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Abstract

Black seed (Nigella sativa) has been celebrated for centuries for its remarkable therapeutic
properties. Among its bioactive compounds, thymoquinone (TQ) has gained significant attention in
pharmacological research due to its diverse health benefits. This review delves into the
pharmacokinetic (PK) and pharmacodynamic (PD) properties of black seed compounds, with a
particular emphasis on TQ, the most extensively studied component. The PK of TQ includes the
parameters of absorption, distribution, metabolism, and excretion (ADME), which determine how the
compound behaves within the body. Understanding these factors is crucial to optimizing its
therapeutic potential. On the pharmacodynamic front, TQ exhibits mechanisms of action, such as
antioxidant, anti-inflammatory, and anticancer effects, making it a promising candidate for drug
development. Additionally, clinical studies on black seed derivatives have shown encouraging results
in managing various diseases, including inflammation, diabetes, cardiovascular disorders, and
cancer. These findings highlight the immense potential of black seed compounds in modern medicine.
By exploring the therapeutic benefits and mechanisms of action of TQ and other bioactives, this
review aims to provide a comprehensive understanding of black seed s role in promoting health and
combating disease, paving the way for its integration into clinical applications.
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INTRODUCTION

Nigella sativa, commonly known as black seed (Figure 1), has been used for millennia in various
parts of the world for its wide range of therapeutic benefits. The seeds are rich in various bioactive
compounds, notably thymoquinone (TQ), which has been extensively researched for its strong anti-
inflammatory, antioxidant, and anticancer effects. While the pharmacodynamics (PD) and
pharmacokinetics (PK) of these compounds have been examined in multiple preclinical and clinical
investigations, there is still a lack of a thorough
review on the topic. This article summarizes the
available data to provide information on the PK
and PD of compounds derived from black seed,
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mainly TQ. Nigella sativa, commonly known as
black seed, is a medicinal plant that has long been
used in traditional medicine in various cultures. Its
active compounds, especially TQ, have attracted
considerable attention due to their wide range of
pharmacological activities [1]. This review aims to
summarize the pharmacokinetic and
pharmacodynamic  properties of compounds
derived from black seed, focusing on absorption,
distribution,  metabolism, elimination  and
therapeutic effects, to provide a comprehensive
understanding of its potential in clinical
applications. Black seed, also known as Nigella
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sativa, is a plant widely known for its medicinal properties, especially in the Middle East, Asia and
Africa. The seeds contain many bioactive compounds, including alkaloids, saponins, flavonoids and
essential oils. Among them, TQ, the main bioactive compound, has attracted considerable scientific
attention for its potential therapeutic effects, such as anti-inflammatory, antioxidant, anticancer,
antimicrobial, and immunomodulatory properties.

The pharmacological effects of black seed and its compounds are mainly attributed to their
interaction with various molecular targets in the body [2]. However, to optimize the clinical use of
these compounds, it is essential to understand their pharmacokinetic and pharmacodynamic profiles.
PK involves the study of the absorption, distribution, metabolism, and excretion (ADME) of drugs,
while PD focuses on the mechanisms of action, therapeutic effects, and potential adverse effects.

Considering the growing interest in black seed and its derivatives in modern therapeutic practices,
this review aims to provide an overview of the pharmacokinetic and pharmacodynamic characteristics
of black seed-derived compounds, with a primary focus on TQ. It will also discuss the challenges
associated with their clinical application and possible future research directions [3].

MECHANISM OF ACTION
Anti-Inflammatory and Antioxidant Effects

TQ, the main active ingredient in black seed, has strong anti-inflammatory and antioxidant
properties. It inhibits pro-inflammatory mediators, such as cytokines (e.g., TNF-o, IL-1B) and
enzymes, such as cyclooxygenase (COX) and lipoxygenase (LOX), which contribute to inflammation.
It also neutralizes free radicals, thus reducing oxidative stress, which can damage cells and tissues [4].

Immunomodulatory Effects

Black seed has been shown to improve immune system function by modulating the activity of T
cells, macrophages and natural killer (NK) cells. It can help strengthen the body’s defences against
infections and diseases, including some types of cancer.

Figure 1. Black seed.

Antimicrobial Action

Black seed exhibits antimicrobial properties, including antibacterial, antifungal, and antiviral
effects. It is believed that this is due to its volatile oils, especially TQ, which prevent the growth of
harmful microorganisms [5].

