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Expression of endothelin and nitric oxide
in the renal tissue of rats
with glomerulosclerosis

ZeQuan J I, Cui-Wen HUANG, Cheng-Jie LIANG, Bo CHEN, Sheng-Qiang CHEN , Wei-Wen SUN, Ming-Hui LIN

Department of Pediatrics, Second Af filiated Hospital » Guangzhou Medical College , Guangzhou 510260, China

Abstract: Objective It is not known whether endothelial factor-1 (ET-1) and nitric oxide (NO) are involved
in glomerulosclerosis. This study aimed at studying the changes and roles of ET-1 and NO in the process of
glomerulosclerosis and the effects of the angiotensin converting enzyme inhibitor ( ACEID), benazepril, and the
angiotension || receptor type | antagonist, losartan. Methods Glomerulosclerosis was induced in rats by resecting
one side of the kidneys and injecting adriblastine. The rats were randomly assigned into a glomerulosclerosis group
(D group), a benazepril-treated glomerulosclerosis group (DB group), and a losartan-treated glomerulosclerosis
group (DL group), 10 per group. Ten rats were sham-operated (Control group) and were injected with normal
saline into caudal veins. After 6 weeks of benazepril or losartan administration, the mRNA expressions of ET-1 and
iNOS in renal cortex were measured by reverse transcription polymerase chain reaction (RT-PCR). The protein
levels of ET-1 and iNOS in renal cortex were detected by Western blotting, and the renal tissue Collagen [V and
fibronectin were measured by immunohistochemistry. Results By the 4th week of adriblastine administration,
urinary protein, serum cholesterol and blood urea nitrogen increased, while serum albumin decreased in Group D
compared with those of the Control group (all P <C0.05). RT-PCR and Western blotting demonstrated that the
mRNA and protein expressions of ET-1 increased 3. 58 and 2. 83 times, and the mRNA and protein expressions of
iNOS increased 4. 28 and 3. 15 times in the renal cortex of the Group D when compared with those of the Control
group. The expressions of Collagen [V and fibronectin also significantly increased in Group D. After 6 weeks of
benazepril or losartan treatment, the deposition of extracellular matrix in the Groups DB and DL was significantly
reduced and mRNA and protein expressions of ET-1 and iNOS had decreased compared with those of the Group D.
Meanwhile, the expressions of Collagen [V and fibronectin also decreased in the two treatment groups. Conclusions

ET-1 and NO may participate in the process of glomerulosclerosis. Inhibition of ET-1 and iNOS blocks
accumulation of extracellular matrix, and may avert glomerulosclerosis.
[Chin J Contemp Pediatr, 2004, 6(4) . 241—246 |
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There are hyperperfusion and hyperfiltration
in early glomerulosclerosis. Angiotensin conver-
ting enzyme inhibitor (ACED can delay the devel-
opment of renal insufficiency. One of its main
effects is to improve the renal hemodynamic abnor-
mality by regulating the activity of renin-angioten-
sin system (RAS)M, Tt is not known whether the
endothelial factor-1 (ET-1) and nitric oxide (NO)
participate in glomerulosclerosis. In this study,
the changes and roles of ET-1 and NO in the
process of glomerulosclerosis were investigated and
their relationship with glomerular extracellular ma-
trix were studied by using ACEI (benazepril) and
angiotensin [[ receptor type | antagonist (losar-

tan).
Materials and methods

Establishment of animal model, grouping and speci-
men collection

Forty Sprague-Dawley (SD) rats, 20 males
and 20 females, provided by Animal Experiment
Center of Guangzhou Medical College and weighing
160—200 g, were enrolled in this study. Glomeru-
losclerosis was induced by resecting one side of the
kidney, combined with adriblastin injection. Be-
fore the operation, 30 rats were injected with adri-
blastine (6 mg/kg) into the caudel veins following
intraperitoneal injection of 4 ml 2% sodium pento-
barbital. Four weeks later, the rats whose 24
hour-urine protein content was more than 50 mg
were defined as the ones with glomerulosclerosis.
They were randomly divided into 3 groups of 10
each; a glomerulosclerosis group (D group), a
benazepril-treated glomerulosclerosis group (DB
group ), a losartan-treated glomerulosclerosis

group (DL group). Rats in the Control group (n=
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10) were Sham-operated and injected with normal
saline into the caudal veins. The four groups were
then fed in respective cages, eating and drinking
freely for a period of 6 weeks. The DB Group was
given gastric larvae with benazepril daily (Beijing
Novartis Pharma Ltd., 10 mg/kg). The DL
Group was given gastric larvae with losartan daily
(MSD Pharmaceutical Co. Ltd. , 40 mg/kg). The
Control group and the D Group were given gastric
larvae with normal saline of corresponding a-
mounts.

