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Wogonoside Mitigates Inflammation and Cell Proliferation
via Modulation of NF-kB Signalling Pathway in

DMBA-Induced Mammary-Preclinical Model

Chenyang He, Yu Zhang, Yan Diao, Xingcong Ma, Guochao Mao, Xinyu Wei, Yang Zhao*

The Comprehensive Breast Care Center, The Second Affiliated Hospital of Xi'an Jiaotong University, Xi'an, CHINA.

ABSTRACT

Objectives: To hypothesis the effect of wogonoside against DMBA-induced Breast Cancer (BC)
via TNF-a induced NF-kB signaling pathway a molecular appraoch. Materials and Methods: A
25 mg/kg Body Weight (BW), DMBA mixed dosage was used to produce BC with 1 mL olive oil
by subcutaneous injection. We observed reduced body weight, elevated hepatic marker (AST,
ALP, ACP and ALT), phase | (Cyt-b5 and Cyt-p450) and lipid peroxidative (TBARS and LOOH)
markers and reduced antioxidant and xenobiotic enzymes in DMBA induced cancer-bearing rats.
Moreover, the molecular study revealed that up-regulation of, inflammatory (NF-«B p65, TNF-q,
IL-6 and IL-1(3) markers in DMBA treated cancer-bearing animals. Results: Oral supplementation
of wogonoside substantially reverted back to normal levels of these DMBA-induced rats
have biochemical and molecular indicators. Conclusion: Overall, these findings supported
wogonoside anti-inflammatory and anti-cell proliferation activity against DMBA-induced breast
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cancer through modification of the NF-kB signaling pathway.

Keywords: Wogonoside, DMBA, Inflammation, Cell proliferation, NF-kB signaling.

INTRODUCTION

Breast Cancer (BC) leading cause of cancer-associated mortality
and most repeatedly identified non-cutaneous malignancy in
women all over the world.! Chemical carcinogens act as a key role
in the formation of carcinogens, for those who intake excessive
amounts of toxins in our foodstuff. The liver for metabolic
activation of chemical carcinogens and some extrahepatic tissues,
such as mammary glands and in the metabolic activation of
hydrophobic chemicals such as DMBA.? Oxidative stress occurs by
anfluctuate between the antioxidants and free radical formation,
which initiate oxidative damage and tissue injuries.’ This ROS is
positively related to the deregulation of cellular macromolecules;
this leads to structural and physiological changes in normal cell
biology, which can lead to a variety of deteriorating damages,
including cancer.*®

Antioxidants act as the most important protecting mediator
destroy ROS and suggested that efficacy in assessing the
oxidative damage. The antioxidants act protection against
oxidative stress with the aid in catalyzing the disproportionation
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responses of their substrate-free radicals produced in vivo via
oxidative phosphorylation, cytochrome p450 metabolism and
inflammatory progressions.® Oxidative Many key genes and
proteins are regulated, influencing diverse signaling pathways
such as cell growth and inflammation.” NF-kB activation the
inhibitory protein IkB is phosphorylated, ubiquitinated and
then proteolytically destroyed. When free NF-kB enters the
nucleus and binds to its consensus sites, it causes it triggers gene
production of cell proliferative proteins.® Activating Protein
(AP-1), a transcriptional factor is an important regulator
of different imduction processes. An AP-1 molecule is a
dimeric complex made up of a heterodimer (c-Fos/c-Jun) or a
homodimer (c-Jun/c-Jun) that enters the nucleus and attaches to
its TRE consensus sequence areas and subsequently drives cell
proliferative gene production.’

Phytochemicals ~modulate cellular  differentiation and
proliferation in a variety of signaling pathways that are inhibited
in the carcinogenic process of breast cancer.'®!! Wogonoside is
a bioactive flavonoid glucuronide metabolite. wogonin, it has
been an anticancer'? and anti-inflammation-induced angiogenic
activity.® Earlier research found that wogonoside protects
against DSS-induced colitis by blocking NF-«B activation via the
PI3K/Akt pathway."*'* Various studies have reported that some
phytochemicals prevented NF-kB. In certain cancer situations,

AP-1 signaling is inhibited by downregulating c-Jun and c-Fos,
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two essential upstream factors of AP-1.1'® However, there are
still no reports about the association between wogonoside and
NF-xB signaling pathway in breast cancer. Therefore, in this
hypothesis to the study, we explored the anti-inflammatory effect
of wogonoside on DMBA-induced BC via the NF-«xB pathway.

