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Abstract
The aim of the study was to compare the role of metformin on tubulointerstitial �brosis (TIF) in different
stages of diabetic nephropathy (DN) in vivo and evaluate its mechanism in high-glucose-treated Renal
tubular epithelial cells (RTECs) in vitro. Sprague-Dawley (SD) rats were used to establish model of DN,
then the changes of biochemical indicators and body weight were measured. The degree of renal �brosis
was quanti�ed via histological analysis, immunohistochemistry, and immunoblot. The underlying
relationship between autophagy and DN was analyzed and the cellular regulatory mechanism of
metformin on epithelial-to-mesenchymal transition (EMT) was detected. Metformin markedly improved
renal function and showed histological restoration of renal tissues especially in the early stage of DN,
with a signi�cant improvement of autophagy and a low expression of �brotic biomarkers (Fibronectin
and Collagen I) in renal tissue. RTECs under hyperglycemic conditions exhibited inactivation of p-AMPK
and activation of EMT. But the promotion of AMPK activated by metformin signi�cantly improved renal
autophagic function, inhibited the EMT of RTECs, attenuated TIF, so as to effectively prevent or delay the
course of DN. This evidence provided theoretical and experimental basis for the following research on the
potential clinical usefulness of metformin for the treatment of diabetic TIF.

1. Introduction
Diabetic nephropathy (DN) is one of the most devastating microvascular complications of diabetes
mellitus (DM) and accounts for the common cause of end-stage renal disease (ESRD) [1, 2]. In the past
two decades, the mortality of DN rose rapidly and its prevalence had been increasing worldwide. The
therapy for DN was currently limited to several classes of drugs such as renin-angiotensin-system (RAS)
blocker, glucagon-like peptide-1 (GLP-1) receptor agonist and sodium glucose transporter-2 (SGLT-2)
inhibitor [3, 4]. Unfortunately, these candidate drugs all had the disadvantages of severe adverse
reactions or poor therapeutic effects so that it was still no highly effective �rst-line treatment option [5, 6].
A new therapeutic target molecules or cellular processes was hence desirable to establish an additional
therapeutic option. In addition, although many studies had reported the treatment of DN, there were few
studies on the treatment of different stages of DN, so it had become an important focus of the study.

As well known, DN was characterized by the development of tubulointerstitial �brosis (TIF) and impaired
renal function [7–9]. Evidence proved that RTECs underwent EMT during DN, leading to the over
deposition of ECM after injury and further deterioration of TIF [10–12]. Autophagy played an important
role in maintaining the homeostasis of organs and stress adaptation. Impaired autophagy was frequently
associated with renal damage [13–17]. Furthermore, insu�cient autophagy was a major factor of renal
injury in DN and it could be initiated by multiple types of cellular stressors including starvation, hypoxia,
or ER stress [18–20]. It was reported that EMT-related signal pathways had an impact on autophagy.
Conversely, the activation of autophagy could suppress or strengthen EMT by regulating relevant signal
pathways [21]. Actually, inhibition of mammalian target of rapamycin (mTOR) was reported to stimulate
the autophagy and suppress the proliferation and EMT in thyroid cancer cell lines [22]. Moreover, the
activation of AMPK signaling was proved to suppress EMT and secretion of chemokines in RTECs and so
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as to attenuate renal injury [23]. However, it remains unclear whether the activation of autophagy in
RTECs would suppress the progression of EMT and thus exert a protective role against DN.

Metformin, a �rst-line drug recommended for the treatment of diabetes, was effective in lowering blood
glucose in type 2 diabetes patients with minimal side-effects [24]. One of the most extensively studied
mechanisms for metformin was the activation of the signaling kinase AMPK [25, 26]. RTECs under
hyperglycemic conditions exhibited inactivation of cell defense mechanisms such as AMPK and
autophagy, and activation of pathologic pathways such as mTOR, EMT, and hypoxia [8, 27]. As these
pathologic pathways were intertwined with AMPK signaling, the potential in�uence of metformin on the
autophagy and EMT during different stages of DN was explored in the study.

We assumed the hypothesis that metformin could prevent TIF in different DN stages and EMT via
improving the autophagy activated by AMPK (Scheme 1). The hypothesis was veri�ed in streptozotocin
(STZ)-induced DN rats and the underlying mechanisms were investigated in RTECs stimulated by high
glucose (HG). This study provided a new theoretical and experimental basis for the the treatment of
metformin in the early stage of DN.

