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The Inhibitory Constituents from the Ginger on a Drug Metabolizing Enzyme CYP3A4
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Abstract — Ginger (Zingiber officinale Roscoe) is widely used as a common condiment for a variety of foods and beverages.
In addition to its extensive utilization as a spice, the fresh or the processed rhizome is a useful crude drug in traditional
Chinese medicine. It is considered to possess stomachic, carminative, stimulant, diuretic and antiemetic properties. Chem-
ical studies on the pungent principles of ginger have been carried out by a number of investigators, and 6-gingerol and 6-
shogaol as a major pungent substance have been isolated. In this study, the constituents inhibiting a drug metabolizing
enzyme CYP3A4 from ginger were investigated. CYP3A4 is responsible for drug metabolism as heme-containing monoox-
ygenases. As a result of experiment, 10-gingerol (IC 5, 5.75 uM) isolated from EtOAc extract of ginger showed remarkable
inhibitory activity compared to 6-gingerol (IC 5, 14.56 uM) and zingerone (ICs, 379.63 uM). This paper describes the iso-
lation, structure elucidation, and CYP3A4 inhibitory activity of these compounds. The structure of the compounds were
identified by instrumental analysis such as LC-mass spectrometer and NMR.
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T, 8F, BA TY AEA U AgARE o)gg T kP »y
7] w25k gingerol, shogaol ¥ zingeroned} 7+ Aj7}e] =
FdEo® 4 E43% ¥ 4% monoterpeneF L
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HETI7I A Alef

BE 2FeE 9% ¢4 column chromatography$- silica gel
& Kiesel gel 60(particle size 70-230 mesh, ASTM, Merck)
& A&l E, JE #<9l8 TLC plate: Kiesel gel 60F,q,
(ART5715, Merck)E AH8SISith 5 4 284 fuj= 2%
S5 AlORS ARSIl A HRE-S 13 CYP3A4: Gentest
CorporationA} #| &S, 1 2] glucose-6-phosphate, glucose-6-
phosphate dehydrogenase ¥ NADP*= WakoA} A1EL ARL3}
itk 71-AE AME nifedipine?} WEEFE4 phenol- Aldrich
AL AEE ARSI, MeOH 59] B4 A¢ke 2% HPLCE
Aok ARESEle] FARIRIT Ve Sl 15 Aleke ARgSto]
Agsi3iet. =28 HPLCR3= Varian POLARIS 2008 A3l
o, FI-NMR Varian Mercury 300 MHzE LC/MSE
MicromassAt A|F-S AR

A 33] 87 FE8k] o1} § FF3] 4% MeOH :5&
B6 gy 2tk ¥oXl MeOH FEE-8 ZFFo) dEAIA n-
hexane, EtOAc & n-BuOH 02 £3 & xZ3lo] 7 23
£ n-hexane(0.7 g), EtOAc(3.3 g), n-BuOH@3.1g) ¥ H,0(26.2 g)
£ 74z} 49loh. 285 5 7P¢ 4% CYP3A4 AsiEA Vel
EtOAc #3E-S n-hexane : EtOAc=3:12] A/LWE o]L3}
o] silica column chromatogarhyS 2 A|3Fo] 47]18) AH-E o)
fraction 1(470 mg), fraction 2(30 mg), fraction 3(50 mg) 2
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fraction 4(370 mg)Z }-31vt. CYP3A4 A8 &4-& vhehdl
fraction 2, fraction 3 @ fraction 4ZFE}= Zzhe] &4 FAR
< 1E3] 98 Al438191 n-hexane : EtOAc=3: 194 5: 19
ANEHlE AH8-31 silica gel column chromatogarhy® 7 ]
3lo] fraction 22FE]= 318HE 1, fraction 42RE]: SI3HE 2
£ Besii, 71 @4do) =2 fraction 30 2HElE= S3HE 3
= 23Ut

S = 1 - Yellow power(EtOH) : mp 40~41°C; UV Amax
210, 280; "H-NMR (CDCly) & : 2.043H, s, -CHy), 2.69(2H,
t, /=6.5Hz, H-1), 2.71Q2H, t, J=6.5Hz, H-2), 3.81(3H, s,
OCHj), 5.90(1H, -OH), 6.40~6.80(3H, H-25'6); *C-NMR
(CDCly) : 29.5(C-4), 45.5(C-1), 49.5(C-2), 111.0(C-2", 114.3
(C-5), 120.6(C-6"), 132.8(C-1%, 143.9(C-4", 146.4(C-3"), 208.3
(C-3)

