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Abstract

DN is manifested by albuminuria, basement membrane thickening, increase in mesangial matrix,
and extracellular matrix accumulation, followed
by development of glomerulosclerosis and tubulointerstitial fibrosis, and finally leading to irreversible renal damage [2]. The exact etiology of
DN is unclear, but scientists have postulated some
mechanisms to explain its pathogenesis as hyperglycemia, activation of cytokinesand various
growth factors and Renin-Angiotensin Aldosterone
System (RAAS). Abnormalities in the signaling
pathway may interact with the previous factors to
produce DN [3,4].

Background: Renal nerves and Renin-Angiotensin Aldosterone System (RAAS) are involved in the early renal pathological changes occurring during the development of Diabetic
Nephropathy (DN). Bilateral renal nerve denervation (BRD)
and angiotensin II (AngII) blockade have renoprotective
effects by retarding the progression of renal fibrosis through
Transforming growth factor β 1 (TGF-β 1) signaling.
This study aimed to compare therole of AngII and renal
nerves on TGF-β/Smadpathway in diabetic nephropathy rat
model.
Material and Methods: Eightymale Sprague-Dawley rats
divided into 4 groupswere used: Group 1 (normal control
group), group II (untreated diabetic nephropathy group),
group III (diabetic nephropathytreated by valsartan), group
IV (diabetic nephropathytreated by renal denervation). Rats were
assessed by measuring Blood Pressure (BP), blood glucose,
body and kidney weights, fluid and food intake and urine
volume/24h, renal function tests, mRNA expression and
activity of TGF-β 1 and Smad3 and histopathological
changes in all groups at the end of fourth week of valsartan
administration and BRD operation.

In rat models of diabetes, bilateral renal nerve
denervation (BRD) was found to abolish glomerular
hyperfiltration and prevent glomerular hypertrophy
at 14 days after diabetic onset. These findings
suggested that renal nerves are involved in the
early renal pathological changes occurring during
the development of DN and the lack of sympathetic
stimulation retards the progression of glomerulosclerosis [5,6].

Results: Valsartan and BRD treatment significantlyimproved renal functionand reduced ABP, blood glucose level,
histopathological score and TGF-β 1 and Smad3 and their
mRNA expression with significant difference between them
and the control and untreated groups.

Also, angiotensin II (AngII) blockade has been
shown to significantly improve or reverse fibrosis
in the skeletal muscle, heart, kidney, liver, and
lung [7]. The fibrogenic effects of AngII have been
linked to its activation of Transforming growth
factor β 1 (TGF-β1) signaling. Inhibition of
the RAAS using an ACE inhibitor or an AT 1
receptor antagonist has been reported to be
associated with reduced TGF-β1 expression in a
number of renal disease models, including
diabetes [8].

Conclusion: Valsartan appeared to alleviate DN by suppressing TGF-β 1 and ph-Smad3. This also occurs in case
of renal denervation but to a lesser degree.
Key
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Introduction
DIABETIC Nephropathy (DN) is a lethal diabetic
complication and account for approximately onethird of all cases of end-stage renal disease and it
is expected to rise rapidly as a result of the growing
incidence of diabetes and the aging population [1].

