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Abstract

AIM: To determine whether Nigella sativa prevents
hepatic ischemia-reperfusion injury to the liver.
METHODS: Thirty rats were divided into three groups
as sham (Group 1), control (Group 2), and Nijgella sati-
va (NS) treatment group (Group 3). All rats underwent
hepatic ischemia for 45 min followed by 60 min period
of reperfusion. Rats were intraperitoneally infused with
only 0.9% saline solution in group 2. Rats in group 3
received NS (0.2 mL/kg) intraperitoneally, before isch-
emia and before reperfusion. Blood samples and liver
tissues were harvested from the rats, and then the
rats were sacrificed. Serum aspartate aminotransfera-
se (AST), alanine aminotransferase (ALT), and lactate
dehydrogenase (LDH) levels were determined. Total
antioxidant capacity (TAC), catalase (CAT), total oxida-
tive status (TOS), oxidative stress index (OSI) and my-
eloperoxidase (MPO) in hepatic tissue were measured.
Also liver tissue histopathology was evaluated by light
Microscopy.

RESULTS: The levels of liver enzymes in group 3 were
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significantly lower than those in the group 2. TAC in
liver tissue was significantly higher in group 3 than
in group 2. TOS, OSI and MPO in hepatic tissue were
significantly lower in group 3 than the group 2. Histo-
logical tissue damage was milder in the NS treatment
group than that in the control group.

CONCLUSION: Our results suggest that NMigella sa-
tiva treatment protects the rat liver against to hepatic
ischemia-reperfusion injury.

© 2008 The WIG Press. All rights reserved.
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INTRODUCTION

Ischemia followed by reperfusion (I/R) may cause meta-
bolic and structural hepatic damage, and may be due to
M or hepatic pedicle
clamping during liver surgerym. This remains a signifi-

trauma, sepsis, liver transplantation

cant problem for surgical procedures, and also remains
3]

limitation of liver transplantation

Oxygen free radicals, produced on reperfusion, play a
critical role in the injury caused by ischemia-reperfusion!”,
Reactive oxygen radicals lead to an inflammatory response
and tissue damage by activating some mediators. It can
also directly damage cell componentsm. Several attempts
to reduce these mechanisms have been reported in the
literature. Protection against reperfusion injury can be in-
duced by assorted treatments including administration of

antioxidants and anti-inflammatory drugs“’(”s].
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Various therapeutic effects, such as antioxidant, anti-
inflammatory, anticancer!”, antihistaminic!"”, antibacterial
effects""! have been described for Nigela sativa. Addition-
ally, it has been shown that Nigella sativa has protective
effect against ischemia reperfusion injury to various
organs"*'Y. Thymoquinone, the active constituent of
Nigella sativa seeds, is a pharmacologically active quinone,
which possesses several properties including analgesic
and anti-inflammatory actions'”. Tt has been reported
that thymoquinone prevents oxidative injury in various in
o1 Tt has been suggested
that thymoquinone may act as an antioxidant agent and
prevents membrane lipid peroxidation in tissues'”. The
mechanism of action is still largely unknown. But, it

vitro and in vivo studies in rats

seems these effects may be related to inhibition of eico-
sanoid generation, namely thromboxane B2 and leucotri-
enes B4 (by inhibiting cyclooxygenase and 5-lipooxygen-
ase, respectively), and membrane lipid peroxidation”!

