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Abstract — Ursi Fel’s component ursodeoxycholic acid (UDCA), a traditional medicine, is used for the treatment of hepatic dis-
eases. UDCA derivatives prepared by conjugation with antioxidant moiety such as maltol, sesamol, eugenol, mesitol and 3,4-
(methylenedeoxy)aniline were expected to have various biological activity caused by synergistic effect of UDCA. Therefore,
in this study, it was conducted the study of the manufacture of the UDCA derivatives and their biological activity. As a result,
UDCA derivatives showed weak antioxidant activity in TBA method in vitro compared to original agents. SJ-505, SJ-502 and
SJ-504 showed the effect of reducing ALT, AST, sorbitol dehydrogenase and y-glutamyltransferase in CCl,-induced liver injury
experiment in vivo, even if the effects are weaker than UDCA and silymarin of the control group.

Keywords — Ursodeoxycholic acid (UDCA), Maltol, Sesamol, Eugenol, Mesitol, 3,4-(Methylenedeoxy)aniline, UDCA

derivatives, Antioxidant, Hepatic protective effect
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benzyl ester®] UDCA =4 A2 9474 ¢85 913
71% A+EA S-aminosalicylic acid, p-aminobenzoic acid
9} Lelysine 5& A3A171 UDCA S54 A3 So] 1
JEoA Ut} ol AFES UIFE oS 7RI g
< AF*1Z amide conjugate UDCA F=AE3 0]5<] A
E 4ol #ek ATEA Ak 24 dES AN
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gzt 722 A31H whle] 7Y & UR1e R H o]
3L e S Al sk Beldte] R3] UDCASH
A oeFst 7F Agke] X5 a9 A US ALl
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M2 L 7|71 - 'HANMR spectrar Bruker AC300
spectrometers ©]-&-3l] TMSE WH-EFE S22 ARE-3lo]
27931992 chemical shifte § unit2 UERNSIT}. Infrared
spectra= MB-100 FT-IR #3833 =71E ARE-ste] KBr disk
HoZ =43IAaL, A spectra= Finnigan Mat TSQ-700
S AHEsle] 243193 =4 A ion electron volt= 70 ev
%t} Melting point= Mettler FP 5 -§834718 A5
3 BAL &1 &gt FEA 3} A2kl maltol, sesamol,
eugenol, mesitol ¥ 3,4-(methylenedeoxy)aniline>} &4 =
g Al°Fl TBA 52 Sigma-AldrichAt AlF-S Fsted A
831921 conjugated Al W Al BT EFAICRS 7]
B} §vl= 55 2 155 ARSIt
UDCA fEX 2 M= -Fig 1°] Yebd 23} 7ol
ursodeoxycholic acid(4.00 g, 0.01 mol)E dimethylformamide
20 mloll =<1 ¥ 1,1-carbonyldiimidazole(2.48 g, 0.015 mol)
9 DMAP(dimethylaminopyridine, 0.12 g, 0.001 mol)E 7}
sle] 30 w7+ 2RE AlZ1 5 maltol(1.30 g, 0.01 molyS- 715}
o] 12 AIZF A2 3T, Conjugatest &S &
= MR § EtOAcE 7Fste] HiAIA EtOAc 55 &
3 5% HCL, ¥3} 5%, ¥3} NaCl <M 2 A3 5 MgSOo,
2 53 3 F53Eo] EtOAc ZAMS AATHE.55 g). Lol
71 UDCA =4 B4ES hexane:acetone = 1:12 column
chromatography 5 #2431 SI-501(1) 3.32 g8 66.4%)
S At FUE A% WHOE sesamol 1.40 g(0.01 mol)
< conjugates} AlAH LBoIR §-5A AAJE2S hexane:acetone
=2:12 column chromatography & #2473} SJ-502(2)
320 g(5& 62.5%)S LT AlSGEle] TUg Az A
E3 eugenol 1.67 g(0.01 mol)y2 conjugated} A71 5 Hojzl

