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ABSTRACT

Objective: This study aimed to evaluate in vitro effect of apigenin on anti —and pro-inflammatory cytokines including interleukin-6 (IL-6), IL-10,
tumor necrosis factor-alpha (TNF-a), and transforming growth factor-beta (TGF-B) levels in an in vitro model of renal cell inflammation induced
with lipopolysaccharide (LPS).

Methods: For the in vitro renal cell inflammation model, the African green monkey kidney cell line (Vero) was used. Four groups as NC (without
any treatment), LPS (Vero cells treated with 10 pg/mL of LPS for 4 hours), API (Vero cells treated with 5 pug/mL of apigenin for 12 hours), and
LPS+API (Vero cells treated with 5 pg/mL of apigenin for 12 hours + 10 ug/mL of LPS for 4 hours) was formed. The non-cytotoxic dose of apigenin
in Vero cells was evaluated by a cell count test. IL-6, IL-10, TNF-a, and TGF-B concentrations in the cell culture medium were measured by
enzyme-linked immunosorbent assay kits. All analyses were performed in four repetitions.

Results: IL-6, IL-10, TNF-a, and TGF-B concentrations of the LPS group increased compared to NC, API, and LPS+API groups (p<0.05). We found
that treatment with apigenin led to significant attenuation in the LPS-induced secretion of IL-6, IL-10, TNF-a, and TGF-$ in the Vero cell line.

Conclusion: Our findings showed that apigenin significantly reduced LPS-induced IL-6, IL-10, TNF-a, and TGF-B formations in Vero cells. Taken
together, these results suggest that apigenin may be a therapeutic candidate for relieving inflammatory renal cell damage. These results need

to be supported by in vivo trials and clinical applications.
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1. INTRODUCTION
Inflammation and immune system activation play role in the ~ anti-inflammatory  flavonoids. Many flavonoids show

etiopathogenesis of acute and chronic kidney diseases (1).
Inflammation stimulates cytokines secretion and increases
the production and activity of adhesion molecules in renal
tissue (2,3). Patients with renal injury have higher serum
interleukin (IL)-6 and tumor necrosis factor-alpha (TNF-a)
levels (4-8). IL-6 induces the progression of chronic kidney
disease by initiating chronic vascular disease, endothelial
injury, and adiponectin expression (9,10). TNF-a stimulates
the release of the inflammatory mediator Interleukin 1B
(IL-1B), monocyte chemoattractant protein (MCP)-1), and
transforming growth factor-beta (TGF-B) (11). TGF-B induces
conditions causing chronic progressive kidney disease through
regulation of cell proliferation, hypertrophy, apoptosis,
and fibrogenesis (12). IL-10 is produced as a growth factor
by mesangial cells in the normal adult kidney and induces
pathological processes that lead to the progression of renal
failure by inducing the synthesis and activity of Cystatin
C and TGF-B. Increased TGF-B levels promote fibrosis and
glomerulosclerosis with I1L-10 (13).

In recent years, scientific studies on the treatment
of inflammatory diseases have focused on the use of

medical efficacy as antibacterial, antioxidative activity, free
radical scavenging capacity, anti-inflammatory, anticancer
and antiviral agents (14). Apigenin, found naturally in
fruits and vegetables, has anti-inflammatory effects in
various cellular processes (15,16). The prophylactic use
of apigenin suppresses cyclooxygenase-2 (COX-2) and
nuclear factor kB (NF-kB) pathways by decreasing IL-1B,
IL-6 and TNF-a concentrations, leukocyte quantity, and
neutrophil percentage in bronchoalveolar lavage fluid and
thereby alleviates inflammation (16). Apigenin exhibits
an anti-inflammatory effect by suppressing chemokine
production associated with T helper cell-1 and T-helper
cell-2 and modulating mitogen-activated protein kinase
(MAPK) in human monocyte cells (17). Apigenin inhibits LPS-
induced NF-kB activity in lung tissue, reduces infiltration of
inflammatory cells, and accumulation of chemotactic factors
(18). It is known that apigenin has a good anti-inflammatory
effect but the possible protective effect of apigenin on renal
cell inflammation is unknown. The purpose of the present
study was to investigate the effect of apigenin on anti-
inflammatory cytokines IL-6, IL-10, TNF-a, and TGF-B levels in
vitro renal cell inflammation model.
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2. METHODS

