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Abstract: Chronic nonbacterial prostatitis (CNP) is the most common type of prostatitis, the etiology and pathogen-
esis of CNP still remain unknown and the new therapeutic strategies for CNP are urgent needed to be developed.
In the present study, we investigated the effect of wogonoside on carrageenan-induced nonbacterial prostatitis in
rats. After the experimental period, we found wogonoside treatment played anti-inflammatory roles against experi-
mental model of CNP. Compared with the model group, wogonoside treatment significantly decreased the level of
prostate index (PI), prostatic acid phosphatase (PAP), total acid phosphatase (ACP) and suppressed the production
of inflammatory cytokines, as well as the increased activities of superoxide dismutase (SOD) and glutathione peroxi-
dase (GPx). In addition, we found treatment with wogonoside obviously inhibited the activation of PI3K/Akt/NF-kB
signaling pathway in carrageenan-injected rats. In conclusion, our study demonstrated that wogonoside exert anti-
inflammatory effect against carrageenan-induced chronic nonbacterial prostatitis in rats via modulation of PI3K/

Akt/NF-kB signaling, suggesting that wogonoside might be a potential effective drug for CNP.
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Introduction

Prostatitis is the most prevalent problems in
andriatry and urinary surgery, nearly 2 to 16%
of men worldwide suffer from this disease [1,
2]. According to the National Institutes Health
(NIH)/National Institute of Diabetes Digestive
and Kidney Disease (NIDDK) classification of
prostatitis in 1999, prostatitis mainly includes
four types: the acute bacterial prostatitis (ABP),
the chronic bacterial prostatitis (CBP), the
chronic nonbacterial prostatitis (CNP) and the
noninflammatory chronic pelvic pain syndrome
(ICPS) [3]. In all categories, CNP is the most
common and debilitating prostatitis syndrome
types of prostatitis which causes approximately
90% of prostatitis cases [4]. Despite the rapid
progress of modern medicine, there is still a
lack of effective treatment for CNP. Therefore, it
is of great significance to explore the precise
etiology and underlying mechanisms of CNP
and strengthen the screening and development
of potent drugs for CNP.

Wogonoside is the main flavonoid component
derived from the root of Scutellaria baicalensis

Georgi, it has been shown to have anti-tumor,
antithrombotic, antifibrotic and antioxidant ef-
fects [5-9]. In addition, recently, studies report-
ed that wogonoside could inhibit inflammatory
cytokines production in LPS-stimulated RAW-
264.7 cells, and wogonoside played anti-inflam-
matory roles in experimental colitis by inhibiting
NF-kB and NLRP3 inflammasome activation
[10, 11]. But the roles of wogonoside in pro-
statitis, especially in CNP and the underlying
mechanisms still remain unknown.

In this report, we investigated the role of wo-
gonoside in CNP. We found wogonoside amelio-
rated carrageenan-induced CNP in rats. The le-
vel of prostate index (Pl), and the concentration
of the bio-markers for the diagnosis of prostate
diseases such as prostatic acid phosphatase
(PAP) and total acid phosphatase (ACP), as well
as the production of inflammatory cytokines we-
re all decreased in wogonoside-treated group
compared with the model group. And wogono-
side treatment increased the activities of super-
oxide dismutase (SOD) and glutathione peroxi-
dase (GPx). Furthermore, we found treatment
with wogonoside significantly inhibited the acti-
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vation of PI3K/Akt/NF-kB signaling pathway. In
conclusion, in the present study, we illustrated
the anti-inflammatory role of wogonoside in
CNP, and suggested wogonoside as a potential
drug candidate for the treatment of CNP.

Materials and methods
Animals and treatments

Eight-week-old male Sprague-Dawley (SD) rats
weighed 200-220 g, were obtained from Hua-
zhong University of Science and Technology
(Wuhan, China). Rats were housed in an animal
room maintained at constant temperature and
humidity with a 12-hour light/dark cycle, food
and water were supplied ad libitum. The experi-
ments were carried out according to the Na-
tional Institutes of Health Guide for the Care
and Use of Laboratory Animals approved by
the Animal Ethics Committee of the Scientific
Investigation Board of Wuhan No.6 Hospital.
Thirty SD rats were randomly divided into sham-
operated group (group A), carrageenan-induced
CNP model group (group B), and carrageenan-
induced CNP with wogonoside treatment group
(group C) with each animal number of 10. Group
B and group C were injected 20 pl of 1% carra-
geenan into their prostatic lateral lobes and
group A was injected with 20 pl physiological
saline instead. Seven days after the operation,
rats in group C were kept for oral administration
of wogonoside (50 mg/kg, Langze Pharmac-
eutical Co, Ltd., Nanjing, China) and those of
group B and group A were orally treated with
the same volume of physiological saline for 4
weeks.