Moreovet, it has been demonstrated that Nigella sa-
tiva can significantly prevent hepatotoxicity”” and might
have protective effects against nephrotoxicity induced
by either disease or chemicals'”. But, the exact mecha-
nism is not clear. There are also several clinical studies.
In one study, the prophylactic effect of boiled extract of
N. sativa on asthmatic disease was examined™. Similarly,
black seed oil was shown to be an effective adjuvant for
the treatment of patients with allergic diseases”. In an-
other clinical study, significant benefits of Nigela sativa
extract in the treatment of acute tonsillopharyngitis was
shown™. Also, it was shown that Nijgella sativa has anti-
epileptic effects in children with refractory seizures’

Therefore, it seems possible that the administra-
tion of Nigella sativa might protect the liver against the
ischemia reperfusion injury; therefore, our aim was to
confirm this hypothesis. We investigated alterations in
the oxidant- antioxidant balance by measuring oxidant
parameters such as total oxidative status (T'OS), oxida-
tive stress index (OSI) and myeloperoxidase (MPO), and
antioxidant parameters, such as total antioxidant capac-
ity (TAC) and catalase (CAT) in the liver tissue. Also we
examined histopathological changes in the liver paren-
chyma.

MATERIALS AND METHODS

Thirty male Wistar-albino rats weighting 190 g to 250 g
were used in this experimental study. All animals were
maintained under standard conditions, and were fed wa-
ter and rodent chow ad /ibitum and treated in compliance
with the National Institutes of Health guidelines. Rats
were deprived of food, but not water, for 24 h before
surgery.

Animals were divided into three groups, sham group
(Group 1), control group (Group 2), and Nigella sativa
treatment group (Group 3). All rats were anesthetized
with 0.2 mL/100 g of ketamine hydrochloride intraperi-
toneally. After the abdomen was shaved and disinfected,
a midline incision was made and rats underwent either
sham surgery or ischemia-reperfusion. Ischemia was car-
ried out by exposing the afferent and efferent blood ves-

sels and then clamping for 45 min with a microvascular
“bulldog” clamp. Forty five minutes later, the ischemic
liver was reperfused by opening the clamp, and reperfu-
sion was achieved for 60 min. Nigella sativa was given to
the rats in treatment group, before ischemia and before
reperfusion at a dose of 0.2 mL/kg by intrapetitoneal
route. We chose the dose of this agent according to re-
ported studies about I/R and Nigella sativa, as this dose
has been shown to be effective in previous studies™**.
Rats in the control group were infused only with saline.
At the end of the procedures, the rats were killed and
blood and liver tissue samples were obtained. A portion
of liver was stored at -80°C for future analyses. Plasma
alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), and lactate dehydrogenase (LDH) activi-
ties were measured for evaluating the liver functions. To
assess oxidative injury, TAC, TOS and OSI levels were
determined.

0Sl and MPO levels

The enzyme analyses of liver tissue were performed on
the supernatant fractions of the tissue homogenates.
The tissues were homogenized in 150 mmol/L ice-cold
KCl to make a 10% homogenate, using a glass Teflon
homogenizer. Then, the samples were sonicated on ice
ten times for 5 s. The homogenates were centrifuged at
12500 g for 30 min at 3°C, and the supernatant fractions
were obtained.

Tissue samples for histological staining were
obtained and fixed in 10% formalin-phosphate-buffered
saline at 4C overnight. The samples were dehydrated
and embedded in paraffin. Sections (7 um) were cut
and stained with hematoxylin and eosin. A pathologist
evaluated the slides in a blinded mannet.

Biochemical analyses

Plasma was used to measure AST, ALT and LLDH as indi-
cative parameters of hepatic function. The plasma activi-
ties of AST, ALT and LDH were estimated by commer-
cially available kits using an autoanalyser (acroset” Abbott
Laboratories, Chicago, IL).

Measurement of the total antioxidant capacity

TAC of supernatant fractions was determined using a
novel automated measurement method developed by
Erel™. In this method, hydroxyl radical, which is the
most potent biological radical, is produced. In the assay,
ferrous ion solution, which is present in Reagent 1, is
mixed with hydrogen peroxide, which is present in Rea-
gent 2. The sequential produced radicals such as brown
colored dianisidinyl radical cation, produced by the hyd-
roxyl radical, are also potent radicals. Using this method,
antioxidative effect of the sample against the potent-free
radical reactions, which is initiated by the produced hyd-
roxyl radical, is measured. The assay has excellent preci-
sion values, lower than 3%. The results are expressed as
nmol Trolox Equiv./mg protein.

