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INTRODUCTION

ABSTRACT

Background: Nigella sativa, a widely used medicinal plant throughout the world
belongs to family ranunculaceae. Its Seeds and oil have a long history of folklore
usage in various traditional systems of medicines and food. This study was
performed to evaluate the protective effect of Nigella sativa oil (NSO) on kidney
when simultaneously given with colistin sulfate (CS) which induces tubular
damage in rats.

Methods: Animals were treated for 7 days: Group | (n=6) with normal saline and
CMC, Group II, 1l and 1V with 300.0001U/kg/day of CS (n=6). Group Il and
Group IV with NSO at the dose of 1 and 2ml/kg per orum prior to CS
administration. All the animals were sacrificed on 8™ day. Afterwards, the plasma
creatinine (pCr), blood urea, renal tissue level of malondialdehyde (MDA),
reduced glutathione (GSH) and renal histology were performed.

Results: Colistin sulfate induced tubular damage, increased the plasma creatinine
(pCr), blood urea and MDA levels and decreased the reduced glutathione (GSH).
However, simultaneous treatment with Nigella sativa oil at the dose of 1ml/kg
and 2ml/kg for one week produced dose dependant improvement in tubular
damage and reduced the biochemical alteration.

Conclusions: It could be concluded that, Colistin sulfate induced nephrotoxicity
is ameliorated by NS oil especially in higher dose of (2ml/kg). This
nephroprotective effect is ascribed to free radical scavenging and potent
antioxidant activity in Nigella sativa.
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potential to be reintroduced into clinical practice.* And
therefore the side effect of nephrotoxicity associated with
colistin have begun to be observed again. The incidence of

Colistin, a polymyxin E, is an old polypeptide cationic
antibiotic. First introduced in 1952, since then it has been
mainly used to treat gram-negative bacterial infections.!?
However, in the previous two decades, its use has been
discontinued due to its frequent nephrotoxic side effect.’3
But recently due to the emergence of multidrug-resistant
gram-negative bacterial infections, colistin has the
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nephrotoxicity with colistin varies in different publication
but as high as 53.5% has been observed at currently
recommended dosage regimen in clinical practice.® The
nephrotoxic side effect of colistin is dose-dependent and
can be reversible upon discontinuation.®” Although,
various mechanism of colistin nephrotoxicity has been
suggested none is yet fully established. Recent animal
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studies suggest that oxidative stress has a role in colistin-
induced renal toxicity. This oxidative stress, in turn, leads
to increased cell membrane permeability, cell swelling,
and lysis associated with an increased influx of cations,
anions, and water; and, finally, apoptosis has been
implicated.® Oxidative stress involving generation of
reactive oxygen species via mitochondria have been
shown to initiate renal cell apoptosis, ultimately leading to
renal dysfunction.® Therefore antioxidants may play a key
role in amelioration of colistin-induced nephrotoxicity.
Recently, exploration of natural sources for antioxidants
has been intensified for the treatment of various conditions
related to oxidative stress injury.1

Nigella sativa is a grassy plant belonging to the family
Ranunculaceae with green to blue flowers and small black
seeds. Nigella sativa seeds contain numerous biologically
active components/phytochemicals which exhibit a wide
spectrum of biological activities such as antioxidant, anti-
diabetic, anti-inflammatory,  nephroprotective  and
hepatoprotective properties.**? NS oil (NSO) contains
fixed oil (30%) and volatile oil (0.5%), proteins, alkaloids,
and saponins. Thymoquinone, the principal active
ingredient of NS oil, possesses antioxidant activity to
scavenge free radicals and to protect the cell against
oxidative damage.’**® In addition, NSO is an important
source of polyunsaturated fatty acids (PUFA) that contains
omega ()-3PUFA and -6 PUFA in the recommended
optimal dietary intake ratio of 1:4.2617 Consumption of -3
and -6 essential fatty acid in the right proportion has been
found to suppress the pathogenesis of many diseases.'®*°
The aim of our study was to further confirm the role of
oxidative stress in the pathogenesis of nephrotoxicity
secondary to colistin treatment. The other aim of the study
was to evaluate the role of Nigella sativa oil in preventing
colistin-induced nephrotoxicity.

METHODS
Chemical products

N. sativa oil was obtained from Mohammedia Products,
Red Hills, Nampally, Hyderabad, India. CS was obtained
from Sigma—Aldrich Chemical Corp., St. Louis, MO,
USA. Diagnostic kits for serum creatinine, blood urea, and
urine sugar were purchased from Span Diagnostic Ltd.
Hyderabad, India. All other chemicals were of analytical
grade and were purchased from standard commercial
suppliers.

