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Abstract

Objective: To evaluate protective role of hydrogen sulphide (HYS) donor on nephrotoxicity
induced by gentamycin or diabetes in rats. Methods: Fifty adult male albino rats weighing
Ye.-Yo. g were randomly divided into © groups, ten rats in each group, as follows: (V)
control group, (Y) streptozotocin group received single dose of streptozotocin ¢+ mg/kg i.p, (V)
Streptozotocin + HYS group received single dose of 1+ umol/kg NaHS i.p. €2 min before
streptozotocin,(¢) Gentamicin group received single dose of gentamicin ¢+ mg/kg i.p, and (°)
Gentamicin+HYS group: received single dose of 1+ pmol/kg NaHS i.p. £ min before
gentamicin. Rats were sacrificed after one week. Blood samples were collected and ‘g of
kidney tissue was homogenized. The assessed parameters were serum urea, creatinine,
sodium, potassium and albumin. Urinary creatinine and renal tissue malondialdehyde (MDA)
and superoxide dismutase (SOD) activity were also assessed. Results: Pretreatment of both
diabetic and gentamicin nephrotoxic groups by HYS donor significantly reduced levels of
serum urea, serum creatinine, urinary creatinine, serum sodium and serum potassium, with
increased level of serum albumin in comparison to the corresponding nephrotoxic groups.
Pretreatment with HYS donor significantly decreased renal MDA level in both diabetic and
gentamicin nephrotoxic groups and significantly increased SOD activity in diabetic
nephrotoxic group in comparison to the non-treated corresponding nephrotoxic group.
Conclusion: Hydrogen sulphid has a renal protective effect against diabetic nephropathy and
gentamicin induced nephrotoxicity that is initiated through its anti-oxidant properties.
Keywords: Hydrogen sulphide; gentamicin; diabetes; nephrotoxicity

carbon  monoxide, is  endogenously
generated by cystathionine y-lyase (CSE),

Introduction
Nephropathy is a leading cause of

morbidity and mortality and its prevalence
is continuously increasing".  Diabetic
nephropathy (DN) is the most common
cause of the chronic kidney disease in the
world™. DN greatly increases the risk of
premature death by end stage renal disease
and is associated with increased
cardiovascular mortality. Therefore, huge
research efforts are focused on deciphering
pathologic molecular mechanisms in DN,
which may provide valuable tools for early
diagnosis and prevention of DN onset and
evolution®”.

Hydrogen sulphide (HYS), which is

recognized as the third gasotransmitter,
identified after nitric oxide (NO) and

\VyY

cystathionine B-synthase (CBS), and Y-
mercaptopyruvate sulfurtransferase
(YMST). In recent years, accumulating
evidence has demonstrated that HYS plays
critical roles in the pathophysiology of
chronic kidney diseases ). Therefore, the
aim of this work is to investigate the
beneficial effects of HYS donor in both
gentamicin and diabetic nephropathy.

Materials and Methods

The present study was conducted on adult
male albino rats weighing Yo+-Y°. g. Rats
were fed a standard diet of commercial rat
chow and tap water and left to acclimatize
to the environment for at least one week
prior to inclusion in the experiments.
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Adult male albino are divided into the
following groups each of ten rats: control
group and nephrotoxic groups including a)
Streptozotocin group: received single dose
of streptozotocin °+ mg/kg i.p, b)
Streptozotocin +HYS group: received single
dose of 1+ pmol/kg NaHS i.p. € min
before streptozotocin, ¢) Gentamicin group:
received single dose of gentamicin ¢
mg/kg i.p, and d) Gentamicin+HYS group:
received single dose of 1+ umol/kg NaHS
i.p. £ min before gentamicin.

After one week the animals were sacrificed.
Blood samples were collected by
decapitation and centrifuged at ©:-:
R.P.M. for © minutes for serum collection
using centrifuge. Sera were kept at -A+°C
until assessment of various parameters. g
of kidney tissue was homogenized in )+ ml
of phosphate buffer saline (PBS) and kept
at -A+°C until assessment of various
parameters. Serum parameters; urea, create-
nine, sodium, potassium and albumin were
assessed. Urinary creatinine and renal tissue
MDA and SOD activity were also assessed.

