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Background: Radix Puerariae and hawthorn fruit have been demonstrated to treat diabetes. 

They offer potential benefits for preventing depression in diabetes.

Objective: The aim of this study was to investigate whether the combination of Radix Puerariae 

and hawthorn fruit (CRPHF) could prevent depression in a diabetic rat model generated by 

feeding the rats with a high-fat diet and a low-dose streptozotocin (STZ). 

Methods: The CRPHF was provided by the Shanghai Chinese Traditional Medical University. 

Twenty-four rats were randomly divided into four groups: normal control, normal-given-

CRPHF (NC), diabetic control, and diabetic-given-CRPHF (DC) groups. The type 2 diabetic 

model was created by feeding the rats with a high-fat diet for 4 weeks followed by injection of 

25 mg/kg STZ. CRPHF was given at 2 g/kg/d to the rats of NC and DC groups by intragastric 

gavage daily for 4 weeks after the type 2 diabetic model was successfully created. Body weight, 

random blood glucose (RBG), oral glucose tolerance test, total cholesterol (TC), triglyceride 

(TG), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol 

(LDL-C) were measured during the study. Depressive-like behavior was evaluated at the end of 

the treatment by using the open field test (OFT), the elevated plus-maze test (EPMT), locomotor 

activity test (LAT), and forced swimming test (FST). Levels of extracellular signal-regulated 

protein kinase (ERK) and brain-derived neurotrophic factor (BDNF) in the prefrontal cortex 

were evaluated by using Western blot.

Results: 1) CRPHF reduced RBG and improved glucose tolerance in diabetic rats; 2) CRPHF 

reduced TC and TG but did not significantly change HDL-C or LDL-C in diabetic rats; 3) CRPHF 

reversed the loss in body weights observed in diabetic rats; 4) CRPHF reduced depressive-like 

behavior as measured by OFT, EPMT, LAT, and FST; 5) BDNF was upregulated, and ERK 

was activated in the prefrontal cortex of diabetic rats treated with CRPHF.

Conclusion: CRPHF has the potential of preventing depression in patients with diabetes. 

Keywords: Puerarin, Crataegus, diabetes mellitus, depression, BDNF 

Introduction
Diabetes mellitus (DM) and depression are both chronic and potentially life-threatening 

illnesses with a high prevalence in the modern era. The International Diabetes 

Federation reported that 382 million people suffered from DM worldwide in 2013, and 

this number would exceed 592 million in ,25 years (Federation 2013). Similarly, in 

2014, the World Health Organization estimated that depression affects .350 million 

people globally. Previous studies demonstrated that there is a bidirectional association 
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between depression and type 2 diabetes. Depression is a 

major risk factor in the development of type 2 diabetes,1,2 

and patients with diabetes show about twice the prevalence 

of depression compared with the general population.3 It is 

reported that the presence of diabetic complications, low 

monthly family income, negative life event, and poor social 

support were the statistically significant risk factors associ-

ated with depression in diabetic patients.4,5 However, the 

pathophysiological mechanism remains unclear. Further 

research is required to identify the physiological and patho-

logical relations between diabetes and depression.

As depression is a common comorbidity characterized 

by suicidal tendency and recurrence of morbidity among 

patients with type 2 diabetes, there is a requirement to find 

effective drugs to prevent the onset of depression among 

people with type 2 diabetes. Previous studies have shown 

the therapeutic effects of some Traditional Chinese Medicine 

in the treatment of depression.6,7 The antidepressant effect 

of the ethanol extract of Radix Puerariae has been reported 

in mice exposed to cerebral ischemia reperfusion6 and in 

C57BL/6 N mice with spared nerve injury,8 and the hawthorn 

fruit is a promising remedy in the treatment of anxiety9 and 

has also been reported to reduce depressive-like behaviors 

in mice with chronic mild stress.7 Furthermore, a possible 

mechanism of reducing depression is increasing brain-

derived neurotrophic factor (BDNF) levels.10 However, the 

effect of Radix Puerariae and hawthorn fruit on depression 

associated with type 2 diabetes remains unknown. In the 

present study, the antidepressant effect of ethanol extract 

of Radix Puerariae and hawthorn fruit on a rat model with 

diabetes was assessed, and by using open field test (OFT), 

elevated plus-maze test (EPMT), locomotor activity test 

(LAT), and the forced swimming test (FST), it was observed 

that the combination markedly restored the body weight and 

improved the performances of rats with type 2 diabetes, 

indicating a possible antidepressant activity. The levels of 

extracellular signal-regulated protein kinases (ERKs) and 

BDNF in the prefrontal cortex of rats were also assessed 

in order to obtain further insight into the mechanism of the 

antidepressant action of the combination of Radix Puerariae 

and hawthorn fruit (CRPHF).

