
Contents lists available at ScienceDirect

General and Comparative Endocrinology

journal homepage: www.elsevier.com/locate/ygcen

Reversal of ciprofloxacin-induced testosterone reduction by probiotic
microbes in mouse testes

Congcong Xiec,1, Yanqing Biand,1, Helin Fenge,1, Yu Zhaoa, Lixuan Wanga, Yaru Lif, Dong Zhangd,
Yangyang Tiana, Li Lia, ShiYang Changa, Hang Lia, Xiujun Zhaoa,⁎, Pin Lvb

a Department of Histology and Embryology, Hebei Medical University, Shijiazhuang 050017, China
b Institute of Chinese Integrative Medicine, Hebei Medical University, Shijiazhuang 050017, China
c Research Institute of Family Planning of Hebei Province, Key Laboratory for Family Planning and Birth Health of the National Health and Family Planning Committee,
Shijiazhuang 050071, China
d College of Life Science, Hebei Normal University, Shijiazhuang 050024, China
e The Fourth Hospital of Hebei Medical University, Shijiazhuang 050011, China
f Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190, China

A R T I C L E I N F O

Keywords:
Ciprofloxacin
Bifidobacteria
Testosterone
NF-κB
Sirt1
Inflammatory cytokine

A B S T R A C T

CPFX is a highly effective antibiotic, but it has been reported to significantly impair both testicular function and
structure in rats. In this study, we assessed reversal of CPFX-induced variation in mice testicular structure and
testosterone synthesis by probiotic microbes in the infected model and normal model. We detected testicular
weight, testicular structure and Leydig cell variables in numbers. We detected the levels of serum testosterone
and steroidogenic enzymes, as well as DBC1, Sirt1, NF-κB, and related redox state and inflammatory response in
the testes. The results showed that probiotic microbes had significantly elevated serum testosterone levels and
steroidogenic enzymes, higher Sirt1, anti-oxidative enzymes and anti-inflammatory cytokine expression, and
lower NF-κB, DBC1, oxidative damage, pro-inflammatory cytokine expression. The results suggest that the testis-
protective, antiinflammatory and antioxidation effects of probiotics largely resulted from its ability to decrease
oxidative stress and preserve antioxidant activity by stabilizing antioxidant defense systems, reducing oxidative
damage and inflammatory response.

1. Introduction

Ciprofloxacin (CPFX) is a member of a promising new class of an-
timicrobial agents known as fluoroquinolones, which are an important
group of antibiotics routinely administered by urologists and fertility
specialists in order to control infections in male reproductive organs
(Ryan et al., 2018). However, various studies have reported that short-
term administration of CPFX can promote toxicity in male reproductive
tissues and remarkable degeneration of Leydig cells (Zobeiri et al.,
2013).

While the mechanisms by which CPFX elicits the above effects are
not well understood, they are likely mediated by oxidative stress, which
is manifested by the production of excess reactive oxygen species (ROS)
and lead to oxidative damage to DNA, proteins, and membrane lipids
(Kalghatgi et al., 2013). The mechanisms may also involve changes in

proinflammatory cytokines (Shaki et al., 2016). Some proinflammatory
cytokines, such as tumor necrosis factor-α (TNF-α) and interleukin (IL)-
1β, have been demonstrated to have inhibitory effects on the expression
of steroidogenic enzymes and dramatically decrease serum testosterone
levels (Leisegang and Henkel, 2018; Bornstein et al., 2004; Tremellen
et al., 2018). Nuclear factor kappa beta (NF-κB) is a redox-sensitive
transcription factor that is involved in the expression of genes encoding
pro-inflammatory molecules (such as IL-1β) (Steiner et al., 2018). Silent
Mating Type Information Regulation 2 Homolog 1 (Sirt1), a member of
the silent information regulator family, has been suggested to play a
vital role in protection against the proinflammatory response in Leydig
cells by inhibiting the NF-kB signaling pathway (Iskender et al., 2018).
Interestingly, the deleted in breast cancer 1 (DBC1) protein has been
reported to be a key physiological regulator of Sirt1 activity (Nohr
et al., 2017; Liu et al., 2016; Li et al., 2019). SIRT1, also a redox sensor,
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has shown to protect neural cells from oxidative stress in part by re-
pressing the expression of NF-кB (Singh et al., 2017). Considering the
influence of Sirt1 on oxidative stress, NF-κB and inflammatory pathway,
its expression in the testes in response to CPFX was also investigated in
this study.