TGF-β1 is multifunctional cytokine critical to
development and wound healing. It is known as a
key mediator of sclerosing process in diseased
glomeruli and is related to glomerulosclerosis and
interstitial fibrosis in various renal diseases [9,10].
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Following activation, TGF-β1 binds to
TGFβ1 type II receptor (TβRII), which Trans–
phosphorylates the TGF-β1 type I receptor (Tβ
RI), then active TβRI in turn activates the
intracellular Smad signaling cascade by
phosphorylating Smad2 and Smad3 [11]. Smad2/3
form heteromeric complexes with Smad4 and
translocate into the nucleus to regulate
transcription of target genes which code for
extracellular matrix proteins like type I collagen and
fibronectin, leading to the accumulation of
matrix which accumulate in podocytes resulting
in glomerulosclerosis and interstitial fibrosis [12].
Up to our knowledge no previous studies have
compared the effects of angiotensin II and renal
denervation on this pathway. The aim of this study
is to examine the underlying mechanisms of hyperglycemia associated renal changes and to understand the relationship between RAAS and sympathetic renal nerves and the TGF-β/SMAD
signaling pathway in DN by comparing the effect
of Ang II receptor blocker and bilateral renal
denervation as a therapeutic potential for DN for
its application in clinical therapy.
Material and Methods
This study is a comparative experimental design
and was carried out in the Physiology and Biochemistry Departments, Faculty of Medicine, Suez
Canal University (2014-2017).
Animals:
Eightymale Sprague-Dawley rats with average
weight of 250-350g and normal random blood
glucose level were included in the study. Animals
were purchased from the ophthalmology research
institute (Giza, Egypt); theywere housed in plastic
cages with 12:12h light-dark cycle and were fed
with normal commercial rat chow and tap water.
Animal care before and during the experimental
procedures was done according to the guidelines
of the Animal Ethics Committee, Faculty of Medicine, Suez Canal University and the study was
approved by the Research Ethics Committee (protocol no 2586).
Study groups:
Rats were randomly divided into 4 groups (n=20
/group); group I (GI normal control group),
group II (GII untreated diabetic nephropathy
group), group III (GIII diabetic nephropathytreated
by Ang II receptor blocker, Valsartan (sigma
Aldrich, Cat no: 137862-53-4): Rats have received
intragastric valsartan at a dose of 30mg/kg per day
for 2 weeks after diabetes induction and continued
for 4 weeks [13], and group IV (GIV diabetic
nephropathy

