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Abstract: Recently, many reports have shown that Averrhoa carambola L. (Oxalidaceae) juice (EACJ) could reduce
blood glucose in humans. However, its mechanisms have not been well explored; therefore, our study aimed to
investigate the beneficial effects of EACJ on hyperglycemia, hyperlipidemia and renal injury in streptozotocin (STZ)-
induced diabetic mice. Those mice were injected with STZ via the tail vein (120 mg/kg body weight) and were
identified as diabetic mice when the level of blood glucose was > 11.1 mmol/L. Those mice were intragastriced
gavage with saline, EACJ (25, 50, 100 g/kg body weight/d) and metformin (320 mg/kg body weight/d) for 21 days.
The fasting blood glucose (FBG), free fatty acids (FFA), total cholesterol (TC), triglycerides (TG), Scr (CREA) and blood
urea nitrogen (BUN) were significantly decreased, while the sorbitol dehydrogenase (SDH), Cyclic Adenosine mo-
nophosphate (cCAMP), malondialdehyde (MDA), superoxide dismutase (SOD), and insulin were elevated. Diabetes-
dependent alterations in the kidney, such as glomerular hypertrophy, thicken and tubular basement membrane,
were improved after 21 days of EACJ treatment. Hyperglycemia, renal formation and the expressions of related pro-
teins such as connective tissue growth factor (CTGF) and transforming growth factor beta 1 (TGF-B1) were markedly
decreased by EACJ. These results indicate that EACJ treatment decrease hyperglycemia, hyperlipidemia and inhibit
the progression of diabetic nephropathy (DN), which may be linked to regulating several pharmacological targets for
treating or preventing DN.
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Introduction

Diabetes is a disease characterized by chronic
hyperglycemia as well as hyperlipidemia. Dia-
betic complications include atherosclerosis,
cardiac dysfunction, hepatopathy, and nephrop-
athy [1]. Diabetic nephropathy (DN) is charac-
terized histologically by glomerular basement
thickening and mesangial expansion related to
the loss of renal function and clinically progres-
sive albuminuria, followed by a gradual decline
in renal function [2]. The main manifestations
in the early stage of DN and glomerular hyper-
trophy, the gradual emergence of the extracel-
lular matrix, renal interstitial fibrosis as the

main performance, resulting in damage to the
kidney, reducing the effective filtration rate, and
finally leading to renal failure because of renal
insufficiency [3].

Developing studies have indicated that diabe-
tes in animals is accompanied by the elevation
of triglycerides (TG), total cholesterol (TC), free
fatty acids (FFAs), CREA (Scr) serum urea nitro-
gen, and blood urea nitrogen (BUN) [4-6]. Pre-
vious studies have demonstrated that FFAs are
critical for the formation and development of
DN [7]. FFAs are considered to inactivate the
insulin receptor in target cells and to inhibit the
combination between insulin and its receptor
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[8]. FFAs could also promote superoxide dis-
mutase (SOD) activity, reduce the contents of
malondialdehyde (MDA), cyclic adenosine phos-
phate (cAMP) and sorbitol dehydrogenase
(SDH) [9-13]. Many studies have shown that
both elevated TC and LDL-C in blood are power-
ful risk factors for coronary heart disease and
high HDL-C. The LDL-C ratio may protect against
coronary heart disease [14].

In the early prevention and treatment of DN, an
inhibitor block can effectively block and delay
the development of its onset and the course of
the disease. Connective-tissue growth factor
(CTGF) and transforming growth factor beta 1
(TGF-B1) play an important role in the develop-
ment and the progression of DN. TGF-B1 takes
part in the uptake of albumin by renal proximal
tubule cells and in the development of albumin-
uria. TGF-B1 also stimulates the synthesis of
matrix components, such as collagen IV. A renal
CTGF gene expression is strongly upregulated
in experimental DN [15-20].

