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1 Introduction
Based on the World Health Organization (WHO) report in 

2014, almost 422 million people suffered from diabetes worldwide 
(World Health Organization, 2018). In these patients, most people 
were diagnosed with type 2 diabetes (T2DM), which resulted 
from insufficiency of insulin secretion or insulin action and 
the disordered metabolism of carbohydrate (van Roozendaal 
& Krass, 2009). Obesity plays a key role in the development 
of T2DM, and be considered as one of the largest endocrine 
disease which caused high mortality rate. In fact, it is a chronic 
disease caused by imbalance between the level of energy intake 
and expenditure, with the surplus being stored as body lipids 
(Kim et al., 2014). WHO has estimated that in 2016 more than 
39% of the population were overweight (1.9 billion) and 13% 
were with obesity (650 million) (World Health Organization, 
2018). Actually, in addition to reasonable eating habits and 
exercise, pharmacotherapy is currently the primary strategy to 
treat obesity and some drugs including bile acid sequestrants, 
fibrates as well as nicotinic acids have been used as anti-obesity 
and lipid-lowering agents. However, some considerable side 
effects such as gastrointestinal, liver, and muscle toxicity are 
often observed, limiting their utilization (Williams et al., 2020). 
WHO encouraged investigations to search the alternative remedies 
derived from traditional herbal medicines. Thus, in this paper, 
we investigate anti-obesity activity of Danzhi Jiangtang capsule 

(DJC), a traditional Chinese medicine which be used for treating 
T2DM in clinic for about 10 years.

DJC is composed of the 21.6% of cortex moutan, 27.1% of 
heterophylly falsestarwort root, 21.6% of unprocessed rehmannia 
root, 16.2% of oriental waterplantain rhizome, 10.8% of dodder 
seed and 2.7% of leech (Zheng et al., 2016). Previous studies 
have reported that DJC could regulated the level of free fatty 
acids in diabetes patients, and the constituents of DJC also 
possessed potential anti-hyperlipidemic effect (Fang et al., 2020; 
Lu et al., 2018). All above stimulated us to fully investigate the 
anti-hyperlipidemic effect of DJC and its in-depth mechanism 
of this action.

2 Materials and methods
2.1 Experimental animals and ethical aspects

Wistar rats, male, weighing 180 ± 20 g, were purchased from 
Experimental Animal Center of Anhui University of Chinese 
Medicine, certificate number: SCXK 2019-022. All animals were 
housed in individual cages under a 12 h light/ 12 h dark cycle 
and controlled temperature (25 ± 2 °C) and relative humidity 
of 40-60%. The protocol for this study involving animals and 
their maintenance was approved by Animal Care and Use 
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Danzhi Jiangtang capsule (DJC), a traditional medicinal formula composed of cortex moutan, heterophylly falsestarwort root, 
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of lipid via JAK2/STAT3 pathway.
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Committee of Anhui University of Chinese Medicine (Approved 
no. AUCM-301-05-02).

2.2 Preparation of high-fat emulsion

The high-fat emulsion was prepared as previously reported.
(Aslan et al., 2010) Briefly, 25 g of lard oil in a 200 mL beaker were 
heated on a magnetic stirring apparatus. When the temperature 
reached 100 °C, 10 g of cholesterol were added and melted. 
The oil phase was prepared by stirring 1 g of methylthiouracil 
into the mixture followed by the addition of 25 mL of tween-80. 
Simultaneously, in another 200 mL beaker, 30 mL of distilled 
water and 20 mL of propylene glycol were mixed and heated 
using an electric oven. When the temperature reached 60 °C, 
2 grams of sodium deoxycholate were added, and the mixture 
was stirred until all components were dissolved. Subsequently, 
the water phase prepared in this beaker was added to the oil 
phase and mixed thoroughly to prepare the high-fat emulsion.