Antidiabetic Effects

Black seed can help regulate blood sugar levels by increasing insulin sensitivity and improving
pancreatic function. TQ and other compounds in the seed may reduce oxidative stress and
inflammation associated with diabetes [6].
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Anticancer Properties
Some studies suggest that TQ may have anticancer effects by inducing apoptosis (programmed cell
death) in cancer cells, inhibiting tumor growth, and preventing the spread of cancer cells.

Benefits of Breathing
Black seed is traditionally used to treat respiratory diseases, such as asthma, bronchitis and
allergies. TQ helps reduce bronchial inflammation and improves air circulation [7].

Hepatoprotective Effects
Black seed is thought to protect the liver from damage caused by toxins, alcohol and other harmful
substances, in part because of its antioxidant and anti-inflammatory actions.

Cardiovascular Benefits
Black seed can help lower blood pressure, cholesterol levels, and other cardiovascular risk factors.
TQ can relax blood vessels, improve blood flow, and reduce oxidative damage to cardiac tissue [8].

PK OF COMPOUNDS DERIVED FROM BLACK SEED

PK refers to the study of ADME of compounds in the body. For compounds derived from black
seeds, such as TQ, understanding these processes helps to determine their effectiveness, safety and
optimal dosage for clinical use [9].

Absorption

Bioavailability: TQ and other active compounds in the black seed are lipophilic, often resulting in a
low solubility in water. This may limit its bioavailability when taken orally. However, bioavailability
can be improved with formulations, such as nanoemulsions, liposomes or solid lipid nanoparticles,
which improve the solubility and absorption of TQ.

Gastrointestinal absorption: TQ is absorbed from the gastrointestinal tract after oral administration,
although its absorption is moderate due to its lipophilicity and low solubility in water.

Distribution

Binding to plasma proteins: TQ and its metabolites show strong binding to plasma proteins, mainly
albumin. This is important for its distribution in different tissues. Tissue distribution: Once absorbed,
TQ is distributed to various tissues, including the liver, kidneys and brain, where it exerts its
therapeutic effects. Its distribution is influenced by the lipophilicity of the composition and the
vascularization of the target tissues [10].

Metabolism

Hepatic metabolism: TQ is metabolized mainly in the liver via phase I and phase II. Phase I
involves cytochrome P450 enzymes (such as CYP3A4), which oxidize TQ to its hydroxylated
derivatives. Phase II metabolism involves conjugation with glucuronic acid or sulfate [11].

Metabolites

The main metabolites of thymoquinone are thymoquinone-3-sulfate, thymoquinone-3-glucuronide
and their hydroxylated derivatives. These metabolites may have distinct pharmacological properties
and may contribute to overall therapeutic effects.

Excretion

Renal and biliary excretion: After metabolism, TQ metabolites are excreted via the kidneys (urine)
and bile. The elimination half-life of the compound is relatively short, usually varying from a few
hours to a day depending on the formulation and the individual’s metabolic rate [12].
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Elimination Half-life
The half-life of TQ varies by study, but generally ranges from 2 to 4 hours in plasma, which
indicates rapid elimination from the body (Figure 2).

Fiéure 2. Black seed.

PD of Black Seed Compounds

PD focuses on the biological effects of a drug and its mechanism of action in the body. Black seed
compounds, especially TQ, show a wide range of pharmacodynamic activities, including antioxidant,
anti-inflammatory, antimicrobial, anticancer, and immunomodulatory effects [15].

Antioxidant Effects
TQ has powerful antioxidant properties, which help eliminate free radicals and reduce oxidative
stress. It activates various cellular pathways, including the Nrf2/ARE pathway, which promotes the

expression of antioxidant enzymes, such as superoxide dismutase (SOD) and glutathione peroxidase
(GPx) [16].

Anti-Inflammatory Effects

Black seed compounds, especially TQ, exert significant anti-inflammatory effects by inhibiting key
pro-inflammatory mediators, such as cyclooxygenase-2 (COX-2), LOX, and tumor necrosis factor
(TNF-a).

TQ also inhibits nuclear factor kappa B (NF-«B) signaling, a critical pathway involved in the
regulation of inflammation [16].

Anticancer Effects

Several studies have highlighted the anticancer potential of TQ. It induces apoptosis (programmed
cell death) in various cancer cell lines, including breast, prostate and liver cancer cells. TQ acts
through several mechanisms, including modulation of cell cycle regulators, activation of tumor
suppressor genes, and inhibition of anti-apoptotic proteins, such as Bcl-2. It also inhibits the migration
and angiogenesis of cancer cells, reducing the risk of metastasis [17].

