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ABSTRACT

Background: Acute kidney injury (AKl) is a common and dangerous consequence of rhabdomyolysis which
occurs in 50% of the cases with 5-10% mortality. In recent studies, eugenol has been reported as anti-fungal,
antfihyperglycemic, analgesic, anti-bacterial, anti-pyretic, anti-inflammatory and anfi-oxidant agent. This
study aimed to investigate the protective activity of eugenol on rhabdomyolysis-induced acute kidney injury
(AKI) in mice.

Methods: Male, 24 BALB/c mice were divided info 4 groups (controls, AKI, eugenol and ascorbic acid as
positive control). Controls and AKI were given normal saline, Eugenol (100 mg/kg bw) and ascorbic acid
(200mg/kg) were given orally eugenol and ascorbic acid respectively for four days. After water deprivation
for 24 hours, all animals, except controls, were injected with glycerol (50% - 10 ml/kg body weight
infra-muscularly). After another 24 hours, blood samples were collected and kidneys were dissected out for
biochemical investigations (serum urea and creatinine) and histopathological examination.

Results: Serum urea and creatinine levels compared to controls were significantly elevated in AKI group (p <
0.001) and significantly decreased, in eugenol and ascorbic acid groups (p <0.001) compared to AKI group.
Histopathological examination revealed about 44% damage in the AKI group compared to the normall
group (p < 0.001). Eugenol and ascorbic acid decreased the damage to 13% and 8% respectively
compared to AKI group (p <0.001). The tested compounds were found to reduce tubular cast formation.

Conclusion: Eugenol has protective effects on rhabdomyolysis-induced AKI in mice. Further studies are
required for evaluation of protective role of this compound in AKI.
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INTRODUCTION

Acute kidney injury (AKI) is represented by unex-
pected loss of excretory function of the kidneys with
oliguria. It is a common reason for morbidity and
mortality throughout the world in both the hospital
and community settings. Even with advances in
dialysis it continues to have a poor outcome!'. AKl is
particularly common in the intensive care unit
where it occurs in around 20-30% of the patients.
The international society of nephrology has made
an effort to reduce mortality from AKI the "0 by
2025" initiative?. AKl is a common and dangerous
consequence of rhabdomyolysis which occurs in
50% of the cases with 5-10% mortality®. Rhabdomy-

olysis can be the result of a varied range of condi-
fions like, frauma, poisoning, arduous exercise, burn,
medications and electrolyte imbalances*®. It has an
extensive variety of out-coming, from no manifesta-
fion fo failure of multiple organsé. Rhabdomyolysis
causes disruption of the sodium and calcium chan-
nels in muscle cells with resultant increase in
infracellular calcium and leads to an increase in
enzymes such as lactate dehydrogenase, creati-
nine kinase, phospholipase A2 and reactive oxygen
species which damages the mitochondria and
further increases intracellular calcium’. Rhabdomy-
olysis induced AKl is caused by obstruction of kidney
fubular lumen by myoglobin and uric acid cast,
direct myoglobin toxicity and hypovolemia and
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free radical production®?.

Eugenol (1-allyl-4-hydroxy-3-methoxybenzene, C,,
H,, O,) is used as a flavouring agent in foods and is
found in the essential oils of cloves, basil, nutmeg
and cinnamon'®. In addition, it has anti-fungal',
anti-hyperglycemic''3, analgesic'4, anti-bacterial'®,
anfi-pyrefic'é, anfi-inflammatory and anti-oxidant
properties'” '8, Although, it has a protected role
against streptozotocin'?, chromium? and gentami-
cin-induced nephrotoxicity?'. Its effect on rhabdo-
myolysis-induced AKI has not been studied up Hill
now. The present study was conducted to deter-
mine the protfective role of eugenol on rhabdomy-
olysis-induced nephrotoxicity.

MATERIALS AND METHODS

Male, 24 BLAB/c mice weighting 25-30gms were
purchased from the animal house of International
Centfer for Chemical and Biological Sciences,
University of Karachi. The mice were kept in clean,
sterile plastic cages with 12 hours light and dark
cycle at room temperature (23+2°C) with free
access fo food and water. The animals were accli-
matized with the environment and experiment
before starting the experiments.

Glycerol was obtained from Daejung, Korea
(D-4066-4400) and eugenol was purchased from
Carl Roth, Germany (6941.1). All other chemicals
used in present study were of analytical grade and
purchased from reliable suppliers.

Animals were divided randomly info four groups,
with six animals in each group i.e. normal conftrol
(Group 1), AKI group (Group 2), eugenol + AKI
group (Group 3) and ascorbic acid + AKI group
(Group 4). Animals in group 3 and 4 were pre-tfreat-
ed with eugenol (100 mg/kg b.w. per oral) and
ascorbic acid (200 mg/kg b.w. i.p.) for four days
while animals in groups 1 and 2 received normal
saline. On fourth day, animals were water deprived
for 24 hours followed by injection of 50% glycerol (10
ml/kg body weighti.m.) apart from animails in group
1 which was given normal saline. All animals were
sacrificed 24 hours after glycerol injection, under
anesthesia and samples were collected for evalua-
fion.

Blood was collected through cardiac puncfure in
test tubes having no additives. The tubes were
centrifuged and serum was separated for the
estimation of creatinine and urea levels by spectro-
photometric method using Microlab 300 (ELITech-
Group).

Kidneys were dissected out, cut transversely and
fixed for 4 hours in Bouin's fixative followed by wash-
ing with deionized water and placing in 70% isopro-
panol over night at room temperature. Ethanol in
ascending concenfration was used for dehydratfion

of the specimen. After dehydration specimen were
cleared with xylene and embedded in paraffin.
Tissues were cut into 5um thick sections followed by
hematoxylin and eosin (H&E) and periodic acid
Schiff (PAS) staining. Microscopic examination of
the fissue sectfions was carried out using Nikon
Ts2R-FL inverted microscope and damaged area
was measured using Nikon Elements D software.

