J. ENVIRON. TOXICOL.
Vol. 22, No. 3, 219~225 (2007)

5-Oxohexyl-3, 7-dimethyixanthineO| AlHSIEIAE
SutEl &lF el ZiEMo| ojx= I

A8 &% 0 2o

Aol Ap et ohate) et

The Effect of 5-Oxohexyl-3,7-dimethylxanthine on Carbon
Tretrachlroride-Induced Hepatotoxicity in Rats

Hea Soon Shin* and Bo Ran Lee

College of Pharmacy, Duksung Women’s Univenrsity, Seoul 132-714, Korea

ABSTRACT

A series of new derivatives of 1-(5-oxohexyl)-3,7-dimethylxanthine has been prepared for the treatment of
the vascular dementia. To investigate hepatoprotective effect of these derivatives, the serum biochemical
activity and the histological change of liver tissue were evaluated in carbon tetrachloride (CCls) treated rats.
The activities of aspartate aminotransferase and alanine aminotransferase and the activities of total cholesterol,
triglyceride and total bilirubin in 5-oxchexyl-3,7-dimethylxanthine derivatives pretreated rats were signifi-
cantly decreased compared to the CCls only treated rats but the content of glutathione S-transferase was in-
creased compared to the CCls only treated rats. These results indicated that 5-oxohexyl-3,7-dimethylxanthine

derivatives have hepatoprotective effect in CCls intoxicated rats.
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=7} =L(Kim et al., 2002) A4 A= 3
d W] EAlstH, Bxle] 289 lo] dxsle|H
AE-e FA 2T ok HE AR Xule] 79l
= d=3slo]n A3t} Fo] microglia cello] A
31%)e] cytokine, nitric oxide, oxygen free radical,
protease2 Fu|dte 9FE dorlxm AAHA #
Aol dojiny HIEA Wz} A7, AIME
o} (astrocyte subtype)o] AP O ZH nerve
growth factor (NGF)E AJAlslE o] Zhaise]
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Geer, 2001). ©]2) &} microglia cell®} #A13} A&
¢} astrocyteZHE] NGFE 27147 F4-o
213 propentoxifylline?] ol dzslolw A%
3 AP A A S A A5 4 3= (Bohm
et al., 2000; Iwamoto et al., 2002) ZH47|H e T
AdE 4 gldh

HEBA X zB8AzA 7PsAel ZHEHE
4=4 2okl pentoxifylline (PTX, Trental®)-& <
ubA o 2 whzd $d 3 (peripheral vascular disease)
Azl AHEHI Qo PTXE M3 7/PHyA
(flexibility) & F7MA71 R%xe] F7k AHa
o] 7ta o AR5 el 32 (Poggesi et
al., 1985), g e] HA)& 7FrAaA]7]a1, AlZ% phos-
phodiesterase 9 #)) ¢} (Preaux et al., 1997) prostacyc-
lin &Ae Z7}A)A (Peterson et al., 1993) 4%
$4E A= /7Aoo Bohm Fo] B3t
3 propentoxifylline®] 7$-= PTX$ 79139
methyl7] 2 propyl7| 2 X|g3le] 24448 F7HA
oz =8P A (blood-brain-barrir)2] E2}7}
o] gola) A A (Bohm er al., 2000) 23}olm Ag
3 H A AR APE E F dve
A7 Aag dusle] fzg AWABA RS 7}
39 ehf o) (Herman er al., 1994; Keith,
1995). 22} AkEodAlel 2871, FE B 9
A 9 FFA74A Bl vehds (Windmeier
and Gressner, 1996) 2-2k8-o|1} cimetidinez} 742
o2 oFZ3}e} Abs2t4, adenosine A E HA =
A7 A Ao M Foz Al 2l
) 8} (Bohm et al., 2000; Iwamoto et al., 2002) F-A|
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1. 7171 3¢ Ajgf

sigEgAdel AHE-EE 71715 BrukerAbe] 300
MHz NMR spectrometer® AR§-8le] proton} car-
bon nuclear resonance® &A R FoleE2
TMSE reference® ppma 2 7]1=3t¢ o) IR
spectrum-= Perkin-Elmer FT-IR spectrometer sprec-
trum GX& A}2-3}e] NaCl cell @ nujol gRo=
Zx35l9 o} GC-MSE Agilent 6890 GC 2! 5973
MSE Ap&stg ol A2 1-chloro-2,4-dinitro-
benzencarbon, bovine serum albumin, glutathione,
dimetylsulfoxide (Sigma Co., USA), carbon tetra-
chloride (Janssen Co., Japan)& A}-4-514].2 0 aspar-
tate, alanine aminotransferase, cholesterol, triglyc-
eride 59 kite 5A AFE A3t on 7
o mE AGES dF EE SF Aok A
e},