MATERIALS AND METHODS

Chemicals

Sigma Chemical Co., St. Louis, USA, provided the wogonoside
and DMBA. Santa Cruz Biotechnology (USA) provided the
primary antibodies.

Animal model and cancer induction

The 6-7 weeks-old adult female rats (140-160 g body weight)
used in this present research work. This experimental study was
conducted after obtaining approval from Hospital of Xi'an Jiao
tong University, animal research ethics committee (Number:
XJ20230809). It was carried out at Yeditepe University Faculty of
Medicine Experimental Research Center. The rats maintained a
regular laboratory environment. The BC was induced by a dose
of 25 mg/kg bw., DMBA with 1 mL olive oil by subcutaneous
injection.

Experimental design

Totally 24 ratsseparated into 4 groups n=6. Group 1 animals were
considered as normal receiving olive oil. Group II and group III
rats 25 mg/kg bw, DMBA was combined with 1 mL olive oil. In,
group III rats were given 20 mg/kg bw, of wogonoside during the
investigation time. Throughout the trial, Group IV rats were given
a dose of wogonoside (20 mg/kg bw) exclusively. The body weight
of the control and experimental animals were determined 0 week
and final week during the investigation period of the experiment
time, all animals were sacrificed. Mammary glands were quickly
removed and cold saline was used to wash them. The blood was
collected for biochemical analysis.

Biochemical investigation

Ice-cold salt was used to rinse the excised liver and Mammary
Tissues (MT). In a Potter-Elvehjem homogenizer, a known
quantity of tissue was homogenized in 0.1 M Tris-HCI buffer
(pH 7.4) at 4°C using a Teflon pestle at 600 rpm for 3 min. The
homogenate was centrifuged for 10 min at 4°C at 3000 g. Tissue
homogenate, which was obtained from the supernatant, was
utilized to test several biochemical parameters.

The LOOH level of plasma and Mammary Tissues (MT) by
Jiang et al. (1992)." The plasma and MT in TBARS levels were
determined by Ohkawa et al. (1979).*° The GPx was assessed by a
technique of Rotruck et al. (1973).2' The CAT level by the manner
of Sinha (1972).2 The vitamin E by Desai (1984) method. The
level of SOD analyzed by mode of Kakkar et al. (1984).* The
GSH investigated by approach of Beutler and Kelley (1963).>* The
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vitamin-C level was assessed by the way of Omaye et al. (1979).”
The hepatic marker enzymes such as ALT and AST were estimated
by the method of Bergmeyer et al. (1978).% The ACP and ALP
were measured as elucidated in an earlier method.®* The GR,
Cyt-b5 and Cyt-p450 was analyzed in the manner of Carlberg
and Mannervik (1985).”” The GST was analyzed in the manner of
Habig et al., (1974)* and Omura and Sato (1964)* respectively.

Histopathological analysis

The experimental animals' breast tumor regions were promptly
excised and their MT was then cleaned with a cool, normal
saline solution. A section of the skin was embedded in paraffin
and fixed in 10% formalin. Using a rotary microtome, sections
with a thickness of 3-5um were cut and stained with hematoxylin
and eosin (H and E) dye. The areas that were discolored were
examined under a light microscope and both the experimental
and control groups' photomicrographs were captured.

Western blotting analysis

Protein concentrations were measured and 50gm protein samples
from each group were subjected to SDS-PAGE. The separated
proteins were then placed on a PVDF membrane and incubated
for the entire night at 4°C with 1:1000 dilutions of primary
antibodies, including NF-kB p65, TNF-a, IL-6 and IL-1.
Following membrane incubation with 1:500 dilutions of protein
bands, the particular secondary antibodies were then exposed to
room temperature for 2 hr. The protein bands were then detected
using an ECL kit method (Bio-Rad, USA).

