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Protective Effects of KH-204 in the Bladder of
Androgen-Deprived Rats
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Purpose: We investigated the protective effects of the herbal formulation KH-204 in the bladder of androgen-deprived rats.
Materials and Methods: Male rats aged eight weeks were randomly divided into four groups, containing eight rats each: sham
operation only (normal control group), androgen-deprived only (androgen-deprived control group), and androgen-deprived
followed by treatment with 200 mg/kg or 400 mg/kg of KH-204. After 0.5 mg/kg of leuprorelin was subcutaneously injected in
the androgen-deprived groups, the oral administration of either distilled water in the two control groups or KH-204 in the
treatment group was continued for four weeks. Serum testosterone levels, RhoGEF levels, nitric oxide (NO)-cyclic guanosine
monophosphate (cGMP)-related parameters, oxidative stress, and histologic changes were evaluated after treatment.

Results: Treatment with the herbal formulation KH-204 (1) increased serum testosterone levels; (2) restored the expression of
RhoGEFs, endothelial NO synthase, and neuronal NO synthase; (3) increased the expression of superoxide dismutase; and (4)
decreased bladder fibrosis.

Conclusions: Our results suggest that the positive effects of KH-204 on the urinary bladder may be attributed to its antioxidant

effects or to an elevation in NO-cGMP activity.
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INTRODUCTION

All physiological functions progressively decline with
age, as exemplified by muscle mass loss, decreased bone
mineral density, depression, and sexual dysfunction.
Late-onset hypogonadism (LOH) is a clinical and bio-
chemical syndrome correlated with aging that is charac-

terized by symptoms reflecting deficient serum testoster-
one levels [1]. Erectile dysfunction (ED), weakened ri-
gidity of morning erections, and decreased sexual desire
are the main symptoms of LOH and play a crucial role in
its diagnosis [2]. Most older men have reduced levels of se-
rum testosterone, which is a primary cause of the symp-
toms of LOH [3]. Several studies have reported that serum
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testosterone levels begin to decline steadily at 30 to 40
years of age, at a rate of about 1% every year [4,5]; none-
theless, 20% of men over 60 years of age and 50% of men
over 80 years of age have lower serum testosterone levels
than would be expected [6].

It is also common for aging men to experience lower uri-
nary tract symptoms (LUTS). A progressive enlargement of
the prostate, known as benign prostatic hyperplasia (BPH),
is associated with the decline in testosterone that occurs
beginning in middle age [7]. Recent studies have sug-
gested that LUTS are significantly correlated with de-
creased testosterone levels as well as with BPH. These
studies have suggested that testosterone levels likely affect
the autonomic nervous system and the activities of nitric
oxide synthase (NOS) and phosphodiesterase-5, and that
these mechanisms may affect urinary function via the an-
drogen receptors localized in the lower urinary tract [8-11].

In light of these findings, androgen replacement therapy
(ART) appears to be a useful treatment for LOH. However,
treatment with artificial testosterone can also lead to many
side effects that can worsen LUTS by promoting BPH or
prostate cancer [12]. Therefore, in Korea, various nutri-
tional supplements and phytotherapies are often used to
treat LOH in order to avoid the adverse effects of ART.

Schisandra chinensis Baillon, Rubus coreanus Miquel,
Cuscuta chinensis Lam, and Lycium chinense Mill are
herbs that are widely used in Korean traditional medicine,
and they are combined in the herbal formulation known as
ojayeonjonghwan, which is used to treat LOH symptoms,
including ED [13]. A previous animal study demonstrated
that this formulation improved ED via the restoration or ac-
tivation of the nitric oxide (NO)-cyclic guanosine mono-
phosphate (cGMP) pathway, with the synergistic effect of
activating NOS. Recently, we performed a study inves-
tigating a modified form of ojayeonjonghwan, KH-204,
evaluating its protective effect on heat stress-induced oxi-
dative damage in rat testes [14].

