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Abstract:

Left Ventricular Hypertrophy (LVH) is the enlargement of cardiomyocytes which will progress to
cardiomegaly and heart failure. During the progression of LVH, renal reabsorption and excretory
capabilities are also altered. Hydrogen sulphide (H2S) donors have been reported not only arrest the
progression of LVH but also has improved the responsiveness of alpha-adrenergic receptors in the rats
with LVH. Present study was set out with the hypothesis that chronic administration of H2S can
improve the functions of the kidney by improving renal reabsorption and excretory capabilities by
modulating oxidative stress and inhibition of collagen deposition in the kidney of Wistar Kyoto rats
with LVH. LVH was induced by administration of isoprenaline (5 mg/kg, sub-cutaneous) and caffeine
(62 mg/L in drinking water) for 14 days. Sodium hydrogen sulphide, a donor of H2S was
administered at the dose of 56uM intraperitoneally for 35 days. Renal functions parameters were
measured by taking the urine samples of the rats by placing them in metabolic cages for 24 hours on
days 0 and 35. On day 35, rats were euthanized, kidney and heart indices were calculated. Kidney
tissues were further processed in 5% formalin for histopathology to measure the collagen content in
the tissue by using PicroSirus red staining. Plasma samples were used for the measurement of
oxidative stress markers like malondialdehyde (MDA) and superoxide dismutase (SOD). Treatment
with H2S donors to LVH group has significantly reversed (all P<0.05) the elevated levels of
Fractional excretions of sodium (FENa) and potassium (FEK) when compared to LVH-WKY group.
Chronic administration of H2S donors to LVH group has significantly increased (P<0.05) the plasma
levels of H2S in LVH- H2S group which ultimately reduced the kidney indices of LVH-H2S group
when compared to LVH-WKY group. Chronic administration of H2S donors to LVH group has
significantly increased (P<0.05) the plasma levels of SOD and significantly decreased (P<0.05) that
of MDA in LVH-H2S group when compared to LVH-WKY group. Increased H2S and SOD levels in
the plasma of LVH- H2S group has reduced the collagen content in the kidney tissue when compared
to LVH-WKY group. In summary, Sodium hydrogen sulphide chronic administrations to Wistar
Kyoto rats with left ventricular hypertrophy improved renal reabsorption and excretory capabilities by
modulating oxidative stress and inhibition of collagen deposition in the kidney of rats with LVH.

Keywords: Left ventricular hypertrophy; Hydrogen sulphide; Malondialdehyde; Superoxide
dismutase; Oxidative stress.

Introduction

Left Ventricular Hypertrophy (LVH) is induced by elevated blood pressure due to sympathetic stimulation while
control the blood pressure resulted in the regression of the LVH [1]. Renal sympathetic denervation not
attenuate cardiac dysfunctions in heart failure [2] but also modulate kidney functions by acting on pressure-
natriuresis relationship[3]. Previously reported studies have shown that onset of LVH decreased the
responsiveness of alpha-adrenergic receptors of the kidney [4]. Alpha adrenergic receptors are reported to be
involved in the renal hemodynamic in fructose fed Sprague-Dawley rats [5]. It has been reported that down
regulation of cystathionine y lyase (CSE) resulted in reduced responsiveness of a;A adrenergic receptors in
LVH [6]. Chronic administration of H>S improved the responsiveness of a;A adrenergic receptors in LVH by
the upregulation of CSE/ H,S pathway [4].
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H>S is known endothelial derived relaxing factor which is produced by three enzymes cystathionine y lyase
(CSE), Cystathionine Beta Synthetase (CBS) and 3-mercaptopyruvate sulphur transferase (3-MST) [4].
Reported data suggested all three H2S producing enzymes including CSE, CBS and 3-MST have been reported
to express in the kidney [7]. H.S has been reported to play multifactorial role in the kidney by interactions with
other gaseous transmitter like nitric oxide which are surrogate producer [8]. H.S along with tempol has been
reported to improve the renal excretory functions and lowers the blood pressure in Spontaneously Hypertensive
Rats (SHR) [9]. Chronic administration of H2S donor in SHR has been reported to altered kidney excretory
function by its diuretic action [10].

