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effectiveness and less adverse reaction. Therefore, the effect of
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Accepted: May 01, 2023 apigenin on lipopolysaccharide (LPS)-induced inflammation was
Epub ahead of print investigated by measuring IL-1b, IL-6, and TNF-a, of serum in the
male rats.
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Fax: +98-2833324971 intraperitoneally (i.p.), and apigenin (5, 15, and 30 mg/kg, i.p).
mohasofi@yahoo.com Thirty minutes after the administration of solvent or apigenin, LPS
Keywords: (30 pg/kg, i.p) was injected. At time intervals of 4, 12 and 24 hr
Inflammation after injection, blood samples were taken and the concentrations of
Apigenin TNF-a, IL-1b and IL-6 were measured by enzyme-linked
Dexamethasone immunosorbent assay.

Cytokines Results: Compared to the control, apigenin (5 mg/kg) decreased

the level of TNF-a, and IL-1b in a period of 24 hr (p<0.05). The
concentration of IL-6 decreased significantly by apigenin (15
mg/kg) 24 hr after injection (p<0.05). Apigenin (30 mg/kg)
decreased the level of TNF-a, at all three time points (4 hr; p<0.05,
12 hr; p<0.01, and 24 hr; p<0.01), and the level of IL-1b (p<0.01),
24 hr and the level of IL-6 at 4 hr (p<0.05), and 24 hr (p<0.01)
after LPS injection.

Conclusion: Apigenin can suppress serum inflammatory
cytokines, similar to dexamethasone.
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Introduction mediate, and most of them can perform

An inflammatory response pro- and anti-inflammatory  roles.
(inflammation) occurs when tissues are Numerous adverse stimuli such as reactive
injured by pathogens, trauma, toxins, heat, oxygen species, microbial toxins, and
or any other cause (Medzhitov, 2008). lipopolysaccharide  indorse  cytokine
Cytokines are large peptides that are expression (Han et al., 1998). Interleukin-
secreted by the immune system. Cytokines 1, and tumor necrosis factor alpha (TNF-
are a category of signaling molecules that a) are the main pro-inflammatory
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cytokines (Nordgreen et al., 2018). An
increase in their level has been reported in
most inflammatory diseases such as
chronic ulcerative colitis, rheumatoid
arthritis, diabetes, arteriosclerosis, some
types of cancer and neurodegenerative
disorders (Chung et al., 2009; Holmes,
2013). Interleukin-6 (IL-6) is a cytokine
with extensive pro-inflammatory and anti-
inflammatory roles (Pedersen et al., 2008).
IL-6 increasement in the rat brain has been
observed after central or peripheral
lipopolysaccharide administration (Beurel et
al.,, 2009). It is also claimed that the
inflammatory response to LPS exposure in
airway epithelial cells and macrophages is
mainly caused by the increase of IL-6, and
TNF-a (Liu et al., 2016). Sepsis has been
shown to increase serum IL-6, and one of
the ways to induce experimental sepsis is
to administer LPS. IL-6 can have
beneficial or harmful effects depending on
the amount and continuation of stimulus
(Beurel and Jope, 2009). Foremost anti-
inflammatory  agents  bring  various
complication, including systemic
immunosuppression, and gastrointestinal
problems. Therefore, according to these
complications, the use of alternative
substances has found a special place
(Shojaei et al., 2023). In this regard, the
anti-inflammatory effect of flavonoids has
been described moreover to the anti-
cancer, antioxidant, and antibacterial
effects (Babu et al., 2011; Arun et al.,
2016). Flavonoids have anti-inflammatory
activity through several mechanisms, such
as reducing transcription factors, and
inhibiting some regulatory enzymes that
adjust the mediators involved in
inflammation (Ribeiro et al., 2015). One of
the important flavonoids is apigenin which
is found in celery, chamomile and parsley,
and its anti-inflammatory and antioxidant
possessions have been confirmed in some
studies (Sung et al., 2016; Leyva-Lopez et
al., 2016). However, all the details of the
anti-inflammatory outcome of apigenin
have not been properly identified yet. In
the present study, the anti-inflammatory

effect of apigenin was evaluated by
measuring the level of inflammatory
cytokines IL-1b, IL-6 and TNF-a, after
LPS injection in animals.