We hypothesized that positive effects of KH-204 on the
urinary bladder would be attributable to its antioxidant ef-
fects or to an elevation in NO-cGMP activity. We inves-
tigated the protective effects of KH-204 on the bladder of
androgen-deprived rats.
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MATERIALS AND METHODS
1. Preparation of KH-204

The major ingredients of KH-204 are seeds obtained
from five plants: Cornus officinalis (32%), Lycium chi-
nense (32%), Rubus coreanus (16%), Cuscuta chinensis
(16%), and Schisandra chinensis (4%). KH-204 was manu-
factured as described previously [14]. A venture company
developing oriental herbal medicines, the Korea Biomedi-
cal Science Institute (Andong, Korea), developed this
product as a health supplement.

2. Animals and treatments

The protocol was approved by the Institutional Animal
Care and Use Committee in School of Medicine, The
Catholic University of Korea (CUMC-2015-0035-02). Sprague-
Dawley male rats aged eight weeks were randomly div-
ided into four groups of eight animals each, which under-
went 1) a sham operation only (normal control group), 2)
androgen deprivation only (androgen-deprived control
group), 3) androgen deprivation followed by treatment
with 200 mg/kg of KH-204, or 4) androgen deprivation fol-
lowed by treatment with 400 mg/kg of KH-204. We ad-
ministered either distilled water (normal control group) or
0.5 mg/kg of leuprorelin subcutaneously one time to the
backs of the rats. In each group, the once-daily oral admin-
istration of either distilled water (normal control group,
androgen-deprived control group) or KH-204 (treatment
groups) was continued for four weeks. KH-204 was dis-
solved in distilled water and administered orally through
an 8-F red Rob-Nel catheter once a day, as described pre-
viously [14]. The dosage of leuprorelin was selected by re-
ferring to the results of a previous experiment [15]. Even at
the maximum dose (2.8 mg/kg) tested in that study, leu-
prorelin-related effects were less marked than castra-
tion-related effects. We chose our dosage to simulate parti-
al androgen deficiency in aging males. The animals in all
groups were sacrificed four weeks after treatment, and
blood samples were collected. Their bladders were re-
moved and weighed.

3. Quantitative real-time polymerase chain reaction
analysis

We extracted total RNA (2 1 g per reaction) from rat
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bladder tissue using the TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) and performed cDNA synthesis using
the SuperScript I1I First-Strand kit (Invitrogen) according to
the manufacturer’s instructions. PDZ-RhoGEF, leukemia-
associated RhoGEF, and p115RhoGEF were used as pub-
lished primers [16], and a 8 -actin primer was designed to
bind an exon-exon base. In research on diabetes, 5 -actin
has been used as a housekeeping gene because its ex-
pression is unaffected by glucose. The polymerase chain
reaction (PCR) amplification of cDNA was performed in a
real-time PCR machine (Perkin-Elmer Applied Biosystems,
Wellesley, MA, USA) with the SYBRGreen PCR master
mix (Invitrogen) as indicated: two minutes at 50°C for
dUTP activation, 10 minutes at 95°C for the initial denatu-
ration of cDNA, followed by 40 cycles, each consisting of
15 seconds of denaturation at 95°C and 60 seconds at
60°C, for primer annealing and chain extension.

The primer pairs were the following: NaPi 2a, forward,
5-GCCACTTCTTCTTCAACATC-3"; reverse, 5-CACAC
GAGGAGGTAGAGG-3’; cyclo A forward, 5-CAAAGTT
CCAAAGACAGCAGAAAA-3’; reverse, 5-CCACCCTGG
CACATGAAT-3".

4. Westem blot analysis

Frozen bladder tissue was ground to a fine powder with
a liquid nitrogen-cooled mortar and pestle. The bladder
total protein was extracted using a cell lysis buffer (20 mM
Tris-HCI pH 7.5, 150 mM NaCl, 1 mM NazEDTA, T mM
EGTA, 1% Triton, 2.5 mM sodium pyrophosphate, 1 mM
B -glycerophosphate, 1 mM Na3VOs, 1 12 g/mL leupeptin,
and T mM phenylmethylsulfony! fluoride). Protein ex-
tracts were quantified with the BCA Protein Assay reagent
(Thermo Scientific, Rockford, IL, USA). Quantitative pro-
teins (30 1 g) were boiled in the loading buffer (62.6 mM
tris-HCI pH 6.8, 2% sodium dodecyl sulfate [SDS], 0.01%
bromophenol blue, 10% glycerol, and 100 mM DTT).
Proteins were loaded into each lane and resolved by 4% to
12% SDS-polyacrylamide gel electrophoresis. Proteins
were transferred onto Hybond-ECL nitrocellulose mem-
branes (Amersham Biosciences, Freiburg, Germany), and
equal protein loading was verified by Ponceau-S staining
(Sigma Aldrich Co., St. Louis, MO, USA). The membranes
were blocked by treatment with 5% non-fat milk in
tris-buffered saline containing 0.1% Tween 20, and mem-

