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Synthesis of Sesamol Derivatives and Biological Activities
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Abstract — Sesamol, one of constituents isolated from sesame seed (Sesamum indicum 1..) has been known to have natural
antioxidant property. Nicotinic acid and clofibric acid have heen used for treatment of hyperlipidemia. Sesamol derivatives
prepared by conjugation with nicotinic acid (S]-301) and clofibric acid (SJ-302) were expected to have various biological activ-
ity caused by synergistic effect of sesamol. Thus, this study were carried out to investigate the synthesis of sesamol deriv-
atives from seasamol and antihyperlipidemia drugs and their biological activities. As a result, SJ-301 showed a stronger
antihyperlipidemia activity ¢ vivo and inhibitory effect on TNF-a release iz vitro compared to the original agents such as
sesamol, nicotinic acid and clofibric acid.
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Ao Ak 7 Aol W wdFe] SR Qlste] Al Sesamol- oA th#ko g AnjEolx| 1 Q= F-§ A%
o] o] F7hE| AL 9lom, BEgk 7 kY fl9lo] x} tekst Q1 N (Sesamum indicum L)ZHE] Hojx|= HA 113} A
B3 Q= FAlolnh Hol= A3 e] A jlo] 3 Wizt HOowA 19 AR B HAAEAR de] g
o] W 3409 oFE g 5o thokst wy 9l 9o & tocopherol Xt} $55h 7 sl ololw 7|E} AR EAE
ARkl o e, oF, BE W RIS WE 3t 5 o] BarEoA °“:]r89) 55k 7)ol sesamol 2ol dHAkst
I} 22 Aogo] ety Bwska ok web vkt 2791 sesamin 59 lignano] U E-rElo] Qo0
AMPE o 9 X=sh] fleixdE shke] 2Rg- 7)ol At 2 A 95 9 e a A A oFE o9l B3 oF
ok SFERThE B2 28 7o iE okl A & B9 A Aol g8l aAEF Asel 9 kg E Edst
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150 ksl Ede] Agtel upE ol Z—.%JJ— ks 1l & o= 33148% (antihyperlipidemia) ©F2111 clofibric acid 2
a1 Z-g-2] A gl tisle] Barakiet>e nicotinic acids IE|Z3} qh-gol 28] 31X sesamol -
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M= W 707]

FT-NMR spectrax= Varian Mercury 300 MHzZS ©]-&3}<]
TMSE ui-3s =4d& ARslo] 57481910, chemical shift
= & unit® YERITE IRS Nicolet Impact 420 FT-IR 3%
FEAE AME81] KBr disk] 0% 374319101, A% spectrai
Finnigan Mat TSQ-700 A}8-8t01 5738131t} Melting point
= Mettler FP 5 §357715 ARIlaL BAS sb4] esltt.
Sesamol, clofibric acid ¥ nicotinic acid= AldrichA}, WFS8- A
kol 1,1-carbonyldiimidazole®} dimethylaminopyridine Sigma
AKSt. Louis, MO, USA) A& 7-5l5te] AR&aiSict. =24
=744 A]2kel RPMI1640, penicillin?} streptomycine GIBCO
Lab.(Grand Island, NY, USA)°l A, RAW264.7 cell& ATCC
(Rockville, MD, USA)ell~], LPS(lipopolysaccharide, E. coli
0111:B4):= Sigmartellx] 75late] ARE-sIITh. 718k A3} &

Wl SE W 1S AMslel s,

Sesamol F=H|2| &4

Nicotinic acid 3,4-methylenedioxyphenyl ester(S]J-301,
1) — Nicotinic acid(6.7 g, 54 mmol)E DMF(dimethylformamide)
50 miol] =91 &, Ao 1,1'-carbonyldiimidazole(13 g, 80
mmol) 2 DMAP(dimetylaminopyridine, 0.19 g, 1.6 mmol)&
7181e] Aol 3087F Wit AT, &35t gollof] sesamol(7.5 g,
54 mmol)< 7Fsto] 12A13F A-2ofx] wrkeieh. vk §-4E
7 FAAZ] 3 EtOAcE 7Isto] HlAIA EtOAc 3 91
5% HCI, 33} 5%, 33} NaCl <oA% A1H3F 5, MgSO,= &
T8 - FFHslo] EtOAc 32 Ath o EFES -
hexane : ether=2: 1& 2473l §J-301(8.14 g, & 62%)
oojt}, SJ-301(1): White powder; m.p. 84~85°C; Rf=0.41
(n-hexane : acetone=2 : 1); "H-NMR(300 MHz, CDCly) &: 5.89
@H, s, -CH,), 6.70~6.893H, m, C4H,), 7.40~9.37(4H, m,
C.NH,); IR(KBr)em™: 3056, 2891(CH, aromatic), 1726(CO),
1590(C=C, aromatic); MS(EI) m/z(rel. int.): 243(M*, 42),
137(3,4-methylenedioxyphenoxy, 10), 106(C;Hs;-O-CH,, 100),
78(C¢Hg, 42).

