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Abstract

Purpose: To evaluate the nephro-protective effect of eupatilin in diabetic nephropathic (DN) rats.

Method: Diabetes was induced by intraperitoneal administration of streptozotocin (STZ, 55 mg/kg) and
confirmed by fasting blood glucose results, while DN was determined by measuring serum urea and
creatinine levels on day 40 after STZ administration. The eupatilin-treated group received eupatilin at 50
and 100 mg/kg, p.o. for 20 days, after which blood levels of some biochemical parameters,
glomerulosclerosis index, eosinophilic cast index, and expression of MMP-9 were determined using
standard procedures.

Results: Treatment with eupatilin significantly decreased serum levels of glucose, creatinine and urea,
and increased creatinine clearance, compared to the negative control group. Moreover, eupatilin
attenuated changes in kidney histopathology, and significantly enhanced the expression of MMP-9 in
the kidney tissues of the DN rats, relative to negative control group.

Conclusion: These results indicate that eupatilin attenuates renal failure in STZ-induced DN rats by
upregulating the expression of MMP-9.
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INTRODUCTION

Diabetic nephropathy (DN) is a chronic
complication of diabetes and a leading cause of
death worldwide. Reports in the literature reveal
that 60 % of diabetic patients usually suffer from
DN. Several pathways contribute to the
development of DN, such as hexosamine
pathway and polyol pathway [2,3]. Uncontrolled
blood glucose level enhances the production of

advanced glycation end-products (AGEs) and
stimulates protein kinase C (PKC) [4]. These
result in the enhancement of expressions of
connective tissue growth factor (CTGF),
transforming growth factor (TGF)-B and vascular
endothelial growth factor (VEGF) [5]. These
factors contribute to deleterious changes in renal
physiology such as thickening of basement
membrane, albuminuria, enhanced permeability
to macromolecules, and glomerular hypertrophy.
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Extracellular matrix is degraded by matrix
metalloproteinases (MMPs) [6]. Matrix
metallopeptidase-2 (MMP-2) and MMP-9 play
important roles in the development of DN [7]. It
has been reported that MMP-9 induces oxidative
stress and expressions of inflammatory cytokines
which contribute to the development of DN [8].

The management of DN is complex. Currently,
scientists are focusing on novel molecules that
can target the different pathways involved in the
pathogenesis of DN. Herbal drugs have been
used as alternative medicine for treatment of
chronic disorders, and most herbs used clinically
have multi-target actions [9]. Eupatilin is a
flavonoid isolated from Artemisia
princeps Pampanini  (Asteraceae) [10]. It
possesses strong antioxidant and anti-
inflammatory properties [11,12]. Moreover, it has
been reported that eupatilin exerts gastro-
protective effects by attenuating gastric mucosal
injuries [13]. The present study was aimed at
evaluating the nephron-protective activity of
eupatilin in STZ-induced DN rat model.

EXPERIMENTAL
Animals

Male albino Wistar rats weighing 120 - 150 g
were procured from Shangai Animal House,
China, and maintained under the standard
conditions as per the Animal House guidelines.
The rats were acclimatized to laboratory
conditions for 7 days, and allowed free access to
normal standard rat chow and tap water. The
protocol for this study was approved by
institutional animal ethical committee of the First
Hospital of Shanxi Medical University, China
(approval number = IAEC/HSMU/2017/04). The
study followed the guidelines of Association for
the Assessment and Accreditation of Laboratory
Animal Care International (AAALAC) for animal
use and experimentation [14].

Induction of diabetic nephropathy

Streptozotocin  (STZ) was  administered
intraperitoneally to overnight-fasted rats at a
dose of 55 mg/kg, while saline was given to
control group animals. After 72 h, fasting blood
glucose was estimated using GOD-POD method.
Rats with blood glucose levels higher than 200
mg/dL were considered diabetic. After 40 days,
DN was confirmed through proteinuria test. The
rats were divided into four groups: control group
without STZ, negative control, and two eupatilin
groups given either 50 or 100 mg/kg eupatilinn
p.o. All treatments lasted for 20 days, after which

biochemical analyses were done in blood and
urine of the DN rats.

Determination of biochemical parameters

Colorimetric methods were used for the
estimation blood glucose, creatinine and urea on
day 40 and day 60 using assay kits as per the
instructions of kit manufacturers. Creatinine
clearance was calculated using Eq 1.

