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Abstract. – OBJECTIVE: Serious health problems in humans are caused by arsenic (As) exposure, which is wide spread in the environment. Sodium arsenite (SAs), capable of inducing macromolecular damage is evaluated for its
damaging effect in the blood vessels, liver and
kidneys of Wistar rats. This study was undertaken to investigate the ameliorative effects of thymoquinone on SAs-induced oxidative and inflammatory damages in the serum of male Wistar rats.
MATERIALS AND METHODS: Wistar Albino
rats divided into three groups of nine rats each
were administered to controls saline (10 mg/kg),
SAs (10 mg/kg), and SAs plus thymoquinone (10
mg/kg/day) for two weeks orally. Biochemical
tests were analyzed by a otoanalyzer; nitric oxide levels specthrophometrically, and cytokines
were measured by ELISA method in the rat
serum samples.
RESULTS: Inflammatory cytokines and some
biochemical variables were found to be increased in the SAs group compared to control
group. On the other hand, thymoquinone supressed these laboratory signs, which are
thought to be the characteristic signs of SAs
toxicity, most probably by its ameliorative effects
including anti-inflammatory and antioxidant
properties.
CONCLUSIONS: From the results obtained,
thymoquinone mitigates SAs-induced adverse
effects in the serum of rats, which suggest that it
may attenuate inflammation implicated in endotelial dysfunction.
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Introduction
Epidemiologic studies demonstrated that longterm exposure to inorganic As through ingestion
and inhalation is associated with neurotoxicity,
skin lesions, diabetes mellitus, cardiovascular
diseases and cancers in human1. In some newly
released publications, it is reported that As also
has deleterious effects on the immune system,
and its some chronic effects might be related to
immunotoxic properties1-3. There is a strong body
of evidence linking As-induced oxidative stress
and endothelial inflammation which is a hallmark of atherosclerosis 4. Animal and in vitro
studies both suggest that oxidative stress may be
a mechanism of As toxicity5. Interleukin-6 (IL6), a proinflammatory cytokine, and monocyte
chemoattractant protein-1 (MCP-1; also known
as CCL2 chemokine), were induced in atherosclerotic lesions and plasma of As-exposed
ApoE-/- mice6, circulating lymphocytes of Asexposed human subjects7 and As-treated vascular
smooth muscle cells8. Like this, macrophage migration inhibitory factor (MIF), a pleiotropic cytokine, has been found to be associated with inflammation and immune responses 9. Thymoquinone (TQ) has been known as an functional
phytochemical isolated from Nigella sativa
seeds. Therefore, it has been examined for its anti-inflammatory, antioxidant, and anticancer activities in experimental setups in vitro and in
vivo10. Moreover, it has been observed that thymoquinone (Figure 1) could act as a superoxide
radical (also a general free radival) scavenger, as
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Figure 1. The chemical structure of thymoquinone.

well as conserving the activity of several antioxidant enzymes 11. In the present study, it was
aimed to investigate deleterious effects of SAs,
and a possible therapeutic effects of thymoquinone treatment on the biochemical (inflammatory and oxidative) markers in the serum samples
of As-induced rats.

Materıals and Methods
Twenty-seven adult male Wistar Albino rats,
weighting 250-300 grams were included in this
study. Rats were kept at optimal conditions
(room temperature between 22-25°C and humidity was kept between 65% and 70%) for 15 days
in standard rat cages and free access standart pellet feed and water ad libitum, and 12-h light/dark
cycle was maintained. All procedures involving
animals were approved by the Institutional Committe for Animal Care. The animals were randomly selected and were assigned to the experiment groups as follows: control group, n:9, SAs,
n:9, SAs plus TQ, n:9. Each group were administered intragastrically with saline (10 ml/kg), SAs
(10 mg/kg), and SAs + TQ (10 mg/kg) for two
weeks. Sodium arsenite and thymoquinone were
purchased from Sigma-Aldrich Chemical
(Deisenhofen, Germany). TQ was dissolved in
corn oil, both SAs (soluble in water) and TQ solutions were prepared freshly daily.
At the end of the experiment rats were sacrificed under the ketamine/xylazine anesthesia;
blood samples were obtained. They were kept on
hold for half an hour and then centrifuged at
3000 rpm for 15 min at 4°C to separate serum
which was stored at -20°C for the different biochemical measurements. The serum levels of
MIF (catalog no: CSB-E07293r), and MCP-1