2.1. Cell Culture and Treatment

The Vero cell line used in this study was obtained from the
Department of Virology, Faculty of Veterinary Medicine,
Ondokuz Mayis University. The 10% calf serum, 2 mM
I-glutamine, 100 pg/mL streptomycin, 100 U/mL penicillin,
and 1 mM pyruvic acid in Minimum Essential Eagle’s Medium
(MEM, Sigma, Austria) were applied to the Vero cell line. The
cells were maintained at 37 °C, 5% CO,, 95% air, and 100%
humidity. Filter cap cell culture flasks were used to prevent
possible contamination and the medium was changed every
two days. Cell survival and morphological structure were
evaluated by an inverted microscope. The inflammation was
induced by treatment with LPS (E. coli 0111: B4) in Vero cells.
Inordertoinduceinflammation, the cells were incubated with
culture medium containing different LPS concentrations (0.1
pug/mL, 1 pg/mL, 2 ug/mL, 5 ug/mLand 10 pg/mL) for 2, 4, 8,
16 and 24 hours. The inflammation dose of LPS was selected
based on previous scientific studies (19,20). A previous in
vitro study (21) was taken into consideration to determine
the non-cytotoxic dose for apigenin treatment, cells were
cultured with different apigenin concentrations (0.1 pug/mL,
0.25 pg/mL, 0.5 pg/mL, 1 pg/mL, 5 ug/mL, and 10 pg/mL)
for 12 hours and the non-cytotoxic dose was determined
according to the cell count test result. All experiments were
performed in four repetitions.

In the study, four groups NC (negative control group, any
application was not done), LPS (treatment with 10 ug/mL of
LPS during 4 hours), API (treatment with 5 ug/mL of apigenin
during 12 hours), and LPS+API (treatment with 10 pug/mL of
LPS during 4 hours+5 pg/mL of apigenin during 12 hours)
were formed. After all treatments, cell culture media were
centrifuged at 1.550xg for 10 minutes and ELISA analysis was
performed in supernatants (22).

2.2. Determination of Non-Cytotoxic Dose of Apigenin

The non-cytotoxic dose of apigenin in Vero cells was assessed
by a cell counting kit-8 (96992, Sigma-Aldrich, USA). The
test was performed according to the method notified by
the manufacturer. For this purpose, 100 pL cell suspension
including 1x10° Vero cells per milliliter was prepared and
then cell suspension was added to the 96-well plate and
incubated in a 37 °C incubator. When the cells covered the
plate surface at the end of 24 hours, the cell production
medium in wells was evacuated and the plates were
incubated in a 22 °C incubator by adding stock apigenin from
3 different concentrations, 1 ug/mL, 5 ug/mL, and 10 ug/mL
prepared in cell production medium and 10 pg/mL and from
each dilution to 2 wells. In addition, 10 uL of cell-producing
media was added into the wells of the control cells instead
of apigenin. Apigenin in the wells of the plates was taken 12
hours later from the incubator and was evacuated using a
pipette and 10 pL of cell counting solution was added to all
wells and incubated at 37 °C for 2 hours. At the end of the

time, the optical density of the microplate was read in 450
nm wavelength at the microplate reader (Tecan Infinite F50).
The test was repeated 4 times. The half-maximal inhibitory
concentration (IC50) value for apigenin was calculated and
the graph was plotted using the GraphPad Prism 5 software
(San Diego, CA, USA).

2.3. Main Outcome Measurements

IL-6 concentration:The monkey-specific ELISA assay (LS-
F4822, LifeSpan Biosciences Inc., Seattle Downtown,
Washington, USA) was used to measure the concentration
of IL-6 in cell culture supernatants. All samples were studied
double. ELISA steps were carried out as recommended by the
manufacturer. The results were presented as pg/mL.

IL-10 concentration: The concentration of IL-10 in cell
culture supernatants was determined using the ELISA kit
specific to monkey (LS-F25130, LifeSpan Biosciences Inc.,
Seattle Downtown, Washington, USA) by the ELISA method.
The measuring range of the kit was 0-1000 pg/mL and all
samples were studied double. ELISA steps were carried out
as recommended by the manufacturer. The results were
presented as pg/mL.

TNF-a concentration: The concentration of TNF-a in cell
culture supernatants was determined using the ELISA kit
specific to monkey (LS-F4818, LifeSpan Biosciences Inc.,
Seattle Downtown, Washington, USA) by the ELISA method.
All samples were studied double. ELISA steps were carried
out as recommended by the manufacturer. The results were
presented as pg/mL.

TGF-8 concentration: The concentration of TGF-B in cell
culture supernatants was determined using the ELISA kit
specific to monkey (MBS737903, MyBioSource, Inc., San
Diego, CA, USA) by the ELISA method. The measuring range
of the kit was 0-1000 pg/mL and all samples were studied
double. ELISA steps were carried out as recommended by the
manufacturer. The results were presented as pg/mL.

