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The goal of our study is to evaluate the effect of Scutellarin on type II diabetes-induced testicular disorder and show themechanism
of Scutellarin’s action. We used streptozotocin and high-fat diet to establish type II diabetic rat model. TUNEL and haematoxylin
and eosin staining were used to evaluate the testicular apoptotic cells and morphologic changes. Immunohistochemical staining
was used to measure the expression level of vascular endothelial growth factor and blood vessel density in testes. Oxidative stress
in testes and epididymis was tested by fluorescence spectrophotometer and ELISA. The expression of Bcl-2/Bax and blood flow
rate in testicular vessels were measured by western blot and Doppler. Our results for the first time showed that hyperglycemia
induced apoptotic cells and morphologic impairments in testes of rats, while administration of Scutellarin can significantly inhibit
these damages.This effect of Scutellarin is controlled by two apoptotic triggers: ROS/Bcl-2/Bax and ROS/microcirculation/starving
pathway.

1. Introduction

Diabetes mellitus (DM) is one of the common metabolic
diseases characterized by hyperglycemia. Global prevalence
of DM was approximately 2.8% in 2000 and is estimated to
reach 4.4% in 2030 [1]. Sustained hyperglycemia can lead
to complications in multiple organs, such as neuropathy,
retinopathy, nephropathy, male impotency, and cardiovas-
cular diseases [2]. Several studies from experimental ani-
mals and the diabetic men demonstrated that sustained
hyperglycemia results in reproductive complications, as high
glucose possibly lead to oxidative stress and cell apoptosis,
which result in structure and functions impairments and
finally contribute to infertility [3]. Diabetes has been recently
diagnosed in younger persons and the age barrier has been

broken. Therefore, diabetes-induced reproductive dysfunc-
tion is emerging as a new and urgent challenge [4].

Increased oxidative stress in diabetes has been considered
to contribute to the damage of reproductive system [5].
Oxidative stress has been used to describe the disturbance
between the production of reactive oxygen species (ROS)
and the ability to detoxify reactive intermediates in biological
system [6]. Imbalance in the redox state of cells can increase
the level of free radicals and peroxides which can impair
the components of the cell, such as protein and DNA, and
result in toxic effects [7]. Recent study showed that increased
oxidative stress in diabetic rats induced damage of testicular
DNA, depletion of sperm cells, and delay of spermatogenesis,
resulting in infertility [8].
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DM leads to vascular complications, associating with the
appearance of macroangiopathy, microangiopathy, and dia-
betic thrombophilia in multiple organs [9]. Actually, studies
have demonstrated that diabetes can bring about oxidative
stress-induced microvascular complications [10]. Vascular
endothelial growth factor (VEGF), a signal protein that con-
trols angiogenesis and vasculogenesis, plays an important role
in diabetes-induced vasculopathy [11]. During the processes
of diabetes, dyslipidemia, hypertension, and damage of NO
synthesis occurred and decreased the blood flow rate in the
vessels, which can result in tissue hypoxia and unbalance
expression of VEGF [12], whereas little was known about the
change of testicular microcirculation and the role of VEGF in
diabetes.

Currently, insulin and oral hypoglycemic agents are com-
monly used for diabetes. Although big effort has been made
for controlling the blood glucose, the complication of dia-
betes is still the major reason to cause organ dysfunction and
death [13]. Thus, novel regimens are still needed to improve
complications of diabetes. The effect of agents especially on
alleviating reproductive complications in diabetes has been
rarely discussed.

Recent studies show that many natural products have
antidiabetic activity [14] and significant antioxidant capac-
ity [15]. Some of the natural products have been used as
alternative and complementary medicine for diabetes [16].
Scutellarin (40,5,6-trihydroxyflavone-7-glucuronide, linear
formula: C21H18O12, SCU) extracted from Erigeron bre-
viscapus (Vant.) is one of the flavone glycosides. Hand.-
Mazz. SCU Scheme 1 possesses antioxidant property and has
been proved to improve microcirculation [17]. Preclinical
data showed that SCU can ameliorate diabetic nephropathy
through reducing ROS generation [18] and reduce cardiomy-
ocyte apoptosis by upgrading the expression of proapoptotic
genes in Bcl-2 family [19]. Acute and toxicological study
showed that LD

50
value of SCU could not be measured,

and its maximum tolerance was 10 g/kg. Continuous oral
intake of SCU (100 and 500mg/kg) up to one month did
not lead to any death or organ damage in rats [20]. Because
of its satisfactory results , safety, and tolerance, SCU has
been widely utilized in treatment of diseases associated with
diabetes [21]. In this study, we first evaluated the effect of

SCU on improving testicular dysfunction and structure and
studied themechanisms of its actions using diabetic model in
rat.

