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Dendrobium mixture improved diabetic nephropathy in db/db

mice by regulating TGF-1/Smads signal transduction
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Abstract

Background: Dendrobium mixture (DMix) is an effective treatment for diabetic nephropathy
(DN), but the underlying molecular mechanism remains unclear. In this study, we
investigated whether DMix regulates the transforming growth factor-f1 (TGF-B1)/Smads

signal transduction pathway.

Methods: Twenty-four db/db mice were randomly divided into three groups: the model,
DMix, and gliquidone groups, while eight db/m mice were selected as the normal control
group. The drug was administered by continuous gavage for 8 weeks. Body weight (BW),

kidney weight (KW), kidney index, fasting blood glucose (FBG), blood lipid, 24-hour urinary

* Correspondence: zhangjieping @fjtcm.edu.cn
'Institute of Integrated Traditional Chinese and Western Medicine, Fujian University of Traditional Chinese Medicine,
Fuzhou 350122, People’s Republic of China
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albumin excretion rate, blood urea nitrogen, and serum creatinine levels were measured.
Pathological changes in the renal tissue were observed using a light microscope. Real-time
quantitative PCR and immunohistochemical staining were used to detect mRNA expression
of TGF-B1 and alpha-smooth muscle actin (a-SMA) genes and proteins, respectively, in renal
tissues. TGF-B1, Smad2, p-Smad2, Smad3, p-Smad3, and a-SMA expression levels were

measured using western blotting.

Results: DMix significantly reduced FBG level, BW, KW, and blood lipid level, and
improved renal function in db/db mice. Histopathology showed that DMix alleviated
glomerular mesangial cell proliferation and renal interstitial fibrosis in db/db mice.
Additionally, DMix reduced protein and mRNA expression of TGF-B1 and a-SMA, and

inhibited Smad2 and Smad3 phosphorylation.

Conclusions: The findings suggest that DMix may inhibit renal fibrosis and delay the

progression of DN by regulating the TGF-B1/Smads signaling pathway.

Key words: Diabetic nephropathy, Dendrobium mixture, TGF-B1/Smads signaling pathway

Background

Diabetic nephropathy (DN) is a common chronic microvascular complication of diabetes and
the most important cause of death in patients with diabetes [1, 2]. DN is characterized by the
thickening of the glomerular basement membrane, proliferation of mesangial cells, and
accumulation of extracellular matrix, leading to glomerulosclerosis and interstitial fibrosis
[3,4]. Transforming growth factor-f1 (TGF-B1) is a key cytokine-promoting fibrosis, and the

Smad protein is the intracellular kinase substrate of the TGF-B1 receptor, mediating the TGF-
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B1 signaling pathway. Activation of the TGF-f1/Smads signal transduction pathway is an
important mechanism for the development of renal fibrosis [5-7]. Dendrobium mixture
(DMix) is a preparation used at the Second Affiliated Hospital of Fujian Traditional Chinese
Medical University (batch number: Min Q/YZ-2012-315; patent number: ZL201110408411.0)
that was developed by Professor Shi Hongfor the long-term clinical treatment of diabetes and
its complications. It is composed of Dendrobium, Astragalus, Salvia miltiorrhiza, Rhizoma
anemarrhenae, and other herbs. It has the effects of lowering glucose and lipid levels and
improving insulin resistance following clinical application [8-10], but the potential molecular
mechanism remains unclear. In this study, the effect of DMix on the TGF-B1/Smads
signaling pathway in the renal tissue of db/db mice with DN was observed, and the
mechanism by which it improves DN was discussed to provide an experimental basis for the

use of DMix in clinical practice.

Methods

Drugs

DMix decoction, consisting of 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 Guoyitang Clinic, Fujian University of Traditional
Chinese Medicine (FJTCM). Gliquidone tablets (batch no. 1140573) were purchased from

Beijing WanhuiShuanghe Pharmaceutical Co., Ltd, Beijing, China.

Animals

db/db Mice (male, 11 weeks old, weight 42-46 g) and db/m mice (male, 11 weeks old, weight
21-24 g) were provided by the Department of Experimental Animal Science, Beijing

University Medical Science Department (license number: SCXK (Jing) 2011-0012) and kept
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in a specific-pathogen-free environment at the Experimental Animal Center, FJTCM, with
free access to standard diet and water. All animal experiments were conducted in accordance
with internationally recognized animal welfare guidelines and approved by the medical ethics

committee of FJTCM.

