Reduction in gastric acid secretion.
- Decrease in neutrophil invasion.
- Enhancement in ulcer healing in rats.
- Potential anti-H.-pylori properties in humans.

- NS shows potential anti-ulcer activity,
but further clinical trials verifying the
efficacy of NS are needed to determine
the appropriate dose and safety when
used in combination with antibiotics.

Pancreas

Type 2 diabetes
- Nigella sativa has antihyperlipidemic and

hypoglycemic effects.

- NS may be an important factor in
complementary therapy with other
drugs used in the treatment of
diabetes and the prevention of
diabetic complications.

- NS shows cardiovascular protective
effects in patients with type 2 diabetes
by improving lipid profile, glycemia,
and anti-inflammatory effects.

Pancreatic cancer

- Several mechanisms underlying apoptosis of
pancreatic cancer cells were described regarding
TQ-mediated pancreatic cancer.

- It was shown that pretreatment of pancreatic
cancer cells with TQ can increase the cells’
sensitivity to pharmacotherapy.

- Further research is needed to
effectively plan the intervention and
evaluate the safety of TQ and
mechanisms involved in the fight
against pancreatic cancer.
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Table 1. Cont.

Organs Disease Effects of Black Cumin Conclusion

Liver

Nonalcoholic fatty liver
disease (NAFLD)

- Increased levels of antioxidant enzymes.
- Decreased selected liver enzymes (ASP, ALT, ALP).
- Reduction in lipid peroxidation
- Lower body weight.
- Lowered inflammatory factors (e.g., TNF-α).

- NS supplementation can improve the
liver profile and reduce liver steatosis.

Hepatitis C (HCV)

- Reduction in HCV viral load.
- Improvement in some biochemical indices, e.g.,

RBC, albumin, and platelets.
- Lowered glycemic levels in HCV patients.
- Inhibition of IFN-γ and TNF-α and blocking of

NF-κB signaling.

- Studies showed improvements in
patients’ overall clinical condition. NS
supplementation may reduce the
adverse effects of drugs; therefore,
this could be considered for
introduction into primary therapy.

Intestines Overall impact

- Improved both enzymatic and nonenzymatic
parameters of the antioxidant defense of the
intestinal mucosa.

- Increased intestinal GSH and catalase levels were
observed with TQ supplementation.

- Showed apoptotic effects by increasing both
expression and activity of caspase-3 in
proliferative MCF7 and HCT116.

- May be considered as a potential
adjunctive therapy for inflammatory
bowel disease.

- It shows an adjunctive effect in
methotrexate therapy.

- Participates in the therapy of aging
breast and colon cancer cells.

NS—Nigella sativa, TQ—thymoquinone, ALP—alkaline phosphatase, AST—aspartate aminotransferase, ALT—
alanine aminotransferase, RBC—red blood cells, IFN-γ—cytokine interferon-gamma cytokine, NF-κB—nuclear
factor kappa-light-chain-enhancer of activated B cells, GSH—reduced glutathione, TNF-α—tumor necrosis
factor-α.
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25. Karpińska, M.; Czauderna, M. Pancreas-its functions, disorders, and physiological impact on the mammals’ organism. Front.
Physiol. 2022, 30, 807632. [CrossRef] [PubMed]

26. Hamdan, A.; Haji, I.R.; Mokhtar, M. Effects of Nigella sativa on type-2 diabetes mellitus: A systematic review. Int. J. Environ. Res.
Public Health 2019, 5, 4911. [CrossRef] [PubMed]

27. Ahmad, M.; Ahmad, F.; Ashraf, H.; Saad, H.; Wahab, S.; Khan, M.; Ali, M.; Mohan, S.; Hakeem, K.; Athar, M. An updated
knowledge of Black seed (Nigella sativa L.): Review of phytochemical constituents and pharmacological properties. J. Herb. Med.
2021, 25, 100404. [CrossRef]

28. Heshmati, J.; Namazi, N. Effects of black seed (Nigella sativa) on metabolic parameters in diabetes mellitus: A systematic review.
Complement. Ther. Med. 2015, 23, 275–282. [CrossRef]

29. Hoda, F.; Khanam, A.; Thareja, M.; Arshad, M.; Ahtar, M.; Najmi, A. Effect of Nigella sativa in improving blood glucose level in
T2DM: Systematic literature review of randomized control rrials. Drug Res. 2023, 73, 17–22. [CrossRef]

30. Faisal Lutfi, M.; Abdel-Moneim, A.; Alsharidah, A.; Mobark, M.; Abdellatif, A.; Saleem, I.; Al Rugaie, O.; Mohany, K.; Alsharidah,
M. Thymoquinone lowers blood glucose and reduces oxidative stress in a rat model of diabetes. Molecules 2021, 17, 2348.
[CrossRef]

31. El-Shemi, A.; Kensara, O.; Alsaegh, A.; Mukhtar, M. Pharmacotherapy with thymoquinone improved pancreatic β-cell in-
tegrity and functional activity, enhanced islets revascularization, and alleviated metabolic and hepato-renal disturbances in
streptozotocin-induced diabetes in rats. Pharmacology 2018, 101, 9–21. [CrossRef]