2. Material and Method

2.1. Experimental Animal. All animal protocols were
approved by China Council on Animal care and Sun Yet-San
University Committee and have therefore been performed in
accordance with the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments. Adult male
Wistar rats (200 g–250 g; 6 weeks of age) were purchased
from animal facility of Sun Yat-Sen University and housed
in stainless steel cages. Rats were randomly divided into
three groups: control group (𝑛 = 8), diabetes group (𝑛 = 8),
and diabetes + SCU group (𝑛 = 8). Rats were fed under
controlled environment at 25±3∘C, humidity of 40–65% and
12 h light/dark cycle, and free access to food and drink water.
Normal food (Animal Facility of Sun Yat-Sen University,
Guangzhou, China) was given to the control group. High-fat
diet (HFD, Guangdong Medical Laboratory Animal Center,
Guangzhou, China), containing 30% fat, 15% protein, and
55% carbohydrate, was used in diabetes group and diabetes +
SCU group to induce insulin resistance. At week 8, a single
dose of streptozotocin (STZ, Sigma-Aldrich, MO, USA,
S0130; 65mg/Kg) dissolved in 0.1M citrate-phosphate buffer
was freshly prepared and intraperitoneally administered
into diabetes group and diabetes + SCU group to induce the
type II diabetes mellitus (HFD feeding was continued). The
same volume of 0.1M citrate-phosphate buffer was used as
vehicle control for control group.The rats with blood glucose
levels higher than 13mmol/L for three times were considered
as type II diabetes mellitus (T2DM). Blood obtained from
rat tail-vein was evaluated to determine the levels of blood
glucose using automated blood glucose analyzer (Roche,
Model GC, Switzerland). After one week of the injection
of STZ, rats in diabetes + SCU group were intragastrically
administrated with SCU (purity > 98.5%, Yunnan Plant
Pharmaceutical, Yunnan, China; 100mg/kg/day) dissolved
in a phosphate buffer (0.1M, pH 7.3 at 20mg/mL) every
day for 2 months. The dose of STZ and SCU was according
to previous published work [17, 22]. The same volume of
phosphate buffer was used as vehicle control for control
group and diabetes group. At week 16, all rats were sacrificed
with injection of chloral hydrate as anesthetic, and then
testes and epididymis were removed and weighed.

2.2. TUNEL Staining to Evaluate Apoptotic Cells. Apoptotic
cells in testicular were measured through TUNEL assay with
the In Situ Cell Death Detection Kit, POD (Roche, Basel,
Switzerland) following the manufacturer’s instructions. Tes-
ticular tissue was fixed in 4% paraformaldehyde, embedded
in paraffin, and then sectioned at 5 𝜇m. Briefly, slides were
dewaxed and rehydrated in xylene and ethanol followed by
incubation with proteinase K working solution at 37∘C for
20min. After rinsing with PBS, the samples reacted with
TUNEL reaction mixture (50 𝜇L) at 37∘C for 1 hour followed
by rinsing the slides with phosphate-buffered saline to stop
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the reaction. Apoptotic cells were analyzed by randomly
counting the TUNEL positive cells from sixty cross-sections
of seminiferous tubule/slide under the fluorescence micro-
scope at ×200 and ×400 magnification (Olympus, TH4-200,
Tokyo, Japan). Results were quantitative analysis as TUNEL
positive cells per 100 cells (Image-Pro Plus 6.0).

2.3. Haematoxylin and Eosin Staining. Five sections from
each group were cut consecutively from paraffin-embedded
block. After dewaxing in xylene and dehydrating in graded
concentrations of alcohol, sections were stained by haema-
toxylin and eosin (H&E) used to evaluate testicular mor-
phology. The results were observed under light microscope
at ×200 magnification.

2.4. Immunohistochemical Studies. Immunohistochemistry
was performed according to Sisman et al. [23] and the manu-
facturer’s instructions. The slides were prepared as described
in TUNEL assay, immersed in citrate buffer, and heated in
a microwave oven for 15min. Endogenous peroxidase was
blocked with 3%H

2
O
2
solution inmethanol for 20min. After

three times washing with TBS, the slides reacted with anti-
VEGF primary antibody (Abcam, Britain, dilution 1 : 200) or
anti-vWF primary antibody (Abcam, Britain, dilution 1 : 200)
and then reacted with anti-rabbit secondary antibody at 37∘C
for 30mins followed by three washes with PBS, respectively.
Diaminobenzidine (DAB Kit; Beijing Zhongshan Biotech-
nology Co., China) was used to visualize immunoreactive
proteins.The protein levels were detected using Polink-2 Plus
IHC Detection System (Beijing Zhongshan Biotechnology
Co., Beijing, China) after staining with diaminobenzidine
(DAB Kit; Beijing Zhongshan Biotechnology Co., China) to
visualize immunoreactive proteins following the manufac-
ture instruction. Diaminobenzidine (DAB) was added to the
slides for 3min as a chromogen. Followed by rinsing in run-
ning tap water, slides were counterstained with hematoxylin
(blue). Finally, slides were dehydrated in absolute ethanol
and mounted. All of them were observed under the light
microscope at ×200 magnification and ×400 magnification
(Olympus, Japan).

