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Atherosclerosis poses serious health problems and increases the risk of various
cardiovascular diseases, including myocardial infarction, heart failure, ischemic stroke,
and peripheral arterial disease. Atherosclerosis patients require long-term medications to
prevent complications, some of which are costly and may result in unwanted adverse
reactions. Natural products have emerged as potential sources of bioactive compounds
that provide health benefits in cardiovascular diseases. Increased inflammation and
vascular remodeling have been associated with atherosclerosis pathogenesis. The
molecules involved in signaling pathways are considered valuable targets for new
treatment approaches. Therefore, this review aimed to summarize the available
evidence of the anti-inflammatory effects of thymoquinone, the major active compound
isolated from Nigella sativa L., via inflammatory signaling pathways in atherosclerosis.
Specifically, nuclear factor-κB and mitogen-activated protein kinase signaling pathways
were considered. Furthermore, the potential toxic effects elicited by thymoquinone were
addressed. These findings suggest a potential role of thymoquinone in managing
atherosclerosis, and further studies are required to ascertain its effectiveness and
safety profile.
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INTRODUCTION

Atherosclerosis is a major cause of cardiovascular disease (CVD) worldwide, including
myocardial infarction, heart failure, ischemic stroke, and peripheral arterial disease.
According to the Global Burden of Cardiovascular Diseases and Risk Factors (Roth et al.,
2020), CVD prevalence has increased from 271 million to 523 million from 1990 to 2019. The
CVD mortality had a relative increase of 6.5% in 2019, reaching 18.6 million deaths. It is
estimated that 23.6 million people globally will die from CVDs by 2030 (WHO, 2013). The
rising burden of CVDs on individuals and the healthcare system warrants research on
atherosclerotic diseases and implementation of preventive measures.

There are several theories on atherosclerosis pathogenesis, including lipid theory, oxidative
theory, response to injury theory, and inflammatory theory (Minelli et al., 2020). Various
inflammatory cells and inflammatory mediators are responsible for fatty streak formation,
progression, and rupture of atheromatous plaques (Libby, 2021). The major signaling
pathways that mediate inflammation include nuclear factor-κB (NF-κB) and mitogen-
activated protein kinase (MAPK). Hence, modulating these inflammatory signaling
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pathways to produce anti-inflammatory actions may serve as
potential therapeutic targets for atherosclerosis management.

There has been increasing interest in medicinal herbs or plants
for the treatment and prevention of various diseases, including
atherosclerosis. Plant-based traditional medicines have attracted
considerable attention owing to their availability, cost, safety, and
efficacy. The World Health Organization (WHO) reported that
approximately 60–80% of the population use traditional medicines
or herbal remedies for their primary health care, particularly in
developing countries. It is recommended that the WHO Traditional
Medicine Strategy 2014–2023 is implemented for national
traditional medicine programs. This strategy aims to explore the
potential use of traditional medicine for health and wellness, in
addition to encouraging its safe and effective use (Zhang, 2018).

Nigella sativa L., also known as black seed or black cumin, is a
plant traditionally used for medicinal purposes in the Middle East,
India, Northern Africa, and Europe. N. sativa L. has been used to
treat various ailments, including asthma, hypertension, diabetes,
inflammation, cough, headache, eczema, fever, and dizziness
(Salehi et al., 2021). N. sativa L. is a flowering plant belonging to
the family Ranunculaceae. The fruit contains angular-shaped black
seeds, which are regarded as the most important component in view
of their beneficial health effects (Tavakkoli et al., 2017).

N. sativa L. contains various bioactive compounds, including
thymoquinone (TQ), dithymoquinone, thymol, and
thymohydroquinone. Among the isolated compounds, TQ was
the most abundant. Hence, the extensive therapeutic benefits
exerted by N. sativa L. may be attributed to TQ (Alagawany
et al., 2021). Previous studies have shown that TQ possesses
various pharmacological properties, including antioxidant (Abd-
Elkareem et al., 2021), antimicrobial (Mouwakeh et al., 2018),
antihypertensive (Enayatfard et al., 2018), antidiabetic (Bule et al.,
2020), lipid-lowering (Majdalawieh et al., 2021), neuroprotective
(Abulfadl et al., 2018), gastroprotective (Bukar et al., 2017),
anticancer (Edris, 2021), and anti-inflammatory (Alkharfy et al.,
2018; Ahmad et al., 2020). Given the potential health benefits of TQ,
the present study aimed to examine the available evidence on its anti-
inflammatory effects in atherosclerosis via signaling pathway
modulation, and to highlight its potential toxicity.

