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Abstract

Background: Renal nerves and Renin-Angiotensin Aldos-
terone System (RAAS) are involved in the early rena patho-
logical changes occurring during the development of Diabetic
Nephropathy (DN). Bilateral renal nerve denervation (BRD)
and angiotensin |1 (Angll) blockade have renoprotective
effects by retarding the progression of rena fibrosis through
Transforming growth factor B 1 (TGF- 1) signaling.
This study aimed to compare therole of Angll and rena
nerves on TGF-f3/Smadpathway in diabetic nephropathy rat
model.

Material and Methods: Eightymae Sprague-Dawley rats
divided into 4 groupswere used: Group 1 (normal control
group), group Il (untreated diabetic nephropathy group),
group |11 (diabetic nephropathytreated by valsartan), group
1V (diabetic nephropathytrested by rena 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, mMRNA expression and
activity of TGF-f 1 and Smad3 and histopathological
changes in al groups at the end of fourth week of valsartan
administration and BRD operation.

Results: Valsartan and BRD treatment significantlyim-
proved rena functionand reduced ABP, blood glucose leve,
histopathological score and TGF-f3 1 and Smad3 and their
mMRNA expression with significant difference between them
and the control and untreated groups.

Conclusion: Valsartan appeared to aleviate DN by sup-

pressing TGF-3 1 and ph-Smad3. This also occurs in case
of renal denervation but to a lesser degree.

Key Words: Bilateral renal denervation — Diabetic
nephropathy — Transforming growth factor 31
and smad-3 — Valsartan.

Introduction

DIABETIC Nephropathy (DN) is a lethd digbetic
complication and account for approximately one-
third of all cases of end-stage renal disease and it
is expected to rise rapidly as a result of the growing
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DN is manifested by abuminuria, basement mem-
brane thickening, increase in mesangial matrix,
and extracellular matrix accumulation, followed
by development of glomerulosclerosis and tubu-
lointerstitial fibrosis, and finaly leading to irre-
versible renal damage [2]. The exact etiology of
DN is unclear, but scientists have postulated some
mechanisms to explain its pathogenesis as hyper-
glycemia, activation of cytokinesand various
growth factors and Renin-Angiotensn Aldosterone
System (RAAS). Abnormalities in the signaling
pathway may interact with the previous factors to
produce DN [3,4].

In rat models of diabetes, bilateral rena 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 glomerulo-
sclerosis [5,6].

Also, angiotensin Il (Angll) blockade has been
shown to significantly improve or reverse fibrosis
in the skeletal muscle, heart, kidney, liver, and
lung [7]. The fibrogenic effects of Angll have been
linked to its activation of Transforming growth
factor B 1 (TGF-B1) signaling. Inhibition of
the RAAS usng an ACE inhibitor or an AT 1
receptor antagonist has been reported to be
associated with reduced TGF-B1 expression in a
number of renal disease models, including
diabetes [g].

TGF-B1 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
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Following activation, TGF-B1 binds to
TGFB1 type Il receptor (TPRII), which Trans-
phosphorylates the TGF-31 type | receptor (T3
RI), then active TPRI in turn activates the
intracdlular 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 proteinsliketype | collagen and
fibronectin, leading to the accumulation of
matrix which accumulate in podocytes resulting
in glomerulosclerosis and intertitial fibrosis [12].

Up to our knowledge no previous studies have
compared the effects of angiotensin 1l and renal
denervation on this pathway. The aim of this study
is to examine the underlying mechanisms of hy-
perglycemia associated renal changes and to un-
derstand the relationship between RAAS and sym-
pathetic renal nerves and the TGF-B/SMAD
signaling pathway in DN by comparing the effect
of Ang Il receptor blocker and bilateral renal
denervation as a therapeutic potential for DN for
its application in clinical therapy.

Material and M ethods

This study is a comparative experimental design
and was carried out in the Physiology and Bio-
chemistry 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
ingtitute (Giza, Egypt); theywere housed in plastic
cages with 12:12h light-dark cycle and were fed
with norma commercia rat chow and tap water.
Animal care before and during the experimental
procedures was done according to the guidelines
of the Anima Ethics Committee, Faculty of Med-
icine, Suez Canal University and the study was
approved by the Research Ethics Committee (pro-
tocol no 2586).