Statistical analysis

The results are accompanied by the number of observations and
are expressed as the Mean+tStandard Deviation (SD). SPSS version
17.0 was used to do a one-way Analysis of Variance (ANOVA) for
windows. A probability of less than 0.05 was deemed statistically
significant for the results.

RESULTS

Effect of wogonoside on the body weight changes

Figure 1 indicated the body weight changes in normal and
experimental animals. No substantial (p<0.05) body weight
changes were observed in all rats by the initial study time. While
reduced body weight modifications were identified at the end of
experimental period in DMBA-alone when compared with the
normal rats. Wogonoside-treated rats prevented body weight loss
in DMBA-induced animals. Wogonoside alone and control rats
demonstrated no body weight alterations were found.

Effect of wogonoside on lipid peroxidative markers
and antioxidant status in plasma

Figure 2 shows the amount of lipid peroxidation and antioxidant
markers in plasma of control and experimental rats. The
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considerable (p<0.05) elevation of lipid peroxidative markers,
decreased antioxidants was foundin DMBA-alone when compared
with normal rats. These quantities were significant (p<0.05) and
retreated back to near normalcy in wogonoside-treated rats due
to their antioxidant ability. Wogonoside alone and control rats
exposed no changes were identified.

Effect of wogonoside on lipid peroxidative markers
and antioxidant status in Mammary Tissues (MT)

The amounts of lipid peroxidative and antioxidant indicators
in MT of normal and experimental rats are shown in Figure
3. When DMBA-induced rats were compared to normal rats,
there was a significant (p<0.05) increase in lipid peroxidative
indicators and a decrease in antioxidants. These quantities
were significant (p<0.05) and retreated back to near normalcy
in wogonoside-treated rats due to the antioxidant capability. In
wogonoside alone and in control rats exposed no changes were
found.

Initial

Body weight (gm)

Effect of wogonoside on Hepatic Marker Enzymes
(HME)

Figure 4 depicted the effect of wogonoside on HME in plasma
levels such hepatic marker in control and experimental animals.
When compared to normal rats, DMBA- rats had significantly
(p<0.05) higher HME. Wogonoside-treated animals, on the other
hand, had significantly lower HME (p<0.05) than cancer-bearing
rats. There were no significant (p<0.05) differences between the
control and experimental rats.

Effect of wogonoside on xenobiotic metabolizing
enzymes

Figure 5 depicts the levels of Cyt p450, Cyt b5, GST and GR
enzymes in normal and experimental MT. When DMBA-alone
rats were compared to normal rats, there was a substantial
(p<0.05) increase in phase-I enzymes and a decrease in phase-II
enzymes. These activities were substantial (p<0.05) and retreated
back to near normalcy in wogonoside-treated rats due to the
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Figure 1: Variations in initial and end body weight of experimental and control animals in all groups. Within the group, statistical
significance was compared as follows: DMBA-induced rats; DMBA+wogonoside treated rats. The values are reported as mean+SD
for groups of 6 rats. At #,*p<0.05, the values are statistically significant.
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Figure 2: In all groups, the levels of lipid peroxidation and antioxidants were found in the plasma of control and experimental animals. Within the group,
statistical significance was compared as follows: DMBA-induced rats; DMBA+wogonoside treated rats. The values are reported as mean+SD for groups of 6 rats.
At #,%p<0.05, the values are statistically significant. SOD is the quantity of enzyme necessary to prevent 50% NBT reduction, CAT is the amount of H,0, used per

second and GPx is the amount of glutathione used per minute.
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tumor inhibitory effect. Wogonoside alone and control rats

exposed no changes were identified.