Experimental animals

Healthy adult albino rats weighing between 150 and 200g
of either sex were procured from the central animal house
of the Katihar Medical College, Katihar. The animals were
housed and maintained in laboratory conditions according
to the Committee for purpose of control and supervision of
experiment on Animals (CPCSEA) guidelines. They were
supplied with drinking water ad libitum and a pellet diet.
Rats were acclimatized for one week prior to

experimentation in the laboratory conditions. Ethical
clearance for the study was obtained from the Institutional
Animal Ethics Committee.

Experimental design

Following seven days of acclimatization period, twenty
four rats were randomly divided into four groups, with six
rats each and placed into separate cages. All rats had access
to pellet diet and water ad libitum throughout the
experiment. Group | served as the vehicle control group
and received normal saline intraperitoneally (1mL/kg) and
0.5% CMC per orum daily (ImL/kg).

Group Il served as the negative control group and received
0.5% CMC per orum daily (1mL/kg). Group I11 (NSOCS1)
and Group IV (NSOCS2) were the test groups that
received the Nigella sativa oil at the dose of 1ml/kg and
2ml/kg per orum daily. Group Il (CS), Group Il
(NSOCS1) and Group IV (NSOCS2) were given
300,0001U/kg.x® colistin  per day for 7 days
intraperitoneally (i.p.). NSO was given 1 h prior to the
administration of colistin in the treatment groups.
Following the last dose of treatment, the animals were
housed individually in separate metabolic cages to collect
the 24-h urine. Twenty-four hours after the last dosing, i.e.
on the 8th day, the rats were anaesthetized with 90mg/kg
of ketamine and 10mg/kg of xylazine and midline incision
was performed. Blood samples were collected by cardiac
puncture. Serum was separated by centrifuging the blood
at 2500 rpm (1500g) for 10 min and stored. Kidneys were
dissected out and weighed. One kidney was preserved in
10% formalin for histopathological examination and the
other kidney was cut into small pieces and homogenized.
Homogenization was performed at 5000 rpm (3000g) in
potassium—phosphate buffer (pH 7.36, 0.1 M) and the
supernatant was taken out for biochemical analysis for
assessment of oxidative stress and antioxidant activity. For
the estimation of reduced glutathione (GSH), 1 mL of
homogenate of each rat as such was stored separately. All
the samples were labelled properly and stored at -20°C for
further analysis.

Biochemical assays

Serum urea concentration was estimated by DAM method,
while serum creatinine and urine creatinine by alkaline
picrate method and urine glucose levels by GOD-POD
method using diagnostic kits purchased from Span
Diagnostics, Hyderabad, India.

Creatinine clearance (CrCl) was calculated using the
following formula:

CrCl (mL/min/100g body weight)

_ Urine creatinine x 24—h urine volume x 100

~ Serum creatinine x (24 x60) x body weight

For estimation of oxidative stress, Malonyldialdehyde
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(MDA) level was determined by method described by
Buege and Aust.2? While for assaying antioxidant markers,
catalase activity was performed. The level of catalase was
estimated by method described by Sinha et al.?* Reduced
GSH level estimation was performed according to the
method of Ellman.??

Histopathological examinations

For light microscopic examination, formalin preserved
kidneys were removed from the control and tested groups.
Then they were embedded in paraffin and and 5-6um
sections were cut using a rotary microtome and stained
with hematoxylin and eosin (HandE).

All sections were evaluated for the degree of glomerular
congestion, mononuclear cell infiltration, tubular necrosis
and tubular hyaline casts.

Statistical analysis

Data of the study have been expressed as mean + standard
error of mean (SEM). The Statistically significant
differences were determined by one-way analysis of
variance (ANOVA) followed by the post hoc Dunnets test

for multiple comparisons. Probability values (P) <0.05
were considered to be statistically significant.

RESULTS
Effect on physical parameters

The physical parameters studied after seven days of oral
treatment were percentage change in body weight, kidney
weight per 100 g of body weight, kidney volume and urine
volume. Administration of a daily i.p. injection of CMS
300,0001U/kg body weight in the negative control group
caused a decrease in body weight, urine volume and an
increase in kidney weight, kidney volume as shown in
Table 1. The changes were statistically significant (P
<0.001) as compared with the normal control group.
Administration of NS oil at doses of 1ml and 2ml/kg for
seven days caused a dose-dependent reversal. There was a
lower reduction in body weight in test groups as compared
with the negative control group. The increase in kidney
weight, kidney volume and decrease in urine volume in NS
oil treated groups was also lower as compared with the
negative control group. However, the increase in kidney
volume in NS oil treated groups was significantly (P
<0.05) less as compared with the negative control group.

Table 1: Effect of Nigella sativa oil on alteration of physical parameters.