Sudy groups:

Rats were randomly divided into 4 groups (n=20
/group); group | (Gl normal control group),
group Il (GIl untreated diabetic nephropathy
group), group I11 (Gl1I diabetic nephropathytrested
by Ang Il receptor blocker, Vasartan (sigma
Aldrich, Cat no: 137862-53-4): Rats have received
intragastric valsartan a a dose of 30mg/kg per day
for 2 weeks after diabetes induction and continued

v A vniAAl,A raA AnA ~nvATA IV (INT AL AlAd A

treated by renal denervation group): Rats in this
group had undergone rena denervation operation
after 2 weeks of diabetes induction.

Induction of diabetes:

Animals were acclimatized for 1 week, then
fasted overnight and groups II, Il1, 1V rendered
diabetic by a single intraperitoneal injection of
STZ (Sigma Chemical Co) in a dose of 60mg/kg
disolved in citrate buffer (10ml digtilled 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-fagtingblood glucose was mees-
ured 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 rena denerva-
tionat the second week after diabetesinduction.
Therats were anaesthetized with sodium pentobar-
bital (40mg/kg, i.p.i). Midline abdominal incision
was done then both kidneys were exposed and the
rend arteries and veins were isolated from connec-
tive tissue and rena fats and mechanical denerva-
tion was performed by carefully dripping al visble
nerves, at 16 X magnification, along the rena
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 sdine. 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 quan-
tified a 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 groupswere 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 dectronic animd weight scae, glucometer (
Kmeter) and Biopac mpl150 data acquisition sys-
tem 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 exper-
iments (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 meas-
ure urine creatinine concentration, urine albu-
min/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 sendtive
weighing scale and its tissues were collected,
excised and frozen instantly in liquid nitrogen for
the PCR and ELISA examinations:

TGF-B1 and Smad-3mRNAexpression:

TGF-B1 and Smad-3 mRNA expression was
measured by real time PCR [QuantiTect Reverse
Transcription Qiagen kit, Primers for TGF-31 (
Cat no: QT00187320) and for Smad-3 (Cat no:
QT00184961) and SYBR Green Mager Mix] usng
RNeasyMini Kit (by Purification of Total RNA
from (kidney tissue) according to manufacturer's
ingtructions. The relaive expresson leves of genes
were analyzed using the 222t method by normal-
izing with -actin house-keeping gene expression,
and presented in fold increase redive to the control
group [17].

TGF-B1l/Smad 3 signaling pathway activity:

Quantitative measurement of phosphorylated
Smad3 and TGF-B1 in protein homogenate of
kidney tissue was done by ELISA kits [USCN,
United Kingdom). The principle in this kit is Sand-
wich 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 4m thick-
nesses [15]. Rend sections were stained with He-
meatoxylin 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 fidds were andyzed for glomerular
fibross determination. Evaluation of rena glomer-
ular and tubular damage was scored by a semi
quantitative method [17]. The degree of rend tubular
damage was scored as Follows: O, no lesion, 1 +,
very mild focal dilatation, 2+, large number of
dilated tubules with widening of the interstitium,
3+, farly extensve dilatation of tubules with cystic
formation and/or protein cast and widening of the
intergtitium, and 4+, complete atrophy of the tu-
bules. Each anima was given a score (0 to 4+) and
the individua 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 ex-
pansion and sclerosing glomerulus, 3+ 50-75%
mesangial expansion and sclerosing glomerulus,
4+ 75-100% mesangial expansion and sclerosing-
glomerulus[18].

Satistical analysis:

Daa were andyzed udng the satigica software
package SPSS version 20 for Windows® (SPSS
Inc., Chicago, IL, USA) and al data were presented
asmeans + sandard deviation. Analyss of variance (
ANOVA) for data was usad to ducidate differences
between all groups. Post hoc range test (Bonferro-
ni'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 nore-
pinephrine content from (35.09+4.1) in Gl to (1.8
0.4ng/mg) in GIV (rena denervation) (p=0.001).

Body and kidney weights:

There was no gatistically 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 a Gll which was significantly dif-
ferent from Gl (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 nor-
mal group and all diabetic groups, with highest



402 Role of Angiotensin Il & Renal Nerves on TGF- [3/Smad Pathway in DN Rat Model

fluid and food intake in GIl when compared to
normal group GI (p=0.001 and p<0.05 respective-

ly). GllI 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 Gl Gll Gl p-
Vaiables GlvV value
Body weight (g) 278.4+70.2 248.05+54.61 266.75+44.79  223+43.29 0.13
Kidney weight (g) 0.49+0.11 1.03+0.12a 0.84+0.17ab 0.97+0.14abc 0.000*
Fluid intake (ml/24hr) 384 221+14.5a 66.8+5.6ab 200.13+15.6abc  0.001 *
Food intake (g/24hr) 32+4 50.6+2a 39.2+3.4ab 44.8+3.5abc 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<O0.
05.*: Represents a statistically significant difference between all groups.
a, b and c: Represents a statistically significant difference when compared to G1, Gl and Gl respectively.