Materials and Methods
Preparation of animal and materials
Ninety male rats (Wistar) were
purchased from Razi Company (Karaj-
Iran) for 200-230 g. Animals were kept
12-12 hours dark/light, temperature
23+1°C and free access to water and food.
This research was approved by the ethics
committee of research center
(IR.QUMS.REC.1402.008). ELISA Kkits
(Oscan-USA), and other materials were
prepared from Sigma-Aldrich (Germany).

Main intervention

Animals were randomly divided into six
equal groups of control (LPS, without
mediation), sham (solvent; normal saline),
experimental groups of apigenin (5, 15 and
30 mg/kg) and dexamethasone (positive
control, 15 mg/kg), as a single dose. Thirty
minutes after the administration of solvent or
apigenin, LPS (30 pg/kg, i.p.) was given to
induce inflammation. All drugs were
diluted with 0.9% saline and injected
intraperitoneally, a single dose.

Sampling and cytokines measurement
Four, twelve, and twenty-four hours
after LPS administration, rats were deeply
anesthetized by injecting a combination of
ketamine and xylazine (50 and 5 mg/kg,
i.p.), and then blood samples were taken
from the left ventricle. These samples were
centrifuged for 15 min at a speed of 4000
rpm. The sera were separated and kept at -
80°C. The concentrations of TNF-a, IL-1b,
and IL-6 were measured by using Enzyme-
linked immune-sorbent assay (ELISA)
according to the manufacturer's protocol.

Statistic method
Data were analyzed with SPSS Ver.21
software, and using one-way ANOVA and
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Tukey's tests. P-value less than 0.05 was
considered statistically significant.

Results

The difference between the control
group and sham (normal saline) in the
measurement intervals was = slightly
different, but not significant. Therefore, for
ease of data presentation, sham results
were omitted.

TNF-a level

Apigenin 30 mg/kg reduced
significantly TNF-a levels, 4 (p<0.05), 12
(p<0.01) and 24 (p<0.01) hr after LPS
injection, compared to the control group.
Also, 24 hr after LPS injection, apigenin 5
and 30 mg/kg significantly decreased
TNF-a level, compared to the control
(p<0.05 and p<0.01, respectively), but
apigenin 15 mg/kg had no significant
effect on the level of TNF-a. In the
positive control group, dexamethasone
significantly reduced TNF-a levels 4
(p<0.05), 12 (p<0.01) and 24 (p<0.01) hr
after LPS injection compared to the control
group (Figure 1).
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Figure 1. TNF-a level 4, 12, and 24 hr after LPS
injection. Pre-injection of 5 (Ab), 15 (A15), and 30
(A30) mg/kg of apigenin and 15 mg/kg of
dexamethasone (Dex) effect on TNF-a level. The
results were normalized with a control group.
(*p<0.05 and **p<0.01 compared to control)

IL-1b level

Compared to the control group,
apigenin injection at all doses had no
significant effect on IL-1b levels, 4 and 12
hr after LPS injection, but 24 hr later, the 5
(p<0.05) and 30 mg/kg (p<0.01) doses of
apigenin  significantly reduced IL-1b
levels. In the positive control group, the
level of IL-1b significantly decreased 4
(p<0.05), 12 (p<0.01), and 24 (p<0.01) hr
after LPS injection (Figure 2).
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Figure 2. Level of IL-1b 4, 12, and 24 hr after LPS
injection. Pre-injection of 5 (A5), 15 (A15) and 30
(A30) mg/kg of apigenin and 15 mg/kg of
dexamethasone (Dex) effect on IL-1b level. The
results were normalized with a control group.
(*p<0.05, **p<0.01, and ***p<0.001 compared to
control)

IL-6 level

Within 4 hours after LPS injection, 30
mg/kg of apigenin significantly decreased
IL-6 serum level compared to the control
(p<0.05). But other doses of apigenin had
no significant effect on IL-6 level. Also,
apigenin in all three doses had no
significant effect on IL-6 level 12 hr after
LPS injection. Also, 24 hr after LPS
injection, apigenin 15 (p<0.05), and 30
mg/kg (p<0.01) significantly reduced IL-6
levels compared to the control.
Dexamethasone also significantly reduced
IL-6 levels 4 hr (p<0.05), 12 hr (p<0.05),
and 24 hr (p<0.01) after LPS injection in
comparison with the control (Figure 3).
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Figure 3. IL-6 level 4, 12, and 24 hr after LPS
injection. pre-injection of 5 (A5), 15 (A15), and 30
(A30) mg/kg of apigenin and 15 mg/kg of
dexamethasone (Dex) effect on IL-6 level. The
results were normalized with a control group.
(*p<0.05 and **p<0.01 compared to control)

