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Abstract. Emodin is the main active component of the Chinese 
medicine rhubarb, which has a variety of pharmacological 
effects and a high clinical value. Its anti‑inflammatory and anti-
tumor effects have been widely studied. The aim of the present 
study was to determine whether emodin has renoprotective 
effects, and to identify the potential underlying mechanisms 
in a rat model of diabetic nephropathy (DN). The changes in 
mean blood glucose levels, normalized kidney weight, urinary 
albumin excretion, serum creatinine levels and tubulointerstitial 
injury index (TII) scores of the rats with DN were significantly 
attenuated by emodin. Furthermore, treatment with emodin 
significantly inhibited inflammation‑related factors and oxida-
tive stress, suppressed the expression of intercellular adhesion 
molecule 1 (ICAM-1) and B-cell lymphoma 2-associated X 
protein (Bax), increased phosphorylated Akt and phosphory-
lated-glycogen synthase kinase 3 (p-GSK-3β) expression and 
inhibited caspase-3 activity in diabetic rats. These data suggest 
that emodin protects against DN and that the underlying mecha-
nism may involve the suppression of inflammation, ICAM‑1 and 
Bax, and activation of the PI3K/Akt/GSK-3β pathway. 

Introduction 

With improvements in the availability of food and changes in 
lifestyle, the incidence of diabetes has increased significantly. 
According to an estimate in 2007 by the International Diabetes 
Federation, the number of people with diabetes in China 
was ~39.8 million, ranking second in the world after India. 
Furthermore, there was an annual increase of 1.01 million 
diabetics, among which 95% had type 2 diabetes (1). Great prog-
ress has been made in the diagnosis and prevention of diabetic 

nephropathy (DN), a common complication of diabetes (2). 
However, kidney damage in patients with diabetes is not neces-
sarily due to DN (2).

DN pathogenesis is very complex, and involves lipid 
disorders, hemodynamic abnormalities, the release of inflam-
matory mediators, cytokines, oxidative stress and apoptosis (2). 
Recently with development of biotechnological techniques, 
the research into and awareness of podocytes have gradually 
increased (3). Furthermore, podocyte injury in the pathogen-
esis of DN has been recognized as the key factor causing DN 
proteinuria and glomerular sclerosis, which may prompt the 
development of new strategies for the prevention and treatment 
of DN (4).

The phosphoinositide 3 kinase (PI3K)/protein kinase B (also 
known as Akt) signaling pathway participates in cell differen-
tiation, proliferation, apoptosis and migration, and excessive 
activation of this pathway leads to cell dysfunction (5). As 
mentioned above, podocyte injury has been recognized to play 
a role in DN (6); changes of marker protein expression are the 
basis of changes in podocyte function, and the PI3K/Akt 
signaling pathway may change the podocyte phenotype and 
induce the podocyte injury that is involved in the progression 
of DN (7).

Glycogen synthase kinase 3 (GSK-3) is a rate-limiting 
enzyme for inhibiting glycogen synthesis, and is involved 
in the regulation of various signals, including insulin cell 
signaling (8). The GSK-3β subtype is primarily involved in 
this; therefore, research into the correlation between GSK-3β 
and type 2 diabetes has been conducted (9). Previous studies 
have shown a correlation between high expression levels of 
GSK-3β and decreased insulin sensitivity (8,10).

Emodin is an anthraquinone derivative, which may be 
obtained from the root of Rheum palmatum L. (rhubarb). 
The anti-inflammatory effect of emodin has been demon-
strated in many experiments using animal models (11). 
Additionally, its antibacterial effects on Pseudomonas aeru‑
ginosa and Staphylococcus aureus, methicillin-resistant 
Staphylococcus aureus have also been reported (12). Emodin 
has also been shown to inhibit the growth of Helicobacter pylori 
in vitro in a dose-dependent manner (13). Further in vitro experi-
ments have demonstrated that emodin significantly inhibits the 
release of cytokines by mononuclear cells under lipopolysaccha-
ride (LPS) stimulation, and also inhibits the endotoxin-induced 
secretion of tumor necrosis factor (TNF)-α, interleukin (IL)-1, 
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IL‑6, IL‑8 and other inflammatory cytokines, thus affecting the 
immune activation associated with them (14,15).