% Change in body

Kidney weight per

Kidney volume Urine volume/day

G.no Groups

weight
. Vehicle control (+) 3.76+0.54 0.40+0.017 0.78+0.030 9.83+0.77
. Negative control  (-) 9.51+0.47"" 0.60+0.007™" 1.21+0.016™" 18.75+1.13™
I1. NSO1 (-) 5.15+1.46 0.53+0.017" 1.08+0.030™ 14.33+0.66™
V. NSO2 (-) 4.98+0.75 0.48+0.014™" 0.95+0.022"" 12.00+0.34

NSO: Nigella sativa oil at 1ml/kg and 2ml/kg doses; data were expressed in mean+SEM (n = 6 rats/group). The negative control group
was compared with the normal control group and all other groups were compared with the negative control group, *P <0.05, ** P <0.01

and ***P <0.001 were considered significant

Table 2: Effect of Nigella sativa oil on alteration of biochemical parameters.

Blood urea Urine glucose Creatinine clearance
l. Vehicle control 55.8+3.92 15.72+1.17 0.624+0.012
1. Negative control 116.00+14.45™" 50.53+5.19™" 0.284+0.016™"
11, NSO1 88.68+2.45™ 38.65+5.32"™ 0.347+0.012"™
V. NSO2 68.18+4.57™" 27.73+3.70™" 0.452+0.012™"

NSO: Nigella sativa oil at 1ml/kg and 2ml/kg doses; data were expressed in mean+SEM (n = 6 rats/group). The negative control group
was compared with the normal control group and all other groups were compared with the negative control group, *P <0.05, ** P <0.01

and ***P <0.001 were considered significant

Effect on kidney functions

Blood urea, urine glucose and creatinine clearance were
taken as markers of kidney function. In the negative
control group, animals treated with daily i.p. injection of
CS 300,0001U/kg body weight, the levels of blood urea,

serum creatinine and urine glucose were significantly
elevated (P <0.001) while creatinine clearance was
significantly decreased (P <0.001). Data are shown in
Table 2. Administration of NS oil at doses of 1ml and
2ml/kg for seven days caused dose-dependent protection
against CMS-induced nephrotoxicity. The rise in blood
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urea, serum creatinine, and urine glucose was less
compared with that in the negative control group. There
was an improvement in creatinine clearance, i.e. the
reduction in creatinine clearance was lesser in the test
groups compared with the negative control group. Changes
in the above parameters in the NS oil at doses of 1ml and
2ml/kg treated groups were statistically significant (P
<0.01) compared with the negative control group.

Effect on oxidative stress and antioxidant defense
parameters

For oxidative stress, malonyldialdehyde (MDA) test and
for antioxidant defense status, catalase and reduced GSH
test were performed on homogenized kidney tissue. CMS
administration significantly elevated the MDA (P <0.001)
level and decreased the catalase (P <0.001) and GSH
(P<0.001) activity, as shown in Table 3. Administration of
NS oil at doses of 1ml and 2ml/kg for seven days caused

significant change in the levels of MDA (P <0.01), catalase
(P <0.01) and GSH (P <0.01) in the test groups compared
with the control group.

Histopathological examination

Light microscopic examination of the kidney section of the
normal control group (Figure 1A) showed normal
glomerulus and tubules with normal architecture.
However, the kidney sections of the CS treated negative
control group (Figure 1B), showed slight tubular
dilatation, interstitial edema and inflammatory cell
infiltration. Though treatment with NS oil at the doses of
Iml/kg showed lesser damage as compared with the
negative control group with respect to tubular dialatation,
infiltration, interstitial cell edema and congestion (Figure
1C). But treatment with NS oil at the dose of 2ml/kg
completely prevented the damage and tissue section is
comparable to normal control (Figure 1D).

Table 3: Effect of Nigella sativa oil on in-vivo oxidative and antioxidant system.

MDA (nmoles/g
wet tissue wt.)

Catalase (nmoles

GSH (nmoles/mg

H202consumed/min/mg protein) protein)

l. Vehicle control 58.69 + 1.94 124.81+£2.20 20.62+ 0.25

Il. Negative control 117.19 +1.83™ 75.09+ 2.06™" 10.16+0.22™"
11. NSO1 99.45+2.27" 95.63+1.55™ 12.11+0.14™
V. NSO2 81.37+1.43™ 116.73+1.94™ 14.65+0.19™"

NSO: Nigella sativa oil at 1ml/kg and 2ml/kg doses; data were expressed in mean+SEM (n = 6 rats/group). The negative control group
was compared with the normal control group and all other groups were compared with the negative control group, *P <0.05, ** P <0.01
and ***P <0.001 were considered significant

Figure 1: Rat kidney tissue section. (A) Histology of the kidney tissue in the control group (Group I) showing
normal architecture of the glomerulus and tubules (HandE x400). (B) Colistin only treated negative control group
(Group I1) showing mononuclear cell infiltration, glomerular congestion, tubular necrosis and hyaline casts
(HandE x400). (C) Colistin plus NSO1 treated group (Group I11) showing mild mononuclear cell infiltration with
mild glomerular congestion (HandE x400). (D) Colistin plus NSO2 treated group (Group VI) showing improvement
in the architecture resembling the control group (HandE x400).