32. Khan, S.; Zaidi, K. Protective effect of Nigella sativa seed extract and its bioactive compound thymoquinone on streptozotocin-
induced diabetic rats. Cardiovasc. Hematol. Agents Med. Chem. 2022. E-pub Ahead of Print. [CrossRef] [PubMed]

33. Dalli, M.; Daoudi, N.; Azizi, S.; Benouda, H.; Bnouham, M.; Gseyra, N. Chemical composition analysis using HPLC-UV/GC-MS
and inhibitory activity of different Nigella sativa fractions on pancreatic α-amylase and intestinal glucose absorption. Biomed. Res.
Int. 2021, 26, 9979419. [CrossRef]

34. Varghese, L.; Mehrotra, N. α-amylase inhibitory activity of microencapsulated Nigella sativa L. and herb-drug interaction: An
in vitro analysis. Ann. Fitomed. Int. J. 2020, 9, 107–112. [CrossRef]

http://doi.org/10.1016/j.freeradbiomed.2010.12.034
http://doi.org/10.1186/1476-511X-10-236
http://doi.org/10.1007/s12035-022-02807-5
http://doi.org/10.1007/s11011-019-00394-4
http://doi.org/10.1016/j.hjb.2017.08.004
http://doi.org/10.3390/molecules26082108
http://www.ncbi.nlm.nih.gov/pubmed/33916916
http://doi.org/10.1016/j.jsps.2019.09.008
http://doi.org/10.1016/S2221-1691(13)60075-1
http://doi.org/10.3390/horticulturae8070575
http://doi.org/10.1155/2019/1528635
http://www.ncbi.nlm.nih.gov/pubmed/31214267
http://doi.org/10.22038/ijbms.2020.37734.8978
http://doi.org/10.1016/j.foodchem.2006.02.022
http://doi.org/10.1007/s10787-016-0262-7
http://www.ncbi.nlm.nih.gov/pubmed/27068721
http://doi.org/10.3390/nu13061784
http://www.ncbi.nlm.nih.gov/pubmed/34073784
http://doi.org/10.3389/fphys.2022.807632
http://www.ncbi.nlm.nih.gov/pubmed/35431983
http://doi.org/10.3390/ijerph16244911
http://www.ncbi.nlm.nih.gov/pubmed/31817324
http://doi.org/10.1016/j.hermed.2020.100404
http://doi.org/10.1016/j.ctim.2015.01.013
http://doi.org/10.1055/a-1936-8412
http://doi.org/10.3390/molecules26082348
http://doi.org/10.1159/000480018
http://doi.org/10.2174/1871525721666221221161742
http://www.ncbi.nlm.nih.gov/pubmed/36545735
http://doi.org/10.1155/2021/9979419
http://doi.org/10.21276/ap.2020.9.1.12


Curr. Issues Mol. Biol. 2023, 45 3031

35. Tiji, S.; Bouhrim, M.; Addi, M.; Drouet, S.; Lorenzo, J.; Hano, C.; Bnouham, M.; Mimouni, M. Linking the phytochemicals and the
α-glucosidase and α-amylase enzyme inhibitory effects of Nigella sativa seed extracts. Foods 2021, 6, 1818. [CrossRef]

36. Hannan, J.; Ansari, P.; Haque, A.; Sanju, A.; Huzaifa, A.; Rahman, A.; Ghosh, A.; Azam, S. Nigella sativa stimulates insulin secretion
from isolated rat islets and inhibits the digestion and absorption of (CH2O)n in the gut. Biosci. Rep. 2019, 23, BSR20190723.
[CrossRef] [PubMed]

37. Alshahrani, S.; Anwer, T.; Alam, M.; Ahmed, R.; Khan, G.; Sivakumar, S.; Shoaib, A.; Alam, P.; Azam, F. Effect of thymoquinone
on high fat diet and STZ-induced experimental type 2 diabetes: A mechanistic insight by in vivo and in silico studies. J. Food
Biochem. 2021, 21, e13807. [CrossRef] [PubMed]

38. Aboul-Mahasen, L.; Abdulrahman, A.R. The possible protective effects of virgin olive oil and Nigella sativa seeds on the
biochemical and histopathological changes in pancreas of hyperlipidaemic rats. Folia Morphol. 2019, 78, 762–772. [CrossRef]
[PubMed]

39. Shehata, T.; Almostafa, M.; Elsewedy, H. Development and optimization of Nigella sativa nanoemulsion loaded with pioglitazone
for hypoglycemic effect. Polymers 2022, 26, 3021. [CrossRef]

40. Badar, A.; Kaatabi, H.; Bamosa, A.; Al-Elq, A.; Abou-Hozaifa, B.; Lebda, F.; Alkhadra, S.; Al-Almaie, S. Effect of Nigella sativa
supplementation over a one-year period on lipid levels, blood pressure and heart rate in type-2 diabetic patients receiving oral
hypoglycemic agents: Nonrandomized clinical trial. Ann. Saudi Med. 2017, 37, 56–63. [CrossRef]