branes were probed with endothelial NOS (1:1,000, BD
Pharmingen, San Diego, CA, USA), neuronal NOS
(1:1,000, BD Pharmingen), and anti- 8-Actin antibody
(1:10,000; Perkin-Elmer Applied Biosystems). The densi-
tometric analysis of band intensity used the Luminescent
Image Analysis System (LAS-3000; Fujifilm, Tokyo, Japan).

5. Enzyme-linked immunosorbent assay

The measurement of serum testosterone concentrations
was performed using an enzyme-linked immunosorbent as-
say (ELISA) testosterone detection kit (BioVendor-Laboratory
Medicine Inc., Brno, Czech Republic). Similarly, the meas-
urement of cGMP concentrations in bladder tissue was
performed using an ELISA cGMP detection kit (R&D
Systems, Minneapolis, MN, USA).

6. Measurement of oxidative stress

Superoxide dismutase (SOD) activity (CuZnSOD and
MnSOD) was measured by a SOD Assay Kit-WST (Dojindo
Laboratories, Kumamoto, Japan) that monitored the de-
crease in the rate of superoxide-mediated reduction of ni-
troblue tetrazolium at 450 nm using a spectrophotometer.

7. Histologic analysis

Bladder tissue samples were fixed in 4% paraformalde-
hyde for one day at 4°C and then embedded in paraffin.
Subsequently, 7- 2m thin slice sections were prepared for
Masson’s trichrome staining to observe the bladder muscle.
After staining, the color distribution in the tissue was meas-
ured using Image Pro Plus, version 5.0 (Mediacybernetics,
Silver Spring, MD, USA). After the entire color distribution
of the image was calculated, the muscle tissue was ex-
pressed as the color blue. The mean ratio of collagen and
muscle fiber was calculated.

8. Statistical analysis

Statistical analyses were performed and graphs were cre-
ated using SPSS 15.0 (SPSS Inc., Chicago, IL, USA). The da-
ta were expressed as mean + standard deviation. Statistical
significance was determined via analysis of variation, with
group comparisons made by Scheffe’s test. p values
<0.05 were considered to indicate statistical significance.
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RESULTS

1. Body weight, bladder weight, and serum
testosterone levels after treatment

No significant differences were observed in body
weight after four weeks. Similarly, the mean bladder
weight after treatment was 0.135+0.001 g in the normal
control group, 0.141+0.012 g in the androgen-deprived
control group, 0.137+0.005 g in the group treated with
200 mg/kg of KH-204, and 0.139+0.010 g in the group
treated with 400 mg/kg of KH-204. These differences were
not significant.

The serum testosterone levels after treatment in the nor-
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Fig. 1. Serum testosterone levels increased by KH-204 treatment.
Control: sham operation only, Androgen-dep.: androgen-deprived
control group, 200 mg/kg: androgen deprivation followed by
treatment with 200 mg/kg of KH-204, 400 mg/kg: androgen-
deprivation followed by treatment with 400 mg/kg of KH-204. *p
<0.05.

PDZ RhoGEF

mal control group, androgen-deprived control group, the
group treated with 200 mg/kg of KH-204, and the group
treated with 400 mg/kg of KH-204 were 2.484+0.413
ng/mL, 1.287+0.342 ng/mL, 1.321+0.524 ng/mL, and
1.719+0.15 ng/mL, respectively (Fig. 1). These values in-
dicate that serum testosterone levels decreased after an-
drogen deprivation and were then increased by treatment
with 400 mg/kg of KH-204 (p<0.05).