B}gtE 2-Light yellow power(EtOH) : mp 235~250°C;
UV Amax 210, 280; 'H-NMR(CDCL,) & : 0.87(3H, t, /=5 Hz,
-CH,), 1.34(8H, s, -CH, x4, H-6~9), 2.50(2H, d, /=6 Hz, H-
4), 2.77(4H, H-1,2), 3.84 (3H, s, OCH,), 4.03(1H, br. s, H-5),
5.88(1H, -OH), 6.52-6.88(3H, H-2'56); *C-NMR(CDC,) & :
14.0(C-10), 22.6(C-9), 252(C-8), 29.3(C-7), 31.8(C-1), 36.6(C-6),
45.5(C-4), 49.5(C-2), 55.9(0CHy), 67.8(C-5), 111.3(C-2), 114.7
(C-5), 120.9(C-6), 132.8(C-1"), 144.2(C-4"), 146.8(C-3"), 211.0
(€3

81§12 3-Light yellow power(EtOH) : mp 220~230°C:
UV Amax 210, 280; 1H-NMR(CDClg) & : 0.88(3H, t, /=5.5
Hz, -CHy), 1.25(16H, s, -CH, X8, H-6~13), 2.502H, d, J=
39Hz, H-4), 2.72(2H, t, J=6.8 Hz, H-1), 2.81(2H, t, j=6.8
Hz, H-2), 3.86(3H, s, -OCH,), 4.03(1H, brs, H-5), 6.67(1H,
s, H2), 681(2H, d, J=7.8Hz, H-5'6); “C-NMR(CDCl,)
d 1 14.3(C-14), 22.9(C-13), 25.7(C-12), 29.5(C-11), 29.5(C-10),
29.8(C-9), 29.8(C-8), 29.9(C-7), 32.1(C-1), 36.7(C-6), 45.7
(C-4), 49.6(C-2), 56.1(0CHy), 67.9(C-5), 111.2(C-2), 114.6
(C-5"), 121.0(C-6), 132.9(C-1), 144.2(C-4), 146.6(C-3), 211.7
(C€-3)

LCMS =A

LC/MS ¥4 22702 HPLC Waters Alliance LC/MS System,
996 Waters PDA detector, Waters 2690 pump 2! autosampler
2} MS+ Micromass LCTE AHg-38F9 0, MS 273 mass
rangev 100~900 m/e®] 1, capillary 3200V, source temp.=
80°C, desolvation temp.= 100°C, scan threshold:= 1000] ¢t}
LC 22 column Varians-C,g(150% 4.6 mm, 5 pmpP| F<
< 0.2 mi/min, onization solution& MeOH= UV 254 nmoi|A]
Agsiaict.
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CYP3A4 A3] 4L nifedipines 7|42 3= Ak ¥h3-&
71%2 slo] tg3t o] At 5mie] Bhg-§ &7] Al
2, 50uM nifedipine, 0.5 mM NADP*, 0.5mM MgCl, 5
mM glucose-6-phosphate % 4.3 pg/m/ glucose-6-phosphate
dehydrogenaseS 100 mM 1At £ A(pH 74)° % ¥
37°ColA] 527t preincubations 313tk EAlol CYP3A4 &4
T 37°ColM] 587} preincubation2 313t} CYP3A4 40 pmoke
#8270l 7k 3 37°Collq 1417Y incubations 8} HE- ¥
MeOH 100 miZ 71310} whe-& AAAZ &, ether 1 miE F5
813, etherS FAAA AFHES AT o] JI{E=S 125
MeOHel| =<1 3 20 wZ HPLCO Fl310] #481%ich. ¢hd,
o] AAAE W) 24 AF 29 FYS YT 54 W Al
7Hd g4 5% 5o 27 A% 4 2l oAl s o=
tIAbEA CYP3A4 Asaztel chsh =820 AgAI3] #Als}
odr}, HPLCE: 94} HPLCE column(TSK-gel ODSYS ARMg-3}
A3, o)A MeOH : H,0=6: 45 AMS3IQIT &vl] o]F £
TE 1mi/min®® 8431, A& UV 254 nmeld A8
w3 Wi EFEAS nifedipines} nifedipine thilzo] 3214
93+ phenol& AME3I3TE.