2.4. Statistical Analysis

SPSS 22.0 package program was used for statistical evaluation
of the findings obtained from the study. Before significance
tests, all the data were evaluated using the parametrical
test with Shapiro Wilk for normality assumptions and with
the Levene test for homogeneity of the variance. Duncan
test was used for variables that provide parametric test
assumptions as a post-hoc test in cases where the difference
between groups is significant. A minimum of p <0.05 value
was considered statistically significant for all statistical
evaluations.

3. RESULTS

3.1. Non-Cytotoxic Dose of Apigenin on Vero Cells

As determined by the cell viability assay, different
concentrations of apigenin resulted in cytotoxicity effects on
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the Vero cell line in a dose-dependent manner for 12 hours.
The growth of the cell line was strikingly inhibited by different
concentrations of apigenin (0.1 pg/mL, 0.25 ug/mL, 0.5 pg/
mL, 1 yug/mL, 5 pg/mL, and 10 pg/mL). In different apigenin
concentrations, cell viability was found as 98.0 £ 1.56 % in
0.1 pg/mL, 90.6 + 4.63 % in 0.25 pg/mL, 83.2 +2.92 % in 0.5
pg/mL, 75.8 + 4.33 % in 1 pg/mL, 50 £ 5.68 % in 5 pg/mL,
and 9.88 £ 0.68 % in 10 ug/mL (p<0. 05). Viability assay from
four repetitions showed that IC50 of apigenin was 5 pg/mL
(Figure 1).
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Fig 1. The dose-response curve for the half-maximal inhibitory
concentration (IC50) for apigenin. Six different concentrations
(ranging from 0.1 to 10 mg/mL) were tested. Data are represented
as mean values of at least four independent experiments. The
IC50 values were calculated using nonlinear regression analysis
of GraphPad Prism software 5 by plotting log inhibitor versus
normalized response.

3.2. Effect of Apigenin on IL-6 Concentration in LPS-Treated
Vero Cells

The effect of apigenin administration of 5 pg/mL for 12
hours on IL-6 concentration in LPS-treated Vero cells and the
differences between groups are presented in Figure 2. The
results of the IL-6 levels of the groups were given in Table
1. The IL-6 concentrations were 159.3 + 6.6 pg/mL in LPS
group, 52.8 + 3.9 pg/mLin NC group, 46.5 + 1.3 pg/mL in API
group and 86.5 + 5.0 pg/mL in LPS+API group. Treatment of
Vero cells with LPS alone notably increased the production
of IL-6 compared with the negative control, API, and LPS+API
groups. The LPS-treated group showed a 3.0-fold, 3.4-fold,
and 1.8-fold increase in IL-6 levels when compared with
the negative control group, APl group, and LPS+API group,

respectively (p<0.05). The secretion of IL-6 in the LPS+API
group was significantly suppressed by apigenin compared
with the level in the LPS-treated cells (p<0.05).
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Fig 2. Effect of apigenin on IL-6 concentration in LPS-treated Vero
cells. NC: Vero cells received no treatment; LPS: Vero cells treated
with 10 ug/mL of LPS for 4 hours; API: Vero cells treated with 5 ug/
mL of apigenin for 12 hours; LPS+API: Vero cells treated with 5 ug/
mL of apigenin for 12 hours + 10 ug/mL of LPS for 4 hours. Data are
mean + SD for four independent experiments. a p<0.05: significantly
different from LPS and LPS +API groups; b p<0.05: significantly diffe-
rent from NC, APl and LPS+API groups; Duncan test.

Table 1. IL-6, 1L-10, TNF-a, and TGF-B levels of the groups

Cytokine Groups
NC API LPS LPS+API
IL-6 (pg/mL) 52.8+3.9* |46.5+1.32 [159.3+6.6° |86.5+5.0°
IL-10 (pg/mL) |62.3+8.5° |58.3+6.4° | 359.0+16.9° |[155.0+9.5¢
TNF-a (pg/mL) |67.3+4.3* [63.0+4.5* |292.3 +12.5°[101.0+3.2¢
TGF-B (pg/mL) |27.0+4.2* |32.3+£3.9° [312.8+10.2° [ 150.0 £ 11.0°