2. Real-time polymerase chain reaction analysis of
RhoGEF mRNA expression

The expression of the three RhoGEFs in the androgen-
deprived group was significantly higher than in the normal
control group (Fig. 2). In addition, their expression in the
treatment group was significantly decreased compared to
the androgen-deprived group (p <0.05).

3. Expression of endothelial nitric oxide synthase,
neuronal nitric oxide synthase, and cyclic
guanosine monophosphate

The expression of endothelial NOS, neuronal NOS, and
cGMP in the androgen-deprived group was significantly
decreased compared to the normal control group (Fig. 3).
Dose-dependent increases in NOS expression were ob-
served in the treatment group (p <0.05). The expression of
cGMP in the treatment group was also increased, but not
significantly.

4. Measurement of oxidative stress

The mean SOD expression in the bladder is shown in
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Fig. 2. Comparison of the mRNA expression of RhoGEFs in the bladder among the four groups. LARG: leukemia-associated RhoGEF,
Control: sham operation only, Androgen dep.: androgen-deprived control group, 200 mg/kg: androgen deprivation followed by
treatment with 200 mg/kg of KH-204, 400 mg/kg: androgen-deprivation followed by treatment with 400 mg/kg of KH-204. *p <0.05.
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Fig. 4. Expression in the androgen-deprived control group
decreased significantly, and dose-dependent increases in
expression were observed in the treatment groups.
Oxidative stress was found to be significantly lower in the
group treated with 400 mg/kg of KH-204 than in the an-
drogen-deprived control group (p<0.05).

5. Histologic analysis

An increase in the mean thickness of the muscularis lay-
er was not observed in any group. We observed increased
bladder fibrosis in the androgen-deprived control group
compared to the normal control group (Fig. 5), and this ef-
fect was attenuated by KH-204 treatment. In addition, an
increased ratio of collagen to smooth muscle in the an-
drogen-deprived control group compared to the normal
control group was found in image analysis, indicating in-

Fig. 3. Comparison of the expres-
sion levels of eNOS, nNOS and
cyclic guanosine monophosphate

T T T (cGMP). (A, B) Densitometric ana-
Androgen 200 mg/kg 400 mg/kg . B
dep. lysis of eNOS and nNOS relative to
beta-actin and (C) cGMP concen-
tration in bladder tissue. Control:
sham operation only, Androgen
dep.: androgen-deprived control
group, 200 mg/kg: androgen depri-
vation followed by treatment with
200 mg/kg of KH-204, 400 mg/kg:
androgen-deprivation followed by
treatment with 400 mg/kg of
KH-204, eNOS: endothelial nitric
oxide synthase, nNOS: neuronal
nitric oxide synthase. *p<0.05.

creased bladder fibrosis. However, after KH-204 treat-
ment, this increased ratio was attenuated.

DISCUSSION

Although the mechanisms of aging remain unclear, it is
generally accepted that oxidative stress plays an important
role in the aging process [16]. The free radical theory of ag-
ing proposes that oxygen free radicals, which are by-
products of aerobic metabolism, cause cumulative oxida-
tive stress damage, which ultimately results in aging [17].
We demonstrated that KH-204 treatment can decrease ox-
idative stress in heat stress-induced rats and hypothesized
that it could suppress the production of reactive oxygen
species [14]. In the present study, the level of SOD in-
creased significantly in the group treated with 400 mg/kg

www wjmh org
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Fig. 4. Comparison of the expression levels of oxdidative stress as
reflected by total superoxide dismutase (SOD) expression in
bladder tissue. Control: sham operation only, Androgen dep.:
androgen-deprived control group, 200 mg/kg: androgen depri-
vation followed by treatment with 200 mg/kg of KH-204, 400
mg/kg: androgen-deprivation followed by treatment with 400
mg/kg of KH-204. *p<0.05.

of KH-204.

Most studies have found that bladder weight increases
in aging rats [18,19]. The bladder tissue seems to have a
thickened muscularis layer, similar to what is observed in
BPH. In contrast to the rats described in other studies, we
did not find vesicle hypertrophy in this study. However,
we did identify structural changes from androgen depriva-
tion leading to bladder fibrosis, and treatment with
KH-204 alleviated these changes.