Samples

At the end of the experiment period, the sam-
ples of prostatic lateral lobes were rapidly sep-
arated and weighed, prostate index (Pl) was
calculated from the absolute prostatic weight
divided by the body weight. The prostatic tis-
sues were cut into three sections. The tissues
were homogenized in physiological saline and
centrifuged, the supernatants were collected
for the biochemical analysis. Other parts were
washed and stored at -80°C for the qRT-PCR
analysis and western blot analysis.

Biochemical analysis

The commercial kits for the analysis of the pro-
static acid phosphatase (PAP), total acid phos-
phatase (ACP), superoxide dismutase (SOD),
and glutathione peroxidase (GPx) were pur-
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chased from Nanjing Jiancheng Bioengineering
Institute (Nanjing, Jiangsu, China), the experi-
ments were performed according to the manu-
facturer’s instructions. Protein levels of IL-10,
IL-6 and TNF-at were measured using IL-10, IL-6,
TNF-a ELISA kit (R&D Systems, Minneapolis,
USA) according to the manufacturer’s instruc-
tions.

gRT-PCR analysis

Prostatic tissues were collected and total RNA
was extracted with TRIzol reagent according to
the manufacturer’'s instructions (Invitrogen).
SYBR RT-PCR kit (Takara Biotechnology) was
used for gRT-PCR analysis. GAPDH was used as
internal control. Primer sequences: TNF-« (sen-
se): 5’-AGG GCC ATT CCT ACT CCC AT-3’, TNF-«
(anti-sense): 5-TGT AGC CCC GGA TAC ACA GA-
3’; IL-6 (sense): 5-CAC TTC ACA AGT CGG AGG
CT-3’, IL-6 (anti-sense): 5-TCT GAC AGT GCA TCA
TCG CT-3’; IL-10 (sense): 5'-AAG GGT TAC TTG
GGT TGC CA-3’, IL-10 (anti-sense): 5-TGC CTG
GGG CAT CAC TTC TA-3’; GAPDH (sense): 5-TGA
TTC TAC CCA CGG CAA GTT-3, GAPDH (anti-
sense): 5-TGA TGG GTT TCC CAT TGA TGA-3'.

Western blot analysis

Whole cell lysates were prepared and subject-
ed to Western blot analysis as described [12].
The antibodies for specific for p65, phospho-
p65, IkBa, phospho-IkBa, PI3K, phospho-PI3K,
Akt, phospho-Akt (Cell Signaling Technology
Inc, Beverly, USA) and B-Actin (Santa Cruz Bio-
technology, Santa Cruz, USA) were used in the
present study. The process was in strict accor-
dance with the instructions of manufactures.

Statistical analysis

One-way ANOVA was performed to compare
three or more groups. If the ANOVA analysis
result was significant, Tukey post hoc test was
used to determine the specific pairs of groups
showing statistically significant differences. P <
0.05 considered statistically significant.

Results

Wogonoside treatment attenuated the level of
PI, PAP and ACP in rats with CNP induced by
carrageenan

After the experimental period, the effect of wo-

gonoside on the level of Pl was detected. As
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Figure 1. Wogonoside treatment attenuated the level of Pl, PAP and ACP in rats with CNP induced by carrageenan.
(A) Prostate index (PI) of group A, group B and group C, Pl = absolute prostatic weight/body weight. (B, C) Concen-
tration of PAP (B) and CAP (C) in prostate tissues of group A, group B and group C. Group A: sham-operated group
(group A); group B: carrageenan-induced CNP model group; group C: carrageenan-induced CNP with wogonoside
treatment group. The results were shown as mean * SD from three representative independent experiments. *P <

0.05, **P < 0.01, ***P < 0.001.
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Figure 2. Wogonoside treatment increased the activity of SOD and GPx in rats
with CNP induced by carrageenan. (A, B) Activity of SOD (A) and GPx (B) in
prostate tissues of group A, group B and group C. Group A: sham-operated
group (group A); group B: carrageenan-induced CNP model group; group C:
carrageenan-induced CNP with wogonoside treatment group. The results were
shown as mean + SD from three representative independent experiments.