2.5. Evaluation Testicular Concentrations of ROS and Mal-
ondialdehyde (MDA). ROS were determined following the
method ofDriver et al. [24]. Testeswere taken from rats under
ethylether anaesthesia and were grinded by TubeMill control
(IKA, Germany). We diluted homogenates to 5mg tissue/mL
in ice-cold Locke’s buffer and then transferred samples into
24-well plates (0.45mL/well). All the samples were incubated
at room temperature for 10min. After that, 5𝜇L ofDCFH-DA
(10 𝜇M final concentration) was dropped into each sample.
During 15min incubation at room temperature, DCFH-
DA can incorporate into any membrane-bound vesicles and
esterases can cleave the diacetate group. At that time, 40 𝜇L of
the Fe2+ was put into the samples, which can transform the
DCFH to fluorescent product DCFmeasured by fluorescence
spectrophotometer (F-7000, Hitachi, Japan) with excitation
at 485 nm and emission at 530 nm.

The concentration of MDA was considered as a marker
of lipid peroxidation, which can reveal the oxidative damage
as a result of diabetes. Testes were removed from rats under
ethylether anaesthesia and were grinded by TubeMill control
(IKA, Germany). Homogenates were centrifuged at 4∘C,
10000 rpm for 10min. The supernatant was pipetted into 96-
well plates and used for the ELISA test. The whole blood
samples were taken from the abdominal vein of rats, and
then they were spun to get serum. We detected the MAD
level of testes and serum by Lipid Peroxidation (MDA)
Assay Kit (Abcam, ab118970; Cambridge, UK), following the
manufacturer’s instructions.

2.6. Doppler Measurement of Blood Flow in Testicular Vessels.
After anaesthesia by chloral hydrate, the testicular vascula-
ture was localized with a MS 400 probe (18–38MHz) for
color Doppler sonography (VisualSonics Vevo 2100, Toronto,
Canada) and Doppler waveforms were measured. The con-
trol steps were carried out following the manufacturer’s
instructions and previous published paper [25].The red color
indicated blood flow towards the transducer and the blue
color indicated blood flow away from the transducer. Color
imageswere shown in real time andDoppler spectral analyses
were done. At least three measurements from each recording
were carried out and themean of the three readings was taken
as the representative.

2.7. Western Blot Analysis. Testis samples were immersed
in lysed buffer and centrifuged at 13,000 rpm for 15min at
4∘C. Bicinchoninic Acid (BCA) Kit (Pierce, Rockford, IL,
USA) was used to measure the protein concentration in
the supernatants with steps according to the manufacturer’s
protocol. Total protein (50 𝜇g) was added to each lane
onto 10% SDS-polyacrylamide gels. After electrophoresis,
we used Tris-buffered saline containing 0.1% Tween-20 to
wash the polyvinylidene fluoride (PVDF) membranes (Mil-
lipore, Billerica, MA, USA) and then incubated them with
primary antibody: anti-Bcl-2 (diluted 1 : 1000, Cell Signaling
Technology, Beverly, MA, USA), anti-Bax (diluted 1 : 1000,
Cell Signaling Technology, Beverly, MA, USA), anti-vWF
(diluted 1 : 1000, Abcam, Britain), and anti-VEGF (diluted
1 : 1000, Abcam, Britain) at 4∘C overnight. Secondary anti-
body (1 : 5000, Pierce, Rockford, IL, USA) was added to the
membrane for 2-hour incubation. Protein was visualized
with Immobilon Western Chemiluminescent HRP Substrate
(Millipore, Millipore Corp., Bedford, USA). Band intensity
was quantified by densitometry using the Image J software
(National Institutes of Health, Bethesda, MD, USA).

2.8. Blood Sampling and Serum Lipid Level Parameters Analy-
sis. Blood samples (5mL) were taken from the inferior vena
cava before sacrifice at the week 16. Serum was spun at
1500 rpm for 30minutes and stored at−20∘Cuntil used.These
sera were sent to clinical laboratory of the First Affiliated
Hospital, Sun Yat-Sen University, analyzed for triglyceride
(TG), total cholesterol (TC), high density lipoprotein (HDL),
and low density lipoprotein (LDL).
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Figure 1: Body weights and serum glucose concentrations. STZ were administrated into diabetes group and diabetes + SCU group at week
8. One week later, diabetes + SCU group was daily administrated with SCU from week 9 to week 16. (a) Body weight and (b) glucose
concentration were measured as described in methods.

2.9. Statistical Analysis. The data were shown as the mean ±
standard deviation. Significant differences between the
groups were determined using a one-way ANOVA through
the SPSS 19.0 software. 𝑃 < 0.05 was considered statistically
significant.

3. Results

3.1. General Features in Experiment Rats. Body weights and
serum glucose of experimental rats were showed in Figure 1.
Body weights in all groups were increased until admin-
istration of STZ. After injection of STZ, body weights of
diabetes group and diabetes + SCUgroup showed a decreased
tendency. Diabetes + SCU group daily receiving SCU showed
a slower decreased tendency. Body weights in control group
were kept on growing. Serum glucose suddenly exceeded the
normal level in diabetes group and diabetes + SCU group
after STZ injection (Figure 1(b)). Serum glucose in diabetes
+ SCU group was lower than diabetes group, but there
were no statistically significant differences between them
(𝑃 > 0.05). The data of body weight and serum glucose
from week 1 to week 16 were present as mean ± SEM (see
Supplemental Table 1 of the SupplementaryMaterial available
online at http://dx.doi.org/10.1155/2015/252530).