The blood glucose level:

There was highly stetistically significant dif-
ference in blood glucose level between all groups
at the end of the study (p=0.002). Gl showed
highest blood glucose levd and it was dgnificantly
different when compared to normal group Gl (p
=0.001). GlIlI showed better improvement than
GlV (p=0.017) (Table 2).

The blood pressure:

Systolic and diastolic blood pressures were
significantly higher in GlI, 11l 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): Systalic blood pressure (SBP), diastalic blood pressure (DBP) and blood glucose leve in al groups.

Groups Gl Gl GITl P-
Variable GlvV value
SBP (mmHgQ) 119.57417.06 175.0£23.90a 125.5+11.9ab 139.0+14.28abc  0.001 *
DBP (mmHg) 77.41+14.2 102.9+20.2a 83.61+11.25ab  84.80+5.09abc 0.001 *
Blood glucose (mg/dl)  99.25+17.29 382.15+83.22a 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, Gl and Gl respectively.

Renal function tests:

Table (3) and Fig. (1) showed rena function
testsrats subjected to DN (GlIl) showed marked
deterioration when compared to the control group (
Gl) not subjected to the diabetic nephropathy.
Regarding serum urea level; Gll showed marked
elevation in serum urea levels when compared to
normal Gl (p=0.001), there was marked improve-
ment in GlIl than GIV (p=0.003), urinary cregtinine
level: GIl showed marked reduction in urinary
creatinine when compared to Gl (p=0.000). Mean-
while Gl11 showed better improvement than GIV (p
=0.006). Microalbuminuria level: GIl showed
marked elevation in microalbuminuria when com-
pared to Gl (p=0.001). Meanwhile GlII (7.59+5.34)
showed better improvement than GIV (14.23+6.36)
with non-significant difference (p=1).

A/C ratio: Gll showed marked devation in A/C
ratio when compared to Gl (p=0.001). Meanwhile
Gl (12.27+10.34) aso showed better improvement
than GIV (44.4+0.93) with significant difference (
p=0.000). Serum cregtinine Gll showed sgnificant
increase in creatinine level when compared to Gl (p
=0.02). GlIl showed better improvement than
GIV with insignificant difference (p=0.6). Urine
volume/24hrs. Gll showed significant higher urine
volume compared to Gl (p=0.000). GlII had sig-
nificant decrease in urine volume compared to GIV (p
=0.000). Crestinine clearance: GIl showed sig-
nificant decrease in creatinine clearance when
compared to Gl (p=0.000). Meanwhile GlII adso
showed better improvement than GIV with non-
significant difference (p=0.05).
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Table (3): Renal function testsin all groups.

Groups p-
Variable Gl Gll GlllI GlvV value
Serum ureamg/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+3.38a  0.52+0.16ab  1.86+2.51 ab 0.006*
Crestinine clesaranceml/min ~ 1.06+0.58 0.17+0.12a  0.77+0.42ab  0.37+0.57ab 0.000*
Microalbuminuria mg/d 1.07+0.57 24+30.6a 7.5945.34ab  14.23+6.36ab  0.000*
A/Cratio 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  9.99+2.25abc  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 ANOV A 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, Gl and Gl respectively.

Renal Function tests
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Fig. (1): Renal function resultsin al groups.

TGF-B1 and Smad3 mRNA expression: (p=0.005). Gl and GIV showed marked decrease
TGF-B 1 and Smad3 mRNA expression in Gl| in the expression level for both when compared to

were significantly increased by 73 folds and 42  GlI (p=0.000). GlII had insignificant lower expres-

respectively when compared with the GI group sion level than GIV (Table 4) & Fig. (2).

Table (4): TGF-B1 and Smad3 measurement by PCR and ELI1ZA.