NC: Negative control (Vero cells received no treatment); API: Vero
cells treated with 5 ug/mL of apigenin for 12 hours; LPS: Vero cells
treated with 10 ug/mL of LPS for 4 hours; LPS+API: Vero cells treated
with 5 ug/mL of apigenin for 12 hours + 10 ug/mL of LPS for 4 hours.
a,b,c Different superscript letters indicate statistically significant dif-
ferences in the same row (p<0.05; Duncan test)

3.3. Effect of Apigenin on IL-10 Concentration in LPS-
Treated Vero Cells

The effect of apigenin administration of 5 ug/mL for 12 hours
on IL-10 concentration in LPS-treated Vero cells and the
differences between groups are presented in Figure 3. The
results of the IL-10 levels of the groups were given in Table
1. The IL-10 concentrations were 359.0+16.9 pg/mL in the
LPS group, 62.3 + 8.5 pg/mL in the NC group, 58.3 + 6.4 pg/
mL in the API group, and 155.0 + 9.5 pg/mL in the LPS+API
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group. The LPS-treated group showed a 5.8-fold, 6.2-fold,
and 2.3-fold increase in IL-10 levels when compared with
the negative control group, APl group, and LPS+API group,
respectively (p<0.05). The secretion of IL-10 in the LPS+API
group was significantly suppressed by apigenin compared
with the level in the LPS-treated cells (p<0.05).
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Fig 3. Effect of apigenin on IL-10 concentration in LPS-treated Vero
cells. NC: Vero cells received no treatment; LPS: Vero cells treated
with 10 ug/mL of LPS for 4 hours; API: Vero cells treated with 5 ug/
mL of apigenin for 12 hours; LPS+API: Vero cells treated with 5 ug/
mlL of apigenin for 12 hours + 10 ug/mL of LPS for 4 hours. Data are
mean * SD for four independent experiments. a p<0.05: significantly
different from LPS and LPS+API groups; b p<0.05: significantly diffe-
rent from NC, APl and LPS+API groups; Duncan test.

3.4. Effect of Apigenin on TNF-a Concentration in LPS-
Treated Vero Cells

The effect of apigenin administration of 5 pg/mL for 12 hours
on TNF-a concentration in LPS-treated Vero cells and the
differences between groups are presented in Figure 4. The
results of the TNF-a levels of the groups were given in Table
1. The TNF-a concentrations were 292.3 £ 12.5 pg/mL in the
LPS group, 67.3 + 4.3 pg/mL in the NC group, 63.0 + 4.5 pg/
mL in the API group, and 101.0 + 3.2 pg/mL in the LPS+API
group. The LPS-treated group showed a 4.3-fold, 4.6-fold,
and 2.9-fold increase in TNF-a levels when compared with
the negative control group, API group, and LPS+API group,
respectively (p<0.05). The secretion of TNF-a in the LPS+API
group was significantly suppressed by apigenin compared
with the level in the LPS-treated cells (p<0.05).
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Fige 4. Effect of apigenin on TNF-a concentration in LPS-treated
Vero cells. NC: Vero cells received no treatment; LPS: Vero cells tre-
ated with 10 ug/mL of LPS for 4 hours; API: Vero cells treated with
5 ug/mL of apigenin for 12 hours; LPS+API: Vero cells treated with 5
ug/mL of apigenin for 12 hours + 10 ug/mL of LPS for 4 hours. Data
are mean + SD for four independent experiments a p<0.05: signifi-
cantly different from LPS and LPS+API groups; b p<0.05: significantly
different from NC, APl and LPS+API groups; Duncan test.

3.5. Effect of Apigenin on TGF-8 Concentration in LPS-
Treated Vero Cells

The effect of apigenin administration of 5 ug/mL for 12 hours
on TGF-B concentration in LPS-treated Vero cells and the
differences between groups are presented in Figure 5. The
results of the TGF-B levels of the groups were given in Table
1. The TGF-B concentration were 312.8 + 10.2 pg/mL in LPS
group, 27.0 £ 4.2 pg/mLin NC group, 32.3 + 3.9 pg/mLin API
group and 150.0 £ 11.0 pg/mL in LPS+API group. The LPS-
treated group showed an 11.6-fold, 9.7-fold, and 2.1-fold
increase in TGF-B levels when compared with the negative
control group, API group, and LPS+API group, respectively
(p<0.05). The secretion of TGF-B in the LPS+API group was
significantly suppressed by apigenin compared with the level
in the LPS-treated cells (p<0.05).
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Fig 5. Effect of apigenin on TGF-B concentration in LPS-treated Vero
cells. NC: Vero cells received no treatment; LPS: Vero cells treated
with 10 pg/mL of LPS for 4 hours; API: Vero cells treated with 5 pg/
mL of apigenin for 12 hours; LPS+API: Vero cells treated with 5 pg/
mL of apigenin for 12 hours + 10 pug/mL of LPS for 4 hours. Data are
mean + SD for four independent experiments. a p<0.05: significantly
different from LPS and LPS+API groups; b p<0.05: significantly diffe-
rent from NC, APl and LPS+API groups; Duncan test.
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4. DISCUSSION