41. Kooshki, A.; Tofighiyan, T.; Rastgoo, N.; Rakhshani, M.; Miri, M. Effect of Nigella sativa oil supplement on risk factors for
cardiovascular diseases in patients with type 2 diabetes mellitus. Phytother. Res. 2020, 34, 2706–2711. [CrossRef] [PubMed]

42. Moustafa, H.; El Wakeel, L.; Halawa, M.; Sabri, N.; El-Bahy, A.; Singab, A. Effect of Nigella sativa oil versus metformin on glycemic
control and biochemical parameters of newly diagnosed type 2 diabetes mellitus patients. Endocrine 2019, 65, 286–294. [CrossRef]
[PubMed]

43. Jangjo-Borazjani, S.; Dastgheib, M.; Kiyamarsi, E.; Jamshidi, R.; Rahmati-Ahmadabad, S.; Helalizadeh, M.; Iraji, R.; Cornish, S.M.;
Mohammadi-Darestani, S.; Khojasteh, Z.; et al. Effects of resistance training and Nigella sativa on type 2 diabetes: Implications
for metabolic markers, low-grade inflammation and liver enzyme production. Arch. Physiol. Biochem. 2021, 21, 1–9. [CrossRef]
[PubMed]

44. Mostafa, T.; Hegazy, S.; Elnaidany, S.; Shehabeldin, W.; Sawan, E. Nigella sativa as a promising intervention for metabolic and
inflammatory disorders in obese prediabetic subjects: A comparative study of Nigella sativa versus both lifestyle modification and
metformin. J. Diabetes Complicat. 2021, 35, 107947. [CrossRef] [PubMed]

45. Zhao, Z.; Liu, L.; Li, S.; Hou, X.; Yang, J. Advances in research on the relationship between thymoquinone and pancreatic cancer.
Front. Oncol. 2023, 4, 1092020. [CrossRef]

46. Mizrahi, J.; Surana, R.; Valle, J.; Shroff, R. Pancreatic cancer. Lancet 2020, 27, 2008–2020. [CrossRef]
47. Sharifi-Rad, M.; Anil Kumar, N.V.; Zucca, P.; Varoni, E.M.; Dini, L.; Panzarini, E.; Rajkovic, J.; Tsouh Fokou, P.V.; Azzini, E.; Peluso,

I.; et al. Lifestyle, oxidative stress, and antioxidants: Back and forth in the pathophysiology of chronic diseases. Front. Physiol.
2020, 2, 694. [CrossRef]

48. Almajali, B.; Al-Jamal, H.; Taib, W.; Ismail, I.; Johan, M.; Doolaanea, A.; Ibrahim, W. Thymoquinone, as a novel therapeutic
candidate of cancers. Pharmaceuticals 2021, 16, 369. [CrossRef]

49. Imran, M.; Rauf, A.; Khan, I.A.; Shahbaz, M.; Qaisrani, T.B.; Fatmawati, S.; Abu-Izneid, T.; Imran, A.; Rahman, K.U.; Gondal, T.A.
Thymoquinone: A novel strategy to combat cancer: A review. Biomed. Pharmacother. 2018, 106, 390–402. [CrossRef]

50. Relles, D.; Chipitsyna, G.; Gong, Q.; Yeo, C.; Arafat, H. Thymoquinone promotes pancreatic cancer cell death and reduction of
tumor size through combined inhibition of histone deacetylation and induction of histone acetylation. Adv. Prev. Med. 2016, 2016,
1407840. [CrossRef]

51. Tan, M.; Norwood, A.; May, M.; Tucci, M.; Benghuzzi, H. Effects of (-)epigallocatechin gallate and thymoquinone on proliferation
of a PANC-1 cell line in culture. Biomed. Sci. Instrum. 2006, 42, 363–371. [PubMed]

52. Wu, Z.; Chen, Z.; Shen, Y.; Huang, L.; Jiang, P. Anti-metastasis effect of thymoquinone on human pancreatic cancer. Yao Xue Xue
Bao 2011, 46, 910–914. [PubMed]

53. Narayanan, P.; Farghadani, R.; Nyamathulla, S.; Rajarajeswaran, J.; Thirugnanasampandan, R.; Bhuwaneswari, G. Natural
quinones induce ROS-mediated apoptosis and inhibit cell migration in PANC-1 human pancreatic cancer cell line. J. Biochem. Mol.
Toxicol. 2022, 36, e23008. [CrossRef]

54. Torres, M.P.; Ponnusamy, M.P.; Chakraborty, S.; Smith, L.M.; Das, S.; Arafat, H.A.; Batra, S.K. Effects of thymoquinone in the
expression of mucin 4 in pancreatic cancer cells: Implications for the development of novel cancer therapies. Mol. Cancer Ther.
2010, 9, 1419–1431. [CrossRef] [PubMed]