Experimental procedures

After 1 week of adaptive feeding, according to fasting blood glucose (FBG) level and body
weight (BW), db/db mice were randomly divided into three groups (n=8): the model group,
the DMix group, and the gliquidone group (positive control). In addition, eight db/m mice of
the same age with normal performance were selected as the normal control group. Mice in
the normal control and model groups were administered 20 mL/(kg-d) normal saline, the
positive control group received 5 mg/(kg-d) gliquidone, and the DMix treatment group

received 12 g/(kg-d) DMix, once a day for 8 weeks.

Biochemical analysis

The FBG level of the mice was measured with a blood glucose meter and a test paper once
every 2 weeks during treatment, using blood collected at the tail tip. After 8 weeks of
administration, the weight of the mice was determined, and the mice were placed into a
metabolic cage. Urine was collected for 24 hours and the urinary albumin excretion rate
(UAER) was determined using a urine protein quantitative kit (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China). After treatment, all mice were anesthetized via an
intraperitoneal injection of 2% sodium pentobarbital (0.01 mL/g). Orbital blood was collected
to separate the serum for the detection of blood urea nitrogen (BUN), serum creatinine (Scr),
total cholesterol (TC), and triglyceride (TG) levels. All biochemical analysis kits were

purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). At the end of



86  the experiments, the mice were sacrificed by cervical dislocation and kidneys were excised,

87  washed with normal saline, and weighed.

88  Renal histological analysis

89 A part of the kidney tissue was fixed in 4% paraformaldehyde solution, embedded in paraffin,
90  cutinto 4-um-thick sections, and then stained with hematoxylin-eosin (HE), periodic Acid-
91  Schiff (PAS), and Masson. The stained kidney sections were examined under a light

92  microscope at a magnification of x400.

93  HE staining

94  The dried kidney tissue sections were dewaxed using xylene, graded alcohol, and distilled
95  water, then stained with hematoxylin for 10 min, differentiated with 1% hydrochloric acid
96  alcohol for 5s, and then put into eosin for 3 min. Then, dehydration and transparent sealing

97  were performed before observation under a light microscope.

98  PAS staining

99  The dried kidney tissue sections were dewaxed using xylene, graded alcohol, and distilled
100  water, followed by iodic acid oxidation solution for 5 min and Schiff reagent for 15 min.
101 After hematoxylin staining for 1 min, 1% hydrochloric acid alcohol differentiation for 3 s,

102 dehydration, and transparent sealing were performed for microscopic examination.

103 Masson staining

104  Dried kidney tissue sections were dewaxed using xylene, gradient alcohol, and distilled water,
105  and then fixed for 1 h in Bouin fixative solution. Masson composite dyeing solution was

106  soaked for 10 min, and the 1% phosphomolybdate was separated for 10min. The collagen
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fiber showed a reddish color and was soaked in 2% aniline blue solution for 5 min. Then,
dehydration and transparent sealing were performed before observation under a light

microscope.

Real-time quantitative PCR (RT-qPCR)

Total RNA was extracted from mice kidney tissue with RNAiso Plus reagent (Takara, Tokyo,
Japan), and the concentration was determined. Then, cDNA was synthesized by reverse
transcription using a reverse transcription kit (Takara, Tokyo, Japan). The PCR reaction was
performed using a PCR kit (Takara, Tokyo, Japan) under the following reaction conditions:
denaturation, 95 °C for 30 s; annealing, 55 °C for 30 s; extension, 72 °C for 1 min; 30 cycles.
SDS 2.4 software was used to analyze the CT values of the samples detected during the PCR
process, using B-actin as the internal referenceand adopting the AACt method for relative
quantitative analysis, with 288% 352 quantity relative expression of the target RNA. PCR
primers (Table 1) were designed and provided by Fuzhou Shangya Biotechnology Co., Ltd

(Fuzhou, China).