Averrhoa carambola L. (Oxalidaceae) is also
known as the star fruit, is a plant originally from
Asia that has become acclimatized to many
tropical countries. The root of this tree has
been used as a traditional Chinese medicine
for treating diabetes for a long time. Averrhoa
carambola L. (Oxalidaceae) is divided into two
categories: sweet and sour [21]. In this study,
that an Averrhoa carambola L. (Oxalidaceae)
juce (EACJ) has a therapeutic potential in dia-
betes. Further, we show that the diabetic mice
were established by injecting them with STZ via
the tail vein and by treating them with different
concentrations of EACJ via intragastric admin-
istration. To investigate the effects of EACJ on
hyperglycemia, hyperlipidemia, and regulatory
protein expression in the injured kidneys of
STZ-Induced diabetic mice were considered,
and the intervention effect of EACJ on DN in
diabetic model mice was explored. This would
likely provide the theoretical basis for the pre-
vention and treatment of diabetes and its com-
plications. In this study, EACJ as the research
object, the diabetic mice were established by
injecting them with STZ via the tail vein and by
treating them with different concentrations of
EACJ via intragastric administration. To investi-
gate the effects of EACJ on hyperglycemia,
hyperlipidemia, and regulatory protein expres-
sion in the injured kidneys of STZ-Induced dia-
betic mice were considered, and the interven-
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tion effect of EACJ on DN in diabetic model
mice was explored. This would likely provide the
theoretical basis for the prevention and treat-
ment of diabetes and its complications.

Materials and methods
Material and preparation of EACJ

Averrhoa carambola L. (Oxalidaceae) plants
were obtained from Lingshan County, Guangxi
Province, China, batch number: 20130909
(identified by Professor Maoxiang Lai at the
Traditional Chinese Medicine Research Institute
of Guangxi).

The fruit of Averrhoa carambola L. (Oxalidaceae)
weighing 2.24 kg was made into juice with puri-
fied water. Then, the extracts were filtered and
concentrated at 70 + 5°C and ground into 900
mL of EACJ (concentration of 5 g/mL Averrhoa
carambola L. [Oxalidaceae] fruit). It was then
administered to the mice.

Animals and treatment

The experimental procedures and protocols
were approved by the Ethical Committee of the
Experimental Use of Animals at Guangxi Me-
dical University (Guangxi, China), registration
number SCXK 2009-0002.

Healthy male Kunming (KM) mice, which were
each approximately 18-22 g, were housed in
individual cages under controlled temperature
(25 + 1°C) and humidity (60 + 5%) on a 12:12
hour light-dark cycle, were fed with standard
rodent food (Beijing Vital River Laboratories,
China), and were provided free access to water.
The mice were injected with STZ via the tail vein
(120 mg/kg body weight) after 12 hours of fast-
ing [22-24]. Seventy-two hours later, the fasting
blood glucose (FBG) testing was conducted,
and the mice with an FBG > 11.1 mmol/L were
selected as the diabetic mice.

The mice were assigned to the following
groups

Normal control group (Group I) (n = 10): healthy
mice administered distilled water.

Model control group (Group Il) (n = 10): diabetic
mice administered distilled water.

Metformin control group (Group Ill) (n = 10): dia-
betic mice administered metformin (320 mg/
kg body weight) by gastric perfusion once a day
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for 21 days. The concentration of the metfor-
min was adjusted to 16 mg/ml before the
administration to the mice.

High group (Group IV) (n = 10): diabetic mice
administered EACJ (100 g/kg body weight) by
gastric perfusion once a day for 21 days.

Moderate group (Group V) (n = 10): diabetic
mice administered EACJ (50 g/kg body weight)
by gastric perfusion once a day for 21 days.

Low group (Group VI) (n = 10): diabetic mice
administered EACJ (25 g/kg body weight) by
gastric perfusion once a day for 21 days.

FBG assay and body weight

During the experiment, FBG was measured
from the tail vein and body weight on day O, day
7, and day 21 according to the Roche ACCU-
CHEK® Performa operation instructions, and
the following formula to calculate the FBG
descent rate (%).

Collection of blood and tissues

After 21 days of treatment with EACJ, the blood
and tissue biochemical indexes were collected
and analyzed. The whole blood was collected
from the intraocular canthal, and the mice were
sacrificed by cervical dislocation. The blood
was centrifuged at 3000 rpm, 4°C for 10 min-
utes, and the serum was transferred into new
tubes that were stored at -20°C until further
analysis. From each mouse, a kidney and the
liver were harvested, immediately, fixed in 10%
formaldehyde solution, embedded in paraffin,
and sectioned at 5 ym for further analysis.
Then, the other kidney and liver tissues were
removed and washed with cold saline; the
serum and tissues were stored at -80°C for fur-
ther determination.

