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Abstract
Objective: Genitourinary tract infections play a significant role in male infertility. In-
fections of reproductive sex glands, such as the prostate, impair function and indi-
rectly affect male fertility. The general aim of this study is to investigate the protective
effect of Korean red ginseng (KRG) on prostatitis in male rats treated with ciprofloxa-
cin (CIPX).

Materials and Methods: In this experimental study, we randomly divided 72 two male
Wistar rats into 9 groups. The groups were treated as follows for 10 days: i. Control (no
medication), ii. Sham [(normal saline injection into the vas deferens and oral adminis-
tration of phosphate-buffered saline (PBS)], iii. Ginseng, iv. CPIX, v. CIPX+ginseng, vi.
Uropathogenic Escherichia coli (E. coli) (UPEC), vii. UPEC+ginseng, viii. UPEC+CIPX,
and ix. UPEC+ginseng+CIPX. The rats were killed 14 days after the last injection and the
prostate glands were removed. After sample preparation, routine histology was performed
using hematoxylin and eosin staining. The terminal deoxynucleotidyl transferase mediated
dUTP-biotin nick end labeling (TUNEL) method was used to determine the presence of
apoptotic cells.

Results: The severity score for acinar changes and inflammatory cell infiltration in the
UPEC+CIPX group did not significantly different from the UPEC group. However this
score significantly decreased in the UPEC+CIPX+ginseng group compared to the UPEC
group. Apoptotic index of all ginseng treated groups significantly decreased compared to
the UPEC and CPIX groups.

Conclusion: These results suggested that ginseng might be an effective adjunct in CIPX
treatment of prostatitis. The combined use ginseng and CIPX was more effective than
ginseng or CIPX alone.
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Introduction

Infertility is an important concern among
20% of couples. Approximately 50% of infertil-
ity is attributed to males (1, 2). Male infertility
consists of spermatogenesis disorders, defects
of sperm transportation, impotence, hypog-
onadism and urinary tract infections (UTI) (3,
4). Urogenital infections are responsible for ap-
proximately 35% of male infertility. These in-
fections may impair accessory gland functions,
such as the prostate, and lead to changes in
seminal plasma composition (5, 6). Therefore,
male accessory sex glands infection is a major
risk factor for infertility (6). Uropathogenic Es-
cherichia coli (E. coli) (UPEC) is an important
causative agent in more than 70% of urogeni-
tal tract infections (7). Antibiotics have long
been considered the most effective treatment
for bacterial infections. Ciprofloxacin (CIPX),
belonging to the family of fluoroquinolones,
has a broad spectrum of efficacy for bacterial
infections (8). This drug can be transported to
the seminal fluid and directly affect sperm cells
by reducing sperm concentration, motility and
viability (9). In a study, CIPX administration
(5 mg/kg body weight) to 70 adult male Wistar
rats has resulted in acinar changes, lymphocytic
infiltration and fibrosis in the interstitial space
in the prostate gland (10). A decrease was ob-
served in testis, epididymis and seminal vesicle
weights after administration of CIPX to rats for
over 60 days (9). This antibiotic induces oxidative
damage in rats and increases reproductive toxicity
(11). It can activate caspase 3 and increase the ap-
optosis process in male germ cells (8).

Both infections and fluoroquinolones can in-
duce the generation of a tremendous amount
of reactive oxygen species (ROS) (12-14). Ex-
cessive generation of free radicals can damage
proteins, lipids, and nucleic acid structures, in
addition to contributing to cellular dysfunction
and death (15). According to previous reports,
antioxidants can protect against CIPX by elimi-
nating ROS generation during administration of
this antibiotic (14). In another study, the remov-
al of accessory reproductive glands from ham-
sters has led to increased DNA damage in sper-
matozoa. This fact suggests that these glands
are the main source of antioxidants in seminal
fluid (16).
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Collectively, by affecting E. coli and CIPX on
histological structures of male accessory glands,
their function as main source of antioxidant, will
be changed. Under these circumstances, adminis-
tration of antioxidants can be useful.