11

=4 AA =S hexane:acetone =2:1% column chromato-
graphy & #4731 SJ-503(3) 4.50 gG& 83.6%)S AU
S ™, mesitol 1.39 g(0.01 mol)= conjugates} A]|AH Loz
HEA4) ABAELS hexane:acetone =2:12 column chromato-
graphy = A48l SJ-504(4) 3.80 g 74.5%)S A
o} o}l 3}3E2] 3,4-(methylenedeoxy)aniline= 53t A
ZHS 218319 1.40 g(0.01 molyS- conjugatest AlAH Aozl
=4 AAES hexane:acetone =2:1% column chromato-
graphy & A AA 3t SJ-505(5) 3.28 g(5+& 64.2%)S A
At

SJ-501 (1) — White powder; m.p. 103-105°C; UV: Amax
(EtOH): 251, 206; IR (KBr) ecm™: 1767 (ester); 'H-NMR
(300 MHz, CDCL,) &: 7.60 (1H, d, J=6.0 Hz, H-5'), 6.34
(1H, d, J=6.0 Hz, H-6"), 3.83 (2H, m, 3p-H and 7o-H),
2.19 (3H, s, 7-CH,), 091 (3H, d, J=6.3 Hz, 21-CH,),
0.88 (3H, s, 19-CH,), 0.63 (3H, s, 18-CH,); EI-MS: m/z
500 [M]", 375 [M-125]"

SJ-502 (2)— White powder; m.p. 78-79°C; UV: Amax
(EtOH): 287, 235; IR (KBrjem™: 1762 (ester); 'H-NMR
(300 MHz, CDCI,) 8: 6.54-6.88 (3H, m, C(H;), 5.99 (2H,
s, -CH,-), 3.81 (2H, m, 3p-H and 70-H), 0.93 (3H, d,
J=6.3 Hz, 21-CH;), 0.87 (3H, s, 19-CH,), 0.62 (3H, s,
18-CH,); EI-MS: m/z 512 [M]', 375 [M-137]"

SJ-503 (3) — White powder; m.p. 77-78°C; UV: Amax
(EtOH): 275, 205; IR (KBrjem: 1767 (ester); 'H-NMR
(300 MHz, CDCL,) 8: 6.65-6.83 (3H, m, C(H;), 5.94 (1H,
m, H-8), 5.06 2H, m, H-9'), 3.83 (3H, s, OCH,), 3.80
(2H, m, 3p-H and 70-H), 329 (2H, d, J=6.0 Hz, H-7),
0.92 (3H, d, J=6.3 Hz, 21-CH,), 0.88 (3H, s, 19-CH,),
0.65 (3H, s, 18-CH,); EL-MS: m/z 538 [M]', 375 [M-
163]

SJ-504 (4) — White powder; m.p. 92-94°C; UV: Amax
(EtOH): 266, 215; IR (KBrjem: 1751 (ester); 'H-NMR
(300 MHz, CDCLy) &: 6.81 (2H, s, CH,), 3.80 (2H, m,
3p-H and 70-H), 2.38 (3H, s, Ph-CH;), 236 (3H, s, Ph-
CH,), 2.32 (3H, s, Ph-CH,), 091 (3H, d, /=63 Hz, 21-
CH,), 0.88 (3H, s, 19-CH;), 0.63 (3H, s, 18-CH,); EI-MS:
m/z 510 [M]', 375 [M-135]"

SJ-505 (5)—Light yellow powder; m.p. 148-150°C; UV:
amax (EtOH): 296, 257; IR (KBr)em™: 1669 (amide); 'H-
NMR (300 MHz, CDCL) &: 6.61-7.30 (3H, m, C/H,),
589 (2H, s, -CH,-), 3.80 (2H, m, 3p-H and 7a-H), 0.90
(3H, d, /=63 Hz, 21-CH,), 0.87 (3H, s, 19-CH,), 0.62
(3H, s, 18-CH,); EI-MS: m/z 511 [M]', 375 [M-136]"

UDCA f=He| st §3F — UDCA F=A19] in viro
gatsl @A Masugi™? 52 WS o Wyt o
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Ursodeoxycholic acid Maltol SJ-501