Probiotics are mono or mixed cultures of live microorganisms which
if administered in adequate amounts can confer a health benefit to the
host. Lactic acid bacteria (LAB) and bifidobacteria are the most
common types of microbes used as probiotics (Bubnov et al., 2018).
Some studies have found that the dietary supplementation of aged mice
with probiotics results in a younger appearance, larger testes and more
dominant male behavior compared with their matched untreated sib-
ling mice (Poutahidis et al., 2014). Interestingly, these effects were
linked with down-regulation of pro-inflammatory cytokines (Holowacz
et al., 2018; Ermolenko et al., 2018). Karamali study also found that a
serum inflammatory marker and C-reactive protein (CRP) were reduced
with the consumption of probiotics (Karamali et al., 2018). Other re-
searches have shown that the beneficial effects of the probiotics may be
related to their ability to reduce oxidative stress (Wang et al., 2017).
Bifidobacterium animalis 01 were found to scavenge ROS in vitro while
enhancing the antioxidase activities of mice in vivo (Shen et al., 2011).
Furthermore, the oxidative stress in patients with type 2 diabetes can be
ameliorated by multispecies probiotics (Asemi et al., 2013). Therefore,
in this study we tested the hypothesis that dietary probiotics may act to
reverse CPFX-stimulated reduction in serum testosterone levels in the
normal and infected models and that the beneficial effects of probiotic
consumption may be conferred by inhibition of oxidative damage and
inflammatory state.

2. Materials and methods

2.1. Preparation of bifidobacteria

Bifidobacteria strains were cultured in MRS media (pH 6.2) at 37 °C
for 20 h under anaerobic conditions. The bifidobacteria formed de-
tectable numbers of colonies (i.e., ≥108 cfu/mL) in MRS media.
Bacterial cultures were centrifuged at 8000 rpm for 10min at 4 °C and
washed with 0.9% saline solution twice. The concentration of bifido-
bacteria based on a previously published protocol (Savignac et al.,
2015), and the dosage of bifidobacteria was determined with 109 cfu/
mL/day. The collected bifidobacteria (1×109 cfu/ml) were suspended
in 50ml 0.9% saline solution and stored at 4 °C.

2.2. Animals and experimental design

Adult male Kunming mice (3–4months old, 35–40 g in weight)
purchased from the Laboratory Animal Center of Hebei Medical
University were used for all of the experiments. Animals were main-
tained at standard temperature (22 ± 1 °C) and relative humidity
(60%) conditions with a 12-h light–dark cycle and free access to food
and water. They were allowed 5 days of habituation to the environment
before use in experiments.

To assess the administering time of bifidobacteria, these animals in
normal model and epididymitis-orchitis model treated with CPFX were
administered with 1×109 cfu/ml bifidobacteria for the different time
periods from 6 to 64 days as different groups: BI6, BI18, BI30, BI42, BI64
(BI means bifidobacteria). The administering times of bifidobacteria
depended on testosterone level.

The fifty mice were randomly divided into 5 groups of 10 animals
per group as a normal model: saline as vehicle for 6 days (Sal group);
bifidobacteria (109/mL) in saline as vehicle for 6 days (BI group);
200mg/kg/day of CPFX in saline as vehicle for 6 days (which re-
presents the therapeutic dose of the drug in humans) (CP group); After
CPFX for 6 days, then animals were administered bifidobacteria (109/
mL) in saline. CPFX for 6 days then normal saline for 6 days (CP+ Sal
group); CPFX for 6 days and then bifidobacteria (109/mL) in saline as

vehicle for 6 days (CP+BI group). Animals of each group were ad-
ministered the vehicle by gavage in two equally divided doses per day.

Another forty mice (Prepare for the pre-experiment) were divided
into four groups as a epididymitis-orchitis model: Control group (Con)
did not undergo any intervention. Epididymo-orchitis group (EO) was
induced by injecting 50ul Escherichia coli suspension (106 cfu/mL,
ATCC 25922) into the epididymal direction of the proximal right vas
deferens as described previously (Ludwig et al., 2002). 200mg/kg/day
of CPFX in saline as vehicle for 6 days. After CPFX for 6 days, then
animals were administered bifidobacteria (109/mL) in saline. EO+BI
group, bifidobacteria (109/mL) in saline as the only vehicle for 42 days;
EO+CPFX+ saline group (EO+CP+Sal), CPFX for 6 days with
started 48 h after E. coli inoculation, then normal saline for 42 days.
EO+CPFX+bifidobacteria group (EO+CP+BI), CPFX for 6 days
with started 48 h after E. coli inoculation, then bifidobacteria (109/mL)
in saline as vehicle for 42 days.