Biochemical index assays

The serum levels of TC (CHOL), TG, HDL-C, LDL-
C, CREA (Scr), and BUN were measured using
an automatic biochemical analyzer (Hitachi
Model 7100 Automatic Analyzer). The concen-
tration of serum fasting blood insulin (FIN) and
the insulin sensitivity index (ISI) was analyzed
using an lodine [125I] Insulin Radioimmunoa-
ssay Kit (Beijing North Institute of Biotechnolo-
gy, Beijing, China, number: 140102) according
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to the manufacturer’s instructions. The ISI was
calculated using the following formula [13]: ISI
= In (FBG x FINS)™.

Lipid peroxidation assays

The liver tissue samples weighing 0.5 g were
made 10% liver tissue with normal saline. The
liver tissue was prepared with a high-speed
homogeneous mechanism, at 3000 r.min.™* for
15 minutes. The supernatant was diluted with
normal saline for certain times, then liver tis-
sue protein of SOD and MDA were analyzed
using an assay kit (Nanjing Institute of Biological
Engineering); another liver tissue protein of
SDH and cAMP were analyzed using an ELISA
assay kit (Beijing Chenglin Biotechnology Co.,
LTD., number: 201411).

Histopathological examination

The kidney and pancreatic samples were fixed
with 10% formaldehyde for over 24 hours and
then embedded in paraffin. The slices were pre-
pared using regular hematoxylin-eosin (HE)
staining and were observed under a light micro-
scope magnification of 400 x by a pathologist
who was blinded to the experimental profile.

Immunohistochemical analysis

The expression levels of CTGF and TGF-B1 were
analyzed by immunohistochemistry. All of the
renal samples were treated following the manu-
facturers’ procedures noted in the descriptions
of the commercial kits [25, 26].

RNA extraction and quantitative real-time PCR

Total RNA of the kidney tissue was extracted by
the Trizol method (Invitrogen, Carlsbad, CA,
USA) in accordance with the manufacturer’s
recommendations. Each sample was reverse-
transcribed into cDNA using Takara, Prime-
Script™ RT reagent Kit with gDNA Eraser (Per-
fect Real Time). The gene expression was quan-
tified by means of the comparative Ct method
(AACY), and the relative quantification (RQ) was
calculated as 2%4¢t [27-30]. The relative mRNA
levels of CTGF and TGF-B1 were examined and
normalized to B-actin mRNA. All real-time PCRs
were performed in triplicate, and the data are
presented as mean + SD. The primers of TGF-
B1 and CTGF are asfollows: CTGF forward prim-
er, 5-GACCCAACTATGATGCGAGCC-3’, and re-
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verse primer, 5-CCCATCCCACAGGTCTTAGAAC-
3’ (77 bp); and TGF-B1 forward primer, 5-CT-
TCAATACGTCAGACATTCGGG-3’, and reverse pri-
mer, 5-GTAACGCCAGGAATTGTTGCTA-3' (142
bp) with annealing temperature 60°C.

Statistical analysis

All of the experimental data were statistically
processed using SPSS 19.0 software (SPSS
Inc., USA). The values were represented as the
mean * standard error (SE) after testing the
homogeneity of variance; the significance of
the data was analyzed using a one-way analysis
of variance (ANOVA). The differences between
the groups were considered statistically signifi-
cantat P < 0.05.

Results

Body weight, blood glucose, and insulin sensi-
tivity

The effects of EACJ on the body weight and
blood glucose levels in the animals are shown
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Figure 1. The effects of EACJ on the body
weight, blood glucose levels, and insulin sen-
sitivity in mouse. A: Effect of EACJ on body
weight; B: Hypoglycemic effect of EACJ; C: Ef-
fect of EACJ on insulin sensitivity index (ISI):
Normal control: administered distilled water;
Model control: administered distilled water;
Metformin: 320 mg/kg of metformin; High
dose: 100 g/kg of EACJ; Middle dose: 50 g/
kg of EACJ; Low dose: 25 g/kg of EACJ. The re-
sults are presented as the means + SE for 10
animals in each group. P < 0.01 compared
with the normal control group; P < 0.01, °P <
0.05 compared with the model group.

in Figure 1A, 1B. In the behavioristic observa-
tions, the mice in the normal control group
exhibited a good mental condition, activity,
smooth fur, and a steady increase in body
weight. On the contrary, the mice in the model
control group exhibited a poor mental condi-
tion, rare fur, and a significant decrease in
weight gain. After 21 days of treatment, both
the metformin- and the EACJ-administered
groups had a beneficial effect on mitigating the
loss of body weight in the model control group
(P <0.02).