(catalog no: CSB-E07429r), (Cusabio Biotech,
Wuhan, China) and IL-6 (catalog no: BMS625),
(eBioscience, Vienna, Austria) were quantitatively detected by commercial enzyme-linked immunosorbent assay (ELISA) kits by using a plate
reader. The following analytes were measured on
a Cobas c501 (Roche Diagnostics, GmbH,
Mannheim, Germany), using proprietary
reagents; albumin, total protein, alanine amino
transferase (ALT), aspartate amino transferase
(AST), urea, creatinine, uric acid, triglyceride,
total cholesterol, and HDL-cholesterol. There are
some difficulties to detect NO levels in biological
specimens. Therefore, nitrite and nitrate levels
were measured to estimate the NO production in
our experimental setup. Serum nitrite and nitrate
levels were estimated by using a method based
on the Griess reaction12.
Statistical Analysis
Data were analyzed by using Statistical Package for Social Sciences (SPPSS) version 15.0
computing program (SPSS Inc., Chicago, IL,
USA). Differences in measured parameters among
the three groups were analyzed by a Kruskal-Wallis test, and Mann-Whitney U test were used to analyze the variance among groups if appropriate.
Results were expressed as mean±standard deviation of means for the parameters; if p < 0.05 were
considered as statistically significant.

Results
After going through the procedure stated in the
methodology the following results were obtained.
As shown in Table I, significant increases (p <
0.01) in SAs group rats in the activities of the liver
enzymes; ALT, AST were observed in comparison
to the control rats. The mean concentrations of
serum creatinine, triglyceride, total cholesterol,
IL-6, MCP-I and MIF were significantly increased
and serum albumin concentration was significantly decreased in SAs group in comparison to the
control group (p < 0.01). There were no significant
differences between control group and SAs group
in according to the mean serum total protein, urea,
uric acid, NO and HDL-cholesterol concentrations. Compared to the serum concentrations for
the SAs group, serum concentrations of ALT, AST,
creatinine, triglyceride, total cholesterol, IL-6,
MCP-1 and MIF were significantly lower and albumin concentration was significantly higher in
SAs + TQ group (p < 0.001). There were no sig659

S. Aras, F. Gerin, B. Aydin, S. Ustunsoy, U. Sener, B.C. Turan, F. Armutcu
Table I. Results of biochemical parameters in the control, SAs-induced, and SAs-induced plus TQ-treated group serum samples (results were expressed mean ± standard deviation).

Albumin (g/dl)
Total protein (g/dl)
ALT (U/L)
AST (U/L)
Urea (mg/dl)
Creatinine (mg/dl)
Uric acid (mg/dl)
Triglyceride (mg/dl)
Total Cholesterol (mg/dl)
HDL-Cholesterol (mg/dl)
Nitric oxide (µmol/L)
IL-6 (pg/ml)
MCP-1 (pg/ml)
MIF (pg/ml)

SAs + TQ (n:9)

SAs (n:9)

Control (n:9)

3.91 ± 0.17#
5.59 ± 0.31 ns
22.22 ± 2.5#
115.1 ± 16.8#
42.8 ± 3.9 ns
0.29 ± 0.02#
1.04 ± 0.28 ns
54.6 ± 11#
57.4 ± 5.1#
35 ± 5.0 ns
61.7 ± 8.1 ns
14.6 ± 1.85#
5.57 ± 0.8#
55.5 ± 7.7#

3.57 ± 0.13*
5.71 ± 0.37 ns
31.1 ± 2.8*
150.8 ± 18.7*
47 ± 4.2ns
0.39 ± 0.04*
1.29 ± 0.43 ns
75.4 ± 13*
64.8 ± 7.7*
37 ± 4.5 ns
70.6 ± 8.1 ns
26.7 ± 3.2*
6.65 ± 0.6*
74.3 ± 10*

4.01 ± 0.26
5.52 ± 0.30
21.1 ± 1.9
99.8 ± 5.7
43.5 ± 3.8
0.26 ± 0.03
0.87 ± 0.17
53.8 ± 13
53.9 ± 6
32 ± 5.4
67.4 ± 12.7
12.8 ± 1.1
5.29 ± 0.7
50.7 ± 6.5

*Significant compared to control group p < 0.001; ns Not significant; #Significant compared to SAs group p < 0.001.

nificant differences between SAs + TQ group and
control group for serum albumin, ALT, creatinine,
triglyceride, total cholesterol, IL-6, MCP-1 and
MIF concentrations (Figure 2). Thymoquinone
treatment resulted in marked decrease in serum
levels of ALT, AST, creatinine, triglyceride, total
cholesterol, IL-6, MCP-1 and MIF and increase in
serum level of albumin. Serum levels of total protein, urea, uric acid, HDL cholesterol and NO
were not different between the SAs and SAs + TQ
group.