Discussion

This study evaluated the effect of low
doses of apigenin on serum levels of pro-
inflammatory cytokines in LPS-stimulated
rats. The results showed that apigenin
decreased the serum level of TNF-a, IL-1b
and IL-6, and therefore it can have
protective effect against inflammation
caused by LPS. According to the results,
the suppressive effect of apigenin did not
have a dose-dependent pattern. Compared
to dexamethasone, the apigenin potency
was weak in the initial hours, but 24 hr
after the onset of inflammation, apigenin
had almost the same effect. The findings of
our study are in agreement with the results
of some others in this field, for example, it
has been reported that in many
inflammatory diseases such as sepsis,
TNF-a, IL-1b and IL-6 serum levels
increase significantly. Therefore, it is
recommended to use these changes as a
diagnostic marker (Mirzarahimi et al., 2017;
Boskabadi et al., 2013). TNF-a, IL-1b, and
IL-6 regulate different physiological and
pathological processes (Mirantes et al.,
2014). On the other hand, the valuable
effects of flavonoids in reducing
inflammation and oxidative stress are

undeniable (Asif, 2012). These substances
are  suitable compounds for the
management of inflammatory diseases due
to their involvement in the intracellular
signaling network and related transcription
pathways (Suzuki, 2002). New research
evidence has provided the possible use of
apigenin as an effective therapeutic agent
for various inflammatory  diseases
(Kowalski et al., 2005). In a relatively
similar study, by examining the effects of
apigenin in a murine model of multi-
microbial sepsis, it was found that rapid
administration of apigenin significantly
reduces the construction of pro-
inflammatory cytokines and the amount of
inflammatory cells (Karamese et al.,
2016). Also, by examining the effects of
an apigenin -enriched diet in a Dextran
sulfate sodium (DSS) -induced chronic
colitis model in rodents, it was shown that
apigenin supplementation reduces the
symptoms of colitis damage as well as IL-
1b and TNF-a levels (Marquez-Flores et
al., 2016). According to another report, the
administration of apigenin could reduce
the serum levels of TNF-a, IL-1b, IL-6 and
the number of foam cells and at the same
time reduce the associated inflammation
and prevent atherosclerosis (Wang et al.,
2015). One way to create animal models of
Parkinsonism (PD) is to use LPS as an
endotoxin and produce neuroinflammation.
It has been claimed that apigenin (25 and
50 mg/kg) modifies deleterious structural
and functional changes through the Nrf2
and NF-xB pathways, and attenuates LPS-
induced experimental PD in rats (Patel and
Singh, 2022).

According to new findings,
inflammation can be one of the factors
involved in the pathophysiology of
depression, and the administration of
apigenin (25 and 50 mg/kg) reduces the
depressive-related behavior caused by LPS
in male rats. The effects of apigenin
include suppressing the production of
inflammatory cytokines such as IL-1b and
TNF-a, and inducing the production of
anti-inflammatory cytokines in the frontal
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cortex (Lee et al.,, 2015). In addition,
apigenin reduces the translocation of c-Jun
translocase to the nucleus and the
activation of AP-1 by inhibiting MAPK
and ERK (Hu et al., 2016).

It has been reported that apigenin (30
uM) significantly down regulates TNF-a,
and IL-1b gene expression and reduces
their synthesis at the transcriptional level
in  LPS-activated macrophage. This
inhibitory  effect could justify the
beneficial role of a diet rich in fruits and
vegetables in inflammatory diseases
(Kowalski et al., 2016). In this context, by
evaluating the effect of 25 pM apigenin
concentration on LPS-induced
inflammation in intestinal epithelial cells,
it was found that apigenin reduced IL-6
gene expression in these cells, but did not
affect TNF-a mRNA level (Farkas et al.,
2015). Apigenin has also been reported to
significantly reduce the LPS-induced
inflammatory response and production of
inflammatory cytokines, such as IL-6, IL-
1b, and TNF-a, in macrophages through
modulation of multiple intracellular
signaling pathways, such as prevention of
ERK1/2, caspase-1, NLRP3, and NF-kB
activation (Zhang et al., 2014). Another
study reported that some apigenin-derived
glycosides at non-cytotoxic concentrations
inhibited  LPS-induced  inflammatory
responses in humans by reducing serum
level of IL-1b and IL-6 (Attig et al., 2021).