Groups p-
Variable Gl Gll Glll GlvV value
PCR-TGF-1 1+0 73.51+111a 13.51+26.05ab 19.14+24.22ab 0.007*
PCR-Smad3 1+0 42.43+29.94a 10.14+18.55ab 21.98+13.66ab 0.001*
ELISA-TGF-B1 19.20+5.50 93.70+48.90a 31.524+9.92ab 71.21+4110.50ab  0.001*
ELISA-Smad3 0.45+0.33 0.94+0.59a 0.36+0.25ab 151+2.11abc 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<O0.
05.*: Represents a statistically significant difference between all groups.
a, b and c: Represents a statistically significant difference when compared to G1, Gll and Gl respectively.
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TGF-B1 and Smad3 proteins:

Table (4) showed that Gll had marked elevation
in TGF-B1 expression than Gl (p=0.002). There
was significant reduction in TGF- 1 expression
in Gl than GIl (p=0.011), and GIII was better im-
proved than GIV but not significant (p=0.2).

Meanwhile in Smad3, there was significant
difference between groups (p=0.001). There was
sgnificant difference between Gl and GIl (p=0.01).
Gl showed marked improvement than GIV (p= 0.
008) (Table 4).
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Fig. (2): TGFB 1 and Smad3 expression by PCR.

Gl Gll

Histopathological results:

Figs. (3,4) showed the histopathological results
in al groups. Gl had normal kidney morphology
and zero score for tubular and glomerular damage.
Gll had scored 3+ and 4+ for tubular and glomer-
ular damage respectively and intergtitial fibrosis.
GllI had scored 1+ for both type of damage without
fibross. GIV had scored 2+ for both type of damage
with minimd interdtitial fibrods. There was datis-
tically significant difference between groups (p= 0.
001) regarding the degree of tubule-glomerular
damage and fibrosis.
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Fig. (3): Tubular, glomerular damage and degree of fibrosis.

Gl GV

Fig. (4): Histopathological results in all groups. Hematoxylin and Eosin (H & E) and Masson Trichrom staining (X400). Gl
had normal kidney morphology; GlI had extensive dilatation of the tubules and 75% mesangial expansion and sclerosing
glomerulus and interstitial fibrosis; Glll 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.

Discusson

The present study tried to answer the question
of whether the functiond contribution of
angiotensin I and RSN (rend sympathetic nerves) in
mediating increased renal vasculature resistance
and renal fibrosis are achieved by the activation
of TGF31/Smad-3 signaling pathway in Diabetes

LY RSN | - BN

(DM). This issue was studied by evauating the
magnitude of changes in renal function tests and
the level of expresson of mMRNA of TGF-3 1/
Smad3 by red-time PCR and then detecting their
protein level by ELISA to determine how these
responses were atered in the presence of

angiotensin |1 type | receptor blocker AT1-receptor
blocker (vdsatan) and in bilateral rena



Eman Kolieb, et al.

In the setting of diabetic rats, previous studies
have emphasized that prominent devations in blood
glucose level, polyuria, polydipsia and massive
reduction in the body weight are the most signifi-
cant markers of the likely occurrence of DM [19].
The presence of these manifestations in this study
obviously confirmed the accuracy of the experi-
mental model of Streptozotocin (STZ)-induced
DM.

In genera, 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 abuminuria when compared
to control group. Thiswas aso previoudy reported
by Caoet al., [g].

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 hypoglyc-
emic effect as compared to DN mode group;this
finding were in agreement with Top C et d., [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 signifi-
cantly higher in diabetic animals and even tended
to be increased more prominently after irbesartan
treatment. The different effects of various AT 1-
receptor 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 locd angiotensin Il production. Also, Arnoni
et al., [21] had reported that Losartan treatment
initiated after diabetes induction did not ater the
hyperglycemialevel.

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 a., [14]. How-
ever, Yao € d., [16] did not document this reduction
in blood glucose level. In this current study the
vasartan sgnificantly lowered blood glucose leve
than BRD.

Systolic blood pressure measurements con-
firmed 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 d., [21] who reported that losartan had
dgnificantly 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 treeted group with irbesartan showed higher
systolic blood pressure using tail cuff plethysmog-
raphy but lower mean arterid blood pressure than
model untreated group measured intra-arterially.

BRD group showed lower systolic and diagtolic
blood pressure, which was comparable with Y ao
et a., [16] in which BRD intervention in diabetic
animals produced progressive, significant decrease
in SBP compared with the sham-operatedgroup
andThis supports the suggestion that rena nerves
are functionally involved in intrarena
hemodynamic abnormalities observed in the
early state of experimenta DM; however this
reduction in blood pressure was less than val sartan

group.