2.3. Tissue collection and preparation

All mice were anesthetized with an intraperitoneal (i.p.) injection of
chloral hydrate (400mg/kg body weight) after the experimental
period, and testes were removed bilaterally in the normal model (Sal,
BI, CP, CP+ Sal and CP+BI groups). Only right orchiectomy was
performed in the epididymitis-orchitis model (Con, EO, EO+BI,
EO+CP+ Sal and EO+CP+BI groups) respectively. These removed
testicles were transected into two halves. One half was fixed in 4%
paraformaldehyde, while the remaining half was quickly frozen in li-
quid nitrogen and stored in −80 °C until further processing. The fixed
samples were processed for embedding in paraffin wax. Serial sections
were cut (6-µm thickness) and mounted on chrome alum gelatin-coated
slides. They were then dewaxed, rehydrated and submitted to HE
staining and immunohistochemical staining procedures. One part of
each frozen sample was processed for total protein detection by
Western blotting and Luminex multianalyte cytokine profiling (xMAP).
Nuclear proteins were extracted from the frozen samples to detect NF-
κB by Western blotting. Total RNA was isolated from the other part of
the frozen testes, and quantification of mRNA was carried out by real-
time PCR.

2.4. Testosterone measurements

Mice were anesthetized with an i.p. injection of chloral hydrate
(400mg/kg body weight) and immediately dissected to access the
heart. Blood was collected and centrifuged at 1000×g for 20min at 4 °C
to isolate the serum. If the serum was not used immediately, it was kept
at −80 °C until further analysis. Serum testosterone concentrations
from individual mice and the aliquot of supernatant from testicular
homogenate were assayed by radioimmunoassays (RIA). The sensitivity
and intra-assay and inter-assay coefficients of variation of the RIA were
13 pg/tube, 8.9% and 13.6%, respectively.

2.5. Cytokine measurements

The xMAP technology (Austin, TX, USA) was used to measure cy-
tokine levels. Bead sets were coated with capture antibodies for various
cytokines [TNF-α, IL-1β, transforming growth factor-α (TGF-α), inter-
leukin-10 (IL-10)]. Fluorescence detection antibodies were then applied
to bind the cytokine-capture antibody complex on the bead set.
Multiple cytokines in the samples were then recognized by the differ-
ences in bead sets with fluoregenic emission detection using flow cy-
tometric analysis. Each sample was measured in triplicate.

2.6. Biochemical analyses

An aliquot of the supernatants were tested in biochemical assays.
The activities of total SOD was used as indices of antioxidant capacity.
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Malondialdehyde (MDA) was used as reliable markers of lipid perox-
idation. The level of SOD and MDA was detected by biochemical assays
as last paper described (Zhao et al., 2013). These indices were de-
termined according to the manufacturer's instructions of the assay kits
(Jiancheng Bioengineering Institute, Nanjing, China). In brief, each
testis tissue was incubated with 10mM 2,4-dinitrophenylhydrazine in
2.5 M HCl at room temperature for 60min. Subsequently, sample was
precipitated with 20% (w/v) trichloroacetic acid, left on ice for 5min
and then centrifuged at 10,000×g for 10min at 4 °C. The pellet was
washed five times with 500 μL of a 1:1 (v/v) ethanol: ethyl acetate
mixture. The final pellet was dissolved in 6M guanidine hydrochloride.
The absorbance was read at 370 nm spectrophotometrically, and the
results were expressed as nmol carbonyls/mg protein.

2.7. Immunohistochemistry

The testicular sections of 6 um thick were stained with im-
munohistochemical staining was performed using routine procedures.
Briefly, the sections were immersed in 3% hydrogen peroxide to block
endogenous peroxidase and incubated for 5–10min. After exposure in a
moist chamber to goat serum (diluted 1:200, Santa Cruz Biotechnology,
Santa Cruz, CA, USA) at 20 °C for 10min, the unwashed sections were
incubated overnight at 4 °C with anti-3β-HSD anti-sera (Santa Cruz
Biotechnology, 1:100). The signal was detected by adding a biotiny-
lated secondary antibody and streptavidin-peroxidase, followed by
staining using 3,3′-diaminobenzidine plus peroxide solution. Sections
were dehydrated using a series of graded alcohol (70%, 95%, 100%,
absolute), cleared in xylene and cover-slipped with neutral gum. The
numbers of positive stains Leydig cells in all slides were measured
under microscope at 400 times high magnification. The number of
positive Leydig cells of each specimen was obtained by calculating the
average of 10 visual fields.