INFLAMMATORY SIGNALING PATHWAYS

NF-κB Pathway
NF-κB pathway activation is regulated by inhibitory proteins of
the κB family (IκB) kinase through IκB phosphorylation
(Christian et al., 2016), which causes its degradation by the
proteasome, leading to the release of NF-κB for nuclear
translocation and gene transcription activation. This pathway
regulates inflammatory cytokine production and inflammatory
cell recruitment, which contribute to the inflammatory response.

MAPK Pathway
MAPKs consist of three members: extracellular signal-
regulated kinases (ERKs), p38 MAPK, and c-Jun
N-terminal kinases (JNKs). ERKs are generally activated
by mitogens and differentiation signals (Sun et al., 2015),

while p38 MAPK and JNK are activated by inflammatory
stimuli and stress (Chan et al., 2017). MAPK activation
leads to phosphorylation and activation of transcription
factors, which are responsible for inflammatory response
regulation (Chen et al., 2018).

ATHEROPROTECTIVE EFFECTS OF TQ VIA
MODULATION OF SIGNALING PATHWAYS

Studies involving signaling pathways have documented that
cytokine-mediated inflammation is a crucial element in
atherosclerosis pathogenesis. Hence, inflammatory response
regulation is a fundamental aspect in atherosclerosis
prevention and treatment (Liu et al., 2017; Sun et al., 2018).
The proposed atheroprotective effects of TQ via NF-κB and
MAPK pathway modulation are shown in Figure 1.

Effect of TQ in NF-κB Pathway
Vascular cell adhesion molecule 1, intercellular adhesion
molecule 1, chemokines interleukin 8 (IL-8), and monocyte
chemoattractant protein 1 (MCP-1) are major molecules that
recruit circulating mononuclear leukocytes to the arterial intima.
This process is important in atherosclerosis and is mediated by
NF-κB activation (Mussbacher et al., 2019). Amartey et al. (2019)
reported that concurrent treatment with TQ (6.25 μg/ml) showed
a tendency to reduce inflammatory response by suppressing IL-6
and IL-8 protein levels in human vascular endothelial cells
(HVECs) exposed to lipopolysaccharides (LPS, 100 ng/ml) at
24 h. Furthermore, TQ downregulated the mRNA expression
of important inflammation regulators vascular endothelial
growth factor (VEGF) and MCP-1 in LPS-treated cells. VEGF
mediates angiogenesis, whereas MCP-1 is involved in endothelial
monocyte activation.

Furthermore, the expression of NOD-like receptor protein 3
(NLRP3) inflammasome and IL-1β was attenuated by TQ in
HVECs exposed to LPS for 24 h. In the presence of inflammation,
ten-eleven translocation 2 (TET-2) gene expression increased
with concurrent administration of TQ (Amartey et al., 2019). The
role of TET-2 in atherosclerosis has been elucidated by Fuster
et al. (2017). Macrophages with TET-2 deficiency led to increased
pro-inflammatory cytokine IL-1β secretion, which is dependent
on the action of NLRP3 (Grebe et al., 2018). According to these
findings, TQ plays a regulatory role in inflammation and
monocyte recruitment, and modulates NLRP3 and TET-2
in vitro. However, no positive controls were used in this study.
Media-treated cells were used as a control to differentiate the
effects of LPS and TQ. Further studies onmultiple cell lines and in
vivo studies are required to confirm the anti-inflammatory effect
of TQ against atherosclerosis. This study did not investigate the
mechanism of action of TQ. The anti-inflammatory action of TQ
could be due to NF-κB suppression in view of its regulatory role in
NRLP3 and pro-inflammatory cytokines such as the IL-1 family
(Liu et al., 2017).

Hyperlipidemia has been reported to accelerate lipid
accumulation, atherosclerosis, and chronic inflammation in
apolipoprotein E knockout (ApoE−/-) or low-density lipoprotein
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receptor-deficient (LDL-R−/−) mice (Zhao et al., 2018). ApoE−/- and
LDL-R−/− mice are two models commonly used in atherosclerosis
research that require hypercholesterolemia induction. Their
mechanisms of enhancing atherosclerosis development and the
involved lipoproteins are different (Getz and Reardon, 2016).
ApoE deficiency in macrophages may contribute to
hypercholesterolemia, while the lack of LDL-R in hepatocytes is
responsible for hypercholesterolemia in ApoE−/- and LDL-R−/−

models. The following studies utilized normal diet-fed mice as
the control group.