**P < 0.01.

shown in Figure 1A, the level of Pl was signifi-
cantly increased in group B compared with
group A, but in group C, the level was obviously
decreased because of the treatment of wog-
onoside. In Figure 1B and 1C, we examined the
concentration of the bio-markers for the diag-
nosis of prostate diseases such as prostatic
acid phosphatase (PAP) and total acid phos-
phatase (ACP) in prostatic tissues, and we
found these concentrations were also attenu-
ated by wogonoside treatment. These results
indicated that intraprostatic carrageenan injec-
tion indeed induced the chronic nonbacterial
prostatitis in rats, and the wogonoside treat-

16205

Group A Group B Group C

ed the prostatitis.

Wogonoside treatment in-
creased the activity of SOD
and GPx in rats with CNP
induced by carrageenan

Superoxide dismutase (SOD)
and glutathione peroxidase
(GPx) have been reported to
play protective roles in the
oxidation process in chronic
prostatitis [13], thus we also
examined the activities of
SOD and GPx in prostatic
tissues. As shown in Figure
2A and 2B, the activities of
SOD and GPx were decrea-
sed in group B compared
with group A, but the activi-
ties were obviously restored after wogonoside
treatment.

Wogonoside treatment inhibited the produc-
tion of inflammatory cytokines in rats with CNP
induced by carrageenan

Inflammatory cytokines have crucial function
in the pathogenesis and diagnosis of chronic
prostatitis [14, 15]. In Figure 3A and 3B, we
detected the mRNA levels and protein levels of
inflammatory cytokines such as TNF-q, IL-6 and
IL-10 in prostatic tissues by qRT-PCR and ELISA.
Consistently, we observed that both mRNA and
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Figure 3. Wogonoside treatment inhibited the production of inflammatory cyto-
kines in rats with CNP induced by carrageenan. (A, B) Relative mRNA level (A)
and secreted protein level (B) of TNF-q, IL-6, IL-10 in prostate tissues of group

oGroup A

(Figure 4C) was also iden-

DGroup A tified.
mGroup B
mGroup C Wogonoside treatment
inhibited the activation of
NF-kB through PI3K/Akt
o 5% pathway in rats with CNP

induced by carrageenan

It has been documented
that NF-kB is the down-
stream of PI3K/Akt path-
way [16, 17]. Previous stud-
ies showed that wogono-
side could inhibit NF-kB
IL-10 activation through PI3K/
Akt pathway in human co-
lon cancer cells [18], there-
fore we examined if wogo-
noside treatment inhibited
the activation of NF-kB th-
rough PI3K/Akt pathway in
CNP rats. We found that in
group C, wogonoside treat-
ment significantly reduced
the phosphorylation level
of PI3K and Akt, which indi-
cated the inhibitory effect
of wogonoside on PI3K/Akt
pathway in rats with CNP in-
duced by carrageenan (Fig-
ure 5A). The relative expre-
ssion of p-PI3K (Figure 5B)
and p-Akt (Figure 5C) was
also examined.

IL-10

A, group B and group C. Group A: sham-operated group (group A); group B: car-

rageenan-induced CNP model group; group C: carrageenan-induced CNP with

Discussion

wogonoside treatment group. The results were shown as mean + SD from three

representative independent experiments. **P < 0.01, ***P < 0.001.

protein levels of these inflammatory cytokines
were decreased in group C compared with gro-
up B after carrageenan challenged.

