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Abstract

Nephrotoxicity is one of the major complications and clinical limitations of gentamicin. Dapsone is an
antibiotic commonly used to treat leprosy and also used to treat acne vulgaris and dermatitis herpetiformis. This
study aimed to evaluate the nephroprotective effect of dapsone against gentamicin-induced nephrotoxicity in rats.

Twenty-four healthy male rats, weighing between 250-300g, were equally divided into three groups,
eight rats in each group: control group received normal saline (2mL/kg/day 1.P.) for 10 days , gentamicin group
received (100 mg/kg/day 1.P.) for 10 days, and dapsone group received (5 mg/kg/day p.o) concomitantly with
gentamicin (100 mg/kg/day 1.P.) for 10 days. At the end of experiment, blood and kidney tissue samples were
collected from all animals for biochemical and histopathological examination.

Dapsone exhibited nephroprotective effect manifested by a significant decrease in serum levels of blood
urea nitrogen(BUN), creatinine and kidney injury molecules-1 (KIM-1) with a significant increase total protein
serum level. Besides, it improved tissues oxidative and inflammatory biomarkers (" myeloperoxidase (MPO)
,sreduced glutathione (GSH) , malondialdehyde (MDA) tumor necrosis factor alpha(TNF-a), interleukin-1 beta
(IL-1p),and nuclear Factor kappa-B (NF-xB )"), which was demonstrated by improving histological changes when
compared to the gentamicin group. In conclusion, dapsone has a nephroprotective effect by counteracting the
renal deleterious effect of gentamicin .
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Introduction

Nephrotoxicity is one of the major effectively used in the treatment of severe infections
complications of medications resulting in acute or caused by Gram-negative bacteria. Nevertheless, the
chronic deterioration in the renal function, which frequent clinical use of GNT may be limited due to
may be relatively related to the drug concentration its detrimental effect on the kidney and subsequent
and duration of therapy @. One of these susceptibility to induce nephrotoxicity @,
medications is gentamicin (GNT) which is a Gentamicin nephrotoxicity is triggered due to its
bactericidal aminoglycoside antibiotic that is accumulation in the proximal convoluted tubules
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leading to oxidative stress and generation of reactive
oxygen species (ROS), causing lipid peroxidation ,
DNA damage, protein denaturation, cell injury,
inflammation, tubular cell apoptosis and necrosis ,
and ultimately renal failure ). Notably, several
studies showed that compounds withe an ti-
inflammatory and/ or antioxidant activities are able
to prevent or at least attenuate drug-induced
nephrotoxicity @4 .,

Dapsone (DPS) is a sulfonamide antibiotic
inhibits the synthesis of bacterial dihydrofolic acid
.Because of its anti-inflammatory effects, DPS is
widely used to treat several skin diseases, such as
leprosy, acne  vulgaris and  dermatitis
herpetiformis®® . Moreover, DPS is utilized for
treating Pneumocystis carinii pneumonia, malaria,
and cerebral toxoplasmosis. Besides the anti-
inflammatory effect, DPS has antioxidant,
antiapoptotic, neuroprotective , cytoprotective,
cardioprotective, and anticonvulsive effects 8 |
The objective of the current study is to evaluate the
possible nephroprotective effect of DPS against
GNT- induced nephrotoxicity in rats.

Materials and Methods
Drugs, kits and chemicals

Gentamicin  (80mg/2ml) ampoule and

dapsone ( 50 mg) Tablets were obtained from
A.Menarini (Italy) and Domina Pharmaceuticals
(Syria) companies respectively. ELISA kits (MB -
assay-kit; MyBioSource, Inc., San Diego, CA, USA)
were used for the estimation of " kidney injury
molecules-1, tumor necrosis factor alpha,
interleukin-1 beta,and nuclear Factor kappa-B
activities". All the reagents used were of analytical
grade.

Experimental animal and study design

Twenty-four healthy domestic male rats
weighing (250-300) g and aged (5-6) months were
housed and acclimatized in cages under good
conditions with free access to food and water. "The
study has been approved by the Institutional Animal

Ethical Committee in the Pharmacy Department,

College of Mazaya  University"..  After

acclimatization, rats were randomly separated in to

three groups (n=8) as follows:

Group 1 (Control group): received (2mL/kg /day

I.P.) of normal saline for 10 days.

Group 2 (Gentamicin group): received (100
mg/kg/day I.P.) of gentamicin for 10
days.