55. Mu, G.; Zhang, L.; Li, H.; Liao, Y.; Yu, H. Thymoquinone pretreatment overcomes the insensitivity and potentiates the antitumor
effect of gemcitabine through abrogation of Notch1, PI3K/Akt/mTOR regulated signaling pathways in pancreatic cancer. Dig.
Dis. Sci. 2015, 60, 1067–1080. [CrossRef]

56. Djamgoz, M.; Jentzsch, V. Integrative management of pancreatic cancer (PDAC): Emerging complementary agents and modalities.
Nutr. Cancer 2022, 74, 1139–1162. [CrossRef]

57. Pandita, A.; Kumar, B.; Manvati, S.; Vaishnavi, S.; Singh, S.; Bamezai, R. Synergistic combination of gemcitabine and dietary
molecule induces apoptosis in pancreatic cancer cells and down regulates PKM2 expression. PLoS ONE 2014, 9, e107154.
[CrossRef]

http://doi.org/10.3390/foods10081818
http://doi.org/10.1042/BSR20190723
http://www.ncbi.nlm.nih.gov/pubmed/31375555
http://doi.org/10.1111/jfbc.13807
http://www.ncbi.nlm.nih.gov/pubmed/34152002
http://doi.org/10.5603/FM.a2019.0017
http://www.ncbi.nlm.nih.gov/pubmed/30816553
http://doi.org/10.3390/polym14153021
http://doi.org/10.5144/0256-4947.2017.56
http://doi.org/10.1002/ptr.6707
http://www.ncbi.nlm.nih.gov/pubmed/32510754
http://doi.org/10.1007/s12020-019-01963-4
http://www.ncbi.nlm.nih.gov/pubmed/31152309
http://doi.org/10.1080/13813455.2021.1886117
http://www.ncbi.nlm.nih.gov/pubmed/33612031
http://doi.org/10.1016/j.jdiacomp.2021.107947
http://www.ncbi.nlm.nih.gov/pubmed/34006388
http://doi.org/10.3389/fonc.2022.1092020
http://doi.org/10.1016/S0140-6736(20)30974-0
http://doi.org/10.3389/fphys.2020.00694
http://doi.org/10.3390/ph14040369
http://doi.org/10.1016/j.biopha.2018.06.159
http://doi.org/10.1155/2016/1407840
http://www.ncbi.nlm.nih.gov/pubmed/16817635
http://www.ncbi.nlm.nih.gov/pubmed/22007514
http://doi.org/10.1002/jbt.23008
http://doi.org/10.1158/1535-7163.MCT-10-0075
http://www.ncbi.nlm.nih.gov/pubmed/20423995
http://doi.org/10.1007/s10620-014-3394-x
http://doi.org/10.1080/01635581.2021.1934043
http://doi.org/10.1371/journal.pone.0107154


Curr. Issues Mol. Biol. 2023, 45 3032

58. Pandita, A.; Manvati, S.; Singh, S.; Vaishnavi, S.; Bamezai, R. Combined effect of microRNA, nutraceuticals and drug on pancreatic
cancer cell lines. Chem. Biol. Interact. 2015, 233, 56–64. [CrossRef]

59. Karki, N.; Aggarwal, S.; Laine, R.; Greenway, F.; Losso, J. Cytotoxicity of juglone and thymoquinone against pancreatic cancer
cells. Chem. Biol. Interact. 2020, 327, 109142. [CrossRef]

60. El-Far, A.; Al Jaouni, S.; Li, W.; Mousa, S. Protective roles of Thymoquinone nanoformulations: Potential nanonutraceuticals in
human diseases. Nutrients 2018, 10, 1369. [CrossRef]

61. Liu, D.; Zhang, H.; Fontana, F.; Hirvonen, J.; Santos, H. Current developments and applications of microfluidic technology toward
clinical translation of nanomedicines. Adv. Drug Deliv. Rev. 2018, 128, 54–83. [CrossRef] [PubMed]

62. Kanter, M.; Meral, I.; Dede, S.; Gunduz, H.; Cemek, M.; Ozbek, H.; Uygan, I. Effects of Nigella sativa L. and Urtica dioica L. on
lipid peroxidation, antioxidant enzyme systems and some liver enzymes in CCl4-treated rats. J. Vet. Med. A Physiol. Pathol. Clin.
Med. 2003, 50, 264–268. [CrossRef] [PubMed]

63. Fadishei, M.; Ghasemzadeh Rahbardar, M.; Imenshahidi, M.; Mohajeri, A.; Razavi, B.; Hosseinzadeh, H. Effects of Nigella sativa
oil and thymoquinone against bisphenol A-induced metabolic disorder in rats. Phytother. Res. 2021, 35, 2005–2024. [CrossRef]
[PubMed]

64. Hussain, M.; Tunio, A.; Akhtar, L.; Shaikh, G. Effects of Nigella sativa on various parameters in Patients of non-alcoholic fatty liver
disease. J. Ayub. Med. Coll. Abbottabad. 2017, 29, 403–407. [PubMed]