Measurement of total oxidant status
TOS of supernatant fractions was determined using a
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novel automated measurement method, developed by
Erel””. Oxidants present in the sample oxidize the fer-
rous ion-o-dianisidine complex to ferric ion. The oxidati-
on reaction is enhanced by glycerol molecules, which are
abundantly present in the reaction medium. The ferric
ion makes a colored complex with xylenol orange in an
acidic medium. The color intensity, which can be measu-
red spectrophotometrically, is related to the total amount
of oxidant molecules present in the sample. The assay
is calibrated with hydrogen peroxide and the results are
expressed in terms of nmol H,O, Equiv./mg protein.

Oxidative stress index

Percent ratio of TOS level to TAC level was accepted
as OSI. OSI value was calculated according to the fol-
lowing formula®: OST (Arbitrary Unit) = TOS (nmol
H,O, Equiv./mg protein)/TAC (nmol Trolox Equiv./mg
protein).

Determination of myeloperoxidase activity

The MPO (EC 1.11.1.7) activity was determined, using
a 4-aminoantipyrine/phenol solution as the substrate
for MPO-mediated oxidation by H,O, and changes in
absorbance at 510 nm were recorded™. One unit of
MPO activity was defined as that which degraded 1 mol
H,O,/min at 25°C. The results were expressed as mU/g
protein.

Determination of catalase activity

Liver catalase activity was determined by Goth’s colori-
metric method, in which supernatant was incubated in
H,O, substrate, and the enzymatic reaction stopped by
the addition of ammonium molybdate. The intensity of
the yellow complex formed by molybdate and H,O, was
measured at 405 nm"’.

Histopathologic evaluation

Liver tissues were embedded in paraffin, cut into 3 to
5-um sections, and mounted. After deparaffinization,
the tissues were stained with hematoxylin and eosin (HE)
for histological examination. Histological examination
was petformed by a pathologist.

Statistical analysis

For statistical analyses, nonparametric independent
group comparisons were made. For multiple compari-
sons, the Kruskal-Wallis was used for comparisons be-
tween groups and the Mann-Whitney test used if any
statistical significance was found. A level of 5% (P <
0.05) was considered statistically significant. Data were
expressed as median and range.

RESULTS

Plasma ALT, AST, and LDH levels in the Nige/la sativa
treatment group were significantly lower than those in
the control and sham groups (P < 0.01, P < 0.01 and
P < 0.05, respectively, and P < 0.01 for all). They were
significantly higher in the control group than those in
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Sham I/R I/R+NS P

Clinical parameters

AST (U/L) 132422 952+251°  571+137* 0.001
ALT (U/L) 86+17  695+206°  321+128* 0.001
LDH (U/L) 534181 4334+760° 3113 +729% 0.001
TAC (nmol Trolox 296+04 217+0.6"  3.07£02°" 0.029
Eqv./mg protein)

TOS (nmol H,0, 104422 159+20° 128+3.1” 0.003
Eqv./mg protein)

OSI (Arbitrary Unite) 354+0.7 7.76+1.9° 37606 0.002
MPO (U/ g protein) 94+18 132+17° 112£22" 0.004
CAT (U/mg protein) 18439 101+1.9° 183+22" 0.004

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; LDH:
Lactate dehydrogenase; TAC: Total antioxidant capacity; TOS: Total
oxidative status; OSI: Oxidative stress index; MPO: Myeloperoxidase;
CAT: Catalase. °P < 0.05, °P < 0.01, Sham groups vs I/R groups; ‘P < 0.01,
Sham groups vs I/R + NS groups; °P < 0.05, ‘P < 0.01, I/R groups vs I/R
+ NS groups. 'P > 0.05, Sham groups vs I/R + NS groups; ’P < 0.001, I/R
groups vs I/R + NS groups.

the sham group (P < 0.01 for all). The results are sum-
marized in Table 1.