HO

Sesamol SJ-502

Ursodeoxycholic acid Eugenol SJ-503

CH,
CHs

OH

CH,

Mesitol SJ-504

HO

Ursodeoxycholic acid 3,4-(methylenedioxy)aniline SJ-505

a : 1,1'-Carbonyldiimidazole / Dimethylaminopyridine / Dimethylformamide
Fig. 1. Preparation of SJ-501, SJ-502, SJ-503, SJ-504 and SJ-505.
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3} 7do] A3} 90-170 g F=2] 34 Sprague-Dawley
A AFE olgst 2F9 7hs AEdtaL, 1 vie] E9 L
AaArE AF 3 T 2 SF 12T 0.05M s
N (pH 7.4) 5mlE 7Fstd homogenationgt § ©]< 0.3 ml
S} 10% DMF A2 d<pel]l =91 A 0.1 miE E9staL
37.5°C 2z0lA 3 AlIZF HEEAIZ] 5 TBA Al9F 3.6 miE
7FSIAL 98°C & AFollA 1 AIZE &<t ZHh st Ao
2 23 & Fe2 4mle 7iste] JGSkaL 1087 A&
2] (rpm 3000)3te] FE-E T8 FH3t 534 nmellA] A=
+= malondialdehyde & S48ttt 711%] TBA Al2F
thiobarbituric acid 0.3%, sodium dodecyl sulfate 0.4%7}
HEE 7.5% ZAF 45N (pH 4.0)004 ARE Aol A3
ARE-sEAT

UDCA fEA2| 7 25 1 - JAsES IS =
ARE : 20£1°C, F5 @ 55+3%, HY ¢ 12 A17F light/dark
cycle)® 1 F7F H-3A171 A5 200£10 g9 54 Sprague-
DawleyZl 3FE ARESIGITE SFHE dix, 7+ F3l =9
T 2 o 3 AEFOR A Ao ® e H, 7 &
< MR sto] AP At Fol &% 9 e
oFE2 100 mgkgs AT AFY b Folsia, Fof vl

4

A9t CCl, : olive oil(1 : 4 vv)S 100g Z 0.2 ml &
B2 Hell Fostal 24 Al7F A2 Al71 - ether® PHHA]
71 gF 9] BHE Arliste] st S Fate] AP
ot AFH e A Aok 30 B7F R & DAl sk
e 225192 Reitman-Frankel'§ 2> o] 83} trans-

aminase & S (FoRHAIGoZ Y #3 Xtk
kit A|2FS AM8-31e] @3 U alanine aminotransferase(ALT),
asparate aminotransferase(AST), sorbitol dehydrogenase 2!
y-glutamyltransferase &4~ /35 S48t 22 &
o g3 AP D4} olive ol FASIALH £ ATE
< AU FEAddRE A8 5 stell &2 A
< Frste] AAsT

SHEN 24 - =3 Ao FAIME Student’s t-
testE ©]&31N 0™ p<0.05 4 Wit Feo)ido] e Fo=z
st

UDCA RER| — thokat M e fuehs 84 Aas
a718lo] UDCAS] 7+ A% ARo] 45 EHE Yerd 2
o 7tsle] AN BS BH BAL el FHhE
Aoz A2 Gk} 24 229 makol® 1z P @

8} 24 432 eugenol™F} T 71E Apollr] itst &
o] = Ao Z FHE mesitol”” D sesamol} TE A
A o) &atksl E4do] 7ldlElojA]= 3,4-(methylenedeoxy)
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anilines 23A1A UDCA F=AE AZsksiT)

UDCA F=A 521 SI-501-E 8J-5059] Az loiA]
AWEAQL esters} A12F1 DCC(1,3-dicyclohexylcarbodiimide)
£ ARS8 conjugatestE HESH A3t A% wgo] ofgh
s 271949 conjugatesto]| B2 ol A7 AU
o} wEb B FeA|3F Ao s Bl 3 esterd) Al
ko2 A4# A 1,1-carbonyldiimidazoles o 28|23} F7F
A Aeko g A3 DMAPS &2 3o SJ-5019A4
SI-505714] 5%2] UDCA =412 Az3th