Korean red ginseng (KRG), a derivative of
Panax ginseng, is considered a very powerful
antioxidant to be used to eliminate free radicals.
Kim et al. (17) have shown that KRG improved
rat testis dysfunction by suppression of super-
oxide production. In addition to anti-stress and
antioxidant activities of KRG, there are also po-
tent pharmacologic actions against cancer and
diabetes. Choi et al. (18) have proven that the
combination therapy of ginsenoside with CIPX
is an effective treatment for chronic bacterial
prostatitis (CBP). The use of Panax ginseng
extract can promote spermatogenesis and in-
crease serum testosterone, follicle stimulating
hormone (FSH) and luteinizing hormone (LH)
levels. This normalization of hormone levels
may be due to the effect of Panax ginseng on
the hypothalamic-pituitary axis (3, 19).

However, less is known about the protective ef-
fect of KRG on the apoptosis process and structur-
al changes in prostate gland infections. This study
seeks to determine the effective role of KRG on
UPEC infection of the prostate in a rat model un-
der treatment with CIPX.

Materials and Methods
Animals

In this experimental study, a total of 72 adult
male Wistar rats were provided from Shahid
Beheshti University, Tehran, Iran. This study
was approved by the Medical Ethics Commit-
tee of Qazvin University of Medical Sciences.
Rats ranged in age from 2 to 3 months and
weighed 200 to 250 g. Before the experiment,
animals were maintained for one week under
controlled environmental conditions (23°C and
a 12 hour/12 hour dark-light cycle). Food and
water were available ad libitum. The hygienic
conditions were kept constant throughout the
experimental period.

Experimental groups and treatment

The rats were randomly divided into 9 groups



(n 8): i. Control (no medication); ii. Sham (0.1
ml saline injected into the vas deferens+pH=7.2
phosphate-buffered saline (PBS, Sigma, Den-
mark) administered by oral gavage once daily
during 10 days) (20, 21); iii. KRG (intraperito-
neal injection [IP] injection of 15 mg ginseng/
kg body weight once daily for 10 days) (22);
iv. CIPX (150 mg/kg body weight, Cycin, Sha-
hid Beheshti University, Tehran, Iran) adminis-
tered orally, once daily during 10 days. CIPX
is prepared by solving the tablets in distilled
water (23); v. CIPX+ginseng; vi. UPEC M39
standard strain was prepared according to re-
cent studies and 0.1 ml (1x10® CFU/mL) was
injected into each vas deferens (23-25); vii.
UPEC+ginseng; viii. UPEC+CIPX (CIPX was
started 48 hours after the UPEC injection) (23)
and ix. UPEC+CIPX+ginseng.

Preparation of Korean red ginseng

We initially prepared a suspension of white
powder of ginseng root with 50% ethanol. The
prepared suspension was boiled and condensed by
vacuum, dried by speed vac. The resultant material
was resolved with PBS (26).

Tissue and sample collection

At 14 days after the end of the experiment, all
animals were anesthetized using ketamine (50 mg/
kg) and xylazine (12 mg/kg) and their prostate
glands were carefully removed (10, 23).
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Histological analysis

All samples were fixed in 10% formalin and em-
bedded in paraffin. Samples were sectioned by ro-
tary microtome into 5 um thick slices, stained with
hematoxylin and eosin, and examined by light
microscopy (Olympus DP25, Japan) using Image
Analyzer software (ImageJ 1.43u).

The severity of inflammatory cell infiltra-
tion, interstitial fibrosis and acinar changes,
as indications of prostate inflammation were
measured and graded on a scale from 0 to 5
(Table 1) (10, 27).

Terminal deoxynucleotidyl transferase mediated
dUTP-biotin nick end labeling assay

TUNEL was used to quantify apoptotic cells
in the prostate epithelium. The procedure was
performed according to recent studies (9). At the
end of the staining, we evaluated the apoptotic in-
dex by counting the number of cells that showed
TUNEL positivity in 100 cells each in 10 random
slides from all groups by light microscopy at X400
magnification (28, 29).

Statistical analysis

Statistical analysis was performed using one
way ANOVA followed by Tukey’s post hoc com-
parison test. The significance level was considered
to be P<0.05.

Table 1: Severity scores of inflammatory cell infiltrations, acinar changes and interstitial fibrosis of

prostate tissue

Score Inflammatory cell infiltration Acinar change Interstitial fibrosis
0 No evidence No evidence No evidence

1 <10% <10% <10%

2 10-25% 10-25% 10-25%

3 25-50% 25-50% 25-50%

4 50-75% 50-75% 50-75%

5 75-100% 75-100% 75-100%
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Results
Apoptosis

The number of TUNEL positive cells in the
prostate epithelium greatly increased following
antibiotic treatment (Fig.1). Figure 2 shows the
mean apoptotic index in 1000 epithelial cells per

group. The apoptotic index of both the CIPX and
UPEC groups significantly increased in contrast
with all other groups (P<0.05). The numbers of
apoptotic cells in the UPEC+CIPX+ginseng group
decreased compared to the UPEC+CIPX group.
There was no significant difference between the
UPEC+ginseng and control group (P<0.05).