Exogenous administration of H»S is reported to alleviate diabetic nephropathy by reducing oxidative stress and
inflammation [11]. Oxidative stress and inflammation in the kidney altered the architecture of the kidney which
lead to changes in mesangial cells, podocytes and tubulointerstitial cells which are consequences of DN [12].
Collagen deposition in the kidney will altered the Elastin to Collagen (EC) ratio in Extracellular Membrane
(ECM) and collagen III and IV are the biomarkers of renal fibrosis[13]. Collagen marker matrix
metalloproteinase 2 and 9 (MMP-2 and MMP-9) are also biomarker of albuminuria in the kidney [14]. Collagen
gene variants COL4A4 and podocyte cytoskeleton genes lead to the nephropathy in human [15]. HsS is known
as key regulator of MMP-9 in kidney dysfunction [16].

Based on these evidence that down regulation of cystathionine y lyase resulted in reduced responsiveness of a;A
adrenergic receptors which are involved in renal functions, present study was set out with the hypothesis that
chronic administration of H,S can improve the functions of the kidney by improving renal reabsorption and
excretory capabilities by modulating oxidative stress and inhibition of collagen deposition in the kidney of
Wistar Kyoto rats with LVH.

Materials and Methods

4.1. Study group animals and methodology

A total number of 28 Wistar Kyoto rats of 200£10 gm was recruited in this study and were divided into four
groups consisting of Control WKY, Control-H,S, LVH-WKY and LVH-H,S while each group having equal
number of animals (n: 7). These animals were kept in the transit animal room with controlled environment of
temperature and food. Continuous supply of food and water was made accessible to animals.

4.1.1. Induction of left ventricular hypertrophy: LVH was induced by a reported method [17] which was later
modified [4] which consists of 5 sub-cutaneous injections of isoprenaline (5 mg/kg) on days 1,4,7,10 and 14.
Caffeine was administered in drinking water (62 mg/L) for 2 weeks as reported by same laboratory [18]. Control
WKY group followed same pattern of days of injection by the administration of normal saline. The NaHS
(Sigma-Aldrich), a donor of H,S, was administered S6uM intraperitoneal dose for 5 weeks [19] which started 3
weeks earlier than the induction of LVH model.

4.1.2. Collection of urine and plasma in the metabolic cages: After acclimatization of the animals in the
animal transition room, day 0 and 35 urine collection of rats was done by using custom made stainless steel
metabolic cages (Nalgene®, Thermo Scientific, Beaumont, PA, USA) with free access to water and food. Water
intake was taken by subtraction of water supplied to the animals and water available in the bottle after 24 hours.
Plasma sample was taken on day 0 was taken by tail vein while plasma sample was taken on day 35 on terminal
day by cardiac puncture method and was stored in Eppendorf tube (Eppendorf®, USA) which were previously
rinsed with heparin (Heparin 5000 i.u./ml, Leo Pharmaceuticals, Denmark). The collected blood was centrifuged
at 5000 rpm for 3 minutes and then plasma was separated. This plasma was later stored at -20°C for further
analysis.

4.1.3. Renal function parameters on days 0 and 35: Creatinine in the plasma and urine was measured by
using a colorimetric method as reported[20]. Readings were taken in 96 well plate reader (Epoch™ Microplate
Spectrophotometer, BioTek Instruments, Einooski, Vermont, USA) at wavelength 520 nm by using a formula.
Urine creatinine (mg/dl): (absorbance of the sample/absorbance of the standard) x 2

Urine creatinine (mg/dl): (absorbance of the sample/absorbance of the standard) x100

Creatinine clearance was measured by using creatinine in the plasma and urine. Plasma and urine samples were
estimated for sodium and potassium by using flame photometer (Jenway Ltd. Felsted, Essex, UK).
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. . Abs. creatinine clearance (ml/min)
Creatinine clearance (ml/min/100g BW) = W, of animal (gm) %100

Estimation of sodium, potassium in plasma and sodium in urine required a dilution 1:200 with distilled water
while potassium estimation required 1:1000 dilutions with distilled water. All the samples were prepared in
duplicate before estimation. Fractional excretions of sodium or potassium is the measure of percentage of
sodium or potassium excreted in the urine versus sodium or potassium reabsorbed by the kidney [21].
Measurement of FEna+ and FEk+ requires the plasma and urine concentrations of sodium and potassium. FEna+
and FEk+ can be calculated by using following equation;

FE X (% ~ Uy (mmol/L) x P_ (mg/dl)
(%) P (mmol/L) x U_ (mg/dl)

4.2. Estimation of hydrogen sulphide in the plasma

Estimation of the H»S in the plasma and urine was performed by reported method [19] which involves 4
sequential steps including trapping of H»S, processing of samples, precipitation of the protein and centrifugation
of the samples.