In general, apigenin exhibits its anti-
inflammatory activities in different ways.
According to the results, one of these ways
is to reduce the production of TNF-a, IL-
1b and IL-6. It seems that, flavonoids can
be used in inflammatory diseases specific
to humans, and more studies should be
done to determine the most suitable dose,
time, number, and duration of their
administration.

Acknowledgment
The authors are grateful to all those
who helped us in conducting this research.

Conflicts of interest
The authors have declared that there is
no conflict of interest.

References

Arun KG, Sharanya CS, Sandeep PM,
Sadasivan C. 2016. Inhibitory activity of
hibifolin  on adenosine deaminase-
experimental and molecular modeling
study. Comput Biol Chem, 64: 353-358.

Asif M. 2012. Phytochemical study of
polyphenols in Perilla Frutescens as an
antioxidant. Avicenna J Phytomed, 2:
169-178.

Attig A, Jalil J, Husain K, Mohamad HF,
Ahmad A. 2021. Luteolin and apigenin
derived glycosides from Alphonsea
elliptica abrogate LPS-induced
inflammatory responses in human plasma.
J Ethnopharmacol, 275: 114120.

Babu PV, Liu D, Gilbert ER. 2013. Recent
advances in understanding the anti-
diabetic actions of dietary flavonoids. J
Nutr Biochem, 24: 1777-1789.

Beurel E, Jope RS. 2009. Lipopolysaccharide-
induced interleukin-6  production s
controlled by glycogen synthase kinase-3
and STAT3 in the brain. J
Neuroinflammation, 6: 9.

Boskabadi H, Maamouri G, Tavakol Afshari J,
Mafinejad S, Hosseini G, Mostafavi-
Toroghi H, Saber HR, Ghayour-
Mobarhan M, Ferns G. 2013. Evaluation
of serum interleukins-6, 8 and 10 levels as
diagnostic markers of neonatal infection
and possibility of mortality. Iran J Basic
Med Sci, 16: 1232-1237.

Chung HY, Cesari M, Anton S, Marzetti E,
Giovannini S, Seo AY, Carter Ch, Yu BP,
Leeuwenburgh Ch. 2009. Molecular
inflammation: underpinnings of aging and
age-related diseases. Ageing Res Rev, 8:
18-30.

Farkas O, Palocz O, Péaszti-Gere E, Galfi P.
2015. Polymethoxyflavone apigenin-
trimethylether suppresses LPS-induced
inflammatory response in nontransformed
porcine intestinal cell line IPEC-J2. Oxid
Med Cell Longev, 2015: 673847.

Han Z, Boyle DL, Manning AM, Firestein GS.
1998. AP-1 and NF-kappaB regulation in
rheumatoid arthritis and murine collagen-
induced arthritis. Autoimmunity, 28: 197-

Epub ahead of print 5



Jamshidi et al.

208.

Holmes C. 2013. Review: systemic
inflammation and Alzheimer's disease.
Neuropathol Appl Neurobiol, 39: 51-68.

Hu W, Wang X, Wu L, Shen T, Ji L, Zhao X,
Si CL, Jiang Y, Wang G. 2016.
Apigenin-7-O-beta-D-glucuronide
inhibits ~ LPS-induced  inflammation
through the inactivation of AP-1 and
MAPK signaling pathways in RAW 264.7
macrophages and protects mice against
endotoxin shock. Food Funct, 7: 1002-
1013.

Karamese M, Erol HS, Albayrak M, Findik
Guvendi G, Aydin E, Aksak Karamese S.
2016. Anti-oxidant and anti-inflammatory
effects of apigenin in a rat model of
sepsis: an immunological, biochemical,
and histopathological study.
Immunopharmacol Immunotoxicol, 38:
228-237.

