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Abstract. Dendrobium mixture (DMix) is a Traditional Chinese 
Medicine widely used for preventing and treating diabetic 
nephropathy (DN). Autophagy contributes to DN development 
and progression. The present study aimed to investigate the 
mechanism underlying the protective effects of DMix on the 
kidneys of rats with DN and to determine whether this involves 
autophagy. Herein, a high‑sugar and high‑fat diet, combined 
with the intra‑abdominal injection of low‑dose streptozocin, 
was used to induce DN in 40 Sprague‑Dawley male rats. In 
total, 10 additional rats were used as controls. The rats with 
DN were then randomly divided into three groups and treated 
with DMix, gliquidone or saline via gastric administration for 
8 weeks. Body weight, kidney weight, kidney index, fasting 
blood glucose (FBG), blood lipid, hemoglobin A1c (HbA1c), 
insulin, blood urea nitrogen and serum creatinine levels, as 
well as the 24‑h urinary albumin excretion rate (UAER) were 
measured. H&E, Periodic Acid‑Schiff and Masson staining 
were used to examine the renal pathology. The mRNA and 
protein expression levels of LC3 and Beclin‑1 in renal tissues 
were measured using reverse transcription‑quantitative PCR 
and immunohistochemistry, respectively. Western blotting 
was conducted to measure the protein expression levels of 
PI3K, phosphorylated (p)‑PI3K, Akt, p‑Akt, mTOR, p‑mTOR, 
LC3 and Beclin‑1 in renal tissues. It was found that DMix 
significantly reduced the FBG, blood lipids, HbA1c and insulin 
levels, kidney weight, kidney index and UAER in rats with 
DN, as well as improved renal function. Rats with DN showed 

notable glomerular hypertrophy, an increase in mesangial 
matrix content and renal interstitial fibrosis. Moreover, DMix 
notably reduced kidney damage. The results demonstrated that 
DMix inhibited the phosphorylation of PI3K, Akt and mTOR 
in the kidney tissues of rats with DN, and increased the protein 
and mRNA expression levels of LC3 and Beclin‑1. Therefore, 
it was suggested that DMix has protective effects on the kidney 
of rats with DN, which may be associated with the inhibition 
of the PI3K/Akt/mTOR signaling pathway and activation of 
renal autophagy by this traditional medicine.

Introduction

Diabetic nephropathy (DN) is a common microvascular 
complication of diabetes mellitus and is a major cause of chronic 
kidney failure and end‑stage renal disease (ESRD) (1,2). The 
increasing incidence of DN worldwide affects the quality 
of life of patients and has a heavy burden on society and 
the economy. According to a US Renal Data System report, 
20‑40% of diabetic patients in the United States display 
different degrees of renal injury, and DN is the first secondary 
factor leading to ESRD (3). The main clinical features of DN 
are proteinuria, progressive renal impairment and hyperten‑
sion (4,5), and its prognosis and outcome are associated with 
a variety of mechanisms, such as hemodynamic changes, 
oxidative stress and inflammation. Therefore, research should 
be conducted to further understand the pathogenesis of DN, in 
order to develop novel therapeutic agents.

Recent studies have reported that autophagy was closely 
associated with the occurrence and development of DN (6,7). 
The process of autophagy is an effective method to remove 
damaged proteins and senescent organelles in cells to 
maintain the stability of the intracellular environment (8,9). 
The PI3K/Akt/mTOR signaling pathway is the most typical 
signaling pathway regulating autophagy, and mTOR is a key 
target of autophagy regulation and it negatively regulates 
autophagy (10,11). mTOR is a downstream target of P13K/Akt, 
and its activity is dependent on regulation of the PI3K/Akt 
signaling pathway. Under normal physiological circumstances, 
a tyrosine kinase receptor activates PI3K, which then converts 
its substrate phosphatidylinositol diphosphate into inositol 
triphosphate (PIP3). Then, PIP3 and phosphoinositide‑depen‑
dent kinase‑1 synergistically activate Akt, which then 
transmits the signals for mTOR activation (12). Activation of 
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mTOR and its downstream factors promotes protein synthesis 
and cell proliferation, accelerates cell metabolism and inhibits 
cell autophagy (13,14).

Beclin‑1 and LC3 are important autophagy markers. 
Beclin‑1, as one of the related genes regulating autophagy 
formation, is an important component of the autophagy core 
complex, and it serves a key role in maintaining autophagy 
activity (15). The LC3 gene also belongs to the autophagy 
system, and it is involved in the encoding of proteins associated 
with autophagy. The encoded proteins are mainly expressed 
on the surface of the pre‑autophagosome and autophagosome 
membranes, and serve a major role in the construction of 
autophagosome (16). Moreover, the proportion of LC3II/LC3I 
can reflect the degree of autophagy (17,18). Therefore, the 
LC3II/LC3I ratio and Beclin‑1 expression are usually used as 
references to evaluate the level of autophagy (19,20).