Before the initial injection of adriblastine and 4
weeks later, blood and urine specimens were col-
lected for biochemical determination. Six weeks af-
ter losartan or benazepril treatment, blood and u-
rine specimens were collected and the kidneys were
resected. Parts of them were then placed into 10%
formaldehyde solution. The renal cortexes were
separated from other part of the kidneys and put
into liquid nitrogen for frozen saving.

Biochemical determination

Blood albumin, cholesterol, blood urea nitro-
gen and creatinine were determined by a Hitachi bi-
ochemical analyzer, and the amount of 24 hour-u-
rine protein content was determined with the chro-
matometry of benzene 4,4-bisphenol phenolsulfon-
phthalein,

Determination of ET-1 and iNOS mRNA level of re-
nal cortex by RT-PCR

One hundred mg of fresh frozen-saved renal
cortex was cut to extract total RNA in one-step
fluorescein isothiocyanate aminoformamidine-Phe-
nol-Chloroform. Its purity and content were deter-
A260/

A280 was discovered in the range of between 1. 8

mined by ultraviolet spectrophotometer.

and 2, which suggested the content of RNA was 0.
5—1.2 pg/pl. Two mg of total RNA was used to
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be made into cDNA by reverse transcription with
oligo (dT). The reverse transcription Test Kit was
the product of Invitrogen Company, and the en-
zyme and amortization systems were provided by
Shanghai Shengneng Bocai Company. The primers
used in this study included: (1) ET-1 primer 1: 5'-
AAGATCCCAGCCAGCATGGAGAGCG-3';
primer 2; 5'-CGTTGCTCCTGCTCCTCCTTGAT-
GG-3". (2) iNOS primer 1: 5-GTGTTCCAC-
CAGGAGATGTTG-3'; primer 2: 5'-CTCCTGC-
CCACTGAGTTCGTC-3"; (3) GAPDH primer 1.
5'-AGATCCACAACGGATACATT-3'; primer 2:
5-TCCCTCAAGATTGT CAGCAA-3'. GAPDH
was taken as inner reference to monitor RNA a-
mount. Amplification conditions and products were
follows: ET-1. 94°C degenerated for 3 minutes,
then 94°C for 1 minute, 60°C for 1 minute, 72°C
for 2. 5 minutes, circulated 30 times totally, the fi-
nal extension 72°C for 7 minutes, the length of am-
plified product was 543 bp. iNOS: Denaturation at
94°C for 2 minutes, then 94°C for 1 minutes, 60°C
for 1 minutes, and 72°C for 2.5 minutes, with 29
cycles; the final extension at 72°C for 7 minutes,
and the length of amplified product was 309 bp.
Each amplified product was dealt by 2% agarose
gel electrophoresis and was then photographed un-
der the burdick lamp. The image of amplified
strips was analyzed by a 2-dimension laser scanner,
corrected by GAPDH and indicated with the ratio
of absorbance,
Determination of ET-1 and iNOS protein of renal
cortex with Western blotting

The total protein of the renal tissue was ex-
tracted by tissue splitting solution RIPA and the
concentration of protein was determined by the
modified Lowry method. Fifty pug of total protein
was taken and was dealt by treated with gel elec-
trophoresis with 15% SDS-PAGE.

transferred to a nitric fibrous membrane, and dyed

It was then

with Ponceau to observe transferring effect and to
mark the molecular weight standard of protein.
Then it was sealed with TBST 4°C containing 5%
defatted milk over night.
brane, either the polyclonal antibody ET-1 (rabbit-

After washing mem-

anti-rat, Santa Cruza Company, working concen-

tration 1 ¢ 150) or the polyclonal antibody iNOS
(rabbit-anti-rat, Santa Cruza Company, working
concentration 1 ¢ 150 ) was added for hybridization
respectively. Anti-rabbit IgG (working concentra-
tion 1 : 150) marked by HRP was used for the hy-
bridization of second antibody. Finally immunoblot
chemiluminescence reagent was added for autoradi-
ography. All the hybridization signals were
scanned for absorbance by an IBAS-2000 image a-
nalysis system.
Determination of renal tissue Collagen [V and fi-
bronectin with the immunohistochemistry