These conflicting results when compared with
the findings of the present study, in which a bene-
ficial effect of renal denervation was proposed,
might be caused by various study designs, the
evaluation of different study parameters (albuminu-
riavs glomerular hyperfiltration), the application
of insulin or, even more important, the problem of
renal reinnervation. Functiona reinnervation has
been reported to begin 3 weeks post-denervation
with acomplete return of function by 8 weeks [22].

Another study explored the effect of bilatera
rena denervation on DN innon-insulin dependent
diabetes mellitus (NIDDM) of rat model that had
showed significant decreasein microalbumunurea
and improvement in rena function in rats with
denervated kidneys than in sham operated controls
and the glomerular matrix score, was reduced in
rats 4 weeks after rena denervation, suggesting
that the lack of sympathetic stimulation retards the
progression of glomerulosclerosisin NIDDM rats [
5]. Taken together, the role of rena nerves in the
development of DN shows debate and has to be
further investigated.

The results of the present study obtained evi-
dence indicating that renal sympathetic nerve in-
tegrity in rat models of DN play a mgor contributor
role in the deterioration of the renal hemodynamic
and dgnaling pathway accompanying these diseese
states. These findings are compatible with Salman
et a., [23] who documented that renal sympatho-
excitation is involved in the pathogenesis of rend
impairment accompanying DM, and may even
nrecede the actahlidhment nf an nhearnvyahle 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 assess-
ment of urinary albumin excretion. This suggests
that the rena 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 glomeruloscle-
rosis score and in the degree of tubulo-interstitia
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 a., [17]. However, BRD group showed
less improvement regarding histopathologica score
which was incompatible with Yao et a., [16] where
in BRD kidneys, the occurrence of glomeruli
with a thickened glomerular basement membrane
and mesangiad 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.

Regarding the renal expression of TGF-B1/
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 vasartan treated group
which isin accordance with Matsubara et al., [25]
andZhou et al., [26].

Surgica rena denervation produced significant
drop in the expression of TGF-3 1/Smad-3 pathway.
These findings indicated the effectiveness of this
procedure in establishing a sufficient level of
periphera sympathoinhibition that can sufficiently
improve the prognosis of diabetic renal disease,
and protecting the kidney from future complica-
tions. This agreed with Yao et d., [16] where
TGF3 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.

This study is the first to compare the effects of
valsartan administration and BRD as a treatment
for DN by focusing on the TGF-3 1/Smad3 pathway,
adminidration of vasartan may be appropriate for
controlling blood glucose levels and body weight.

It also can reverse changes in renal histopathology
and attentiate alhiiminiiria which cninild lead tn

improvement in rena function. However, there
was lesser improvement in these parameters in the
BRD group.

By detecting Smad-3 mRNA expresson by resl
time PCR, the results reveded that phosphorylated
Smad3ph-Smad-3 levels were devated in diabetic
kidneys compared to control group and that valsar-
tan had lowered their level of expression better
than BRD, which was in accordance with previ-
ously reported findings [27]. This suggests that
valsartan may play arole in the down-regulation
of TGF-B1/Smad3 signaling pathway at the tran-
scriptional level.

ELISA analysis confirmed that TGF-31 and
Smad-3 proteins were dso 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 compat-
ible with Wang et a., [28]. Inazaki et d., [29] dso
had documented that Smad3 deficient mice are
protected from renal fibrosis by reduction in Epi-
thelid Mesenchyma Transition (EMT), collagen
deposition, and the expression of profibrotic
TGFpB 1 target genes.

Asindicated 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 re-
sulted in improved renal conditions, provides fur-
ther evidence for the effectiveness of valsartan in
the treatment of DN [28].

Conclusion:

In conclusion, DN is caused by an imbalance
in the TGFB/Smad pathway, which in turn
leads to glomerular sclerosis and interstitial
fibrosis. Condstent with our theory, the vasartan
injection appeared to alleviate DN by
suppressing TGF- and ph-Smad3. This also
occurs in case of rena denervation but to alesser
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 TGFB/Smad pathway. Further studies
are needed to investigate how to improve the
therapeutic effects of BRD.

Acknowl edgement:

The authors wish to thank Histopathology De-
partments, Faculty of Medicine, Suez Cand Uni-

[RRSRUUEFI JSR N [N S S SRS B R ——

——mb_ar



Eman Kolieb, et al.

