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CCl, (0.5 ml/kg as CCl,) was orally administered to rats. Twelve hours after administration of CCl,, plasma
alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels, indicators of liver necrosis, were
significantly higher than those in the control group showing that active liver necrosis took place. At the same
time the level of liver vitamin C was decreased significantly compared to that in the control group. Oral adminis-
tration of 100 mg/kg each of celecoxib 3 and 8 h after CCl, treatment did not change plasma ALT and AST and
liver vitamin C levels 12 h after CCl, treatment, but 24 h after CCl, treatment, significantly decreased plasma
ALT and AST levels and elevated liver vitamin C level. These finding suggested that celecoxib effectively amelio-
rated the necrotic action and the oxidative stress induced by CCl, in the second phase. Although the plasma
levels of all ceramide species were significantly increased 24 h after CCl, intoxication, treatment with celecoxib
significantly reduced the total ceramide concentration in plasma. These results indicated that celecoxib signifi-
cantly ameliorated the toxicity of CCl, in the second phase.
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In the study of radical reactions in biology, one of the most
studied models is drug-induced hepatitis. Carbon tetrachlo-
ride (CCl,) is a well-known typical hepatotoxin causing cen-
trizonal necrosis."” CCl,-induced hepatic injury is assumed to
involve two phases. The initial phase is generation of radicals
and the second phase is activation of Kupffer cells,” which
release various pro-inflammatory mediators.”’ In the second
phase, activities of phospholipase A,* and cyclooxygenase-2
(COX-2)>" are increased. While COX-2-dependent response
is assumed to be an important factor to link between oxida-
tive stress and inflammation,” COX-2 is also suggested to be
hepatoprotective.® In this study we evaluated the effect of
celecoxib, a specific inhibitor of COX-2 in CCl, intoxication.

In addition, CCl, intoxication has been used as an animal
model of fulminant hepatic failure to develop artificial liver
support.” In fulminant hepatic failure, toxic substances and
cytokines released into the circulation are assumed to cause
encephalopathy and renal dysfunction.'” Recently we re-
ported that plasma ceramides are increased in severe liver
failure caused by p-galactosamine'” or CCl,.'>'? It is well es-
tablished that ceramides cause apoptosis in a variety of cells.'®
In this study we evaluated the effect of celecoxib on the in-
crease of plasma ceramide caused by CCl,. Since extensive
liver damage and the increase in plasma ceramide concentra-
tion occurred 24 h after CCl, administration,'*'? we focused
our study on the change in ceramides at this time.

MATERIALS AND METHODS

Animals This study was approved by the Animal Care
Committee of Nara Women’s University. Eight-week-old
male rats (SLC: Wistar strain) were obtained from Japan
SLC Co. (Hamamatsu, Shizuoka, Japan). The animals were
housed in a room at 24*2°C, with a 12h/12h light-dark
cycle. Animals were fed commercial laboratory chow (MF,
Oriental Yeast Co., Osaka, Japan) and water ad libitum. To
detect the effect of celecoxib definitely, the oral doses of
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CCl, and celecoxib were examined based on preliminary ex-
periments changing the dose of CCl, at 0.5, 1, and 2ml/kg
body weight and that of celecoxib at 50 and 100 mg/kg body
weight. The dose of CCl, was determined to be 0.5 ml/kg as
CCl,. Celecoxib (100 mg/kg body weight 3 h before or after
administration of CCl,) did not give sufficiently high protec-
tive effect, then the same dose of celecoxib was added 8h
after administration of CCl,. Based on these preliminary ex-
periments, after 12 h fasting, CCl, groups were orally admin-
istered 1 ml/kg of a mixture of CCl, and mineral oil (0.5 ml/
kg as CCl,) as previously described.'” Three and eight hours
after administration of CCl,, the CCl,+celecoxib group orally
received 100 mg/kg each of celecoxib twice. The CCl,+vehi-
cle group received vehicle (0.5% methylcellulose, 0.025%
Tween 20). Analysis of plasma and the liver for the CClL,+
celecoxib group and the CCl,+vehicle group were made 12
and 24h after CCl, administration. The sham and control
groups were administered 1 ml/kg of mineral oil. The sham
group received celecoxib 3 and 8h after administration of
mineral oil. Analysis of plasma and the liver for the control
and sham were made 24 h after mineral oil administration.