Inflammation is known to play a role in the pathogenesis
of kidney diseases by stimulating the release of cytokines
and increasing the production and activity of adhesion
molecules (3). Proinflammatory cytokines have a critical
role in mediating irreversible tubular injury and nephron
failure (23). Scientific reports have suggested that flavonoid
supplements exhibit alleviate renal damage by suppressing
inflammation (24,25). Apigenin has been shown to exhibit
potent anti-inflammatory activity (15-18). Our present study
focused on the anti-inflammatory activity of apigenin in renal
cell inflammation. For this purpose, in vitro effect of apigenin
on anti — and pro-inflammatory cytokines including IL-6, IL-
10, TNF-a, and TGF-B in renal cell inflammation induced with
LPS was evaluated by ELISA.

The prophylactic use of apigenin has been reported
that alleviates inflammation by suppressing COX-2 and
NF-kB pathways by decreasing IL-1B3, IL-6, and TNF-a
concentrations, leukocyte count, and neutrophil percentage
in bronchoalveolar lavage fluid (16). In human monocyte
cells, apigenin has been shown to exert an anti-inflammatory
effect by suppressing T helper cell-1 and T helper cell-2-
related chemokine production and modulating MAPK (17).
It has also been stated that apigenin inhibits LPS-induced
NF-kB activity in lung tissue, reduces the infiltration of
inflammatory cells, and the accumulation of chemotactic
factors (18). Hesperidin has been reported to alleviate the
acetaminophen-induced inflammation in renal tubular
cells (26). Consumption of isoflavone-rich soybean foods
can alleviate systemic inflammation through inflammatory
mediators in hemodialysis patients has been reported (27).
Chrysin at different doses has been shown to alleviate
kidney damage in adenine-induced experimental chronic
kidney disease in rats (28). A previous study has reported
that epicatechin supplementation with diet alleviated the
renal cortex inflammation in high-fructose-diet-fed rats (29).
Quercetin protects the kidney against lead-induced kidney
injury by affecting the MAPK and NF-kB signaling pathways
(30). Naringin treatment in cisplatin-induced nephrotoxicity
has been reported to reduce TNF-a concentration in kidney
tissue (31). Genistein has been shown to significantly inhibit
urinary MCP-1 excretion and renal intercellular adhesion
molecule — 1 expression in diabetic mice (32). Baicalin, which
was used to ameliorate tubulointerstitial fibrosis in mice with
unilateral ureteral obstruction, has been reported to inhibit
the inflammatory process by inactivating NF-kB and MAPK
signaling pathways (33). Malik, et al. reported that nobiletin
alleviates acute kidney injury induced by cisplatin in a dose-
dependent manner (34).

Markedly increased TNF-a concentration in HK-2 cells which
were exposed to 10 ug/ml LPS for 3 hours has been reported
(35). Similarly, in our study, the TNF-a level in the group
treated with 10 pug/mL for 4 hours of LPS was significantly
increased when compared to the negative control group,
APl group, and LPS+API group (p<0.05). TNF-a secretion
in the LPS+API group was determined to be significantly

inhibited by apigenin compared to the level in cells treated
with LPS (p<0.05). In another study, it has been shown that
apigenin inhibits the production of IL-1B, IL-8, and TNF-q,
by suppressing NF-kB activity and modulating immune
responses by suppressing inflammation in LPS-induced
mouse macrophages (15). The researchers have stated that
apigenin at the doses of 1 ug/mL and 10 pg/mL suppresses
the LPS-induced IL-6 concentration, however, did not affect
TNF-a concentration. Similar to these findings, we also
determined that the IL-6 level was significantly increased
when Vero cells were exposed to 10 mg/mL LPS for 4 hours
compared to the negative control, API, and LPS+API groups.
However, we determined that the increased IL-6 level due
to LPS exposure was significantly suppressed by apigenin at
a dose of 5 mg/ml administered for 12 hours. In addition,
administration of LPS to Vero cells resulted in a significant
increase in IL-10 levels. IL-10 level in the LPS+API group
was determined to be significantly suppressed by apigenin
compared to the level in cells treated with LPS (p<0.05).
Apigenin inhibits LPS-induced IL-6 and/or TNF-a production
in murine macrophage cells has been reported (21). It has
also been reported that TNF-a-induced NF-kB transcriptional
activation is significantly inhibited by apigenin (36). Apigenin
administration significantly reduced the levels of TNF-q,
IL-1B, and TGF-B in the kidneys in mice with cisplatin-induced
kidney injury in a dose-dependent manner (37). Apigenin-
rich diet has been reported to exert anti-inflammatory
activity by reducing miR-155 and TNF-a expressions in the
lungs of LPS-treated mice (38). In our study, the LPS-treated
Vero cell line showed a significant increase in TGF-$ levels
when compared with the negative control group, APl group,
and LPS+API group (p<0.05). However, the elevated TGF-B
level in LPS-treated cells was significantly suppressed by the
administration of 5 mg/mL apigenin for 12 hours (p<0.05).