Dendrobium mixture (DMix) is a preparation used 
at The Second Affiliated Hospital of Fujian Traditional 
Chinese Medical University (batch. no. Min Q/YZ‑2012‑315; 
patent.  no.  ZL201110408411.0), which was developed by 
Professor Hong Shi for the long‑term clinical treatment of 
diabetes and its complications (21,22). DMix is composed of 
Dendrobium, Astragalus, Schisandra, Radix puerariae, Salvia 
miltiorrhiza, Rehmanniae and Rhizoma anemarrhenae. In 
clinical applications, it can lower glucose and lipid levels, 
and alleviate insulin resistance (22); however, the molecular 
mechanisms underlying its action remain unknown.

The PI3K/Akt signaling pathway is a signal transduc‑
tion pathway that promotes cell survival and proliferation in 
response to extracellular signals (23). It has been reported that 
the PI3K/Akt/mTOR signaling pathway serves an important 
role in the pathogenesis of diabetes mellitus; therefore, the 
regulation of this signaling pathway may be a potential thera‑
peutic target (24). In the present study, a DN rat model was 
established using a high‑sugar and high‑fat feed diet, combined 
with a low‑dose streptozocin (STZ) peritoneal injection. Based 
on the regulatory effect of the PI3K/Akt/mTOR signaling 
pathway on autophagy, the mechanism of DMix in renal 
protection in rats with DN was further examined to provide an 
experimental basis for clinical treatment of DN.

Materials and methods

Drugs. The DMix decoction consisting of the seven herbs 
listed in Table  I (15 g Dendrobium, 20 g Astragalus, 8 g 
Schisandra, 15 g Radix puerariae, 20 g Salvia miltiorrhiza, 
18 g Rehmanniae and 12 g Rhizoma anemarrhenae) was 
purchased from the Guoyitang Clinic of Fujian University 
of Traditional Chinese Medicine. The aforementioned herbs 
were added to distilled water and soaked for 30 min, boiled 
for 1 h and filtered. The filtered liquid was concentrated to 
1.6 g/ml by boiling and stored at this concentration for use. 
Gliquidone tablets (batch. no. 1140573) were purchased from 
Beijing Wanhui Shuanghe Pharmaceutical Co., Ltd.

Animals. A total of 50 specific‑pathogen free healthy male 
Sprague‑Dawley rats (age, 6 weeks; weight, 180‑220 g) were 
provided by Shanghai Slyke Experimental Animals Co., Ltd. 
[license. no. SCXK (HU) 2017‑0005]. Rats were kept in a 
specific‑pathogen free environment (temperature, 22‑25˚C; 

humidity, 50‑60%; 12‑h light/dark cycles) at the Experimental 
Animal Center of Fujian University of Traditional Chinese 
Medicine, with free access to a standard diet and water. All 
animal experiments were conducted in accordance with 
internationally recognized animal welfare guidelines  (25) 
and were approved by the Medical Ethics Committee 
of Fujian University of Traditional Chinese Medicine 
(approval. no. 2019‑031). Rats were rapidly euthanized via 
cervical dislocation under deep anesthesia using 20% urethane 
(1,000 mg/kg; intraperitoneal).

Experimental design. All rats were fed an adaptive routine 
diet for 1 week. In total, 10 rats were randomly selected as 
the normal control group and were fed a routine diet. The 
remaining 40 rats were given a high‑sugar and high‑fat diet 
(main ingredients: 60.7% basic feed, 10% lard, 15% sucrose, 
10% egg yolk powder, 4% cholesterol and 0.3% cholate). After 
6 weeks of feeding, the rats were fasted for 12 h and given 
an intraperitoneal injection of 25 mg/kg STZ (Sigma‑Aldrich; 
Merck KGaA) dissolved in 0.1 mol/l citrate buffer (pH 4.2). The 
control group was given an intraperitoneal injection of equal 
volume of citrate buffer. After 72 h, a second intraperitoneal 
injection of the same dose was given using the same method. 
Then, 3 days later, tail vein blood sampling was performed for 
detecting random blood glucose levels of ≥16.7 mmol/l, and 
the unqualified rats (blood glucose level, <16.7 mmol/l) were 
excluded from the experiment. Rat urine was collected from a 
metabolic cage for 24 h, and the urinary albumin excretion rate 
(UAER) was measured. Blood glucose level at ≥16.7 mmol/l 
and an UAER of ≥30 mg/24 h were used as the establishment 
criteria for DN (26). In total, 30 rats with DN successfully 
met the DN model criteria and were randomly allocated 
into three groups: DN group (n=10), DMix group (n=10) and 
gliquidone group (n=10). Gliquidone (cat. no. 1140573; Beijing 
Wanhui Double Crane Pharmaceutical Co., Ltd.) is an anti‑DN 
drug and was used as a positive control. At 9:00 a.m every 
day, all animals were treated via intragastric administration 
at the clinical equivalent dose for adults with body weight 
of 60 kg. The rats in the DMix group were administered 
8 g/(kg·d) DMix, and those in the gliquidone group were given 
3 mg/(kg·d) gliquidone via gastric gavage. The control rats and 
rats with DN were administered the same amount of normal 
saline daily via gastric gavage for 8 weeks.