65. Rashidmayvan, M.; Mohammadshahi, M.; Seyedian, S.; Haghighizadeh, M. The effect of Nigella sativa oil on serum levels of
inflammatory markers, liver enzymes, lipid profile, insulin and fasting blood sugar in patients with non-alcoholic fatty liver. J.
Diabetes Metab. Disord. 2019, 18, 453–459. [CrossRef] [PubMed]

66. Darand, M.; Darabi, Z.; Yari, Z.; Saadati, S.; Hedayati, M.; Khoncheh, A.; Hosseini-Ahangar, B.; Alavian, S.; Hekmatdoost,
A. Nigella sativa and inflammatory biomarkers in patients with non-alcoholic fatty liver disease: Results from a randomized,
double-blind, placebo-controlled, clinical trial. Complement. Ther. Med. 2019, 44, 204–209. [CrossRef]

67. Razmpoosh, E.; Safi, S.; Abdollahi, N.; Nadjarzadeh, A.; Nazari, M.; Fallahzadeh, H.; Mazaheri, M.; Salehi-Abargouei, A. The effect
of Nigella sativa on the measures of liver and kidney parameters: A systematic review and meta-analysis of randomized-controlled
trials. Pharmacol. Res. 2020, 156, 104767. [CrossRef]

68. Khonche, A.; Huseini, H.; Gholamian, M.; Mohtashami, R.; Nabati, F.; Kianbakht, S. Standardized Nigella sativa seed oil
ameliorates hepatic steatosis, aminotransferase and lipid levels in non-alcoholic fatty liver disease: A randomized, double-blind
and placebo-controlled clinical trial. J. Ethnopharmacol. 2019, 234, 106–111. [CrossRef]

69. Mohtashamian, A.; Ebrahimzadeh, A.; Shamekhi, Z.; Sharifi, N. Nigella sativa supplementation and non-alcoholic fatty liver
disease: A systematic review of clinical trials. Avicenna J. Phytomed. 2023, 13, 18–33. [CrossRef]

70. Azizi, N.; Amini, M.; Djafarian, K.; Shab-Bidar, S. The effects of Nigella sativa supplementation on liver enzymes levels: A
systematic review and meta-analysis of randomized controlled trials. Clin. Nutr. Res. 2021, 10, 72–82. [CrossRef]

71. Barakat, E.; El Wakeel, L.; Hagag, R. Effects of Nigella sativa on outcome of hepatitis C in Egypt. World J. Gastroenterol. 2013, 19,
2529–2536. [CrossRef]

72. Abdel-Moneim, A.; Morsy, B.; Mahmoud, A.; Abo-Seif, M.; Zanaty, M. Beneficial therapeutic effects of Nigella sativa and/or
Zingiber officinale in HCV patients in Egypt. Excli. J. 2013, 12, 943–955.

73. Ahmed, A.; Zahoor, A.; Ibrahim, M.; Younus, M.; Nawaz, S.; Naseer, R.; Akram, Q.; Deng, C.; Ojha, S. Enhanced efficacy of
direct-acting antivirals in Hepatitis C patients by coadministration of Black Cumin and ascorbate as antioxidant adjuvants. Oxid.
Med. Cell Longev. 2020, 2020, 7087921. [CrossRef]

74. Kathem, S.; Abdulsahib, W.; Zalzala, M. Berbamine and thymoquinone exert protective effects against immune-mediated liver
injury via NF-κB dependent pathway. Front. Vet. Sci. 2022, 9, 960981. [CrossRef]

75. Hossen, M.; Yang, W.; Kim, D.; Aravinthan, A.; Kim, J.; Cho, J. Thymoquinone: An IRAK1 inhibitor with in vivo and in vitro
anti-inflammatory activities. Sci. Rep. 2017, 7, 42995. [CrossRef]

76. Seronello, S.; Sheikh, M.; Choi, J. Redox regulation of hepatitis C in nonalcoholic and alcoholic liver. Free Radic. Biol. Med. 2007,
43, 869–882. [CrossRef]

77. Forouzanfar, F.; Bazzaz, B.; Hosseinzadeh, H. Black cumin (Nigella sativa) and its constituent (thymoquinone): A review on
antimicrobial effects. Iran. J. Basic Med. Sci. 2014, 17, 929–938.