Effect of wogonoside on inflammatory marker in MT

Figure 6 displays western blotting was used to examine
inflammatory markers in both normal and experimental rats.
We noticed an increased expression of NF-kB p65, TNF-a, IL-6
and IL-1p in tumors taken from DMBA control rats, suggesting
NF-kB p65 activation and subsequent translocation from cytosol
to nucleus. On the contrary, wogonoside treatment attenuated
these protein expressions compared to the DMBA control. These
findings suggested wogonoside inhibited the triggering of NF-xB

pathway induced by DMBA in mammary cancer.
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Histopathological modifications of MT

Figure 7 demonstrated the histopathological changes of tumor
and control tissues. DMBA-induced animals showed ductal
hyperplasia is identified by significant proliferation in the
mammary duct lumen. Whereas, wogonoside administration to
DMBA-treated rats revealed a moderate development of cellular
architecture were observed. Wogonoside-only treated rats had
nearly normal ductal with normal epithelial cells.

DISCUSSION

Recently, there has been a lot of interest in the use of naturally
occurring phytochemicals for cancer chemoprevention. A
phytochemical called wogonoside, which can be found in
horseradish, wasabi, cauliflower, cabbage, kale and brussels
sprouts, may be useful in stopping the development of breast
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Figure 3: In all groups, the levels of lipid peroxidation and antioxidants were found in the mammary tissues of control and experimental animals. Within the

group, statistical significance was compared as follows: DMBA-induced rats; DMBA+wogonoside treated rats. The values are reported as mean=SD for groups of

6 rats. At #,p<0.05, the values are statistically significant. SOD is the quantity of enzyme necessary to prevent 50% NBT reduction, CAT is the amount of H,O, used
per second and GPx is the amount of glutathione used per minute.
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Figure 4: In all groups, the levels of liver marker enzymes were measured in the plasma of control and experimental animals. Within the group,

statistical significance was compared as follows: DMBA-induced rats; DMBA+wogonoside treated rats. The values are reported as mean+SD

for groups of 6 rats. At #,*p<0.05, the values are statistically significant.ALP and ACP liberate mol of phenol/min/mg protein, whereas ALT and
AST liberate mol of pyruvate/min/mg protein.
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cancer. The current study looked into how it can detoxify

carcinogenic chemicals and scavenge free radicals.

Due to modifications in energy consumption during tumor
formation, the total body weight of the DMBA-induced rats in
this investigation was reduced. Moreover, an elevated level of
LPO is crucial for the start of tumor development.*® According to
earlier research, the elevated TBARS level in tumor cells is linked

to an excess of free radical generation and can be used as a gauge

Il Conrol

i

mg/100 g tissue

Cyt-p450

B DMBA + Wogonoside

Cyt-b5

for the degree of tissue damage.*! In the current investigation, we
found that DMBA-induced animals had higher levels of LOOH
and TBARS. And also we found increased liver marker enzymes
in cancer-bearing animals due to the leakage from liver.>* A
previous study also reported the same findings in DMBA-induced
The

considerably modified these biochemical parameters and altered

cancer-bearing  rats.* wogonoside  administration
histopathological changes due to the antioxidant and free radical

quenching effects.
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Figure 5:In both groups, the amounts of phase | and phase Il biotransformation enzymes were found in the mammary tissues

of control and experimental animals. Within the group, statistical significance was compared as follows: DMBA-induced

rats; DMBA+wogonoside treated rats. The values are reported as mean=SD for groups of 6 rats. At p<0.05, the values are

statistically significant. nmol/mg microsomal protein for Cyt-p450, nmol/mg microsomal protein for Cytb5, nmol/mg

microsomal protein for GST, nmol of CDNB-GSH conjugate formed/mg microsomal protein/min for GR, nmol of NADPH
oxidized/mg microsomal protein/min for GR.
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Figure 6: Representative photos show the effect of wogonoside on inflammatory markers in control and experimental rats, including NF-kB p65, TNF-q, IL-6 and

IL-1B. Densitometry was used to quantify the band intensities, which were then normalized to the appropriate-actin loading control. Within the group, statistical

significance was compared as follows: DMBA-induced rats; DMBA+wogonoside treated rats. The values are reported as mean=SD for groups of 6 rats. At p<0.05,
the values are statistically significant. image7

1470

Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 4, Oct-Dec, 2025



He, et al.: Wogonoside Mitigates Inflammation and Cell Proliferation on Breast Cancer
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Figure 7: H and E stained histological alterations in rat mammary. The control

and wogonoside-only treated mice had typical ductal with regular epithelial

cells, with no evidence of hyperplasia or aberrant proliferation. In contrast,

DMBA-only treated rats developed ductal hyperplasia, which was defined by

significant proliferation in the mammary duct lumen. Wogonoside treatment

resulted in significant and moderate development of cellular architecture in
tumor tissue.