Measurement of fasting blood glucose (FBG), body weight, 
kidney weight, kidney index, blood lipid level, insulin and renal 
function. During the treatment period, the rats were weighed, 
and FBG was measured every 2 weeks. The rats were fasted 
(with free access to water) for 12 h, and the tails of the rats 
were pierced with disposable sterile blood collection needles. 
After collecting 0.1 ml tail blood, the FBG of the rats was 
measured using a Roche glucose meter (Roche Diagnostics). 
At the end of 0, 4 and 8 weeks, rat urine was collected from a 
metabolic cage for 24 h; then, the urine volume was measured 
using a volumetric canister and the urine protein concentra‑
tion was measured using a urine protein quantitative kit 
(cat. no. C035‑2, Nanjing Jiancheng Bioengineering Institute), 
according to the manufacturer's protocol. Values of the total 
urine volume and protein concentration were used to calculate 
the UAER.
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After 8  weeks of treatment, all rats were fasted for 
12  h, with water available, and then anesthetized using 
intraperitoneal 20% urethane (1,000  mg/kg). Blood was 
collected from the abdominal aorta and the serum was 
separated via centrifugation at 4˚C for 15 min at 1,200 x g. 
Serum total cholesterol (TC; cat. no. A111‑2), triglyceride 
(TG; cat.  no. A110‑2), low‑density lipoprotein cholesterol 
(LDL‑C, cat. no. A113‑1), high‑density lipoprotein choles‑
terol (HDL‑C; cat. no. A112‑1), hemoglobin A1c (HbA1c; 
cat. no. A056‑2), blood urea nitrogen (BUN; cat. no. C013‑2) 
and serum creatinine (Scr; cat.  no.  C011‑2) levels were 
measured using biochemical analysis kits according to the 
manufacturer's protocols. All biochemical analysis kits 
were purchased from the Nanjing Jiancheng Bioengineering 
Institute. Serum insulin levels were measured with an ELISA 
kit (cat. no. F15960; Shanghai Xitang Biotechnology Co., Ltd.) 
according to the manufacturer's protocol. After the rats were 
sacrificed, both kidneys were removed, washed with normal 
saline and weighed. Kidney index was calculated as follows: 
Kidney index=weight (mg)/body weight (g).

Renal histology. Kidney tissue was fixed in 4% paraformal‑
dehyde solution at room temperature for 24 h, embedded in 
paraffin and cut into 4‑µm‑thick sections. H&E, Periodic 
Acid‑Schiff (PAS) and Masson's staining were used to eval‑
uate the pathological changes in the kidney tissue. All staining 
steps were performed at room temperature. The stained 
kidney sections were examined under a light microscope 
(Nikon Corporation) at a magnification of x400.

H&E staining. The dried kidney tissue sections were dewaxed 
using xylene, graded alcohol (100, 95, 90, 80 and 70%) and 
distilled water. The sections were stained with hematoxylin 
for 10 min, differentiated with 1% hydrochloric acid alcohol 
for 5 sec and then immersed in eosin for 3 min. Dehydration 
and transparent sealing were then performed for examination 
under a light microscope.

PAS staining. The dried kidney tissue sections were dewaxed 
using xylene, graded alcohol and distilled water. Sections 
were immersed in iodic acid oxidation solution for 5 min, 
followed by immersion in Schiff reagent for 15 min. After 
counterstaining with hematoxylin for 1  min, 1% hydro‑
chloric acid alcohol differentiation for 3 sec, dehydration 
and transparent sealing, examination was performed under 
a light microscope.

