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ABSTRACT

INTRODUCTION: The aim of this study is to investigate the potential antioxidant and anti-inflammatory effects
of thymoquinone (TQ) on ceruleine-induced acute pancreatitis.

MATERIAL AND METHODS: A total of 14 male Wistar albino rats were divided into 2 groups as follows: (1)
normal saline-treated group and (2) thymoquinone- treated groups. For achieving acute pancreatitis, intraperi-
toneal (IP) cerulein, a stable cholecystokinin (CCK) analogue, was applied in a 50 mcg/kg dose 2 times in one-
hour interval in total. One hour after last ceruleine injection, IP 2 ml/kg isotonic saline solution was applied to
the saline group and IP 5 mg/kg TQ was applied. The rats were sacrificed by decapitation 12 h after the last
injection of last medication. Blood samples were taken, and serum interleukin-1@3 (IL-1B), amylase, lipase pan-
creatic, total antioxidant capacity (TAC), total oxidant status (TOS), and pancreatic Schoenberg scores were de-
termined. Oxidative stress index (OSI) was calculated for each group. Results are given as mean + SD. A value
of p < 0.05 was accepted as statistically significant. SPSS for Windows v15.0 was used for statistical analyses.
RESULTS: The increased serum amylase, lipase levels and histopathological scoring of pancreatic tissue showed
that acute pancreatitis was present in both groups. Furthermore, serum IL-1 level was significantly reduced in
TQ-administered group (p < 0.05). Although serum TAC level was high and TOS level was low, those changes
were not statistically significant. Nevertheless, OSI index, which was driven from TOS/TAC, was significantly low
in TQ groups (p < 0.05). Although TQ partially ameliorated the acute pancreatitis in terms of histopathological
evaluations, the main effect of it was brought about by reducing the hemorrhage in acute pancreatitis (p < 0.05).
CONCLUSION: In this study, it was shown that TQ can reduce the inflammation and has a positive effect on
the oxidative status of organism in inflammatory cases such as acute pancreatitis. This is consistent with partial
amelioration of acute pancreatitis in rats given TQ (Tab. 2, Fig. 4, Ref. 31). Text in PDF www.elis.sk.
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Introduction

Acute pancreatitis (AP) is a sudden inflammatory disease of
the pancreas that frequently involves peri-pancreatic tissues and
remote organ systems (1). The progression of the disease cannot
be anticipated truly, however severe necrotic cases may cause in-
creased morbidity and mortality (2). Early activation of pancreatic
enzymes and pancreatic acinar cell injury cause acute pancreatitis.
Acinar cell injury activates the immune system which results in
the increase in inflammatory cells such as neutrophils and mac-
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rophages, and proinflammatory cytokines such as interleukin-1,
interleukin-6, IL-1p and TNF-a releases. These cytokines may in-
crease the damage of acinar cells and result in necrosis of pancreas
(3, 4). Although numerous trials have studied the mechanism of
AP pathogenesis, the detailed mechanism remains unclear (5). In
experimental animal models, an administration of supramaximal
doses of the cholecystokinin analog secretagogue cerulein induces
acute pancreatitis characterized by structural changes in pancreas,
such as edema and massive disruption of acinar cells, and increases
laboratory parameters such as serum amylase and lipase (6). Thy-
moquinone (TQ), an aromatic ketone, is the major active compound
derived from the seeds of Nigella sativa, known as black cumin in
English. Nigella sativa oil and itself are widely used in the treat-
ment of many common diseases in traditional medicine. In last
five decades, many active ingredients have been extracted from
Nigella sativa seeds and their pharmacological effects have been
studied (7). In recent years, many studies have revealed the benefits
of extraction used in a spectrum from infectious diseases to cardio-
vascular system diseases (8, 9). The studies relevant to pharmaco-
logical properties of TQ have suggested that antioxidant and anti-
inflammatory effects can be effective but research on the subject
has not been sufficiently illuminated (10). In this study, oxidative
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and anti-inflammatory activities of TQ were investigated under
inflammatory condition by intraperitoneal administration of TQ.

Materials and methods

The experimental protocol was approved by the Local Experi-
mental Animal Care Committee at the Bezmialem Vakif Univer-
sity. In this study were 14 adult male Wistar Albino rats, weighing
200-250 g were used. The study was performed at Bezmialem Va-
kif University Experimental animal research center. The animals
were randomized into 2 groups: Saline-treated group (STG) and
Thymoquinone-treated groups (TTG), in equal numbers. Animals
were fed with standard laboratory chow, and allowed water ad libi-
tum. They were housed under a 12-h light/12-h dark cycle at 21 °C.

