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Abstract. The effects of puerarin on electroretinogram, 
oxidative stress and STAT3 expression were determined, in 
diabetic rat retina and serum. Forty Sprague-Dawley rats 
were randomly divided into the normal control (NC), the 
diabetic model (DM), the low dose (250 mg/kg) puerarin 
(LP) or the high dose (500 mg/kg) puerarin group (HP). A 
diabetic rat model was induced by streptozotocin and animals 
were continuously treated for 4 weeks; fasting blood glucose 
was measured at 2 and 4 weeks after modeling. An electro-
retinogram and serum and tissue levels of glucose, insulin, 
superoxide dismutase (SOD), malondialdehyde (MDA) and 
total antioxidant capacity (T-AOC) were measured; real-time 
PCR and ELISA were used to determine STAT3 mRNA 
and protein expression, respectively, from the retina. The 
blood glucose and insulin levels in the puerarin groups were 
significantly lower and higher, respectively than that in the 
DM group. The amplitude of b-wave of electroretinogram in 
the DM and the LP groups was significantly lower than that 
in the NC group; in the LP and HP groups it was significantly 
higher than the DM group. The serum and retinal tissue 
activity of SOD and MDA was significantly lower and higher, 
respectively, in the DM group compared to the NC group; both 
the LP and HP groups had significantly higher SOD and lower 
MDA than the DM group. The levels of STAT3 mRNA and 
protein levels in the DM, LP and HP groups were significantly 
higher than the NC group; and levels of STAT3 mRNA and 
protein expression were significantly lower in the LP and HP 
groups than the DM group. In summary, puerarin can reduce 
the oxidative stress damage of the retina, and its mechanism is 
related to the inhibition of STAT3 expression.

Introduction

Diabetic retinopathy (DR), is a major complication of retinal 
vascular disease in patients with diabetes mellitus, which 
can result in blindness (1). Epidemiological studies have 
reported that approximately 250 million people worldwide 
suffer from diabetes; in rural areas of China, approximately 
43% of patients have varying degrees of DR, of which 6.3% 
suffer from severe visual impairment (2). In the US popula-
tion, approximately 86% of patients with type 1 diabetes and 
40% of patients with type 2 diabetes have varying degrees of 
DR (3,4). A high serum glucose state can cause damage to 
the retina, retinal capillary cell inflammation, oxidative stress 
and other reactions leading to abnormal capillary function, 
ischemia and eventual angiogenesis (1,5).

Signal transducer and activator of transcription 3 (STAT3), 
is one of the members of a family of signal transducers and 
activators of transcription, that function by regulating cell 
growth, differentiation and angiogenesis and participates 
in the pathogenesis of DR (6). Given the sizeable number of 
patients with diabetes and the prevalence of DR, other than 
actively controlling serum glucose levels, there is no effective 
treatment that can reverse DR progression (7). Pueraria is a 
leguminous perennial plant, which contains both starch and 
flavonoids. The highest amount of the active flavonoid ingre-
dient is puerarin; which has lipid-lowering, anti-oxidation, 
oxygen free radical scavenging and other pharmacological 
effects (8). Puerarin, has been shown to be effective in the 
treatment of cerebral ischemia (9), angina, myocardial infarc-
tion (10) and other ischemic diseases. In recent years, many 
studies have reported (11,12) that puerarin has a positive effect 
in the treatment of diabetes and its complications. Therefore, 
in this study, a diabetic mouse model was induced by strepto-
zotocin (STZ), and the protective effect of puerarin on DR was 
observed by measuring changes of blood glucose, oxidative 
stress and STAT3 expression; its mechanism of action was also 
studied for future potential clinical application of puerarin.