Materials and methods

Experimental animals. All experimental procedures were 
pre‑approved by the First Affiliated Hospital of PLA General 
Hospital (Beijing, China). Female adult Wistar rats (8 weeks old, 
200-230 g) were obtained from Beijing Vital River Laboratory 
Animal Technology Co., Ltd. (Beijing, China) and housed at 
21‑23˚C with a 12:12 h light‑dark cycle and 55‑60% relative 
humidity. Furthermore, standard pelletized food and water 
were provided ad libitum. Rats were randomly divided into 
three groups: Control (n=6); DN model (n=8) and emodin (n=8) 
groups. The DN model and emodin group rats were adminis-
tered a 60 mg/kg intraperitoneal injection of streptozotocin 
(Sigma-Aldrich, Inc.; Merck KGaA, Darmstadt, Germany). 
The emodin group rats were administered emodin 100 mg/kg 
dose once every 3 days (Sigma-Aldrich, Inc.; Merck KGaA) for 
3 weeks.

Normalized kidney weight, glucose urine albumin and 
creatinine measurements. Following the 3 weeks of treatment 
with emodin, kidneys were acquired and washed with phos-
phate-buffered saline (PBS). Next, each kidney was weighed 
and the normalized kidney weight was determined. Glucose 
(F006), Urine albumin (A028-1) and creatinine (C011-2) were 
quantified with commercial kits (Nanjing Jiancheng Biology 
Engineering Institute, Nanjing, China) and the Cayman creati-
nine assay kit (Ann Arbor, MI, USA) was also used to determine 
creatinine levels.

Histological analysis and determination of tubulointerstitial 
injury index (TII) score. After the 3 weeks of treatment with 
emodin, kidneys were acquired and washed with PBS. The 
tissue was then fixed in 4% formaldehyde for 24 h and embedded 
in paraffin. The tissue was cut into 8‑µm sections and stained 
using hematoxylin and eosin (Fuzhou Maixin Biotech. Co., Ltd., 
Fuzhou, China). The stained kidney tissue was then observed 
using light microscopy (Nikon 80i; Nikon, Tokyo, Japan). 
Sections were stained with Periodic acid-Schiff assay for 1 h. 
TII scores was scored as the percentage of tubulointerstitial 
injury area within the total area: 0, normal; 1, <25%; 2, 25-50%; 
3, >50%.

ELISA analysis of inflammatory factors, oxidative stress and 
caspase‑3. Blood was obtained through the inferior vena cava of 
every rat and centrifuged at 12,000 x g for 10 min at 4˚C. IL‑6, 
TNF-α, superoxide dismutase (SOD), malondialdehyde (MDA) 
and caspase-3 levels were measured using ELISA kits (Nanjing 
Keygen Biotech, Co., Ltd., Jiangsu, China).

Western blot analysis. After the 3 weeks of treatment with 
emodin, kidney tissues were lysed with ice-cold radioim-
munoprecipitation assay buffer (Bio-Rad Laboratories, Inc.) 
A bicinchoninic acid protein assay kit (Beyotime Institute 
of Biotechnology, Haimen, China) was used to quantify the 
protein contents. Protein (30 µg) was loaded onto a gel for 10% 
Tris-glycine-SDS-PAGE and electroblotted onto polyvinyli-
dene difluoride membranes (Bio‑Rad Laboratories, Inc.). The 

membranes were then blocked with 5% non-fat milk in PBS 
0.05% Tween 20 solution. Sections were then incubated with 
specific primary antibodies against intercellular adhesion mole-
cule 1 (ICAM-; sc-7891; 1:500), Bax (sc-6236; 1:500), p-Akt 
(sc-7985-R; 1:200), Akt (sc-8312; 1:500), p-GSK-3β (sc-135653; 
1:200), GSK-3β (sc-7879; 1:500), caspase-3 (sc-98785; 1:500, 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA) and GAPDH 
(sc‑25778; 1:2,000; Santa Cruz Biotechnology, Inc.) at 4˚C 
overnight. Membranes were then washed with a PBS 0.05% 
Tween 20 solution prior to incubation with polyclonal goat 
anti-mouse horseradish peroxidase-conjugated secondary 
antibody (sc-2031; 1:5,000; Santa Cruz Biotechnology, Inc.) for 
1 h at 37˚C. The membranes were then detected using a chemi-
luminescence detection kit (Amersham Pharmacia Biotech; GE 
Healthcare Life Sciences, Chalfont, UK). Protein expression 
was quantified using Image J 1.32 software (National Institutes 
of Health, Bethesda, MD, USA).

Statist ical analysis. Values are presented as the 
mean ± standard deviation. One-way analysis of variance was 
used to identify differences among groups using Tukey's tests. 
P<0.05 was used to indicate a statistically significant difference.