Serum urea was assayed using an enzymatic
colorimetric kit based on modified
Borthelot reaction’. Serum and urinary
creatinine was determined using a Kinetic
colorimetric creatinine kit based on Jaffe
reaction”). Serum contents of Na+ and
potassium K+ were determined as
previously described". Modified bromo-
cresol green colorimetric method was used
to determine serum albumin. The renal
contents of lipid peroxides were assayed by
a spectrophotometric method based on the
reaction between MDA and thiobarbituric
acid®. SOD activity was determined
according to  previously  described
method™, based on the fact that the
autooxidation of pyrogallol is inhibited by
SOD.

Statistical analysis was performed using
Graph Pad Prism, version ©.+) for
Windows (Graphpad Software, San Diego
California USA). Data were expressed as
mean =+ standard error of the mean
(S.E.M.). One-way analysis of variance
(ANOVA) followed by Tukey-post analysis
test were used to analyze the results for
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statistically significant difference. P value
less than +.+© were considered significant.

RESULTS

The results of the present study indicated
that injection of either streptozotocine or
gentamicin  was associated with a
significant elevation in the serum urea and
creatinine levels in comparison to control
group. Also, administration of NaHS into
diabetic and gentamicin nephrotoxic groups
led to significant reduction in the serum
urea and creatinine levels in comparison to
the corresponding nephrotoxic groups
(Table V).

Injection of either streptozotocine or
gentamicin was associated with a significant
elevation in the urinary creatinine level in
comparison to the control  group.
Pretreatment of both diabetic and gentamicin
nephrotoxic groups by NaHS significantly
reduced urinary creatinine level in
comparison to the corresponding nephrotoxic
groups (Figure V).

Administration of streptozotocine or genta-
micin led to significant elevation of the
serum sodium and potassium levels in
comparison to the control group. However,
pretreatment by HYS donor led to signi-
ficant reduction of the serum sodium and
potassium levels in both diabetic and
gentamicin groups in comparison to the
corresponding nephrotoxic groups(Table Y).

Serum  albumin  level significantly
decreased after administration of strepto-
zotocine and gentamicin in comparison to
control group, and it significantly increased
after HYS donor pretreatment of both
diabetic and gentamicin nephrotoxic groups
in comparison to the corresponding
nephrotoxic group (Figure Y).

Strptozotocine  induced diabetes and
gentamicin injection led to significant
increase in the renal tissues level of MDA
compared to control group. However,
injection of HYS donor significantly
decreased the renal MDA level in both
diabetic and gentamicin nephrotoxic groups
in comparison to the non-treated correspo-
nding nephrotoxic group (Figure Y).
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Injection of streptozotocine but not
gentamicin led to significant decrease in the
renal SOD activity in comparison to the
control group. Pretreatment with HYS donor
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significantly increased the SOD activity in
the diabetic nephrotoxic group in
comparison to the corresponding non
pretreated group (Figure ¢).

Table V: Effect of NaHS (1 +uml/kg) on serum urea and creatinine of chemically induced

nephrotoxic rats

Group Serum urea (mg/dL) Serum creatinine
(mg/dL)
Control EAEY Y VT Y. UYo+e o4y
¢y Ye0AOE Y YYY-Y Vot
Diabetic Yav.o + 4 vy?@ TYYYL. YIAR
Yo v-¥ign o YV-4 AT
Diabetic+ HYS AAAY £ ¥ voab Yo, VYeaP
Yo TY-VIAY AR AL
Gentamicin MAY Y Y E IR EETRA R
YoV AoV FY Y I AAALE
Gentamicin+HYS VENE + ) AVEC IR CFINE AT
1Y Av-AY o€ Y Y oAE YA

Values represent the mean + SEM and range. Groups are compared by Tukey-post test.
significance from control group at p < +.-°, ° significance from diabetic group at p < +.+°, °
significance from gentamicin group atp < +.-°.