Gram-negative bacterial infections in clinical practice.
Previously, its use was declined because of its renal toxic
effect. But, recently due to the development of multidrug-

DISCUSSION

Colistin is an old polypeptide antibiotic used against
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resistant bacterial infections it has been reintroduced.

The pathogenesis of colistin associated renal toxicity has
not been understood yet in detail, and currently no
effective therapeutic or prophylactic drug is available.
Therefore, in the current study, we have tried to elucidate
the mechanism of colistin induced renal toxicity and
preventive approach for the treatment of colistin induced
renal toxicity. The administration of 300.0001U/kg/day of
CMS for 7 days in rats produced a significant alteration in
physical parameters i.e. decrease in body weight and
increase in kidney weight and urine volume (Table 1).
Increased catabolism and decreased food intake might be
the reason for decreased body weight. The increase in
normalized kidney weight with respect to the body weight
of rats of the colistin treated negative control group
resulted from the edema due to drug-induced pathological
changes in the tubules. The significant decrease in urine
volume per day in the colistin treated negative control
group compared with the normal control group confirms
the colistin induced oliguric acute renal failure.
Biochemical markers of serum and urine confirmed that
colistin administration for seven days produced significant
renal toxicity as indicated by a significant increase (P
<0.001) in blood urea, serum creatinine, and urine glucose.
Further, it was associated with a significant reduction in
creatinine clearance (P <0.001) compared with the normal
control group.

In addition, administration of 300.0001U/kg/day of colistin
for 7 days led to a focal tubular dilatation, interstitial
edema and inflammatory cell infiltration in colistin only
treated negative control group. Furthermore, we observed
a significant rise in MDA level and a decline of catalase
activity and reduced GSH level in renal tissue of colistin
treated negative control group. These observations suggest
oxidative stress as a mechanism of colistin induced renal
toxicity. Oxidative stress has been reported as a cause of
renal toxicity induced by many drugs including colistin.z
NSO treatment at the dose of 1 and 2ml/kg produced dose-
dependent improvement in the loss in body weight
compared with the negative control group. But the
improvement was lesser than in the normal control group,
suggesting that supplementary energy must be supplied
through diet.

Similarly, NSO treatment failed to completely prevent the
edema caused by colistin administration. Although NSO at
the dose of 2ml/kg significantly (P<0.001) decreased the
edema, it still did not return to normal. This suggests
prolongation of NSO treatment might completely prevent
the edema. NSO treatment for seven days produced dose-
dependent protection in the alteration of markers of
nephrotoxicity compared with the negative control group,
although the protection was insignificant at a dose of
1ml/kg.

But, the NSO treatment at a dose of 2ml/kg produced
significant protection compared with the negative control
group. NSO at 2ml/kg reduced the blood urea, serum

creatinine, and urine glucose by 29.22%, 26.32%, and
19.90%, respectively, and increased the creatinine
clearance by 12.74%. Several possible mechanisms have
been proposed to explain the colistin-induced
nephrotoxicity.

Colistin causes an acute tubular necrosis by increasing
tubular cell permeability leading to the influx of cations,
anions, and water leading to cell swelling and cell lysis.
Another report suggests acute interstitial nephritis due to
hypersensitivity reactions to polymixins.?#2?% But, in a
study by Ozkan et al., suggested oxidative damage is
involved in colistin nephropathy. Colistin nephropathy
was associated with an increase in iNOS and eNOS, and
an increase in eNOS expression was parallel to apoptotic
injury and thus necrotic damage.? In this study, oxidative
stress in colistin nephropathy is confirmed by elevated
MDA level and reduction in GSH and catalase activity
after the treatment with colistin in the negative control
group. Administration of NSO at the dose of 1 and 2ml/kg
in test groups produced dose-dependent protection against
lipid peroxidation and increased the activity of catalase
and the level of GSH against colistin induced oxidative
stress (Table 3). The beneficial effect of NSO as evidenced
by improvement in biochemical markers of nephrotoxicity
and supported by improvement in histological findings in
Colistin nephropathy might be due to the scavenging effect
of the NSO. These findings indicate that the NSO
supplementation may reduce colistin-induced
nephrotoxicity.

Therefore, its suggested that the NSO modulates oxidative
stress in the kidney.
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