2. AE ofE29 =

M2L pentoxifylline $=A9 Fx¥33L Kim

5-oxohexy1-3,7-dimethylxanthine

Fig. 1. Structures of pentoxifylline, S-oxohexyl-3,7-dimethylxanthine.
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o] u S (Kim et al., 2002) =3} 6-amino-1-
methyluracil 1.4 g (10 mmol), 10% NaOH 4 mL¢}
methanol 30 mLE Y3 mubeidA &siA)7] &,
bromobutane 1.18 mL (11 mmol)& ~}8}al 3412k %
o} EAF ) ukeE7 Zo| 3}eke] methanol-g
Zbs&stel AAs I, $5AE A4 20 mLel
o 7J'°‘°ﬂ14~]-6}9311:}. oJ82 chloroform 50 mL=
2237 9728 T NapSO.2 Azstd o3}
3} Fo HZ3519 3, AFE-S methanol 10 mLo]
ARAE Fo AN FAYAAE AT BA
2~ 10 mL, acetic acid 2mL, 6N HC1 0.5 mLE ¥ 3?
FEFEIEA 102 E9F =9 & sodium nitrite 0.24
g (3.5mmol)E HA3| 7tslF2, 10~ 15852 o
ZYATSI UST T WAL Uil
wopae] BRRANE Deich of ARl BAS
20 mL, ethyl acetate 40 mL, sodium hydrosulfite 1.2
£(6.9mmol)E Y1 15% Sk el wakstarh
27128 Balala, 492 ethyl acetate 100
mL2 23] 2237 trimethylorthoformate 20 mLE-
Ak 17~19417 BRAAS: BSFE F e
9] trimethylorthoformate2 Z}¢}x& o2 A| A%t
n-hexane : ethyl acetate : methanol (1:1:0.2)2 A2
Hsjel v)ga BAE AR

ODX3: Yield: 1.21 g(53.8%), Formula C12HsN4O;
(M.W. 250.30) mp 180.8~181.7°C, TLC [n-hexane :
ethyl acetate : methanol (1:1:0.2)] Rf0.35. 1H
NMR (CDCl3)' 8 13.01 (s, 1H, NH), 7.82 (s, I1H, CH,
aromatic), 4.09 (t, J=7.5 Hz, 2H, CH,), 3.65 (s, 3H,
N-CH3), 1.74~1.64 (m, 2H, -CH»-), 1.42~1.31 (m,
4H, -CH»-x 3), 0.89 (t, J=6.9 Hz, 3H -CH3)
CNMR(CDCl3) § 156.26 151.24 (C=0), 149.04,
140.27, 107.01 (aromatic), 41.98 (N-CH3), 31.50,
30.21, 27.95, 26.61, 22.54, 14.06 (N-hexyl). FT-IR
(NaCl) cm™! 3055 (aromatic), 2960 (alkyl), 1705
(C=N), 1662 (C=0), 1265 (C-N). GC-MS m/z (%)
250.3 (M+) 166.1(100.0), 250.1 (41.9), 233.1 (35.7),
167.1(27.4), 179.1 (24.4).

ODX6: Yield: 0.38¢g (81.8%), Formula C1:H20N4O2
(M.W. 264.32) mp 72.5~75.8°C, TLC [n-hexane :
ethyl acetate : methanol (1:1:0.2)] Rf 0.41. 'H NMR
(CDCl3) & 7.52 (s, 1H, CH, aromatic), 4.00 (t, J=7.6
Hz, 2H, CH»), 4.00 (s, 3H, N-CH3), 3.57 (s, 3H, N-
CHs), 1.69~1.59 (m, 2H, -CH-), 1.39~1.25 (m, 6H,
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-CH,- X 3), 0.88 (t, J=6.7 Hz, 3H, -CH3). °C NMR
(CDCl3) & 155.66, 151.83 (C=0), 149.05, 141.72,
108.03 (aromatic), 41.82, 33.93 (N-CH3), 31.87,
30.01, 28.35, 27.00, 22.91, 14.41 (N-hexyl). FT-IR
(NaCl) cm™' 3054 (aromatic), 2985 (alkyl), 1704
(C=N), 1659 (C=0Q), 1265 (C-N). GC-MS m/z (%)
264.3 (M+) 180.1(100.0), 264.2 (52.2), 193.1 (30.6),
247.2(21.8), 181.1(21.5).