Table Y: Effect of NaHS (7 - uml/kg) on serum sodium and potassium of chemically induced

nephrotoxic rats

Group Serum sodium (mmol/L) Serum potassium (mmol/L)

Control €0+ 001 Yo X 40 YT
§-0 -1

Diabetic YYo 4+« VAR YEAY + .« Y VY2
V-4 AR

Diabetic+ HYS oA+ YYD Aves o+ 7.2D
£V v-4

Gentamicin et NE8 YEAY £ 4 XY aVE
-y Y31

Gentamicin+HYS O A+ NEC Y.¥14 + . YA.93C
£ 14

Values represent the mean + SEM and range. Groups are compared by Tukey-post test.
significance from control group at p < +.-°, ” significance from diabetic group at p < +.+°, °
significance from gentamicin group atp < +.-°.
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Fig. Y: Effect of NaHS (7 - uml/kg) on urinary creatinine of chemically induced nephrotoxic
rats. Values represent the mean + SEM. Groups are compared by Tukey-post test.
significance from control group at p < +.-°, ° significance from diabetic group atp < +.+°, °
significance from gentamicin group atp < +.+°.

SERUM ALBUMIN (g/dl)

Groups

Fig. Y: Effect of NaHS (7 » uml/kg) on serum albumin of chemically induced nephrotoxic rats.
Values represent the mean + SEM (n=)+-)Y). Groups are compared by Tukey-post test.
significance from control group at p < +.+¢, ° significance from diabetic group at p < +.+, ©
significance from gentamicin group atp < +.+°.
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Fig. ¥: Effect of NaHS (1 +puml/kg) on renal malondialdehyde (MDA) of chemically induced
nephrotoxic rats. Values represent the mean £ SEM (n=)+-1Y). Groups are compared by
Tukey-post test. ® significance from control group at p < +.+°, ° significance from diabetic
group at p < +.+¢, ®significance from gentamicin groupat p < +.-°.
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Fig. ¢: Effect of NaHS (T -uml/kg) on renal superoxide dismutase (SOD) of chemically
induced nephrotoxic rats. Values represent the mean + SEM (n="+-1Y). Groups are compared
by Tukey-post test. ? significance from control group at p < +.-°, ® significance from diabetic
groupatp<+.-°.

Discussion aminoglycosides, MTX, long-term
Nephropathy is defined as partial loss of exposure to lead or its salts, cadmium and
function of kidney associated with nephritic xanthine oxidase deficiency. Chronic
syndrome, glomerulosclerosis and persis- conditions that can produce nephropathy
tent albuminuria, declining GFR, elevated include systemic lupus erythematosus,
arterial blood pressure and fluid retention hypertension as well as diabetes mellitus
(") Possible causes of nephropathy may be (DM), which lead to diabetic nephropathy
due to administration of analgesics, (DN) which refers to any deleterious effect
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on kidney structure and/or function caused
by DM,

In this study, we established a
streptozotocin-induced diabetic rat model to
investigate the protective effects of HYS
against diabetic nephropathy. Our findings
indicated that diabetes was accompanied by
impaired renal function in the form of
significant increase in both blood urea and
creatinine which was antagonized by NaHS
pretreatment. This result is in accordance
with others'™'™. Xue et al.,” also
reported that supplementation of HYS
attenuated hyperglycemia-induced
elevations in ROS and renin-angiotensin
system (RAS) activation. It was also
reported that HYS has therapeutic potential
to prevent adverse diabetic renal
remodeling”'*. Yamamoto et al.."'” also
reported  that  progressive  diabetic
nephropathy showed vasoconstriction and a
loss of blood flow in renal peritubular
capillary that was ameliorated by NaHS
treatment.

The present results revealed that DN was
associated with a significant increase in
both serum Na+ and K+ levels as compared
with control group. These results may
explain by the fact that induction of DN
lead to micro-angiopathesis and subsequent
decrease in renal blood flow and GFR with
alteration in the electrolytes levels. This
result is in accordance to Al-Malki and El
Rabey'". On the other hand the NaHS
pretreatment  produced a significant
decrease in bothserum Na+ and K+ levels
as compared with diabetic group which may
be secondary to diuretic actions of NaHS is
in accordance to other investigators(".