treated by renal denervation group): Rats in this
group had undergone renal denervation operation
after 2 weeks of diabetes induction.
Induction of diabetes:
Animals were acclimatized for 1 week, then
fasted overnight and groups II, III, IV rendered
diabetic by a single intraperitoneal injection of
STZ (Sigma Chemical Co) in a dose of 60mg/kg
dissolved in citrate buffer (10ml distilled water +
100mg citric acid + 180mg sodium citrate at
pH=4.5) [14]. Non-diabetic rats (G=I) were injected
only with citrate buffer. Three days following the
STZ injection, non-fastingblood glucose was measured in blood samples from tail veins by blood
glucose monitoring device (Kmeter and blood
glucose test strips, Rbiotech, OK Biotech Co.,
Taiwan); rats with a blood glucose level of ≥250
mg/dl were confirmed as “diabetic, "and were
included in the study [15].
Renal denervation:
Rats in G IV were subjected to renal denervationat the second week after diabetesinduction.
Therats were anaesthetized with sodium pentobarbital (40mg/kg, i.p.i). Midline abdominal incision
was done then both kidneys were exposed and the
renal arteries and veins were isolated from connective tissue and renal fats and mechanical denervation was performed by carefully stripping all visible
nerves, at 16 X magnification, along the renal
arteries and veins from the aorta to the hilum of
the kidney. Chemical denervation was performed
by quickly painting the renal artery with 10%
phenol in absolute ethanol for 2 minutes. Then,
the artery was washed with isotonic saline. Sham
denervation was done for the control and untreated
diabetic group using identical procedures with
renal nerves left intact [16].
Confirmation of successful BRD:
Renal cortical norepinephrine level was quantified at the end of the study using a commercial
norepinephrine ELISA kit (BA E-5200, Labor
Diagnostika Nord) according to the manufacturer's
instructions. Completeness of denervation was
established if the norepinephrine tissue content is
<10% of the mean value in the control group [16].
All groups were followed for 4 weeks andat the
end of fourth week we measured the following
tests:
Body weight, blood glucose and blood pressure
measurement:
Body weight, blood glucose and non-invasive
rat tail blood pressure were monitored weekly
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using the electronic animal weight scale, glucometer (
Kmeter) and Biopac mp150 data acquisition system respectively. The average of each parameter
was determined for each group at the end of fourth
week.
Urine and blood collection and renal function
tests:
All rats were placed in metabolic cage experiments (Tecniplast, Hohenpeissenberg, Germany)
for 24 hours to measure urine volume and the
food and fluid intake at the end of fourth week.
Urine and blood samples were collected to measure urine creatinine concentration, urine albumin/urine creatinine (A/C) ratio, plasma creatinine
and urea by an automatic biochemistry analyzer (
Hitachi, Japan).
After 4 weeks of treatment, rats were sacrificed
after anesthetizing with pentobarbital (40mg/kg,
1% concentration). Rt. Kidneyweighed by sensitive
weighing scale and its tissues were collected,
excised and frozen instantly in liquid nitrogen for
the PCR and ELISA examinations:
TGF-β1 and Smad-3mRNAexpression:
TGF-β1 and Smad-3 mRNA expression was
measured by real time PCR [QuantiTect Reverse
Transcription Qiagen kit, Primers for TGF-β1 (
Cat no: QT00187320) and for Smad-3 (Cat no:
QT00184961) and SYBR Green Master Mix] using
RNeasyMini Kit (by Purification of Total RNA
from (kidney tissue) according to manufacturer's
instructions. The relative expression levels of genes
were analyzed using the 2–∆∆Ct method by normalizing with β-actin house-keeping gene expression,
and presented in fold increase relative to the control
group [17].
TGF-β1/Smad 3 signaling pathway activity:
Quantitative measurement of phosphorylated
Smad3 and TGF-β1 in protein homogenate of
kidney tissue was done by ELISA kits [USCN,
United Kingdom). The principle in this kit is Sandwich enzyme immunoassay done according to
manufacturer's instruction.
Renal histopathological examination:
Assessment of glomerular damage was done
blindly. Lf. kidney was fixed in 10% formaldehyde
for 24 hours after perfusion with Hanks' buffer to
eliminate the intravascular blood content then
embedded in paraffin, and sectioned at 4µ
m thicknesses [15]. Renal sections were stained with Hematoxylin and Eosin (H & E) and Masson Trichrom
staining. All images captured using calibrated
standard digital microscope camera (Tucsen
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ISH1000 digital microscope camera) using
Olympus® CX21microscope, with resolution of
10 MP (megapixels) (3656 X 2740 pixel each
image). Collagen volume fraction was determined
by the area stained blue in each field and expressed
as a percentage of the total area within the field.
About 10 to 15 fields were analyzed for glomerular
fibrosis determination. Evaluation of renal glomerular and tubular damage was scored by a semi
quantitative method [17]. The degree of renal tubular
damage was scored as Follows: 0, no lesion, 1 +,
very mild focal dilatation, 2+, large number of
dilated tubules with widening of the interstitium,
3+, fairly extensive dilatation of tubules with cystic
formation and/or protein cast and widening of the
interstitium, and 4+, complete atrophy of the tubules. Each animal was given a score (0 to 4+) and
the individual scores were averaged for each group.
Glomerular damage was scored from 0 to 4+; 0 no
sclerosis, 1+ 01-25% mesangial expansion and
sclerosing glomerulus, 2+ 25-50% mesangial expansion and sclerosing glomerulus, 3+ 50-75%
mesangial expansion and sclerosing glomerulus,
4+ 75-100% mesangial expansion and sclerosingglomerulus [18].
Statistical analysis:
Data were analyzed using the statistical software
package SPSS version 20 for Windows® (SPSS
Inc., Chicago, IL, USA) and all data were presented
as means ± standard deviation. Analysis of variance (
ANOVA) for data was used to elucidate differences
between all groups. Post hoc range test (Bonferroni's) was used to test the difference between each
pair of means. The level of significance was at (p
<0.05).
Results
Confirmation of renal denervation:
There was reduction in diabetic cortical norepinephrine content from (35.09±4.1) in GII to (1.8±
0.4ng/mg) in GIV (renal denervation) (p=0.001).
Body and kidney weights:
There was no statistically significant difference
in body weight between groups (p=0.13). There
was statistically significant differencein kidney
weight between groups (p=0.000) with highest
kidney weight at GII which was significantly different from GI (p=0.001). GIII showed better
improvement when compared to GIV (p=0.038) (
Table 1).
Fluid and food intake:
There was significant difference between normal group and all diabetic groups, with highest
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fluid and food intake in GII when compared to
normal group GI (p=0.001 and p<0.05 respective-

ly). GIII showed significant lower value than GIV (
p<0.05 for both) (Table 1).

Table (1): Body and kidney weight and fluid and food intake in all groups.
Groups

GI

GII

GIII

Variables
Body weight (g)
Kidney weight (g)
Fluid intake (ml/24hr)
Food intake (g/24hr)

278.4±70.2
0.49±0.11
38±4
32±4

248.05±54.61
1.03±0.12a
221±14.5a
50.6±2a

266.75±44.79
0.84±0.17ab
66.8±5.6ab
39.2±3.4ab

GIV

pvalue

223±43.29
0.97±0.14abc
200.13±15.6abc
44.8±3.5abc

0.13
0.000*
0.001 *
0.001 *

G1: Negative control.
G2: Diabetic nephropathy group.
G3: Diabetic nephropathy + valsartan group.
G4: Diabetic nephropathy with bilateral renal denervation group.
Results are expressed as mean ± SD and analyzed using one-way ANOVA followed by Bonferroni' spost-hoc test at p<0.
05. *: Represents a statistically significant difference between all groups.
a, b and c: Represents a statistically significant difference when compared to G1, GII and GIII respectively.