Analytical Methods Rats were anesthetized with diethyl
ether and killed by collecting the blood from the inferior
vena cava using a syringe containing sodium heparin as an
anticoagulant. After perfusion of ice-cooled saline through
the portal vein, the liver was removed. The excised tissue
was homogenized in 5 volumes of phosphate buffered saline
(10mm, pH 7.4) under ice cooling. All determinations were
made in duplicate experiments with 4—5 animals in each
group.

The determination of total vitamin C was made according
to a specific and sensitive method'® involving chemical
derivatization and HPLC. Briefly L-ascorbic acid was oxi-
dized with 2,6-dichloroindophenol to L-dehydroascorbic acid,
which was reacted with 2,4-dinitrophenylhydrazine. The
resulting osazone was extracted with ethyl acetate and ap-
plied to HPLC using u-Bondasphere 5-um C,4-100A column
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(3.9X150 mm, Waters), eluted with a 1:1 mixture of ace-
tonitrile and water adjusted at pH 3.5 with triethylamine (10
g/l) and phosphoric acid.'® The absorption at 505nm was
recorded. The vitamin C level was expressed by nmol/g wet
liver.

Blood was centrifuged at 8400 g for 5 min at 4 °C to sepa-
rate plasma. The activities of plasma aspartate aminotrans-
ferase (AST: EC 2.6.1.1) and alanine aminotransferase (ALT:
EC 2.6.1.2) were determined using diagnostic kits (GOT and
GPT-UV Test Wako, Wako Pure Chemicals Co., Osaka) and
expressed as Karmen Units. The levels of plasma ceramides
were determined as described previously.'® Briefly, ceramides
were extracted with a mixture of CHCL,/CH,0H, followed
by sequential TLC separations.!” The ceramide spot was
extracted with a mixture of H,O/CH,;OH/CHCI; (0.8:2:1,
v/v/v) and subjected to LC-MS/MS analysis.'”

Statistical analysis was carried out with Statcel (Excel
2000). Differences between the group means were consid-
ered significant at p<<0.05 using Bonferroni/Dunn procedure.

RESULTS

Effect of Celecoxib on the Necrosis and Oxidative
Stress Caused by CCl, To evaluate the extent of liver
necrosis, plasma ALT and AST levels were determined.
Twelve hours after administration of CCl,, plasma ALT level
of the CCl,+vehicle and the CCl,+celecoxib groups were
600=101 and 706+35.4 Karmen units, respectively (n=5).
No significant difference was observed between these values,
while these values were significantly higher than those in
control group shown in Table 1. The data of the control
group were determined 24 h after administration of mineral
oil and the ALT and AST values were identical with normal
rats without any treatment (data not shown). Plasma AST
level of the CCl,+vehicle and the CCl,+celecoxib groups
were 1278+207.5 and 1351%£68.8 Karmen units, respec-
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tively (n=5). No significant difference was also observed
between these values, while these values were significantly
higher than those in control group shown in Table 1. At the
same time the levels of liver vitamin C, a sensitive indicator
of oxidative stress,'® in the CCl,+vehicle and the CCl,+
celecoxib were decreased to 636.4%71.0 and 583.7*x43.4
nmol/g liver, respectively (n=5). These values were signifi-
cantly low compared to those in the control group (Table 1),
the vitamin C level of which was identical with normal rats
without any treatment (data not shown). The effect of cele-
coxib on plasma ALT and AST and liver vitamin C were not
observed 12h after CCl, treatment, i.e., during the initial
phase of intoxication.

Plasma ALT and AST levels were further increased and
the level of liver vitamin C remained at a low level 24 h after
CCl, intoxication (Table 1). Treatment with celecoxib signifi-
cantly decreased plasma ALT and AST levels compared to
the CCl,+vehicle group, showing that celecoxib effectively
ameliorated the necrotic action of CCl, at the second phase.
Consistent with this observation, the liver vitamin C level in
the CCl,+celecoxib group was higher than that in the
CCl,+vehicle group (Table 1).