The testicular weights and epididymal weights of rats
were presented in Table 1. Comparing with the control group,
decreased testicular weights and epididymal weights were
shown in the diabetes group (𝑃 ≤ 0.05). In the diabetes +
SCU group, both of these weights were heavier than those of
diabetes group (𝑃 ≤ 0.05).

3.2. Oxidative Impairments in Testes of Diabetic Rats. MDA
and ROS concentrations in testes, epididymis, and serum
were shown in Figure 2. Compared with control, obviously
higher concentrations ofMDAandROS in testes, epididymis,

Table 1: Testes weights and epididymal weights of experimental
animals.

Weight (g) Control group Diabetic group Diabetes +
SCU group

Testes 1.97 ± 0.30 1.32 ± 0.13∗ 1.70 ± 0.18†

Epididymis 0.56 ± 0.10 0.31 ± 0.09∗ 0.44 ± 0.08†
∗Significantly different from control group (𝑃 ≤ 0.05).
†Significantly different from diabetes group (𝑃 ≤ 0.05).
Values are expressed as mean ± standard error of the mean (SEM).

and serum were shown in diabetes group (𝑃 < 0.05). The
increased MDA and ROS can be effectively suppressed by
SCU, while concentrations of MDA and ROS have significant
difference between diabetes group and diabetes + SCU group
(𝑃 < 0.05).

3.3. SCU Treatment Reduced Testicular Apoptosis in Dia-
betic Rats. An obvious increasing of testicular apoptosis in
diabetic rats at 2 months after diabetes onset, measured
by TUNEL staining (Figures 3(a), 3(b), and 3(c)), was
found along with a significant increase in Bcl-2/Bax ratio
(Figure 3(e)). In the control group, only a few apoptotic
cells were present in testis (Figure 3(a)), but they obviously
increased in diabetic group (Figure 3(b)). SCU treatment
resulted in decrease of TUNEL-positive cells (Figure 3(c)),
though it was still larger than control group (𝑃 < 0.05;
Figure 3(c)). The apoptosis index was 3.7%, 21.9%, and
11.8% in control group, diabetes group, and diabetes + SCU
group, respectively (Figure 3(d)). We also used western blot
to confirm the antiapoptosis effects of SCU on testes of
diabetic rats (Figure 3(e)). Rats in diabetes group showed a
decreased expression of Bcl-2 and increased expression of
BAX, while SCU treatment led to increased expression of
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Figure 2: Oxidative stress measured as the concentration of MDA and ROS. MDA was measured to determine lipid peroxidation levels of
testes, epididymis, and serum (a) and fluorescent product DCF was measured to determine ROS levels of testes and epididymis (b). Data in
(a) and (b) are presented as means ± SEM (𝑛 = 8); ∗𝑃 ≤ 0.05, compared to control group; #𝑃 ≤ 0.05, compared to diabetes group.

Bcl-2 and decreased expression of BAX (Figure 3(e) with
quantifications of ratio of Bcl-2/BAX in Figure 3(f)). These
data are consistent with our TUNEL results that diabetes
induced testicular apoptosis, which can be alleviated by SCU
treatment.

3.4. Changes of TesticularMorphology. Control group showed
the normal testicular structure and regular seminiferous
tubular morphology with plenty germ cells and spermatozoa.
The blood vessel walls in the control group were thin
and smooth (Figure 4(a)). In the diabetes group, atrophic
seminiferous tubules with few germ cells and abnormal
spermatozoa were detected. The structures of seminiferous
tubules were disrupted. Also the thickness of blood vessel
walls were significantly increased (Figure 4(b)). Treatment
with SCU effectively increased the number of germ cells and
spermatozoa, but germ cells were still disordered with some
sloughing. Blood vessel walls were thinner than those in
diabetes group (Figure 4(c)).

3.5. SCU Treatment Protects against Microcirculatory Injury in
Diabetic Rats. The effect of SCU on improving the testicular
blood flow rate in diabetic rats was evaluated through ana-
lyzing the VTI. Color-coded Doppler ultrasound images of
testicular blood were easily visualized (Figure 5(a)). VTI was
decreased from 243.57mm/s in control group to 56.87mm/s
in diabetes group (𝑃 < 0.05). In the diabetes + SCU
group, VTI was obviously increased to 131.25mm/s (𝑃 <
0.05) (Figure 5(k)). Cytoplasmic staining in the photographs
indicated the expression of VEGF which is more prominent
in control group, compared to diabetes group (Figures 5(e)
and 5(f) with quantifications in Figure 5(l)). SCU treatment
brought about increasing expression of VEGF in testes of

diabetic rats, which weremeasured by immunohistochemical
staining and western blot (Figures 5(g), 5(l), 5(n), and 5(o))
Immunohistochemical staining and western blot indicated
that the testicular blood vessel density did not show any
differences in these three groups (Figures 5(h), 5(i), 5(j), and
5(n), with quantifications in Figures 5(m) and 5(p)).