The blood glucose level:
There was highly statistically significant difference in blood glucose level between all groups
at the end of the study (p=0.002). GII showed
highest blood glucose level and it was significantly
different when compared to normal group GI (p
=0.001). GIII showed better improvement than
GIV (p=0.017) (Table 2).

The blood pressure:
Systolic and diastolic blood pressures were
significantly higher in GII, III and IV than GI (p
<0.01 for both). Valsartan markedly lowered
systolic and diastolic blood pressures than BRD
group (p=0.000 and p<0.02 respectively) (Table
2).

Table (2): Systolic blood pressure (SBP), diastolic blood pressure (DBP) and blood glucose level in all groups.
Groups

GI

GII

GIII
GIV

Variable
SBP (mmHg)
DBP (mmHg)
Blood glucose (mg/dl)

119.57±17.06
77.41±14.2
99.25±17.29

175.0±23.90a
102.9±20.2a
382.15±83.22a

pvalue

125.5±11.9ab
139.0±14.28abc 0.001 *
83.61±11.25ab
84.80±5.09abc
0.001 *
209.30±51.27ab 289.35±130.6abc 0.000*

G1: Negative control.
G2: Diabetic nephropathy group.
G3: Diabetic nephropathy + valsartan group.
G4: Diabetic nephropathy with bilateral renal denervation group.
Results are expressed as mean ± SD and analyzed using one-way ANOVA followed by Bonferroni' spost-hoc test at p<0.
05. *: Represents a statistically significant difference between all groups.
a, b and c: Represents a statistically significant difference when compared to G1, GII and GIII respectively.

Renal function tests:
Table (3) and Fig. (1) showed renal function
tests,rats subjected to DN (GII) showed marked
deterioration when compared to the control group (
GI) not subjected to the diabetic nephropathy.
Regarding serum urea level; GII showed marked
elevation in serum urea levels when compared to
normal GI (p=0.001), there was marked improvement in GIII than GIV (p=0.003), urinary creatinine
level: GII showed marked reduction in urinary
creatinine when compared to GI (p=0.000). Meanwhile GIII showed better improvement than GIV (p
=0.006). Microalbuminuria level: GII showed
marked elevation in microalbuminuria when compared to GI (p=0.001). Meanwhile GIII (7.59±5.34)
showed better improvement than GIV (14.23±6.36)
with non-significant difference (p=1).

A/C ratio: GII showed marked elevation in A/C
ratio when compared to GI (p=0.001). Meanwhile
GIII (12.27±10.34) also showed better improvement
than GIV (44.4±0.93) with significant difference (
p=0.000). Serum creatinine: GII showed significant
increase in creatinine level when compared to GI (p
=0.02). GIII showed better improvement than
GIV with insignificant difference (p=0.6). Urine
volume/24hrs: GII showed significant higher urine
volume compared to GI (p=0.000). GIII had significant decrease in urine volume compared to GIV (p
=0.000). Creatinine clearance: GII showed significant decrease in creatinine clearance when
compared to GI (p=0.000). Meanwhile GIII also
showed better improvement than GIV with nonsignificant difference (p=0.05).
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Table (3): Renal function tests in all groups.
Groups