Clofibric acid 3,4-methylenedioxyphenyl ester(S]J-302,
2) — Clofibric acid(5.4 g, 25 mmol)E DMF40 m))°l| =<1 %
A2 1,1'-carbonyldiimidazole(6.16 g, 38 mmol)®} DMAP
(0.25 g, 2mmol)E 7}ato] Aellx] 307+ wnk AlZich £33
f-Mof| sesamol(3.45 g, 25 mmol)S 7510 12717F ALojA
HEITE, WA REG- 8-olls Eofl 713t §- EtOAcE 53
o] EtOAc 55 91 5% HCl, X3} F3, 33} NaCl A2 Al
gt §-, MgSO,= &8t - 553to] EtOAc 35 A3l

dolxl E3HE-5 n-hexane : ether=2: 1= #AA73to] 70% I
H2 §J-302(5.85 95 A3t} SJ-302(2): White powder; m.p.
64~65°C; Rf=0.51(1-hexane : acetone=2 : 1); 'H-NMR(300 MHz,
CDCly) &: 1.71(6H, s, CH;x2), 5992H, s, -CH,-), 6.38~7.31
(7H, m, C;H;+CgHy); IR(KBrem':; 3072, 2988(CH, aromatic),
1745(CO), 1481(C=C, aromatic); MS(EI) m/z(rel. int.): 334
(M*, 10), 169(C,H,,Cl, 38), 138(sesamol, 100), 78(M-C¢H,
30).
= g
A SAHIE ¥ XA X5t 2 - AF 180~200 g YEo
Wistar]] S1FE 24 6A5-E 2k 285 Alwsislon &%
© oF 25°C, 55 oF 60% FAEES afo] ARSIt Ak
= A1 pellet® 25 AlRE ARESIGlow, IAES L 8
A FEAHE o] B 291 AEE 1% CMCll =9 73
T Folaiglon HF Fol 2443 $- sukE]e| tisle] dE &
AAHE FAE S IAET s RISl AT
£ sesamol F-EA 9FE-S 1% CMCell o) Z+2; 20 mg/kgs)
50 mg/kgs 19 13] 73t A7 Fojsiglon, e A
o] A& Fol Al 1% CMC Rk Foiaiqitt. 2& Fo 244%F
T Adate] Ware] AAg 5 AAEE(1,000 rpm, 1027l
ozt dHe At

g3 9| triglycerides} Z#|AHZ-S Masuda 52 W
o] m} Al A9K(TG-Five Kainos Laboratories, Inc., Tokyo,
Japan; Cholesterol E-Test Wako. Wako Pure Chemical
Industries, Ltd., Osaka, Japan)S AR&-3}0] 743} ch

28 ANzt A& S0 - A)F 160~210 g2 &4 Sprague-
DawlayA] 315 5rle]E 17492 319] sesamol F+=A4|Q1 A3+
& AR 20 mgkgs 1% CMCell o] 742} 19 13] 1097+ 7
Al Fesiar, S AR AR Fol A 1% CMC W
A Folsisint. vizre Rz F8 A % gt 5%
Ao A9 aepiring A3} U8 20 mgkgS 1%
CMCell =01 10U%F 737+ Fofsfo] thxrtoR sigirh &4 A
e FAL FES 104 FoId F 74 FF el sodium
phenobarbital 50 mg/kgS =7 Ul FAF8ke] w3 A7 o
ethers RvEA= ARE3PAA 83 78] 3mmE 2= dt
g 5 37°CE fAlE Ae)rlglarel 25 s Yo Y
5cm7} A @7} aele] He AR Add wjrpA] o] AlRE
& E8 A7 A4sh= Hornstra W7ol F510] Z461ict.