2.8. Real-time PCR and Western blotting

RNA was isolated from testis tissues by Trizol Reagent (Invitrogen,
Carlsbad, CA, USA). Total RNA (2mg) was reverse transcribed into
cDNA by using the SuperScript First-Strand Synthesis System
(Invitrogen). Quantification of mRNA was performed using real-time
PCR according to the manufacturer’s instructions for SYBR Premix Ex
Taq using a real-time thermal cycler (Bio-Rad, Hercules, CA, USA).
Results were expressed as optimal density ratios to β-actin. The primer
sequences are listed in Table 1.

Animal tests were perfused with cold saline. Testes were isolated on
ice and homogenized in lysis buffer, which was prepared by adding
protease inhibitors (0.5% phenyl methylsulfonyl fluoride, 0.1% pep-
statin, 0.1% leupeptin, 0.1% aprotinin) to TBS-T (20mM Tris–HCl,
pH7.6, 137mM NaCl, 0.1% Tween-20). After centrifugation at
12,000×g for 20min at 4 °C, the supernatant was collected, and the
protein concentration was measured with the Pierce BCA protein assay
kit (Thermo Scientific, Rockford, IL, USA). For NF-κB nuclear locali-
zation experiments, the nuclear fraction was extracted using a com-
mercial kit following the manufacturer’s protocol (Thermo Scientific,
Pierce Protein Biology Products). Each protein sample (50 µg) was se-
parated by sodium dodecyl sulfate polyacrylamide gel electrophoresis

(SDS-PAGE) on a 10% gel (for Sirt1, DBC1, NF-κB, IL-1β, P450scc) or
12% gel (for steroidogenic acute regulatory protein, StAR) and then
transferred to nitrocellulose membranes. The membranes were in-
cubated in blocking buffer containing 5% fat-free milk in TBS-T for 2 h
at room temperature and then incubated with antibodies against Sirt1
(1:1000 Abcam), DBC1 (1:1000 Abcam) NF-κB (Santa Cruz 1:1000),
P450scc (Chemicon, Billerica, MA, USA, 1:1000), IL-1β (1:1000,
Abcam) and StAR (Santa Cruz Biotechnology, 1:1000) overnight with
constant agitation at 4 °C. After washing three times, the blots were
incubated with corresponding horseradish peroxide-conjugated sec-
ondary antibodies (Amersham, Piscataway, NJ, USA, 1:5000) for
90min at room temperature. Immunoreactive proteins were detected
by using the enhanced chemiluminescence method (ECL kit,
Amersham) and quantified by transmittance densitometry using vo-
lume integration with Gel-Pro software. To ensure even loading of the
samples, the same membrane was probed with a rabbit anti-human β-
actin antibody (Santa Cruz Biotechnology, 1:5000) or an anti-histone
H3 antibody (Bioworld, Dublin, OH, USA, 1:1000).

2.9. Data analysis

All data were analyzed using SPSS 21, and results are presented as
the mean value ± SD. For all statistical analyses, a value of P < 0.05
was considered significant for n=10, where n corresponds to the
number of samples. Data were analyzed using one-way ANOVA with
complete random design, followed by Student-Newman-Keuls post hoc
tests for multiple pair-wise comparisons.

3. Results

3.1. Reversal of CPFX-induced variation in testicular weight, the
seminiferous epithelium and the number of Leydig cells by probiotic microbes

CPFX administering caused a decrease in testicular weight in normal
mice and infected mice (Fig. 1A, B, P < 0.05 compared to Con and EO
groups). CP+BI and EO+CP+BI groups have a slight increased
testicular weight compared to CPFX administering groups (Fig. 1A, B,
P < 0.05). Histological findings in the examined groups by im-
munohistochemical staining are summarized in Fig. 1C, D. Im-
munohistochemical staining for 3β-HSD revealed positive cells in the
interstitial tissue of the testes, and 3β-HSD protein was expressed in
plasmid of Leydig cells. 3β-HSD protein is known as a marker of Leydig
cells. The Con, Sal and BI groups revealed clustering Leydig cells and a
regular seminiferous tubule morphology (Fig. 1C, D). In the CP group,
seminiferous epithelium became irregular and Leydig cells stained by
3β-HSD decreased compared with Sal and BI (As shown by the arrow,
Fig. 1C, E, P < 0.01). In the EO group, seminiferous epithelium da-
mage: the wall of tube became irregular and thinner with spermato-
genic cells lower, and Leydig cells stained by 3β-HSD showed no sig-
nificant variation compared with Con groups (As shown by the arrow
Fig. 1D, F, P > 0.05). In the EO+CP+Sal group, the number of
Leydig cells showed a slight decrease compared to Con groups. (Fig. 1D,
F, P < 0.05), and seminiferous epithelium showed no variation com-
pared with the EO group. The probiotic microbes administering groups
(CP+BI and EO+CP+BI) have a slight reversal in the seminiferous
tubule morphology and Leydig cells (As shown by the arrow, Fig. 1C, D,
E, F, P < 0.05). In the BI and EO+BI groups, the number of Leydig
cells and seminiferous epithelium showed no variation compared with
Con and EO groups (P > 0.05, Fig. 2C, D), which suggested that pro-
biotics alone had no effect on the number of Leydig cells and semi-
niferous epithelium in normal and infected models.