The renal tissue sections were dewaxed regu-
larly, hydrated and hatched for 20 minutes with
0.1% Trypsin at 37°C. The endogenetic peroxi-
dase was inactived by 1% hydroperoxide methanol
for 8 minutes. Having been blocked by 10% goat
blood serum, rabbit-anti-rat Collagen [V (Col V)
and rabbit-anti-rat fibronectin (Fn) were added to
the renal tissue sections at room temperature, re-
spectively. The sections were then treated with an-
ti-rabbit IgG marked by HRP (Col [V immunity is-
sue chemistry kit was the product of Wuhan
Boshide Company), colored by DAB, and redyed
by brazilin. Twenty continuous renal cortex sights
were observed under a microscope. The staining result
was classified in half quantitative analysis according to
the stained area and intensity. “—7”
staining, “1-+" means lightly positive (<25%); “2
4" means moderately positive (25% —50%); “34”
means severely positive (50% — 75%); and “4 4”7

means badly severely positive (>>75%).

means negative

Pathological examination

The paraffin section of the renal issue was 2
pm thick, and was stained by hematoxylin and eo-
sin. Twenty renal glomerulus of each specimen
were observed double-blindly under high power ob-
jective, The renal glomerulus assault index was e-
valuated by calculating the mean score of the six i-
tems, 1. e, the quantity of mesangial cell, mesang-
ial base, constriction of blood capillary lumen, glo-
merulosclerosis, crescent and adhesion of saccule.
The renal tubule interstitial sights of left-top,
right-top, left-bottom, right-bottom and midst of

each specimen were observed double-blindly in turn
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under low power objective. The renal tubule inter-
stitial assault index was evaluated by calculating
the mean score of the following 8 items: vacuola-
tion of renal tubular epithelial cell, renal tubule di-
lataltion, renal tubule atrophy, red cell cast, pro-
tein cast, interstitial edema, interstitial fibrosis,
and interstitial cell infiltration"*.
Statistics analysis

The data were expressed as mean £ standard
deviation (¥ &= s). SPSS software was used to
perform the 7 -test and analysis of variance. The
relationship among variables was evaluated with a

linear correlation test.

Results

Biochemical and pathological changes of various groups

Table 1 Comparisons of biochemical parameters in the four groups

After resection of one side of the kidney and
four weeks after adriblastine injection, masses of
proteinuria, hypoproteinemia and hypercholester-
olemia occurred in the glomerulosclerosis rats. The
differences of 24-hour urinary protein and serum
cholesterol levels were significant compared with
those of the Control group ( P <C0.05 or 0.01).
The blood urea nitrogen and creatinine levels also
rose. After six weeks of benazepril or losartan
treatment, the biochemistry changes of blood and
urine of the DB and DL Groups improved signifi-
cantly, and the statistical differences were signifi-
cant. See Table 1.

(n=10, 7% s)

Urinary protein Serum albumin

Bloodurea mitro-

Serum cholesterol Serum creatinine

Group (mg/24 hr) (g/L) (mmol /L) e (pmol/L)

Control 16.3243.75 27.5244. 43 2.0840.78 5.1542.57 60.1348. 75
D 67. 3815, 32P 17.5343. 83% 6. 632, 377 9. 6845, 352 76.57+£17.72
DB 33.87+5. 72¢ 26. 744, 6¢ 3.73+1.53¢ 8.32%3. 35 68.50+12. 45
DL 28. 4544, 36¢ 28. 33744, 45¢ 3.4541. 21¢ 6. 86+3.09¢ 63.37413. 08

Note: a vs the Control group P <C0. 05; b vs the Control group P <C0. 01; ¢ vs Group D P <0. 05

The pathological results of the D Group were
follows: cellular proliferation occurring in majority
of mesangial cells, significant increase of extracel-
lular matrix, part saccule adhesion, focal segment
glomerular sclerosis or sclerosis of whole renal glo-
merulus, narrowing and emphraxis of blood capil-
lary lumen, degeneration of renal tubular epithelial
cell, multiple atrophy, part compensatory hyper-
trophy, protein cast, renal interstitial fibrosis, and
The
pathological changes of DB and DL Groups were sig-

infiltration of widespread mononuclear cell.