Materials and methods
Drugs and reagents
The extracts of Radix Puerariae and hawthorn fruit were pro-

vided by the Shanghai Chinese Traditional Medical University. 

These extracts were separated by using the following process: 

1 kg of each extract was reflux-extracted twice with 60% 

alcohol; the amount of solvent used was 5 L, and the 

extraction time was 90 min for each extraction.11 The extract 

was evaporated at reduced pressure until the volume became 

590 mL. The Radix Puerariae and hawthorn fruit solutions 

were mixed at a volume ratio of 1:1 and used for treating 

the rats in this study. 

Animals and experimental design
A total of 24 male Sprague Dawley rats, aged 6–8 weeks 

(200–250 g), were obtained from the Experimental Animal 

Center of Zhejiang Province (Zhejiang, People’s Republic 

of China). Rats were given free access to food and water 

throughout the experiment. All the animal-handling 

procedures were in accordance with the Regulations for 

the Administration of Affairs Concerning Experimental 

Animals. The study was approved by the Ethics Commit-

tee of Ningbo University. All the surgical procedures were 

performed under anesthesia, and all efforts were made to 

minimize suffering.

The rats were randomly assigned to four groups (n=6 per 

group) as follows: 1) normal control (N) group, consisting 

of rats fed with the regular diet; 2) normal-given-CRPHF 

(NC) group, consisting of rats fed with the regular diet and 

treated with CRPHF; 3) diabetic control (D) group, consist-

ing of rats fed with the high-fat diet; and 4) diabetic-given-

CRPHF (DC) group, consisting of rats fed with the high-fat 

diet and treated with CRPHF. The entire experimental period 

was 9 weeks, and the rats were fed a regular or high-fat 

diet throughout this time period according to their group 

assignment. Streptozotocin (STZ) was injected at the end of 

the 4th week. Rats in the D and DC groups were given an 

intraperitoneal injection of 25 mg/kg STZ (Sigma, St Louis, 

MO, USA) dissolved in a citrate buffer with a pH of 4.5. Rats 

in the N and NC groups were injected with the same volume 

of the citrate buffer. After STZ injection, random blood glu-

cose (RBG) levels were measured daily, and an additional 

equivalent dose of STZ was given to the rats whose RBG 

was ,11.1 mmol/L on the 3rd day. On the 7th day after the 

initial STZ injection, RBG of all the rats in D and DC groups 

was found to be .11.1 mmol/L, indicating the successful 

induction of diabetes. In the last 4 weeks, the rats were treated 

with CRPHF or vehicle. For the treatment, the rats were 

administered CRPHF (5 mL/kg/d, NC and DC groups), or an 

equivalent volume of normal saline (N and D groups), daily 

for 4 weeks through an intragastric feeding tube. 

Tissue preparation
After the treatment was completed, all the rats were eutha-

nized by intraperitoneal injection of a lethal dose of pentobar-

bital. The abdominal cavity was opened, and blood samples 
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were collected by direct puncture of the descending aorta 

into ethylenediaminetetraacetic acid anticoagulant tubes 

and then centrifuged at 3,000 rpm/min for 15 min to col-

lect the serum. Sera were stored frozen until use. The skull 

was opened, and the brain was immediately frozen in liquid 

nitrogen for further analysis or fixed in 4% paraformaldehyde 

at 4°C for 24 h.

Measurement of body weight and RBG
Body weights were recorded at 7 days after the injection 

of STZ and again at the end of the experiment. Blood was 

collected from the tail vein, and RBG was measured with a 

blood glucose meter once every 4 days in the last 4 weeks 

of the experiment (Johnson & Johnson, New Brunswick, NJ, 

USA). Fasting blood glucose measurement and oral glucose 

tolerance test (OGTT) were performed on overnight-fasted 

rats in order to evaluate glucose tolerance at the end of the 

study. Rats were fasted for 12 h and then given a glucose 

solution (2 g/kg body weight), and blood samples were col-

lected before and at 30, 60, and 120 min after the glucose 

solution was given.

Determination of blood lipid parameters
Blood lipid parameters were measured at the end of the study. 