Materials and methods

Forty specific pathogen free (SPF)-grade Sprague-Dawley 
rats of 8-10 weeks of age, half male and half female, 
weight 200-220 g, were purchased from the Shanghai Lake 
Experimental Animal Center [license number: SCXK 
(Shanghai) 2012-0002]. Each animal with a normal fundus 
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examination was randomly divided into 4 groups (10 per 
group); normal control (NC), diabetes model (DM), low dose 
puerarin (LP) and high dose puerarin group (HP). All rats 
were housed in the SPF system and were fed a normal diet. 
Streptozotocin (STZ) (Sigma-Aldrich, St. Louis, MO, USA) 
induction was used to establish the diabetic rat model. Rats 
were fasted for 12 h before modeling, and STZ [10 g/l solution 
with 0.1 mmol/LPBS buffer (pH 4.5)] was injected intra-
peritoneally at a dosage of 60 mg/kg. Seventy-two hours after 
injection, tail vein blood was collected for rapid blood glucose 
determination (if the tail vein blood glucose for rapid/l, the 
modeling was determined successful). After successful 
modeling, rats from each group were given intragastric admin-
istration once a day for 4 weeks; the NC and DM groups were 
given sterile normal saline (10 ml/kg), the LP group was given 
250 mg/kg puerarin (Beijing Sihuan Pharmaceutical Co., Ltd., 
Beijing, China; Chinese medicine H20055195); and the HP 
group was given 500 mg/kg puerarin (13). At the end of the 
second and fourth week of intragastric administration, tail 
vein blood glucose was determined. The study was approved 
by the Ethics Committee of the Eye Hospital of Wenzhou 
Medical University.

The determination of electroretinogram (visual elec-
trophysiological detector; Chongqing Kanghua Co., Ltd., 
Chongqing, China)] was performed before modeling and at 
4 weeks before sacrifice. Rats were subjected to dark adapta-
tion for 30 min and were anesthetized with intraperitoneally 
injected 3% pentobarbital sodium (40 mg/kg) followed by 
0.5% of tropicamide/phenylephrine for ocular dilation. A 
ground electrode was connected to the tip of the ear skin, and 
the reference electrode was connected to the midpoint of the 
eyes subcutaneously. Then, white light shined for 200 ms, at an 
intensity of 10 cds/m2, and the b-wave amplitude was recorded 
when the strongest reaction of the eyes was detected.

Prior to sacrifice, and after electroretinogram determina-
tion, abdominal aorta blood was drawn, and centrifuged to 
isolate serum that was stored at -80˚C for later determination 
of serum insulin, superoxide dismutase (SOD), malondialde-
hyde (MDA), and total anti-oxidation capacity (T-AOC) [using 
a kit (Nanjing Institute of Bioengineering, Nanjing, China)]. 
Both bulbus oculi were removed and placed in ice saline. 
Under the surgical microscope (Suzhou Liuliu vision Co., Ltd., 
Suzhou, China), both sides of retinal tissues were separated 
and stored at -80˚C; one side was used for the determination 
of SOD, MDA and T-AOC, and the other side was used for the 
determination of STAT3 expression.

SOD, MDA, T-AOC and insulin in each group was deter-
mined from serum from each rat using appropriate kits and 
the manufacturer's protocol. The level of SOD was measured 

at 550 nm, level of MDA was measured at 532 nm, and the 
level of T-AOC was measured at 520 nm by continuous 
wavelength multi-functional microplate reader (Continuous 
wavelength multifunctional microplate reader; Tecan Austria 
GmbH, Grödig, Austria). The determination of insulin (insulin 
ELISA kit; ALPCO, Salem, NH, USA) was determined per 
the kit protocol, and continuous wavelength multi-functional 
microplate reader was used to measure OD value; a standard 
curve was generated and insulin concentration was calculated.

Determination of the levels of SOD, MDA and T-AOC in 
retinal tissue homogenate of each group were determine. After 
the retinal tissue was weighed, normal ice saline was added 
at a ratio of 1:99, and the supernatant was collected after the 
homogenate was centrifuged. The ingredients were added 
according to the SOD, MDA and T-AOC assay kits and the 
specific determination method was the same as the one for 
serum.