Serum albumin is known as a predominant
antioxidant in plasma‘'". More than Y+ 7 of
the free radical-trapping activity of serum is
due to serum albumin""). Decreased level
of serum albumin per se is another
complication of diabetes, because albumin
plays a decisive role in modulating osmotic
pressure of plasma. One possible
explanation for this hypoalbuminemia may
be the increased urinary excretion of
albumin as a result of diabetic nephropathy
(™) In the present study diabetic rats have
low serum albumin in comparison to
YVA
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normal control rats which is in accordance
with other investigators ", which was
corrected by pretreatment with NaHS which
may be secondary to decrease in
albuminuria as a result of protection from
diabetic  nephropathy as  previously
reported ' '™,

It is well documented that hyperglycemia is
associated with excessive free radical
generation and oxidant stress and poor
antioxidant status'"”. Oxidative stress may
damage cellular structures via lipid
peroxidation of cellular membranes.
Superoxide radical reacts with lipid to form
lipid peroxides followed by B-oxidation to
form MDA, When oxidation capacity
overcomes the rate of antioxidants, MDA
level is increased®). Data of the present
study provide a direct evidence for the
peroxidation power of STZ. This was
deduced by the significant rise in the renal
level of MDA in DN rats compared to
normal animals. These results are in
accordance with those of Abo-Salem et al.,
™) who observed that oxidative damage is
one of the pathogenic mechanisms that
contribute to the development of DN.

Superoxide dismutase (SOD) is extensively
distributed in all cells and has a significant
shielding role against oxidative injury
induced by ROS. In the present study renal
SOD is decreased in diabetic rats, which is
in accordance with Zhou et al.,,). The
decrease in the SOD activity may be related
to the increase in the intracellular levels of
HYOY. Exogenous HYS administration was
accompanied by significant decrease in
MDA level and increase in SOD activity
which confirm the antioxidant property of
HYS.

Gentamicin is known to be highly
nephrotoxic antibiotic like other
aminoglycosides, causes nephrotoxicity by
inhibiting protein synthesis inrenal cells.
This  mechanism  specifically  causes
necrosis of cells in the proximal tubule,
resulting inacute tubular necrosis which can
lead to acute renal failure"”. Data of the
present study show that both serum
creatinine and urea levels were increased
significantly in the gentamicin-treated
group when compared with control group.
Evaluation of Protective Effect of Hydrogen
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These results confirm that kidney is very
sensitive to gentamicin toxicity.
Administration of NaHS afer gentamicin
induced nephrotoxicity significantly lower
serum urea and creatinine levels which are
in accordance with some investigators"™”.
However, others"" showed controversial
results that may be dose, race or disease
related.

In the present study injection of gentamicin
was associated with disturbed electrolyte
balance in the form of excess Na+ and K+
level, which is in accordance with other
investigators” ), however the differences
between experimental animals or duration
might have led to the different results in
other studies!"".

In the present study gentamicin injection
was associated with hypoalbuminemia
which may be secondary to increase in
urinary albumin excretion™™. Pretreatment
by NaHS abolished completely the
hypoalbumiemic effect of gentamicin which

ABBREVIATIONS
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confirms the renal protective effect of HYS
in gentamicin induced toxicity that was
previously reported”.

In  present study, gentamicin-induced
nephrotoxicity was associated with increase
in renal MDA level as a result of increase in
free radical generation ' and decrease in
SOD activity due to increased production of
ROS and subsequent inactivation of
antioxidant enzymes ). The group that
was given gentamicin and NaHS had
significantly lower MDA levels and higher
SOD activity in kidney tissue than those
that was given gentamicin alone. This result
is in agreement with Otunctemur et al., "
and confirms the antioxidant property of
HYS which was previously reported ™.

In conclusion, hydrogen sulphid has a
protective effect  against  diabetic
nephropathy and gentamicin induced
nephrotoxicity in rats mainly by its
antioxidant propriety.

YMST Y-mercaptopyruvate sulfurtransferase
ANOVA One-way analysis of variance
CBS Cystathionine p-synthase
CSE Cystathionine y-lyase

DM Diabetes mellitus

DN Diabetic nephropathy

GFR Glomerular Filtration Rate
HYOY Hydrogen peroxide

HYS Hydrogen sulphide

MDA Malondialdehyde

MTX Methotrexate

NaHS Sodium Hydrosulfide

NO Nitric oxide

PBS phosphate buffer saline

RAS Renin-angiotensin system
ROS Reactive Oxygen Species
SEM Standard error of the mean
SOD Superoxide dismutase

STZ Streptozitocin
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