Group 3 (Dapsone group): received (5 mg/kg/day
p.0o) of dapsone concomitantly with
gentamicin (100 mg/kg/day 1.P.) for 10
days @,

Serum and renal tissues biochemical

measurements

At the end of 10 days, blood samples were
taken out from the rat heart and centrifuged for
fifteen minutes at 3000 rpm , and the supernatant
was used for estimating the biomarkers of renal
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function including " blood urea nitrogen(BUN) ,
creatinine, and total protein were measured by
spectrophotometer using auto-analyzer instrument
at wavelengths of 580 nm , 500 nm, and 280 nm
respectively ,while Kkidney injury molecules-1
(KIM-1) were measured using ELISA Kkits"
according to the manufacturer’s instructions 9.
Later, the kidneys were excised from all
rats after they were sacrificed. Right kidney was
weighed , homogenized and centrifuged to obtain
supernatants for measuring inflammatory markers
"tumor necrosis factor alpha(TNF-a), interleukin-1
beta (IL-1pB),and nuclear Factor kappa-B (NF-xB )"
using ELISA kits according to the manufacturer’s
instructions ), as well as for measuring oxidative
stress markers " myeloperoxidase (MPO) ,reduced
glutathione (GSH) and malondialdehyde (MDA)"
according to Barone, Ellman’s and  Ohkawa
methods respectively(t1213),
Histological examination
The left kidney of each rat was fixed in 10%
formalin then embedded in paraffin and cut into 5
pum sections then stained with hematoxylin and eosin
for histological examination 4
Statistical analysis
Data were expressed as mean * S.E.M. using
Statistical Package for Social Sciences (SPSS, version
20) and analyzed by one-way analysis of
variance(ANOVA) and Tukey’s test. Differences
between groups were considered significance at P <
0.05.

Results

Effects of dapsone on serum and renal tissues
biomarkers

The results of this study showed that the
GNT -treated group produced nephrotoxicity
manifested by a significant increase (P =0.02) in
serum levels of BUN, creatinine and KIM-1 , with a
significant increase (P < 0.05) in tissue
levels of MPO , MDA, TNF-a , IL-1B ,and NF-xB,
accompanied by a significant decrease (P < 0.05)
in the levels of total protein and GSH when
compared to that of control group (Table 1 & 2).

Dapsone -treated group significantly
ameliorated the nephrotoxicity induced by GNT
as indicated by improving of renal dysfunction
through reduction serum levels of BUN, creatinine
and KIM-1 , with a significant increase (P < 0.05)
total protein serum level. It also improve the tissue
oxidative (MPO , MDA , GSH) and inflammatory
(TNF-a , IL-1B , NF-kB) markers when compared
to GNT group. In addition, it produced a non-
significant difference in most biomarkers (BUN,
creatinine, total protein , MPO , MDA , GSH ,and
NF-xB) except a significant increase (P < 0.05) in
KIM-1, TNF-a and IL-1p levels when compared
to the control group (Table 1 & 2).
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Effects of dapsone on renal histopathology
Histopathological study revealed that the
control group had normal renal glomeruli and
tubules (Figure 1A). Whereas, the GNT group
exhibited severe renal damage interstitial
hemorrhage, congestion , inflammation, tubular
sloughing ,vacuolation and necrosis, along with
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hyaline deposition in the tubular lumen (Figure

1B&C).

While the DPS-treated group showed

significant reduction in the corresponding renal
pathological lesions with improvement in renal
function to an extent almost identical to that of the
control group. (Figure 1D).

Table 1. Effect of dapsone on renal function biomarkers.

Groups Serum
(n=8)
BUN Creatinine KIM-1 Total protein
(mg/dI) (mg/dI) (g/dl) (mg/dI)
Control group 25.01+1.2 0.65+0.2 35.05+2.5 8+0.256
GNT group 65.1+0.95 2.140.25 120.1+0.5 4+0.12
c* c* c* c*
DPS + GNT group 30+0.735 0.740.031 56.2+0.4 7.6£0.15
g * g * c *’ g * g *

Data are expressed as mean + S.E.M, n = no. of animals, GNT= gentamicin, DPS= dapsone c *, g * Significantly
different (P<0.05) from the control, and gentamicin groups respectively

Table 2. Effect of dapsone on renal oxidative stress and inflammatory markers.