4. Discussion

DM, a state of chronic hyperglycemia, is a serious global dis-
ease with multiple organ and system dysfunction, including
reproductive system [26]. Hyperglycemia-mediated apopto-
sis contributes to the damage of targeted organs [27, 28]. As
the downstream effectors of hyperglycemia, oxidative stress
and microcirculation impairment have been reported to play
major role in triggering hyperglycemia-induced apoptosis.
[17, 29]. Thus, the regimen that can both target oxidative
stress and improve microcirculation is a promising strategy
for prevention and treatment of diabetic complications,
including reproductive disorder.

In this study, we evaluated the effect of SCU, a traditional
herbal medicine, which has been shown to diminish oxida-
tive stress and improve microcirculation in some diabetic
complications [17], on hyperglycemia-induced apoptosis in
testes of STZ-induced diabetic rats. Data showed that STZ-
induced diabetic rats exhibited increased levels of oxidative
stress detected by higher levels of ROS and lipid peroxidation,
increased levels of apoptotic cells associated with upregula-
tion of proapoptotic Bax anddownregulation of antiapoptotic
Bcl-2 in testes, and increased levels of microcirculation
impairment demonstrated by decreased levels of blood flow
velocity and VEGF, whereas SCU significantly reversed those
hyperglycemia-induced actions. Our data, for the first time,
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Figure 3: Diabetes induces ROS production and lipid peroxidation with enhanced cellular apoptosis. (a)–(d) TUNEL staining of testes
sections from control, diabetes, and diabetes + SCU rats. TUNEL-positive cells (indicated by arrows) in representative images are shown
in (a), (b), and (c) (200x magnification and 400x magnification). Hoechst was used as cell nucleus staining. The % of apoptotic cells were
quantified in (d) and calculated following the formula Apoptosis index = apoptotic cells/(apoptotic cells + normal cells) (d). Data in (d) are
presented as means ± SEM, 3 fields per section and 5 sections from each testis. 𝑛 = 8 rat for each group, and analyzed by 𝑡-test. ∗Significantly
different from control group (𝑃 ≤ 0.05); #significantly different from diabetes group (𝑃 ≤ 0.05). (e) Western blot analysis was used to
determine the protein expression of Bcl-2 and Bax in testicular tissue. GAPDH was used as loading control. (f) The ratio of Bcl-2/Bax was
determined by quantitative evaluation of the protein expression of Bcl-2 and Bax using densitometry analyses. Samples were from three
individuals in each group. Data in (f) are presented as mean ± SEM. ∗Significantly different from control group (𝑃 ≤ 0.05); #significantly
different from diabetes group (𝑃 ≤ 0.05).
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Figure 4: H&E staining of testicular tissue changes. (a) H&E staining in control rats (200x), germ cells (green arrow), spermatozoa (blue
arrow), and blood vessel (black arrow) was indicated. (b) H&E staining in diabetic rat (200x). (c) H&E staining in diabetes + SCU rat (200x).

suggest that SCU is a potent agent for prevention and
treatment of diabetes-associated reproductive disorder.

STZ combined with HFD is a common way to induce
T2DM in rat. STZ induces inflation and degeneration of
Langerhans islets beta cells, leading to hyperglycemia [30].
Thus, hyperglycemia combined with body weight loss is the
common marker for a success in induction of diabetes [31].
Data in Figures 1(a) and 1(b) show the significant body weight
loss and increase in hyperglycemia level in diabetes group,
indicating a successful induction of T2DM in our study. Data
also show that SCU has effect on recovery of body weight loss
but has no effect on glucose levels, demonstrating that SCU
targets downstream effectors of hyperglycemia.

Body weight loss is a common symptom in STZ-induced
diabetic rats, which is combined with organ weight loss.
The reason for weight loss is that STZ possibly prevents the
secretion of testosterone and growth hormone, resulting in
disorder of anabolic activities [32]. Data in Table 1 show a
significant decrease in the weights of testes and epididymis in
diabetes group in comparison with control group, suggesting
that the weight loss of reproductive organs may be one of
the reasons to cause its dysfunction. Diabetes-inducedweight
loss of reproductive organs in male has been reported to
be induced by oxidative stress, leading to atrophy of sex
organs [33]. SCU totally reversed the weight loss of testes
and epididymis to control level (Table 1, P ≤ 0.05), suggesting
that downstream effector of hyperglycemia plays major role
in the weight loss of reproductive organs in diabetic rat.

In our study, ROS-induced apoptotic cell death and organ
atrophy may be the major factor for the organ weight loss.
It is noted that SCU totally reversed the weight loss of testes
and epididymis but only partially blocked body weight loss
(Figure 1(a)), suggesting that differentmechanisms are apply-
ing for body weight loss and organ weight loss, respectively,
in diabetes.