78. Shahin, Y.R.; Elguindy, N.M.; Abdel Bary, A.; Balbaa, M. The protective mechanism of Nigella sativa against diethylnitrosamine-
induced hepatocellular carcinoma through its antioxidant effect and EGFR/ERK1/2 signaling. Environ. Toxicol. 2018, 33, 885–898.
[CrossRef]

79. Saddiq, A.A.; El-Far, A.H.; Mohamed Abdullah, S.A.; Godugu, K.; Almaghrabi, O.A.; Mousa, S.A. Curcumin, thymoquinone, and
3,3’-diindolylmethane combinations attenuate lung and liver cancers progression. Front Pharmacol. 2022, 13, 936996. [CrossRef]

80. Usmani, A.; Mishra, A.; Arshad, M.; Jafri, A. Development and evaluation of doxorubicin self nanoemulsifying drug delivery
system with Nigella sativa oil against human hepatocellular carcinoma. Artif. Cells Nanomed. Biotechnol. 2019, 47, 933–944.
[CrossRef]

81. Tadros, S.; Attia, Y.; Maurice, N.; Fahim, S.; Abdelwahed, F.; Ibrahim, S.; Badary, O. Thymoquinone suppresses angiogenesis in
DEN-Induced hepatocellular carcinoma by targeting miR-1-3p. Int. J. Mol. Sci. 2022, 23, 15904. [CrossRef]

82. Magdy, M.A.; Hanan, E.-A.; Nabila, E.-M. Thymoquinone: Novel gastroprotective mechanisms. Eur. J. Pharmacol. 2012, 697,
126–131. [CrossRef] [PubMed]

http://doi.org/10.1016/j.cbi.2015.03.018
http://doi.org/10.1016/j.cbi.2020.109142
http://doi.org/10.3390/nu10101369
http://doi.org/10.1016/j.addr.2017.08.003
http://www.ncbi.nlm.nih.gov/pubmed/28801093
http://doi.org/10.1046/j.1439-0442.2003.00537.x
http://www.ncbi.nlm.nih.gov/pubmed/14567515
http://doi.org/10.1002/ptr.6944
http://www.ncbi.nlm.nih.gov/pubmed/33315269
http://www.ncbi.nlm.nih.gov/pubmed/29076670
http://doi.org/10.1007/s40200-019-00439-6
http://www.ncbi.nlm.nih.gov/pubmed/31890671
http://doi.org/10.1016/j.ctim.2019.04.014
http://doi.org/10.1016/j.phrs.2020.104767
http://doi.org/10.1016/j.jep.2019.01.009
http://doi.org/10.22038/AJP.2022.20060
http://doi.org/10.7762/cnr.2021.10.1.72
http://doi.org/10.3748/wjg.v19.i16.2529
http://doi.org/10.1155/2020/7087921
http://doi.org/10.3389/fvets.2022.960981
http://doi.org/10.1038/srep42995
http://doi.org/10.1016/j.freeradbiomed.2007.05.036
http://doi.org/10.1002/tox.22574
http://doi.org/10.3389/fphar.2022.936996
http://doi.org/10.1080/21691401.2019.1581791
http://doi.org/10.3390/ijms232415904
http://doi.org/10.1016/j.ejphar.2012.09.042
http://www.ncbi.nlm.nih.gov/pubmed/23051678


Curr. Issues Mol. Biol. 2023, 45 3033

83. Pop, R.M.; Sabin, O.; Suciu, S.; Vesa, S.; Socaci, S.; Chedea, V.; Bocsan, I.; Buzoianu, A. Nigella sativa’s anti-Inflammatory and
antioxidative effects in experimental inflammation. Antioxidants 2020, 9, 921. [CrossRef] [PubMed]

84. Manjegowda, S.; Rajagopal, H.; Dharmesh, S. Polysaccharide of Black cumin (Nigella sativa) modulates molecular signaling
cascade of gastric ulcer pathogenesis. Int. J. Biol. Macromol. 2017, 101, 823–836. [CrossRef]

85. Aleem, U.; Rehman, A.; Shah, R.; Jan, T.; Jan, M.; Jan, R. Effects of thymoquinone obtained from seeds of Nigella sativa on volume
& Acidity of stimulated gastric secretion. Pak. J. Med. Health Sci. 2020, 14, 49–50.

86. Saleem, N.; Howden, C. Update on the management of Helicobacter pylori Infection. Curr. Treat. Options Gastroenterol. 2020, 18,
476–487. [CrossRef]

87. Piscione, M.; Mazzone, M.; Di Marcantonio, M.; Muraro, R.; Mincione, G. Eradication of Helicobacter pylori and gastric cancer: A
controversial relationship. Front. Microbiol. 2021, 12, 630852. [CrossRef]

88. Hanafy, M.; Hatem, M. Studies on the antimicrobial activity of Nigella sativa seed (black cumin). J. Ethnopharmacol. 1991, 34,
275–278. [CrossRef]

89. Halawani, E. Antibacterial activity of thymoquinone and thymohydroquinone of Nigella sativa L. and their interaction with some
antibiotics. Adv. Biol. Res. 2009, 3, 148–152.

90. Salman, M.; Khan, R.; Shukla, I. Antimicrobial activity of Nigella sativa seed oil against multi-drug resistant bacteria from clinical
isolates. Nat. Prod. Radiance 2008, 7, 10–14.