GI

Variable

GII

GIII

pvalue

GIV

Serum urea mg/dl

17.89±6.74

81.86±47.4a

25.4±8. 8ab

56.18±21.55abc 0.000*

Urinary creatinine mg/dl

120.97±56.98

32.52±42.72a 76.49±36.54ab 35.98±15.08abc 0.000*

Serum creatinine mg/dl

0.496±0.136

2.53±3.38 a

0.52±0.16ab

1.86±2.51 ab

0.006*

Creatinine clearance ml/min

1.06±0.58

0.17±0.12 a

0.77±0.42ab

0.37±0.57ab

0.000*

Microalbuminuria mg/dl

1.07±0.57

24±30.6a

7.59±5.34ab

14.23±6.36ab

0.000*

A/C ratio

0.93±0.52

75.1±17.88a

12.27±10.34ab 44.4±0.93 abc

0.000*

Urine volume ml/24hr

6.31±3.09

13.93±1.20a

7.10±1.36ab

0.000*

9.99±2.25abc

G1: Negative control.
G2: Diabetic nephropathy group.
G3: Diabetic nephropathy + valsartan group.
G4: Diabetic nephropathy with bilateral renal denervation group.
Results are expressed as mean ± SD and analyzed using one-way ANOVA followed by Bonferroni' spost-hoc test at p<0.
05. *: Represents a statistically significant difference between all groups.
a, b and c: Represents a statistically significant difference when compared to G1, GII and GIII respectively.
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Fig. (1): Renal function results in all groups.

TGF-β1 and Smad3 mRNA expression:
TGF-β 1 and Smad3 mRNA expression in GII
were significantly increased by 73 folds and 42
respectively when compared with the GI group

(p=0.005). GIII and GIV showed marked decrease
in the expression level for both when compared to
GII (p=0.000). GIII had insignificant lower expression level than GIV (Table 4) & Fig. (2).

Table (4): TGF-β1 and Smad3 measurement by PCR and ELIZA.
GIII

GIV

pvalue

73.51±111a

13.51±26.05ab

19.14±24.22ab

0.007*

1±0

42.43±29.94a

10.14±18.55ab

21.98±13.66ab

0.001*

19.20±5.50

93.70±48.90a

31.52±9.92ab

71.21±110.50ab

0.001*

0.45±0.33

0.94±0.59 a

0.36±0.25ab

1.51±2. 1 1 abc

0.001*

Groups
Variable

GI

PCR-TGF-β1

1±0

PCR-Smad3
ELISA-TGF-β1
ELISA-Smad3

GII

G1: Negative control.
G2: Diabetic nephropathy group.
G3: Diabetic nephropathy + valsartan group.
G4: Diabetic nephropathy with bilateral renal denervation group.
Results are expressed as mean ± SD and analyzed using one-way ANOVA followed by Bonferroni' spost-hoc test at p<0.
05. *: Represents a statistically significant difference between all groups.
a, b and c: Represents a statistically significant difference when compared to G1, GII and GIII respectively.
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TGF-β1 and Smad3 proteins:
Table (4) showed that GII had marked elevation
in TGF-β1 expression than GI (p=0.002). There
was significant reduction in TGF-β 1 expression
in GIII than GII (p=0.011), and GIII was better improved than GIV but not significant (p=0.2).
Meanwhile in Smad3, there was significant
difference between groups (p=0.001). There was
significant difference between GI and GII (p=0.01).
GIII showed marked improvement than GIV (p= 0.
008) (Table 4).
100
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ea 50
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Histopathological results:
Figs. (3,4) showed the histopathological results
in all groups. GI had normal kidney morphology
and zero score for tubular and glomerular damage.
GII had scored 3+ and 4+ for tubular and glomerular damage respectively and interstitial fibrosis.
GIII had scored 1+ for both type of damage without
fibrosis. GIV had scored 2+ for both type of damage
with minimal interstitial fibrosis. There was statistically significant difference between groups (p= 0.
001) regarding the degree of tubule-glomerular
damage and fibrosis.
5.00

#**
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Fig. (2): TGFβ 1 and Smad3 expression by PCR.

GI

GII

GII

Tubular damage

Fibrosis5

Glomerular damage

Fig. (3): Tubular, glomerular damage and degree of fibrosis.

GIII

GIV

Fig. (4): Histopathological results in all groups. Hematoxylin and Eosin (H & E) and Masson Trichrom staining (X400). GI
had normal kidney morphology; GII had extensive dilatation of the tubules and 75% mesangial expansion and sclerosing
glomerulus and interstitial fibrosis; GIII had mild focal dilatation and 25% mesangial expansion and sclerosing
glomerulus without fibrosis; GIV had large number of diluted tubules with wide interstitium and 25% mesangial
expansion and sclerosing glomeruluswith minimal interstitial fibrosis.