Xu et al. (2018) reported that concurrent treatment with TQ
(oral, 25 mg/kg/day for 8 weeks) decreased serum high-
sensitivity C-reactive protein levels in high-cholesterol
diet-fed adult male ApoE−/- mice. Additionally, TQ
suppressed the upregulation of tumor necrosis factor α
(TNF-α) and IL-6 expression in cardiac tissues isolated
from high-cholesterol diet-fed mice. Similar results were
reported by Pei et al. (2020) in LDL-R−/− mice. Pei et al.
(2020) documented that a high-cholesterol diet

supplemented with TQ (oral, 50 mg/kg/day for 8 weeks)
reduced TNF-α and IL-6 serum levels and gene expression
in mice. Cluster of differentiation 68 markers, which are
highly expressed in macrophages, were reduced following
TQ administration, indicating a reduction in macrophage
numbers in the cardiac tissue of high-cholesterol diet-fed
LDL-R−/− mice. In addition, TQ administration
downregulated the increased protein and gene expression
of NLRP3, caspase-1, IL-1β, and IL-18 induced by a high-
cholesterol diet. Decreased NF-κB protein expression was
observed following concurrent high-cholesterol diet with TQ
supplementation in LDL-R−/− mice (Pei et al., 2020).
Pyroptosis, a programmed cell death mechanism mediated
by NLRP3 activation, has been associated with
hyperlipidemia development. NLRP3 activation stimulates
caspase-1, an IL-1 converting enzyme that cleaves
precursors of the inflammatory cytokines IL-1β and IL-18.
Subsequently, the release of pro-inflammatory cytokines is
enhanced, leading to pyroptosis (Borges et al., 2017).

FIGURE 1 | Proposed antiatherogenic effects of thymoquinone in atherosclerosis via modulation of NF-κB and MAPK signaling pathways. IL, interleukin; LOX-1,
lectin-like oxidized low-density lipoprotein receptor 1; MAPK, mitogen-activated protein kinase; MMP-2, matrix metalloproteinase 2; NF-κB, nuclear factor κB; ox-LDL,
oxidized low-density lipoprotein; NLRP3, NOD-like receptor protein 3; p-ERK, phosphorylation of extracellular signal-regulated kinase; p-p38, phosphorylation of p38;
TNF-α, tumor necrosis factor alpha; VSMC, vascular smoothmuscle cell;⊥, suppress. Adapted from “Suppression of Inflammasome by IRF4 and IRF8 is Critical for
T Cell Priming”, by BioRender.com (2021). Retrieved from https://app.biorender.com/biorender-templates
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Effect of TQ in MAPK Pathway
Oxidized low-density lipoprotein (ox-LDL) contributes to
atherosclerosis-associated inflammation (Rhoads and Major,
2018). Ox-LDL causes endothelial dysfunction, leading to
adhesion molecule expression and monocyte recruitment in
the subendothelial space. Ox-LDL is taken up by macrophages
via lectin-like ox-LDL receptor 1 (LOX-1). LOX-1 expression is
upregulated by ox-LDL (Barreto et al., 2021). Additionally, ox-
LDL promotes the growth and migration of smooth muscle cells,
monocytes, and macrophages (Pirillo et al., 2013).

Xu et al. (2018) revealed that ApoE−/- mice receiving a high-
cholesterol diet concurrent with TQ (oral, 25 mg/kg/day) for
8 weeks had reduced LOX-1 protein and gene expression in
cardiac tissues. Lipid deposition, foam cell formation, and
ERK phosphorylation (p-ERK) are regulated by protein
kinases (Lin et al., 2012). Upregulated LOX-1 expression was
suppressed by ERK inhibitors, suggesting that MAPK pathway
activation is a crucial signaling event in LOX-1 gene regulation
(Zhang et al., 2017). p-ERK was significantly reduced in ApoE−/-

mice receiving TQ and a high-cholesterol diet than in mice
without TQ supplementation (Xu et al., 2018). Therefore, TQ
may regulate LOX-1 via the p-ERK pathway. ERK inhibition may
exert potential antiatherosclerotic effects, as indicated by reduced
uptake of ox-LDL and foam cell formation in hypercholesteremic
TQ-supplemented ApoE−/- mice (Xu et al., 2018).