nificantly less than those of D Group, manifesting seg-
ment hyperplasia of minority of mesangial cells and ex-
tracellular matrix, seldom saccule adhesion and focal
segment glomerular sclerosis, normal blood capillary
lumen, no renal tubule atrophy, no interstitial fibro-

sis, and seldom infiltration of mononuclear cell. See

Table 2 Expressions of the ET-1 and iNOS in the kidneys of the four groups

Figure 1.
The changes of ET-1 and iNOS levels in various
groups

The ET-1 mRNA and protein levels in D
Group increased by 2. 58 and 1. 83 times compared
with the Control group. After benazepril or losar-
tan treatment, the ET-1 mRNA level decreased by
51% and 58% respectively. The ET-1 protein ex-
pression was also lower than that of the D Group.
The iNOS mRNA and protein levels in the renal
tissues were significantly higher in the D Group,
by 3. 28 and 2. 15 times compared with the Control
group. After benazepril or losartan treatment, the iN-
OS mRNA expression decreased by 40% and 47% re-
spectively compared with D Group. The iNOS protein
content also decreased significantly. See Table 2 and

Figures 2—5.

(n=10, 7% s)
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. ET-1 iNOS

Groups ’ - - -

~ ET-1 mRNA ET-1 protein iNOS mRNA iNOS protein

”1 0.12+0. 05 10.37+3.75 0.07+0. 03 0.82+0. 08

BO 0.43+0. 142 29. 3446, 18 0.30£0. 112 2.58£0. 142

DB 0.21+0.12b 20. 3745, 83b 0. 18+0. 06" 1. 4440, 10>

DL 0.1840. 08> 18. 6246, 76> 0. 16740. 04¢ 1. 08+0. 09¢

Note: a vs the Control group P <C0. 013 b vs Group D P <C0. 05; ¢ vs Group D P <C0. 01

The changes of Col [V and Fn levels and the comparison
of the pathological assault index in various groups

The expressions of Col [V and Fn in the glo-
merulosclerosis group increased by 1.4 and 0. 75
times compared with the Control group. After
treatment using benazepril or losartan for 6 weeks,
the expression of Col [V decreased by 43% and
48% respectively, and the expression of Fn de-

creased by 34% and 36% respectively. Pathological
semi-quantitative analysis showed that the glomerular
aussault index (GAD and the interstitial aussault index
(IAD in D Group increased compared with the Control
group while decreased significantly in DB and DL
Groups. The difference had statistical significance. See
Table 3.

Table 3 Col [V and Fn levels and the pathological assault indexes in various groups (n=10, 7% s)
Group Col IV Fn GAI 1AI
Control 9.78+3.08 14.324£5. 14 0.23740. 03 0.8340. 45
D 23. 4746, 27¢ 26, 7518, 42¢ 4,76+2.10° 10. 6743, 56"
DB 13.45-+£5, 25¢ 18. 5545, 74¢ 2.54+1. 35¢ 4, 1342, 42¢
DL 12. 2644, 78¢ 17. 2343. 68¢ 1. 8741, 234 2.3541. 004

Note: a vs the Control group P <C0. 01; b vs the Control group P <C0. 001; ¢ vs Group D P <C0. 05; d vs Group D P <C0. 01

Correlation analysis

The correlation analysis showed that extracel-
lular matrix Col [V had a positive correlation with
the expressions of ET-1 and iNOS in the renal cor-
tex ( r =0.684, P <C0.05; »r =0.613, P <C0.05);
Extracellular matrix Fn also had a positive correla-
tion with the expressions of ET-1 and iNOS in the
renal cortex ( » =0. 556, P <C0.05; r =0. 545, P
<C0. 05).

Discussion

The adriamycin glomerulosclerosis model is
the classic model for investigating glomerulosclero-
sis®!. One side nephrectomy plus adriamycin injec-
tion through the caudal vein were used to establish
the rat glomerolosclerosis model. Significant glo-
merulosclerosis changes had already appeared by
the end of the 4th week, which indicated that one
side nephrectomy could accelerate the renal patho-
logical changes. Its main mechanism was that one