No difference was observed between the control and the
sham groups, showing that celecoxib did not affect these pa-
rameters (Table 1).

Effect of Celecoxib on Plasma Ceramide after CCl,
Treatment The plasma levels of all ceramide species were
significantly increased 24 h after the treatment with CCl,
(0.5 ml/kg) (Table 2). Treatment with celecoxib significantly
reduced the concentrations of total ceramide and all ceramide
species except C 24:2 in plasma (Table 2), although all ce-
ramide levels were significantly higher than those in the con-
trol and sham groups. The decrease in plasma ceramides cor-
responded with the decreased liver damage as evidenced by
decreased ALT and AST by celecoxib.

Table 1. Plasma ALT and AST and Vitamin C Level in the Liver 24 h after CCl, Intoxication
. . Sham Control
CCl,+vehicle CCl,+celecoxib (celecoxib+oil) (oil only)
ALT (Karmen units) 3514.7+431.1%" 1910.5+243 3** 29.5%£2.6 334+14
AST (Karmen units) 7675.7+664.4* 3525.4412.6%" 67.5+1.7 83.2+5.9
Vitamin C (nmol/g liver) 437.4+68.6* 862.2+49 4%* 1679.9+46.6 1878.1+162

CCl, (1 ml/kg; as a mixture of CCl, : mineral oil=1: 1) was orally administered to rats. After 24 h, plasma ALT and AST and concentration of vitamin C in the liver were de-
termined as described in the text. After 12 h of fasting, the control rats received mineral oil alone (1 ml/kg body weight). The sham rats received celecoxib at 3 and 8 h after admin-
istration of mineral oil. Determinations for the control and sham were made 24 h after mineral oil administration. Values are means=S.E. for 4 rats. Asterisk (*) indicates a signifi-
cant difference from both the sham and control group and a signal (#) indicates a significant difference from the CCl,+vehicle group (ANOVA Bonferroni/Dunn, p<<0.05).

Table 2. Plasma Level of Ceramide (nmol/ml) 24 h after CCl, Intoxication
C16:0 C18:0 C22:0 C24:0 C24:1 C24:2 Total

Control 0.50+0.04 0.05+0.01 0.37+0.03 3.62+0.27 2.63+0.20 0.75+0.05 7.92+0.60
(oil only)

CCl,+vehicle 1.33+0.19* 0.40+0.07* 1.13+0.10* 8.52+0.21* 6.18+0.24* 1.86+0.16* 19.4+0.82*

CCl,+celecoxib 0.93+0.09 0.24+0.03* 0.85+0.06* 6.680.36*" 4.90+0.26*" 1.55+0.12*% 15.2+0.83*%

Sham 0.55+0.04 0.060.002 0.39+0.04 3.55+0.41 2.61+0.28 0.81=0.08 7.97+0.84
(celecoxib+oil)

CCl, (1 ml/kg; as a mixture of CCl, : mineral oil=1: 1) was orally administered to rats. After 24 h, plasma ceramide concentrations were determined as described in the text.

After 12 h of fasting, the control rats received mineral oil alone (1 ml/kg body weight). The sham rats received celecoxib at 3 and 8 h after administration of mineral oil. Determina-
tions for the control and sham were made 24 h after mineral oil administration. Values are means=*S.E. for 4 rats. Asterisk (*) indicates a significant difference from both the sham
and control group and a signal (#) indicates a significant difference from the CCl,+vehicle group (ANOVA Bonferroni/Dunn, p<<0.05).
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DISCUSSION

This study demonstrated that treatment with celecoxib
significantly ameliorated liver cell necrosis based on plasma
ALT and AST levels 24 h after CCl, intoxication. At the same
time, celecoxib significantly reduced the oxidative stress in the
liver during the second phase of CCl, intoxication based on
hepatic vitamin C level, which was the most sensitive indica-
tor of oxidative stress during hepatitis caused by chemicals
such as CCl,,'” thioacetamide,' or p-galatosamine.®” Al-
though an antioxidant such as a-tocopherol inhibited liver
necrosis caused by CCl, via direct reduction of oxidative
stress,”! a different mechanism should operate in the inhibi-
tion of oxidative stress by celecoxib. Because it was unlikely
that celecoxib functioned as a radical scavenger.