2.3 Animals groups and models

Sixty rats were acclimatized for 3 days with free access 
to water and normal pellet, and were randomly divided into 
2 groups. In the first stage, the normal group (n = 10) was given 
intragastric 0.9% saline, 10 mL/kg, while the other groups (n 
= 50) were given the amount of the high fat emulsion in the 
morning (intragastric administration of 10 mL·kg-1). After 
28 days, blood samples were collected from caudal vein and 
the serum lipid level was measured. There was a significant 
difference in serum level of TC and TG between normal group 
and hyperlipidaemia model group, suggesting the hyperlipidemia 
model has been established. In the second stage, each group, 
except the control group, were given high fat emulsion in the 
morning. The control group was given the same amount of 
0.9% saline. These hyperlipidemic animals were then randomly 
divided into 5 groups including the model, simvastatin, low-, 
medium- and high dose of DJC groups. Every afternoon, the 
simvastatin group was administered with simvastatin solution 
at a dose of 5 mg/kg body weight/day. The low-, medium- and 
high dose groups were administered with the DJC at a dose of 
250, 500 and 1000 mg/kg body weight/day, respectively. This 
stage of administration lasted for 4 weeks. The rats were allowed 
for free access to water and food during the whole experiment. 
And the body weight and food consumption were measured 
once a week.

2.4 Measurement of indices

All rats were weighed weekly in the period of the whole 
experiment. Blood samples were collected, then immediately 
centrifuged at 2500 rpm for 20 min to obtain the serum. 
The content of TC, TG, LDL, HDL, ALT, AST SOD, MDA 
and GSH-Px in serum were determined with commercial kits 
(Jiancheng Biological Company, Nanjing, China).

2.5 Western blot analysis

The liver tissue was collected after rat in each group were 
sacrificed and further western blot analysis was performed using 

the established methods. (Lee et al., 2006) Briefly, liver tissues 
were weighed, lysed with RIPA lysis buffer containing protease 
and phosphatase inhibitor cocktails (Solarbio, Beijing, China) 
for 20 min, and then homogenized on the ice to extract the 
protein. The protein concentrations were quantified using the 
Protein Assay Kit (Beyotime, Shanghai, China). Samples were 
subjected to 10% SDS-polyacrylamide gel electrophoresis (SDS-
PAGE) then transferred onto polyvinylidene fluoride (PVDF) 
membranes. After blocking PVDF membranes with 5% nonfat 
powdered milk, membranes were washed three times using 
TBST (50 m MTris/HCl pH 7.4, 150 mM NaCl, 0.1% Tween 
20) and each time was 5 mins, incubated with specific primary 
antibodies (dilution of 1:1000) against phospho-JAK2, JAK2, 
phospho-STAT3, STAT3, SOCS-3 at 4 °C overnight. Next day 
membranes were washed with TBST three times and each 
time was 5 mins. Then membranes were exposed to secondary 
antibody (dilution of 1:5000) for 1 h, washed three times again 
with TBST and each time was 10 mins, stained using the ECL 
Western Blotting Kit according to the manufacturer’s specifications. 
Eventually, films were took and the light density of target bar 
was analyzed by ImageJ software. β-actin (1:1000 dilution) was 
used as a loading control.

2.6 Statistical analysis

All presented results were analyzed and calculated by at least 
three independent experiments and these data were expressed as 
means ± SD. One-way ANOVA was used to compare quantitative 
data among groups through GraphPad Prism Software. LSD-post 
hoc test was employed to evaluate the statistical significance 
of difference between control and treated groups. p < 0.05 was 
considered to indicate a statistically significant difference.

3 Results and discussion
In order to evaluate the reliability of model group, 3 rats 

from the control and model groups were respectively picked after 
28 days and the changes of the level of TC and TG were tested. 
As shown in Table 1, compared with that of control group, the levels 
of TC and TG in model group rats were increased substantially 
(P < 0.01). In addition, All rats of being given high-fat emulsion 
were heavier than normal group throughout this experiment 
(Table 2). However, there was no striking difference in weight 
between the different treated groups. The above data indicated 
that the establishment of model group was successful.

At the end stage of this experiment, rats were fasted for 
12 h after the last dose. On the 28th day, blood samples were 
collected from each rat and the content of total cholesterol (TC), 
triglycerides (TG), lipoprotein (LDL), high-density lipoprotein 
(HDL), alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), superoxide dismutases (SOD), malondialdehyde (MDA) 

Table 1. Serum lipids of rats in normal and model groups.