Creatinine clearance = (urinary Cr/serum
Crurine volume ..........coeeviiiiiinnnen (1)

Kidney index (K) was evaluated as in Eq 2.
K = (kidney weight/body weight)100 ...... (2)

Histopathological examination of

tissue

kidney

Kidney sections were dehydrated in increasing
concentrations of ethanol, and kept in liquid
paraffin. Tissue slices of 5 um thickness were cut
in a microtome and stained using periodic acid-
Schiff (PAS) and hematoxylin—eosin (H & E)
stain. Histopathological changes in the kidney
slices were observed under a Trinocular
microscope.

Evaluation of EC and glomerulosclerotic
index

Glomerulosclerotic index was used for the
estimation of degree of glomerular damage.
Tissue sections subjected to PAS staining were
observed at 400 x magnification, and semi-
guantitative method was used for scoring
glomerular damage. The EC index was
estimated by H & E staining of kidney tissues at
400x magnification, and was calculated as ratio
of the number of tubules with EC to the total
number of tubules.

Assessment of MMP-9 expression

Total RNA was extracted from kidney tissue with
TRIzol reagent. Random hexamers were used to
reverse-transcribe the total RNA (5 pg) using
superscript |l RNase H-reverse transcriptase.
Amplification was performed using 0.1 ymol/L of
each primer for GAPDH, 0.4 pmol/L of primer for
MMP9, 1.5 mmol/L MgCl,, 200 ymol/L dNTPs, 5
ML cDNA, and 2.5 U of Tag DNA polymerase.
Denaturation of PCR sequence was initially
achieved at 94 °C for 3 min and thereafter at 94
°C for 30 s, 58 °C for 30 s, 72 °C for 45 s for 35
cycles, and a final extension at 75 °C for 5 min.
Electrophoresis was used for the separation of
the amplified products, while Imagequant
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LAS500 was used to estimate the optical density
of MMP-9.

Statistical analysis

Data are presented as mean +* standard
deviation (SD). One-way analysis of variance
(ANOVA) and Dunnett’s post-hoc test were used
to analyse the data (Gradpad prism 6.1., CA,
USA). Values of p < 0.05 were considered
significant.

RESULTS
Effect of eupatilin on biochemical parameters

The effect of eupatilin on blood glucose level and
kidney function in STZ-induced DN rats was
shown in Table 1. There were significant (p <
0.01) increases in the blood levels of glucose,
creatinine and urea in the negative control group,
when compared to the control group. Moreover,
kidney index was significantly (p < 0.01)
increased while creatinine clearance was
decreased in the negative control, relative to
control group. However, treatment with eupatilin
significantly (p < 0.01) decreased serum
concentrations of glucose, creatinine and urea,
when compared with the control group. Kidney
index was significantly decreased, while
creatinine clearance was significantly increased
in the eupatilin-treated groups, when compared
to negative control group (p < 0.05, p < 0.01).

Effect of eupatilin on kidney morphology

Kidney tissue section from the control group
showed normal structure of glomerulus
surrounded by Bowman’s capsule. However H &
E staining of kidney sections from the negative
control group showed dilatation and deposition of
ECs in the proximal convoluted tubules, and
cloudy swelling. PAS staining revealed signs of
glomerular sclerosis in the negative control
group, as evidenced by excessive deposition of
ECM and thickening of glomerular basement
which resulted in the destruction of the capillary
lumen. However, treatment with eupatilin
significantly reversed these histological changes

in the kidney of DN rats. Moreover, eupatilin
attenuated tubular necrosis due to DN. These
results are shown in Figure 1 and Figure 2.

. 2 A > X B

Figure 1: Effect of eupatilin on morphology of kidney
tissue in STZ-induced DN rats (H & E staining). A:
control group showing normal structure of glomerulus
surrounded by Bowman'’s capsule; B: negative control
group showing dilatation and deposition of ECs in the
proximal convoluted tubules along with cloudy
swelling; Attenuation of the DN-induced changes by
50 mg/kg eupatilin (C), and 100 mg/kg eupatilin (D)

Figure 2: Effect of eupatilin on histology of kidney
tissue of STZ-induced DN rats as determined by PAS
staining for the estimation of glomerularsclerosis and
deposition of ECM. A: control group; B: negative
control group; C: eupatilin (50 mg/kg); D: eupatilin
(100 mg/kg)