4.2.1. Estimation of oxidative stress marker: Plasma levels of oxidative stress markers like superoxide
dismutase (SOD) and Malondialdehyde (MDA) on day 35 were measured by using a commercial kit and
followed the instruction of manufacturer (Institute of Biological Engineering of Nanjing Jianchen, Nanjing,
China).

4.2.3. Heart and kidney indices measurement: On day 35 after euthanasia animals, heart and kidney tissues
were extracted, dried and weighed. Heat and kidney indices were measured by dividing the weight of
kidney/heart by total body weight of the animals multiplied by 100 as reported [22].

4.2.4. Histopathology of kidney tissue by using PicroSirius Red staining: After extractions of the kidneys
from the animals, tissues were placed in 5% formalin for further process of embedding, trimming, sectioning,
and staining with PicroSirius red staining as reported. Later, kidney tissues underwent PicroSirius Red staining
(Polyscience, Inc. Germany). Procedure involves the use of 3 solutions, solution A, solution B and Solution C.
First of all, the slides were dipped in solution A for 2 minutes then rinse well in distilled water. The slides were
placed in solution B for 60 minutes and then followed by solution C for 2 minutes. In last step, slides were
immersed in the 70% ethanol for 45 seconds. The slides were dehydrated, cleared and then mounted. Collagen
on the tissue gave red colour.

Result

5.1. Physiological data

5.1.1. Body weight: Body weight was measured taken twice in whole study which consisted of 35 days. On day
0, body weight was measured (gm) 191 £ 5, 191 + 3, 185 + 4 and 190 + 6 in Control WKY, Control- H,S, LVH-
WKY and LVH-H,S respectively. On day 35, body weight was measured 298 + 5, 288 = 7, 273 + 3 and 275 +
23 in Control WKY, Control- H,S, LVH-WKY and LVH-H,S respectively. A significant reduction (P<0.05) in
body weight was observed in LVH-WKY when compared to Control WKY at day 35 as shown in Table 1.

5.1.2. Renal function parameters: Urine output was measured taken twice in whole study which consisted of
35 days. On day 0, Urine output was measured (ml/24 hours) 13+ 1,12+ 1, 13+ 1 and 14 £ 1 in Control WKY,
Control- H,S, LVH-WKY and LVH-H,S respectively. On day 35 Urine output was measured 12+ 1, 18 = 1, 16
+ 1 and 24 + 1 in Control WKY, Control- H>S, LVH-WKY and LVH-H,S respectively. A significant increase
(P<0.05) in water intake were observed in LVH-WKY and LVH-H,S when compared to Control WKY at day
35 as shown in Table 1.

FeNa (%) was measured taken twice in whole study which consisted of 35 days. On day 0, FeNa (%) was
measured 1.6 + 0.07, 1.6 + 0.03, 1.6 £ 0.07 and 1.6 £+ 0.07 in Control WKY, Control- H,S, LVH-WKY and
LVH-H,S respectively. On day 35, FeNa (%) was measured 1.9 + 0.15, 1.7 £ 0.20, 3.3 £ 0.06 and 1.7 = 0.05 in
Control WKY, Control- H,S, LVH-WKY and LVH-H,S respectively. A significant increase (P<0.05) in FeNa
(%) were observed in LVH-WKY when compared to Control WKY at day 35 while a significant reduction
(P<0.05) in FeNa (%) was calculated in LVH-H>S when compared to LVH-WKY as shown in Table 1.
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FeK (%) was measured taken twice in whole study which consisted of 35 days. On day 0, FeK (%) was
measured 14 £ 2, 14 + 1.8, 13 + 0.9 and 13 + 1.0 in Control WKY, Control- H»S, LVH-WKY and LVH-H,S
respectively. On day 35, FeK (%) was measured 21 + 1.2, 42 + 4.8, 81 £ 0.5 and 46 + 2.4 in Control WKY,
Control- HoS, LVH-WKY and LVH-H,S respectively. A significant increase (P<0.05) in FeK (%) were
observed in LVH-WKY when compared to Control WKY at day 35 while a significant reduction (P<0.05) in
FeK (%) was calculated in LVH-H,S when compared to LVH-WKY as shown in Table 1.