TAC and CAT activities in liver tissue were signifi-
cantly higher in Group 3 than those in Group 2 (P <
0.05 and P < 0.001, respectively). However, TAC and
CAT activities in liver tissue were significantly lower in
Group 2 than those in Group 1 (P < 0.05 and P < 0.01,
respectively). TOS and OSI in hepatic tissue were sig-
nificantly lower in Group 3 than those in Group 2 (P <
0.001 for both). Also MPO levels in hepatic tissue were
significantly lower in Group 3 than those in Group 2 (P
< 0.01). However, TAS, OSI and MPO levels in hepatic
tissue were significantly higher in Group 2 than those in
Group 1 (P < 0.01 for all). There were not statistically
significant differences between the Nigella sativa treat-
ment group and the sham group regarding to the oxi-
dant and antioxidant parameters (P > 0.05). The results
are summarized in Table 1.

In histopathological evaluation, there were no
pathological changes in liver tissue of the sham group
(Figure 1A). Liver specimens from rats after ischemia-
reperfusion exhibited focal necrosis and infiltration of
leukocytes (Figure 1B). Nigella sativa treatment signifi-
cantly decreased these pathological changes (Figure 1C).
Histological tissue damage was milder in the Nigella sativa
treatment group than that in the control group.

Nigella sativa did not produce any adverse side effects
in the doses tested in our study.

DISCUSSION

An excessive production of oxygen free radicals has
been reported in ischemic reperfused liver, leading to
tissue damage, and this is an unavoidable process in
liver transplantation and in the surgical procedures
in which the Pringle maneuver is used. It has been
shown in many studies that supplementation of free
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Figure 1 A: Normal liver tissue; B: Histopathological findings 60 min after reperfusion in the control group; C: Histopathological findings 60 min after reperfusion in
the Nigella sativa treatment group.

radical scavengers is helpful in reducing hepatic ischemia
reperfusion induced tissue damage™™*®. Nigellu sativa has
been identified as a potent antioxidant acting as a free
radical scavenger”. Therefore, it should not be surprising
that Nigella sativa pretreatment has a protective effect on
hepatic ischemia reperfusion injury in rats.

In some studies, to reduce the intestinal ischemia
reperfusion injury, agents are administrated only before
ischemia or reperfusion, and in some other studies both
before ischemia and reperfusion. We preferred to admin-
ister both before ischemia and reperfusion as reported
previously™'.

In the present study Nigella sativa treatment markedly
attenuated ALT, AST and LDH activities which are as-
sociated with hepatic parenchymal injury. The increase
of AST, ALT and LDH activities observed in control
groups can be elucidated by lipid peroxidation leading
to cytolysis, which is caused by the oxygen free radical
formed during the reperfusion phase®”. The decrease
of AST, ALT, and LLDH activities observed in the rats
treated with Nigella sativa, when compared to the rats in
control group, suggests a possible protective effect of
Nigella sativa treatment in the hepatic ischemia/reperfu-
sion condition.

Despite determination of either oxidants or anti-
oxidant components alone may give information about
oxidative stress, determination of oxidants along with
antioxidants is more useful in this context™. So, we
preferred to measure oxidants and antioxidant capacity
simultaneously to assess oxidative stress more exactly. In
the present study, we measured oxidative stress with OSI
which was detected using both oxidative and antioxida-
tive parameters. We evaluated TAC which reflects the an-
tioxidative status and TOS to investigate oxidative status
using a more recently developed measurement methods
by Erel®*. Nigella sativa treatment significantly reduced
OSI and TOS levels, which show oxidative stress, and
increased TAC levels, which show antioxidant capac-
ity, in liver tissue. Oxidative stress activates mechanisms
that lead to the synthesis of proinflammatory cytokines
and cell adhesion molecules. Therefore, oxidative stress
may contribute to an inflammatory response induced
by endotoxemia after hepatic ischemia reperfusion. Our
data confirm that liver ischemia reperfusion increases
oxidative stress, an effect that not only produces direct

tissue damage, but also modulates production of toxic
cytokines leading to inflammation and leukocyte infiltra-
tion, consistent with previous studies. In addition to this,
Nigella sativa treatment alleviated pathological structural
changes.