Growing evidence indicates that oxidative stress is
increased in diabetes due to overproduction of ROS and
decreased efficiency of antioxidant defences [34]. ROS, as an
effector of hyperglycemia, occurs very early during diabetes
development and plays major role in organ damage. ROS is
well known to be associated with male infertility [35]. High
level of ROS affects both sperm quality and function. The
dominant lethal-type mutation in male, a genetic alteration
in a gamete, can be induced under high oxidative stress,
which kills the conceptus early in development [36]. As
early as 5 days of STZ-induced rats, enhanced ROS and
lipid peroxidation can be measured in testes. Male-mediated
dominant lethal-type mutations, a genetic alteration in a
gamete, can be induced under high oxidative stress, which
kills the conceptus early in development [8]. ROS has been
reported to induce apoptosis of testicular germ cells, leading
to degeneration of testes and infertility in diabetic rats [37].

ROS-induced apoptosis is associated with ROS-induced
mitochondrial DNA damage, leading to activation of DNA
damage-mediated p53 signaling pathway, involving upregula-
tion of proapoptotic Bax anddownregulation of antiapoptotic
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Figure 6: Schematic diagram for the mechanism by which SCU
protects testicular damage in diabetic rat.

Bcl-2 in testes of diabetic rats [5]. Our data showed that
diabetes-induced obvious apoptotic morphological changes
(Figure 4) and increased TUNEL positive cells (Figure 3) of
testicular cells, as well as increased levels of proapoptotic Bax
and decreased levels of antiapoptotic Bcl-2 in testes, were
associated with increased levels of ROS and lipid peroxi-
dation (Figures 2(a) and 2(b)) in diabetes group (Figure 2),
suggesting that ROS induces apoptosis of testicular cells in
our diabetic mode.

Recent study showed that sulforaphane, a controller of
detoxification response, targeted antioxidative factor, Nrf2,
to inhibit diabetes-induced cell apoptosis pathway in testes
[38]. Actually, our research has a similar result that SCU,
an antioxidant, blocks both hyperglycemia-induced ROS and
apoptosis in testes further confirming that ROS contributes
to hyperglycemia-induced apoptosis in testes.

Although researches have proven that sulforaphane has
effect on suppressing oxidative stress and cell death, but
little evidence indicates that it can improve diabetes-induced
microcirculatory disturbance of testes [38, 39]. Microcircu-
latory disturbance is a common feature in diabetes, which
plays critical role in organ damage [40]. Blood flow velocity is
used to evaluate the change of bloodstream, which indicates
the microcirculatory situation of organs. The lower level of
blood flow velocity possibly results in lack of nutrients and
deoxygenation of organs [41], in which apoptosis is triggered
[42].

The mechanism underlying the blood flow abnormalities
possibly relates to oxidative-induced endothelial dysfunction,
leading to vasospasm and elevated blood viscosity [10].There
is no change of testicular blood vessel density in diabetic
group (Figure 6); therefore the low expression of VEGF
is manifested by endothelial dysfunction which can result
in microcirculatory impairment [12]. Increased ROS trig-
gers PARP/NF-𝜅B pathway, leading to vasospasm, enhanced
coagulation of platelet and blood, and ischemic episodes
[10, 43]. Thus, ROS induces apoptosis in diabetic organ via
at least two mechanisms (Figure 6): (i) ROS directly triggers
apoptosis via activation of ROS-mediated apoptotic signaling
pathways, such as p53/Bcl-2 pathway, and (ii) ROS indirectly

triggers apoptosis via microcirculatory disturbance, leading
to lack of nutrients in organs, in which starving apoptotic
pathway can be activated, such as mTOR pathway. Our data
clearly showed lower levels of blood flow velocity in diabetic
rats, suggesting that the testes lacked blood supply and the
cells were in starving condition. It will be interesting to know
if starving apoptotic pathway is involved in hyperglycemia-
induced apoptosis in testes. Future study will address this
issue.

SCU, a well-known polyphenolic flavonoid extracted
from the Chinese traditional herb, Fleabane Compositae,
Erigeron breviscapus, is the major effective ingredient of
breviscapine, which is widely used in the treatment of cardio-
vascular diseases [19]. It is also being used in the treatment
of cerebral ischemia and infantile acute viral myocarditis
[44, 45]. SCU exhibits antioxidant property which has been
studied for its protective effects on neuro [46], blood circula-
tion [47], and nephropathy [18]. SCU has been reported to be
effective in dilating blood vessels, increasing blood flow rate,
improving microcirculation and hemodynamics, decreasing
blood viscosity, and preventing platelet conglomeration [47,
48]. Due to its antioxidant property and its ability to improve
microcirculation, SCU has been studied for prevention and
treatment of diabetic complications, such as diabetes associ-
ated cardiovascular disease [19], diabetic nephropathy [18],
and diabetic retinopathy [49]. However, whether SCU can
prevent and treat diabetes associated productive disorder is
elusive.

Present study, for the first time, demonstrated that SCU
has the ability to block hyperglycemia-induced apoptosis,
ROS, and microcirculation impairment in testes of STZ-
induced diabetes rats. Since ROS are the major upstream
event of microcirculation impairment and germ cells apop-
tosis in diabetes, in this study we could not clarify if SCU
improves microcirculation via its antioxidant property, its
ability to directly improve microcirculation, or both. In
addition, we could not clarify if SCU blocks hyperglycemia-
induced apoptosis via other mechanisms than ROS, such as
its direct effect on improvingmicrocirculation. Further study
is needed to better understand the mechanisms of SCU’s
actions and try to answer the question: is SCU better than
other antioxidants in improving diabetes associated repro-
ductive disorder? Recent study showed that sulforaphane also
can protect against T2DM-induced testicular apoptosis [39].
In the future, we can compare the effect between sulforaphane
and SCU in protecting against T2DM-induced reproductive
problems.