Sera prepared as described earlier were used for the detec-

tion of high-density lipoprotein cholesterol (HDL-C), low-

density lipoprotein cholesterol, total cholesterol (TC), and 

triglyceride (TG) by using a MODULAR P800 Automated 

Biochemist Analyzer (Roche, Basel, Switzerland).

OFT
The OFT was conducted in order to measure spontane-

ous activity in rodents in a novel environment.12 Briefly, 

the rats were placed individually in a white Plexiglas box 

(100×100×40 cm) with the bottom divided into four identical 

squares on the floor of the arena. The test room was dimly 

illuminated. A single rat was placed in the center of the cage. 

Line crossing (four paws placed into a new square) and rear-

ing (with both front paws raised from the floor) were recorded 

over 5 min by using the EthoVision video tracking system 

(Noldus, Leesburg, VA, USA). All behaviors were recorded 

by using a video camera located 150 cm above the arena. 

After each trial, the arena was cleaned with 75% alcohol.

EPMT
EPMT is a widely used behavioral assay for anxiety responses 

to evaluate risk-taking behavior.12 The elevated plus-maze 

apparatus has a plus sign-like shape and consists of two “open” 

(no walls, 50×10 cm) and two “closed” (50×10×40 cm) arms, 

arranged perpendicularly and elevated 70 cm above the floor. 

Each animal was placed at the center of the device, facing 

an open arm, and then were allowed to freely explore the 

maze for 5 min, and all the testing sessions were conducted 

between 5:00 pm and 10:00 pm in a sound-attenuated room. 

After each trial, the test maze was wiped with 75% ethanol. 

The number of entries into the open and closed arms, and the 

time spent in the open and closed arms were recorded. The 

percentage of time spent in the open arms and the percentage 

of open arm entries were calculated on the basis of the total 

time and the total number of entries (number of entries in 

open + closed arms) and were used as anxiety and locomo-

tor parameters.

LAT
The LAT was used to evaluate depressive-like and anxiety-

like behaviors13 as a complement to OFT. Each rat was 

placed in a black box (100×100×40 cm) without cover, 

which was enclosed in a soundproof box. The test room was 

kept relatively quiet. Horizontal distance was measured by 

the sequential breaking of infrared beams. Movement time 

was incremented when a rat was active for 0.1 s. The aver-

age speed of movement was obtained by dividing the total 

horizontal distance moved by the total time in motion for 

each rat in the 60 min testing period, and locomotor activity 

(distance moved in cm) was used to evaluate depressive-like 

and anxiety-like behaviors. After each trial, the apparatus 

was cleaned with 75% ethanol.

FST
The FST was conducted to assess behavioral despair in a 

sound-attenuated room, which was dimly illuminated.14 

Rats were placed individually in a clear plastic cylinder 

(height =40 cm; diameter =30 cm) filled with water to 

21.5±1.5 cm high at 24°C±0.5°C for 5 min. The rats were 

allowed to swim in the cylinder under the condition that 

escape was not possible. The duration of immobility, which 

is defined as the lack of motion of the whole body except 

for small movement necessary to keep the head above the 

water, was recorded, and the extent of despair symptoms 

was evaluated in the rats. After each trial, the cylinder was 

cleaned and filled with freshwater.

Protein extraction and Western blot 
analysis
Proteins were extracted from rat brain tissues that were frozen 

in liquid nitrogen; 10 mg of brain tissues was homogenized in 

a lysis buffer containing 200 µL RIPA (Solarbio Science & 

Technology Co., Ltd, Beijing, People’s Republic of China) 
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and 1 mM aprotinin, and the lysate was centrifuged at 