Pei et al. (2020) investigated the effect of TQ on
hyperlipidemia-induced cardiac damage in male LDL-
R−/−mice. It was demonstrated that concurrent treatment with
TQ (oral, 50 mg/kg/day) reduced total cholesterol and LDL-
cholesterol levels in addition to the pro-inflammatory
cytokines in mice fed a high-cholesterol diet for 8 weeks.
There was a reduction in lipid accumulation and inflammatory
cell infiltration in the cardiac tissue of TQ-administered mice
compared to that in the non-supplemented mice. TQ decreased
p38 and p-ERK levels in high-cholesterol diet-fed mice. These
findings suggest that TQ suppresses high-cholesterol diet-
induced inflammation and cardiac damage via p38 and ERK
pathway inhibition.

Various pathological events are involved in vascular
remodeling in response to vascular damage, including
endothelial dysfunction, vascular smooth muscle cell (VSMC)
proliferation and migration, arterial calcification, and
extracellular matrix remodeling (Wang and Khalid, 2018;
Zhang et al., 2021). Such injury-induced vascular remodeling
is primarily due to excessive proliferation and migration of
VSMCs and medial VSMC invasion into the intimal space,
eventually leading to neointimal formation.

Zhu et al. (2019) reported that TQ (10, 12.5, 15 μmol/L)
suppressed platelet-derived growth factor (PDGF, 40 ng/ml)-
induced VSMC proliferation at 24 h. Furthermore, TQ
decreased α-smooth muscle actin and Ki-67-positive cells,
confirming the antiproliferative effect of TQ on VSMCs.
Additionally, TQ (5–15 μmol/L) attenuated PDGF-stimulated
VSMC migration, and TQ (15 μmol/L) blocked the activity
and expression of matrix metalloproteinase 2 (MMP-2) in
VSMCs at 24 h (Zhu et al., 2019). MMP-2 is involved in
VSMC migration via extracellular matrix degradation (Xiao

et al., 2018). Inhibition of p38 activation also blocked MMP-2
expression (Zhu et al., 2019). Hence, p38 might be responsible for
the inhibitory effect of TQ on MMP-2 expression. TQ treatment
increased the number of apoptotic VSMCs in the presence of
reactive oxygen species (Zhu et al., 2019). The results showed that
TQ abolished the upregulation of B-cell lymphoma 2 (Bcl-2),
cleaved caspase 3, and cleaved poly (ADP-ribose) polymerase,
and blocked Bcl-2-associated X protein (Bax) downregulation. It
has been suggested that the pro-apoptotic effect of TQ is
mediated via the mitochondria-dependent apoptosis pathway.
Zhu et al. (2019) also documented that 8 mg/kg and 16 mg/kg TQ
stopped the increase in neointimal area and neointima/media
ratio, and attenuated neointimal formation in atherosclerosis at
14 days using a rat carotid artery ligation model. Therefore, the
inhibitory activity of TQ on VSMC proliferation and migration
may be attributed to the blockade of p38 MAPK activation.

POTENTIAL TOXICITY OF TQ

Acute and Subacute Toxicity
A single intraperitoneal (i.p.) dose of TQ was administered to
BALB/c mice at doses ranging from 10 to 80 mg/kg body weight
to test the oxidative effect of TQ after 24 h (Table 1). TQ at 40 and
80 mg/kg caused a considerable increase in malondialdehyde
levels and catalase activity in the kidneys and liver (Harzallah
et al., 2012). Oral acute toxicity of TQ from doses 0.5–3 g/kg was
evaluated in male Swiss albino mice (Badary et al., 1998). Death
occurred within the first 3 h associated with hypoactivity and
respiratory problems, particularly with 2 or 3 g/kg TQ. No
mortality was reported until 24 h. There was an increase of
plasma activity of alanine aminotransferase, lactate
dehydrogenase, creatinine phosphokinase, and increased
plasma concentrations of urea and creatinine with 2 or 3 g/kg
TQ. Besides, a reduction of reduced glutathione levels was
reported (Table 1).

Al-Ali et al. (2008) showed that the LD50 values for TQ in
albino mice were 104.7 and 870.9 mg/kg after i. p. and oral
administration, respectively. Furthermore, LD50 values for i. p.
injection and oral ingestion of TQ inWistar rats were recorded as
57.5 and 794.3 mg/kg, respectively. Abukhader (2012) revealed
that the maximum tolerated doses (MTDs) for i. p. TQ injection
were 22.5 and 15 mg/kg in male and female rats, respectively,
whereas the MTD for oral TQ was 250 mg/kg in both male and
female rats. Thus, TQ is regarded as a reasonably safe drug,
particularly when administered orally.