Extraction of retinal RNA, and the reverse transcription 
(reverse transcription kit; Toyobo Co., Ltd., Tokyo, Japan) of 
retinal tissue was performed; an appropriate amount of TRIzol 
reagent (Takara Bio, Shiga, Japan) was added to extract total 
RNA. Ultraviolet spectrophotometer (ultrasonic ultraviolet 
spectrophotometer; Thermo Fisher Scientific, Waltham, MA, 
USA) was used to determine RNA concentration and purity. 
RNA underwent reverse transcription as follows: 2 µg of 
RNA underwent heat denaturation for 5 min at 65˚C, and 
then immediately put on ice for cooling; then 4 µl of 5X RT 
Master Mix was added, followed by DEPC treated water to 
reach a total volume of 20 µl with reaction parameters were 
37˚C 15 min, 52˚C 5 min, 98˚C 5 min. Real-time PCR was 
used to determination retinal STAT3 mRNA expression. The 
reaction system was as follows: 2 µl cDNA, 0.5 µl upstream 
and downstream primers (Table I for STAT3 and GAPDH 
primer sequences) and 12.5 µl 2X SYBR-Green PCR Master 
Mix (SYBR-Green PCR Master Mix; Takara Bio) and 
ultrapure water was added to reach a total volume of 25 µl. 
Samples were analyzed a by real-time fluorescence quantita-
tive PCR machine (real-time fluorescence quantitative PCR; 
Eppendorf, Hamburg, Germany); reaction parameters were as 
follows: 95˚C for 30 sec, 95˚C for 5 sec, and 60˚C for 30 sec 
for 40 cycles, and the amplification curves and Ct values for 
each reaction were read [GAPDH (GAPDH primer; Shanghai 
Biomedical Engineering Co., Ltd., Shanghai, China) was used 
as the reference, the relative quantification 2-∆∆Ct method was 
used to compare the expression of each gene].

ELISA detection of retinal STAT3 protein was performed 
using a kit (STAT3 ELISA kit; R&D Systems, Minneapolis, 
MN, USA), according to the manufacturer's protocol. To an 
appropriate amount of retina by weight was added normal 

Table I. Primer sequences.

Gene Length (bp) Primer sequence

STAT3 112 Forward: 5'-CACCTTGGATTGAGAGTCAAGAC-3'
  Reverse: 5'-AGGAATCGGCTATATTGCTGGT-3'
GAPDH 95 Forward: 5'-AGGTCGGTGTGAACGGATTTG-3'
  Reverse: 5'-GGGGTCGTTGATGGCAACA-3'
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saline for homogenization; samples were centrifuged and the 
supernatant separated for ELISA. The OD value was measured 
by a continuous wavelength multifunctional microplate reader, 
a standard curve was drawn and the STAT3 protein content of 
each sample was calculated.

Results were statistically compared and shown as 
mean ± SD, using the SPSS 20.0 statistical software (IBM, 
Armonk, NY, USA). An independent sample t-test was used 
for comparison between two groups, and one-way ANOVA 
was used to compare between multiple groups. P<0.05 was 
used as the threshold to determine statistical significance.

Results

After STZ induction, the levels of blood glucose and insulin 
(Figs. 1 and 2) in the DM, LP and HP groups were significantly 
higher than those in the NC group (P<0.01). The blood glucose 
in the puerarin group was significantly lower than that in the 
DM group (P<0.01), and the insulin level was significantly 
higher, especially in the HP group (P<0.05).

There was no significant difference in b-wave amplitude 
of electroretinogram (Table II) between the groups before 
modeling (P>0.05). After treatment, the amplitude of b-wave 
of electroretinogram in the DM and LP groups were signifi-
cantly lower than that in the NC group (P<0.01). Compared to 

the DM group, the amplitude of b-wave of electroretinogram 
in the LP and HP groups was significantly higher (P<0.05), 
where the HP group showed a level close to normal (P>0.05). 

The serum levels of SOD, MDA and T-AOC levels in rats 
were compared (Table III). The activity of SOD in the DM 
and LP groups was significantly lower than that in the NC 
group (P<0.01). The MDA content was significantly higher 
than that in the NC group (P<0.01). The SOD activity in the 
LP and HP groups was significantly higher than in the DM 
group (P<0.01), and the MDA level in those two groups was 
significantly lower than in the DM group (P<0.05). There was 
no significant difference between the HP group and the NC 
group (P>0.05). There was no significant difference in the 
serum T-AOC level among the groups (P>0.05).

The SOD, MDA and T-AOC levels in rat retinal tissues 
were compared (Table IV). The activity of SOD in the DM and 

Figure 1. Comparison of blood glucose levels in each group. Compared with 
the NC group, blood glucose was significantly increased in DM, LP and HP 
groups at 2 and 4 weeks after modeling, but was significantly lower in HP 
group than in DM group. (Compared with NC group, **P<0.01; compared 
with DM group, ##P<0.01).

Figure 2. Comparison of insulin levels in each group. Compared with the NC 
group, DM, LP and HP groups showed significantly reduced insulin levels; in 
the LP and HP groups the insulin levels were significantly higher than that in 
the DM group. (Compared with the NC group, **P<0.01; compared with the 
DM group, #P<0.05, ##P<0.01).

Table II. The comparison of b-wave amplitude of rat electro-
retinogram (mean ± SD, µV).