Urinary NA: K was measured taken twice in whole study which consisted of 35 days. On day 0, Urinary NA: K
was measured 3 £ 0.2, 3 £ 0.2, 3 £ 0.2 and 3 £ 0.2 in Control WKY, Control- H,S, LVH-WKY and LVH-H,S
respectively. On day 35, Urinary NA: K was measured 2 + 0.1, 1 £ 0.1, 1 £ 0.04 and 1 £ 0.03 in Control WKY,
Control- H>S, LVH-WKY and LVH-H>S respectively. A significant decrease (P<0.05) in Urinary NA: K were
observed in LVH-WKY when compared to Control WKY at day 35 while no significant change in Urinary NA:
K was calculated in LVH-H>S when compared to LVH-WKY as shown in Table 1.

Creatinine clearance (ml/min) was measured taken twice in whole study which consisted of 35 days. On day 0,
Creatinine clearance (ml/min) was measured 0.40 £+ 0.02, 0.40 = 0.02, 0.43 + 0.02 and 0.42 £ 0.02 in Control
WKY, Control- H,S, LVH-WKY and LVH-H,S respectively. On day 35, Creatinine clearance (ml/min) was
measured 0.33 £+ 0.02, 0.66 + 0.06, 0.36 = 0.009 and 0.85 + 0.07 in Control WKY, Control- H,S, LVH-WKY
and LVH-H,S respectively. There was no significant change in Creatinine clearance (ml/min) were observed in
LVH-WKY when compared to Control WKY at day 35 while a significant increase (P<0.05) in Creatinine
clearance was calculated in LVH-H,S when compared to LVH-WKY and control WKY as shown in Table 1.

Table 1: Urine output, fractional excretion of sodium and potassium, urinary sodium to potassium ratio and
creatinine clearance of Control groups of WKY and LVH treated with H»S on days 0 and 35. The values are
mean + SEM (n= 6) P<0.05. Statistical analysis was done by repeated measure one-way analysis of variance
(ANOVA) followed by Bonferroni post hoc test for all the groups on days 0 and 35. * P<0.05 vs. Control WKY
and * P<0.05 vs. LVH-WKY on D-35.

Days of observation
Parameters Groups Day 0 Day 35
Body weight (gm) Control WKY 191+£5 298£5
Control- H>S 202+3 288+ 7
LVH-WKY 185+4 273 £3*
LVH-H,S 190+ 6 275 +23
Urine output (ml/24 hrs) Control WKY 13£1 12+1
Control- H>S 12+1 18 + 1*
LVH-WKY 13+1 16 £1*
LVH-H,S 14 +1 24 £ 1 **
FeNa (%) Control WKY 1.6 +£0.07 1.9+0.15
Control- H>S 1.6 +£0.03 1.7 +0.20
LVH-WKY 1.6 £0.07 33+£0.06 *
LVH-H,S 1.6 £0.07 1.7+0.05 #
FeK (%) Control WKY 14+2 21+£1.2
Control- HoS 14+1.8 42+48*
LVH-WKY 13+0.9 81+0.5*
LVH-H,S 13+1.0 46 £ 2.4 *#
Urinary NA: K Control WKY 3+£0.2 2+0.1
Control- HoS 3+£02 1+0.1*
LVH-WKY 3+£0.2 1+0.04 *
LVH-H,S 3+£0.2 1£0.03 *#
Creatinine clearance (ml/min) Control WKY 0.40 +£ 0.02 0.33+0.02
Control- H>S 0.39£0.02 0.66 = 0.06 *
LVH-WKY 0.43 +£0.02 0.36 £ 0.009
LVH-H,S 0.42+0.03 0.85+0.07 *#

5.1.3. Plasma and urine concentration of hydrogen sulphide: H,S concentrations (uUM) were measured in
plasma and urine on day 35. There was a significant decrease (P<0.05) in concentration of H,S in the plasma of
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LVH-WKY group when compared to Control WKY (40+1 vs. 1541). Treatment with H,S in LVH group
resulted in significant increase (P<0.05) in plasma concentrations when compared to LVH-WKY group (65+2
vs. 15£1) as shown in Table 2.