AZH UDCA %A SI-501S #A) Fuke 'HNMRO
Aol 8 0.63, 0.88 B 0.91°14] UDCA®] methyl f2f2] 7
A7 § 2.1991A4] maltol®] methyl 3|9} 6.34 B 7.6001 4]
olefin T|=7} F=E|3, IRNA UDCAL] carboxylic acid -+
#1710 cm™e] WI=""7} 1767 cm™ 2 ester f2f 2] ==
o]53lk Zlo] gelxjoizef w2} UDCAO] maltole] ester 2
F2S AT 4 AN, D] Az} 500004 M
7h 1o el] ofste] 18] F2E B3] STt

SJ-502% WA Bk 'HNMRO $le] § 0.62, 0.87 2
0.93%14 UDCAS] methyl f212] =7} § 5.9990 4
sesamol®] methylene ]9} 6.54-6.880|A4] WA SF 4=2~ 3]
=7} #2532, RIA SI-5013F FrARSHAl 1762 em™ ol A
ester Sefo] W=7} Ad=x50jRd wat UDCAY sesamol
o] ester AFsIAe= TN, DA A7 51200
A M7} gelEoel] ojste] 19] 25 WEs] & 5
AATE.

$J-5032 WA Eabg 'HNMRO $1o] § 0.65, 0.88 2
092014 UDCA2] methyl 212 =7} § 3.839A
eugenol®] methoxy F-&#1¢] W=7} F== 1, IR SI-501
I FALEHA 1767 em 'l ester 2] W=7} ASE]od
o w2} UDCA® eugenol®] ester 2F3AaS & 5 U
RaL, Ao A3 538904 M7E ERlE|o| el 25t
TZE W] kit

SJ-504% WA Eakg 'HNMRO $lo] § 0.63, 0.88 2
0.91¢14] UDCA®] methyl e ] T =7}t § 2.32, 236 &
238914 mesitol®] phenyl methyl 2] 3|37} FZ=| 3,
IRONA SI-5013F 5-AFSHAl 1751 em 'Ol 4] ester S-2¢] i
=7} #=x|ojZo) ulg} UDCA® mesitolo] ester 233133
52 9 & AR, AR A 510004 M7 g
Ql=lofof| ofate] 1o] 2F W3] & = UL

SJ-505% m|3H 2tz 'H.NMRO o] § 0.62, 0.87 2
0.901 4] UDCA2] methyl #-21<] =7} § 5.899014 3,4-
(methylenedeoxy)aniline2] methylene 22| 3271 #=F
a7, IRYIA] UDCA®] carboxylic acid -2 1710 ecm™<] #H
=7} 1669 cm™e] amide F2fe] M= o)FEo]X Zlo] &
Q=)o H o w2} UDCA®Y 3,4-(methylenedeoxy)aniline©]
amide 2931952 FHY T UL, A#HEA o] A3} 511

O
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Table I. Antioxidant effects of UDCA derivatives on TBA method

Inhibition ratio(%)

Group - w3 = w3
Concentration 1.6x10"M 1.6x10" M 1.6x10" M
UDCA 37.1 44.6 55.6
Maltol 32.8 61.5 62.7
Sesamol 41.6 56.8 62.5
Eugenol 27.7 46.3 62.5
Mesitol 44.2 50.8 55.4
3.,4-(methylenedioxy)aniline 25.2 45.2 57.6
SJ-501 24.5 37.5 49.7
SJ-502 28.1 42.8 55.7
SJ-503 26.5 423 53.8
SJ-504 243 40.3 57.7
SJ-505 20.7 40.3 57.7
BHA 23.6 53.5 73.9

Inhibition(%) of MDA(malondialdehyde) generation in rat liver homogenate in vitro on TBA method.

ol M7} gelglojde oJsle] 9] 2
AATE.

