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Inhibitory Effects of Green Tea against Squalene Synthase. Choi, Sung-Won', Nam-Yoon Hur',
Han-Seung Lee’, Moo-Yeol Baik’, Soon-Cheol Ahn’ and Jeong-Gyu Lee*. Department of Family Medicine,
Pusan National University School of Medicine, Busan 602-739, Korea, 'Department of Food and Culinary Art, Osan
College, Osan 447-749, Korea, *Department of Bio-Food Materials, College of Medical and Life Sciences, Silla
University Busan 617-736, Korea, 3Departrrzent of Food Science and Biotechnology, Kyung Hee University, Yongin
446-701, Kores, *Department of Microbiology and Immunology, Pusan National University School of Medicine,
Busan 602-739, Korea - Various biological resources from plants, animals, mushrooms, microorganisms, and
foods were tested for the inhibitory activity against squalene synthase (5QS). Among 32 samples, more
than one fourths (9 samples) exhibited significant SQS inhibitory activity. Interestingly, SQS inhibitory ac-
tivity was detected in the samples such as green tea, fermented soybean paste, and plum juice. The SQS
inhibitory activity of green tea was not only high but also stable. Its SQS inhibitors were supposed to
be catechin derivatives, which have been known to be main bioactive components in green tea. The galloyl
catechins showed higher SQS inhibitory activity compared to the nongalloyl catechins. Especially, (-)-epi-
gallocatechin gallate appeared to be strongest inhibitor against squalene synthase (IC%=90 pM).
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A77t H2ol Aol A=l Merkile Aejmzat
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[3.9.26] 59 AEAo] vAEZRE EeHo] Rudch

Squalene synthase (SQS)= acetyl-CoAd| A A&} 3o =
d2e g0l FAHE FH2HE AFY 4A FolA farne-
syl pyrophosphate (FPP)7} squalene® 2 AEEHE TAE
Zusle A oltH21,24]. SQS A &A= HMG-CoA reduc-
tase AsiAlote el FH2HE AL A=A 3FH
(downstream)d]] #F3l= EAE Asde Aoy wEo
HMG-CoA reductased] <3} A== e AW iso-
prenoid EZJE9 A7 w4 dAdo] yehdx] o},
HMG-CoA AsjAld] & o 7}x] RA4[16]¢ g 4
A& ALz 7Yt ERFEY ojhxF ol A A
e 2HES 4T B 9 ol E &(dolichol), 5617
=(ubiquinone), 3§ A9 A 1E(farnesyl groups of
heme A), Za dstd g4 shids} AgdAgd 28
(farnesyl & geranylgeranyl groups of prenylated proteins),
o|AFHY oleldy] olidHed ZAl<&(isopentenyl side
chain of isopentenyl adenine) 5% #Ad 3t} SQS A A=
HMG-CoA #9824 AdAg: g2 o8 e ojax
o= FHde %S FA Loy Fd2HE A4
< AT 5 A& Aoz o3H7| Wi AA ABAZ
EHo] gle HMG-CoA Eda4 AsjAld w3 23&
o] A& ALE J|ETH21,24]. ¥ AFANMNE 32F9 A
E28E 58279 43l squalene synthased] )3t A
AEAHE Yehle ANEZDS 4% 2, 53} FE224
A HlaE A 40 £1 A@A] UA AadE el
e A gsglon SA4ERE squalene synthase #3)
E3E Uehle 484 S #H8td A2 544
hate] golr A} st
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AHEER LT, FRe (F)EFY AFE AR, dA
g HE2Ae FEAETH 71Et ARG TAA THsH
ALE-3190.0. 8 (+)-catechin ((+)-C), (-)-epicatechin ((-)-EC),
(-)-epicatechin gallate ((-}-ECg), (-)-epigallocatechin ((-)-
EGC), (-)-epigallocatechin gallate ((-}-EGCg) T Sigma-
Aldrich (ST Louis, MO, USA)ol X T9}3to] AH4-3t9th &
Ada S 93 liquid scintillation counter (LSC)=
BeckmanA}€] LS 65002 A}8-3}% .