Masson staining. The dried kidney tissue sections were 
dewaxed using xylene, gradient alcohol and distilled water. 
The sections were fixed for 1 h in the Bouin's fixative solution 
(15:5:1 of picric acid saturated liquid, formaldehyde and glacial 
acetic acid), immersed in Masson composite dyeing solution 
for 10 min and differentiated in 1% phosphomolybdate for 
10 min. The collagen fiber showed a reddish color and was 
immersed in 2% aniline blue solution for 5 min. Dehydration 
and transparent sealing were then performed for examination 
under a light microscope.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from rat kidney tissue using the RNAiso 
Plus reagent (cat. no. 9108; Takara Bio, Inc.), and the concen‑
tration was determined. Then, cDNA was synthesized using 
a PrimeScript RT Reagent kit (cat. no. RR047A; Takara Bio, 
Inc.) at 37˚C for 15 min and 85˚C for 5 sec. PCR was performed 
using a PCR kit (cat. no. RR420A; Takara Bio, Inc.) under the 
following reaction conditions: Initial denaturation at 95˚C for 
30 sec; followed by 40 cycles of denaturation at 95˚C for 5 sec, 
annealing at 55˚C for 30 sec and extension at 72˚C for 30 sec. 
SDS2.4 software (Thermo Fisher Scientific, Inc.) was used 
to analyze the Cq values of the samples detected during the 
PCR process, using GAPDH as the internal reference and the 
ΔΔCq method for relative quantitative analysis, with 2‑∆∆Cq as 
a quantity for the relative expression of the target RNA. PCR 
primers (Table II) were designed and provided by Fuzhou 
Shangya Biotechnology Co., Ltd.

Immunohistochemistry. The kidney tissue was fixed in 4% 
paraformaldehyde solution at room temperature for 24 h, 
embedded in paraffin and cut into 4‑µm‑thick sections. The 
paraffin‑embedded kidney tissue was cut into 4‑µm‑thick 
slices, adhered to microscope slides, baked at 58˚C for 2 h, 
dewaxed using xylene twice, hydrated with gradient alcohol 
(100, 95, 90, 80 and 70%), placed into boiled sodium citrate 
solution for antigen repair and naturally cooled to room 
temperature (18‑30˚C). The sections were rinsed with PBS 
three times, co‑incubated with an endogenous peroxidase 
blocker at room temperature for 10 min, rinsed with PBS three 
times and co‑incubated with non‑immunized animal serum 
(10%; Fuzhou Maixin Biotech Co., Ltd.) at room temperature 
for 10 min. After removing the serum, the following primary 
antibodies were added in a dropwise manner: Rabbit anti‑LC3 
polyclonal antibody (1:200; cat. no. ab48394; Abcam) and rabbit 
anti‑Beclin‑1 polyclonal antibody (1:500; cat. no. ab62557; 
Abcam). Slides were then incubated overnight at 4˚C and then 
rinsed with PBS three times. Biotin‑labeled sheep anti‑rabbit 
IgG (ready to use; cat. no. KIT‑9710; Fuzhou Maixin Biotech 
Co., Ltd.) was added and slides were incubated at room 
temperature for 10 min, after which they were rinsed with 
PBS thrice, incubated with streptavidin‑peroxidase (Fuzhou 
Maixin Biotech Co., Ltd.) at room temperature for 10 min and 
rinsed with PBS three times. Then, the sections were treated 
with DAB (Wuhan Boster Biological Technology Co., Ltd.) for 
color development at room temperature for 3 min, rinsed with 
distilled water, dyed with hematoxylin at room temperature 
for 1 min and rinsed using tap water for blueness. Gradient 
alcohol was used for dehydration, sections were dried and 
made transparent using xylene, following which neutral gum 

Table I. Composition of Dendrobium mixture.

Ingredient, plant name	 Plant organ	 Weight, g

Dendrobium	 Stem	 15
Astragalus	 Radix	 20
Schisandra	 Fruit	   8
Radix puerariae	 Radix	 15
Salvia miltiorrhiza	 Radix and Rhizoma	 20
Rehmanniae	 Root tuber	 18
Rhizoma anemarrhenae	 Rhizoma	 12
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was used for sealing. Brown staining indicated positive expres‑
sion as observed under an optical microscope (magnification, 
x400). Image‑pro Plus 6.0 software (Media Cybernetics, Inc.) 
was used for analysis, and the relative protein expression was 
represented in terms of mean density.