Group Before modeling After treatment

NC 183.24±16.10 178.73±19.21
DM 176.19±19.21 124.04±21.98a

LP 175.66±21.53 147.56±18.26a,b

HP 186.08±18.45 163.30±22.15c

Compared with NC group, aP<0.01; compared with DM group, 
bP<0.05, cP<0.01.

Table III. Comparison of serum SOD, MDA and T-AOC levels 
in rats (mean ± SD).

Group SOD (U/ml) MDA (µmol/l) T-AOC (U/ml)

NC 124.07±12.13 18.02±3.28 14.54±1.86
DM 83.22±10.25a 27.10±2.09a 12.48±1.67
LP 98.91±9.38a,c 24.63±1.96a,b 13.79±2.00
HP 115.60±11.25c 20.79±2.55c 12.93±1.58

Compared with NC group, aP<0.01; compared with DM group, 
bP<0.05, cP<0.01.

Table IV. Comparison of SOD, MDA and T-AOC levels in rat 
retinal tissues (mean ± SD).

Group SOD (U/mg) MDA(µmol/g) T-AOC (U/mg)

NC 159.20±13.27 5.57±0.66 2.46±0.41
DM 117.36±14.13a 9.20±1.00a 1.82±0.33a

LP 135.78±12.08a,c 7.61±0.87a,c 1.95±0.37
HP 147.60±13.46c 6.43±1.12c 2.29±0.32b

Compared with NC group, aP<0.01; compared with DM group, 
bP<0.05, cP<0.01.
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LP groups was significantly lower than that in the NC group 
(P<0.01), but the MDA content was significantly higher than 
that in the NC group (P<0.01); the activity of SOD in the LP 
and HP groups was significantly higher than in the DM group 
(P<0.01) but the MDA level was significantly lower than in the 
DM group. There was no significant difference between the 
HP group and the NC group (P>0.05). The T-AOC in retina 
tissues in the DM group was significantly lower than that in the 
NC group (P<0.01). Retinal T-AOC was significantly higher in 
the HP group than in the DM group (P<0.05), while the effect 
of low-dose puerarin did not achieve statistical significance.

The level of STAT3 mRNA in rat retinal tissue between 
groups was compared (Fig. 3). Compared with the NC group, 
STAT3 mRNA levels in the DM, LP and HP groups were 
significantly higher (P<0.01). Compared with the DM group, 
STAT3 mRNA levels in the LP and HP groups were signifi-
cantly lower (P<0.01). The protein level of STAT3 in rat retinal 
tissue was compared (Fig. 4). Compared with the control 
group, the STAT3 protein levels in the DM, LP and HP groups 
were significantly higher (P<0.01).

Discussion

As the incidence of type 2 diabetes continues to increase, so 
does the complication of DR. Due to an abnormal sustained 
high serum glucose state, a proliferation in both vascular 
smooth muscle cells and endothelial cells occurs, along with an 

increase in vascular permeability. The high glucose state also 
activates the body's stress and inflammatory responses that 
can further cause ganglion cell damage and apoptosis (14,15). 
DR, as a complication from diabetes, is a small vessel disease. 
The current understanding of the pathogenesis of DR is due 
to a large number of glycosylated products deposited in the 
retinal capillaries, basement membrane and peripheral cells, 
that cause retinal inflammation and oxidative stress response, 
resulting in platelets chemotaxis. Leukocytes and platelet 
aggregation occurs in the retinal localized vessels, eventually 
leading to retinal vascular occlusion (16). Subsequent inflam-
mation and oxidative stress are key to the occurrence and 
development of DR (17). The sustained high serum glucose 
state can inhibit the antioxidant system in vivo, causing the 
antioxidant enzymes to glycosylate, antioxidant enzyme (e.g. 
catalase, SOD) activity to decrease resulting in a weakened 
system for of free radical scavenging (18). This study also 
confirmed that the serum and retinal tissue of DM rats showed 
lower SOD and T-AOC levels, lipid peroxidation product 
(MDA) accumulation and severe oxidative stress in the body.