5. Conclusion

Taken together, our data suggest that SCU possesses the
potential to reverse diabetes associated male reproductive
disorder, providing first in vivo evidence to support further
clinic study to use SCUas a nontoxic drug to prevent and treat
diabetes-mediated reproductive disorder. Data also suggest
that targeting ROS is one of the mechanisms whereby SCU
blocks hyperglycemia diabetes-induced apoptosis of germ
cells and improves hyperglycemia-induced microcirculation
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impairment in testes. Further clinic study is needed to verify
the SCU’s action.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Authors’ Contribution

Lingli Long and Jingnan Wang contributed equally to this
work.

Acknowledgments

The authors thankWeiping Yu (University of Texas at Austin,
USA) for her comments on the paper. This work was
supported by grants from the National Natural Youth Fund
of China (81100470).

References

[1] S. Wild, G. Roglic, A. Green, R. Sicree, and H. King, “Global
prevalence of diabetes–estimates for the year 2000 and projec-
tions for 2030,”Diabetes Care, vol. 27, no. 5, pp. 1047–1053, 2004.

[2] L. Y.Melendez-Ramirez, R. J. Richards, andW. T. Cefalu, “Com-
plications of type 1 diabetes,” Endocrinology and Metabolism
Clinics of North America, vol. 39, no. 3, pp. 625–640, 2010.

[3] L. Cai, S. L. Chen, T. Evans, D. X. Deng, K. Mukherjee,
and S. Chakrabarti, “Apoptotic germ-cell death and testicular
damage in experimental diabetes: prevention by endothelin
antagonism,” Urological Research, vol. 28, no. 5, pp. 342–347,
2000.

[4] G. C. Jain and R. N. Jangir, “Modulation of diabetes-mellitus-
induced male reproductive dysfunctions in experimental ani-
mal models with medicinal plants,” Pharmacognosy Reviews,
vol. 8, no. 16, pp. 113–121, 2014.

[5] Y. G. Zhao, Y. Tan, J. Y. Dai et al., “Exacerbation of diabetes-
induced testicular apoptosis by zinc deficiency is most likely
associated with oxidative stress, p38 MAPK activation, and p53
activation in mice,” Toxicology Letters, vol. 200, no. 1-2, pp. 100–
106, 2011.

[6] A. Ramond, D. Godin-Ribuot, C. Ribuot et al., “Oxidative stress
mediates cardiac infarction aggravation induced by intermittent
hypoxia,” Fundamental andClinical Pharmacology, vol. 27, no. 3,
pp. 252–261, 2013.

[7] M. D. Evans and M. S. Cooke, “Factors contributing to the
outcome of oxidative damage to nucleic acids,” BioEssays, vol.
26, no. 5, pp. 533–542, 2004.

[8] B. Shrilatha, “Early oxidative stress in testis and epididymal
sperm in streptozotocin-induced diabetic mice: its progression
and genotoxic consequences,” Reproductive Toxicology, vol. 23,
no. 4, pp. 578–587, 2007.

[9] B. Basha, S. M. Samuel, C. R. Triggle, and H. Ding, “Endothelial
dysfunction in diabetes mellitus: possible involvement of endo-
plasmic reticulum stress?” Experimental Diabetes Research, vol.
2012, Article ID 481840, 14 pages, 2012.

[10] F. Garcia Soriano, L. Virág, P. Jagtap et al., “Diabetic endothelial
dysfunction: the role of poly(ADP-ribose) polymerase activa-
tion,” Nature Medicine, vol. 7, no. 1, pp. 108–113, 2001.

[11] M. E. Cooper, D. Vranes, S. Youssef et al., “Increased renal
expression of vascular endothelial growth factor (VEGF) and
its receptor VEGFR-2 in experimental diabetes,” Diabetes, vol.
48, no. 11, pp. 2229–2239, 1999.

[12] B. Ruszkowska-Ciastek, A. Sokup, M. W. Socha et al., “A
preliminary evaluation of VEGF-A, VEGFR1 and VEGFR2 in
patients with well-controlled type 2 diabetes mellitus,” Journal
of Zhejiang University. Science B, vol. 15, no. 6, pp. 575–581, 2014.

[13] S. M. Grundy, “Diabetes and coronary risk equivalency—what
does it mean?” Diabetes Care, vol. 29, no. 2, pp. 457–460, 2006.

[14] U. Ketsawatsakul, M. Whiteman, and B. Halliwell, “A reevalu-
ation of the peroxynitrite scavenging activity of some dietary
phenolics,” Biochemical and Biophysical Research Communica-
tions, vol. 279, no. 2, pp. 692–699, 2000.