Results 

Blood glucose levels, normalized kidney weight, urinary 
albumin excretion and serum creatinine levels of diabetic rats. 
The chemical structure of emodin is shown in Fig. 1. As shown 
in Fig. 2, there was a significant increase in the blood glucose 
level, normalized kidney weight, urinary albumin excretion 
and serum creatinine level in the DN model group compared 
with the control group. Following treatment with emodin, the 
increases in blood glucose level, normalized kidney weight, 
urinary albumin excretion and serum creatinine level were 
significantly attenuated, compared with those in the DN model 
group (Fig. 2).

TII scores of diabetic rats. The TII scores of the DN model 
group were observed to be significantly increased compared 
with those in the control group (Fig. 3). Notably, treatment with 
emodin significantly reduced the elevation of the TII scores in 
the DN model rats (Fig. 3).

Inf lammation factors of diabetic rats. The potential 
anti-inflammatory effects of emodin in rats with DN were inves-
tigated via the analysis of IL-6 and TNF-α levels. The ELISA 
results presented in Fig. 4 revealed that the IL-6 and TNF-α 
levels in the group were significantly increased compared with 

Figure 1. Chemical structure of emodin.
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those in the control group. Furthermore, comparison of the 
DN and emodin groups indicated that emodin significantly 
decreased the activation of IL-6 and TNF-α levels in rats with 
DN (Fig. 4).

Oxidative stress of diabetic rats. SOD and MDA levels were 
analyzed in order to determine whether emodin exhibited an 
anti-oxidative effect in rats with DN. The results presented in 
Fig. 5 show that DN significantly reduced the SOD level and 
increased the MDA level in diabetic rats, compared with the 
control group. Furthermore, treatment with emodin significantly 
attenuated the changes in SOD and MDA levels compared with 
those in the DN model group (Fig. 5.

ICAM‑1 protein expression of diabetic rats. ICAM-1 expression 
was evaluated using western blot analysis in order to investigate 
whether ICAM-1 pathways are involved in the protective effect 
of emodin against DN. As shown in Fig. 6, activation of ICAM-1 
expression was observed in the DN model group, compared 
with the control group. The increased ICAM-1 expression in 
the DN model was significantly suppressed by treatment with 
emodin (Fig. 6).

Bax protein expression of diabetic rats. Bax expression in the 
kidneys of diabetic rats was detected by western blot analysis 
(Fig. 7). DN significantly increased the expression of Bax in 

the DN model group compared with the control group (Fig. 7). 
Treatment with emodin significantly reduced the Bax protein 
expression compared with that in the DN model group (Fig. 7).

p‑Akt protein expression of diabetic rats. The effect of emodin 
on Akt pathways in the kidneys of diabetic rats was also inves-
tigated. As shown in Fig. 8, there was a significant inhibition of 
Akt pathways in the DN model group compared with the control 
group, as demonstrated by a reduction in the phosphorylation 
level of Akt. However, emodin significantly promoted the p‑Akt 
protein expression of rats with DN, when compared with the DN 
model group (Fig. 8).

p‑GSK‑3β protein expression of diabetic rats. p-GSK-3β 
protein expression was evaluated using western blotting in order 
to examine whether there is an association between GSK-3β 
pathways and the protective effect of emodin on DN. The results 
shown in Fig. 9 indicate that DN significantly inhibited GSK‑3β 
pathways and p-GSK-3β protein expression in diabetic rats 
compared with the control group, and treatment with emodin 
significantly activated the protein expression of p-GSK-3β 
compared with that in the DN model group (Fig. 9).

Caspase‑3 expression of diabetic rats. Caspase-3 expression in 
diabetic rats was measured using ELISA and western blotting in 
order to elucidate the protective effect of emodin on apoptosis 
in DN rats. Caspase-3 activity and protein expression in the DN 
model group was significantly increased compared with that in 
the control group (Fig. 10). However, these changes to caspase-3 
in the rats with DN were significantly inhibited by treatment 
with emodin (Fig. 10).

Discussion 

DN is a complication of diabetes, and the incidence of 
nephropathy among diabetic patients is much higher than 
that in non-diabetic patients (16). It is classified as a serious 
microvascular disease, which can cause kidney damage, and 
eventually lead to end-stage renal disease. The basic patho-
logical change in DN comprises glomerulosclerosis caused 

Figure 2. Average blood glucose levels, normalized kidney weight, urinary albumin excretion and serum creatinine levels of diabetic rats. (A) Average blood 
glucose levels, (B) normalized kidney weight, (C) urinary albumin excretion and (D) serum creatinine levels of diabetic rats. ##P<0.01 vs. the control group; 
###P<0.01 vs. the DN group. Control, control group; DN, diabetic nephropathy group; DN + emodin, diabetic nephropathy plus emodin treatment group.