2. Results

2.1. Metformin improved renal function and downgraded
blood glucose in DN rats
Blood glucose and biomarkers of renal function (BUN and SCr) were measured to evaluate the
pharmacodynamics of metformin within different stages of DN. As shown in Table 1, no signi�cant
differences existed in the Sham groups, but it showed conspicuous discrepancies between the 12-week
(end stage) and the 4-week (early stage) DN group (P < 0.05). Compared with the Sham group, only blood
glucose existed obvious difference in the 4-week DN group, while blood glucose, BUN and Scr were all
showed signi�cant differences in the 12-week DN group (P < 0.05). After the treatment of metformin,
blood glucose was decreased in the 4-week DN group although it still not reached the normal level.
Compared with the end stage of DN, it showed that the blood glucose, BUN and Scr were ameliorated at
varied degrees after the treatment of metformin in the early stage. However, it still existed signi�cant
differences compared with the Sham group (P < 0.05). These �ndings revealed that metformin had a
better preventive effect in the early stage of DN. But with the prolongation of the diseased condition,
metformin might play a limited role in delaying the development of DN.

Table 1

Blood glucose and renal function of rats in each group (n = 6).
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Group Time (w) Number Blood glucose (mol/L) BUN (mmol/L) SCr (µmol/L)

Sham 4 6 6.05 ± 0.82 9.06 ± 1.25 38.31 ± 3.02

12 6 5.95 ± 0.85 9.39 ± 1.08 40.61 ± 4.13

DN 4 6 25.00 ± 1.92* 9.97 ± 1.43 44.95 ± 6.17

12 6 30.80 ± 2.01*$ 14.61 ± 1.62*$ 56.71 ± 6.45*$

DN + Met 4 6 16.48 ± 1.13*# 9.38 ± 1.80 39.53 ± 4.72

12 6 19.12 ± 1.13*# 12.44 ± 1.73*△ 47.08 ± 5.43*#

All above were shown as mean ± SD (n = 3). BUN: blood urea nitrogen; SCr: serum creatinine; Sham:
control group; DN: diabetic nephropathy group; Met: metformin. *: P < 0.01 vs. Sham group by ANOVA,
#, △: P < 0.01 vs. DN group by ANOVA, $: P < 0.05 vs. 4-week DN and DN + Met group by ANOVA.

2.2. Metformin attenuated the renal injury in DN rats
To estimate the potential effects of metformin on attenuating the renal injury, the body weight (BWT),
ratio of KW/BWT and 24-h urine protein were measured. The BWT of the DN group was sharply reduced,
whereas the KW/BWT ratio and 24-h urine protein were increased both in the 4-week and 12-week DN
group (P < 0.05). In addition, the BWT of the 12-week DN group was further decreased and KW/BWT and
24-h urine protein was increased more obviously than the 4-week DN group (P < 0.05). It showed that the
decline of renal function may root from the renal injury of DN rats and aggravated with the progression of
DN. Especially in the early stage, the treatment of metformin showed more effective in�uence on
improving the impaired renal function (Table 2).

Table 2

Comparison of BWT, KW/BWT and 24-h urine protein of rats in each group (n = 6).
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Group Time (w) Number BWT (g) KW/BWT (%) 24-h urine protein (mg)

Sham 4 6 496.67 ± 19.67 0.59 ± 0.07 11.37 ± 1.57

12 6 532.68 ± 28.68 0.57 ± 0.03 8.59 ± 2.00

DN 4 6 365.33 ± 19.00* 1.16 ± 0.14* 66.37 ± 6.86*

12 6 332.17 ± 27.81* 1.81 ± 0.13*$ 97.66 ± 9.76*$

DN + Met 4 6 429.83 ± 23.84*# 0.88 ± 0.06*# 51.99 ± 2.54*△

12 6 396.33 ± 31.02*# 1.48 ± 0.24*# 82.73 ± 9.28*#

All above were shown as mean ± SD (n = 3). BWT: body weight; KW: kidney weight; Sham: control
group; DN: diabetic nephropathy group; Met: metformin. *: P < 0.01 vs. Sham group by ANOVA, #, △: P 
< 0.01 vs. DN group by ANOVA, $: P < 0.05 vs. 4-week DN/DN + Met group by ANOVA.