Wogonoside treatment suppressed the acti-
vation of NF-«kB signaling in rats with CNP in-
duced by carrageenan

Production of inflammatory cytokines depends
mainly on the NF-kB activation, so we hypothe-
sized if wogonoside could affect NF-kB activa-
tion. We found activation of NF-kB was signifi-
cantly increased in group B compared with
group A, most importantly, we found treatment
of wogonoside markedly inhibited the activa-
tion of NF-kB in group C (Figure 4A). The rela-
tive expression of p-P65 (Figure 4B) and p-IkBa
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In the present study, we
investigated the effect of
wogonoside on carrageenan-induced chronic
nonbacterial prostatitis in rats. We found that
wogonoside treatment had anti-inflammatory
effects against experimental model of CNP.
Compared with the model group, wogonoside
treatment significantly decreased the level of
Pl, PAP, and ACP and suppressed the produc-
tion of inflammatory cytokines such as TNF-q,
IL-6 and IL-10, as well as increased the activi-
ties of SOD and GPx. In addition, we found
treatment with wogonoside obviously inhibited
the activation of NF-kB signaling through sup-
pressing phosphorylation of PISK and Akt in
carrageenan-treated rats. To the best of our
known, this is the first study the role of wogono-
side in prostatitis.
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Figure 4. Wogonoside treatment suppressed the activation of NF-kB signaling in rats with CNP induced by carra-
geenan. (A) Expression of p-p65, p65, p-IkBa, IkBa and B-Actin in prostate tissues of group A, group B and group C.
Group A: sham-operated group (group A); group B: carrageenan-induced CNP model group; group C: carrageenan-
induced CNP with wogonoside treatment group. (B, C) Quantification of protein levels of p-p65 (B) and p-IkBa (C)
in (A). The results were shown as mean = SD from three representative independent experiments. ***P < 0.001.
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Figure 5. Wogonoside treatment inhibited the activation of NF-kB through PI3K/Akt pathway in rats with CNP in-
duced by carrageenan. (A) Expression of p-PI3K, PI3K, p-Akt, Akt and B-Actin in prostate tissues of group A, group
B and group C. Group A: sham-operated group (group A); group B: carrageenan-induced CNP model group; group C:
carrageenan-induced CNP with wogonoside treatment group. (B, C) Quantification of protein levels of p-PI3K (B) and
p-Akt (C) in (A). The results were shown as mean + SD from three representative independent experiments. ***P

< 0.001.

Chronic nonbacterial prostatitis is the most
common urological diagnosis in men younger
than 50 years and the third most common uro-
logic diagnosis in men older than 50 years [19].
However, the specific pathogenesis of CNP is
still unclear, and no standard therapies are
confirmed to be available and effective for the
treatment of CNP. Carrageenan-induced non-
bacterial prostatitis in rat model is the most
common model used in the research of CNP,
and the model has greatly promoted the res-
earch on the treatment of CNP. By using this
disease model, previous studies showed that
grape seed-derived procyanidin extract could
protect the rats from carrageenan-induced
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nonbacterial prostatitis [20], and N-acetylcy-
steine has been reported to ameliorate CNP via
miR-141 regulating Keapl/Nrf2 signaling [12].
In this study, we used carrageenan-induced
chronic nonbacterial prostatitis model in rats to
research the effect of wogonoside in CNP, and
we found wogonoside could obviously decrea-
sed the level of PI, PAP, and ACP and sup-
pressed the production of inflammatory cyto-
kines, therefore the chronic nonbacterial pros-
tatitis in rats could be ameliorated.

Flavonoids possess diverse biological and ph-
armaceutical properties and have been widely
studied in the physiological and pathological

Int J Clin Exp Med 2017;10(12):16203-16209
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processes of diverse diseases. In the research
of prostatitis model in rats, many kinds of flavo-
noids extracted from Chinese herbal medicine
have been studied. Flavonoid-rich fraction from
Cyclosorus acuminatus was found to have pros-
tatic protective nature [21]. Protective potential
of the methanol extract of Macrothelypteris oli-
gophlebia rhizomes for CNP has also been
shown [22]. Anthocyanin extracted from black
soybean was recently reported has anti-inflam-
matory and antimicrobial effects on chronic
bacterial prostatitis rat model [23]. Consistent
with their findings, we found that wogonoside,
which is a flavonoid extract from Scutellaria
baicalensis, also exist anti-inflammatory effect
on CNP in rats model. Most importantly, we
found wogonoside could inhibit the activation
of NF-kB signaling mainly through the suppres-
sion of the phosphorylation of PI3K and Akt in
CNP rat model, which may also indicate the
importance of these signaling pathways in the
treatment of CNP.

In conclusion, in the current study, we revealed
the anti-inflammatory effect and the potent
potential of wogonoside in the treatment of
chronic nonbacterial prostatitis.
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