5. CONCLUSIONS

Our findings showed that apigenin significantly reduced LPS-
induced IL-6, IL-10, TNF-a, and TGF-B formations in Vero
cells. These findings indicate that apigenin has potent anti-
inflammatory effects in LPS-induced in vitro renal cell damage
by modulating pro-inflammatory and anti-inflammatory
cytokine responses which are inflammatory mediators.
These results need to be supported by in vivo trials and
clinical applications.

Acknowledgments This research article was summarized
from the first author’s master’s thesis. We would like to
thank Prof. Dr. Semra Gliimisova and Res. Assist. Bahadir
Muftioglu from the Department of Virology, Faculty of
Veterinary Medicine, Ondokuz Mayis University for cell
culture experiments.

Funding This study was supported by the Scientific Project
Management Office of the Ondokuz Mayis University, Turkey
(PYO.VET.1904.17.014).

Conflict of Interest The authors declared that there is no
conflict of interest.

Clin Exp Health Sci 2022; 12: 739-745

DOI: 10.33808/clinexphealthsci.1018335



Effect of Apigenin on in vitro Renal Cell Inflammation

| Original Article |

REFERENCES

(1]
(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

[13]

(14]

[15]

[16]

Imig J, Ryan M. Immune and inflammatory role in renal
disease. Compr Physiol 2013;3(2):957-976.

Rapa SF, Di lorio BR, Campiglia P, Heidland A, Marzocco S
Inflammation and oxidative stress in chronic kidney disease-
potential therapeutic role of minerals, vitamins and plant-
derived metabolites. Int J Mol Sci 2019;21(1):263.

Tbahriti FH, Meknassi D, Moussaoui R, Messaoudi A, Zemour
L, Kaddous A, Bouchenak M, Mekki K Inflammatory status in
chronic renal failure: The role of homocysteinemia and pro-
inflammatory cytokines World J Nephrol 2013;6:31-37.
Al-Eisa AA, Al Rushood M, Al-Attiyah RJ Urinary excretion of
IL-1B, IL-6 and IL-8 cytokines during relapse and remission of
idiopathic nephrotic syndrome. J Inflamm Res 2017;23:1-5.
Nechemia-Arbely Y, Barkan D, Pizov G, Shriki A, Rose-John S,
Galun E, Axelrod JH. IL-6/IL-6R axis plays a critical role in acute
kidney injury. J Am Soc Nephrol 2008;6:1106-1115.

Sonkar GK, Singh RG. Evaluation of serum tumor necrosis
factor alpha and its correlation with histology in chronic
kidney disease, stable renal transplant and rejection cases.
Saudi J Kidney Dis Transpl 2009;20:1000-1004.

Stenvinkel P, Ketteler M, Johnson RJ, Lindholm B, Pecoits-
Filho R, Riella M, Heimbdirger O, Cederholm T, Girndt M. IL-
10, IL-6, and TNF-alpha: central factors in the altered cytokine
network of uremia-the good, the bad, and the ugly. Kidney Int
2005;67:1216-1233.

Yeo ES, Hwang JY, Park JE, Choi YJ, Huh KB, Kim WY. Tumor
necrosis factor (TNF-alpha) and C-reactive protein (CRP) are
positively associated with the risk of chronic kidney disease in
patients with type 2 diabetes. Yonsei Med J 2010;51:519-525.
Bruun JM, Lihn AS, Verdich C, Pedersen SB, Toubro S, Astrup
A, Richelsen B. Regulation of adiponectin by adipose tissue-
derived cytokines: in vivo and in vitro investigations in humans.
Am J Physiol Endocrinol Metab 2003;285:E527-533.