2.3. Metformin improved renal morphology
The H&E staining of the Sham group showed little �brosis within the whole experiment. Whereas severe
renal damages appeared both in the 4-week and 12-week DN groups, characterized by glomerular
hypertrophy, mesangial matrix hyperplasia, renal tubular dilatation, and in�ammatory cell in�ltration.
After the treatment of metformin in the 4-week DN group, the impaired morphological changes were
relieved and tended to the normal (Fig. 1A). Furthermore, it appeared that vacuolar degeneration,
interstitial widening, interstitial �brosis, and over deposition of ECM in the DN groups, and the
pathological changes in the 12-week group were signi�cantly more severe than the 4-week group. The
blue areas representing �brosis were shrunk obviously as the use of metformin, indicating the decrease
of over deposition of ECM (Fig. 1B). The analysis of renal interstitial areas was consistent with the
observation. Namely, metformin could decrease the interstitial areas at the whole process, especially in
the early stage of DN. These �ndings demonstrated metformin played the role of kidney-protecting and
TIF-scavenging via attenuating both the collagenous �ber and the over deposition of ECM (Fig. 1C).

2.4. Metformin lowered the expression of �bronectin and
Collagen I
Collagens I and �bronectin (FN) are two major constituents of extracellular matrix in the kidney. For the
aim of further con�rming the varieties of �brosis, Collagen I was measured via immunohistochemistry
and immunoblot, FN was measured via immunoblot. The expression of Collagen I was distributed widely
in the DN kidney, especially in the end stage of DN. After the treatment of metformin, it showed the
decline of Collagen I deposition and the narrowing of its distribution. Furthermore, the expression of
Collagen I was downgraded more obviously and the therapeutic effects were more distinguished in the
early stage of DN (Fig. 2A). Immunoblotting results of FN and Collagen I were in line with the above
�ndings. Speci�cally, the expression of FN and Collagen I protein in the 12-week DN group were
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signi�cantly higher than the 4-week DN group, indicating the �brotic situations of DN were getting severe
with the prolongation of the stage of DN. After the treatment of metformin for 4 weeks, the scavenging
activity showed much better, which may be attributed to the role of delaying the formation of �brosis
played by metformin at the early stage rather than reversing the progression of renal �brosis.

2.5. Metformin improved the level of autophagy
The immunohistochemistry results showed the expression of LC3 II was high and implied a high level of
autophagy under normal condition. Nevertheless, it decreased in the DN group, particularly in the 12-week
DN group. After the treatment of metformin, the expression of LC3 II was increased and the difference
was statistically signi�cant (P < 0.05) (Fig. 3A). According to the analysis of LC3 II/I, the ratio in the early
stage of DN was signi�cantly reduced compared with the Sham group, along with a further decline in the
end stage of DN (Fig. 3B). In addition, to further determine the impact of metformin on autophagy �ux,
another autophagy �ux marker P62 was tested. Consistent with previous results, the level of P62
increased under the DN condition and metformin could alleviate the level of P62 in the DN groups,
especially in the 4-week DN group, which further con�rmed the improvement of autophagy by metformin
(Fig. 3B-C).

Double membrane autolysosome is a hallmark of autophagy and it could be distinguished clearly in the
electron micrograph of normal RTECs. Furthermore, mitochondrial cristae, autophagosomes, and
autophagic lysosomes had distinct edges in the cytoplasm. As the results showed, the autolysosomes in
the DN group were decreased compared with the Sham group, and followed with morphological changes.
With the prolongation of the DN, these morphological changes were getting worse and former clear
boundary gradually disappeared. After the treatment of metformin, the morphological changes and the
decrease of autolysosomes were improved both in the 4-week DN group and 12-week DN group,
indicating metformin could improve the level of autophagy in the whole process of DN (Fig. 4A and B).

2.6. Metformin prevented EMT via AMPK activation
To con�rm the mechanism of metformin within the EMT, AICAR (an AMPK activator) and Compound C
(an AMPK inhibitor) were recruited. Immunoblotting of the RTECs in LG group showed high expression of
E-cadherin and low expression of α-SMA whether metformin existed or not (Fig. 5A). In the HG group, the
expression of E-cadherin was impaired and the expression of α-SMA was stimulated. But metformin
could reverse the above processes. This outcome was similar with the the effect of AICAR, but the
therapeutic in�uence disappeared since the treatment of Compound C, which con�rmed that metformin
had the ability of activating AMPK and thus preventing the EMT of RTECs under HG condition. In
addition, when metformin (or AICAR) and Compound C existed at the same time, the traits of EMT were in
consistent with the HG group, which further indicated that the inhibitory effects of metformin on EMT
were achieved by activating AMPK.