Table 1: Effect of eupatilin on blood glucose level and kidney function in STZ-induced DN rats

Group Blood glucose Serum creatinine Serum Urea Ccr (ml/min/kg)  Kidney index
(mg/dL) (mg/dL) (mg/dL)

Control 91.24+3.60 0.38+0.02 39.25+1.82 1.29+0.03 3.20+0.27

Negative control 321.50+12.80™ 1.49+0.08" 121.5+6.80™ 0.27+0.01%* 6.100.47"

Eupatilin 50 mg/kg 179.20+8.60** 8.32+0.04** 69.32+£3.18** 0.83+0.02** 5.40+0.32*

Eupatilin 100 mg/kg 131.80+5.90** 0.61+0.03** 52.91+2.73** 1.06+0.03** 4.30+0.29**

Values are expressed as mean + SD (n = 8), "p < 0.01, compared to control group; **p < 0.01, compared to

negative control group
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Effect of eupatilin on GSI and ECI

The effect of eupatilin on glomerularsclerosis
index and eosinophilic cast index in the kidney
tissue of STZ-induced DN rats are shown in
Figure 3. There were significant (p < 0.01)
increases in the glomerularsclerosis index and
eosinophilic cast index in the negative control
group, when compared to control group.
However treatment with eupatilin significantly (p
< 0.01) reversed these DN-induced changes,
when compared to negative control group.
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Figure 3: Effect of eupatilin on glomerularsclerosis
index and eosinophilic cast index in the kidney tissue
of STZ-induced DN rats. Values expressed as mean +
SD (n = 8), *p < 0.01 vs control group; **p < 0.01 vs
negative control group

Effect of eupatilin on the expressions of
MMP-9

The effect of eupatilin on the expression of MMP-
9 in the kidney tissue of STZ-induced DN rats is
shown in Figure 4. It was observed that

expression of MMP-9 in the kidney tissue of
negative control group was significantly (p <
0.01) decreased when compared to
corresponding expression in the control group. In
addition, the expression of MMP-9 was lower in
kidney tissue of eupatilin-treated group than in
kidney tissue of the negative control group.
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Figure 4: Effect of eupatilin on the expressions of
MMP-9 in the kidney tissue of STZ-induced DN rats.
Values are expressed as mean + SD (n=8), p < 0.01,
compared to control group; **p < 0.01, compared to
negative control group
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DISCUSSION

Diabetic nephropathy (DN) is one of the
complications of diabetes which is characterized
by increase in macroalbuminurea, thickening of
basement membrane and glomerular
hypertrophy [15]. The present study evaluated
the nephroprotective effect of eupatilin in STZ-
induced DN rat model. The effect of eupatilin was
assessed by estimating biochemical parameters
in blood, and kidney function test in DN rats.
However, histopathological studies and western
blot assay were done for the estimation of MMP-
9.

Eupatilin exerts anti-hyperglycemic activity by
enhancing the insulin secretion and hepatic
metabolism of glucose. The results of this study
have also indicated that treatment of DN rats with
eupatilin significantly decreases blood glucose
level. It has been reported that DN is
characterized by increased serum levels of urea
and creatinine, and decreases in creatinine
clearance [16]. Urea and creatinine are metabolic
wastes excreted via the urine. Thus, their levels
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are altered in DN. It is known that improvement
in renal function also protects the nephrons [17].
This is in agreement with the attenuation of renal
function in the DN rats by eupatilin, which also
attenuated the alterations in the levels of
biochemical parameters assayed.

The accumulation of ECM is one of the
characteristics of DN-induced
glomerularsclerosis. In addition, GCI and ECI are
increased in DN [18]. It has been demonstrated
that nephro-protective drugs attenuate
histological changes, as well as GCI and ECI in
kidney tissues of DN rats [19]. The results of the
present study reveal that eupatilin attenuates
histological changes in kidney tissues. Available
literature indicate that the expression of MMP-9
is decreased in DN through the regulation of
mesangial ECM turnover [20]. This is in
agreement with the eupatilin-induced decrease in
the expression of MMP-9 in the renal tissues of
DN rats as demonstrated in the current study.

CONCLUSION

The findings of this study suggest that eupatilin
enhances the expression of MMP-9 in the kidney
tissues and thereby mitigates the renal injury in
STZ-induced DN rat model. Thus, eupatilin has
promising potential for use in the clinical
management of DN.
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