As demonstrated after 21 days of treatment,
the high-dose, moderate-dose, and low-dose
EACJ rates were 31.20%, 20.33%, and 8.34%,
respectively. The metformin hypoglycemic rate
was 29.80%. Compared with the model control
group, high dose, moderate dose, and low dose
of EACJ with FBG were statistically significant (P
< 0.05).

Compared with the model control group, high
dose and moderate dose of EACJ’s blood glu-
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Figure 2. Histological observations of pancreas tissue. A: Normal control; B: Model control; C: 320 mg/kg of met-
formin; D: 100 g.kg*.d* of EACJ; E: 50 g.kg.d? of EACJ; F: 25 g.kg2.9* of EACJ. Note: The arrows point to the islet
containing certain pancreatic 3 cells.

cose were significantly decreased (P < 0.01).
However, the dose compared with the model
control group, the drug groups’ fasting insulin
was not statistically different (P > 0.05). EACJ is
high and the middle-dose group can effectively
promote the secretion of insulin in diabetic
mice, reduce blood sugar, but did not improve
the body’s insulin sensitivity (Figure 1C).
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Histopathological findings

Under a light microscope, it was observed that
the blank control group of the pancreatic acinar
and insulin morphology have a complete struc-
ture, without exception. The model control gr-
oup’s pancreatic acinar significantly decreased.
Several insulin cells were atrophied, the cyto-

Am J Transl Res 2017;9(1):36-49
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Figure 3. Renal sections of the mice. Histology of kidneys was characterized by staining with hematoxylin-eosin
staining (magnification: 400 x). A: Normal control; B: Model control; C: 320 mg/kg of metformin; D: 25 g.kg™.¢* of
EACJ; E: 50 g.kgt.d?* of EACJ; F: 100 g.kg'.d* of EACJ. Note: The arrows point to glomerulus hypertrophy.

plasm decreased significantly, and the cell
nuclei were crowded together. The metformin
control group, high dose, and moderate dose of
EACJ group of the pancreatic acinar and insulin
morphology have a complete structure, without
exception, but cell numbers were less. The low
dose of the EACJ group of the pancreatic and
insulin tissue demonstrated a slight atrophy,
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mild acinar number decreased, and only some
insulin structure was damaged, with some of
insulin cells’ nuclei appearing dense (Figure 2).

The normal mice showed an integrated cell
structure in the kidney tissue. The kidneys of
the model control group revealed renal tubule
hypertrophy, glomerulus hypertrophy, vacuolar

Am J Transl Res 2017;9(1):36-49
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Figure 4. Effect of EACJ on serum contents of TC, TG, LDL-C, and HDL-C. Nor-
mal control: administered distilled water; Model control: administered dis-
tilled water; Metformin: 320 mg/kg of metformin; High dose: 100 g/kg of
EACJ; Middle dose: 50 g/kg of EACJ; Low dose: 25 g/kg of EACJ. The results
are presented as the means + SE for 10 animals in each group. 2P < 0.01
compared with the normal control group; °P < 0.05 compared with the model
group.
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Figure 5. Effect of EACJ on serum contents of BUN and Scr. Normal control:
administered distilled water; Model control: administered distilled water;
Metformin: 320 mg/kg of metformin; High dose: 100 g/kg of EACJ; Middle
dose: 50 g/kg of EACJ; Low dose: 25 g/kg of EACJ. The results are presented
as the means + SE for 10 animals in each group. 2P < 0.01 compared with
the normal control group; P < 0.01, °P < 0.05 compared with the model
group.

the histological studies of the
high-dose-treated animal kid-
neys revealed less renal tu-
bule expansion and glomeru-
lar basement membrane thic-
kening compared with the
STZ-induced mice (Figure 3).

Effect of EACJ on lipid me-
tabolism

The serum contents of TC, TG,
HDL-C, LDL-C, CREA (Scr), and
BUN of the EACJ-treated mice
were clearly lower when com-
pared with those values in the
model control group. Rema-
rkably, the abnormal changes
in the normal mice were lower
than those changes in the
STZ-diabetic mice (Figures 4,
5).

Lipid histology assay

The antioxidant capacity was
decreased in the diabetic mi-
ce, as there was significant
reduction in MDA and incre-
ase in SOD in all values of the
EACJ-treated groups. The con-
tents of SDH significantly in-
creased, while the contents of
CcAMP significantly decreased
in the EACJ-treated groups, so
EACJ could be used to protect
liver tissues against oxidative
damage in DN (Figure 6).