Discussion
The present study tried to answer the question
of whether the functional contribution of
angiotensin II and RSN (renal sympathetic nerves) in
mediating increased renal vasculature resistance
and renal fibrosis are achieved by the activation
of TGFβ1/Smad-3 signaling pathway in Diabetes
Mellitus

(DM). This issue was studied by evaluating the
magnitude of changes in renal function tests and
the level of expression of mRNA of TGF-β 1/
Smad3 by real-time PCR and then detecting their
protein level by ELISA to determine how these
responses were altered in the presence of
angiotensin II type I receptor blocker AT1-receptor
blocker (valsartan) and in bilateral renal
denervation.
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In the setting of diabetic rats, previous studies
have emphasized that prominent elevations in blood
glucose level, polyuria, polydipsia and massive
reduction in the body weight are the most significant markers of the likely occurrence of DM [19].
The presence of these manifestations in this study
obviously confirmed the accuracy of the experimental model of Streptozotocin (STZ)-induced
DM.
In general, findings from the metabolic cage
experiments in STZ-induced DN rats showed that
elevated blood glucose level caused considerable
increase in kidney weight, fluid and food intake,
serum urea, plasma creatinine, marked increase in
A/C ratio and marked albuminuria when compared
to control group. This was also previously reported
by Caoet al., [8].
The angiotensin receptor blocker (valsartan) is
an effective medical prescription used clinically
for the treatment of DN [17]. In the current study,
valsartan for 4 weeks produced a mild hypoglycemic effect as compared to DN model group;this
finding were in agreement with Top C et al., [20]
who found improvement in insulin sensitivity
followed by improvement in blood glucose with
valsartan in hypertensionmodel. But, this finding
is incompatible with Hartnera et al., [17] who
reported that blood glucose values were significantly higher in diabetic animals and even tended
to be increased more prominently after irbesartan
treatment. The different effects of various AT 1receptor blockers on blood glucose level in the
experimental model of DN may be due to their
different pharmaceutical characteristics, such as
duration of actions and lipophilicity. The lower
lipophilicity of certain AT1-receptor blocker is
likely to be an important determinant of tissue
penetration, which would affect their efficiency to
reduce local angiotensin II production. Also, Arnoni
et al., [21] had reported that Losartan treatment
initiated after diabetes induction did not alter the
hyperglycemia level.
On the other hand, BRD had lowered blood
glucose level with significant difference between
the model group and BRDgroup; these findings
were in agreement with Luippold et al., [14]. However, Yao et al., [16] did not document this reduction
in blood glucose level. In this current study the
valsartan significantly lowered blood glucose level
than BRD.
Systolic blood pressure measurements confirmed hypertension in diabetic model group, and
it was significantly improved with AT-1 receptor
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blocker (valsartan) which was in agreement with
Arnoni et al., [21] who reported that losartan had
significantly lowered systolic and diastolic blood
pressure even to levels below control group. On
the other side, the study findings were incompatible
with Hartnera et al., [17] where AT-1 receptor
blocker treated group with irbesartan showed higher
systolic blood pressure using tail cuff plethysmography but lower mean arterial blood pressure than
model untreated group measured intra-arterially.
BRD group showed lower systolic and diastolic
blood pressure, which was comparable with Yao
et al., [16] in which BRD intervention in diabetic
animals produced progressive, significant decrease
in SBP compared with the sham-operatedgroup
andThis supports the suggestion that renal nerves
are functionally involved in intrarenal
hemodynamic abnormalities observed in the
early state of experimental DM; however this
reduction in blood pressure was less than valsartan
group.
These conflicting results when compared with
the findings of the present study, in which a beneficial effect of renal denervation was proposed,
might be caused by various study designs, the
evaluation of different study parameters (albuminuria vs glomerular hyperfiltration), the application
of insulin or, even more important, the problem of
renal reinnervation. Functional reinnervation has
been reported to begin 3 weeks post-denervation
with a complete return of function by 8 weeks [22].
Another study explored the effect of bilateral
renal denervation on DN innon-insulin dependent
diabetes mellitus (NIDDM) of rat model that had
showed significant decreasein microalbumunurea
and improvement in renal function in rats with
denervated kidneys than in sham operated controls
and the glomerular matrix score, was reduced in
rats 4 weeks after renal denervation, suggesting
that the lack of sympathetic stimulation retards the
progression of glomerulosclerosis in NIDDM rats [
5]. Taken together, the role of renal nerves in the
development of DN shows debate and has to be
further investigated.
The results of the present study obtained evidence indicating that renal sympathetic nerve integrity in rat models of DN play a major contributor
role in the deterioration of the renal hemodynamic
and signaling pathway accompanying these disease
states. These findings are compatible with Salman
et al., [23] who documented that renalsympathoexcitation is involved in the pathogenesis of renal
impairment accompanying DM, and may even
precede the establishment of an observable renal
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injury. However, these findings were incompatible
with Matsuoka [24] who documented that renal
denervation appears to exacerbate the progress of
DN in STZ treated rats as judged through assessment of urinary albumin excretion. This suggests
that the renal nerves may provide some protection
against the progression of DN and improvement
of renal function. Loss of this protective role may
be one mechanism by which diabetic autonomic
dysfunction may aggravate the progression of DN.
In the current study, diabetic model group was
associated with an increase in the glomerulosclerosis score and in the degree of tubulo-interstitial
injury when compared with non-diabetic control
group. This evident increase in glomerulosclerosis
and tubulointerstitial injury was reduced in rats
treated with valsartan which is compatible with
Hartnera et al., [17]. However, BRD group showed
less improvement regarding histopathological score
which was incompatible with Yao et al., [16] where
in BRD kidneys, the occurrence of glomeruli
with a thickened glomerular basement membrane
and mesangial hypertrophy was reduced to
normoglycemic levels. This could be attributed to
the different method of denervation where BRD
or sham surgeries were performed, repetitively,
at 9, 12, and 15 weeks of age.