The results showed that CPFX caused testicular histological damage
and the number of Leydig cells decreased. Bifidobacteria effectively
improved these damage to testicular structure and Leydig cells.

Table 1
The primer sequence for real-time PCR.

Gene Forward primer Reverse primer

Sirt1 GTGTCATAGGCTAGGTGGTG TGAAGAGGTGTTGGTGGC
NF-κB CCAAAGAAGGACACGACAG TGTGGATGGCATTTAGACC
actin AGGCCCAGAGCAAGAGAGGTA TCTCCATGTCGTCCCAGTG

Sirt1: Silent Mating Type Information Regulation 2 Homolog 1, NF-κB: nuclear
factor kappa beta.
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Fig. 1. Reversal of CPFX-induced variation in testi-
cular weight, seminiferous epithelium and the
number of Leydig cell by probiotic microbes. (A)
The level of testicular weight in normal model. (B)
The level of testicular weight in the infected model.
(C) Testicular structure by 3β-HSD im-
munohistochemical staining in normal model. (D)
Testicular structure by 3β-HSD im-
munohistochemical staining in infected model. (E)
Leydig cell variables in numbers by 3β-HSD im-
munohistochemical staining in normal model. (F)
Leydig cell variables in numbers by 3β-HSD im-
munohistochemical staining in the infected model.
The arrow show the variation in seminiferous epi-
thelium and the number of Leydig cell. Arrows in-
dicate positive Leydig cells and spermatogenic tu-
bules structure. *P < 0.05, **P < 0.01,
***P < 0.001.
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Fig. 2. Reversal of CPFX-induced reduction of tes-
tosterone levels and expression of steroidogenic
enzymes by probiotic microbes. (A, B) Testosterone
level is in a time-dependent manner in normal
model and infected model. (C) Levels of serum
testosterone in normal model. (D) Levels of serum
testosterone in the infected model. (E, F) Testis
extracts were analyzed by Western blotting using
anti-P450scc, anti-StAR and anti-β-actin antibodies
in normal model. Relative band intensities of
P450scc and StAR are expressed as ratios to β-actin.
Data are means ± SD (n= 6) for the Sal, CP,
CP+Sal and CP+BI groups. (G, H) Testis extracts
were analyzed by Western blotting using anti-
P450scc, anti-β-actin antibodies in infected model.
Relative band intensities of P450scc are expressed
as ratios to β-actin. Data are means ± SD (n= 6)
for the con, EO, EO+CP+Sal and EO+CP+BI
groups. *P < 0.05, **P < 0.01, ***P < 0.001.
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3.2. Reversal of CPFX-induced reduction of testosterone levels and
expression of steroidogenic enzymes by probiotic microbes

The level of serum testosterone and expression of steroidogenic
enzymes in the normal model and infected model are shown in Fig. 2.
These animals in CP group were administered with 1× 109 cfu/ml
bifidobacteria for the different time periods (from 6 to 64 days) in
different model. As shown in Fig. 2A, B, testosterone level is in a time-
dependent manner. In normal model, results of the RIA assay showed
that testosterone level was increased significantly in CP+BI group
than CP group, so bifidobacteria (109/mL) as vehicle for 6 days is valid
time. In epididymitis-orchitis model, the results showed that testos-
terone level was increased significantly in BI42 and BI64 than other
groups, so bifidobacteria (109/mL) as vehicle for 42 days is valid time.

Serum testosterone levels (Fig. 2C) were significantly increased in
the CP+BI group compared with the CP (P < 0.01) and CP+Sal
groups (P < 0.05), while they were lower in the CP group compared
with the Sal and BI group (P < 0.01). Serum testosterone levels
(Fig. 2D) were significantly increased in EO+CP+BI than
EO+CP+Sal group (P < 0.01). Serum testosterone (Fig. 2D) levels
in the EO+CP+Sal group were lower than that of EO group
(P < 0.05). In the BI and EO+BI groups, serum testosterone levels
had no significantly variation compared with corresponding Con and
EO groups (P > 0.05, Fig. 2C, D), which suggested that probiotics
alone had no effect on serum testosterone in the normal and infected
models.