Tablel: RT-qPCR primers

Gene Name Primer Sequence Product Length(bp)

Forward: 5-CCAGATCCTGTCCAAACTAAGG-3'
TGF-B1 169
Reverse: 5-CTCTTTAGCATAGTAGTCCGCT-3'

Forward: 5'-GGACGTACAACTGGTATTGTGC-3'
a-SMA 179
Reverse: 5'-"TCGGCAGTAGTCACGAAGGA-3'

Forward: 5'-GTGACGTTGACATCCGTAAAGA-3'
B-actin 245
Reverse: 5'-GCCGGACTCATCGTACTCC-3'
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Immunohistochemistry

The kidney tissue was fixed in 4% paraformaldehyde solution, embedded in paraffin, cut into
4-um-thick slices, baked for 2 h, dewaxed using xylene twice, hydrated with gradient alcohol,
placedinto boiled sodium citrate solution for antigen repair, and cooled naturally to room
temperature (18-30 °C). The sections were rinsed with phosphate-buffered saline (PBS)
thrice, co-incubated with an endogenous peroxidase blocker at room temperature for 10 min,
rinsed with PBS thrice, and co-incubated with non-immunized animal serum at room
temperature for 10 min. After removing the serum, primary antibodies were added drop-wise
as follows: rabbit anti-TGF-B1 and anti-a-SMA polyclonal antibodies (1:100 dilution each,
Abcam, Cambridge, UK), incubated at 4 °C overnight, and rinsed with PBS thrice; biotin-
labeled sheep anti-rabbit IgG (ready to use, Fuzhou Maixin BiotechCo., Ltd, Fuzhou, China),
incubated at room temperature for 10 min, and rinsed with PBS thrice; streptavidin-
peroxidase (Fuzhou Maixin BiotechCo., Ltd, Fuzhou, China), incubated at room temperature
for 10 min, and rinsed with PBS thrice. Then, DAB (Wuhan Boster Biological Technology
Co., Ltd, Wuhan, China) was added for color development, rinsed with distilled water,
hematoxylin-dyed, and tap water-rinsed for blueness. The gradient alcohol was dehydrated
and dried, xylene was transparent, neutral gum was sealed, and tan was positively expressed
under the optical microscope. The Image-pro Plus 6.0 Image analysis software was used for
semi-quantitative analysis, and the relative protein expression was represented by the mean

density.

Western blot assays

Kidney tissues stored in liquid nitrogen mixed with appropriate protein lysate were fully
ground to produce tissue homogenate. After centrifugation (4 °C, 12,000 rpm, 15 min), the

total protein was extracted from the supernatant and the protein concentration was
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determined using the bicinchoninic acid assay. Then, 30ug of each sample was used for 10%
SDS-PAGE gel electrophoresis, transferred to a polyvinylidene fluoride membrane, and
sealed with 5% skim milk at room temperature for 1 h. Primary antibodies (TGF-B1, Smad2,
p-Smad2, Smad3, p-Smad3, a-SMA) were added and incubated with the membrane overnight
at 4 °C. After rinsing with tris-buffered saline, 0.1% Tween 20 (TBST), the membrane was
incubated with the secondary antibody at room temperature for 1 h. After TBST rinsing, the
membrane was stained using enhanced chemiluminescence and viewed using a gel imaging
system. The corresponding antibody dilutions were as follows: B-actin (1:1000 dilution,
Abcam, Cambridge, UK), TGF-f1 (1:125 dilution, Abcam, Cambridge, UK), Smad2 (1:1000
dilution, Abcam, Cambridge, UK), p-Smad2 (1:300 dilution, Abcam, Cambridge, UK),
Smad3 (1:5000 dilution, Abcam, Cambridge, UK), p-Smad3 (1:2000 dilution, Abcam,
Cambridge, UK), a-SMA (1:500 dilution, Abcam, Cambridge, UK), goat-anti-mouse IgG
secondary antibody (1:2000 dilution, Beyotime, Shanghai, China), goat-anti-rabbit IgG
secondary antibody (1:1000 dilution, Beyotime, Shanghai, China). The gray value of the strip
was measured using the Image Lab analysis software, and the results are expressed in terms

of the relative expression of the target protein, using B-actin as the internal reference.