[15] S. Y. Tang, M. Whiteman, Z. F. Peng, A. Jenner, E. L. Yong, and
B. Halliwell, “Characterization of antioxidant and antiglycation
properties and isolation of active ingredients from traditional
chinese medicines,” Free Radical Biology and Medicine, vol. 36,
no. 12, pp. 1575–1587, 2004.

[16] B. Halliwell, “Role of free radicals in the neurodegenerative
diseases: therapeutic implications for antioxidant treatment,”
Drugs & Aging, vol. 18, no. 9, pp. 685–716, 2001.

[17] V. Y. Waisundara, A. Hsu, D. Huang, and B. K.-H. Tan,
“Scutellaria baicalensis: enhances the anti-diabetic activity of
metformin in streptozotocin-induced diabetic Wistar rats,”The
American Journal of Chinese Medicine, vol. 36, no. 3, pp. 517–
540, 2008.

[18] X.-X. Xu, W. Zhang, P. Zhang, X.-M. Qi, Y.-G. Wu, and J.-J.
Shen, “Superior renoprotective effects of the combination of
breviscapine with enalapril and its mechanism in diabetic rats,”
Phytomedicine, vol. 20, no. 10, pp. 820–827, 2013.

[19] M. Wang, W.-B. Zhang, J.-H. Zhu, G.-S. Fu, and B.-Q. Zhou,
“Breviscapine ameliorates cardiac dysfunction and regulates the
myocardial Ca2+-cycling proteins in streptozotocin-induced
diabetic rats,” Acta Diabetologica, vol. 47, no. 1, pp. S209–S218,
2010.

[20] X. R. Li, L. J. Wang, Y. H. Li, L. Bai, and M. Xue, “Acute
and subacute toxicological evaluation of scutellarin in rodents,”
Regulatory Toxicology and Pharmacology, vol. 60, no. 1, pp. 106–
111, 2011.

[21] J. A. Ross and C.M. Kasum, “Dietary flavonoids: bioavailability,
metabolic effects, and safety,” Annual Review of Nutrition, vol.
22, pp. 19–34, 2002.

[22] Y. Su, W. Liu, L. Ma, X. Liu, Z. Liu, and B. Zhu, “Scutellarin
inhibits translocation of protein kinase C in diabetic thoracic
aorta of the rat,” Clinical and Experimental Pharmacology and
Physiology, vol. 39, no. 2, pp. 136–140, 2012.

[23] A. R. Sisman, M. Kiray, U. M. Camsari et al., “Potential novel
biomarkers for diabetic testicular damage in streptozotocin-
induced diabetic rats: nerve growth factor beta and vascular
endothelial growth factor,” Disease Markers, vol. 2014, Article
ID 108106, 7 pages, 2014.

[24] A. S. Driver, P. R. S. Kodavanti, and W. R. Mundy, “Age-related
changes in reactive oxygen species production in rat brain
homogenates,”Neurotoxicology andTeratology, vol. 22, no. 2, pp.
175–181, 2000.

[25] M. A. Pozor and S. M. McDonnell, “Color Doppler ultrasound
evaluation of testicular blood flow in stallions,”Theriogenology,
vol. 61, no. 5, pp. 799–810, 2004.

[26] G. Gaunay, H. M. Nagler, and D. S. Stember, “Reproductive
sequelae of diabetes in male patients,” Endocrinology and



Journal of Diabetes Research 11

Metabolism Clinics of North America, vol. 42, no. 4, pp. 899–914,
2013.

[27] P. E. Jennersjo, M. Wijkman, A. B. Wirehn et al., “Circadian
blood pressure variation in patients with type 2 diabetes—
relationship between dipper status and early cardiovascular
organ damage,” Diabetologia, vol. 52, p. S430, 2009.

[28] A. Adler, “Obesity and target organ damage: diabetes,” Interna-
tional Journal of Obesity, vol. 26, no. 4, pp. S11–S14, 2002.

[29] UK Prospective Diabetes Study Group, “Tight blood pressure
control and risk of macrovascular and microvascular compli-
cations in type 2 diabetes: UKPDS 38,” British Medical Journal,
vol. 317, p. 703, 1998.

[30] K. Ikebukuro, Y. Adachi, Y. Yamada et al., “Treatment of
streptozotocin-induced diabetes mellitus by transplantation of
islet cells plus bone marrow cells via portal vein in rats,”
Transplantation, vol. 73, no. 4, pp. 512–518, 2002.

[31] S. Amaral, A. J. Moreno, M. S. Santos, R. Seiça, and J. Ramalho-
Santos, “Effects of hyperglycemia on sperm and testicular cells
of Goto-Kakizaki and streptozotocin-treated rat models for
diabetes,”Theriogenology, vol. 66, no. 9, pp. 2056–2067, 2006.

[32] S. Soudamani, S. Yuvaraj, T. Malini, and K. Balasubramanian,
“Experimental diabetes has adverse effects on the differentiation
of ventral prostate during sexual maturation of rats,” The
Anatomical Record Part A: Discoveries in Molecular, Cellular,
and Evolutionary Biology, vol. 287, no. 2, pp. 1281–1289, 2005.

[33] L. Navarro-Casado, M. A. Juncos-Tobarra, M. Cháfer-Rudilla,
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