Zhang W, Wang W, Yu H, Zhang Y, Dai Y, Ning C, Tao L, Sun
H, Kellems RE, Blackburn MR, Xia Y. Interleukin 6 underlies
angiotensin ll-induced hypertension and chronic renal
damage. Hypertension 2012;59:136-144.

Idasiak-Piechocka 1, Oko A, Pawliczak E, Kaczmarek E,
Czekalski S. Urinary excretion of soluble tumour necrosis
factor receptor 1 as a marker of increased risk of progressive
kidney function deterioration in patients with primary chronic
glomerulonephritis. Nephrol Dial Transplant 2010;12:3948-
3956.

Schnaper HW, Jandeska S, Runyan CE, Hubchak SC, Basu RK,
Curley JF, Smith RD, Hayashida T. TGF-beta signal transduction
in chronic kidney disease. Front Biosci (Landmark Ed).
2009;1;14:2448-2465.

Sinuani |, Beberashvili I, Averbukh Z, Sandbank J. Role of IL-
10 in the progression of kidney disease. World J Transplant
2013;3(4):91-98.

Kumar S, Pandey AK. Chemistry and biological activities
of flavonoids: an  overview. ScientificWorldJournal
2013;2013:162750.

Nicholas C, Batra S, Vargo MA, Voss OH, Gavrilin MA,
Wewers MD, Guttridge DC, Grotewold E, Doseff Al. Apigenin
blocks lipopolysaccharide-induced lethality in vivo and
proinflammatory cytokines expression by inactivating NF-
kappaB through the suppression of p65 phosphorylation. J
Immunol 2007;179:7121-7127.

Wang J, Liu YT, Xiao L, Zhu L, Wang Q, Yan T. Anti-inflammatory
effects of apigenininlipopolysaccharide-induced inflammatory

(17]

(18]

(19]

[20]

(21]

(22]

(23]

[24]

[25]

(26]

(27]

(28]

[29]

(30]

(31]

in acute lung injury by suppressing COX-2 and NF-kB pathway.
Inflammation 2014;37:2085-2090.

Huang CH, Kuo PL, Hsu YL, Chang TT, Tseng HI, Chu YT, Kuo CH,
Chen HN, Hung CH. The natural flavonoid apigenin suppresses
Thl — and Th2-related chemokine production by human
monocyte THP-1 cells through mitogen-activated protein
kinase pathways. ] Med Food 2010;13:391-398.

Cardenas H, Arango D, Nicholas C, Duarte S, Nuovo GJ, He
W, Voss OH, Gonzalez-Mejia ME, Guttridge DC, Grotewold
E, Doseff Al. Dietary apigenin exerts immune-regulatory
activity in vivo by reducing NF-kB Activity, Halting Leukocyte
Infiltration and Restoring Normal Metabolic Function. Int J
Mol Sci 2016;1:323.

Huang MY, Chaturvedi LS, Koul S, Koul HK. Oxalate stimulates
IL-6 production in HK-2 cells, a line of human renal proximal
tubular epithelial cells. Kidney Int 2005;68:497-503.

Zager RA1, Johnson AC, Geballe A. Gentamicin suppresses
endotoxin-driven TNF-alpha production in human and
mouse proximal tubule cells. Am J Physiol Renal Physiol
2007;293:F1373-1380.

Smolinski AT, Pestka JJ. Modulation of lipopolysaccharide-
induced proinflammatory cytokine production in vitro and
in vivo by the herbal constituents apigenin (chamomile),
ginsenoside Rb(1) (ginseng) and parthenolide (feverfew). Food
Chem Toxicol 2003;41:1381-1390.

Li B, Hu Y, Zhao Y, Cheng M, Qin H, Cheng T, Wang Q, Peng
X, Zhang X. Curcumin attenuates titanium particle-induced
inflammation by regulating macrophage polarization in vitro
and in vivo. Front Immunol 2017;31;8:55.

Qian Q. Inflammation: A Key Contributor to the Genesis
and Progression of Chronic Kidney Disease. Contrib Nephrol
2017;191:72-83.

Impellizzeri D, Bruschetta G, Ahmad A, Crupi R, Siracusa R, Di
Paola R, Paterniti I, Prosdocimi M, Esposito E, Cuzzocrea S.
Effects of palmitoylethanolamide and silymarin combination
treatment in an animal model of kidney ischemia and
reperfusion. Eur J Pharmacol 2015;762:136-149.

Kandemir FM, Kucukler S, Eldutar E, Caglayan C, Gulcin
I. Chrysin protects rat kidney from paracetamol-induced
oxidative stress, inflammation, apoptosis, and autophagy: A
Multi-Biomarker Approach. Sci Pharm 2017;85:4.