Discussion
Arsenic is an environmental and industrial pollutant affects almost every organ system in human and experimental animals. Chronic exposure
to As may affects various internal organs in humans. Liver is one of the important target organs.
Abnormal liver functions as manifested by clinical increases of several liver enzymes in blood
including ALT and AST also are associated with
chronic As exposure1,2. Similar to our study, the
treatment with SAs exhibited a significant increase in hepatic and renal biochemical parameters (ALT, AST, total protein, cholesterol, urea
and creatinine) in serum13. Furthermore, exposure of SAs significantly increased ALT and AST
activities and leucocyte count in the rat blood14.
However, curiously the co-administration of
green tea extract13 and Se15 decreased the concentration of biochemical parameters such as ALT
and AST activities, and improved the antioxidant
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status as well as in the SAs-induced rats. Otherwise, the kidney is also known as an important
target organ for As toxicity and is critical for As
biotransformation and elimination16. Blood test
results obtained from the present study suggested
that both liver and kidney were damaged in the
SA-treated rats. Arsenic trioxide (As2O3) leads a
broad range of organ-specific diseases and cancers, and promotes vascular remodeling, portal
fibrosis and hypertension in the human liver17.
On the other hand, although As is known to
cause cancers of lung, skin and kidney, trivalent
As2O3 has been recently recognized as one of the
most effective novel anticancer agent for the
treatment of acute promyelocytic leukemia18,19.
These paradoxical effects of As may be dose-dependent, associated with its distinctive metabolism, or related with its direct or indirect effects
on different cellular pathways which may result
in altered cellular functions19. It should be noted
that most laboratory animals appear to be substantially less susceptible to As than humans. It
has been reported that chronic oral exposure to
inorganic As (0.05-0.1 mg/kg/d) causes hematological toxicity in humans but not in rats exposed
to As at doses of 0.72-2.8 mg/kg/d2. Caciari et
al20 demonstrated that chronic exposure to lowdose As causes decrease in red blood cells, and
provokes an inflammatory response. It is reported2 that chronic As exposure has many effects on
the vascular system including thickening of
blood vessels and occlution.
It has been reported previously that As exposure is related to increased incidence of auto-im-
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Figure 2. Comparison of the effects of SAs and TQ on the levels NO, IL-6, MCP-1 and MIF in the control and experimental
groups.

mune diseases such as diabetes mellitus and development of atherosclerosis 21. Moreover, inflammation is a key component of the generation
of atherosclerotic lesions, and increased inflammatory molecule expression after As exposure
has been reported7. Mechanistic evidence suggests that As exposure increases the production
of ROS and influences inflammatory responses
and endothelial nitric oxide (NO) homeostasis22).
Banerjee et al23 found that chronic As exposure
induces cell rounding, a subsequent loss of cell
adhesion capacity and F-actin expression. Additionally, As exposure reduces the NO production,
and accompanied with impaired macrophage
function in the subject with skin lesions. In another study, results indicated that superoxide
readical production were increased in a time-dependent manner in blood monocyte-derived
macrophages treated with As2O3 for 72 h in vitro 24 . Also, they found that As 2 O 3 induced a
prominent activation of NADPH oxidase, most