Acute toxicity was compared between encapsulated TQ in a
nanostructured lipid carrier (TQNLC) and TQ in female BALB/c
mice (Ong et al., 2016). Mice administered with 300mg/kg TQ died
within 24 h. In contrast, a mouse treated with 300mg/kg TQNLC
died after 24 h. In the subacute toxicity study (Ong et al., 2016), oral
administration of 100mg/kg TQNLC or TQ for 28 days did not
cause mortality in either male or female mice.

A single injection of 25 mg/kg TQNLC was administered to
the tail of female Sprague-Dawley rats (Yazan et al., 2019).
The same dose was administered to the other rats at 48 h
intervals. Intravenous administration of 25 mg/kg TQNLC
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TABLE 1 | Toxicity profile of TQ.

Toxicity test Dosage of
TQ per
kg body
weight

Type of
animal

Frequency/Route
of administration

Observation
time

Findings References

Acute and
Subacute

10, 20, 40,
80 mg/kg

BALB/c mice Single/
Intraperitoneal

24 h - No change in body, liver, and kidney
weights

Harzallah et al.
(2012)

- Increased tissue MDA and CAT levels at
40 or 80 mg/kg TQ

0.5, 1, 2, 3 g/kg Male Swiss albino
mice

Single/Oral 24 h - LD50 was 2.4 g/kg Badary et al.
(1998)- Increased plasma concentrations of urea,

creatinine, ALT, LDH, CPK and reduced
GSH levels in liver, kidney and heart at 2
or 3 g/kg TQ

50, 75, 100, 125,
150 mg/kg

Male and female
Albino mice

Single/
Intraperitoneal

24 h - Abdominal muscle spasms and ataxia,
worsened with higher doses.

Al-Ali et al. (2008)

25, 50, 75, 100,
150 mg/kg

Male and female
Wistar rats

- LD50 values 10–15 times greater than TQ
dose for anti-inflammatory, antioxidant, or
anticancer effects

250, 500, 1,000,
1,500, 2000 mg/kg

Male and female
Albino mice

Single/Oral - Drowsy and dyspneic over time before
dying or recovering

100, 500, 1,000,
1,500, 2000 mg/kg

Male and female
Wistar rats

- LD50 values 100–150 times greater than
TQ dose for beneficial effect

20, 30, and
40 mg/kg
200, 300, and
500 mg/kg

Male and female
Wistar rats

Single/
Intraperitoneal

Single/Oral

24 h intervals for
5 days

- Loss of body weight, acute pancreatitis
and elevation of serum amylase level

Abukhader (2012)

Short term sign of toxicity (i.e., loss of
body weight, mild abdominal distention,
and dyspnea)

- 500 mg/kg TQ caused two fatalities due
to complication from bowel obstruction

TQNLC or TQ (5,
50, and 300 mg/kg)
TQNLC or TQ (1,
10,100 mg/kg)

Female BALB/c
mice
Male and
femaleBALB/c
mice

Single/Oral

Daily/Oral

14 days

28 days

- No weight loss Ong et al. (2016)
- No abnormal behavior
- Mild hepatotoxicity
- NOAEL of TQNLC and TQ was
10 mg/kg/d for mice in both sexes

TQNLC (25 mg/kg) Female Sprague-
Dawley rats

Single/Intravenous 14 days - Normal body weight, hematological,
biochemical and histopathological profile

Yazan et al. (2019)

- Inflammation at site of injection
TQRFNE at
20 ml/kg
(containing
44.5 mg TQ)

Male and female
Sprague-Dawley
rats

Single/Oral 14 days - Normal body weight gains and
hematological profile

Tubesha et al.
(2013)

- Normal key enzymes of the liver and
kidney, levels of urea and creatinine as
well as liver histopathological examination

Subchronic 30, 60, 90 mg/kg Male Swiss albino
mice

Daily/Oral 90 days - Normal plasma concentrations of urea,
creatinine, triglycerides, ALT, LDH,
and CPK

Badary et al.
(1998)

- Normal liver, kidneys and heart
histopathological examination

Teratogenic 15, 35, 50 mg/kg Pregnant
Wistar rats

Single injection on
gestation day 11 or
14/Intraperitoneal

On gestation
day 18

- No effects on fetus when 35 mg/kg TQ
was given on day 14 of gestation

AbuKhader et al.
(2013)

- Increased serum amylase level, acute
pancreatitis, organ adhesion and
steatonecrosis at 35 or 50 mg/kg TQ on
day 11 of gestation