Immunohistochemistry

The immunohistochemistry
assay results showed that the
cytoplasm and nuclei were
dyed yellow and brown as the
positive expression of CTGF
protein and TGF-B1 protein.
Compared with the blank con-

degeneration, slight inflammatory cell infiltra- trol group, the model control group’s positive
tion, and apparent glomerular collapse. After expression range increased. The high-dose
21 days of treatment with EACJ and metformin, EACJ groups were compared with the model
the kidney with lesions can relieve the degree control group for the positive expression range
of pathological changes, and smaller than the decrease, and in the moderate dose and low-
kidney of the model control group. Moreover, dose EACJ groups they were not decreased
42 Am J Transl Res 2017;9(1):36-49
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Figure 6. Effect of EACJ treatment on oxidant/antioxidant enzyme activities in liver cortex. A: MDA; B: SOD; C: SHD;
D: cAMP. Normal control: administered distilled water; Model control: administered distilled water; Metformin: 320
mg/kg of metformin; High dose: 100 g/kg of EACJ; Middle dose: 50 g/kg of EACJ; Low dose: 25 g/kg of EACJ. The
results are presented as the means + SE for 10 animals in each group. P < 0.01 compared with the normal control

group; °P < 0.01, °P < 0.05 compared with the model group.

obviously. That high-dose EACJ could protect
mice kidneys (Figures 7, 8).

Real-time PCR

The CTGF and TGF-B1 gene relative expression
results are as follows: Compared with the blank
control group, the model control group CTGF
and TGF-B1 gene expression quantity increased
(P < 0.01). Compared with the model control
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group, the high-dose EACJ groups of CTGF and
TGF-B1 gene expression quantity reduced,
whereas the mRNA levels in the EACJ-treated
healthy mice were not significantly different
from the normal controls (Figure 9).

Discussion

For the treatment of diabetes as well as the
prevention and treatment of diabetic complica-

Am J Transl Res 2017;9(1):36-49
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Figure 7. Effect of EACJ on the expression of CTGF in mouse kidney tissue (immunohistochemical analysis, scale
bar: 400 pm). A: Normal control: administered distilled water; B: Model control: administered distilled water; C: Met-
formin: 320 mg/kg of metformin; D: High dose: 100 g/kg of EACJ; E: Middle dose: 50 g/kg of EACJ; F: Low dose: 25
g/kg of EACJ. Note: The arrows represent the glomerulus-included immunity-positive CTGF protein (brown).

tions caused by various drugs, the most critical
in pharmacological research is to establish a
high stability, reliability, and animal model of
good suitability. A century ago, Minkowski and
Vonmehring resected a dog’'s pancreas, thus
creating a diabetic animal model. The experi-
mental basis is a continuous process and
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development; scientists have made a variety of
attempts. So far, there have been many types
of methods that can be used for the establish-
ment of the diabetic animal model. The follow-
ing four types of models are widely used at
present: (1) the pancreatectomy, (2) induced by
chemical drugs, (3) spontaneous diabetes

Am J Transl Res 2017;9(1):36-49
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Figure 8. Effect of EACJ on the expression of TGF-B1 in mouse kidney tissue (Immunohistochemical analysis, scale
bar: 400 um). A: Normal control: administered distilled water; B: Model control: administered distilled water; C:
Metformin: 320 mg/kg of metformin; D: High dose: 100 g/kg of EACJ; E: Middle dose: 50 g/kg of EACJ; F: Low dose:
25 g/kg of EACJ. Note: The arrows represent the glomerulus-included immunity-positive TGF-B1 protein (brown).

model, and (4) transgenic animals [31-33]. This
experiment is induced by chemical drugs, such
as STZ. STZ is a broad-spectrum antibiotic that
selectively destroys certain properties of ani-
mal, induces diabetes in many animals, rela-
tively lowers tissue toxicity, increases animal
survival rate, and can be used as a method for

preparing a diabetes animal model [34-37].
This experiment used STZ through fasting injec-
tion to induce diabetes in mice for scientific
research [38].