Aging men experience LUTS, which can be multifactorial.
The frequency of moderate to severe LUTS in men has
been shown to increase with age in population studies,
and some researchers are currently investigating the rela-
tionship between metabolic syndrome and overactivity of
the autonomic nervous system [20,21]. In some ex-
perimental animal studies, testosterone concentration
seemed to play a major role in pelvic autonomic neurons,
and castration was found to impair alpha 1-adrenergic and
muscarinic receptors in the urinary bladder [8,22].

The activated Rho-kinase system also increases smooth
muscle contraction, leading to decreased erectile function
and changes in bladder muscle tone [23]. Testosterone has
been shown to affect Rho-kinase activity, and its activity in
the urinary tract could be partially dependent on testoster-
one [9]. Experimentally, Rho-kinase has been found to
play an important role in the control of smooth muscle
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Fig. 5. Comparison of histologic findings among the four groups.
(A) Masson’s trichrome staining. The scale bars shown in each
figure represent 100 xm. (B) Bladder smooth muscle/collagen
ratio. Control: sham operation only, Androgen dep.: androgen
androgen-deprived control group, 200 mg/kg: androgen depri-
vation followed by treatment with 200 mg/kg of KH-204, 400
mg/kg: androgen-deprivation followed by treatment with 400
mg/kg of KH-204. *p<0.05.

contraction of the urinary bladder and is associated with
calcium sensitivity of the contractile system in the detrusor
muscle [10]. Increased Rho-kinase activity occurs simulta-
neously with the progress of LUTS in aging men with BPH,
and inhibition of Rho-kinase in rat models has been exam-
ined to determine if it decreases prostatic smooth muscle
contraction and cell proliferation [24]. The results of the
present study confirm those of previous studies: expression
of Rho-kinase was increased in the androgen-deprived
control group compared to the normal control group, and
it significantly decreased in the group treated with 400
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mg/kg of KH-204.

In addition, NO is a major factor modulating the effects
of testosterone levels on LUTS. A previous study demon-
strated that NO is an important nerve-induced mediator of
erection and the micturition reflex, but NO may also be in-
volved in several other functions in the human urogenital
tract [25]. NO mediates dilatation of the urinary tract, and
NOS expression could be associated with smooth muscle
tone in relation to LUTS [10]. Park et al [13] demonstrated
that KH-204 treatment increased penile expression levels
of NOS and cGMP concentrations in aged rats. We also
found that KH-204 treatment activated NO expression,
leading to an increase in the synthesis of cGMP, which im-
proved the muscle/collagen ratio as assessed using
Masson’s trichrome stain. Furthermore, ART activates en-
dothelial NOS and therefore increases the NO concen-
tration in the pelvic vessels, resulting in the alleviation of
pelvic ischemia [26]. However, the relationship between
ART and the risk of progression of BPH is controversial. A
previous study found that ART resulted in an increase in
prostate volume after eight months of treatment, but also
found that it did not affect uroflowmetry data or LUTS [27].
A long-term clinical study using oral ART found a negli-
gible decrease in urine flow but no increase in prostate
volume [28]. As a result, few long-term observational stud-
ies of ART have included patients with severe BPH or
LUTS. Our study found that testosterone levels were re-
stored by KH-204 treatment after androgen deprivation,
which suggests that KH-204 may be a useful treatment for
managing LOH. Our findings suggest that the efficacy of
KH-204 may be attributable to its antioxidant effects or to
an elevation in NO-cGMP activity.

We note that our study has some limitations. We did not
gather functional data for the bladder (cystometry) for each
treatment group. Such data could have provided better in-
sight into the effects of KH-204 in androgen-deprived rats.
Moreover, we found no clear link between the antioxidant
effects of KH-204 and other results, such as the activation
of the NO-cGMP pathways or the decrease of Rho-kinase
expression. Future work should investigate the functional
outcomes and detailed mechanisms of the effect of
KH-204 on LOH bladders.

CONCLUSIONS

Our results indicate that the expression of Rho kinase is
increased and the expression of cGMP is decreased in an-
drogen-deprived rat bladder. However, these impair-
ments improved after treatment with KH-204, which was
accompanied by an alteration in oxidative stress patterns.
This herbal formulation reduces oxidative stress and was
able to prevent deleterious molecular changes of the blad-
der in an LOH rat model.
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