Infiltration of neutrophils into tissues is commonly
assessed by changes in activity of MPO, which is an
enzyme found primarily in neutrophils. Increased MPO
activity in the liver of rats after I/R suggests activation
of an inflammatory response. In our study, we observed
increased MPO activity in the liver tissue, and this may
indicate that neutrophil accumulation and lipid peroxida-
tion contributes to ischemia reperfusion-induced liver
injury. Previously, it has been reported that the activated
neutrophils located in the inflammatory foci and secret-
ing MPO into the extracellular space can convert hydro-
peroxides into free radicals, triggering lipid peroxida-
tion™. This is consistent with the results of our present
study.

Catalase is an oxidoreductase enzyme, which trans-
forms H,0, into H,O and O,. It can protect cells from
damage induced by ischemia reperfusion through scav-
enging reactive oxygen species'”. The results of the pres-
ent study showed that treatment with Nigella sativa can
increase catalase activity, and this is consistent with its
protective effect.

Although preliminary, our data indicate that Nige/a
sativa exhibits protective effects on liver tissue against
ischemia reperfusion injury. The results of this present
study may have clinical applications to the liver surgery
associated with the Pringle maneuver and hepatic trans-
plantation. However, more investigations are required to
evaluate the protective effects of Nigella sativa on liver
tissue damage in clinical and experimental models to
verify this conclusion.

COMMENTS

Background

Hepatic ischemia-reperfusion (I/R) injury may occur in a variety of clinical set-
tings such as trauma, sepsis, liver transplantation or hepatic pedicle clamping
during a liver surgery and this remains a significant problem. Oxygen free radi-
cals, produced on reperfusion have been shown to play a major role in hepatic
IR injury. Various therapeutic effects have been described for Nigella sativa.
Additionally, it has been presented that Nigella sativa has protective effect
against ischemia reperfusion injury to various organs. Therefore, it seems pos-
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sible that the administration of Nigella sativa might protect the liver against the
ischemia reperfusion injury and thus, we aimed to confirm this hypothesis.

Research frontiers

Tissue ischemia initiates a series of events that can ultimately lead to cellular
dysfunction and necrosis. But, resumption of blood flow can paradoxically cre-
ate more tissue injury, possibly because of the production of oxygen-derived
cytotoxic products. It is important to reduce the oxidative stress mechanism
and protect the liver tissue against the ischemia and reperfusion injury. This
study demonstrated that Nigella sativa exhibits protective effects on liver tissue
against ischemia reperfusion injury.

Innovations and breakthroughs

In previous studies, it has been demonstrated that Nigella sativa has protective
effects against ischemia reperfusion injury on various organs. However, its pro-
tective effects on liver tissue against ischemia reperfusion injury are unclear.
Applications

It seems possible that the administration of Nigella sativa might protect the liver
against the ischemia reperfusion injury which can occur due to a liver surgery,
trauma or sepsis. Future studies will be required to verify the effectiveness of
this substance.

Terminology

Reperfusion injury refers to damage to tissue caused when blood supply returns
to the tissue after a period of ischemia. The absence of oxygen and nutrients
from blood creates a condition in which the restoration of circulation results in
inflammation and oxidative damage through the induction of oxidative stress
rather than restoration of normal function.

Peer review

In the present study authors investigated the effects of Nigella sativa, an annual
flowering plant, on hepatic ischemia-reperfusion injury. The late effects of Nige-
lla sativa should be evaluated and survival experiments would be helpful.
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