Fig.1: Analysis of apoptotic cells by TUNEL staining (x400). Arrows indicate apoptotic cells (scale bars; 50 um). A. Control and B. Cipro-
floxacin (CIPX). TUNEL; Terminal deoxynucleotidyl transferase mediated dUTP-biotin nick end labeling.
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Fig.2: Histogram of apoptotic cell number. Note increased number of apoptotic epithelial cells in the CIPX, UPEC and UPEC+CIPX groups.
Values represent the mean + SEM number of TUNEL-positive cells per 1000 prostate epithelial cells. *; Significant difference at P<0.05
level compared with all groups except the UPEC+CIPX group, UPEC; Uropathogenic Escherichia coli, CIPX; Ciprofloxacin and Gin; Ginseng.
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Prostate histopathology

Histopathological investigation of the prostate
was performed to evaluate acinar changes, inflam-
matory cell infiltration and interstitial fibrosis.
Severity scores for these items in each group are
given in Figures 3-5. Lymphocytes, monocytes
and neutrophils comprised the majority of inflam-
matory cells.

Severity scores for acinar changes and in-
flammatory cell infiltration in the UPEC and
UPEC+ginseng groups did not significantly
differ (P<0.05), whereas scores of both groups
increased significantly compared to the con-
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trol group (Figs.3, 4). A comparison between
the CIPX, CIPX+ginseng and control groups
showed no significant differences in scores. This
result was also in line with the interstitial fibro-
sis evaluation (Fig.5). There was no significant
difference between the UPEC+CIPX+ginseng
group and control group for all inflamma-
tory items (Fig.6). The severity score of the
UPEC+CIPX+ginseng group in contrast to
the UPEC group showed a significant differ-
ence (P<0.05). Interstitial fibrosis evaluation
showed significant increases in the UPEC,
UPEC+ginseng and UPEC+CIPX groups com-
pared with all other groups (P<0.05).
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Fig.3: Severity scores for acinar changes. Data are presented as mean + SEM. *; P<0.05 compared with all other groups (except UPEC+CIPX),
UPEC; Uropathogenic Escherichia coli, CIPX; Ciprofloxacin and Gin; Ginseng.
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Fig.4: Severity scores for inflammatory cell infiltration. Data
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are presented as mean + SEM. *; P<0.05 compared with all other

groups except the UPEC+CIPX and CIPX+Gin groups, UPEC; Uropathogenic Escherichia coli, CIPX; Ciprofloxacin and Gin; Ginseng.
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Fig.5: Severity scores for interstitial fibrosis. Data are presented as mean + SEM. *; P<0.05 compared with all other groups, t; P<0.05
compared with the UPEC and UPEC+Gin groups, UPEC; Uropathogenic Escherichia coli, CIPX; Ciprofloxacin and Gin; Ginseng.

Fig.6: Prostate histological structure. A. Control group. The acinar structures are normal. There are a few marked inflammatory cell infil-
trations and fibrosis in the interstitial space, B. UPEC. Acinar structures are folded and infiltration of inflammatory cells into the interstitial
space is clearly seen, C. UPEC+CIPX. Note decreased numbers of inflammatory cells. Shrinkage of acinar structures decreased compared
to the UPEC group and D. UPEC+CIPX+ginseng. Acinar structures returned to normal conditions. Mild inflammatory cell infiltration is
seen. (H&E staining, magnification: x100, scale bar: 200 um). UPEC; Uropathogenic Escherichia coli, and CIPX; Ciprofloxacin.
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Discussion

This study evaluated the protective effect of
KRG on UPEC induced prostatitis in a rat model
treated with CIPX. Our findings in the histopatho-
logical evaluations demonstrated no significant
differences between the UPEC and UPEC+ginseng
groups. In addition, the combined use of ginseng
and CIPX was more effective than their single use.
CIPX significantly increased the number of ap-
optotic cells. The anti-apoptotic effect of ginseng
caused significant reductions in severity scores in
the UPEC+CIPX+ginseng, UPEC+ginseng and
CIPX+ginseng groups compared to the UPEC and
CIPX groups.