Meanwhile, P450scc levels (Fig. 2E) were significantly higher in the
CP+BI group compared with the CP (P < 0.001) and CP+Sal groups
(P < 0.01), and they were lower in the CP group compared with the
Sal group P < 0.001). StAR (Fig. 2F) levels were also significantly
increased in the CP+BI group compared with the CP (P < 0.05) and
CP+Sal groups (P < 0.05), while they were decreased in the CP
group compared with the Sal group (P < 0.01).

Meanwhile, P450scc levels (Fig. 2G, H) were also significantly
higher in EO+CP+BI than EO+CP+Sal group (P < 0.05),
EO+CP+Sal group were lower than EO group (P < 0.05).

The results showed that these animals received bifidobacteria were
statistically increase in level of testosterone and steroidogenic enzymes
than those of animals which received CPFX. These results indicated that
administration of bifidobacteria effectively elevated testosterone, ster-
oidogenic enzymes levels after CPFX administration.

3.3. Reversal of CPFX-induced reduction of Sirt1 expression by probiotic
microbes

We detected Sirt1 expression by Western blotting (Fig. 3A) and real-
time PCR in the normal model (Fig. 3B). These analyses showed

consistently that the levels of Sirt1 were significantly higher in the
CP+BI group compared with the CP (P < 0.001) and CP+Sal groups
(P < 0.01), while they were lower in the CP group compared with the
Sal group (P < 0.001).

We also detected Sirt1 expression by western blotting in the infected
model (Fig. 3C). Sirt1 levels were increased in the EO+CP+BI group
than that of EO (P < 0.05) and EO+CP+ Sal group (P < 0.001).
EO+CP+ Sal group were significantly lower than EO group
(P < 0.05).

These results showed that administration of bifidobacteria resulted
in effective elevation of Sirt1 levels after CPFX administration.

3.4. Reversal of CPFX-induced reduction of DBC1 expression by probiotic
microbes

Western blotting was used to assess the effect of probiotic microbes
on reversing CPFX-induced DBC1 expression in testis samples (Fig. 4).
The results showed that the level of DBC1 was significantly lower in the

Fig. 3. Reversal of CPFX-induced reduction of Sirt1 expression by probiotic microbes. (A) Detection of Sirt1 expression in normal model by Western blotting. Relative
Sirt1 band intensities are shown as ratios to β-actin. (B) Detection of Sirt1 expression in normal model by real-time PCR. Values are means ± SD (n= 6). (C)
Detection of Sirt1 expression in the infected model by Western blotting. Relative Sirt1 band intensities are shown as ratios to β-actin.*P < 0.05, **P < 0.01,
***P < 0.001.

Fig. 4. Reversal of CPFX-induced reduction of DBC1 expression by probiotic
microbes. DBC1 expression was detected in normal model by Western blotting.
Relative DBC1 band intensities are shown as ratios to β-actin. *P < 0.05,
**P < 0.01, ***P < 0.001.
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CP+BI group compared with the CP (P < 0.001) and CP+Sal
(P < 0.001) groups, while it was higher in the CP group compared
with the Sal (P < 0.001) group. These results showed that adminis-
tration of bifidobacteria after CPFX resulted in a more effective de-
crease of the DBC1 level.

3.5. Reversal of CPFX-induced oxidative stress by probiotic microbes

We detected oxidative damage (MDA) and anti-oxidative enzymes
(SOD) by biochemical assays in the normal and infected model. The
result showed that the level of SOD were significantly increased in the
CP+BI group compared with the CP and CP+Sal groups (Fig. 5A,
P < 0.05), and the level of MDA was significantly decreased in the
CP+BI group compared with the CP and CP+Sal groups (Fig. 5C,
P < 0.05). The same result showed that SOD in the EO+CP+BI
group were significantly increased than EO+CP+Sal group (Fig. 5B
P < 0.05), and MDA were decreased in the EO+CP+BI group
compared with EO+CP+ Sal groups (Fig. 5D P < 0.05). These re-
sults showed that administration of bifidobacteria after CPFX could
attenuate oxidative damage and significantly elevate anti-oxidative
enzymes.