AlZ29| FH| & B

AR FHle SuFEHd deFEHE HISAT
S FZ A= 100] &9 80% 484 methanol& ©]§
ato] Aol Al 3A1ZE F2t 38 F&eta AR S | AT
de 3&dto AtEEt. £g dFFEHE SRT
£ o] &3} 80°Coll N Y9 2 WMo FE3YT. &
Ao FAARI|NAN 123} methanold] Q1 F 7]
EE Arlste 289 FFTEE 100 pg/10 p7} A 3
At o|ul methanol FX7} £ O enzyme assayd] &2
23 god & x4 9o} 20% methanol £do] FEE %
AstAT. HAES Aste ¢ AEE squalene syn-
thase 3484 Z3& AT H3dd FA7e AF ANEE
YA Ge q-gA cpmgt AolE FA3 AAEAY A
NYE=E BD3ATH

F7180f F&M Y crude catechin® &2

=3} G4FEES 10 ml A FHzld 59 hexane,
chloroform, ethyl acetate, 1-butanol& 7}ste] 147+ 7+4 o
2 33)) AA W8 &9 & {7189 3& B, AYE
3t A BA S FAsto SQS AERY &uf o|PA4
ARG} =3} 22 E2Y2H crude cateching £ 3}7]
98td, 521 44555 100 mldj chloroform 100 mlE 3
7}3ted caffein 2 A2, A4 F& AAE A £35& 44
A71M Q& 3ol FF9 ethyl acetateE 7}t 33 &
UL JEFE Al AFde o) A 13| emul-
siono] A7) ¥EF & thd AeA G UH, HTHF
9] NaCl& 713l 29 Ed& Y&siA 89 h Ethyl ace-
tate & sodium sulfate® 4417|311 33 3L s
%38} crude catechins ¥ 88 A9 t}HFig. 1).
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Green tea

« extraction (3 times)
«— centrifugation
« filtration

I

Supernatant Precipitate

+ chloroform extraction (3 times)

|

Chloroform layer

Aqueous layer

+ ethyl acetate extraction (3 times)

Aqueous layer

EtOAcr layer

« dehydration
«— evaporation in vacuum

Crude catechins

Fig. 1. Preparation procedure of crude catechins from green
tea.

A E 2] 3ke] microsome &£ ATt M HL 93] 50 mle)
TS AT AL Frrste AAES FAA)7) 1 105,000
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A3 gZF Ao HEA A squalene synthase T4 ZHL -,4
g ardoz AT

Squalene synthaseOll LSt X5 &M £3(2,8,10,18,25)

ANEA AE 10 pl9} 9-3$ZH(100 mM potassium
phosphate, pH 7.4 / 5 mM MgCl, / 100 mM KCl / 10 mM
DTT / 2 mM NADPH) 100 pl, microsome ¥ 2(1.92 mg pro-
tein/ml) 50 plE &3 37°ColA] 1087 X A7) F 125
uM [H]farnesyl pyrophosphate 10 ple] 7|2L& H7}sbe]
37°Coll A thA} 3027F vk-e A AT} 200 ple] @78k ethanol
£ A7kete] w88 AN 7)1 n-hexane o E 33) E231q
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Table 1. Inhibitory effects of hot water-extracts of natural
products against squalene synthase

Natural products Inhibitory activity

Green tea
Fermented soybean paste +++
Turmeric

Prunus mume
Garlic

Crataegus pinnatifida
Siberian ginseng
Phelinus linteus
Reishi mushroom

++

Kuzu vine

Licorice

Cinnamon
Amomum xanthioides
Ginger

Coriolus versicolor
Ginkgo leaf
Lithospermum erythrorhizon
Peony

Lentinus edodes
Lavendula officinalis
Tofu

Mulberry leaves

Tabacco

Gentiana scabra var. buergeri

Korean angelica

Baikal skullcap

Chondroitin (from cow) -

Chondroitin (from shark)

Opyster extract

Brewer’s yeast

Glutathion yeast

Spirulina
5QS inhibitory activities were measured with 100 ug/10 ul of
each extract in 20% aqueous methanol.
-: <Inhibition 25%, +: Inhibition 25-50%, ++: Inhibition
50-75%, +++: >Inhibition 75%
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% 3, 9301 S0% o4l ANEAE vpehion 3 7 34,
9, ¢7F $5%0] 5% ol49 & AN EDE ehIct
53] 228 g AL AF2A 4% 2 AHEAI} B
9082 JFLAE o850 ARAABE e &
Aok Bl golu} AR ZWAN EFo]7] fEo) 1
97} ag & 4 Atk A3H02 Y| 43 B
ANEH ABAEL Yl S8 Ast] squalene
synthase] th& As|71 S AT 2 shelch