91. Salem, E.; Yar, T.; Bamosa, A.; Al-Quorain, A.; Yasawy, M.; Alsulaiman, R.; Randhawa, M. Comparative study of Nigella sativa and
triple therapy in eradication of Helicobacter Pylori in patients with non-ulcer dyspepsia. Saudi J. Gastroenterol. 2010, 16, 207–214.
[CrossRef] [PubMed]

92. Hashem-Dabaghian, F.; Agah, S.; Taghavi-Shirazi, M.; Ghobadi, A. Combination of Nigella sativa and honey in eradication of
gastric Helicobacter pylori infection. Iran. Red. Crescent. Med. J. 2016, 18, e23771. [CrossRef]

93. Mohtashami, R.; Huseini, H.; Heydari, M.; Amini, M.; Sadeqhi, Z.; Ghaznavi, H.; Mehrzadi, S. Efficacy and safety of honey
based formulation of Nigella sativa seed oil in functional dyspepsia: A double blind randomized controlled clinical trial. J.
Ethnopharmacol. 2015, 175, 147–152. [CrossRef] [PubMed]

94. Alizadeh-Naini, M.; Yousefnejad, H.; Hejazi, N. The beneficial health effects of Nigella sativa on Helicobacter pylori eradication,
dyspepsia symptoms, and quality of life in infected patients: A pilot study. Phytother. Res. 2020, 34, 1367–1376. [CrossRef]

95. Shahid, F.; Farooqui, Z.; Khan, A.; Khan, F. Oral Nigella sativa oil and thymoquinone administration ameliorates the effect of
long-term cisplatin treatment on the enzymes of carbohydrate metabolism, brush border membrane, and antioxidant defense in
rat intestine. Naunyn-Schmiedeberg’s Arch. Pharmacol. 2018, 391, 145–157. [CrossRef] [PubMed]

96. Shahid, F.; Farooqui, Z.; Rizwan, S.; Abidi, S.; Parwez, I.; Khan, F. Oral administration of Nigella sativa oil ameliorates the effect of
cisplatin on brush border membrane enzymes, carbohydrate metabolism and antioxidant system in rat intestine. Exp. Toxicol.
Pathol. 2017, 69, 299–306. [CrossRef] [PubMed]

97. Venkataraman, B.; Almarzooqi, S.; Raj, V.; Alhassani, A.T.; Alhassani, A.S.; Ahmed, K.J.; Subramanian, V.S.; Ojha, S.K.; Attoub,
S.; Adrian, T.E.; et al. Thymoquinone, a aietary bioactive compound, exerts anti-Inflammatory effects in colitis by stimulating
expression of the colonic epithelial PPAR-γ transcription factor. Nutrients 2021, 13, 1343. [CrossRef]

98. El-Sheikh, A.; Morsy, M.; Hamouda, A. Protective mechanisms of thymoquinone on methotrexate-induced intestinal toxicity in
rats. Pharmacogn. Mag. 2016, 12, S76–S81. [CrossRef]

99. Orhon, Z.; Uzal, C.; Kanter, M.; Erboga, M.; Demiroglu, M. Protective effects of Nigella sativa on gamma radiation-induced jejunal
mucosal damage in rats. Pathol. Res. Pract. 2016, 212, 437–443. [CrossRef] [PubMed]

100. El-Far, A.; Godugu, K.; Noreldin, A.; Saddiq, A.; Almaghrabi, O.; Al Jaouni, S.; Mousa, S. Thymoquinone and costunolide induce
apoptosis of both proliferative and doxorubicin-induced-senescent colon and breast cancer cells. Integr. Cancer Ther. 2021, 20,
15347354211035450. [CrossRef]

101. Akinrinde, A.; Adekanmbi, A.; Olojo, F. Nigella sativa oil protects against cadmium-induced intestinal toxicity via promotion of
anti-inflammatory mechanisms, mucin expression and microbiota integrity. Avicenna J. Phytomed. 2022, 12, 241–256. [CrossRef]
[PubMed]

102. Maideen, N.M.P. Antidiabetic activity of Nigella sativa (Black Seeds) and its active constituent (Thymoquinone): A review of
human and experimental animal studies. Chonnam. Med. J. 2021, 57, 169–175. [CrossRef] [PubMed]

103. Mashayekhi-Sardoo, H.; Rezaee, R.; Karimi, G. An overview of in vivo toxicological profile of thymoquinone. Toxin. Rev. 2020, 39,
115–122. [CrossRef]

104. Al-Ali, A.; Alkhawajah, A.; Randhawa, M.; Shaikh, N. Oral and intraperitoneal LD50 of thymoquinone, an active principle of
Nigella sativa, in mice and rats. J. Ayub. Med. Coll. Abbottabad 2008, 20, 25–27. [PubMed]

105. Tavakkoli, A.; Mahdian, V.; Razavi, B.; Hosseinzadeh, H. Review on clinical trials of black seed (Nigella sativa) and its active
constituent, thymoquinone. J. Pharmacopunct. 2017, 20, 179–193. [CrossRef]