Western blotting. The kidney tissues stored in liquid nitrogen 
were lysed in RIPA buffer (cat.  no.  P0013B; Beyotime 
Institute of Biotechnology) and fully ground to create tissue 
homogenate. After centrifugation (4˚C; 1,200 x g; 15 min), 
the supernatant was absorbed to obtain the total protein of 
kidney tissue, and the protein concentration was determined 
using a BCA assay. Then, 30 µg each sample was used for 
10% SDS‑PAGE, after which the samples were transferred to 
a PVDF membrane, and the membrane was blocked with 5% 
skim milk at room temperature for 1 h. Next, the membrane 
was incubated with primary antibodies overnight at 4˚C. After 
rinsing with TBS‑0.1% Tween 20 (TBST), the membrane was 
incubated with a secondary antibody at room temperature for 
1 h. After rinsing with TBST, the membrane was stained using 
ECL (cat. no. P0018S; Beyotime Institute of Biotechnology) 
reagent and viewed with a gel imaging system (Bio‑Rad 
Laboratories, Inc.). The antibodies and dilutions used were 
as follows: β‑actin (1:1,000; cat. no. ab8226; Abcam), PI3K 
(1:1,000; cat. no. ab191606; Abcam), phosphorylated (p)‑PI3K 
(1:500; cat. no. ab182651; Abcam), Akt (1:500; cat. no. ab8805; 
Abcam), p‑Akt (1:500; cat. no. ab222489; Abcam), mTOR 
(1:10,000; cat.  no.  ab134903; Abcam), p‑mTOR (1:1,000; 
cat. no. ab137133; Abcam), LC3 (1:2,000; cat. no. ab48394; 
Abcam), Beclin‑1 (1:1,000; cat. no. ab62557; Abcam), goat 
anti‑mouse IgG secondary antibody (1:2,000; cat. no. A0216; 
Biyuntian Biotechnology Research Institute) and goat 
anti‑rabbit IgG secondary antibody (1:1,000; cat. no. A0208; 
Biyuntian Biotechnology Research Institute). Image Lab 
software (version 5.2.1; Bio‑Rad Laboratories, Inc.) was used 
to analyze and semi‑quantify the images.

Statistical analysis. All experiments were repeated three 
times. SPSS 22.0 statistical software (IBM Corp.) was used to 
analyze the data, which are presented as the mean ± SD if they 
followed a normal distribution. If not, the data are expressed 
as median and interquartile range. If the data conformed to 
the normal distribution pattern, differences among multiple 
groups were analyzed using one‑way and mixed two‑way 
ANOVA. Kruskal‑Wallis test was used for analyzing data that 
did not follow a normal distribution. The Bonferroni method 
was used for pairwise comparison between groups when the 

variances were homogeneous, and Dunnett's T3 comparison 
was used when the variances were heterogeneous. P<0.05 was 
considered to indicate a statistically significant difference.

Results

General conditions of rats during the treatment period. The 
rats in the control group displayed a quick reaction, good mental 
state and glossy hair. The rats in the DN group showed slow 
reaction and weight loss, and increased diet, water intake and 
urine output, compared with the control group. In comparison 
with the DN group, these characteristics were improved to 
varying degrees in the DMix and gliquidone groups.

DMix lowers FBG levels in rats with DN. As shown in Fig. 1, the 
FBG levels of rats in the DN group were significantly increased 
compared with those in the control group (P<0.01). After 
treatment with DMix, FBG levels were gradually decreased 
with treatment time, and they were significantly different from 
those in the DN group from the 4th week onwards (week 4, 
P=0.034; week 6, P=0.009; and week 8, P<0.01); the difference 
was not statistically significant compared with the gliquidone 
group (P=0.767).

Effect of DMix on serum HbA1c and insulin levels of rats with 
DN. It was found that compared with the control group, HbA1c 

Table Ⅱ. Primers used for reverse transcription‑quantitative PCR.

Gene	 Primer sequence	 Product length, bp

LC3	 Forward: 5'‑GCGAGTTGGTCAAGATCATCC‑3'	 138
	 Reverse: 5'‑CGTCTTCATCCTTCTCCTGTTC‑3'	
Beclin‑1	 Forward: 5'‑AATCTAAGGAGTTGCCGTTGT‑3'	 191
	 Reverse: 5'‑GCCTCCAGTGTCTTCAATCTT‑3'	
GAPDH	 Forward: 5'‑ACGGCAAGTTCAACGGCACAG‑3'	 149
	 Reverse: 5'‑GAAGACGCCAGTAGACTCCACGAC‑3'	

Figure 1. DMix lowers fasting blood glucose levels in rats with DN. Fasting 
blood glucose levels at 0‑8 weeks after DMix treatment in the control, 
DN, DMix and gliquidone groups. Data are presented as the mean ± SD. 
**P<0.01 vs. control; #P<0.05, ##P<0.01 vs. DN. DMix, Dendrobium mixture; 
DN, diabetic nephropathy.
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levels of rats in the DN group were increased significantly 
(P=0.000; Fig.  2A), and insulin levels were decreased 
significantly (P<0.01; Fig. 2B). Compared with the DN group, 
HbA1c and insulin levels in the DMix group were significantly 
decreased and increased, respectively (HbA1c, P<0.01; insulin, 
P=0.033).

Comparison of body weight, kidney weight and kidney index 
in each group. Compared with the control group, the DN 
group continued to lose weight over time (week 2, P=0.043; 
week 4, P=0.022; week 6, P=0.004; and week 8, P=0.002). 
However, after treatment with DMix, further weight loss of 
the rats was inhibited (P=0.006; Fig. 3A). The kidney weight 
and index of the DN group were significantly higher compared 
with those of the normal group (kidney weight, P=0.011; 
kidney index, P<0.01; Fig. 3B and C), suggesting that the renal 
tissue was damaged. After 8 weeks of treatment with DMix, 
the kidney weight and index of the rats were significantly 
decreased (kidney weight, P=0.034; kidney index, P=0.008; 
Fig. 3B and C), which showed alleviated renal tissue injury.