Statistical analyses

SPSS 22.0 statistical software was used to analyze the data, which are expressed as mean +
standard deviation (SD). Differences among multiple sample groups were analyzed using
one-way ANOVA. The Bonferroni method was used for pairwise comparison between
groups when the variances were homogeneous, and Tamhane’s T2 comparison was used

when the variances were heterogeneous. P<0.05 was considered statistically significant.

Results
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Comparison of general signs

Mice in the normal group were in a good mental state, responsive, with shiny hair, and in a
good feeding condition. db/db Mice were listless and unresponsive, with increased diet and
urine volumes; the above symptoms of mice in each treatment group were improved to

different degrees compared with the model group.

DMix reduced FBG levels of db/db mice

The FBG level in db/db mice was approximately 3x higher than that in the normal group
(P<0.01). The FBG level in the DMix group gradually decreased with increasing treatment
duration (Fig. 1). After the 4th week, there was a significant reduction in the FBG level in the
DMix group compared with the model group (week 4, P<0.05; weeks 6 and 8, P<0.01), and
no statistically significant difference was observed between the DMix and positive control

groups (P>0.05), indicating that DMix could reduce blood glucose in db/db mice.
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Fig. 1 Eight weeks post-DMix treatment, fasting blood glucose of the normal (Control),
model (Model), DMix (DMix), and gliquidone (Gliquidone) groups were tested. Data are
presented as mean + SD of eight animals for each group (n=8). "~ P<0.01 versus Control;

#P<0.05 versus Model; #P<0.01 versus Model.

Comparison of BW, KW, and KI in each group

The BW, KW, and KI of db/db mice were significantly higher than those of the normal group
(P<0.05, P<0.01). After 8 weeks of DMix treatment, the BW, KW, and KI of the mice were
all lower than those of the model group to different degrees (KI, P<0.05; BW and KI, P<0.01)
(Fig. 2a-c). Additionally, there was no significant difference between the DMix and

gliquidone groups (P>0.05).
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Fig. 2 Changes in body weight (a), kidney weight (b), and kidney index (c) after DMix
treatment. Data are presented as mean = SD from eight animals for each group (n=8).

“P<0.01 versus Control; #P<0.05 versus Model; #p<0.01 versus Model.

Effects of DMix on TC and TG levels in db/db mice

10
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The serum TC and TG levels of mice in the model group were significantly higher than those
in the normal group (P<0.01). TC and TG levels in both the Dmix and gliquidone groups
were significantly lower than those in the model group (TG, P<0.05; TC, P<0.01) (Fig. 3a, b).
There was no significant difference between the Dmix and gliquidone groups (P>0.05).

These results indicate that DMix could regulate lipid metabolism.
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Fig. 3 Values are expressed as mean + SD of eight samples from each group (n=8). " P<0.01

versus Control; #P<0.05 versus Model; #Pp<0.01 versus Model.

DMix improved renal function of db/db mice

Renal function indices of mice in each group were measured, including Scr, BUN, and
UAER. These indices were significantly higher in the model group than in the normal group
(P<0.01), indicating that the DN mouse model was successfully established and renal
insufficiency was achieved in the DN mice. The Scr, BUN, and UAER levels of mice in the

DMix group were significantly lower than those in the model group (P<0.05), but there was

11
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no significant difference between the DMix and gliquidone groups (P>0.05) (Fig. 4a-c).

These results indicate that DMix had a protective effect on the kidney of db/db mice.
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Fig. 4 Values are expressed as mean + SD of eight samples from each group (n=8). " P<0.01

versus Control; #P<0.05 versus Model; #Pp<0.01 versus Model.

Effect of DMix on renal pathological morphology of db/db mice

HE (Fig. 5a) and PAS (Fig. 5b) staining showed clear renal tissue structure, normal
glomerular size, morphology, and interstitial space, no increase in mesangial matrix size,
unobstructed renal tubular lumen, intact epithelial cells, and no glycogen deposition. db/db
Mice had glomerular hypertrophy, a larger mesangial matrix, a wider mesangial region,
partial capillary lumen stenosis, vacuolar degeneration of renal tubular epithelial cells, more
renal mesenchymal cells, and large amounts of red-stained glycogen deposition. Both the
DMix and gliquidone groups improved compared to the model group, with thinner
glomerular basement membranes, significantly less mesangial cell proliferation, smaller
extracellular matrix, and less glycogen deposition than in the model group. Additionally, in
the DMix and gliquidone groups, the tubular structure of the kidney was nearly restored to

normal. Masson staining (Fig. 5¢) showed collagen fiber accumulation in the glomerular and

12



237  tubulointerstitial lesions of mice in the model group, and collagen fiber deposition improved

238  significantly after DMix treatment.