=Xt 5229 77180 £&84 ¥ crude cateching £2]

=2 €4F%& AEE n-hexane, chloroform, ethyl ace-
tate, 1-butanol & AM8-3) 77} 33] Wi &84 UL §7)
£l %9 squalene synthase AT L ZH3 A3,
n-hexane, chloroform, ethyl acetate, 1-butanol &8¢ A
AL 747 43,123, 713, 777%E yepylom E3 eth-
yl acetate9} butanol F A = AL B HA(Fig. 2).
Ethyl acetate KTt 1-butanol°ﬂ Ao FE&o] o %A
butanol 9] A%, 2589 ¥Zo] o]¥x 13t 1-butanol
o8 of 714 g Eo] I FEHe dHo] QA7) g E
o F&dAE o3t atol7l ARG HYo] Yo} ¥= 2 B

£ 3l B o] & ethyl acetateS o] &3} 3=

L.

initial  Hexane Chloroform FtOaAc BuOH Crude
sample Catechin

o

% Inhibition
oBEBBEEIBES

Fig. 2. Inhibitory effects of organic solvent extracts from green
tea against squalene synthase. SQS inhibitory activities
were measured with 100 ug/10 pl of each extract in
20% aqueous methanol,

ml)lv >i

ol fE|¥ Ao g AFHYUY 2 FEEY f7)E9 F
o w& squalene synthase 3] €489 54 9] crude cat-
hine] 2% ¥ 2] Wz §A151el, Fig 19] W0 uhe}
5—?7?} FZE 25 crude catechin 28 & AJ. 53 55
E 22 chloroform® 2 %849 caffeine AAES AA3
%, ethyl acetateZ ©]§3}4] crude catechins ¥ 32 o]
squalene synthase A3 2L AES A3, 72.0% A&
A& Yehlo] =3 3% & 9] squalene synthase A& &4]-&
crude catechinsol] 9]3 Ao 2 FALHJAD[32] Hx= @&
Ast g 823 Z4 B 0 o g, gl s, &
I A, AARHS, oA, FIT Bt 2L Y
2 4294 E3hE e Aoz wadw slovl 1 3
A% catechind] A A2|eH4 A7t thd o g o] Fo]
2 QPR B8 FRA9) 437 A% 2 gAsUE §
FE AFAIAY F& U2uA JS vH oA
g AAaANZEZN EF FHYLHE AaTdE e ddn
R8s 34 TH29]

=3t catechinsOl 98t squalene synthase Halig

=210 83 ABEEA HEQ catechins Ego A SQS
A LS JEPY o g catechin EFEE o]-&3ld SQS
AL AR T (H)-Catechin, (-)-epicatechin, (-)-epi-
catechin gallate, (-)-epigallocatechin, (-)-epigallocatechin
gallate 5 catechin ¥&§ 99 Fxo| W2 squalene syn-
thase A& 2H-8-& 2A}eith. 2 23}, Table 20] vhehd B}
9} o] (-)-epigallocatechin gallate, (-)-epicatechin gallate,
{-)-epigallocatechin, (-}-epicatechin, (+)-catechin®] <= 0.2 #
qEA o] A Aoz YEHt. (+)-Catechind (-)-epi-
catechin®] 7%, 1,000 pM FE A 242} 353, 39.7% 2] A 3]
&5 UERoY 1 ol3le] TR & AadE Ko
A @ttt (-)-Epigallocateching 7z FEWHZ g &d
squalene synthase A& 2--&-& A% E A}, 500, 1,000 pMoj]
A Zyz} 537, 65.3%9 A&E RYLoH, (-)-epicatechin
gallate} (-)-epigallocatechin gallate2] 7%, 100 pMoj| 4 2+
2t 423, 547%¢) ANBAE Uehgol MzH e FEo]

Table 2. Inhibitory effects of catechin derivatives against squalene synthase

Concentration SQS inhibition activity (%)
(xM) (+)-C ()-EC (-)-ECg ()-EGC (-EGCg
10 4.7+2.08 474252 17.7+2.08 8.3+0.58 17.3+1.53
50 123351 11.7:3.06 30.0+2.65 15.7+0.58 36.0+2.65
100 14.3+2.08 14.0:346 42.3+3.06 27.3+2.52 54.7+5.13
500 23.0+4.00 26.3+1.15 66.0+3.61 53.7+4.73 75.0+2.65
1000 35.3+2.52 39.7+2.08 73.0+1.00 65.3+351 83.7+3.21

'SQS inhibitory activities were expressed as inhibition percent (%).
(+)-C: (*)-catechin, (-)-EC: (-)-epicatechin, (-}-ECg: (-)-epicatechin gallate, (-}-EGC: (-)-epigallocatechin, (-}-EGCg: (-)-epigallocatechin

gallate.