Effects of DMix on serum TC, TG, LDL‑C and HDL‑C levels 
in rats with DN. As shown in Fig. 4, the serum TC, TG and 
LDL‑C levels of rats in the DN group were significantly higher 
compared with those in the control group (TC, P=0.009; TG, 
P<0.01; LDL‑C, P<0.01), while HDL‑C levels were signifi‑
cantly lower (P=0.005). Moreover, compared with the DN 
group, TC, TG and LDL‑C levels were significantly lower 
in the DMix group (TC, P=0.049; TG, P=0.048; LDL‑C, 

P=0.003), while HDL‑C levels were significantly higher 
(P=0.029). There was no statistically significant difference 
between the DMix and gliquidone groups (TC, P=0.894; TG, 
P=0.579; LDL‑C, P=0.664; HDL‑C, P=0.848).

DMix improves renal function in rats with DN. Indices of 
renal function, including BUN, Scr and UAER, were detected 
in each group, and compared with those of the control group. 
All indices in the DN group were found to be significantly 
increased (BUN, P<0.01; Scr, P<0.01; UAER, P<0.01; 
Fig. 5A‑C). Renal insufficiency was observed in rats with 
DN. Compared with the DN group, BUN and Scr levels in the 
DMix group were significantly reduced (BUN, P=0.001; Scr, 
P=0.013; Fig. 5A and B), but the difference was not statistically 
significant compared with that of the gliquidone group (BUN, 
P=0.347; Scr, P=0.792). UAER was measured every 4 weeks. 
It was identified that the UAER in the DN group was gradu‑
ally increased (week 4, P=0.293; week 8, P=0.011), and it was 
significantly decreased after treatment with DMix (week 4, 
P=0.001; week 8, P<0.01; Fig. 5C). These data indicated that 
DMix protected renal function in rats with DN.

Effect of DMix on pathological renal morphology of rats with 
DN. H&E, PAS and Masson staining revealed that the kidney 
structure of the control rats was clear and complete, the size 
and shape of the glomeruli were normal, the number of matrix 
and mesangial cells was not increased and the renal tubular 
lumen was not obvious. Moreover, the epithelial cells were 
intact, there was no glycogen deposition, no signs of fibrous 

Figure 3. Comparison of body weight, kidney weight and kidney index in each group. Changes in (A) body weight, (B) kidney weight and (C) kidney index after 
DMix treatment. *P<0.05, **P<0.01 vs. control; #P<0.05, ##P<0.01 vs. DN. DMix, Dendrobium mixture; DN, diabetic nephropathy.

Figure 2. Comparison of serum HbA1c and Ins levels in each group. Effect of DMix on serum (A) HbA1c and (B) Ins levels in rats with DN. **P<0.01 vs. control;  
#P<0.05, ##P<0.01 vs. DN. DMix, Dendrobium mixture; HbA1c, hemoglobin A1c; Ins, insulin; DN, diabetic nephropathy.
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tissue hyperplasia were observed and the basement membrane 
was not thickened (Fig. 6). In the DN group, the glomerular 
volume was higher, the number of mesangial cells and extra‑
cellular matrix deposition were increased, the mesangial area 
was wider and there were signs of vacuolar degeneration of 
the renal tubular epithelial cells. In addition, the number of 
renal interstitial cells was increased, the amount of red‑stained 
glycogen deposits was increased and there was obvious 
collagen fiber accumulation (Fig. 6). Compared with the DN 
group, both the DMix and gliquidone groups had significantly 
improved observable morphology, as the proliferation of 
glomerular mesangial cells was significantly reduced, the 
deposition of extracellular matrix was decreased and the 

basement membrane was thinner than that of the DN group. 
Furthermore, the structure of renal tubules was essentially 
restored to normal, a small amount of glycogen was observed 
and the deposition of collagen fibers was decreased (Fig. 6).

DMix increases the protein and mRNA expression levels 
of LC3 and Beclin‑1 in the kidneys of rats with DN. 
Immunohistochemical staining and western blot analysis 
demonstrated that the protein expression levels of LC3 and 
Beclin‑1, and the ratio of LC3II to LC3I in rat kidney tissues 
of the DN group were significantly lower compared with those 
in the control group (immunohistochemical: LC3, P<0.01; 
Beclin‑1, P=0.002; western blotting: LC3II/LC3I, P=0.004; 

Figure 5. DMix improves renal function in rats with DN. DMix improved (A) BUN, (B) Scr and (C) 24‑h UAER in rats with DN. **P<0.01 vs. control; 

#P<0.05, ##P<0.01 vs. DN. DMix, Dendrobium mixture; BUN, blood urea nitrogen; Scr, serum creatinine; UAER, urinary albumin excretion rate; DN, diabetic 
nephropathy.