239
A Control Model DMix Gliquidone
B Control Model DMix Gliquidone
PAS
C Control Model DMix Gliquidone
o . -
240

241  Fig. S Photomicrographs of HE (a), PAS (b), and Masson (c) staining of mice kidneys from
242  each group as observed under a light microscope (x400). The kidney specimen of the model
243 group showed markedly severe destruction in glomerular and tubulointerstitial lesions, such
244 as glomerular hypertrophy, increased mesangial matrix, interstitial cell infiltration, and

245  collagen fiber deposition. After treatment, the overall morphology of glomerular and

246  tubulointerstitial lesions improved significantly.
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DMix inhibited mRNA expression of TGF-$1 and a-SMA in the renal tissues of db/db

mice

TGF-B1 has been identified as a potential target for DN therapy, and the levels of a-SMA, a
marker participating in the renal tubular epithelial-mesenchymal transition (EMT) process, is
thought to reflect the degree of renal fibrosis [11, 12]. To evaluate the therapeutic effect of
DMix, the mRNA expression levels of TGF-B1 and a-SMA in renal tissues were measured
using RT-qPCR. The mRNA expression levels of TGF-f1 and a-SMA in renal tissues of
mice in the model group were significantly higher than those in the normal group (P<0.01).
Moreover, the mRNA expression levels of TGF-f1 and a-SMA in the DMix and gliquidone
groups were lower than those in the model group to varying degrees (a-SMA, P<0.05; TGF-
B1, P<0.01), but remained higher than the levels in the normal group (Fig. 6). There was no
significant difference between the DMix and gliquidone groups (P>0.05), indicating that

DMix inhibited the mRNA expression of TGF-B1 and a-SMA in renal tissues of db/db mice.
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Fig. 6 DMix suppressed the mRNA expression of TGF-B1 and a-SMA in mice kidneys.
mRNA levels of TGF-1 and a-SMA were determined using RT-qPCR, using B-actin as the
internal standard for each sample. Data for relative quantity of TGF-1 and a-SMA mRNA

after analysis. "P<0.01 versus Control; #P<0.05 versus Model; #Pp<0.01 versus Model.

DMix inhibited the expression of TGF-$1 and a-SMA proteins in the renal tissues of

db/db mice

To further demonstrate the therapeutic effect of DMix, immunohistochemical staining was
used to detect the expression of TGF-1 and a-SMA proteins in the renal tissues of mice. The
results were consistent with those of RT-qPCR. TGF-B1 and a-SMA were weakly expressed
in the kidneys of mice in the normal group, but strongly expressed in the model group (TGF-
B1, P<0.05; a-SMA, P<0.01). The protein expression of TGF-B1 and a-SMA was
significantly lower in both treatment groups than in the model group (P<0.05), but remained
higher than that in the normal group (Fig. 7a-c). There was no significant difference between
the DMix and gliquidone groups (P>0.05), indicating that DMix inhibited the expression of

TGF-B1 and a-SMA proteins in the renal tissues of db/db mice.
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282  Fig. 7 DMix suppressed the expression of TGF-B1 (a) and a-SMA (b) proteins in the kidney,
283  as observed via immunohistochemical analysis under a light microscope (x400). (c) *P<0.05

284  versus Control; “P<0.01 versus Control; #P<0.05 versus Model.