CCl, activated Kupffer cells,” causing secretion of chemi-
cal mediators such as TNF-« (tumor necrosis factor-cr), IL
(interleukin)-1, and IL-6>*» and induction of COX-2.%¥ Sol-
uble TNF-o receptor prevented the increase in serum ALT
24 h after CCl, intoxication and thereafter, showing an impor-
tant role of TNF-« in the second phase of liver cell injury.*®
Upregulation of TNF-¢ associated with the induction of
COX-2,29 products of which might have a conceivable link
between inflammatory response and oxidative injury.” Over-
expression of COX-2 in the mouse liver resulted in a marked
induction of the proinflammatory cytokines such as TNF-¢,
IL-1p, and IL-6, inducing hepatitis, which was recovered by
celecoxib administration.?” These results indicated the close
link among COX-2, proinflammatory cytokines, and oxida-
tive stress.

On the other hand, inhibition of COX-2 with NS-398, an-
other selective COX-2 inhibitor, aggravated the liver injury
caused by a higher dose of CCl, at 2 ml/kg.®) The reason of this
difference is not easily explained but the effect of CCl, on
COX-2 and inflammation may vary with an applied dose.
Indeed, a moderately hepatotoxic dose of CCl, (2ml/kg)
increased hepatic COX-2, while a highly hepatotoxic dose
of CCl, (3ml/kg) was accompanied by minimal COX-2
activity.?®

The effect of celecoxib on the liver is still controversial. In
chronic applications of CCl, to rodents, COX-2 inhibitor re-
duced,”® " or potentiated®” liver fibrosis. The critical role of
COX-2 and the effect of celecoxib on liver inflammation re-
mained to be explored.

Treatment with celecoxib significantly reduced the plasma
level of ceramide, which caused cell death in a variety of
cells' and we reported that it might be a cause of multi-organ
failure in fulminant hepatic failure.'” Therefore it is possible
that celecoxib is beneficial to prevent multi-organ failure in
fulminant hepatic failure, although the role of COX-2 in
ceramide metabolism is not clear at present.

In contrast to our study, celecoxib induced de novo synthe-
sis of sphingolipids including ceramide in human cancer cell
lines.* The difference may be explained thus: ceramide is
produced by neutral sphingomyelinase, via a salvage pathway
in CCl, intoxication.'?

Acknowledgements We thank Pfizer for providing us
with celecoxib. This work was supported by the Ministry of

709

Education, Culture, Sports, Science and Technology of Japan.
REFERENCES

1) Zimmerman H. J., “Hepatotoxicity, The Adverse Effects of Drugs and
Other Chemicals on the Liver,” Appleton-Century-Crofts, New York,
1978.

2) Edwards M. J., Keller B. J., Kauffman F. C., Thurman R. G., Toxicol.
Appl. Pharmacol., 119, 275—279 (1993).

3) Ramadori G., Moriconi F., Malik 1., Dudas J., J. Physiol. Pharmacol.,
59 (Suppl. 1), 107—117 (2008).

4) Ryu A., Itabe H., Mutoh M., Kudo I., Arai H., Inoue K., J. Health Sci.,
46, 275—281 (2000).

5) Basu S., Toxicology, 189, 113—127 (2003).

6) Kim S.-H., Cheon H. J., Yun N., Oh S.-T., Shin E., Shim K. S., Lee
S.-M., J. Pharmacol. Sci., 109, 119—127 (2009).

7) Lee C.-H., Park S.-W., Kim Y. S., Kang S. S., Kim J. A., Lee S. H.,
Lee S.-M., Biol. Pharm. Bull., 30, 1898—1904 (2007).

8) Bhave V. S., Donthamsetty S., Latendresse J. R., Mehendale H. M.,
Toxicol. Appl. Pharmacol., 228, 239—246 (2008).

9) Soloviev V,, Hassan A. N., Akatov V., Lezhnev E., Ghaffar T. Y., Ghaf-
far Y. A., Int. J. Artif. Organs, 26, 735—742 (2003).

10) Laleman W., Wilmer A., Evenepoel P, Verslype C., Fevery J., Nevens
F., Aliment. Pharmacol. Ther., 23, 351—363 (2006).