Group n TC (mmol/L) TG (mmol/L)
Normal group 3 2.01 ± 0.35 0.68 ± 0.08
Model group 3 6.29 ± 0.56* 0.82 ± 0.10*

*P < 0.01 compared with the normal group.

Original Article



Yin et al.

Food Sci. Technol, Campinas, v42, e77621, 2022 3

and glutathione peroxidase (GSH-Px) were all determined by 
the automatic biochemistry analyser. Compared with the model 
group, there is a significant decrease in the levels of serum TC, 
TG and LDL and a obvious increase in the level of HDL in three 
treated groups, though they did not return to normal values (P 
< 0.05). In addition, the high dose group showed more potent 
effect than low and medium-dose groups (P < 0.05), indicating 
that DJC exerted its potential anti-hyperlipidemic effect in a 
dose dependent manner (Table 3).

MDA is a product of the oxidation of unsaturated fatty acid 
induced by free radicals, the contents of which could indirectly 
reflect the extent of oxidation of body fat (Liu & Ng, 2000). 
SOD is the main enzyme to remove O2 the body. It can catalyze 
disproportionating reaction of O2- as H2 and O2, which plays an 
important role in keeping the balance of oxidation and antioxidant 
in the body. GSH-Px, is a kind of essential antioxidant, which can 
remove the free oxygen radicals produced by the metabolism in 
physiological states and protecting cells. In this study, compared 
with model group, all three treated groups remarkably decreased 
the active levels of MDA (P < 0.01), while the high dose group 
significantly increased the levels of SOD and GSH-Px (P < 0.01). 

The results of this study revealed that high dose group might 
could remove free radicals to protect the liver (Table 4).

The liver plays a critical role in the normal metabolism of 
energy substrates, particularly lipid metabolism. AST and ALT 
are the main indicators for evaluating the response of liver injury 
and the liver function (Umar et al., 2015). And this two enzymes 
mainly exist in the liver cells and mitochondria and cytosol, 
respectively. When the liver is compromised, AST concentrations 
in serum increase significantly (Hu et al., 2011). Concentrations 
of serum ALT and AST rise significantly, indicating liver damage 
in hyperlipaemic rats. In this experiment, compared with the 
normal group, simvastatin and other three treated groups 
decreased the levels of ALT and AST, indicating that DJC could 
restore liver function in a certain extent. However, the effect of 
three treated groups on ALT and AST was not noticeably greater 
than that of simvastatin (Table 5).

The possible mechanism of regulating lipid metabolism 
of DJC was also explored herein. Leptin are responsible 
for controlling the food intake, thermogenesis and energy 
consumption of body (Morrison et al., 2014). Leptin resistance, 

Table 2. Effect of DJC extract on body weight of rats during 4 weeks (Mean ± SD, n = 10).

Groups Dose (mg/kg) 0 week (g) 1 week (g) 2 weeks (g) 3 weeks (g) 4 weeks (g)
Normal group - 202.02 ± 10.03 220.21 ± 13.72 234.60 ± 13.21 241.29 ± 14.84 247.30 ± 9.89
Model group - 227.14 ± 5.67 248.12 ± 9.64 270.08 ± 12.58 280.58 ± 14.74 287.10 ± 14.21
Simvastatin 5 198.45 ± 10.93 226.16 ± 10.03 240.08 ± 16.31 251.31 ± 13.90 260.15 ± 17.32

DJC-L 250 205.83 ± 15.26 237.40 ± 15.35 258.62 ± 14.41 275.08 ± 9.60 282.70 ± 18.24
DJC-M 500 197.26 ± 13.30 238.40 ± 12.17 254.50 ± 13.86 263.17 ± 12.10 272.40 ± 18.80
DJC-H 1000 201.27 ± 15.08 233.60 ± 14.15 250.20 ± 17.34 255.40 ± 16.37 264.30 ± 18.70

DJC-L: low dosage of Danzhi Jiangtang capsule. DJC-M: medium dosage of Danzhi Jiangtang capsule. DJC-H: high dosage of Danzhi Jiangtang capsule. Significant statistical difference 
was not observed between the weights of each group of rats (P > 0.05).