12,000× rpm for 5 min. The protein concentration of the super-

natant was quantified by using a Bicinchoninic Acid Protein 

Assay kit (Beyotime Institute of Biotechnology, Shanghai, 

People’s Republic of China). For Western blot analysis,15 the 

protein samples were mixed in a ratio of 4:1 with a sample 

buffer (Beyotime Institute of Biotechnology) and boiled for 

5 min. Samples (containing 80 μg of proteins in total) were 

resolved by 12% sodium dodecyl sulfate–polyacrylamide 

gel electrophoresis. Separated proteins were electropho-

retically transferred to polyvinylidene fluoride membranes 

(Immobilon-P; Millipore Corp., Billerica, MA, USA) in a 

buffer containing 38.67 mM glycine, 47.9 mM Tris, and 20% 

methanol. Nonspecific binding was blocked by incubation of 

the membranes with 10% nonfat milk in phosphate-buffered 

solution (PBS) containing 0.1% Tween-20 (PBST) for 1 h at 

room temperature. Then, the membranes were incubated with 

the following primary antibodies diluted in 1% milk in PBST 

overnight at 4°C: primary antibodies for BDNF (Santa Cruz 

Biotechnology, Santa Cruz, CA, USA; 1:200), p-ERK (Cell 

Signaling Technology, Danvers, MA, USA; 1:500), ERK (Cell 

Signaling Technology, 1:1,000), and β-actin (Cell Signaling 

Technology, 1:5,000). Anti-rabbit and anti-mouse secondary 

antibodies were used at a ratio of 1:5,000. The membranes 

were washed with PBST, and then, they were incubated with 

horseradish peroxidase-conjugated secondary antibodies for 

1 h and visualized by chemiluminescence (Tanon-5,200 gel 

imager, Shanghai, People’s Republic of China). The relative 

expression of proteins was quantified by densitometry scan-

ning of the blots and calculated by using the ImageJ 2X soft-

ware (National Institutes of Health, Bethesda, MD, USA).

Statistics
Statistical analysis was conducted by using GraphPad Prism® 

version 5.02 (GraphPad Software, La Jolla, CA, USA), and 

the accepted significance level for all the tests was P,0.05. 

All the data were expressed as mean ± standard deviation; 

t-test of independent samples was used to compare the dif-

ferences between the two groups, whereas one-way analysis 

of variance was used to compare the differences among the 

three or more groups.

Results
RBG and OGTT
A total of 24 rats were used in the in vivo experiment, and 

they all survived until the end of the experiment. As shown 

in Figure 1A, between- and within-group analyses were per-

formed to identify the differences in RBG across the various 

groups and time points, respectively. The rats in N group exhib-

ited stable RBG levels (5.53–6.23 mmol/L) throughout the 

treatment period, whereas the RBG of rats in D group showed 

an increasing trend and the RBG of NC and DC groups given 

the CRPHF showed decreasing trend. The percent reduction 

in RBG was 18.7 and 54.9 on Day 28 (the day after the last 

CRPHF treatment, 4.82±0.50 mmol/L, 8.45±2.17 mmol/L) 

compared with Day 1 (the first day of CRPHF treatment, 

5.93±0.86 mmol/L, 18.75±5.59 mmol/L) in NC and DC 

groups, respectively. Between-group analysis showed that the 

RBG level of rats in the DC group was significantly lower than 

that of rats in the D group on Day 28 (P,0.01). OGTT was 

conducted to determine whether CRPHF improved glucose 

homeostasis in these animals. As shown in Figure 1B, all the 

groups showed significant increases (P,0.001) in RBG 1 h 

Figure 1 CRPHF reduced random blood glucose and improved glucose tolerance in diabetic rats.
Notes: Day 1, the first of the treatment period. Diabetic rats given CRPHF showed a downward trend in random blood glucose levels during the CRPHF treatment period 
(A) and an improved glucose tolerance as measured by OGTT at the end of the treatment (B) compared with diabetic control rats.
Abbreviations: CRPHF, combination of Radix Puerariae and hawthorn fruit; D, diabetic control; DC, diabetic-given-CRPHF; N, normal control; NC, normal-given-CRPHF; 
OGTT, oral glucose tolerance test; RBG, random blood glucose.
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following oral glucose challenge caused by the oral glucose. 

It was found that RBG showed a greater increase in the D 

group than in the DC group from 0.5 h to 1 h, indicating a 

postponed RBG peak. Moreover, rats in the DC group had 

lower RBG compared with the D group at 2 h after the glucose 

challenge. Interestingly, the glucose levels in the DC group 

rats remained 52.8% lower than that of the D group at 2 h 

after the glucose challenge, indicating that rats treated with 

CRPHF had improved glucose tolerance.

CRPHF improved lipid metabolism in 
diabetic rats
CRPHF reduced TG (1.79±0.27 mmol/L, 2.65±0.44 mmol/L, 

P,0.01) and TC (1.74±0.08 mmol/L, 2.23±0.22 mmol/L, 

P,0.001) in diabetic rats (Figure 2). Similarly, the NC group 

showed significantly decreased TG (1.11±0.08 mmol/L, 

1.52±0.22 mmol/L, P,0.05) and TC (1.24±0.06 mmol/L, 

1.49±0.02 mmol/L, P,0.001) and significantly increased 

HDL-C (1.20±0.18 mmol/L, 0.92±0.17 mmol/L, P,0.05) 

compared with the N group. These data indicate that CRPHF 

effectively improved lipid metabolism in type 2 diabetic rats 

and lowered blood lipid in normal rats to a certain extent.