11) Yamaguchi M., Miyashita Y., Kumagai Y., Kojo S., Bioorg. Med.
Chem. Lett., 14, 4061—4064 (2004).

12) Ichi I, Nakahara K., Fujii K., Iida C., Miyashita Y., Kojo S., J. Nutr.
Sci. Vitaminol., 53, 53—56 (2007).

13) Ichi L., Kamikawa C., Nakagawa T., Kobayashi K., Kataoka R., Nagata
E., Kitamura Y., Nakazaki C., Matsura T., Kojo S., Toxicology, 261,
33—40 (2009).

14) Hannun Y. A., Obeid L. M., J Biol. Chem., 277, 25847—25850 (2002).

15) Sun F, Tsutsui C., Hamagawa E., Ono Y., Ogiri Y., Kojo S., Biochim.
Biophys. Acta, 1535, 186—191 (2001).

16) Kishida E., Nishimoto Y., Kojo S., Anal. Chem., 64, 1505—1507 (1992).

17) Yamada Y., Kajiwara K., Yano M., Kishida E., Masuzawa Y., Kojo S.,
Biochim. Biophys. Acta, 1532, 115—120 (2001).

18) Kojo S., Curr. Med. Chem., 11, 1041—1064 (2004).

19) Sun F, Hayami S., Ogiri Y., Haruna S., Tanaka K., Yamada Y., Toku-
maru S., Kojo S., Biochim. Biophys. Acta, 1500, 181—185 (2000).

20) Sun F, Hamagawa E., Tsutsui C., Sakaguchi N., Kakuta Y., Tokumaru
S., Kojo S., Biochem. Pharmacol., 65, 101—107 (2003).

21) lida C., Fujii K., Koga E., Washino Y., Kitamura Y., Ichi I., Abe K.,
Matsura T., Kojo S., Arch. Toxicol., 83, 477—483 (2009).

22) Czaja M. J, Flanders K. C., Biempica 1., Klein C., Zern M. A., Weiner
F. R., Growth Factors, 1,219—226 (1989).

23) Basu S., Biochem. Biophys. Res. Commun., 254, 764—767 (1999).

24) CzajaM. I, Xul., Alt E., Gastroenterology, 108, 1849—1854 (1995).

25) Ferreri N. R., An S.-J., McGiff J. C., Am. J. Physiol., 277, F360—F368
(1999).

26) Yul, Ip E., dela Pena A., Hou J. Y., Sesha J., Pera N., Hall P, Kirsch
R., Leclercq L., Farrell G. C., Hepatology, 43, 826—836 (2006).

27) Yul, Hui A.Y., ChuE. S, Cheng A. S., Go M. Y., Chan H. L., Leung
W. K., Cheung K. E, Ching A. K., Chui Y. L., Chan K. K., Sung J. J.,
Gut, 56, 991—999 (2007).

28) Bhave V. S., Donthamsetty S., Latendresse J. R., Muskhelishvili L.,
Mehendale H. M., Toxicol. Appl. Pharmacol., 228, 225—238 (2008).

29) Planaguma A., Claria J., Miquel R., Lopez-Parra M., Titos E., Masfer-
rer J. L., Arroyo V., Rodes J., FASEB J., 19, 1120—1122 (2005).

30) Horrillo R., Planaguma A., Gonzalez-Periz A., Ferre N., Titos E.,
Miquel R., Lopez-Parra M., Masferrer J. L., Arroyo V., Claria, J., J
Pharmacol. Exp. Ther., 323, 778—786 (2007).

31) Tu C.-T.,, Guo J.-S., Wang M., Wang J.-Y., J. Gastroenterol. Hepatol.,
22, 877—884 (2007).

32) Hui A. Y., Leung W. K., Chan H. L. Y., Chan F. K. L., Go M. Y. Y.,
Chan K. K., Tang B. D., Chu E. S. H., Sung J. I. Y., Liver Int., 26,
125—146 (2006).

33) Schiffmann S., Sandner J., Schmidt R., Birod K., Wobst I., Schmidt
H., Angioni C., Geisslinger G., Groesch S., J. Lipid Res., 50, 32—40
(2009).