10, 40, 80 mg/kg Pregnant
Wistar rats

Daily for 7 days,
gestation week 2 or
3/Oral

Postnatal day 14
and 21

- 40 mg/kg TQ reduced body weight of
offspringwhile 80 mg/kgTQ led topregnancy
loss when treated at gestation week 2

Abdollahzade
Fard et al. (2021)

- 40 or 80 mg/kg TQ caused a lower birth
weight but increased body weight on
postnatal days 14 and 21 when treated at
gestation week 3

- 80 mg/kg TQ caused 50% reduction in
the size of the litter when treated at
gestation week 3

ALT, alanine aminotransferase; CAT, catalase; CPK, creatinine phosphokinase; GSH, reduced glutathione; LD50, median lethal dose; LDH, lactate dehydrogenase; MDA,
malondialdehyde; NOAEL, no observed adverse effect level; TQ, thymoquinone; TQNLC, TQ in a nanostructured lipid carrier; TQRFNE, TQ-rich fraction nano-emulsion.
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did not induce toxicity in rats during the 14-days observation
period. Male and female Sprague-Dawley rats were observed
for 14 days after receiving a single dose of TQ-rich fraction
nano-emulsion at 20 ml/kg (Tubesha et al., 2013). The
animals appeared normal and healthy throughout the study
(Table 1).

In summary, the route of administration can influence the
severity of TQ-induced toxicity. Oral administration has a better
safety profile than i. p. injections. Compared to that of TQ alone,
the use of TQ together with nanostructured lipid carriers or nano-
emulsions has less evidence of toxicity, suggesting their potential
use during TQ administration.

Subchronic Toxicity
Male Swiss albinomice were administered 30, 60, or 90 mg/kg TQ
for 90 days via drinking water (Badary et al., 1998). No signs of
toxicity were noted (Table 1).

Teratogenicity
Decreased maternal body weight and complete fetal resorption
were reported after a single i. p. injection of 35 mg/kg or
50 mg/kg TQ to pregnant rats on day 11 of gestation
(Abukhader et al., 2013). Administration of 50 mg/kg TQ
on day 14 resulted in a higher incidence of fetal resorption,
and viable fetuses did not show malformations (Table 1).
Complete pregnancy loss was reported in pregnant Wistar
rats administered 80 mg/kg TQ orally at the second gestational
week for 7 days (Abdollahzade Fard et al., 2021). Reduced
offspring body weight was recorded on postnatal days 14 and
21 by TQ (oral, 40 mg/kg). However, pregnant rats treated
with TQ at gestation week 3 did not show such toxicity. In
conclusion, i. p. injection of TQ between 35 mg/kg and
50 mg/kg during gestation has exhibited teratogenicity,
suggesting that doses lower than 35 mg/kg could be safer to
avoid fetal abnormalities or deformities. Moreover, failed
pregnancy is associated with TQ administered orally at
80 mg/kg and at gestation week 2. Therefore, prenatal TQ
administration should be carefully assessed.

CONCLUSION AND FUTURE
PERSPECTIVES

Although N. sativa L. has long been used for treating diseases
and enhancing general health, research into its therapeutic

potential and mechanisms of action has just begun.
Metabolomics is a useful technology for analyzing the
chemical composition of N. sativa L. to allow its
authentication and to ensure uniformity in bioactivity for
quality control (Farag et al., 2021). Limited studies have
investigated the anti-inflammatory effects of TQ in
atherosclerosis. No positive controls were used in the
available published studies. The comparative anti-
inflammatory effects of TQ cannot be appreciated. Hence,
future studies should incorporate positive controls to validate
the effectiveness of TQ as an anti-inflammatory agent.
Previous studies have indicated the possible involvement
of the NF-κB and MAPK pathways in mediating the anti-
inflammatory effects of TQ. However, its direct involvement
in such signaling pathways requires exploration. Further
investigation is warranted to identify the associated
pathways and to determine the molecular targets that
mediate the protective effects of TQ in atherosclerosis.

TQ has been shown to be toxic in vitro and in vivo studies,
indicating the requirement for more in-depth research to provide a
more complete toxicological profile for TQ before considering this
promising natural product as a therapeutic agent for human use. The
TQ dosage required to achieve optimal anti-inflammatory benefits in
humans remains unknown and requires further investigation.
Moreover, the protective effects of TQ have yet to be verified in
clinical trials, and more safety assessments are needed to determine
the potential toxicities of TQ for long-term use in humans. Therefore,
more research is required to confirm its traditional use as a therapy for
atherosclerosis.
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