TNF-a 44 x| 2 - Sesamol?} sesamol F- =412 TNF-
o A oA Z8-2 Cho et al'®9] Wol oJale] At
TNF-02] %3 murine macrophage cell lineQ! RAW264.7 A
FEE 1x106 celym! 5= 24 well platee] 231 100 U/m/2)
penicilline, 100 pg/m/2] streptomycin %! 5% fetal bovine
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serume -8k RPMI1640°14] 37°C, 5% CO,Z 33t $hs
Z7o A ARA wleFsli Tt o] 3 1 ug/mle] LPS(lipopolysac-
charide)?} DMSO$%} EtOHS: ©]&afef ofe] e FAld oF
o A Agste] 643 F9F kst 9 wiekas iR
(12,000 rpm, 223hato] FedE Fste] E£H]E TNF-a ¥=
A wzhx -70°Col A BAskch TNF-aol 32
Amersham(Little Chalfont, Buckinghamshire, UK)ol|x] Swjjs}
i mouse TNF-a ELISA KitE 793} Kit2 A&stelom,
AL LPS 5 2|2)-2] TNF-o 93} Blwsto] ARalsich,
TNF-02] A% Al A5 0.99 o) de] ).

SEAEN 2AM

AESA A3 B AglellA 4= mean+S.EE WER]
2137, SPSS packageoll 213+ Duncan's multiple testS ©]-23}]
Ao p<0.05 A Wik f2do] Qe A eE st

An o o

Sesamol F=X|2| &M

Sesamol F+=A4121 SJ-301 2! 3029] el 9ol WA Ant
Aoz da A5 esterd} A|2F¢l DCC(1,3-Dicyclohexyl-
carbodiimide)E AH&-3to] TS FaFAAINE, WEgAJo] okt
Az A9} 7F2EA7]9] 53 Hhg 0= Q1slo] gof| A
7} St wEbA] 2 FAel= Scheme 10114 LR 219} 2F
o] Kt} 3t esterd} Aok A7 1,1'carbonyldiimidazole
& olxHESE S Alke® ARgate] §]-301 B 3025 &3
ahoith A E SJ-3012 'H-NMRell 1o & 7.40~9.37) A
nicotinic acid®] pyridine3t §-# 2] T4 A7} § 5.89°0A]

HO
COOH
AN
| * T:[:}
-

Nicotinic acid Sesamol

CH,
| HO a
m@oc—com + \(:E% _a .
| o]
CH,

Clofibric acid Sesamol

sesamol®] methylene -22] T E QI
o] sesamol F21¢] OH bandZ 218 4= 191, 1726 cmo]]
A oll~HZ2] A bandE ERI 4 AT 3 A
2] A 243004 MTE FRlgh 4= glgel 2lste] §J-
3019] x5 &3] shlck. A §J-302% 'H-NMRe| gl
8 638~731°14 WAL Fefe] 4 9A7E § 599014
sesamol®] methylene 212 I35, § 1.71°01A4] clofibric acid
] methyl 2] 7]=7F RIS} IR S1o] sesamol 4
9] OH bandZ #1Z 5 13131, 1745 cm™ellA o1 29]
FAR1 bandE SIS = USITE. FAlo A 2] Aol 3l
A% 334014 M* 97} 1] we) §J-3022] 725 W

s8] & 5 itk
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Sesamol =411 SJ-301 X 3029] 83 Fe|~HE At &
7} Addel|X= Table Pl YERA ule} 2ol SJ-301 3027} o
Z"Q] nicotinic acid?} 4] T3 9] total cholesterol®] A3} &
W7F e A BEEN 0, triglyceride®] A3tel] oA
thz+Q] nicotinic acid Rt} @A HAA = &35 e
wiglch. 53] S§J-3012 50 mg/kg®] Fi=olA] 84.5+4.13 mg/di=
A @A) A9 71.2+1.20 mg/diell 71 2 dhs 5%t
triglyceride®] #lat &35 BRIt & A3e] Ay} kst &4
oFEEo] IAGTOE ENE JHE A OR Bus =199
IR, 98 ksl E4E 71 sesamols: TA|ES A
BAIRA o E]= okae] AT FEAES AT Fol okl
< wellis F5A ool 7t Sl esterase SOl 23l 3=
o] FAtsIAIQ] sesamolo] TA|EF X7 &2 dF FolAH|