side nephrectomy changed the hemodynamic status

245

of the renal tissue of the other side, so that there
were hyperfiltration and transmembrane hyperten-
sion in the remaining single renal unit. It is sug-
gested that hemodynamic changes had the effect of
promoting the initiation and development of glo-
merulosclerosis. Renal hemodynamics was regula-
ted by the dilation or contraction status of the renal
arteriole. When the dilation degree of the afferent
arteriole is greater than the dilation of the efferent
arteriole in the glomerulus, hyperfiltration and hy-
perperfusion appear. This was the abnormal hemo-
dynamic change at the early stage of glomeruloscle-
rosis. The result of this study showed that the
mRNA and protein levels of ET-1 and iNOS all in-
creased significantly in the glomerulosclerosis
group. They were consistent with the changes of
extracellular matrix Col [V and Fn. After treat-
ment using benazepril and losartan, proteinuria in
rats decreased significantly; the blood albumin,
cholesterol and renal function also improved signif-
icantly; the proliferation of glomerular mesangial

and matrix decreased. Meanwhile, the mRNA and
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protein levels of ET-1 and iNOS were down-regula-
ted, and the Col [V and Fn levels decreased. These
results were similar with those of overseas re-
searchers™,

NO is important in renal hemodynamic regula-
tion. NO is mainly derived from L-arginine in the
body. It is produced through the catalyse of iNOS,
NO can diffuse into smooth muscle cells to activate
soluble guanosine monophosphate cyclase and to
stimulate the production of 3’, 5-cyclic guanosine
monophasphate. In doing so it can dilate the vascu-
lar smooth muscle. NO has a greater dilation effect
on the afferent arteriole than on the efferent arteri-
ole. NO is a signal transduction molecule, It is
easy to diffuse and its half-life is only several sec-
onds, so it is very difficult to be tested in the tis-
sue. Kashem" has found in the glomerulonephritis
experiment that iNOS can reflect the actual NO
content under pathological circumstances. So in
this study, the expression of iNOS was determined
to reflect the changes of NO. The results showed
that the expression of iNOS was quite low in the
normal controls and that it increased significantly
in rats with glonerulosclerosis. This indicates that
iNOS is activated only under pathological circum-
stances. Some reports consider that angiotensin [[
(Ang ) can induce iNOS expression mediated by
Ang [I receptor [, Other research has also
shown that Ang [l can inhibit the NO release in-
duced by IL-1, It indicates that the protective
effect of ACEI on the kidney has many mecha-
nisms,

The increase of NO production will cause the
compensative expression of ET-1. ET-1 and NO
are not the specific indexes for glomerulosclerosis,
but the hyperperfusion and hyperfiltration of glo-
merulus will cause the aggravation of renal patho-
logical changes and eventually lead to glomerulo-
sclerosis. ET is a strong vasocontractive peptide.
It regulates the tension of renal vessels and me-
sangial cells through membrane receptor and pro-
motes the mesangial cell proliferation and matrix
formation. ET-1 can accelerate the mesangial cell
DNA synthesis, extracellular matrix proliferation

and interstitial fibrosis. It has been discovered that

there were ETA-R and ETB-R gene expressions in
glomerular mesangial cells"®. The inflammation
mediators and cytokines produced in local glomeru-
lus can accelerate the continuous development of
inflammation. ET-1 stimulates the up-regulation of
intracellular adhesion molecules-1 (ICAM-1) and
vascular adhesion molecules-1 (VCAM-1) expres-
sion in glomerular mesangial cells, so it can further
accelerate the infiltration of inflammatory cells,
enlarge the inflammation effect and cause glomeru-
losclerosis. Renal pathological changes and pro-
teinuria can be improved using anti-ICAM-1 and
anti-VCAM-1 monoclonal antibody"".

Abnormal activity of RAS in local renal tissue
plays a key role in the development of renal patho-
logical changes. Angiotensin not only participates
in the regulation of intraglomerular hemodynamic
changes, but also is related with glomerular me-
sangial cell proliferation and extracellular matrix
formation. It is the key factor in the development
of glomerulosclerosis. Ang Il is the most impor-
tant active factor in RAS and has a close relation-
ship with glomerulosclerosis. It induces the repair,
remodeling and sclerosis under pathological cir-
cumstances-'), It has been reported that ET-1 and
Ang |[ can synergize each other and have double
activation ability. The interaction between Ang [
and ET-1 is important in regulation of glomerular
function, matrix formation and cell growth!'.
The over-expression of NO may be the main factor
in the initiation of hyperperfusion and hyperfiltra-
tion at the early stage of glomerulosclerosis. The
compensative over-expression of ET-1 accelerates
the extracellular matrix formation, so inhibiting
the production of NO may be of value in the pre-
vention of early glomerulosclerosis. ET partici-
pates in the chronic progress of renal diseases.

(All figures are on the inside front cover)
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