References

1- SHUMWAY JT. and GAMBERT SR.: Diabetic neph-
ropathy-pathophysiology and management. International
Urology and Nephrology, 34 (2): 257-64, 2015.

2- WILKINSON BERKA JL., GIBBS N.J, COOPER M.E,,
SKINNER S.L. and KELLY D.J.: Renoprotective and
anti-hypertensive effects of combined vasatan and perin-
dopril in progressve diabetic nephropathy in the transgenic (
mRen_2)27 rat. Oxford Journals Medicine & Health
Nephrology Dialysis Transplantation, 16 (7): 343-1349,
2001.

3 FORBES JM., FUKAMI K. and COOPER M.E.: Digbetic
nephropathy: Where hemodynamics meets metabolism.
Exp. Clin. Endocrinol. Diabetes, Feb., 115 (2): 69-84,
2007.

4- NI W.J, TANG L.Q. and WEI W.: Research progress in
signalling pathway in diabetic nephropathy. Diabetes
Metab. Res. Rev., 31: 221-33, 2015.

5 SUGAWARA H., IZUMINO K., FUTAMURA A., NA-
KAGAWA Y., TAKATA M. and INOUE H.: Rend den-
ervation retards glomerular sclerosisin non-insulin de-
pendent diabetes (NIDDM) rats. J. Am. Soc. Nephrol., 9:
642A, 1998.

6- MAHFOUD F., SCHLAICH M., KINDERMANN 1.,
UKENA C., CREMERS B., BRANDT M.C., HOPPE
U.C., VONEND O., RUMP L.C., SOBOTKA P.A.,
KRUM H., ESLER M. and BOHM M.: Effect of renal
sympathetic denervation on glucose metabolism in patients
with resistant hypertension. Circulation, 123: 1940-6,
2011.

7- ELBAZ M., YANAY N., AGA-MIZRACHI S,
BRUNSCHWIG Z., KASSIS I. and ETTINGER K.: Losa
rtan, a therapeutic candidate in congenital muscular
dystrophy: Studiesin the dy (2J)/dy (2J) mouse. Ann.
Neurol., 71: 699-708, 2012.

8 CAO Z., BONNET F.,, DAVISB., ALLEN T.J. and COOP-
ER M.E.: Additive hypotensive and anti-abuminuriceffects
of angiotensin-converting enzymeinhibition and angi-
otensin receptor antagonismin diabetic spontaneously
hypertensive rats. Clinical Science, 100: 591-9, 2001.

9- AUGUST P. and SUTHANTHIRAN M.: Transforming
growth factor P signaling, vascular remodeling, and
hypertension. N. Engl. J. Med., 354: 2721-3, 2006.

10- DOBACZEWSKI M., CHEN W. and FRANGOGIANNIS
N.: Trandforming growth fector (TGF)-P sgnding in cardiec
remodeling. J. Mal. Cell. Cardiol., 51: 600-6, 2011.

11- MASSAGUE J.: How cells read TGF-betasignals. Nat.
Rev. Mol. Cell Bial., 1: 169-78, 2000.

12- CHENG X., GAOW.,, DANGY., LIU X,, LI Y., PENG
X. and YE X.: Both ERK/MAPK and TGF-Beta/Smad
signalingpathways play a role in the kidney fibrosis of
diabetic mice acceerated by blood glucose fluctuation.
Journal of Diabetes Research. Vol. 2013, Article ID
463740, 2013.

13- ZHANG K., MENG X., DONGMEI LI, YANG J, KONG
J,HAOP, GUOT.,ZHANG M., ZHANG Y. and ZHANG
C.: Angiotensin (1-7) attenuates the progresson of strep-
tozotocin-induced diabetic rena injury better than angi-
otensin receptor blockade. Kidney International, 87: 359-
69, 2015.

407

14- LUIPPOLD G., BEILHARZ M. and MUHLBAUER B.:
Chronic rena denervation prevents glomerular hyperfil-
tration in diabetic rats. Nephrol. Dial. Transplant., 19:
342-7, 2004.

15- GAOC, AQIEEK.,ZHU J, CHEN G., XU L., JANG L.
and XU Y.: MG132 ameliorates kidney lesions by inhib-
iting the degradetion of Smad7 in sreptozotocin-induced
diabetic nephropathy. Journa of Diabetes Research. Vol.
2014, Article ID 918396, 8 pages, 2014.