CRPHF restored the body weight of 
diabetic rats
There was a gradual increase in the body weights of the 

rats during the first 4 weeks of feeding period. As shown 

in Figure 3A, on the first day of treatment, the mean body 

weights of the high-fat diet groups (430±6.50 g) were sig-

nificantly higher than those in the corresponding normal diet 

groups (485±20.56 g, P,0.05). At the completion of the 

study (Figure 3B), the mean body weights in the DC group 

(494±44.44 g) were significantly higher than those in the 

D group (446±22.10 g; P,0.05), and similarly, the mean 

body weights in the NC group were significantly higher than 

those in the N group (P,0.001). The body weights of rats 

in the D group were less than that of the N group, resembling 

the weight loss seen in diabetic patients. These findings 

suggested that the CRPHF could significantly restore the 

reduction in body weight caused by STZ.

Figure 2 CRPHF reduced blood lipid in diabetic rats. 
Notes: CRPHF reduced TC (A) and TG (B) but did not significantly change HDL-C (C) or LDL-C (D) in diabetic rats. #P,0.05, ##P,0.01, and ###P,0.0001 versus the 
N group and **P,0.01 and ***P,0.0001 versus the D group (n=6 per group).
Abbreviations: CRPHF, combination of Radix Puerariae and hawthorn fruit; D, diabetic control; DC, diabetic-given-CRPHF; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; N, normal control; NC, normal-given-CRPHF; TC, total cholesterol; TG, triglyceride.
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CRPHF reduced depressive-like behaviors 
in diabetic rats
Depressive-like behaviors were assessed by using four 

different tests (Figure 4). High-fat diet and STZ injection 

induced a marked decrease in the frequency of line cross-

ing and rearing during OFT (Figure 4A and B; P,0.001 

for both), a significant decrease in the total time and entries 

in the open arms in the EPMT (Figure 4C and D; P,0.05, 

P,0.001, respectively) and a pronounced decrease in LAT 

(Figure 4E; P,0.001) compared with the N group. CRPHF 

significantly reversed the decreases in the measured param-

eters in OFT, EPMT, and LAT (P,0.001 for all) induced by 

DM. For FST (Figure 4F), immobility time was prolonged 

in the D group versus the N group (P,0.001). CRPHF treat-

ment significantly alleviated the STZ-induced increase in 

immobility time (P,0.001).

CRPHF increased the protein level of 
phosphorylated extracellular signal-
regulated kinase (p-ERK) and BDNF in 
the brain of diabetic rats
BDNF is a neurotrophin that is critical for the control of 

mood, emotion, learning, and cognition, and a number of 

animal and human studies have suggested the role of BDNF 

in the pathogenesis of recurrent mood disorders.16 In addi-

tion, serum BDNF levels are abnormally low in patients 

with depressive disorder.17 Moreover, a meta-analysis sug-

gests a potential role of BDNF as a marker of treatment 

response after treatment in patients with mood disorders,18 

and another study showed that p-ERK levels decreased in 

depression rats.19 Therefore, the BDNF and p-ERK expres-

sions were measured to ensure the success of depression rat 

models and to evaluate the therapeutic effect of CRPHF at 

the molecular level. As shown in Figure 5, the protein levels 

of p-ERK and BDNF were significantly higher (p,0.05 and 

p,0.001, respectively) in the brain of the rats in DC group 

than in the rats in the D group. Moreover, the protein levels 

of p-ERK and BDNF were lower in rats of the D group than 

in rats of the N group (P,0.05 and P,0.01, respectively).

Discussion
Chronic depression is frequent among diabetic patients, 

aggravates DM-induced complications, and increases 

mortality.20,21 The pathophysiological connections between 

DM and depression have not yet been widely studied. The 

present study showed that DM induced behavioral changes 

that can be measured by OFT, EPMT, LAT, and FST, 

whereas CRPHF reversed these behavioral changes. It further 

showed that the p-ERK–BDNF pathway might be associated 

with the comorbidity of these diseases.