3. Discussion
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The therapeutic effects of metformin on slowing the progression of DN have been another spotlight apart
from its hypoglycemic effects [28–30]. An initial objective of the study was to investigate the effect of
metformin on TIF because it is still controversial [31]. The results indicated that metformin could
signi�cantly attenuate TIF and improve the level of autophagy in vivo especially in the early stage of DN,
and inhibit the EMT of high-glucose-treated RTECs in vitro. Furthermore, our results explained the
relationship between the autophagy and EMT, and con�rmed that metformin could activate the AMPK
especially in the early stage of DN, leading to the improvement of renal autophagy and reduction of EMT,
thus signi�cantly slow the progression of DN.

Previous studies showed metformin could inhibit �brosis in several organ systems [32–36]. Gamad et al
[37] found metformin could suppress pulmonary �brosis via activation of AMPK by metformin. Li et al
[38] reported that metformin attenuated the �brogenic response of hepatic stellate cells in vivo and in
vitro by activating AMPK. Cavaglieri et al [39] demonstrated metformin prevented renal interstitial �brosis
in rats with unilateral ureteral obstruction by the way of activating AMPK. Besides, Herzig et al [40]
reported that autophagy machinery involves several multi-protein complexes that control every step, and
AMPK regulated various aspects of this machinery. The �ndings described above were in line with our
results and we provided further evidence to con�rm the anti-�brotic effects of metformin in the DN.

Although the results of this study showed that the level of �brosis decreased with the increase of
autophagy, but the changes in the corresponding pathways were not further explored. In a model of
prolonged serum starvation of �broblasts, Bernard et al [41] showed that sustained autophagy activates
mTORC2 signaling, leading to enhanced expression and secretion of CTGF and the transformation of
�broblasts to myo�broblasts to favor the development of �brosis. Furthermore, in TGFB1-treated primary
human atrial myo�broblasts, autophagy was required for the induction of �brotic signaling and the
synthesis of both Collagen 2 and FN [42]. The results gave us inspiration that the catabolic machinery of
autophagy is possible to participate in an anabolic process of protein synthesis, which had become the
target of our further research.

Despite it had existed studies explored the pharmacodynamics of metformin on various �brosis, there
were a few researches on the therapeutic effects of metformin on different stages of DN. Our results
showed that the functional biochemical parameters between 4-week DN group and 12-week DN group
were of great differences. Speci�cally, we initially measured the body weight and KW/BW of DN model
mice at 4 weeks and 12 weeks to roughly re�ect the effects of metformin on different DN stages of the
rats. The results showed the weight loss of mice in the early stage of DN was slighter, and the value of
KW/BW was lower. This phenomenon indicated that the pathological changes of rats became more
terrible as the course of DN prolonged. In order to further explore the changes in kidney function of rats at
different stages of DN, we measured several classic indicators (24h-urinary protein, BUN, SCr). By
re�ecting the changes of biochemical indicators of renal function, we found that the decrease of renal
function was consistent with the aggravation of DN, namely, with the development of DN, renal function
continued to downgrade and the difference was obvious. Then, we studied the changes in the kidneys of
DN rats to explore the causes of changes in renal function. According to the results of H&E, the
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morphological changes in the end stage of DN were more severe than those in the early stage, including
more serious glomerular hypertrophy, mesangial matrix hyperplasia, renal tubule dilatation and
in�ammatory cell in�ltration. At the same time, it was accompanied by more expression of renal
interstitial �brosis, including vacuolar degeneration, interstitial widening, interstitial �brosis and excessive
ECM deposition. In addition, the immunohistochemical and immunoblot results of College I and FN
further con�rmed that the level of renal �brosis in the end stage of DN was signi�cantly more aggravative
than that in the early stage of DN. Interestingly, although there were still some differences from normal
conditions, the pathological changes had been improved at varied degrees after metformin treatment,
especially in the early stage of DN. It was re�ected in the improvement of body weight and KW/BWT, the
recovery of renal function, the weakening of renal morphological changes and the reduction of renal
interstitial �brosis. In order to investigate the potential mechanism of metformin, we explored the effects
of metformin on autophagy and EMT in different DN stages. The results implied that metformin activated
AMPK during the entire process of DN, increased autophagy �ux and the number of autophagosomes,
thereby enhance the level of autophagy in DN. Furthermore, in the RTECs stimulated by high glucose,
metformin also showed the effect of activating the AMPK process to reduce EMT. The increase of
autophagy and the accompanying reduction of EMT were more obvious in the early stage DN, while the
effects were relatively weak in end stage of DN.