Experimental plan

Experimental acute pancreatitis was performed in each group
by injecting 50 pg/kg cerulein (Sigma Chemical Co., St. Louis,
MO) intraperitoneally 2 times in 1-h interval. The rats in the STG
were given intraperitoneal (IP) injections of 2 ml saline 1 hour after
the last cerulein dose. The rats in the TTG were given IP injection
of 5 mg/kg TQ (Sigma Chemical Co., St. Louis, MO) 1 hour after
last cerulein dose. Paracetamol (Atabay Drug Factory) at a dose
of 250 mg/kg was applied to all groups every 6 hours (totally two
times) for pain palliation.

Two of the rats which died in STG group during follow-up were
excluded from the study. Rats in each group were sacrificed by
taking blood sample from heart under 20 mg/kg ketamine hydro-
chloride (Ketalar, Parke-Davis, USA) anesthesia. At the end of the
experiment, under sterile condition, laparotomy and midline inci-
sion were applied to all of the rats. Blood samples were obtained by
direct intracardiac puncture. Samples were immediately transferred
into a heparinized tube, stored at 2-40 °C in the dark to prevent
further DNA damage and processed within 2 hours. A volume of 1
ml of blood was removed to separate damaged mononuclear leuko-
cyte DNA and remaining blood was centrifuged at 3000 x g for 10
minutes. Plasma samples were stored at —80 °C until biochemical
analysis. Mononuclear leukocytes were isolated by centrifugation
on Histpaque 1077 (Sigma Aldrich). A volume of 1 ml of hepa-
rinized blood was carefully layered over 1 ml of Histopaque and
centrifuged for 35 min. at 500 x g at 25 °C. Each interface band
containing mononuclear leukocytes was washed with phosphate-
buffered saline (PBS) and collected by 15-min centrifugation at 400
x g. PBS. The resulting pellets were re-suspended with PBS. Mem-
brane integrity was assessed using trypan-blue exclusion assay.

The same researcher made all dissections, and all pancreatic
tissues were fixed in formaldehyde for histological examination.
The intensity of pancreatitis was graded by serum amylase, lipase,
IL-1p and histopathological grading of pancreas.

Biochemical analysis

Serum amylase and lipase levels were measured with Cobas
Integra 400 plus (Roche Diagnostics, Rotkreuz, Switzerland) us-
ing commercial kits (Roche Diagnostic). IL-1 were measured by
ELISA method using commercial kit (eBioscience).

Measurement of total antioxidant capacity

Total antioxidant capacity (TAC) of supernatant fractions
was determined using a novel automated measurement method
developed by Erel (11). Hydroxyl radicals, the most potent bio-
logical radicals, are produced by this method. In the assay, the
ferrous ion solution present in Reagent 1 is mixed with hydrogen
peroxide, which is present in Reagent 2. The subsequently pro-
duced radicals such as brown-colored dianisidinyl radical cations
produced by the hydroxyl radicals, are also potent radicals. Using
this method, the antioxidative effect of the sample was measured
against the potent free-radical reactions initiated by the produced
hydroxyl radicals. The assay has excellent precision, with values
lower than 3 %. The results are expressed as nmolTrolox Equiv./
/mg protein.

Measurement of total oxidant status

Total oxidant status (TOS) of supernatant fractions was deter-
mined using a novel automated measurement method developed
by Erel (12). Oxidants present in the sample oxidize the ferrous
ion—o-dianisidine complex to ferric ion. The oxidation reaction is
enhanced by glycerol molecules, which are abundant in the reac-
tion medium. The ferric ion produces a complex colored with xy-
lenol orange in an acidic medium. The color intensity, which can
be measured spectrophotometrically, is related to the total amount
of oxidant molecules present in the sample. The assay was cali-
brated with hydrogen peroxide, and the results are expressed in
terms of nmol H, O, Equiv/mg protein.

Oxidative stress index

The percentage ratio of TOS level to TAC level was defined
as OSI. OSI values were calculated according to the following
formula (13): OSI (arbitrary unit) = TOS (nmol H, O, Equiv/mg
protein)/TAC (nmolTroloxEquiv/mg protein) / 10.

Mononuclear leukocyte DNA damage determination by alkaline
comet assay

The endogenous DNA damage in mononuclear leukocyte was
analyzed by alkaline comet assay according to Singh et al. (14)
with minor modification. Thus, mononuclear leukocytes were
embedded in 0.7 % low-melting-point agarose (LMA) (Sigma) in
PBS at 37 °C at a final concentration of 10 cells/mL. Then, 80 pL
of this cellular suspension was spread onto roughened slides that
had previously been coated with 1.0 % hot (60 °C) normal melt-
ing point agarose (NMA), covered with a cover slip at 4 °C for at
least 5 min to allow the agarose to solidify, and transferred to a
humidified box after removal of cover slips. Slides were allowed
again to solidify for 5 min at 4 °C in a moist box. After removing
cover slips, the slides were submersed in freshly prepared cold (4
°C) lysing solution (2.5 M NaCl, 100mM EDTA-2Na; 10 mM Tris—
HCI, pH 10-10.5; 1 % Triton X-100 and 10 % DMSO added just
before use) for at least 1 h. Slides were then immersed in freshly
prepared alkaline electrophoresis buffer (0.3 mol/L NaOH and 1
mmol/L Na2ETDA, pH > 13) at 4°Cfor unwinding (40 min) and
then electrophoresed (25 V/300 mA, 25 min). All of the above
steps were conducted under red light or away from direct light in
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cell degeneration, edema and hemorrhage, H-E, X100.
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Fig. 2. TAC levels for TTG and STG groups. * p > 0.05 compared with
TTG and STG groups.