Ahmad ST, Arjumand W, Nafees S, Seth A, Ali N, Rashid S,
Sultana S. Hesperidin alleviates acetaminophen induced
toxicity in Wistar rat by abrogation of oxidative stress,
apoptosis and inflammation. Toxicol Lett 2012;208:149-161.
Fanti P, Asmis R, Stephenson TJ, Sawaya BP, Franke AA.
Positive effect of dietary soy in ESRD patients with systemic
inflammation—correlation between blood levels of the soy
isoflavones and the acute-phase reactants. Nephrol Dial
Transplant 2006;21:2239-2246.

Ali BH, Adham SA, Al Za’abi M, Waly M, Yasin J, Nemmar A,
Schupp N. Ameliorative effect of chrysin on adenine-induced
chronic kidney disease in rats. PLoS One 2015;10:e0125285.
Prince PD, Lanzi CR, Toblli JE, Elesgaray R, Oteiza PI, Fraga CG,
Galleano M. Dietary (-)-epicatechin mitigates oxidative stress,
NO metabolism alterations, and inflammation in renal cortex
from fructose-fed rats. Free Radic Biol Med 2016;90:35-46.
Liu CM, Sun YZ, Sun JM, Ma JQ, Cheng C. Protective role of
quercetin against lead-induced inflammatory response in rat
kidney through the ROS-mediated MAPKs and NF-kB pathway.
Biochim Biophys Acta 2012;1820:1693-1703.

Chtourou Y, Aouey B, Aroui S, Kebieche M, Fetoui H. Anti-
apoptotic and anti-inflammatory effects of naringin on

Clin Exp Health Sci 2022; 12: 739-745

DOI: 10.33808/clinexphealthsci.1018335



Effect of Apigenin on in vitro Renal Cell Inflammation

| Original Article |

(32]

(33]

(34]

(35]

cisplatin-induced renal injury in the rat. Chem Biol Interact
2016;243:1-9.

Elmarakby AA, lbrahim AS, Faulkner J, Mozaffari MS, Liou Gl,
Abdelsayed R. Tyrosine kinase inhibitor, genistein, reduces
renal inflammation and injury in streptozotocin-induced
diabetic mice. Vascul Pharmacol 2011;55:149-156.

Wang W, Zhou PH, Xu CG, Zhou XJ, Hu W, Zhang J. Baicalein
attenuates renal fibrosis by inhibiting inflammation via down-
regulating NF-kB and MAPK signal pathways. J Mol Histol
2015;46:283-290.

Malik S, Bhatia J, Suchal K, Gamad N, Dinda AK, Gupta YK, Arya
DS. Nobiletin ameliorates cisplatin-induced acute kidney injury
due to its anti-oxidant, anti-inflammatory and anti-apoptotic
effects. Exp Toxicol Pathol 2015;67:427-433.

Zager RA, Johnson AC, Geballe A. Gentamicin suppresses
endotoxin-driven TNF-alpha production in human and

(36]

(37]

(38]

mouse proximal tubule cells. Am J Physiol Renal Physiol
2007;293:1373-1380.

Funakoshi-Tago M, Nakamura K, Tago K, Mashino T, Kasahara
T Anti-inflammatory activity of structurally related flavonoids,
Apigenin, luteolin and fisetin. Int Immunopharmacol
2011;11:1150-1159.

He X, Li C, Wei Z, Wang J, Kou J, Liu W, Shi M, Yang Z, Fu Y.
Protective role of apigenin in cisplatin-induced renal injury.
Eur J Pharmacol 2016;789:215-221.

Arango D, Diosa-Toro M, Rojas-Hernandez LS, Cooperstone JL,
Schwartz SJ, Mo X, Jiang J, Schmittgen TD, Doseff Al. Dietary
apigenin reduces LPS-induced expression of miR-155 restoring
immune balance during inflammation. Mol Nutr Food Res

2015;59:763-772.

How to cite this article: Ozsoy S, Yarim GF. In Vitro Assessment of Anti-inflammatory Effect of Apigenin on Renal Cell Inflammation.
Clin Exp Health Sci 2022; 12: 739-745. DOI: 10.33808/clinexphealthsci.1018335

Clin Exp Health Sci 2022; 12: 739-745

745

DOI: 10.33808/clinexphealthsci.1018335



	_Hlk494978300
	_Hlk81432479
	_Hlk81430816
	_Hlk81432454
	_Hlk86272366