A possible explanation for these phenomena may be the function of metformin performing in the TIF.
Metformin might play a role of preventing healthy cells or tissues from further lesions, rather than reverse
the diseased parts back to the initial situation. Our results showed the pathological changes were
relatively mild in the early stage of DN. In this case, metformin could protect mostly healthy cells or
tissues from further deterioration so that the therapeutic effects on 4-week DN were more signi�cant.
However, if the progression of DN developed into the end stage, the therapeutic effects were limited
because metformin could not reverse the formed lesions although the use of metformin was still
effective.

In summary, the present study demonstrated that metformin had protective effects on STZ-induced
diabetic rats. These bene�cial effects were mediated through the activation of autophagy and
suppression of EMT. The therapy of TIF was successfully achieved by the activation of autophagy
offered by metformin in the early stage of diabetic TIF. The results provided new ideas for the treatment
of diabetic renal tubulointerstitial �brosis.

4. Conclusion
We con�rmed that metformin could attenuate diabetic renal tubulointerstitial �brosis via activating
AMPK-induced autophagy and suppressing EMT of RTECs especially in the early stage. Our study
provided theoretical and experimental basis for the following research on the potential clinical usefulness
of metformin for the treatment of diabetic tubulointerstitial �brosis.

5. Methods
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2.1. Materials and reagents
Metformin was purchased from Sigma-Aldrich (St Louis, USA). Dulbecco’s modi�ed Eagle media (DMEM)
were purchased from Gibco (Massachusetts, USA) and fetal bovine serum (FBS) was purchased from
ScienCell (California, USA). The Cell-Counting Kit 8 (CCK8) was purchased from Dojindo (Shanghai,
China). The other chemicals were of analytical grade and used without additional puri�cation. Primary
antibodies against p-AMPK, Fibronectin (FN), Collagen I, LC I, LC II, α-SMA, P62 and E-cadherin were
obtained from Abcam (Cambridge, UK). Primary antibody against β-actin was bought from Proteintech
Group (Chicago, USA).

2.2. Cell culture
The RTECs were supplied by the Cell Bank of the Chinese Academy of Sciences (Shanghai, China) and
cultured in the Keratinocyte Serum-Free Medium (K-SFM) culture medium containing 1%
penicillin/streptomycin at 37°C and 5% humidity. For stimulating the condition of renal �brosis, RTECs
were administrated with 30 mmol/L HG for 48 h.

2.3. Experimental animals
Male SD rats weighing 200–250 g (6–8 weeks) were purchased from the Laboratory Animal Centre of
Xuzhou Medical University (Xuzhou, China). All experiments involving animals were performed in line
with the animal use protocol approved by the Institutional Animal Care and Use Committee of Xuzhou
Medical University (permit number: SYXK2015-0030). This study was carried out in accordance with the
ARRIVE guidelines. All methods were conducted following relevant guidelines and regulations.

The animal experiments were made some adjustments on the original basis [43]. The rats were fed with a
standard diet in the Sham group (12 rats), while a high-glucose and high-fat diet (18% lard, 20% sugar, 3%
egg yolk, and 59% standard diet) in the DN group (24 rats). Then the rats in the DN group were given a
single intraperitoneal injection of 1% STZ solution (50 mg/kg). After 72 h of injection, the blood was
collected and those blood glucose ≥ 11.1 mmol/L were determined as primary models. After feeding for
another 4 weeks, the 24-h urine protein was measured and those urine protein > 150% of normal value
were de�ned as successful DN models. Metformin was injected intraperitoneally with a dose of 65
mg/kg/d, and the rats in the DN group were intraperitoneally injected with the same volume of normal
saline.

2.5. Biochemical Measurements
After being fasted for 12 h, the blood glucose was detected by a blood glucose monitor. The level of the
blood urea nitrogen (BUN) and serum creatinine (SCr) were measured by assay kits purchased from
Jiancheng Bioengineering Institute (Nanjing, China).

2.6. Histology
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Brie�y, the kidney specimens were immobilized in 4% formaldehyde before embedding in para�n and
sectioned at a thickness of 3 µm. Then kidney tissue sections were dyed with hematoxylin-eosin and
Masson's trichrome stain (Solarbio, Beijing, China) in line with the vender's instructions.