285

286  DMix inhibited the TGF-f1/Smads signaling pathway in the renal tissues of db/db mice
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The activation of the Smad pathway and its subsequent nuclear transposition are key steps in
TGF-B1-mediated renal fibrosis in DN [13]. The phosphorylation of Smad2 and Smad3 is
also an important signal transduction process in the TGF-1/Smads signaling pathway, and
their expression indicates TGF-1/Smads signaling pathway activation [14]. The expression
of TGF-B1, Smad2, p-Smad2, Smad3, p-Smad3, and a-SMA in mouse renal tissues was
measured via western blotting. The protein expression of TGF-f1, p-Smad2, p-Smad3, and a-
SMA in the model group was significantly higher than that in the normal group (P<0.01),
indicating that the TGF-B1/Smads signaling pathway was activated in db/db mouse renal
tissue. After 8 weeks of treatment with DMix, the expression of TGF-B1, p-Smad2, p-Smad3,
and o-SMA proteins was significantly lower than that in the model group (TGF-B1:B-actin, p-
Smad2:Smad2, and a-SMA:B-actin, P<0.05; p-Smad3:Smad3, P<0.01), but there was no
significant change in the expression of the Smad2 and Smad3 proteins (Fig. 8a-d). There was
no significant difference between the DMix and gliquidone groups (P>0.05). Western blots
show that DMix inhibited the TGF-B1/Smads signaling pathway in the renal tissues of db/db

mice.
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Fig. 8 DMix inhibits the renal TGF-B1/Smads signaling pathway in db/db mice, as shown

using western blotting. B-Actin, Smad2, and Smad3 were used as internal standards. The

relative expression were the ratios of TGF-f1:B-actin (a), p-Smad2:Smad?2 (b), p-
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versus Control; #P<0.05 versus Model; #Pp<0.01 versus Model.

Discussion

Currently, DN poses a great threat to human health, and traditional Chinese medicine has
achieved good efficacy in the treatment of DN. In preliminary experimental studies and
clinical practice, DMix has been shown to have a good therapeutic effect on diabetes mellitus
and its complications [15-17, 8-10]. In this study, we observed that DMix can treat DN by
inhibiting renal fibrosis and improving renal function. DMix reduced the expression of TGF-
B1 and a-SMA, inhibited the phosphorylation of Smad2 and Smad3, thereby slowing DN

progression.

DN is caused by a variety of factors, including hyperglycemia, hypertension, and
hyperlipidemia [18-20]. The db/db mouse is a widely used animal model for the study of DN,
and the pathogenesis is caused by a deficiency of the leptin receptor gene [21, 22].The results
of this experiment showed that db/db mice had a significantly greater body weight than db/m
mice. Additionally, blood glucose, Scr and BUN levels, and KI were significantly higher in
db/db mice than in the normal group. Furthermore, the db/db mice exhibited proteinuria,
dyslipidemia, glomerular hypertrophy, and fibrosis, confirming that the DN model was
successful. After treatment with DMix, these parameters were significantly attenuated (Fig.
1-4), which was consistent with previous studies and our clinical observation [9-11].
Additionally, HE, PAS, and Masson staining showed that the degree of renal pathological
injury and fibrous hyperplasia improved significantly in the model group with the

administration of DMix (Fig. 5). DN is characterized by proteinuria and glomerular sclerosis
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[23, 24], and our results indicate that DMix not only reduces urinary protein levels, but also

reduces renal fibrosis, suggesting that DMix effectively prevents the development of DN.

The pathogenesis of DN is complex and has not been fully elucidated. Renal interstitial
fibrosis is an important mechanism of renal deterioration in the pathogenesis of DN.
Therefore, the key to delay the development of DN is to inhibit renal interstitial fibrosis
[25,26]. TGF-B1/Smads is the core pathway of renal fibrosis and one of the important factors
in the development of DN [27, 28]. TGF-B1 is considered an important factor contributing to
renal mesenchymal fibrosis, and previous studies have confirmed that TGF-B1 is over
expressed in DN [29, 30]. Smad2 and Smad3 act downstream of TGF-$1, which promotes
Smad2 and Smad3 phosphorylation when activated. Both proteins, which have a high
homology, are subsequently transferred to the nucleus, and regulate the expression of
fibrosis-related target genes, such as a-SMA, to accelerate the progression of fibrosis [31-33].
The expression of p-Smad2 and p-Smad3 proteins is a marker of TGF-1/Smads signaling
pathway activation [34, 35]. Studies have shown that p-Smad2 and p-Smad3 expression
levels increase significantly in patients with chronic kidney disease and animal models of
renal fibrosis, thereby activating the TGF-B1/Smads signaling pathway and simultaneously
increasing the expression of a-SMA protein, a marker of mesenchymal cells, the expression
level of which reflects the degree of renal fibrosis [36-38]. The inhibition of the TGF-
B1/Smads signaling pathway can effectively reduce DN renal fibrosis and improve renal
function [39, 40]. In this study, immunohistochemical (Fig. 7) and western blot (Fig. 8)
analyses showed that the expression levels of TGF-f1, p-Smad2, p-Smad3, and a-SMA
proteins decreased significantly in the DMix group. The mRNA expression of TGF-f1 and a-
SMA (Fig. 6) was consistent with the protein expression of TGF-f1 and a-SMA. These
results suggest that DMix may inhibit renal fibrosis owing to DN by negatively regulating the