16- YAO Y., FOMISON-NURSE I.C., HARRISON J.C.,
WALKER R.J, DAVIS G. and SAMMUT I.A.: Chronic
bilateral renal denervation attenuates rena injury in a
transgenic rat model of diabetic nephropathy. Am. J.
Physiol. Renal. Physiol., 307: F251-F262, 2014.

17- HARTNERA A., CORDASICB N., KLANKEB B.,
MENENDEZ-CASTROA C., VEELKENB R., SCHMIE-
DERB R.E. and HILGERS K.F.: Rend protection by low
dose irbesartan in diabetic nephropathy is paraleled
by a reduction of inflammation, not of endoplasmic
reticulum stress. Biochmic. Bio. Phys. Acta, Pages 558-
65, 2014.

18- CAO Z., COOPER M., WU L., COX A., JANDELEIT-
DAHM K., KELLY D. and GILBERT R.: Blockade of
the reninangiotensin and endothelin systems on progressive
renal injury. Hypertension, 36: 561-8, 2000.

19- CASEY R.G., JOYCE M., ROCHE-NAGLE G., CHEN
G. and BOUCHER-HAYES D.: Pravastatin modulates
early diabetic nephropathy in an experimenta model of
diabetic renal disease. J. Surg. Res., 123: 176-81, 2005.

20- TOP C., CIMQOZBAY B.Y. and TAREKECHI H.: The
effect of valsartan on blood glucose level in hypertension
model. J. Int. Res., 30 (1): 15-20, 2011.

21- ARNONI C.P, MAQUIGUSA E., PASSOS C.S, PEREI-
RA L.G. and BOIM M.A.: Inhibition of cdlular transdif-
ferentiation by losartan minimizes but does not reverse
type 2 diabetes-induced renal fibrosis. Journal of the
Renin-Angiotensin-Aldosterone System, 16 (3): 469-80,
2015.

22- KLINE R.L. and MERCER P.F.: Functiona reinnervation
and development of supersensitivity to NE after renal
denervation in rats. Am. J. Physiol.,, 238: R353-R35,
1980.

23- SALMAN I.M., AMEER O.Z., SATTAR M.A. and AB-
DULLAH N.A.: Characterization of rena hemodynamic
and dructurd dterations in rat models of rend imparment:
Role of rena sympathoexcitation. J. Nephrol., 24 (01):
68-77, 2011.

24- MATSUOKA H.: Protective role of rend nerves in the
development of diabetic nephropathy. Diabetes Res., 23:
19-29, 1993.

25- MATSUBARA T., ABE H., ARAI H., NAGAI K., MIMA
A., KANAMORI H. and SUMI E.: Expression of Smadl
is directly associated with mesangial matrix expansion
in rat diabetic nephropathy. Laboratory Investigation, 86:
357-68, 2006.

26- ZHOU G., CHEUNG A K., LIU X. and HUANG Y.:
Valsartan slows the progression of diabetic nephropathy
in db/db mice via a reduction in podocyte injury, and
rena oxidative stress and inflammation. Clinical Science,
126 (10): 707-20, 2014.

27- HONG SW.. ISONO M.. CHEN S. and ZIYADEH F.N.:



408 Role of Angiotensin Il & Renal Nerves on TGF- [3/Smad Pathway in DN Rat Model

its type 1l receptor, and activation of the Smad signaling affecting albuminuria. Am. J. Physiol. Renal. Physial.,
pathway in the db/db mouse. Am. J. Pathol., 158: 1653- 293: F1657-1665, 2007.
63, 2001. 29- INAZAKI K., KANAMARU Y., KOJMA Y., SUEY-

OSHI N., OKUMURA K., KANEKO K., YAMASHIRO

Y., OGAWA H. and NAKAO A.: Smad3 deficiency at-
SUNG SH., SHEARDOWN SA., LAPING N.J. and tenuates rend fibross, inflammation, and apoptosis after

CHEN S: I.r‘teﬁerm V.V'th T_GF—peta signding by M unilateral ureteral obstruction. Kidney Int., 66: 597-604,
knockout inmice limits diabetic glomerulosclerosis 2004

withoo

28- WANG A., ZIYADEH FN., LEE EYY., PYAGAY PE,

A48 Olaac By ¥ulytuanll gtil 39
(Shaw) Aot QHLLAY (0t 3/ Lid- g Jagond Jale slus Sle
1352 5B (6 Sl ISH J3lie] (b