Augmented oxidative stress in the cumulative findings of several
factors, including increased mitochondrial dysfunction, changed
metalhomeostasisand modified tissue antioxidant status.> DMBA
causes significant reductions in antioxidant levels and promotes
the production of pro-oxidants like reactive free radicals and
electrophilic chemicals cause mammary gland malfunction and
degeneration., which may be due to DMBA use of antioxidant
enzymes in the removal of H,O, and cancerous cells excessive
production of ROS.**" Therefore, in this hypothesis to the study
the effect wogonoside in DMBA induced BC through TNF-a
induced NF-xB pathway in rat model. This resultby an earlier
report was the anticancer effect of wogonoside against MCF-7
breast cancer cellsin human blood plasma.’®** Biomarkers are
widely used to track malignant diseases, particularly to evaluate
how well pharmacotherapy is working as a treatment. When
carcinogens interact with cells, the cells' structural integrity is
compromised, which leads to the eventual cytoplasmic leaking of
enzymes into the bloodstream.*

The enzymes involved in the conversion of amino acids to
keto-acids are AST and ALT. Tissue damage is measured using
pathophysiological diagnostic markers called AST and ALT.
Increased liver cytosol leakage into the blood as a result of tissue
damage may be the primary source of the spike in the functional
activity of AST, ALT, ALP and ACP. One of the hallmarks
of a malignant environment is tissue damage.** The current
investigation found that the liver enzymes, including AST and
ALT in the context of breast cancer; they suggest tumor growth.
The study's elevated serum ALP values could be the result of
DMBA's harmful effects on the liver.

Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 4, Oct-Dec, 2025

ROS act as intracellular mediators, however, in release pose
oxidative damage macromolecules and organelles, ultimately
leads cell death.*” Augmented ROS generation associated with
the pathogenesis various cancer conditions, including breast
cancer.” The present study indicates that DMBA initiation raises
the levels of lipid peroxidative markers, phase I (Cyt-P450)
enzymes, reduced body weight and decreased phase II (Cyt-b5,
GR) enzymes and irregular histopathological changes. Phase
IT enzymes like GST and GR are examples of transferases that
combine with hydrosoluble groups to form covalent adducts,
which can then be added to DNA bases. The body can then
eliminate these secondary products more quickly.** In the current
investigation, we observed that rats treated with DMBA alone
had higher levels of Cyt-P450 and Cyt-b5 and lower levels of GST
and GR. Rats with mammary tumors had higher levels of phase-I
enzymes and lower activity of phase-II enzymes.* In the present
study rats receiving wogonoside treatment, however, saw a
considerable change in these enzyme levels. Wogonoside triggers
the induction of DMBA-induced breast cancer at the molecular
level.

CYPIALI, a gene encoding the enzyme responsible for catalyzing
the oxidative breakdown of DMBA, leading to the creation of
DNA adducts. Benzyl and 2-phenylethyl isothiocyanates (BITC
and PEITC) have been shown in numerous studies to promote
phase-II enzymes that are involved for carcinogen detoxification
and to inhibit the Cyt-P450 enzymes that are responsible for
carcinogen activation.” The combined effects are what give in
wogonoside their tumor-inhibiting properties. According to the
study's findings, one in wogonoside, has the ability to suppress
carcinogenesis in a comparable manner.

with cancer had their liver tissue examined

histopathologically and the results revealed dilated sinusoids

Animals

and lost architecture. These alterations could result from
the carcinogen's production of free radicals. Conversely,
wogonoside-treated rats showed resolution of these alterations,
which may be due to this compound's antioxidant and free
radical-scavenging properties. A more dramatic impact was
shown at 20 mg/kg bw. Animals receiving wogonoside treatment
had hepatocytes with dilated sinusoids and moderate necrosis,
which is their usual architecture. Consequently, it implies that the
wogonoside may be able to shield people from carcinogens.