A% squalene synthaseo] T & #3)2H-8-2 go1et 4= gigich
%% 7} 73 squalene synthase A3 84S vehls (-)-
epigallocatechin gallate?] & %AHS AH K 7] 93l ¢)-
epigallocatechin gallate®] FE& 2@jste] Aajgye =
3 43}, squalene synthased] )3} (-)-epigallocatechin gallate
9 ICso 3t 90 pME ebytt). Squalen synthase= 43} %
E 7 BARA 529 G S 2T A 43 29
W SA Feje] whERHE BolEE curvefittingg 34
ICo g8 78 4 YATHFig. 3). AF71A 287 squalene
synthase A3} &2 o= 7)2Ql FPP analogue$} phosphorous-
containing inhibitor, carbocation intermediate analogue, nat-
ural product §2.2 A A 7HAZ YrojAa glor §7)
RGN A3t A el wg) nAYE v ozrE Ry
AEAE] Bl o ¥ Aog FHA YH1] FPP an-
alogueq] phosphinylmethyphosphonates (PMP)$} 1 53]
< rat liver-squalene synthased)] o3} 12.2 yM9] ICy ZH<
Yethh 1o} polyanione] AZeHdE71 o]#$] rat hep-
atocytes| M= ZH2HENPAH A ERE VehA 23
th. Phosphinylformates= rat-squalene synthased] t)3}o]
87 M9 1ICx #& uvehlle Zeg HagduH56].
Carbocation intermediate analogue?] aza analoguet yeast-
squalene synthased]] tj3}o] 20~25 uM W 9]¢ ICy & e}
WATH17]. A MerckAl2l zaragozic acid (IC5=39 nM)
[32-34] B GlaxoAl9] squalestatin (IC5=5.9~15.2 nM) [31] &
o AHERL VY2 RE H2)9 AOF rat livers) fungal
squalene synthase 59 = 7}2] a0l tha) 23 AHBHE
Holg Ao g ¢ At} ()-Epigallocatechin gallates] 79,
AF74A &7 squalene synthase A 3] 2 Qo) &) A3 &
e FPAE vl A e F oA squalene synthaseo]] T
3 A a7t Yehlle oz s o] B Aze 3
BAGF) W A BEAY AL AT Tk

100
80 /(EV/‘D
60

20 0’/0/

7 -8 -5 -4 -3

log [EGCg](M)

% Inhibition

Fig. 3. Inhibitory effects of (-)-epigallocatechin gallate against
squalene synthase. SQS inhibitory activities were meas-
ured with different concentrations of (-)-epigallocatechin
gallate.
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FULHE AR AA oM Sz @A 549
3h14<] squalene synthased] ti gt A3 EH o] & B0
2, 3059 Y3t ddES AL E squalene synthased]
e A aHs AEF 27 52AFZEA vnF A3
B/gol =3 AdAol A A azE vdehlle Ao gl
Aok 53k $rH0] e squalene synthaseo] thgh A)3)
49 $5E54L HEF A ethyl acetate$} n-butanol
Fo Asj=do] gol FHH e Aoz HAHAoH
A& H-& A9 polyphenol 3131EQl catechindl] ¢J3F A
o2 459 Catechin FF 899 7 550 02 squa-
lene synthase A8 2+8-& A% £ A3}, (-)-epigallocatechin
gallate, (-)-epicatechin gallate, (-)-epigallocatechin, (-)-epi-
catechin, (+)catechin®] &2 2 Aa|&Ao| g Aoz et
wom 7H Ad A8 L Yehl= (-)-epigallocatechin
gallate2] ICs3k 90 pMo] T}

Aol 2

2 d7e 20078hd s 22 g8 Wl e A Qo) o
of o]Fojxen old FA=HYTh
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