In this experiment, we found that the extracts
from the fruits of Averrhoa carambola L. (Ox-

Am J Transl Res 2017;9(1):36-49
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Figure 9. Effect of EACJ on the expressions of CTGF and TGF-B1 mRNA in mouse kidney tissue (n = 10). Normal con-
trol: administered distilled water; Model control: administered distilled water; Metformin: 320 mg/kg of metformin;
High dose: 100 g/kg of EACJ; Middle dose: 50 g/kg of EACJ; Low dose: 25 g/kg of EACJ. The results were presented
as the means + S E. 2P < 0.01 compared with the normal control group; °P <0.01, °P < 0.05 compared with the

model group.

alidaceae) clearly decreased the level of FBG
and weight gain in the diabetic mice after 21
days of treatment. In addition, the physical and
chemical test results show that the serum of
TC, TG, HDL-C, LDL-C (Figure 4), CREA (Scr), and
BUN (Figure 5) of the EACJ-treated (25 g/kg,
50 g/kg, and 100 g/kg body weight/d) groups
were lower than those concentrations in the
STZ-diabetic mice. These beneficial phenome-
non illustrated that the EACJ-mediated hypogly-
cemic function was related to attenuating lipo-
toxicity or to reducing lipogenesis. Clinically,
metformin, acting as one of the antidiabetic
drugs, has been shown to effectively guard
against diabetes and related complications.
The pharmacological action of metformin is pri-
marily involved in enhancing insulin sensitivity
and increasing peripheral glucose uptake,
thereby reducing hyperglycemia and metabolic
disturbance [39]. Therefore, this study indicat-
ed that for diabetes patients, metformin treat-
ment and an EACJ complement can contribute
to diabetes management and can output addi-
tional benefits through combined administr-
ation.

More and more studies have demonstrated
that oxidative stress is a key pathogenic factor
in the development of diabetic complications,
including nephropathy [40, 41]. In this study, in
the experimental group EACJ in different doses
and tissue MDA values were lower, but the SOD
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activity in the high-dose group was improved.
Therefore, the experiment proved that EACJ on
the SOD activity has an enhancing effect and
strengthens the anti-oxidation ability in the
mice, reducing the in vivo accumulation of free
radicals, preventing damage to the body, and
improving the function of the diabetic mice
[42]. SDH is a sensitive index to detect the
degree of mitochondrial damage. The proof
that EACJ is a high-dose group could signifi-
cantly increase the activity of SDH in liver mito-
chondria, indicating the high-dose group of
EACJ to improve one of the pathways of glucose
metabolism in diabetic mice is by improving the
tricarboxylic acid cycle activity of SDH, oxida-
tion accelerated succinic acid, enhanced the
tricarboxylic acid cycle operation, thereby inc-
reasing the sugar utilization. An important sub-
stance that regulates the metabolism and bio-
logical function of a substance is CAMP. It is the
second messenger of life information transmis-
sion, regulating the physiological activities and
metabolism of cells. Metabolism plays an im-
portant role in the metabolism of sugar. The
experimental results show that the EACJ high-
dose group can significantly reduce the cAMP
level in the liver tissue of mice and plays a cer-
tain role in the glucose-lowering effect, but the
specific mechanism still needs further research.

At the early stage of DN, mainly in glomerular
hypertrophy as the main performance, the
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gradual emergence of an extracellular matrix
increased, the latter mainly to glomerular scle-
rosis, renal interstitial fibrosis particularly,
resulting in nephron damage, decrease in the
effective filtration rate, and finally by the kidney
function not complete transition to renal fail-
ure. TGF-B1 and CTGF play an important role in
the occurrence and progression of DN. The
results of this study were similar to those
reported by Wolf, and the expression of CTGF
and TGF-B1 was increased in the model group
compared with the normal group. CTGF can
regulate its downstream gene TGF-B1, CTGF
upregulation-induced TGF-B1 high expression,
and mediate renal injury [43]. In addition, there
is a study of CTGF to regulating TGF-B1-induced
renal cell damage, it can also directly regulate
other genes, leading to hardening and causing
renal fibrosis and sclerosis [44]. Therefore,
blocking TGF-B1, CTGF mediated renal injury
can play a role in protecting the kidneys. The
experimental results show that with the model
group compared, and high-dose EACJ can down
regulate the expression of CTGF and TGF-f1
MRNA and protein (P < 0.05), so in the case of
EACJ on diabetic mouse model of early DN with
renal protective effect, the protective effect
might be related to the downregulation of CTGF
and TGF-f1 mRNA and protein expression, but
the specific molecular regulation mechanism
and the target pathway need further study.
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