More than 50% of couples’ infertility problems
are related to male factors (1, 2). Among these, in-
fections of the accessory sex glands such as pros-
tatitis play an important role (6). For prostate in-
fections, the use of antibiotics such as CIPX is the
gold standard of treatment (10). However, recent
studies report adverse effects of testicular dysfunc-
tion, DNA damage and chromatin abnormalities of
sperm cells, and increased numbers of apoptotic
germ cells in seminiferous tubules in males treated
with CIPX (8, 9, 30). In addition, CIPX can impair
the histological structure of the epididymis, testi-
cles, seminal vesicles and prostate (11). These ad-
verse effects can be related to increased numbers
of ROS during CIPX treatment (14). Therefore,
during this condition the use of a potent antioxi-
dant can be helpful. KRG is one of the mostly used
herbal medicines in East Asia (31). Ernst reported
possible mechanisms of action as its anti-apoptotic
effect, anti-inflammatory action, antioxidant, re-
duction of platelet adhesion and vasodilation (32).
The anti-aging, anti-diabetic and anti-cancer ef-
fects of ginseng are also reported (33).

Elkahwaji et al. (34) have shown interstitial ede-
ma, acute inflammatory cell infiltration and acinar
shrinkage in prostate infected by E. coli. This find-
ing agreed with our results which showed that the
UPEC group significantly differed from the other
groups in all inflammatory items. The observed in-
crease in the UPEC group score could be attributed
to excessive ROS production by leukocytes pre-
sent in inflammatory conditions. According to our
findings, interstitial fibrosis evaluation of CIPX
treatment of UPEC induced prostatitis showed
a significant difference compared to the UPEC
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group. This result confirmed findings by Kim et al.
(27). On the other hand, there was no significant
difference between the UPEC+CIPX and UPEC
groups in inflammatory cell infiltration and acinar
changes. Demir et al. (23) reported that CIPX used
for treatment of E. coli infected testicles degener-
ates germinal epithelium. A possible explanation
for these differences might be due to CIPX sup-
pression of E. coli by blocking bacterial DNA
synthesis (8). Therefore, CIPX reduces infection
outcomes on histological structures. In addition,
this antibiotic decreases serum testosterone levels
(35, 36) and indirectly affects male reproductive
organs (23, 37).

Kim et al. (17) reported a protective effect of
KRG on rat testicular dysfunction by suppression
of ROS production. Choi et al. (18) suggested
ginseng+CIPX to be an effective treatment in rats.
Kim et al. (27) reported the good effect of ginseng
combined with CIPX under inflammatory condi-
tions. Our study supported recent studies by regard-
ing the protective effect of ginseng. In the current
study, there was no significant difference between
the UPEC and UPEC+ginseng groups. Of note, the
severity score of the UPEC+CIPX+ginseng group
showed a significant decrease compared to the
UPEC group in all inflammatory items. Ginseng
could not suppress E. coli but it could eliminate
excess ROS produced during antibiotic treatment.

The UPEC and CIPX groups significantly in-
creased apoptosis in prostate epithelial cells com-
pared to the control group. Dwyer et al. (38) in a
molecular assessment, showed that E. coli exhib-
ited characteristic markers of apoptosis. Khaki et
al. (9) reported an increased number of apoptotic
germ cells per seminiferous tubules in the CIPX
group compared to the control group. Nguyen et
al. (39) and Kim et al. (40) proved the anti-apop-
totic effect of KRG in neuroblastoma cells. To the
best of our knowledge, there has been no specific
study of the anti-apoptotic effect of ginseng on
infected prostate epithelium. We have observed
a significant difference between the UPEC and
UPEC+ginseng groups, as well as between the
CIPX and CIPX+ginseng groups. CIPX suppress-
es E. coli action by blocking bacterial DNA syn-
thesis, however it increases the number of oxidants
produced (8, 14). According to our results, it can
be concluded that ginseng is a good antioxidant to
be used to eliminate excess oxidants. Therefore
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use of this antioxidant during oxidative stress con-
ditions may be helpful.

Conclusion

These findings enhanced our understanding of
anti-inflammatory and anti-apoptotic effects of
KRG. Our experimental results have suggested
that combined use of CIPX and KRG in UPEC in-
fected rats can be helpful in treating male UTI and
possibly improve fertility. These results are sub-
ject to certain limitations, such as measurement
of serum testosterone levels and microbiological
analyses. Further studies should be carried out in
humans.
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