Its mechanism puerarin in the modulation of diabetes and 
DR includes a hypoglycemic effect, improvement of insulin 
resistance, decreased oxidative stress, promotion of retinal 
microcirculation, improvement of blood rheology, inhibition of 
platelet aggregation, and reduction in plasma viscosity, thereby 
inhibiting thrombosis (19). Concurrently, puerarin can improve 
the microcirculation in retinal tissue, reduce the expression of 
inflammatory mediators during retinal damage, and, therefore, 
protect the retina ultrastructure (8,20). Chen et al (21) found 
that puerarin can increase the activity of SOD in serum and 
retinal tissue of DM rats, increase the levels of glutathione 
peroxidase, catalase and nitric oxide, decrease the level of 
MDA in DM rats, and improve the animal's antioxidant 
capacity. Results from this investigation, also observed that 
puerarin can reduce blood glucose in DM rats, increase insulin 
levels, increase serum and retinal SOD activity in DM rats, 
improve retinal T-AOC content, and reduce MDA in serum 
and retinal tissue (more so with the higher dose used). These 
results suggest that puerarin can enhance the antioxidant 
capacity of the retina, and thus play a protective role for visual 
function.

The electroretinogram b-wave originates from the outer 
layer of the retina, and its changes can reflect the functional 
status of the retinal neurons downstream from the retinal 
ganglion (22). An animal study found that (22), using the 
STZ-induced DM rat model, b-wave amplitude started 
decreasing 2 weeks after modeling. Results from this investi-
gation also observed that 4 weeks after the modeling, DM rats 
showed a significant decrease in b-wave amplitude, indicating 
early retinal nerve cell damage. After puerarin intervention, 
the amplitude of retinal b-wave was significantly higher than 
that of DM group, suggesting that puerarin had a protective 
effect on the retinal neurons.

STAT3 is a DNA-binding cytoplasmic transcription factor 
that is involved in nuclear translocation phosphorylation, and 
is widely expressed in the retina and other tissues (23). STAT3 
is activated by dimerization or targeted phosphorylation, and 
then participates in signaling pathways such as the JAK/STAT 
signaling pathway (23) which is involved in a series of biological 
functional roles (6). STAT3 is also involved in the occurrence 

Figure 3. Compared with NC group, STAT3 mRNA levels in DM, LP and 
HP groups were significantly higher. Compared with the DM group, STAT3 
mRNA levels in LP and HP groups were significantly lower. (Compared with 
NC group, **P<0.01; compared with DM group, ##P<0.01).

Figure 4. Compared with the control group, the STAT3 protein levels in DM, 
LP and HP groups were significantly higher. Compared with DM group, 
the STAT3 protein levels in LP and HP groups were significantly lower. 
(Compared with NC group, **P<0.01; compared with DM group, ##P<0.01).
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and development of DR. Joussen et al (24) found that in early 
DM rat retina, STAT3 increased after the first day, reached the 
peak after 1 week and decreased gradually in following weeks. 
One explanation that DR causes visual impairment is that due 
to the increase in retinal capillary permeability, which leads 
to inflammation and retinal edema, ultimately causing visual 
impairment. In this process, vascular endothelial growth factor 
plays a key role (25). That study found that under high glucose 
toxicity, activity of reactive oxygen species are increased, 
causing phosphorylation of retinal capillary endothelial cells 
in JAK2/STAT3, thereby increasing the expression of vascular 
endothelial growth factor. By inhibiting the phosphorylation of 
JAK2/STAT3, the expression of vascular endothelial growth 
factor can be reduced, thereby preventing the occurrence of 
DR (26). Results from this investigation found that STAT3 
in DM rats was significantly higher than in normal rats, and 
puerarin can effectively inhibit the expression of STAT3, and 
play a role in reducing DR. The mechanism of the effect is 
hypothesized to be due to inhibition of the phosphorylation 
of JAK2/STAT3, thereby reducing the expression of vascular 
endothelial growth factor and the inflammation of the retina, 
and that results in preventing the occurrence of DR.

In summary, puerarin can decrease the blood glucose of 
DM rats, increase the level of insulin, increase the activity 
of SOD in serum and retina of DM rats, increase the content 
of T-AOC in the retina, decrease the content of MDA in the 
serum and retina, and therefore enhance the antioxidant ability 
of the retina. Concurrently, puerarin can significantly inhibit 
the expression of STAT3, and play a role in reducing DR. The 
occurrence of DR involves a variety of factors and complex 
regulatory mechanisms, which include the role of inflamma-
tory cytokines, and the details of the specific cell signaling 
pathways require further investigation. Controlled clinical 
trials are needed to determine if these effects from puerarin 
in the animal model translate to comparable results in diabetic 
patients.
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