Figure 4. Comparison of blood lipid levels in each group. Effects of DMix on serum (A) TC, (B) TG, (C) LDL‑C and (D) HDL‑C levels in rats with DN. 
**P<0.01 vs. control; #P<0.05, ##P<0.01 vs. DN. DMix, Dendrobium mixture; TC, total cholesterol; TG, triglyceride; LDL‑C, low‑density lipoprotein choles‑
terol; HDL‑C, high‑density lipoprotein cholesterol; DN, diabetic nephropathy.
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Beclin‑1, P<0.01; Fig.  7A, B, D‑F). However, the protein 
expression levels of LC3 and Beclin‑1 and the ratio of LC3II 
to LC3I were significantly increased in the DMix and gliq‑
uidone groups (immunohistochemical, DMix: LC3, P=0.001; 
Beclin‑1, P=0.019; immunohistochemical, gliquidone: 
LC3, P=0.002; Beclin‑1, P=0.008; western blotting, DMix: 
LC3II/LC3I, P=0.018; Beclin‑1, P=0.023; western blotting, 
gliquidone: LC3II/LC3I, P=0.029; Beclin‑1, P=0.049; Fig. 7A, 
B, D‑F). Additionally, the mRNA expression levels of LC3 and 
Beclin‑1 in rat kidney tissues of the DN group were signifi‑
cantly lower (LC3, P=0.003; Beclin‑1, P=0.002; Fig. 7C). 
DMix upregulated the mRNA expression levels of LC3 and 
Beclin‑1 in rats with DN (LC3, P=0.048; Beclin‑1, P=0.017; 
Fig. 7C). These results indicated that DMix may promote the 
expression levels of autophagy‑related proteins in the kidney 
tissues of rats with DN to protect renal function.

DMix inhibits the PI3K/Akt/mTOR signal transduction 
pathway in the renal tissues of rats with DN. It is well 
known that the PI3K/Akt/mTOR signaling pathway is one 
of the main pathways regulating autophagy (27). In order to 
understand the molecular mechanism underlying the effect 
of DMix on renal autophagy in DN, the effect of DMix on 
the PI3K/Akt/mTOR signaling pathway was examined 
(Fig. 8). The results demonstrated that the protein expression 
levels of p‑PI3K, p‑Akt and p‑mTOR in the DN group were 
significantly higher compared with those in the control group 
(p‑PI3K, P<0.01; p‑Akt, P<0.01; p‑mTOR, P<0.01), indicating 

that the PI3K/Akt/mTOR signaling pathway was more active 
in the kidney tissues of rats with DN. After 8 weeks of DMix 
treatment, the protein expression levels of p‑PI3K, p‑Akt and 
p‑mTOR were significantly decreased (p‑PI3K, P=0.036; 
p‑Akt, P=0.014; p‑mTOR, P=0.022), but there were no signifi‑
cant changes in the expression levels of PI3K, Akt and mTOR 
proteins. Furthermore, there was no statistically significant 
difference between the DMix and gliquidone groups (p‑PI3K, 
P=0.716; p‑Akt, P=0.531; p‑mTOR, P=0.522). This indicated 
that DMix inhibited the PI3K/Akt/mTOR signaling pathway 
in the kidney tissues of rats with DN.

Discussion

In the present study, it was identified that DMix inhibited the 
PI3K/Akt/mTOR signaling pathway, which promoted renal 
autophagy and improved renal function. Moreover, DMix 
inhibited the phosphorylation of PI3K, Akt and mTOR, 
increased the expression levels of LC3 and Beclin‑1, and 
alleviated renal damage based on the morphological analysis 
of the kidneys, thereby delaying the progression of DN. The 
basic pathological changes in DN are glomerular mesangial 
cell proliferation, increase in the extracellular matrix contents, 
glomerular basement membrane thickening and glomerular 
sclerosis (28‑30). Its pathogenesis is complex, and there are a 
lack of effective treatments for this condition.

Recently, Traditional Chinese Medicine (TCM) has 
achieved good efficacy in the treatment of DN. Numerous 

Figure 6. Photomicrographs of H&E, PAS and Masson staining of rat kidneys from each group, as observed under a light microscope (magnification, x400). 
The kidney specimen of the DN group showed markedly severe destruction in glomerular and tubulointerstitial lesions, such as glomerular hypertrophy, 
increased mesangial cell number and extracellular matrix deposition, interstitial cell infiltration and accumulation of glycogen and collagen fibres. After 
treatment with DMix, the overall morphology of glomerular and tubulointerstitial lesions improved significantly. DMix, Dendrobium mixture; DN, diabetic 
nephropathy; PAS, Periodic Acid‑Schiff.
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TCMs have been used in clinical practice and have shown 
promising results in the treatment of diabetes and its compli‑
cations  (31,32). Unlike a single compound that has only 
one active chemical component, TCM is usually a complex 
combination of chemicals that work synergistically. Moreover, 
any active ingredient of TCM alone cannot reflect the final 
therapeutic effect of the whole medicine (33,34). In prelimi‑
nary experimental studies and clinical practice, DMix has 
been proved to have a good therapeutic effect against diabetes 
and its complications (21,22).