probably by the stimulation of a Rho-kinase/p38kinase pathway, and which have a potential to
contribute to some of the harmful effects of iAs
on macrophage phenotype. Das et al1 demonstrated that circulating levels of IL-6, IL-8 and
MCP-1 as indicators of cardiovascular disease
associated with As exposure (although significantly higher IL-6 and IL-8, MCP-1 was not significant in the exposed group). Moreover, the significant increases in the laboratory results like
ALT, AST and anti-nuclear antibody worsened
the situation by generating autoimmune markers
as observed in significant rise in serum IL-6 and
IL-8 levels, which finally caused liver injury and
increased As-associated cardiovascular risk. In
this study, although NO levels were higher in As
group compared to control group, the difference
was not significant in the study. Whereas, as
shown in the Table I and Figure 2, the levels of
IL-6, MCP-1 and MIF levels were higher in the
As group compared to control group significant661
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ly. In a recent study25, novel evidence that genetic
variants related to As metabolism may play an
important role in As-induced subclinical atherosclerosis. Also, both MCP-1 and MIF-1 are suggested to be involved in the development of atherosclerosis (26). In addition to OS effects in the
development of atherosclerosis, As administration increased total cholesterol level as well as
the reduced HDL cholesterol level in the serum
of mice27. In this study, the serum triglyceride
and total cholesterol levels significantly increased with As administration, and their enhanced levels reduced with TQ treatment.
Thymoquinone have long been ingested to
treat a broad range of diseases, including inflammation and cancer. It has anti-inflammatory effects blocking the synthesis of leukotrienes, and
the effect of TQ in remediating oxidative damage
and inflammation of tissues have been cited in
several reports11,28. Antioxidant potential of TQ is
associated with scavenging ability against ROS
(superoxide and hydroxyl radicals, hydrogen peroxide, and peroxynitrate) through modulation of
hepatic and extra hepatic antioxidant enzymes29.
Interestingly, TQ ameliorated hepatotoxicity of
carbon tetrachloride as detected by the significant decline of the elevated levels of serum enzymes and significant increase of the hepatic
GSH content30. Fouad et al31 explored protective
effects of TQ in the rats exposed to testicular injury induced by SAs (10 mg/kg/day, orally, for
two days). TQ treatment decreased significantly
high testicular malondialdehyde and NO levels,
conversely increased low testicular GSH in the
ASs-induced rats. In addition, SAs showed a
marked increase in iNOS immunoreactivity in
the cytoplasm of the cells of seminiferous
tubules; but TQ an obvious decrease in iNOS immunostaining. Elsherbiny and El-Elsherbiny32 reported that TQ attenuated renal oxidative stress,
inflammation and reversed redox imbalance. According to their studies, it is not surprising that
treatment with TQ reduced levels of inflammation and increased levels of anti-inflammatory
cytokines such as IL-6 and TNF-α in renal tissues. Similar, in a study33), it is found that TQ reduced lipid peroxidation, NO and IL-6 levels in
the kidney of diabetic rats. It is reported34 that
TQ dose-dependently reduced the expression of
TNF-α and the intrinsic activity of MCP-1 promoter in pancreatic ductal adenocarcinoma cells.
Additionally, it is concluded that TQ attenuates
hypercholesterolemic atherosclerosis and its effect is associated with a decrease in serum lipids
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and oxidative stress35. Taken together these results, it is understood that the TQ have anti-inflammatory and antioxidant effects. Our study results also showed its reduced IL-6, MCP-1, MIF
and NO levels in the serum of SAs-induced rats.

Conclusions
Causes of tissue damage are represented by
disintegrating metabolic responsiveness and regulations, vitiating antioxidant systems, decomposing immune competent cells, and finally inducing DNA damages. Therefore, it may be concluded that supplementation of TQ significantly
protects deleterious effects from SAs-induced
toxicity by reducing inflammatory and oxidative
damages, as indicated by levels of serum biomarkers.
–––––––––––––––––-––––

Conflict of Interest

The Authors declare that there are no conflicts of interest.