TGF-B1/Smads pathway.
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Although the results confirmed our hypothesis, our study may have had some limitations. For
example, although DMix had an effect on DN renal fibrosis, more and larger studies and
clinical trials are needed for further verification. Additionally, owing to time and financial
constraints, we could not carry out cellular experiments to investigate the effect of DMix on

DN, and the specific mechanism still needs to be studied.

Conclusion

Our results show that DMix has a protective effect on the kidneys of DN mice, which may be
to inhibit renal EMT and fibrosis by regulating the TGF-1/Smads pathway, thereby delaying

the progression of DN. Therefore, DMix may be a promising drug for DN treatment.
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Figure 1

Eight weeks post-DMix treatment, fasting blood glucose of the normal (Control), model (Model), DMix
(DMix), and gliquidone (Gliquidone) groups were tested. Data are presented as mean + SD of eight
animals for each group (n=8). **P<0.01 versus Control; #P<0.05 versus Model; ##P<0.01 versus Model.
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Figure 2

Changes in body weight (a), kidney weight (b), and kidney index (c) after DMix treatment. Data are
presented as mean = SD from eight animals for each group (n=8). **P<0.01 versus Control; #P<0.05



versus Model; ##P<0.01 versus Model.
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Figure 3

Values are expressed as mean + SD of eight samples from each group (n=8). **P<0.01 versus Control;
#P<0.05 versus Model; ##P<0.01 versus Model.

A B C
100 4 o 45 - 300 -
il
80 -
=y J S 200.
“-dé 60 1 £ " 3 101 s d & # '
E T E b= 2 -
£ 401 £ ®
b 2 54 < 1004
20 1
A o4 0-
Control  Model DMix  Gligquidone Contrel  Model DMix Gliquidone Contral  Model DMix  Gliquidene
Figure 4

Values are expressed as mean + SD of eight samples from each group (n=8). **P<0.01 versus Control;
#P<0.05 versus Model; ##P<0.01 versus Model.
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Photomicrographs of HE (a), PAS (b), and Masson (c) staining of mice kidneys from each group as
observed under a light microscope (x400). The kidney specimen of the model group showed markedly
severe destruction in glomerular and tubulointerstitial lesions, such as glomerular hypertrophy, increased
mesangial matrix, interstitial cell infiltration, and collagen fiber deposition. After treatment, the overall
morphology of glomerular and tubulointerstitial lesions improved significantly.
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Figure 6

DMix suppressed the mRNA expression of TGF-1 and a-SMA in mice kidneys. mRNA levels of TGF-31
and a-SMA were determined using RT-gPCR, using B-actin as the internal standard for each sample. Data
for relative quantity of TGF-31 and a-SMA mRNA after analysis. **P<0.01 versus Control; #P<0.05 versus
Model; ##P<0.01 versus Model.
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Figure 7

DMix suppressed the expression of TGF-81 (a) and a-SMA (b) proteins in the kidney, as observed via
immunohistochemical analysis under a light microscope (x400). (c) *P<0.05 versus Control; **P<0.01
versus Control; #P<0.05 versus Model.
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Figure 8

DMix inhibits the renal TGF-1/Smads signaling pathway in db/db mice, as shown using western
blotting. B-Actin, Smad2, and Smad3 were used as internal standards. The relative expression were the
ratios of TGF-B1:B-actin (a), p-Smad2:Smad2 (b), p-Smad3:Smad3 (c), and a-SMA:B-actin (d) determined
via densitometric analysis. **P<0.01 versus Control; #P<0.05 versus Model; ##P<0.01 versus Model.
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