Immunomodulating Effects

The compounds in the black seed can modulate the immune system, strengthening or suppressing
immune responses depending on the context. TQ has been shown to increase the production of pro-
inflammatory cytokines, such as interleukin-2 (IL-2), while increasing the activity of NK cells,
essential components of the innate immune system. In chronic inflammatory diseases, TQ can help
reduce the hyperactivation of the immune system, thus mitigating the progression of autoimmune
diseases [18].
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Antimicrobial Effects

Black seed oil and its active ingredients demonstrate strong antimicrobial activity against a wide
range of pathogens, including bacteria, fungi and viruses. TQ, for example, has shown effectiveness
against drug-resistant strains of bacteria, including Staphylococcus aureus and Escherichia coli. Its
mechanism involves the disruption of the membranes of microbial cells and the inhibition of their
metabolic pathways [19].

CHALLENGES OF BLACK SEED
Bioavailability Issues
Low Water Solubility

The low water solubility of compounds, such as TQ significantly limits their absorption and
bioavailability, which presents a challenge in achieving therapeutically effective concentrations.
Formulation and delivery systems.

The development of effective formulations (such as liposomes, nanoparticles, or emulsions) is
essential to improve the bioavailability and clinical efficacy of compounds derived from black seed
[20].

Interindividual Variability

o Genetic variability: Genetic differences, such as cytochrome P450 enzyme polymorphisms, can
lead to significant interindividual variability in drug metabolism, affecting efficacy and safety.

e FEthnopharmacological differences: There may be differences in the pharmacokinetic and
pharmacodynamic profiles of compounds derived from black seed in different populations due to
variations in diet, lifestyle and genetic background.

Toxicity and Safety Issues
Dose-Dependent Toxicity

At higher doses, black seed compounds may cause hepatotoxicity, nephrotoxicity, or other adverse
effects. Optimizing the appropriate dose and safety profile are essential.

Long-Term Use
Although black seed has a long history of use in traditional medicine, large-scale clinical trials are
lacking to determine its safety profile for chronic use.

LACK OF STANDARDIZATION
Variable Composition

The chemical composition of black seed oil and extracts can vary depending on factors, such as the
geographical origin of the plant, cultivation methods and extraction techniques.

This variability can affect the reproducibility of studies and complicates the translation of
preclinical results into clinical practice [21].

Standardization of Active Compounds
Although TQ is the most studied compound, other bioactive compounds, such as nigelidine, are not
studied much. The standardization of active compounds in formulations is a major challenge [22].

FUTURE DIRECTION OF BLACK SEED
Improved Formulation and Bioavailability

One of the main challenges in the clinical application of compounds derived from black seed,
especially TQ, is its low bioavailability. Research is needed to develop advanced formulations, such
as nanoparticles, liposomes, and self-emulsifying drug delivery systems that can improve the
solubility and absorption of these compounds. Targeted drug delivery systems can also be developed
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to improve tissue-specific delivery, thereby maximizing therapeutic effects while minimizing side
effects [23].

Clinical Trials and Safety Profiles

Although preclinical data are promising, there are no large-scale human clinical trials evaluating the
safety and efficacy of TQ and other black seed-derived compounds. Future research should focus on
multicenter randomized controlled trials to establish optimal doses, therapeutic windows, and long-
term safety profiles [24].

Combination Therapies

Given the multifaceted pharmacological activity of TQ, combination therapies that combine black
seed-derived compounds with conventional drugs may provide synergistic effects. For example,
combining TQ with chemotherapeutic agents or nonsteroidal anti-inflammatory drugs (NSAIDs) may
improve treatment outcomes for cancer and inflammatory diseases [25,26].

Mechanical Studies

Much remains to be known about the precise molecular mechanisms by which compounds derived
from black seed exert their effects. Future research should explore the detailed interactions between
TQ and cellular pathways, with a focus on identifying new drug targets and biomarkers for patient
stratification [26].

Exploration of New Therapeutic Areas

Although most research has focused on inflammation, cancer, and neurodegenerative diseases, the
potential of TQ in other therapeutic areas, such as metabolic disorders, autoimmune diseases and
cardiovascular diseases remains unexplored. Studying these areas may reveal new therapeutic avenues
[27].

CONCLUSIONS

The compounds derived from the black seed, especially TQ, show important pharmacokinetic and
pharmacodynamic properties that make them promising candidates for the treatment of various
diseases. Despite encouraging preclinical evidence, more clinical research is needed to determine its
safety, efficacy, and optimal therapeutic use. Continued exploration of advanced drug delivery
systems, combination therapies, and new therapeutic areas may expand the clinical applications of
black seed-derived compounds in the future.
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