29 A FEO) Ak BNE ASATIE 0w S, 1

_a Q/COO\@Z>

SJ-301

P
c —@—ocl:—coo \©:Z>

CH,

SJ-302

a : 1,1'-Carbonyldiimidazole / Dimethylaminopyridine / Dimethylformamide

Scheme 1 - Synthesis of SJ-301 and SJ-302 from sesamol, nicotinic acid and clofibric acid by 1,1'-carbonyldiimidazole.
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Table I - Antihyperlipidemic effect of sesamol derivatives on serum
levels in normal rats

Treatment Dose Total cholesterol Triglyceride
(mg/kg) (mg/dl) (mg/dl)
Normal - 84.8+0.20° 71.2+1.20
Cholesterol - 125.3+3.70¢ 116.2+1.02¢
Nicotinic acid 20 108.5+1.85" 107.3+1.03%¢
SJ-301 20 108.0+1.47" 94.8+0.85"¢
SJ-301 50 106.3+1.33" 845+4.13"
SJ-302 20 107.5+1.26" 95.3+10.01>¢
SJ-302 50 106.0+1.41° 100.05.00%¢

Values are means=S.E. from 5 separate experiments.
abedeyalyes with different superscripts are significantly different
(p<0.05).

abedeyalues followed by the same letter are not significantly
different (»<0.05).

2} §J-301E o] @41 7ol wht &kE dsislont, 5
3 Al ZaE 71U §J-302E 5 Sl uE 59E U
31#) F3kol] w} A o AH| = 3ghEolele A WellM 2]
oxEHE Age] B3l £& 9 759 A8 7S Bk AE 9
A A7e Fert lvka Azt

E8 M OF &t

8 AIREe A%l a3) Yl e NSAIDD AlY eFER
A] arachidonic acid=*%-E] prostaglandin©.% 2] H g & A<l
cyclooxygenaseE xFeHate] o3& 4w $3 a¥E Ad
prostaglandin®] $+ 57?1 thromboxane A,(TXA,)°] It} 444
= JAlste] 28 IF aE UEhllE okeso] ¢EA stk
53] o= o= ¥ aspirin®] 7P {83 FEEA] 7k 9
o 20 Hrofi= o]0 FEAES] T4 9 okF ATt 2
8= 3 letd

Table Mol YR 213} o] AR Ada} Aol glof
A= 20 mgkg?] E5ellA A (195.9+29.1, n=5)°] B}
o] §J-3012 0.8%(197.4+22.4, n=5), SJ-302+= 5.7%(207.0%
32,0, n=5)ZFA] 5 t)Z72 aspirin®] 64.8%(322.9+43.6,

Table II - Effect of sesamol derivatives on bleeding time prolongation
in rats

Treatment Dose (mg/kg) No. of animals Bleeding times (sec)

Control 1% CMC 5 195.9+29.1°
Aspirin 20 5 322.9+43.6°
§J-301 20 5 197.4+22.4°
§J-302 20 5 207.0+32.0°

Values are mean=+S.E. from 5 separate experiments.

Bleeding time of adult male rats administrated orally with
various compounds (20 mg/kg/day) for 10 days.

*byalues with different superscripts are significantly different
(p<0.05).

ab¥alues followed by the same letter are not significantly different
(p<0.05).

Table III - Inhibitory effect of sesamol derivatives on TNF-a
production from LPS-stimulated macrophage cell line
(RAW264.7 cell) at 10 uM concentration

Treatment Concentration (uM) % Inhibition (n=3)
Sesamol 10 7.0+9.9%
SJ-301 10 15.6+3.4°
SJ-302 10 1.3+7.1%

RAW264.7 cells were incubated for 6 hr with each compound and
LPS of 1pg/ml. Supernatants were tested for TNF-o content
using mouse TNF-o ELISA kit.

Values are mean=+S.E. from 3 separate experiments.

abValues with different superscripts are significantly different
(p<0.05) with respect to stimulation with LPS alone.