References
1) DAS N, PAUL S, CHATTERJEE D, BANERJEE N, MAJUMDER
NS, SARMA N, SAU TJ, BASU S, BANERJEE S, MAJUMDER
P, BANDYOPADHYAY AK, STATES JS, GIRI AK. Arsenic exposure through drinking water increases the risk
of liver and cardiovascular diseases in the population of West Bengal, India. BMC Public Health
2012; 12: 639.
2) SAHA JC, DIKSHIT AK, BANDYOPADHYAY M, SAHA KC. A
review of arsenic poisoning and its effects on human health. Crit Rev Env Sci Tec 1999; 29: 281313.
3) DANGLEBEN NL, SKIBOLA CF, SMITH MT. Arsenic immunotoxicity: a review. Environ Health 2013; 12:
73.
4) SIMEONOVA PP, LUSTER MI. Arsenic and atherosclerosis. Toxicol Appl Pharmacol 2004; 198: 444-449.
5) JOMOVA K, JENISOVA Z, FESZTEROVA M, BAROS S, LISKA
J, HUDECOVA D, RHODES CJ, VALKO M. Arsenic: toxicity, oxidative stress and human disease. J Appl
Toxicol 2011; 31: 95-107.
6) SRIVASTAVA S, VLADYKOVSKAYA EN, HABERZETTL P, SITHU
SD, D’SOUZA SE, STATES JC. Arsenic exacerbates
atherosclerotic lesion formation and inflammation
in ApoE-/-mice. Toxicol Appl Pharmacol 2009;
241: 90-100.
7) WU MM, CHIOU HY, HO IC, CHEN CJ, LEE TC. Gene
expression of inflammatory molecules in circulating lymphocytes from arsenic-exposed human
subjects. Environ Health Perspect 2003; 111:
1429-1438.

Remedial effects of thymoquinone on the SAs-induced oxidative and inflammatory damage
8) LEE PC, HO IC, LEE TC. Oxidative stress mediates
sodium arsenite-induced expression of heme oxygenase-1, monocyte chemoattractant protein-1,
and interleukin-6 in vascular smooth muscle cells.
Toxicol Sci 2005; 85: 541-550.
9) JAVEED A, ZHAO Y, ZHAO Y. Macrophage-migration
inhibitory factor: role in inflammatory diseases
and graft rejection. Inflamm Res 2008; 57: 45-50.
10) W OO CC, K UMAR AP, S ETHI G, TAN KH. Thymoquinone: Potential cure for inflammatory disorders
and cancer. Biochem Pharmacol 2012; 83: 443451.
11) ARSLAN SO, GELIR E, ARMUTCU F, COSKUN O, GUREL A,
SAYAN H, CELIK IL. The protective effect of thymoquinone on ethanol-induced acute gastric damage in the rat. Nutr Res 2005; 25: 673-680.
12) CORTAS NK, WAKID NW. Determination of inorganic
nitrate in serum and urine by a kinetic cadmiumreduction method. Clin Chem 1990; 36: 14401443.
13) MESSARAH M, SAOUDI M, BOUMENDJEL A, KADECHE L,
BOULAKOUD MS, EL FEKI A. Green tea extract alleviates arsenic-induced biochemical toxicity and
lipid peroxidation in rats. Toxicol Ind Health 2013;
29: 349-359.
14) TANDAN N, ROY M, ROY S. Ameliorative Potential of
Psidium guajava on Hemato-biochemical Alterations in Arsenic-exposed Wistar Rats. Toxicol Int
2012; 19: 121-124.
15) MESSARAH M, KLIBET F, BOUMENDJEL A, ABDENNOUR C,
BOUZERNA N, BOULAKOUD MS, EL FEKI A. Hepatoprotective role and antioxidant capacity of selenium
on arsenic-induced liver injury in rats. Exp Toxicol
Pathol 2012; 64: 167-174.
16) PERAZA MA, CARTER DE, GANDOLFI AJ. Toxicity and
metabolism of subcytotoxic inorganic arsenic in
human renal proximal tubule epithelial cells (HK2). Cell Biol Toxicol 2003; 19: 253-264.
17) STRAUB AC, STOLZ DB, ROSS MA, HERNANDEZ-ZAVALA
A, SOUCY NV, KLEI LR, BARCHOWSKY A. Arsenic stimulates sinusoidal endothelial cell capillarization and
vessel remodeling in mouse liver. Hepatology
2007; 45: 205-212.
18) SCHUHMACHER-WOLZ U, DIETER HH, KLEIN D, SCHNEIDER K. Oral exposure to inorganic arsenic: evaluation of its carcinogenic and non-carcinogenic effects. Crit Rev Toxicol 2009; 39: 271-298.
19) REHMAN K, NARANMANDURA H. Double-edged effects
of arsenic compounds: anticancer and carcinogenic effects. Curr Drug Metab 2013; 14: 10291041.
20) CACIARI T, CAPOZZELLA A, TOMEI F, NIETO HA, DE SIO S,
MONTUORI L, SCHIFANO MP, ANDREOZZI G, FIASCHETTI
M, TOMEI G, CIARROCCA M. Arsenic and peripheral
blood count in workers exposed to urban stressors. Clin Ter 2012; 163: e293-302.
21) N A VA S -A C I E N A, S H A R R E T T AR, S I L B E R G E L D EK,
SCHWARTZ BS, NACHMAN KE, BURKE TA, GUALLAR E.
Arsenic exposure and cardiovascular disease: a
systematic review of the epidemiologic evidence.
Am J Epidemiol 2005; 162: 1037-1049.