Table 2: Hydrogen sulphide (H»S) in plasma and H>S in urine of Control groups of WKY and LVH treated with
H,Son days 35. The values are mean £ SEM (n= 6). P<0.05. Statistical analysis was done by one-way analysis
of variance followed by Bonferroni post hoc test for all the groups. * P<0.05 vs. Control WKY and # P<0.05 vs.
LVH-WKY on D-35.

Parameters
Groups H>S in plasma (uM) H>S in urine (pM)
Control WKY 40=+1 161
Control- H,S 54+£1%* 45£5%*
LVH-WKY 15+1%* 281 *
LVH-H,S 65+2*# 47+£2 * #

There was a significant increase (P<0.05) in concentration of H»S in the urine of LVH-WKY group when
compared to Control WKY (28 + 1 vs. 16 + 1). Treatment with H»S in LVH group resulted in significant
increase (P<0.05) in urine concentrations when compared to LVH-WKY group (47 £ 2 vs. 16 £+ 1) as shown in
Table 2.

5.1.4. Superoxide dismutase (SOD) and malondialdehyde (MDA) measurements in the plasma: SOD
levels in the plasma of LVH-WKY were significantly reduced (P<0.05) when compared to that of Control WKY
(6 £ 1 vs. 3 £ 1) while treatment with H,S significantly increased (P<0.05) the plasma levels of SOD in LVH-
H»S group when compared to LVH-WKY (7 £ 1 vs. 3 + 1) as shown in Figure 1-A.
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Figure 1: Superoxide dismutase (SOD) and malondialdehyde (MDA) of Control groups of WKY and
LVH treated with H:S on days 35. The values are mean £ SEM (n= 6). P<0.05. Statistical analysis was
done by one-way analysis of variance followed by Bonferroni post hoc test for all the groups.* P<0.05 vs.
Control WKY and # P<0.05 vs. LVH-WKY on D-35.

MDA levels in the plasma of LVH-WKY were significantly increased (P<0.05) when compared to that of
Control WKY (37 + 3 vs. 23 + 3) while treatment with H,S significantly decreased (P<0.05) the plasma levels
of MDA in LVH-H;S group when compared to LVH-WKY (37 & 3 vs. 25 £ 4) as shown in Figure 1-B.
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Figure 2: Heart and kidney indices of Control groups of WKY and LVH treated with H>S on days 35. The
values are mean + SEM (n= 6). P<0.05. Statistical analysis was done by one-way analysis of variance followed
by Bonferroni post hoc test for all the groups.* P<0.05 vs. Control WKY and # P<0.05 vs. LVH-WKY on D-35.

5.1.5. Heart and Kidney indices: On day 35, heart and kidney indices were significantly increased (all P<0.05)
in LVH-WKY group when compared to Control WKY while treatment with H,S has significantly reduced (all
P<0.05) the heart and kidney indices when compared to LVH-WKY as shown in Figure 2 (A and B).

5.1.6. Histopathology of kidney tissues: Development of LVH in WKY group resulted in deposition of thick
bands of collagen which can be seen in Figure 3-B which are obvious when compared to Control WKY (Figure
3-A). Treatment with H»S has diffused these bands of collagen deposition around the glomerulus and changed to
thin thread of collagen as shown in Figure 3-D which is comparable to Control WKY (Figure 3-B).

Figure 3: Histopathology of kidney tissues of Control WKY (A), Control-H2S (B). LVH-WKY (C) and
LVH-WKY (D) on days 35 by using PicroSirius Red Stain with magnification 400X)
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Discussion

Present study was set out with the hypothesis that chronic administration of H»S can improve the functions of
the kidney by improving renal reabsorption and excretory capabilities by modulating oxidative stress and
inhibition of collagen deposition in the kidney of Wistar Kyoto rats with LVH. Present study came up with some
novel findings that chronic administrations of Sodium hydrogen sulphide to Wistar Kyoto rats with left
ventricular hypertrophy improved renal reabsorption and excretory capabilities by modulating oxidative stress
and inhibition of collagen deposition in the kidney of rats with LVH.