2.7. Immunohistochemistry
The kidney tissue sections were baked in a 65 ℃ oven, depara�nized in xylene, hydrated in ethanol,
dipped in the boiling citric acid buffer (pH 6.0), then treated with 3% hydrogen peroxide to inactivate
endogenous peroxidase activity. After being blocked in 1% BSA for 1 h, the slides were incubated with the
primary antibody at 4 ℃ overnight with anti-Fibronectin (1:100),anti-LC3 II (1:100) respectively. After
washing 3 times with PBS, the diaminobenzidine (DAB) was added as the substrate and counterstained
the nuclei with hematoxylin.

2.8. Western blot
Total proteins of the tissue were extracted from 0.1 g kidney tissue in 1 ml lysis buffer. Proteins were
separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to a polyvinylidene �uoride (PVDF) membrane. After being blocked in 10% milk for 2 h, the
membrane was subsequently incubated overnight at 4 ℃. Then the membrane was washed 3 times and
subsequently incubated with a secondary antibody for 1 h at room temperature. The protein bands were
identi�ed using an enhanced chemiluminescence (ECL) system and visualized using the Image Quant
LAS 4000 (GE, USA). Protein bands were normalized to β-actin for statistical comparison.

2.9. Transmission electron microscopy
After being �xed in 2.5% glutaraldehyde �xative overnight, the kidney tissues were dehydrated in a graded
series of ethanol. Then the specimens were cut into slices with a thickness of 50–70 nm with an ultrathin
microtome, stained with lead citrate and uranyl acetate, then observed by a HT7700 TEM (HITACHI,
Japan).

2.10. Statistical analyses
Data obtained in this study were analyzed using SPSS 21.0 software. Measurement data were expressed
as the mean ± SD. Differences among groups were performed by one-way analysis of variance (ANOVA),
and the comparisons between groups were assessed by t-tests; P < 0.05 was considered statistically
signi�cant.
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Figure 1

Effects of metformin on renal histology and extracellular matrix expansion. (A) Renal histology was
studied by H&E staining. Scale bar represents 50 μm. (B) Extracellular matrix expansion was studied by
Masson staining. Scale bar represents 50 μm. (C) Statistical analysis of renal interstitial areas in each
group. : P < 0.01 vs. Sham group by ANOVA, #: P < 0.01 vs. Sham and 4-week DN group by ANOVA, $: P <
0.05 vs. 4-week DN/DN + Met group by ANOVA.
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Figure 2

Effects of metformin on expression of FN and Collagen I in DN kidneys. (A) Collagen I was measured by
immunohistochemistry under microscope. Scale bar represents 50 μm. (B) Expression of FN and
Collagen I was measured by immunoblotting and normalized to β-actin. (C) Statistical analysis of the
expression of FN and Collagen I in each group. : P < 0.01 vs. Sham group by ANOVA, #: P < 0.01 vs.
Sham and 4-week DN group by ANOVA, $: P < 0.05 vs. 4-week DN/DN + Met group by ANOVA.
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Figure 3

Effect of metformin on LC3 I and LC3 II expression in DN kidneys. (A) LC3 II was measured by
immunohistochemistry under microscope. Scale bar represents 50 μm. (B) Expression of LC3 I and LC3 II
were measured by immunoblotting and normalized to β-actin. (C) Statistical analysis of the expression of
LC3 II/LC3 I in each group. : P < 0.01 vs. 4-week Sham group and 12-week Sham group by ANOVA, #: P <
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0.01 vs. 4-week DN group and 12-week DN group by ANOVA, $: P < 0.05 vs. 4-week DN/DN + Met group by
ANOVA.

Figure 4

Effect of metformin on autophagy and autolysosome in DN kidneys. Autophagy and autolysosome were
detected by transmission electron microscope at the 4-week molding (A) or at the 12-week molding (B).
The blue arrow indicates autophagy, and the red arrow indicates autolysosome. Scale bar represents 5
μm (left) and 1μm (right) respectively.
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Figure 5

Effects of AMPK activators and inhibitors on E-cadherin and α-SMA in RTECs. (A) Metformin and AICAR
stimulated E-cadherin and α-SMA of RTECs within high glucose; (B-C) Statistical analysis of E-cadherin
and α-SMA in each group. : P < 0.01 compared with the LG group, #: P < 0.01 compared with the HG
without metformin group, △: P < 0.01 compared with the HG group, $: P < 0.01 compared with HG + Met
group, &:P < 0.01 compared with HG + AICAR group.
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