order to prevent additional DNA damage. After electrophoresis,
the slides were stained with ethidium bromide (2/mL in distilled
H,0; 70L/slide), covered with a cover slip and analyzed using a
fluorescence microscope (Nikon). Images of 100 randomly selected
cells (50 cells from each of two replicate slides) were analyzed
visually from each subject, as described elsewhere (15, 16). Each
image was classified according to the intensity of the fluorescence
in the comet tail and was given a value of either of 0-3 or 4 (from
undamaged Class 0 to maximally damaged Class 4) (Fig. 1), so
that the total scores of a slide could be between 0 and 400 arbitrary
units. All procedures were completed by the same biochemistry
staff, and DNA damage was detected by a single observer who
was not aware of subject’s diagnosis.

Histopathologic examinations of pancreatic tissues

Formalin-fixed, paraffin-embedded tissues were cut into 5-
-um sections and stained using the hematoxylin-eosin (H-E) stain.
Each specimen was examined and scored according to Schmidt’s
standards. Acinar cell degeneration, inflammatory cell infiltra-
tion, edema and hemorrhage were evaluated and 0-3 points were
given for each criteria so the maximum score was calculated as
12 for tissue (Fig. 1). Blind evaluation was performed for histo-
pathologic examination.
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Fig. 1. Photomicrographs (A) Acinar cell vacuolization, edema and inflammatory cell infiltrate, H-E, X100 (B) Edema, H-E, X100 (C) Acinar

Statistical analysis

Statistical evaluation was done with SPSS program operating
under Windows. The Mann—Whitney U-test was used to compare
parameters between the 2 groups. Values of p <0.05 were taken as
significant. The results were defined as mean + standard deviation
(SD). Spearman correlation coefficient was used to evaluate the
relationship between variables.

Results

During the studies, 2 rats died in STG. Therefore, the results
of 5 rats in STG and 7 rats in TTG were obtained. No significant
differences were found between serum amylase and lipase results
of the 2 groups (p > 0.05) (Tab. 1). In TTG groups, serum IL-1
levels were significantly decreased compared to STG (p < 0.05)
(Tab. 1). Although TAC activity in TTG group was greater than
STG group and TOS activity in TTG group was smaller than STG
group, no statistical significance was observed between groups.
OSI activity in blood samples was statistically lower in TTG than
in STG. The results are summarized in Figures 2, 3, and 4. This
study showed that TQ has partial healing effects on pancreatitis
but a significant reduction was observed in cases of hemorrhage
complication of pancreatitis (p < 0.05) (Tab. 2).

Discussion

In this study, the effect of IP TQ application on the model of
cerulein-induced acute pancreatitis was investigated in terms of

Tab. 1. DNA damage values, oxidative stress parameters and biochemi-
cal markers in the blood (mean + SE).

Parameters s XSS P
n=7) (n=75)

TOS (umol H,0, equiv./L) 8.65+3.28 11.95+£2.97 0.062
TAC (mmol Trolox equiv./L) 1.29+0.26 1.10+0.26 0.123
OSI (AU) 0.65+0.23 1.22+0.77 0.042
DNA damage (AU) 19.32+12.11 17.8543.63 0.935
Amylase 312241204 2951+1135 0.907
Lipase 133.79+£134.43  128.16+110.83 0.844
IL-1B 52.91+21.85 103.95+50.84  0.042

Values are mean + S.D. TTG — Thymoquinone Treated Group; STG — Saline Treated
Group; AU — arbitrary units; TAC — Total Antioxidant Capacity; TOS — Total Oxi-
dant Status; OSI — Oxidative Stress Index. Significance was defined as p < 0.05.
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Fig. 3. TOS levels for TTG and STG groups. * p > 0.05 compared with
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Fig. 4. OSI levels for TTG and STG groups. * p <0.05 compared with
TTG and STG groups.

anti-inflammatory, antioxidant and protective effect on DNA dam-
age. In a limited number of previous studies, long-term oral admin-
istration of TQ may be effective in diseases where inflammation
and reactive oxygen species (ROS) are a prominent factor, but the
pathophysiology of this effect is unclear (17, 18). Although several
studies show that it is not clearly elucidated in the pathogenesis of
acute pancreatitis, inflammation and ROS have an important role
in the pathogenesis (19, 20). The literature search shows that there
is no study related to TQ effect on inflammation, oxidative status
and cytoprotective effect in acute pancreatitis model.