Groups Tissue
(n=8)
MPO MDA GSH TNF-o IL-1B NF-xB
(U/g) (nmol/g) (nmol/g) (po/g) (p9/g) (ng/g)
Control group 7+0.2 40+0.32 15+15 50+0.55 25+0.18 3.5+0.66
GNT group 20+1.05 | 724041 | 0.75+0.33c 135+0.52 80+1.03 7+0.44
C * C * * C * C * C *
DPS + GNT group | 10+0.62 | 45+0.71 1.2+0.34 70+0.88 40+0.92 4+0.78
g* g* g* C*,g* C*,g* g*

Data are expressed as mean + S.E.M, n =no. of animals, GNT= gentamicin, DPS= dapsone ¢ *, g * Significantly
different (P<0.05) from the control, and gentamicin groups respectively

Figure 1.Photomicrographs of rats kidney sections (H&E 40X).(A) Control group: Black arrowhead shows
the normal glomerulus, Yellow arrowhead shows the normal renal tubular lumen, (B) Gentamicin
group:Black arrowhead shows damage of Bowman ’s capsule, Yellow arrowhead shows interstitial
hemorrhage,White arrowhead shows sever inflammation, (C) Gentamicin group: Black arrowhead shows
glomerular congestion, Yellow arrowhead shows tubular damage and sloughing, Red arrowhead shows
hyaline deposition in tubular lumen.,(D) Dapsone group: Black arrowhead shows the normal
glomerulus,Yellow arrowhead shows the normal renal tubular lumen, White arrowhead shows mild

periglomerular inflammation.
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Discussion

Nephrotoxicity is one of the major
complications of GNT which may end in acute renal
failure as demonstrated in this study by producing a
significant increase in serum levels of BUN,
creatinine and KIM-1. The GNT -nephrotoxicity
may be mediated by free radicals production and
oxidative stress induction®. These lead to lipids
peroxidation and direct damages to some
macromolecules and bringing cellular injury.
Besides , they causes an increase in
monocyte/macrophages infiltration followed by
apoptosis and necrosis®®. This can be evidenced
in the current study by producing a severe kidney
damage and a significant elevation in renal tissue
levels of oxidative stress and inflammatory markers
associated with decreased levels of total protein and
GSH. These results are consistent with those
reported in previous studies which indicated that
GNT causes renal dysfunction and damage through
several mechanisms, mainly oxidative stress and
inflammation 19,

In the current study, DPS significantly
ameliorated the nephrotoxic effect of GNT, as
indicated by the significant decrease in nephrotoxic
biomarkers and maintenance of kidney pattern,
which could be credited to its anti-inflammatory and
anti-apoptotic  effects through suppressing
neutrophils infiltration and recruitment ,as well as
reducing the release of pro-inflammatory cytokines
and prostaglandins 19, this has been proven in our
study by improvement of renal damage and
dysfunction along with reducing TNF-a., IL-1pB , and
NF-«B. These findings are consistent with previous
studies showing that the anti-inflammatory and anti-
apoptotic effects of DPS could be helpful in the
management of inflammatory diseases of the lung,
gastrointestinal tract, skin, and nervous system by
modulating inflammatory and apoptotic cascades
via reducing pro-inflammatory, Caspase-3, and
other pro-apoptotic factors 17:18),

DPS exhibited nephroprotective effect, and
subsequently improved renal function due to
inhibition of MPO and oxidative stress as seen in
present study by reducing the MPO and MDA levels
when compared to GNT group. This is consistent
with a previous studies that considered MPO and its
related oxidation products to be serious causative
factors in the development of several renal diseases
and damages (% 20:20),

On the other hand, DPS improved the renal
functional and histological alterations with
alleviating GNT-induced necrosis. These effects
could be due to inhibition of calcium influx ,thereby
decreasing its accumulation in tubular cells which
induced by GNT 223 This can be confirmed by
using calcium channel blockers in treatment of
GNT-nephrotoxicity 4.
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This study showed that DPS effectively
attenuates GNT- nephrotoxicity and consequently
renal damage, which may be attributed to its
antioxidant activity as presented by reducing MDA
and raising GSH levels which plays a crucial role in
renal protection through the suppression of
oxidative stress and scavenging free radicals ®.This
is compatible with other studies demonstrated that
oxidative damage to be the main cause of
aminoglycosides nephrotoxic effects 29,

Conclusion

This study found that dapsone has a
nephroprotective effect through counteracting the
renal deleterious effect of gentamicin by suppressing
oxidative stress and inflammation.
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