22) WU F, MOLINARO P, CHEN Y. Arsenic exposure and
subclinical endpoints of cardiovascular diseases.
Curr Environ Health Rep 2014; 1: 148-162.
23) BANERJEE N, BANERJEE S, SEN R, BANDYOPADHYAY A,
SARMA N, MAJUMDER P, DAS JK, CHATTERJEE M, KABIR
SN, GIRI AK. Chronic arsenic exposure impairs
macrophage functions in the exposed individuals.
J Clin Immunol 2009; 29: 582-594.
24) LEMARIE A, BOURDONNAY E, MORZADEC C, FARDEL O,
VERNHET L. Inorganic arsenic activates reduced
NADPH oxidase in human primary macrophages
through a Rho kinase/p38 kinase pathway. J Immunol 2008; 180: 6010-6017.
25) WU F, JASMINE F, KIBRIYA MG, LIU M, CHENG X, PARVEZ
F, PAUL -B RUTUS R, PAUL RR, S ARWAR G, A HMED A,
JIANG J, ISLAM T, SLAVKOVICH V, RUNDEK T, DEMMER RT,
DESVARIEUX M, AHSAN H, CHEN Y. Interaction between arsenic exposure from drinking water and
genetic susceptibility in carotid intima-media
thickness in Bangladesh. Toxicol Appl Pharmacol
2014; 276: 195-203.
26) H SUEH WA, L AW RE. PPARgamma and atherosclerosis: effects on cell growth and movement.
Arterioscler Thromb Vasc Biol 2001; 21: 18911895.
27) MANNA P, SINHA M, SIL PC. Arsenic-induced oxidative myocardial injury: protective role of arjunolic
acid. Arch Toxicol 2008; 82: 137-149.
28) EL GAZZAR M, EL MEZAYEN R, MARECKI JC, NICOLLS
MR, CANASTAR A, DRESKIN SC. Anti-inflammatory effect of thymoquinone in a mouse model of allergic
lung inflammation. Int Immunopharmacol 2006; 6:
1135-1142.
29) HAMDY NM, TAHA RA. Effects of Nigella sativa oil
and thymoquinone on oxidative stress and neuropathy in streptozotocin-induced diabetic rats.
Pharmacology 2009; 84: 127-134.
30) NAGI MN, ALAM K, BADARY OA, AL-SHABANAH OA, ALSAWAF HA, AL-BAKAIRI AM. Thymoquinone protects
against carbon tetrachloride hepatotoxicity in
mice via an antioxidant mechanism. Biochem Mol
Biol Int 1999; 47: 153-159.
31) FOUAD AA, ALBUALI WH, JRESAT I. Protective effect of
thymoquinone against arsenic-induced testicular
toxicity in rats. Int J Med Health Pharm Biomed
Eng 2014; 2: 92-95.
32) ELSHERBINY NM, EL-ELSHERBINY M. Thymoquinone attenuates Doxorubicin-induced nephrotoxicity in
rats: Role of Nrf2 and NOX4. Chem Biol Interact
2014; 223C: 102-108.
33) SAYED AA. Thymoquinone and proanthocyanidin
attenuation of diabetic nephropathy in rats. Eur
Rev Med Pharmacol Sci 2012; 16: 808-815.
34) CHEHL N, CHIPITSYNA G, GONG Q, YEO CJ, ARAFAT HA.
Anti-inflammatory effects of the Nigella sativa
seed extract, thymoquinone, in pancreatic cancer
cells. HPB (Oxford) 2009; 11: 373-381.
35) RAGHEB A, ELBARBRY F, PRASAD K, MOHAMED A, AHMED
MS, SHOKER A. Attenuation of the development of
hypercholesterolemic atherosclerosis by thymoquinone. Int J Angiol 2008; 17: 186-192.

663