UDCA f=A[e| &itat S3t — Table 1o YeRA nle} 7+
o] UDCA =4 $J-501, 502, 503, 504 2 5059 in vitro®l
A¢] gikst B &3t Ao E Al 53 1.6x10°M
o] AT E 20.7% AAES Hel SJ-5055 ALt
£ 23.6%2] A&S Hel BHARUT & 3ts dA4S
H o B3Rl UDCAS}L F=Al|slol] ARS-H 3its)l 24
EAERTRE 34 @4o] e 3RS Blth 1.6x10°M
9] T FEAME 53.5%%] AAEE UEllE thxadd
BHAS} 23191 UDCA ¥ ditsl &4 SdHn) w2 3t
3} AL BT 1.6x10° M) IEEANXE 73.9%2] o
A&S e E 222 BHAS 3413l &4 EdRth=
R ko kel A4 Holw 9o} SJ-502, 503 2 504

T3Ql UDCAS} fASH ditsl 848 Holom e
71l wgl dtsl % SUtsle 43S BT o]
23 Azt 23el UDCAE 9 AEE37} fAKsE 3pats)
A4S Bl o8] UDCAE a4ks E4o] 9SS By

71&9] A7 AxPVel AR sk} I FrEA skl A
H ksl 24 EAE0] UDCAS} ester 232 sidet
Aol giell 23t ester 2] 7Hallel <8l 2
=& UDCAS} 3| &itst EA49] Aeass vepdE
2t 7Itiels €8] UDCA FEA52 ester A5l 23]
kst el #esli= phenold hydroxy” 17} EA|S1A] 9
ol o3l FAtsl Edo] Tase AoR FHEH, T
in vivo A8 5ol o5 Aol ester 2] 7o) Lo
U ksl @4do] ofDA HsleleA] 52 Bk A= 9
A A7 dart Jde Aoz AIRFATH

Ir

R
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UDCA f=He| 2t ¥5 §3t - CCLE 7 J4lE o
3Fe] UDCA FE=AES AT T35t €4 AST, ALT,
sorbitol dehydrogenase 2 y-glutamyltransferase €4~ 43S
SAste] 7F el 3] Eel A= UDCA F=AE59 23
= #Fsiict. 2 A7 Table [I9F MM ] P Z¢] ALT
2 AST?| X2 Bl AESF A3} normald=e] ALT 4
©] 374 unit/ml, AST®] &/do] 61.7 uniymlQIH HFa}]
CCLE 7 JelE AE 735 89.9 unityml®} 186.4 unit/ml

)

RS

Jad i}

Table II. Effect of UDCA derivatives on the serum ALT
activity in CCl,-treated rat

Group Dose Content
(mg/kg) Karmen unit/ml
Normal 37.4+4.96°
ccl, 89.9+5.67"
UDCA 100 63.9+4.12%
SJ-501 100 91.3+8.56°
SJ-502 100 67.8+4.13"
SJ-503 100 88.7+6.23"
SJ-504 100 70.3£5.16°
SJ-505 100 65.2+5.10%¢
Silymarin 100 56.3+£3.42°

Rats were orally administered of compounds daily for one
week and then 0.2ml of carbon tetrachloride(1:4 CCl, : olive
oil) was intraperitoneally injected once a day. Rats were
decapitated 24 hr after the injection of CCl, treatment. The
assay procedure was described in the experimental methods.
Values are mean=+S.D. for six experiments. Values followed
by the same letter are not significantly different from normal
(p<0.05).
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Table III. Effect of UDCA derivatives on the serum AST
activity in CCl,-treated rat
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Table IV. Effect of UDCA derivatives on the serum sorbitol
dehydrogenase activity in CCl,-treated rat

Group Dose Content Group Dose Content

(mg/kg) Karmen unit/ml (mg/kg) mU/ml
Normal 61.7+8.34° Normal 17.2+3.17°
ccl, 186.4+19.2° ccl, 61.4+7.23°
UDCA 100 93.248.17% UDCA 100 28.9+3.89°

SJ-501 100 174.2+10.3" SI-501 100 66.84+8.24"

SJ-502 100 114.3+8.26™¢ SI-502 100 45.6+3.59°
SJ-503 100 180.3£10.7° SJ-503 100 70.245.13"
SJ-504 100 130.6+8.24" SI-504 100 48.6+3.12°
SJ-505 100 104.249.46° SJ-505 100 40.0+2.67°
Silymarin 100 83.248.54° Silymarin 100 25.6+3.59°

Rats were orally administered of compounds daily for one
week and then 0.2 ml of carbon tetrachloride(1:4 CCl, : olive
oil) was intraperitoneally injected once a day. Rats were
decapitated 24 hr after the injection of CCl, treatment. The
assay procedure was described in the experimental methods.
Values are mean+ S.D. for six experiments. Values followed
by the same letter are not significantly different from normal
(p<0.05).