Cerulein has cholecystokinin (CCK)-like structure, interacts
with pancreatic acinar cells and causes maximum pancreatic secre-

Tab. 2. Histological scores of pancreatic injury (mean + SE).

Parameters LS S p
(n=7) (n=5)

Acinar cell degeneration 2+0 2.20+0.45 0.237

Inflammation 1.71£0.95 1.80+0.84 0.792

Edema 2.14+0.38 2.40+0.55 0.332

Hemorrhage 0.29+0.76 1+0 0.024

Total score 6.14+1.46 7.40+1.34 0.133

Values are mean + S.D. Significance was defined as p < 0.05.

tion of inflammatory markers such as amylase, lipase and IL-1f
(21, 22). The death of acinar cells, edema formation, cytoplas-
mic vacuolization, and infiltration of inflammatory cells into the
pancreas simulate the characteristics of human pancreatitis. The
suggested mechanism of cerulein is to include production of large
amounts of ROS, activation of oxidant-sensitive transcription fac-
tor nuclear factor-kb (nf-kb) and induction of cytokine expression
in pancreas (23, 24).

IL-1B is one of the most important acute phase mediators and it
plays an important role in the development of AP. In several stud-
ies, it was shown that inhibition of IL-1f production reduced AP
severity and the reduced pro-inflammatory cytokines have been
proposed to play the key role in AP healing (25, 26). In our study,
cerulein infusion resulted in acute pancreatitis model that was
proved by high levels of amylase and lipase and histopathologic
findings in rats. When the histopathologic results were analyzed,
it was seen that TQ treatment reduced the severity of pancreatitis
compared to that in normal saline group. This effect was limited
and significant with the reduction in hemorrhagic complications
of the pancreatitis. Taking the biochemical parameters into con-
sideration, it was found that 5 mg/ kg dose of TQ has no activ-
ity on the level of amylase and lipase. However, the main effect
of TQ was on IL-1f level. The level of IL-1B in TTG group was
significantly reduced. In previous studies, it has been reported
that the anti-inflammatory effect of TQ was related to the block-
age of the synthesis of leukotrienes and thus to the prevention of
tissue inflammation and oxidative damage (27, 28). In our study,
TQ showed its anti-inflammatory effect by strong suppression of
IL-1PB synthesis. It may be hypothesized that TQ treatment gen-
erates anti-inflammatory activity by reducing the level of IL-1p.
The reduction in the level of IL-1B may reduce the severity and
complications of acute pancreatitis histopathologically.

The previous studies in the treatment of rheumatoid arthritis
and in the present rat model of acute pancreatitis, effective anti-
inflammatory property of TQ offers its promise in the treatment
of inflammatory disorders (14, 15, 29). TQ with its antioxidant
defense mechanisms through the effects of lipid peroxidation re-
duces antioxidant markers of MDA and NO levels and leads to an
increase in the levels of SOD, CAT and GPx. In addition to these
features, studies reported antioxidant effects of TQ on infectious
cases in prostate gland and on atherosclerosis in acute coronary
syndromes (30, 31, 16). To explore the antioxidant ability of TQ
in these studies, they evaluated oxidant (NO and MDA) and anti-
oxidant (SOD, CAT, and GPX) activity, which is directly related to
the reaction of the inflamed tissue as it is released from infiltrated
cells at the site of infection. In this work, we used EREL method
to evaluate the activity of TQ on inflammatory diseases; comet
assay was studied to observe the effectiveness of TAC-TOS and
TQ on DNA damage. In our study, TAC levels were increased
by the use of TQ but the results were not statistically significant.
However, almost a significant decrease was observed after the TQ
treatment at TOS levels. The evaluation of OSI which can provide
more comprehensive and clear information about the oxidative
status in the body, revealed that the reduction in the value of OSI
in TQ group was statistically significant. At the given dose of TQ,
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there was no difference in the prevention of DNA damage, NST
group and cytoprotective activity.

Our study had limitations related to the number of rats recruited
in the study. The results are based on a small number of rats which
jeopardized the power of the study. Furthermore, we used a limited
number of inflammatory markers and cytokine profile for the cost
effectiveness of the study.

In conclusion, TQ treatment in the acute pancreatitis model
has no effect on cell protection. Although TQ has positive anti-
oxidant effects on living organisms, the absence of this effect at a
cell level remains to be studied in further double-blinded, random-
ized, placebo-controlled clinical trials with larger sample sizes.
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