ODX9: Yield: 0.25 g (52.6%), Formula Ci4H2»N4O2
(M.W. 278.35) mp 62.3~65.4°C, TLC [n-hexane :
ethyl acetate : methanol (1:1:0.2)] Rf0.57. 'H NMR
(CDCl3) & 7.55 (s, 1H, CH, aromatic), 4.35(q, J=7.2
Hz, 2H, N-CHy), 3.99 (t, J=7.5 Hz, 2H, CH>), 3.58
(s, 3H, N-CH3), 1.71~1.62 (m, 4H, -CH,- X 2), 1.52
(t, J=7.2 Hz, 3H, -CH3), 1.40-1.33 (m, 6H, -CHz- X
3), 0.88 (t, /=6.4 Hz, 3H, -CH3). 13C NMR (CDCl3)
8 154.95, 151.49 (C=0), 148.96, 140.11, 107.02
(aromatic), 42.36, 16.54 (N-ethyl), 41.56 (N-CH3),
31.53, 29.68, 28.02, 26.68, 22.59, 14.06 (N-hexyl).
FT-IR (NaCl) cm™" 3054 (aromatic), 2985 (alkyl),
1703 (C=N), 1659 (C=0), 1265 (C-N). GC-MS m/z
(%) 278.3 (M+) 194.1 (100.0), 278.2 (70.4), 207.1
(32.3), 166.1(29.7), 179.1 (28.4).

3. AlESE

522 9] Sprague-DawleyA] &A1 &7 (180~200¢g)
2 (3 dghtel e Zq N Tl £7F 671
2 8390 AolA dFY o)) A¥A 7
of AeAZ] ¥ dusAs HEde] AT FTE
uhg Aol AL3HTHAFA 210~240 g). AF
< FAstn A s AAE At
ZakeH g o] &3] ¥ Be2|E AT AR

 AREES TYNRE AH2ol HANZOH
e 23 Tastan
4. 250

hgRelze oHE 354 25myky $Fo2 A}

Agetrg FAlE] Aol AFFAZR 1, 3UA
14 13)= 23] AXX|stg) o, AHd Hetael 27
Zb=Al kel 1 ong and Moore (1988)2] W
o e} oFE FHFEo A7 F AFGSREAE com
oil#} 1:1(v/iv)8] EFHRo=z AFE 100g% 1.0mL
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He BFgto e FA s I
At —Er°4 ¥ 18
3] M2 *
Azl A E} & -’Fd/‘l‘ﬂl com il §7F
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5. Asfsts @A Wt

o= ’47}]3}"4 Aol A Zﬂﬂ'& ]
"kx]8t & 3,000 rpmel|A] 2087
A& Ao g4 A %’“ &2 Reit-
man et al. (1957)8) wpgel =} AdelA] A3
8} 814 3 aspartate transaminase (AST), alanine
transminase (ALT)& A 8}ed 7HA£9] Apda} 7t
z2 9] B g PASIAE Triglyceride,
cholesterol @ bilirubin 742 7)E2 At8-3ted clini-
cal chemical analyzer (Hitachi 7600-110, Japan)=.
ZA3519}l. Cytosol #3 Z9] glutathione S-
transferase (GST) & =¥ 1-chloro-2,4-dinitroben-
zene (CDNB)eo] GSTol| ]3] glutathione} E3Hit
S5 g FAo] GAHE £ SA = AY
(Habig et al., 1974)& X3t Whoz A=E
Az 2F3Aes A ¥4 YA
22 (Bradford et al., 1976) ¥hyel| we}l 33ty
o} 71832 7hdstd 284313 cytosol & AR
slglom EAERASS 9.6 mM em ' 2 FAbs)
o A 2L ARG ekl F A ol A
A AAs BEAE AEHA:

p
R
-

£2 3 E AY FERY 48 A5
DzAL o lem® s @2 A 10% F
Al 4% Formalin®e)] 1Asldc A x4
& et zoAR L AA microtomed o]-4-3he]
4um FAe zAARHo= A 2Hg o5 Hemato-
xylin#} Eosin A& o] Besw|z oz H#2A3}
Pt