Inflammation plays a vital function in tumor angiogenesis and
metastasis. Pro-inflammatory factors like TNF-a, IL-1B, IL-6
and NF-xB are the main molecular players that contribute to
the inflammation of cancer axis. These particular inflammatory
cytokines are controlling the tumor microenvironment that
further accelerates tumorigenesis relating to different signaling
pathways. Breast cancer is correlated with a rise in numerous
cytokines and chemokines and their augments in tissue and
circulation aggravate.” TNF-a is the primary inflammatory
cytokine in control for tissue inflammation, IL-6 is a pleiotropic
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cytokine responsible for cell growth and differentiation,
NF-xB is a chief transcriptional mediator responsible for tissue
inflammation, likewise IL-1p also a pro-inflammatory cytokine
responsible for the pathogenesis of various diseases particularly
cancer.”® Previous studies reported that increased expression of
these inflammatory markers in DMBA-induced BC is supported
by this current study.” Inhibition of pro-inflammatory and
enhanced anti-inflammatory cytokine is a protective effect
against chemically induced breast carcinogenesis.® Present
data of wogonoside-mediated prevention against IkBa
phosphorylation and degradation and prevention with the
translocation of activated NF-kB to the nucleus recommend that
wogonoside-possibly impedes early events in DMBA-induced BC
in animal model which regulates the immune response towards
an infection. This finding in agreement with a previous report was
the anti-inflammatory effect of wogonoside against dextran sulfate
sodium-induced colon cancer by suppressing the inflammatory
markers.”” Another study reported that wogonoside suppresses
inflammation process in MDA-MB-231 breast cancer cell lines.”!

The overexpression of proliferative markers in DMBA alone
rats stimulated by DMBA implies the initiation of a proliferative
process in tumor cells. An earlier study found that higher
expression of these proliferative markers in breast cancer, which is
consistent with the current study.” Similarly wogonin treatment
decreased the expression of these proliferative markers, point out
that wogonoside possesses anti-proliferative properties, which is
consistent with earlier research in colon cancer.”

CONCLUSION

Altogether over all data hypothesized that wogonoside improved
body weight, decreased liver indicators, phase-I and lipid
peroxidative markers and increased antioxidants and phase-II
enzymes in DMBA-induced BC, as well as altered histology.
Wogonoside decreasing the NF-kB signaling pathway, reduce
inflammation and cell growth. This were leads wogonoside
could be a mechanism for elucidating anti-inflammatory
and anti-proliferative action on DMBA-induced mammary
carcinogenesis. Furthermore, These findings suggested that
wogonoside is a promising anti-cancer drug that should be
studied further for the prevention and treatment of mammary
carcinogensis.
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ABBREVIATIONS

BC: Breast cancer; DMBA: 7,12-Dimethylbenz[a]anthracene;
MY: Mammary tissues; HME: Hepatic marker enzyme; NF-kB:
Nuclear factor kappa B; IL-6: Interleukin 6; TNF-a: Tumour
Necrosis Factor alpha; IL-1f: Interleukin-1 beta.

SUMMARY

To summarize, wogonoside ability to You can minimize
inflammation and cell proliferation by inhibiting the NF-«xB
signaling pathway. This could be a mechanism for understanding
wogonoside anti-inflammatory via attenuation of NF-«xB induced
inflammatory and anti-proliferative effects on DMBA-induced
breast carcinogenesis. Furthermore, wogonoside improved body
weight, lowered liver indicators, phase-I and lipid peroxidative
markers, elevated antioxidants and phase-II enzymes and
altered histology in DMBA-induced BC. According to these
findings, wogonoside is a promising anti-cancer medicine that
should be explored further for the prevention and treatment of
mammary carcinogensis.
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