Oninsdly capnalls Slrasnss U GAFT Slilar Gl phad] s gt oilly daska¥l @l aad¥l i sl g Sl 2 iy Rasia
Ussall o (oI Szl ol ya B Jga SSeall it ya iy > Gaspead | IS T aiisltg o3 SIS o posad] (G alsas¥ ] 5158] ol Lo
500y 5S35 Sua KK 3 8 psiall Lyl Dues¥ | yradd eoneas i3 31 SSeadl 2 5al 8 5aball clicLiall e a3 Jillp 13 ,AY]
o2 1 I e by a1 el | U130 o Glsall (b Sl s e oy ol (pn dimnsl iy (55 i ] 55y Josll e
LAJJ.JI UJS.II |..s| u.«.ua.u (SNA) leLa.A.\.u.JI anll Lalzall ‘_J.c ‘,Ja.\.‘...ll u-’ (W IJJJ 4. K1 uLAALYI u.d: <. &,S.HJI I..sug
iaculss (RAS) %ul szl Ly youll Tes¥ Ly lall Sslazs (Angll) BT o cmlJn‘,A&.mL,(RAS) oamaiizaadt il alls
lay o yall LI Gla¥l 45k 23 anangiotensin 1 (AT1) g.53 coiious 5 (ACE) gpaeaiipnaidill dymall aui¥ baia Gpadd
ST 5k LS Sl @ lygiann ¢ ks s TOFBT of sy i Soall LI o] 3 TOFBI Zaaliso L5lKa] sy Sy S
AT edliiose 5 ACE ollafs plaiiusls RAS L ol ellily TOF-bI le asias i1 @lslse DA G Gpeiipea il 2l
ulilly K i Muﬂmwlugu UJSJI e galadll e .s.\cu_eTGF-bl oo sl u:,Lissj ol gt

JLA-M ‘_J.c La.g.m )lSJ.uLa L-“'J*-U LSJg“"” UJS'” J)Lml UA ul..u;” CJJ.M U“ (SJJS'” guaa.” 4.”‘)#_5 —u.«.um\,my| UMM
oSl ‘;m)au.iwml uLij?lq_,.\auLﬂl aaf yaias gally

ot | BUS dasala — Chall LU Lyglatl 3uaill Sun gy dygantl ¢ hASIIJUAJIJMIMJAl.«.AU.euJLAA Ll gaie Ll o2 B ylal
m,ulul.uan () g 12 V- e i Lo S g £ L\alJmu|AJA,| 53 .- 1YY \iu.uLnaJ.\.i."U.i
,Juag‘u (HS/&,V )L,L.Juul uwly an)l&‘uu&\,.u.u' m‘uwu_,m Ll J_\u Ww,u,ml L u.wly lsia
,u;nw,wudtuu £ 5aal oliadl Taslie o3 gyl onanll ul,;uu,uulmu c;ul sy el £ Bad a3 leganal
Joal 535l gl S aull elise s L1 GaliF 3sk e delon Y6 a ol elise paan Liad I3y nall (g3 Sl Junay Lin gaus]
Lyl Lalyadl L35 345k e (TGF-b and Smad-3) (el (MRNA) Lol (oS Gulis Jasy oliyall g a3 K11 ¢my(gé;

w0 136k Lol i Bigale ¢ i, any 33 (MRNA 0f TGF-b & Smad-) jpels Louad uliiys K1l gumall Ul3] sns Gt o ST
oI oamall U3 desama ye (V) oL il Lasalss 3Nl depama (b creuand (53l (s Sl (I J3lie] ipa) (¥) degane o
i3 aalsilysiangl] Lasal gy I eens Lual s il - pall i Sl Quaay sl b Jine (s Taslons] Loa s e vy iy o(£)
&y patl Lae 1 lata Ly ity I (T 5Ly Jlinilousn LA e 50 o (Y) depann (58 KU panskll JStll o daidy
65 silly (TGF-b & Smad-3) Lslall e ,Ls¥ 1 5lue (1355 IS Ansal s (q,Sadl KN Jolie ] Sty 51 (S s iz

LS JSA G (I 5] (i 8 5l Ledll] T i S o il 3053 L) Tl s iy o S i ) Ll i
Taste THLER ity Yo peaaitpun ¥ epbiions conm e JBAS 50, Ladli o Flan . oI coumall @15 oy Juil S sLonall 138
cnaall U] n Jud] T (TGE-b & Smad-3) Liplall e, LaY | la ks S cpo (g Seall 01 U (paams €57 Eaam Jucad



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