Table 3. Effects of DJC on the levels of TC, TG, LDL-C, and HDL-C of rats (Mean ± SD, n = 10).

Groups Dose (mg/kg) TC (mmol/L) TG (mmol/L) LDL-C (mmol/L) HDL-C (mmol/L)
Normal group - 2.14 ± 0.32 0.50 ± 0.10 0.48 ± 0.17 4.05 ± 0.36
Model group - 6.17 ± 1.11* 0.88 ± 0.07* 5.29 ± 2.10** 2.42 ± 0.19**
Simvastatin 5 4.07 ± 0.43* 0.41 ± 0.07* 4.26 ± 1.79 4.08 ± 0.61**

DJC-L 250 5.68 ± 1.21 0.64 ± 0.09** 5.29 ± 1.75 3.90 ± 0.31**
DJC-M 500 5.01 ± 1.28** 0.50 ± 0.08* 4.71 ± 1.87** 4.10 ± 0.33**
DJC-H 1000 4.21 ± 0.38** 0.44 ± 0.05** 4.50 ± 0.89** 4.01 ± 0.39**

DJC-L: low dosage of Danzhi Jiangtang capsule. DJC-M: medium dosage of Danzhi Jiangtang capsule. DJC-H: high dosage of Danzhi Jiangtang capsule. *P < 0.05 compared with the 
hyperlipidaemia model group; **P < 0.01 compared with the hyperlipidaemia model group.

Table 4. Effect of DJC on rat serum SOD, MDA and GSH-Px (Mean ± SD, n = 10).

Groups Dose(mg/kg) SOD (U/L) MDA (nmol/L) GSH-Px (pmol/L)
Normal group - 226.82 ± 12.43 4.51 ± 0.47 43.31 ± 3.08
Model group - 192.17 ± 11.47 6.90 ± 1.12* 35.49 ± 1.10
Simvastatin 5 211.39 ± 8.76* 4.42 ± 0.51 39.50 ± 2.14*

DJC-L 250 201.71 ± 9.20** 4.40 ± 0.38* 37.47 ± 1.48**
DJC-M 500 207.76 ± 8.49 3.91 ± 0.43** 38.43 ± 1.79*
DJC-H 1000 220.18 ± 6.79* 3.72 ± 0.65** 42.42 ± 1.13**

DJC-L: low dosage of Danzhi Jiangtang capsule. DJC-M: medium dosage of Danzhi Jiangtang capsule. DJC-H: high dosage of Danzhi Jiangtang capsule. *P < 0.05 compared with the 
hyperlipidaemia model group; **P < 0.01 compared with the hyperlipidaemia model group.
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defined as an impaired neuronal response to leptin, is involved 
in the occurrence of obesity. The up-regulated level of leptin 
was commonly observed in the most obese individuals. JAK2/
STAT3 pathway is the main signal regulated by leptin, and 
appropriate expressions of JAK2, STAT3 and SOCS-3 proteins 
are important for maintaining the normal hepatic function 
(Chen et al., 2019). However, the abnormal expressions of JAK2, 
STAT3, and SOCS-3 will lead to the accumulation of fat in the 
liver and even fatty liver. In this study, western blot analysis 
showed that DJC could significantly up-regulated the expression 
of phosphorylated JAK2 and STAT3, and down-regulated the 
level of SOCS-3 expression in a dose dependent manner. These 
results indicated that DJC could decreased the lipid metabolism 
via JAK2/STAT3 pathway (Figure 1).

4 Conclusion
In conclusion, this study first demonstrated that DJC could 

reduced the levels of TC, TG, LDL, increased HDL level as well 
as displayed the potential protective effect through decreasing 
the expression of ALT and AST of model rats. And DJC also 
showed antioxidant effect by decreasing the level of MDA and 
increasing the level of SOD and GSH-Px. Furthermore, western 
blot analysis showed that DJC could up-regulated the expression 
of phosphorylated JAK2 and STAT3, and down-regulated the 
expression of SCOC3 protein to regulate the lipid metabolism 
in hyperlipidaemia model rats.
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