Kowalski J, Samojedny A, Paul M, Pietsz G,
Wilczok T. 2005. Effect of apigenin,
kaempferol and resveratrol on the
expression of interleukin-1beta and tumor
necrosis factor-alpha genes in J774.2
macrophages. Pharmacol Rep, 57: 390-
394.

Leyva-Lopez N, Gutierrez-Grijalva EP,
Ambriz-Perez DL, Heredia JB. 2016.
Flavonoids as cytokine modulators: A
possible therapy for inflammation-related
diseases. Int J Mol Sci, 17: 921.

Li R, Zzhao D, Qu R, Fu Q, Ma S. 2015.The
effects of apigenin on lipopolysaccharide-
induced depressive-like behavior in mice.
Neurosci Lett, 594: 17-22.

Liu X, Yin S, Chen Y, Wu Y, Zheng W, Dong
H, Bai Y, Qin Y, Li J, Feng S, Feng S,
Zhao P. 2018. LPS-induced
proinflammatory cytokine expression in
human airway epithelial cells and
macrophages via NF-xB, STAT3 or AP-1
activation. Mol Med Rep, 17: 5484-5491.

Marquez-Flores YK, Villegas I, Cardeno A,
Rosillo MA, Alarcon-de-la-Lastra C.
2016. Apigenin supplementation protects
the development of dextran sulfate
sodium-induced murine  experimental
colitis by inhibiting canonical and non-
canonical inflammation some signaling
pathways. J Nutr Biochem, 30: 143-152.

Medzhitov R. 2008. Origin and physiological
roles of inflammation. Nature, 454: 428-
435.

Mirantes C, Passegue E, Pietras EM. 2014.
Pro-inflammatory cytokines: emerging
players regulating HSC function in
normal and diseased hematopoiesis. Exp
Cell Res, 329: 248-254,

Mirzarahimi M, Barak M, Eslami A,
Enteshari-Moghaddam A. 2017. The role
of interleukin-6 in the early diagnosis of
sepsis in premature infants. Pediatr Rep,
9: 7305.

Nordgreen J, Munsterhjelm C, Aae F, Popova
A, Boysen P, Ranheim B, Heinonen M,
Raszplewicz J, Piepponen P, Lervik A,
Valros A, Janczak AM. 2018. The effect
of  lipopolysaccharide  (LPS) on
inflammatory markers in blood and brain
and on behavior in individually-housed
pigs. Physiol Behav, 195: 98-111.

Patel M, Singh S. 2022. Apigenin attenuates
functional and structural alterations via
targeting NF-kB/Nrf2 signaling pathway
in  LPS-induced  parkinsonism in
experimental rats: Apigenin attenuates
LPS-induced parkinsonism in
experimental rats. Neurotox Res, 40: 941-
960.

Pedersen BK, Febbraio MA. 2008. Muscle as
an endocrine organ: focus on muscle-
derived interleukin-6. Physiol Rev, 88:
1379-1406.

Ribeiro D, Freitas M, Lima JL, Fernandes E.
2015. Proinflammatory pathways: The
modulation by flavonoids. Med Res Rev,
35: 877-936.

Shojaei M, Sahebkar A, Khorvash F,
Fallahpour S, Askari G, Bagherniya M.
2023. The effects of phytosomal
curcumin supplementation on clinical
symptoms, and inflammatory and
oxidative stress biomarkers in patients
with  migraine: A protocol for a
randomized double-blind placebo-
controlled trial. Avicenna J Phytomed, 13:
45-57.

Sung B, Chung HY, Kim ND. 2016. Role of
apigenin in cancer prevention via the
induction of apoptosis and autophagy. J
Cancer Prev, 21: 216-226.

Suzuki K. 2002. MAP kinase cascades in
elicitor signal transduction. J Plant Res,
115: 237-244.

Wang Q, Zeng P, Liu Y, Wen G, Fu X, Sun X.
2015. Inhibition of autophagy ameliorates
atherogenic inflammation by augmenting
apigenin-induced macrophage apoptosis.

Epub ahead of print 6



Apigenin attenuates TNF-a, interleukin 1b and interleukin 6

Int Immunopharmacol, 27: 24-31. lipopolysaccharide-induced inflammatory
Zhang X, Wang G, Gurley EC, Zhou H. 2014. response through multiple mechanisms in
Flavonoid apigenin inhibits macrophages. PLoS One, 9: el107072.

Epub ahead of print 7