106. Thomas, J.; Mohan, M.; Prabhakaran, P.; Das, S.; Maliakel, B.; Krishnakumar, I. A phase I clinical trial to evaluate the safety
of thymoquinone-rich black cumin oil (BlaQmax®) on healthy subjects: Randomized, double-blinded, placebo-controlled
prospective study. Toxicol. Rep. 2022, 9, 999–1007. [CrossRef]

107. Mesonero, F.; Fernández, C.; Sánchez-Rodrígue, E.; García-García, P.A.; Senosiain, C.; Albillos, A.; López-Sanromán, A. Polyphar-
macy in patients with inflammatory bowel disease: Prevalence and outcomes in a single-center series. J. Clin. Gastroenterol. 2022,
56, e189–e195. [CrossRef]

http://doi.org/10.3390/antiox9100921
http://www.ncbi.nlm.nih.gov/pubmed/32993150
http://doi.org/10.1016/j.ijbiomac.2017.03.093
http://doi.org/10.1007/s11938-020-00300-3
http://doi.org/10.3389/fmicb.2021.630852
http://doi.org/10.1016/0378-8741(91)90047-H
http://doi.org/10.4103/1319-3767.65201
http://www.ncbi.nlm.nih.gov/pubmed/20616418
http://doi.org/10.5812/ircmj.23771
http://doi.org/10.1016/j.jep.2015.09.022
http://www.ncbi.nlm.nih.gov/pubmed/26386381
http://doi.org/10.1002/ptr.6610
http://doi.org/10.1007/s00210-017-1444-6
http://www.ncbi.nlm.nih.gov/pubmed/29302711
http://doi.org/10.1016/j.etp.2017.02.001
http://www.ncbi.nlm.nih.gov/pubmed/28215571
http://doi.org/10.3390/nu13041343
http://doi.org/10.4103/0973-1296.176106
http://doi.org/10.1016/j.prp.2016.02.017
http://www.ncbi.nlm.nih.gov/pubmed/26944830
http://doi.org/10.1177/15347354211035450
http://doi.org/10.22038/AJP.2021.18774
http://www.ncbi.nlm.nih.gov/pubmed/36186933
http://doi.org/10.4068/cmj.2021.57.3.169
http://www.ncbi.nlm.nih.gov/pubmed/34621636
http://doi.org/10.1080/15569543.2018.1514637
http://www.ncbi.nlm.nih.gov/pubmed/19385451
http://doi.org/10.3831/KPI.2017.20.021
http://doi.org/10.1016/j.toxrep.2022.04.020
http://doi.org/10.1097/MCG.0000000000001647


Curr. Issues Mol. Biol. 2023, 45 3034

108. Pazan, F.; Wehling, M. Polypharmacy in older adults: A narrative review of definitions, epidemiology and consequences. Eur.
Geriatr. Med. 2021, 12, 443–452. [CrossRef]

109. Albassam, A.; Ahad, A.; Alsultan, A.; Al-Jenoobi, F. Inhibition of cytochrome P450 enzymes by thymoquinone in human liver
microsomes. Saudi Pharm. J. 2018, 26, 673–677. [CrossRef]

110. Schwab, M.; Klotz, U. Pharmacokinetic considerations in the treatment of inflammatory bowel disease. Clin. Pharmacokinet. 2001,
40, 723–751. [CrossRef]

111. Berends, S.; Strik, A.; Löwenberg, M.; D’Haens, G.; Mathôt, R. Clinical pharmacokinetic and pharmacodynamic considerations in
the treatment of ulcerative colitis. Clin. Pharmacokinet. 2019, 58, 15–37. [CrossRef] [PubMed]

112. Al-Jenoobi, F.; Al-Suwayeh, S.; Muzaffar, I.; Alam, M.; Al-Kharfy, K.; Korashy, H.; Al-Mohizea, A.; Ahad, A.; Raish, M. Effects of
Nigella sativa and Lepidium sativum on cyclosporine pharmacokinetics. Biomed. Res. Int. 2013, 2013, 953520. [CrossRef] [PubMed]

113. Alrashedi, M.; Ali, A.; Ali, A.; Khan, L. Impact of thymoquinone on cyclosporine a pharmacokinetics and toxicity in rodents. J.
Pharm. Pharmacol. 2018, 70, 1332–1339. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1007/s41999-021-00479-3
http://doi.org/10.1016/j.jsps.2018.02.024
http://doi.org/10.2165/00003088-200140100-00003
http://doi.org/10.1007/s40262-018-0676-z
http://www.ncbi.nlm.nih.gov/pubmed/29752633
http://doi.org/10.1155/2013/953520
http://www.ncbi.nlm.nih.gov/pubmed/23957013
http://doi.org/10.1111/jphp.12943
http://www.ncbi.nlm.nih.gov/pubmed/30014468

	Introduction 
	Chemical Composition of Nigella sativa 
	Effects of Nigella sativa on the Pancreas 
	Effects of Nigella sativa on the Liver 
	Effects of Nigella sativa on the Stomach 
	Effects of Nigella sativa on the Intestines 
	Safety 
	Drug Interactions 
	Conclusions 
	References