Data was evaluated using SPSS version 20 using
one-way ANOVA. Tukey test was used to determine
the statistical significance between groups and
data was presented as mean + SD, and p value
<0.05 was considered stafistically significant.

RESULTS

Hematoxylin and eosin staining of the kidney is
shown in Figure 1. Normal cortical structure is
demonstrated in Figure 1A, B. However, obvious
proximal fubular necrosis and interstitial inflamma-
tion were detfected in glycerol treated animals
(Figure 1C, D), along with deposition of protein cast
in the loop of Henle (LH) (image not shown). On the
other hand, in eugenol (100 mg/kg body weight)
(Figure 1E, F) and ascorbic acid (positive control)
(Figure 1G, H) pre-treated animals, notable inhibi-
tion of damage to proximal tubular cells and
decreased in protein casts formation was observed.
Calculation of tubular damage revealed 44%
damage in diseased group in confrast fto normal
control (p < 0.001). Around 13% and 8% damage
was observed in groups freated with eugenol and
ascorbic acid (p < 0.001) (Figure 2).

AKL+ ASC AKI + ELG

Figure 1: H&E-stained photomicrographs showing
sections of kidney cortex. (200x and 600X). Normal
kidney structures (A and B) AKI sections C and D
showing damaged proximal tubules. E and F euge-
nol treated group showing notable decrease in
tfubular damage. G, H show sections treated with
ascorbic acid which was used as a positive control.
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Figure 2: Damaged areas were calculated for proxi-
mal convoluted tubules of kidney sections.
Sections prepared from confrol AKI model demon-
stfrated marked increase in the damaged area as
compared to the normal group. When the sections
prepared from the freated groups were compared
with the AKI control, a significant reduction in the
damage of proximal convoluted fubules was
observed in animals receiving ascorbic acid and
eugenol (**p < 0.001).

Figure 3: PAS-stained photomicrographs showing
cortex of kidney sections. (200x and 600x) Sections
from normal group showed intact kidney tubules
and brush borders (A, B) while AKI group (C, D)
exhibiting prominent damaged brush borders of
proximal tubules. Note a remarkable decrease in
brush border damage in E, F sections from eugenol
freated group and G, H from ascorbic acid treated
group.
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Figure 4: Serum urea (A) and creatinine (B) levels
following freatment with eugenol and ascorbic
acid. In comparison to the normal group, both
serum urea and creatinine levels were elevated
significantly in the AKI control animals. When treat-
ment groups were compared with the AKI confrol
animals, it was observed that eugenol and ascorbic
acid significantly reversed the increase in serum
urea and creatinine levels (**p < 0.001).

DISCUSSION

The protective effects of eugenol reflect that the
fest compound may play a vital role in the amelio-
ration of kidney tubular damage and tubular cast
formation. Eugenol slows down the proximal tubular
cast deposition and necrosis. A study on gentami-
cin-induced nephrotoxicity and oxidative damage
in rat kidney showed eugenol ameliorates gentami-
cin-induced nephrotoxicity and oxidative damage
by scavenging oxygen free radicals, decreasing
lipid peroxidation and improving infracellular
antioxidant defense?'. Another study demonstrated
that eugenol has a protective role in the chromi-
um-induced AKl in rats and the protection is due to
its anti-inflammatory and anti-oxidant properties?2.

The current study revealed the protective effects of
eugenol, which is a phenolic antioxidant, on rhab-
domyolysis-induced AKI in mice. The results reflect
that the test compound may play a vital role in the
amelioration of kidney ftubular damage and tubular
cast formation. On gross examination, the kidneys
of glycerol-tfreated animals appeared reddish and
swollen with rise in their weight, compared to the
normal control, which most likely resulted from the
edema caused by renal tubular necrosis and
inflammation and tubular cast formation due to
free myoglobin and hemoglobin deposition in the
kidneys. Eugenol decreased the degree of tubular
damage and necrosis, as verified by histopathologi-
cal examination of slides.

Most animal AKI models are developed by the
administrafion of drugs toxic to the kidneys like
cisplatin®? and gentamicin? or diabetic kidney
injury caused by streptozotocin?®. However, these
models do not resemble the exact mechanisms of
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AKl induced by rhabdomyolysis. Glycerol damages
skeletal muscles with subsequent increase of
myoglobin in the blood; furthermore it also results in
hemolysis with release of hemoglobin?. When these
proteins pass through the kidneys, catalytic iron in
these proteins damages the proximal tubular cell
through lipid peroxidation?. This results in oxidative
stress with resultant activation of inflammatory
mediators in tubulointerstitial tissue. Hence, we used
this animal model to determine the activity of euge-
nol in AKI.

In the present study pre-treatment with eugenol
protected against acute kidney injury caused by
glycerol which was evident through decrease in
serum biomarkers like urea and creatinine with
recovery of histopathological damage in renal
architecture. Eugenol anfi-inflammatory effects
were evident by the changes in histological picture
of the kidney with minor degenerative variations in
lining of the fubules and not any inflammatory cellin
the inferstitium of the kidney of the eugenol tfreated
group. However, further investigations are needed
to explore the exact molecular mechanisms of
protection by eugenol in AKI.

CONCLUSION

Our study suggests that eugenol improves rhabdo-
myolysis-induced acute kidney injury in mice which
is evident by improvement in kidney injury biomark-
ers like urea and creatinine. It also ameliorates the
histopathological alterations of kidney. Therefore,
this compound is advocated for further investiga-
fions in the establishment of its protective role.
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