“bValues followed by the same letter are not significantly
different (»<0.05) with respect to stimulation with LPS alone.

n=5)°= R X vX= a3 eIt o] dAtskAel
o3t gtz AA &3, uAEF XF A 23 I35 U
o] XA A a3 U HEA 35E2] cyclooxygenase *13]
g3 2Jslo] Hut Yi-e] BsrEo] gl ule) do 5=
glo)] JaFS = Zlolghk= Zdells T2 Sshe ARl &
Z5t). wEbA] 28 AIRE A%l a9E YERlE o5 )
HES- aspirin?} 720] cyclooxygenaseS xFehsl &= Qli= oHE-S
2L EAR 3 {5A| oFE o] vigRgh Zlow ddsolsit).

TNF-a 44 X 3t

TNF-0i= macrophages %= monocytesollr] A== SAIE
o] A} glef] of7] HF RES 9 APt W] H3hE fEshe pro-
inflammatory cytokine®] &Ffo]th?? FHitoli= TNF-oi= At
s Ad A 9 g2 Tglolu vlelE A 119 T 2
ofg] 1H Agabe wEEo] kil B arEojA] Ik

webd 2k BE gap) e Ao deld g sl B
ZE50] TNF-o A4 A 2485 vepd 249 1o} asis 3t
g 4 X5 g3t 7|diEoie] wel, & Aqtx s Akt
AE F¢ EAZ sH= sesamol 4191 SJ-301 B! 3020 ©]

Table IV - Inhibitory effect of SJ-301 on TNF-o production from
LPS-stimulated macrophage cell line (RAW264.7 cell) at
each concentration

Concentration (uM) % Inhibition (n=3)

10 15.6+3.4°
50 25.1+3.6"
100 36.2+2.2°
250 455+4.5°

RAW264.7 cells were incubated for 6 hr with each compound and
LPS of 1pg/ml. Supernatants were tested for TNF-o content
using mouse TNF-o ELISA kit.

Values are mean+S.E. from 3 separate experiments.

abedyalues with different superscripts are significantly different
(p<0.05) with respect to stimulation with LPS alone.

abedynlyes followed by the same letter are not significantly
different (<0.05) with respect to stimulation with LPS alone.
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slo] TNF-o A4 oA mael] tisto] Aleiict. 1 A7} Table
M7} Vel veRd 23} ko] §J-3010] in vitroo| A tZat?l
sesamol(7%)°l] Bl8l % A0 7 HwA 52(15.6~45.5%)
TNF-o. 473 oA &3+ Yehlgiet. 1o §]-302= TNF-a
A A S TR S Zlo® Y E ]

SJ-301] TNF-o. /3 <A 2-8-2 protein tyrosine kinasel}
protein kinase C 53 7> @4 AdAle] A 28 v =
A okor} =9l ghaksl EARA TNF-o 2AAI0]H transcription
factor?] NE-KBS] 2H8-S oJA3k= #10% 131129 pyrrolidine
dithiocarbamate$} A fFAFE A &35 RHoFITh,

F=o] HEAQ s Dgel sl aAEF X 5ol 5%
okFg s Wlek= AR ol 9 X sAe] Wt S8,
3k A1 BAS 7FK sesamold}t TAIEE A BA|RA ARR-E
6] nicotinic acid®} clofibric acidE esters}Alol] 2 3
A7 sesamol F=AE FA8AL, ol FEAC] A=LE3E A
E313ic}, 71 A3} 1,1-carbonyldiimidazoleS- esterd} WES- AJek
OF ARE3}O] sesamol =4 §J-3013 3025 $dste] 1
Z5 WEs] sigict. AEEA ] oA 3AET ol 9 A
= 899 U5 98 ¥ ZdaHE 2 XE Ast a9 3
Bk A}, §J-3017) 3027} 4 F@l2ElE A3lelAi= nicotinic
acide} Akt A8t aabks RARE A4 A8t gafelM= 97
si3ict. 53] §J-3010] st I FElE 9 A Ast &
g Btk FEARE A &3 A 54 25t o)
2391 aspirin®th wH G35 Rtk 9T W 1 AEka)
e TNFa B4 oA &3 Addelr= §J-3010] 5% o
HoF FdE Rt o)de] 23 A sesamol?} nicotinic
acidZ A7) sesamol G54 §J-3012 wA|EE 4 2A 3}
Abstel] o)) wAlehs 1P 3] oA W X gAlEA ] A
7Fs730] = oFEEA AlEE Xt

Al At

B A= AR ety 2006 widTrH]ol o8] %o
w, oe]] ZA =YY
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