Figure 3. TII scores of diabetic rats. ##P<0.01 vs. the control group; ###P<0.01 
vs. the DM group. Control, control group; DN, diabetic nephropathy group; 
DN + emodin, diabetic nephropathy plus emodin treatment group; TII, tubu-
lointerstitial injury index.
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by glomerular cell proliferation, the release of inflammatory 
mediators and accumulation of extracellular matrix and other 
factors (17). Proteinuria is the clinical manifestation in the 
earliest stage. DN is not traditionally considered a disease 

that is associated with the immune system; however, a study 
has shown that activation of the innate immune system and 
inflammatory mechanisms are important in its pathogen-
esis (18). In patients with DN‑associated kidney inflammation, 

Figure 4. Inflammatory factors of diabetic rats. (A) IL‑6 and (B) TNF‑α expression in the kidneys of diabetic rats. ##P<0.01 vs. the control group; ###P<0.01 
vs. the DM group. Control, control group; DN, diabetic nephropathy group; DN + emodin, diabetic nephropathy plus emodin treatment group; IL, interleukin; 
TNF-α, tumor necrosis factor-α.

Figure 5. Oxidative stress of diabetic rats. (A) SOD and (B) MDA in the kidneys of diabetic rats. ##P<0.01 vs. the control group; ###P<0.01 vs. the DM group. 
Control, control group; DN, diabetic nephropathy group; DN + emodin, diabetic nephropathy plus emodin treatment group; SOD, superoxide dismutase; MDA, 
malondialdehyde.

Figure 6. ICAM‑1 expression of diabetic rats. (A) Western blot analysis and (B) quantification of ICAM‑1 protein expression in the kidneys of diabetic rats. 
##P<0.01 vs. the control group; ###P<0.01 vs. the DM group. Control, control group; DN, diabetic nephropathy group; DN + emodin, diabetic nephropathy plus 
emodin treatment group; ICAM-1, intercellular adhesion molecule 1.

Figure 7. Bax protein expression of diabetic rats. (A) Western blot analysis and (B) quantification of Bax protein expression in the kidneys of diabetic rats. 
##P<0.01 vs. the control group; ###P<0.01 vs. the DM group. Control, control group; DN, diabetic nephropathy group; DN + emodin, diabetic nephropathy plus 
emodin treatment group; Bax, B-cell lymphoma 2 associated X protein.
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the secretion of adhesion molecules, chemokine factors and 
cytokines are increased (19). Furthermore, a large number 
of immune cells gather and infiltrate into the kidney tissue, 
resulting in a further release of pro‑inflammatory cytokines 
and growth factors, thereby increasing the inflammatory 
response and progressively exacerbating renal tissue damage 
and renal stromal fibrosis (20).

Previous studies have shown that the interaction between 
inflammation and DN includes complex molecular and 
pathway networks, and confirm the important role of inflam-
matory pathways in DN (17,21). The results of the present study 
demonstrate the ability of emodin to significantly inhibit the 
blood glucose level, reduce the normalized kidney weight, and 
inhibit urinary albumin excretion and serum creatinine levels in 

Figure 9. p‑GSK‑3b protein expression of diabetic rats. (A) Western blot analysis and (B) quantification of p‑GSK‑3β protein expression in the kidneys of 
diabetic rats. ##P<0.01 vs. the control group; ###P<0.01 vs. the DM group. Control, control group; DN, diabetic nephropathy group; DN + emodin, diabetic 
nephropathy plus emodin treatment group; p-GSK-3β, phosphorylated-glycogen synthase kinase 3.

Figure 8. p‑Akt protein expression of diabetic rats. (A) Western blot analysis and (B) quantification of p‑Akt protein expression in the kidneys of diabetic rats. 
##P<0.01 vs. the control group; ###P<0.01 vs. the DM group. Control, control group; DN, diabetic nephropathy group; DN + emodin, diabetic nephropathy plus 
emodin treatment group; p-Akt, phosphorylated Akt.