3.6. Reversal of CPFX-induced NF-κB nuclear translocation by probiotic
microbes

We detected NF-κB transcription factor by western blotting analysis
of nuclear protein extracts of testes (Fig. 6A) and real-time PCR in the
normal model (Fig. 6B) These analyses showed consistently that the
level of NF-κB was significantly decreased in the CP+BI group com-
pared with the CP (P < 0.01) and CP+ Sal groups (P < 0.05), and it
was increased in the CP group compared with the Sal group
(P < 0.001).

We also detected NF-κB transcription factor by western blotting
analysis of nuclear protein extracts of testes in the infected model
(Fig. 6C). NF-κB levels in the EO+CP+BI group were significantly
decreased than EO+CP+Sal group (P < 0.05). NF-κB levels were
decreased in the EO+CP+ Sal group compared with EO groups
(P < 0.05).

These results showed that the level of NF-κB in nuclear increased in
the normal testicles of animals which received CPFX, but the level of
NF-κB in nuclear decreased in the infected testicles of animals which
received CPFX. Eventually, administration of bifidobacteria after CPFX
contributed to attenuated NF-κB protein levels in normal and infected
model.

3.7. Reversal of CPFX-induced increase of testicular inflammatory
cytokines and decrease of anti-inflammatory cytokines levels by probiotic
microbes

The levels of IL-1β, TNF-α, IL-10 and TGF-α were measured in the
testes by using xMAP technology in normal model (Fig. 7E, F, G, H). We
also detected IL-1β expression by Western blotting in normal and in-
fected model (Fig. 7A, B, C, D). IL-1β protein (Fig. 7A, C) were sig-
nificantly decreased in the CP+BI group compared with the CP and
CP+ Sal groups (P < 0.05), while they were increased in the CP group
compared with the Sal group (P < 0.001). IL-1β protein (Fig. 7B, D) in
the EO+CP+BI group were significantly decreased than
EO+CP+ Sal group (P < 0.05). IL-1β protein were decreased in the
EO+CP+ Sal group compared with EO groups (P < 0.05).

Levels of IL-1β and TNF-α were significantly decreased in the
CP+BI group compared with the CP and CP+Sal groups (Fig. 7E, F,
P < 0.05), while they were increased in the CP group compared with
the Sal group (P < 0.001). IL-10 and TGF-α levels were significantly
increased in the CP+BI group compared with the CP and CP+Sal
groups (Fig. 7G, H, P < 0.05), while they were decreased in the CP
group compared with the Sal group (P < 0.001). These results showed
that administration of bifidobacteria after CPFX could attenuate in-
flammatory cytokines and significantly elevate anti-inflammatory cy-
tokines.

4. Discussion

In this study, we used normal model and infected model to isolate
testicles and serum to assess the reversal of CPFX-induced variation in
testicular weight, the number of Leydig cells, testosterone and ster-
oidogenic enzymes by probiotic microbes. Our results consistent with

Fig. 5. Reversal of CPFX-induced oxidative stress by
probiotic microbes. (A) The total SOD activity was
detected in the normal model by biochemical assays.
(B) The total SOD activity was detected in the in-
fected model by biochemical assays. (C) The level of
MAD was detected in the normal model by bio-
chemical assays. (D) The level of MAD was detected
in the infected model by biochemical assays. Values
are means ± SD (n= 6). *P < 0.05, **P < 0.01,
***P < 0.001.
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those reported in the literature (Demir et al., 2007) showed that CPFX
treatment resulted in a marked testicular atrophy and reduction in the
number of Leydig cells. Probiotic microbes can reverse the variation in
testicular atrophy and the number of Leydig cell of these mice, and
enhance the levels of circulating testosterone and steroidogenic en-
zymes compared to their controls which received CPFX treatment. The
results suggested a gonadotoxic potential for CPFX, which is the first
time to show the reversal effect of probiotics on CPFX’s damage to
testicles. Probiotics that exert benefit in sufficient amounts are con-
sidered as a promising tool for reduction the risk of antibiotics asso-
ciated diarrhea (AAD), and meantime rebalance the gut microbiota
(GM) (Hempel et al., 2012), prevention age-related testicular atrophy
and male hypogonadism without the controversy and side-effect risks of
testosterone replacement therapy (Zobeiri et al., 2013). Our findings
are consistent with these studies of probiotics. However, the underlying
mechanism responsible for the reversal effect of probiotics on CPFX-
induced damage in Leydig cells is still to be determined. Similar testi-
cular health benefits were produced using systemic depletion of the
oxidative damage and pro-inflammatory cytokine, implicating a
chronic oxidative stress and inflammatory state in the reduction of
testosterone. Based on these observations, we propose a model whereby
probiotic bacteria modulate gastrointestinal microbiota resulting in
systemic effects on redox state and the immune system that activate
metabolic pathways that restore tissue homeostasis and overall health.