improvement in renal function. However, there
was lesser improvement in these parameters in the
BRD group.
By detecting Smad-3 mRNA expression by real
time PCR, the results revealed that phosphorylated
Smad3ph-Smad-3 levels were elevated in diabetic
kidneys compared to control group and that valsartan had lowered their level of expression better
than BRD, which was in accordance with previously reported findings [27]. This suggests that
valsartan may play a role in the down-regulation
of TGF-β1/Smad3 signaling pathway at the transcriptional level.
ELISA analysis confirmed that TGF-β1 and
Smad-3 proteins were also upregulated in the model
group; Smad3 is a critical mediator responsible
for renal fibrosis that has been shown to function
in the diabetes-induced up-regulation of fibronectin
and collagen, and that may play a critical role in
the early phase of DN. These findings are compatible with Wang et al., [28]. Inazaki et al., [29] also
had documented that Smad3 deficient mice are
protected from renal fibrosis by reduction in Epithelial Mesenchymal Transition (EMT), collagen
deposition, and the expression of profibrotic
TGFβ 1 target genes.

Regarding the renal expression of TGF-β1/
Smad-3, there was significant increase in their
expression in diabetic group when compared with
control group, also there was significant reduction
in their expression in valsartan treated group
which is in accordance with Matsubara et al., [25]
and Zhou et al., [26].

As indicated by the study results, the expression
of Smad3 was increased in the kidneys of diabetic
rats. Furthermore, the fact that the administration
of valsartan suppressed its expression, which resulted in improved renal conditions, provides further evidence for the effectiveness of valsartan in
the treatment of DN [28].

Surgical renal denervation produced significant
drop in the expression of TGF-β 1/Smad-3 pathway.
These findings indicated the effectiveness of this
procedure in establishing a sufficient level of
peripheral sympathoinhibition that can sufficiently
improve the prognosis of diabetic renal disease,
and protecting the kidney from future complications. This agreed with Yao et al., [16] where
TGFβ 1 was elevated in both the cortex and
medulla of the diabetic kidneys compared with
normoglycemic by Western blot analysis. This
expression was reduced in the diabetic kidneys
subjected to BRD.

Conclusion:
In conclusion, DN is caused by an imbalance
in the TGFβ/Smad pathway, which in turn
leads to glomerular sclerosis and interstitial
fibrosis. Consistent with our theory, the valsartan
injection appeared to alleviate DN by
suppressing TGF-β and ph-Smad3. This also
occurs in case of renal denervation but to a lesser
degree. Collectively, these results demonstrated
that valsartan administration could be a better
potential treatment for DN, and that it could
ameliorate the outcomes associated with DN by
hindering the TGFβ/Smad pathway. Further studies
are needed to investigate how to improve the
therapeutic effects of BRD.

This study is the first to compare the effects of
valsartan administration and BRD as a treatment
for DN by focusing on the TGF-β 1/Smad3 pathway,
administration of valsartan may be appropriate for
controlling blood glucose levels and body weight.
It also can reverse changes in renal histopathology
and attenuate albuminuria, which could lead to
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