The present study used a high‑sugar and high‑fat feed 
combined classic model of STZ‑induced DN to successfully 

reproduce the typical pathological changes of DN in rats. 
The biochemical indexes of these rats were abnormal to 
varying degrees, and these were significantly improved after 
DMix treatment, which was consistent with the findings of 
our previous studies (21,22). Furthermore, the current study 
demonstrated the therapeutic effects of DMix in protecting 
renal function and preventing renal fibrosis. Gliquidone is 
a sulfonylurea‑based hypoglycemic agent that can bind to 
the specific receptors on the pancreatic β cell membrane to 
promote insulin secretion; it has a certain protective effect on 
the kidney (35). Gliquidone is a commonly used drug in the 
clinical treatment of DN and was used as a positive control 

Figure 7. DMix increases the protein and mRNA expression levels of LC3 and Beclin‑1 in the kidneys of rats with DN. (A) Immunohistochemical staining 
of LC3 and Beclin‑1 (magnification, x400). (B) Average optical density values of LC3 and Beclin‑1. (C) Reverse transcription‑quantitative PCR analysis of 
LC3 and Beclin‑1. (D) Western blot analysis of (E) LC3 and (F) Beclin‑1 protein expression levels. **P<0.01 vs. control; #P<0.05, ##P<0.01 vs. DN. DMix, 
Dendrobium mixture; DN, diabetic nephropathy.
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in the present study. The current results demonstrated that the 
clinical equivalent dose of DMix had effects similar to those 
of gliquidone.

Autophagy is considered an important potential mecha‑
nism underlying the development of DN; thus, activation 
of autophagy may be a potential therapeutic target for the 
treatment of DN (36‑38). Our previous studies confirmed that 
Beclin‑1 and LC3 levels in the kidneys of rats with DN were 
downregulated, suggesting that autophagy was a self‑repairing 
mechanism of the body to fight against the damage caused by 
stress (39,40). The results of the present study also indicated 
that the autophagy activity in the renal tissue of DN was 
reduced, and that DMix enhanced autophagy and improved 
renal function.

Previous studies have reported that in DN, the renal 
PI3K/Akt/mTOR signaling pathway was abnormally acti‑
vated and autophagy was inhibited, leading to kidney injury, 
glomerular hypertrophy and accelerated renal fibrosis (41‑43). 

p‑PI3K, p‑Akt and p‑mTOR are key participants in the 
PI3K/Akt/mTOR signaling pathway that activate this signaling 
pathway  (44,45). In the current study, the intervention of 
DMix significantly inhibited phosphorylation of PI3K, Akt 
and mTOR. These results suggest that DMix may restore renal 
autophagy activity and serve a protective role in DN kidney 
tissue by inhibiting the PI3K/Akt/mTOR signaling pathway.

Although the results support the current hypothesis, this 
study has some limitations. For example, the duration of drug 
therapy was relatively short; the present findings are similar 
to studies of multiple other drug mixtures (46,47); and other 
mechanisms that have not been investigated here cannot be 
excluded. Therefore, further studies in larger cohorts over a 
longer duration, as well as clinical trials, are required to verify 
the present findings.

In conclusion, the present study demonstrated that DMix 
has a protective effect on the kidneys of rats with DN, which 
may be due to the negative regulation of the PI3K/Akt/mTOR 

Figure 8. DMix inhibits the PI3K/Akt/mTOR signal transduction pathway in the renal tissues of rats with DN. The protein expression levels of (A) PI3K, 
p‑PI3K, (B) Akt, p‑Akt, (C) mTOR and p‑mTOR were detected using western blotting. β‑actin, PI3K, Akt and mTOR were used as the internal control. The 
relative ratios of (A) p‑PI3K/PI3K, (B) p‑Akt/Akt and (C) p‑mTOR/mTOR were used to analyze the gray value. **P<0.01 vs. control; #P<0.05, ##P<0.01 vs. DN. 
DMix, Dendrobium mixture; DN, diabetic nephropathy; p‑, phosphorylated.
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signaling pathway, promotion of renal autophagy and inhibi‑
tion of renal fibrosis, thereby delaying the progression of DN. 
Therefore, DMix could be used as a potentially beneficial 
TCM for the prevention and treatment of DN.
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