7. Xz
wE QYA FeAe wFAAe dehig

31, 2t Z7ke] wl@E Student’s t-testE AHE3F S
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o, W 223t vlzsled pakel 5% PIH WE B4
W 240 Aekz BAS

ot ol n@

#5704 pentoxifylline®] =& HAT 3}
224 microglia cell?] 8413} A &7}s} astro-
cyte2RE] NGFE Z7H17)1% o] 233 pro-
pentoxifyllineel] Zelsled (Bohm et al., 2000) =2
< HSERA AoiA A FEe] NS A=s
o} A 2$ PTX §-=Al¢ FxH¥ L 6-amino-1-
methyluracile 92222 Al Kim 59 §
Auld& ulelo 2 (Kim et al., 2002) alkylation ©. 2.
19 ¢)X)e] butyl, pentyl ¥ hexyl”] S (Howard et
al., 1996) X|8A1Fc}. Al48le] sodium nitrites}
sodium hydrosulfite2 5®e] NH.7|E X|%3}3,
trimethylorthoformate 2 . 2.7+3) & &3 o™
A4A4E Fol7l flstel 7T $1A]el methyls}
ethyl?| & X]8ksle] M| =& o2& FA313 NMR,
IR, GC-MS& A}g3}e] Fig. 19] F2& #<l3lsl
o},

AN FEe FAEA Frindez AHEH CCLe
AW endoplasmic reticulumel] A A} gheka9)
homoytic clevageell £J3) BF2-tAEA Q) trichloro-
methyl 21712 (CCls - ) WA= A Abed shekar)
Abss9) wb-e3le] trichloromethyl peroxy 27|
(CCLOO - )2 A3}s|o], fzute] drpiexst A
WAL ZAl3A7) o 24 (Recknagel ef al., 1989)
ate] Fz9} 7|%-& WAZIHT deA St el
sl wpe) 7o) E QAFAINE A
A2 S SRR AR 3t SRkl AR
9 36.8%= FAA 271Elgj o (5.88 ¢
0.44 g) (p<0. 05), RE FERo M AbdEtR
Zo) 23 AFZ7P X3 EEANLT T T
X 3.8+2.57 g_._i AN ZZ 3.2+1.16 g2} -FAF .
gt Axel AdE Jehl et (p<0.05) (2.

83 Asjsbs SAEA A= Fig 20 veld
ulel o] AST A= W3lz= HAFZo] 108+
2491 unit/L.el 7ol v)3}e] ZhAYo] futzl Al
Fels gEEdZL 557+17.43 unit/L24 ¢k 5.2
W7 Z7AEe AU AAE A e Gl
wjsted $-2JAUA Frtste] A FEEUSE
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Fig. 2. The effects of 5-oxohexyl-3,7-dimethylxanthine derivatives on the levels of aspartate aminotransferase (A) and ala-
nine aminotransferase (B) in CCls-induced hepatotoxic rats. Significantly different from vehicle group *p<0.05,

Table 1. The effects of 5-oxohexyl-3,7-dimethylxanthine derivatives on the levels of triglyceride(TG), total cholesterol
(TC), total bilirubin (TB) and glutathione S-transferase (GST) in CCls-induced hepatiotoxic rats

Treatment TG TC TB GST

dose (mg/kg, p.o) (mg/dL) (mg/dL) (umol/L) (nmol/min/mg protein)
Vehicle 79.25+7.43 78.05+6.96 249+61.26 389.76+25.47
CCly 105.58 £9.62** 97.56 £8.35%* 350+14.59* 298.34 1+ 84.66*
CClL+0DX3, 25 92.98+6.35% 90.96 £5.88 316+4533 351.67£34.93
CCl4+0DX6, 25 85.63 1+ 8.84* 94.19+5.78 2994-45.32 315.53+16.21
CCl4+0DX9, 25 83.53+9.65* 84.24 +6.89* 274+31.17 348.581+30.13

“The results presented as mean+S.D. (n=6).
*Significantly different from vehicle group (p<0.05).
#*Significantly different from vehicle group (p<0.01).