Induction of LVH in WKY did not change the urinary output but treatment with H>S has significantly increased
(P<0.05) the urine output in LVH-H>S group which indicates that exogenous administration of HS in rats with
LVH has diuretic effects. Diuretic effects of H,S are in coordination with study reported on spontaneously
hypertensive diabetic rats [10]. Apparently it looks onset of LVH did not change the excretory abilities of the
kidney in LVH as urine output remains unchanged in Control WKY and LVH-WKY but it seems tubular
function of the kidney is changed which can be observed by measuring the Fractional excretions of sodium
(FENa) and potassium (FEK) in LVH-WKY and Control WKY as shown in Table 1.Treatment with H»S has
reversed the changes in tubular function of the kidney by bringing the value lowers than LVH-WKY and closer
to Control WKY as shown in Table 1. It can be deduced that onset of the LVH damages the kidney function by
altering the tubular reabsorption and excretion capabilities of the kidney as kidney regulate the fluid and
electrolyte balance through controlling the composition and volume of urine [23] while chronic administrations
of the HsS restores the kidney function by acting on the proximal tubules and loop of Henle of the nephron by
increasing sodium and potassium reabsorption as 90% of sodium, potassium and calcium are reabsorbed by
proximal tubules and loop of Henle [23]. Recent data also support our findings where they reported that H2S
results in inhibition of Na-K-ATPase in renal tubular epithelial cells by regulating the EGFR/GAB1/PI3K/Akt
pathway, thus reducing sodium and potassium ion exchange of renal tubular epithelial cells, and promoting
sodium excretion [24]. In present study, creatinine clearance was increased in LVH-H>S which shows that H»>S
has preglomerular and postglomerular vasodilation by its ACE inhibition activity [25,26] while ACE inhibitors
are reported to have increase in GFR actions [27] . Since creatinine clearance is marker of Glomerular Filtration
Rate (GFR) [27] so it can be safely assumed that chronic administration of H»S donor increases GFR in rats with
LVH.

Improved renal functions by chronic administration of H,S donor is multifactorial including glomerular
vasodilation by its ACE inhibition activities, increase in responsiveness of alpha-adrenergic receptors[4], tubular
reabsorption and excretion capabilities, increasing antioxidant and reducing prooxidant markers levels in present
study (Figure 1 (A-B). antioxidant action of the H,S donor in present study is in line with previously reported
data [28,29] where administration of antioxidants has improved renal functions in animal study. This improved
function of the kidney was reported due to improved function of tubular function of the kidney by SOD mimetic
antioxidants like avasopasem manganese[29] and preventing SOD 2 degradation[30]. Recent studies have
shown that upregulation of CSE/ H,S pathway in diabetic kidney has improved kidney functions when
compared to H,S inhibitor group [31]. This antioxidant role of H,S donor has also resulted in reduction in the
kidney and heart indices in present study as shown in Figure 2 (A and B).

Chronic administration of H>S donor has improved renal function by altering the collagen content in the kidney
by maintain a balance ratio of elastin to collagen in elastic collagen membrane (ECM) which can be seen in
Figure 3 (A-D) in present study. Induction of LVH resulted in the deposition of collagen around the glomerulus
which can be seen in Figure 3-B while treatment with H>S donor has significantly reduced these thick bands of
collagen into thin and diffused threads of collagen as shown in Figure 3-D. Collagen deposition mechanism
usually initiated in hypoxic condition which is in oxidative stress environment. This hypoxia induced by
oxidative stress led to upregulation of MMP-2 and 9 [32,33]. This local oxidative stress in the kidney results in
cellular dysfunction and extracellular metabolism around the glomerulus all of which are associated with
increased NAD(P)H activity[34]. These MMPs play a role in matrix accumulation which help in the renal
scaring [35].These MMPs also contribute renal fibrosis [36]. Treatment with H,S mitigate the MMP-9 levels
[16,37]. This decreased in collagen bands in H2S donor group in present study is in coordination with previously
reported data where treatment with H,S donor mitigate MMP-9 levels and improved renal function [16]. MMP-
2 and MMP-9 disrupt kidney architecture [38] which can be observed in present study (Figure 3-B). Antioxidant
mechanism of the H,S play a multiple purpose role by increasing antioxidant markers levels, tubular
reabsorption and excretion capabilities and maintaining the integrity of elastin to collagen ratio in the kidney.
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Conclusion

Chronic administrations of Sodium hydrogen sulphide to Wistar Kyoto rats with left ventricular hypertrophy
improved renal reabsorption and excretory capabilities by modulating oxidative stress and inhibition of collagen
deposition in the kidney of rats with LVH.
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