Figure 10. Caspase‑3 in diabetic rats. (A) Western blot analysis and (B) quantification of caspase‑3 protein expression, and (C) ELISA results for caspase‑3 in 
the kidneys of diabetic rats. ##P<0.01 vs. the control group; ###P<0.01 vs. the DM group. Control, control group; DN, diabetic nephropathy group; DN + emodin, 
diabetic nephropathy plus emodin treatment group.
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rats DN. Furthermore, it decreased TII scores, attenuated the 
increased IL-6 and TNF-α levels, elevated SOD activity and 
inhibited the MDA level in DN rats. Zeng et al (12) reported 
that emodin reduced uremic toxins in rats with chronic kidney 
disease. Zhu et al (14) demonstrated that emodin suppressed 
the LPS-induced inflammation of RAW264.7 cells and 
Xue et al (22) suggested that emodin attenuated lung injury 
through the suppression of oxidative damage in a mouse model.

ICAM-1 forms molecular bonds by the mutual contact 
between intermediate cells or between the cell and matrix. The 
majority of bonding sites comprise glycoproteins that are located 
on the cell surface or the extracellular matrix. Furthermore, 
ICAM-1 is expressed on a variety of cells, including endothelial 
and epithelial cells, fibroblasts, activated T cells, monocytes, 
macrophages and natural killer cells amongst others, which 
can enhance the adhesion between monocyte-macrophage and 
endothelial cells and cause inflammation (23). A continuously 
increased expression of ICAM-1 can cause serious damage 
to the structure and function of tissues and organs (24). 
Furthermore, ICAM-1 molecules are widely present in the body 
and are expressed in a variety of hematopoietic and non-hema-
topoietic cells, which are distributed mainly in various epithelial 
and endothelial cells, fibroblasts, reticular cells, monocytes, 
macrophages and lymphocytes (25). In the present study, it was 
revealed that emodin significantly suppressed ICAM‑1 expres-
sion in DN model rats. Consistent with this, Chen et al (15) 
previously reported that emodin ameliorated LPS-induced 
corneal inflammation and ICAM‑1 in rats.

The PI3K/Akt signaling pathway is involved in cell differ-
entiation, proliferation, apoptosis and migration, and excessive 
activation of this pathway leads to cell dysfunction (26). A 
previous study indicated that PI3K/Akt signaling pathway 
activation occurs in association with DN, and high sugar or trans-
forming growth factor-β1 levels can cause changes to certain 
podocyte proteins such as ZO-1 and CD2AP by activating this 
pathway (27). Glomerular p-Akt expression in patients with 
DN has been observed to be increased with aggravation of the 
disease, although in severe lesions its expression is decreased 
and the expression of its negative regulation gene PTEN is 
gradually decreased with the increase of glomerular lesions; 
these results suggest that the PI3K/Akt signaling pathway is 
important in the development of early DN lesions (10,27). The 
present study found that emodin significantly promoted p‑Akt 
protein expression in the rats with DN. Park et al (28) previously 
demonstrated that emodin induces the neurite outgrowth of 
Neuro2a cells through PI3K/Akt/GSK-3β signaling.

Among the factors associated with the insulin signal trans-
duction pathway, GSK-3β has received considerable attention 
because of its multiple substrates and broad impact (29). For 
example, insulin receptor substrate-1 (IRS-1) results in a reduc-
tion in insulin receptor signaling following phosphorylation 
by GSK-3β (30). Cell experiments involving GSK-3β overex-
pression demonstrated that GSK-3β phosphorylates the serine 
and threonine residues of IRS-1, prevents tyrosine residues 
from undergoing phosphorylation by the insulin receptor, and 
reduces the level of IRS-1, thus weakening the insulin signaling 
pathway (30). The phosphorylation of cyclin D1 protein Thr268 
by GSK-3β adjust the intracellular distribution and turnover 
of cyclin D1 (30). Furthermore, the axin and adenomatous 
polyposis genes may also be phosphorylated by GSK-3β (30,31). 

Proteins associated with multiple signal transduction systems 
are regulated by GSK-3β phosphorylation, including transcrip-
tion factors (10); numerous transcription factors are substrates 
of GSK-3β, and are directly phosphorylated by GSK-3β. The 
present study showed that emodin significantly increased the 
expression of p-GSK-3β and inhibited caspase-3 activity and 
protein expression in rats with DN. A previous study conducted 
by Wu et al (32) demonstrated that emodin protected against 
diabetic cardiomyopathy through the KT/GSK-3β signaling 
pathway.

In conclusion, the results of the present study demonstrated 
that emodin significantly improved the average blood glucose 
levels, normalized kidney weight, urinary albumin excre-
tion, serum creatinine levels and TII scores of diabetic rats. 
Furthermore, the underlying mechanism may be associated with 
anti‑inflammatory and anti‑oxidative activity, the suppression of 
ICAM-1, Bax and caspase-3, and activation of the Akt/GSK-3β 
signaling pathway. However, this requires further investigation 
in future studies.
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