& FAseh ALT 3= 371 M=
ArZol 42438.89 unit/Ll 7ol wjs) Apd el
dEeedZe 273+61.93 uni/LEZX F 6.54)]
= Z7lsieh B8 fEFFA 25 mgke
Sgon HFTA PRI vlsle] FAT]
Z7}9 AST 2@ ALT @4 =5 fA3UA A shAl
A A2A=E YehRee(p<005). ol Al
et Tojz fabgl 7k AlEhe] afe] A 22
Sabs} 24 FAbz AW B} transami-
nase 5 A ZAd) A ELES] Aae
8295 Z7}x}A (Reitman and Frankel, 1957; Herr-
era et al., 2001) EARHES % AR Ty
=y

Table 1¢)] v}eRJ w}e} Zre] A triglyceride
g Agssts FEFALAM 1168+
19.26 mg/dlLo.2 Z7}5]| 311 2= cholesterol §3hH 3}
= 109.46+6.95 mg/dLe =z Z7}=E o) vAAH
Ql AAGAL} Aupzre] el o]E EAll

A P oo o

A3t Hr AR triglyceride 382 ODX3,6,9 &
o)A} 7}t 125%, 189%, 212% 2 AAFZES o] o
2 A5 Jee] F934¢ ZAas YERG T
Z cholestero! &EF2 ODX9 oA 133%=2 $-9
Aol 4g et gdeb o] oE-Ee] A
shekas T@\i A Al AAEQl QA
A2 §-=3F(Bedossa et al., 1994; Ljubuncic ef al.,
2000) A=z Alg"ct g9, =4 A A
#£9l 2 bilirubin e sl =X JF2 A4}
2 249461.26 umol/Lel) ¥]3}e] ALedztels wh=
Eo]ZolA] 350+ 14.59 umol/LZ °F 140% §-2]3
d 2745 vehe] AlgEiste Feofol oiE 7H
x99 &Aooz Z71Eglch=(Niemela ef al., 1995)
Bl dxEEe v FEFAZS A 3E
A ©BEFodFo nlmsld AL AL pFEoE
(ODX9 &, 274+31.17 umol/L) 74 vehjgle
oA o] glit

CCLel o}3t 2h5A4-2 CCl- ol 2jste] HA4=



224 J. ENVIRON. TOXICOL.

Vol. 22, No. 3

Fig. 3. Histological changes of liver tissue with treatment of CCls and 5-oxohexyl-3, 7-dimethylxanthine derivatives. A,
Vehicle; B, CCls-treated; C, ODX9 (Hematoxylin & Eosin Stained; original magnification X 200).

lipid peroxide® o}t oxygen free radical AA =
2327 54 5430 AAEE JE
W} 11 (Fabris et al., 1993; Habig ef al., 2001) B30

H1 )} k221 glutathione £3& A GSTS)
2R AR AT ARl 389.76£25.47

nmol/min/mg proteinz} B W3} AlgFstebs 5
FoFellA 298. 34+84 66 nmol/min/mg protein. &
= fo8 Fae
& fAd=H H].nﬁ]-m] (ODX9, 348.5830.13
nmol/min/mg protein) 78 HPort FAA H
o} el At olldt A cytosoldl] EA)
8= GST7} microsomes| M $=5 = o2 o2
A Eag A Adsiekis 2 5B A
Az $4=HHeH o) 577 gt 7A
4 f=atge] 2749 Hez AZw
Fig. 39) 2218 A% A= ARl Rele vt
9} 7+o], Hematoxylin & Eosin el A Al 7k=z
A gl o) $- Az Aubgwstt HAs
ovh(A), AHRBRE BHER dzzelME
u}22 (hepatic steasis)?} G B4 F¢]H0]
dxA 27} AgHel £¥ L apoptotic FA} 5ol
F2HAH(B). 22t AFFE FeiLelMe Al
200l Y WolA At TR ) F
A AulEAol Y71 w2 (C) (James et al.,
1982) 4= 2 Fol7t g Aoz vk o
9} 7o A= Al sbied o8 f=" A
o YHIGE Fofel o wzAhE AE )
s,
oj}el Aztel ABRAolM HFJ JFAA 2
gadst ZdEE PTXY 25 W33 f=4
Aure] A=A, dFNAA PTXe fA-2E

g A 2E ERAT

A xanthine =450 HABRAE 4594 &3
9} Prostaglandin A& #2113 ZAaE 133 v}
3)e} (Poggesi et al., 1985). A 2-¢ =FHA Xwj#|
A e Bx= A3 AIHHE(0DX3,6,9)
< AtgsiEts RERd FANRTI vl st
¥ Aspetd SAH7 2 23 Wiy 4

-3} oA A ASTS} ALT &4 = ¢} total choles-

terol @ triglyceride $%& MAAZ 2 AlQ3}
g2 Bojo o) fiE 34 1 AP =R
A ztrs ezt vehdE Fdstae

zAte 2

A7 20068% G G709
o 4611 2930 4FAT ol ool ZAt=HUITh
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