2 ok 24w} 3.00) “dssle] 7H s TAEIeS &
T AUk SJ5055 AT T A9 ALT level©] 65.2
unit/ml, AST level®] 104.2 unit/ml= =341 UDCAS] ALT
level 63.9 unit/ml, AST level 93.2 unit/ml®} HZE02 A}
43t silymarin®] ALT level 56.3 unitml®}= 21432 =}
o] 7} gl AL EHE, AST level silymarin®] 83.2
unit/ml B.t= w]eFsh CCl, 2 7+ sl vlal] #-<
A A AEeS & T AT SI-50291 SI-504% B
dlol UDCASH= FARSE @32 tiZ7<] silymarin®] HT}
= o 524 A ALTSF ASTE #AAY )= 895
eRRIAI T, S1-5013 SI-5032 A& g3 Holx] &3}
Atk X3 Table IVRF VO] sorbitol dehydrogenase 2 y-
glutamyltransferase S~ 440l JoJA = SJ-5057F ZaH <l
UDCAS} tlZ2<22] silymarin®] Rt oFsht CCl, 3 7+
dallatell vsl 24 A 7P s A a9E B
37, SJ-502¢F SJ-504% o4 e A G BRI,
SJ-5013} SJ-5032 9381 CCl, 7 7+ Jsliel Hlal level
TRt S7veRe AdE BT

ool A A} 191A 0 F AFr)ES A3t
AsE sk dEAd S4EZ CClE FEr7]
Asfloll sl e A ES sk 295 Ad
2bsl 84 JEES AFAA UDCAS] 7 He g3
7+ 715 Y UDCA FEA|5S Hulz o=z w3l
UDCA®= fAF B oF7F mIEe B35 18]35 ozt
silymarin2 th= vt @95 YA T fF=AE 5
7V 953 7 BE @392 1l SJ-505: X197 UDCA

ofN ot Y N

o

Rats were orally administered of compounds daily for one
week and then 0.2ml of carbon tetrachloride(1:4 CCl, : olive
oil) was intraperitoneally injected once a day. Rats were
decapitated 24 hr after the injection of CCl, treatment. The
assay procedure was described in the experimental methods.
Values are mean=+ S.D. for six experiments. Values followed
by the same letter are not significantly different from normal
(p<0.05).

Table V. Effect of UDCA derivatives on the serum y-
glutamyltransferase activity in CCl,-treated rat

Group Dose Content

(mg/kg) mU/ml
Normal 28.9+5.16°
ccl, 230.4+19.6"
UDCA 100 92.44+8.97°
SJ-501 100 250.6+20.8"

SI-502 100 150.610.6"

SJ-503 100 241.7+13.7"
SI-504 100 158.9+11.3°
SJ-505 100 130.249.46°
Silymarin 100 80.9+8.57°

Rats were orally administered of compounds daily for one
week and then 0.2ml of carbon tetrachloride(1:4 CCl, : olive
oil) was intraperitoneally injected once a day. Rats were
decapitated 24 hr after the injection of CCl, treatment. The
assay procedure was described in the experimental methods.
Values are mean+ S.D. for six experiments. Values followed
by the same letter are not significantly different from normal
(p<0.05).

o] FEAg} AFEo] amided ] AF FHZ F=AE &
Asle] tFst B B9 AT A=A 44}
g+ amide 2% Felieh= Aol 58 wehe, 4k 2E
gl 29t A5 mAA 2dol| o= S AT &
7t Q= Ao ® BE sesamolS AFAIZ SI-5029

SI-504% WeFEIA|RE 7+ HE a3y} BRIE oL}, 945
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kst G4l o3l UDCAS] 7+ B g3e] Ak 2
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