Appropriate diabetic animal models play an important 

role in illustrating the underlying mechanisms of DM22 and 

the associated depression. The high-fat diet- and STZ-induced 

type 2 diabetic rat model is well accepted as this model is 

closely analogous to the clinical situation in humans,23 and 

the hyperglycemia state (Figure 1) and hyperlipidemia state 

(Figure 2) also conform to the transitions of depression in 

the progression of type 2 diabetes. To the best of the authors’ 

knowledge, the present study is the first to demonstrate that 

the high-fat diet and STZ-induced type 2 diabetic rat model 

exhibits depressive-like behaviors.

Figure 3 CRPHF restored the body weights in diabetic rats.
Notes: Left panel (A) shows the body weights immediately after the injection of STZ. Right panel (B) illustrates that CRPHF reversed the body weight reduction in diabetic 
rats. ##P,0.01 and ###P,0.0001 versus the N group and *P,0.05 versus the D group (n=6 per group).
Abbreviations: CRPHF, combination of Radix Puerariae and hawthorn fruit; D, diabetic control; DC, diabetic-given-CRPHF; N, normal control; NC, normal-given-CRPHF; 
STZ, streptozotocin.
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Previous studies have shown the therapeutic effects of 

Traditional Chinese Medicine in treating patients with depres-

sion or DM. The present study showed the dual function of 

a novel herbal treatment to reduce RBG and depressive-like 

behaviors. Treatment with a dose of 2 g/kg/d CRPHF for 

4 weeks reversed DM-induced depressive-like moving pat-

tern in type 2 diabetic rats, suggesting that long-term admin-

istration of CRPHF reduces depressive-like behaviors.

Further research into the mechanism of the observed 

effects showed that treatments with CRPHF have increased 

p-ERK and BDNF levels in the prefrontal cortex. p-ERK 

is implicated in rapid antidepressant effects;24 thus, it is 

possible that p-ERK contributes to the antidepressant effects 

of CRPHF. BDNF is a critical regulator of the formation, 

regulation, and integrity of neurons in brain circuits that 

regulate emotion.25 The neurotrophic hypothesis suggests 

that reduced activity of BDNF causes a depressive state.26 

Decreased central27 and peripheral levels of BDNF28 have 

been reported in patients with major depression disorder. 

Associations between BDNF gene and major depression 

disorder have been reported in several human genetic 

studies.29,30 Some other studies have found reduced mRNA 

levels of BDNF in the prefrontal cortex and hippocampus 

of suicide subjects, compared with the control subjects.31 

Figure 4 CRPHF reduced depressive-like behaviors in diabetic rats. 
Notes: (A) and (B) CRPHF increased the frequency of line crossing and rearing in the open field test; (C) and (D) CRPHF increased the total time and the number of entries 
in the open arms in the elevated plus-maze test; (E) CRPHF increased the locomotor activity of diabetic rats; (F) CRPHF decreased the immobility time of rats in the forced 
swimming test. #P,0.05, ##P,0.01, and ###P,0.0001 versus the N group and ***P,0.0001 versus the D group (n=6 per group).
Abbreviations: CRPHF, combination of Radix Puerariae and hawthorn fruit; D, diabetic control; DC, diabetic-given-CRPHF; N, normal control; NC, normal-given-
CRPHF.
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Figure 5 CRPHF increased the protein levels of p-ERK and BDNF in the brain of diabetic rats. 
Notes: Top panels (A) and (B) are representative images of immunoblots of 42/44 kDa p-ERK and 28 kDa BDNF; lower panels (C) and (D) show the protein level of p-ERK 
and BDNF in the brain of rats. All data are shown as mean ± standard deviation; n=6 per group. ###P,0.0001 versus the N group and **P,0.01 and ***P,0.0001 versus the 
D group. 
Abbreviations: BDNF, brain-derived neurotrophic factor; CRPHF, combination of Radix Puerariae and hawthorn fruit; D, diabetic control; DC, diabetic-given-CRPHF; 
N, normal control; NC, normal-given-CRPHF; p-ERK, phosphorylated extracellular signal-regulated protein kinase.

Consistent with these findings, the present study showed 

that BDNF is decreased when rats are exposed to a high-fat 

diet for 4 weeks followed by an STZ injection, and CRPHF 

treatment increases BDNF levels in the prefrontal cortex in 

these diabetic rats.

Conclusion
In conclusion, a depression-like rat model was developed 

based on a high-fat diet and STZ injection. The results of the 

present study suggest that CRPHF is a putative antidepres-

sant for patients with diabetes, and it possibly acts through 

the p-ERK–BDNF pathway. Further research is required to 

investigate the optimum dose of CRPHF and exact mecha-

nisms underlying these effects.
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