We investigated the recovery effect of probiotics on biomarkers of
oxidative stress and inflammation state due to ciprofloxacin-induced
reduction of testosterone in male mice. In the present study, cipro-
floxacin treatment produced high levels of oxidative damage, as evi-
denced by a significant elevation in MDA and a significant decrease in
SOD content. Lipid peroxidation is a significant determinant of the
degree of oxidative damage with MDA being one of the products as well
as an important marker of the process of the oxidative stress
(Valenzuela, 1991). Previous studies have reported fluoroquinolone-
induced increase in tissue MDA level and decrease in GSH content
(Pouzaud et al., 2006; Altinordulu and Eraslan, 2009). However, pro-
biotics induced a significant decrease in the MDA, efficiently improved
the ciprofloxacin-induced suppression of SOD activities and Sirt1 in our
study. These results are in consistence with previous reports that ad-
ministration of probiotics (300 g/day) for 6 weeks results in significant
increase in the activity of both erythrocyte SOD and GPx in type 2
diabetes mellitus (T2DM) patients (Ejtahed et al., 2012). As expected,
ciprofloxacin treatment resulted in significant testosterone reduction in
mice, and probiotics possessed protective effects on the ciprofloxacin-
induced testicular damage and testosterone reduction by inhibiting
oxidative stress.

Our findings showed that probiotics has significant effect in pre-
vention of ciprofloxacin-induced inflammatory state in testis tissue. The

results exhibited a significant increase in serum level of TNF-a, IL-1β,
NF-κB and accompanied by Sirt1 and anti-inflammatory cytokines de-
creased. Sirt1, a member of the silent information regulator (Sir2) fa-
mily, belongs to class III histone/protein deacetylases (HDACs) (Dai
et al., 2016). Sirt1 has been suggested to be involved in various cellular
processes, including gene silencing, glucose and lipid metabolism, stress
resistance and extension of life span in response to caloric restriction
(Xu et al., 2018; Ji et al., 2018; Liang et al., 2018). Sirt1 protein is much
more abundant in male testis, compared with other tissues, including
liver, skeletal and muscle tissues. DBC1 is a key physiological regulator
of Sirt1 activity, and the activation of Sirt1 during fasting previously
was described to be mediated by the dissociation of the Sirt1-DBC1
complex (Li et al., 2019). The regulation of Sirt1 by DBC1 may influ-
ence energy metabolism, aging and cancer cell biology, as well as exert
anti-inflammatory effects and protect from inflammatory stress. Inter-
estingly, the activity of SIRT1 was controlled by oxidative stress and the
increased levels of ROS. The balance between Sirt1 and ROS governs
inflammatory responses, oxidative state and autophagy (Salminen
et al., 2013). The present study showed that probiotics can significantly
inhibit the escalation of oxidative stress following ciprofloxacin ad-
ministration, and up-regulate Sirt1. SIRT1 can inhibit NF-κB signaling
that is a major inducer of inflammatory responses (Bai et al., 2018) and
also been reported to stimulate the expression of antioxidants to resist
oxidative stress (Yang et al., 2016). Sirt1 acted anti-inflammatory ef-
fects by the deacetylation of NF-kB, which is a central component of the
intracellular inflammatory response (Magni et al., 2018). Pro-in-
flammatory cytokines, such as TNF-α and IL-1β, have been proved to
inhibit testicular Leydig cell steroidogenesis at the level of expression of
steroidogenic enzymes (Leisegang and Henkel, 2018; Bornstein et al.,
2004; Tremellen et al., 2018). Probiotics can significantly inhibit the
level of pro-inflammatory cytokines TNF-a and IL-1β, and increase anti-
inflammatory cytokines IL-10 and TGF-α in our study. Several studies in
humans and mice have investigated probiotics to treat infectious dis-
ease and boost the immune system during antibiotic therapy (Mestre
et al., 2018; Lazar et al., 2018; Grandiosa et al., 2018). The results of
our study showed that the testis-protective, antiinflammatory and an-
tioxidation effects of probiotics largely resulted from its ability to de-
crease oxidative stress and preserve antioxidant activity by stabilizing
antioxidant defense systems, reducing Lipid peroxidation and de-
creasing pro-inflammatory factors. Therefore, in view of the critical role
of these above mediators in reducting testosterone, probiotics could
inhibit ciprofloxacin induced testis damage via amelioration of oxida-
tive stress and inflammatory response.
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