Mzt 28|23t slglEe] Mg £

A7 25 9 238 5mgs DMSO 1 mel =2 - HF
=57t 0~25 ugmit 955 181 FLES 0~25uM FE
7} H52 719 5% 9hEo] CYP3A4 A3NkE- % HPLC &
Aol ket AREHS A F 7 FEE 9 $3HEY 1C,,
22 2E3190eh IC,A = excelldlld ¥4 IEE T8k, o

&4 B5E ol8sle] AT AN
SLEER-nt-

710l MeOH 3ZE 7} ©]Z n-hexane, EtOAc, BuOH %
H,09] 02 gupd Balo] dojrl Zhzke] BEE] dhslo]
CYP3A4 A3 w3 AESH A}, Table Iof] vebd 213} 2ol
EtOAc ¥8E0] IC,, 2.1 pgmiEA} 7Pg 7333k CYP3A4 &4
Asjass veplct. aiAseke 23 7143 tirkee] |

Table I - CYP3A4 inhibitory effect of solvent fractions from the

g
10 g Control
15 "
Internal standard(phenol)
1004
754
2 &
i T * Metabolite of nifedipine
g
254 Z nifedipine
00
17
bs 50 hs oo hos
Mizres
150
. Added EtOAC ext. of girger
5
1004
151
g

Mivates

IFig. 1 -HPLC chart of CYP3A4 inhibiting reaction by EtOAc
extract of ginger.

Table II - CYP3A4 inhibitory effect of prepared fractions from the
ginger EtOAc ext.

ginger

Sample IC5p (ug/mi)
MeOH ext. 2.5
n-Hexane ext. 3.2
EtOAc ext. 2.1
n-BuOH ext. 2.8
H,O ext. >25

Sample IC50 (I»lg/ml)
Fraction 1 3.7
Fraction 2 2.5
Fraction 3 13
Fraction 4 2.0

82 JeplE 544k HPLC £4) A EE Fg. 1o ARSI
o}, A%sto] EtOAc RHES columng o] &3te] 2225 0]
Aozl 49 BEE] Ui CYP3A4 Asied HF A%
Table IIo| VFERD vje}l Zroj fraction 2, fraction 3 ¥ raction 4
A =3k AE eIt

225 g2 JebA fraction 29 fraction 4 £ 228 Ax};
silicagel column chromatographyell 23] “gA|8}e] fraction 232
2E| dojzl #3E 12 TLC Y HPLC #4olA BFEH v
o 298 A} zingerone Y-S 3T 4 UL, LOMSE &
st A7} Fig. 3049k o] [M+Na]™2] & &A%, 217012
2 71 B34 ¥5E B vlwste] E o zingeroned!
& 8ol 4= Qth(Fig. 2).2Y Fraction 42FE dojd 33HE 2
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CH,0
3 CH,

HO

zingerone

CH,0

HO

6 -gingcrol

O OH
CH,O -

HO

10-gingerol

Fig. 2 - Structure of compounds isolated from the ginger.

5% TLC ¥ HPLC ¥4oX BFE3 vlu 4% A7 6-
gingerol32 93 <= 23al, LOMC &% A% Fig. 3049}
2ol [M+Na]*e] & EAlgho)] 317028 71&E Faite] uaE
AT} v ws] & ul 6-gingerol! & #Q1E 5= 9l TH(Fig.

100- 217.7223 [M+Na]

Zingerone

%}

213.7359

1004 317.9568 [M+Na]

6-gingcrol

;46. 0032

L PTS.UAGA
I8 - J 7 TR Ir— y miz

100 200 300 400 & 500 | €00 700 | 800 | 900

100- 373.9089 [M+Na]"
10-gingerol
%
I 724.0673
(- bbb y ' e e VT

10 200 300 400 = 500 & 00 700 | 800 900

Fig. 3 —Mass spectrums of zingerone, 6-gingerol and 10-gingerol.
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272 2o o)E 3HES NMR 5 X3 7)7] 2=
B33} v\ wgk A3} 3% 12 zingerone® 2, 3IE 2=
6-gingerolZ F381% T}

7V $e 235 YeERd fraction 32 silicagel column
chromatographyell 2J3} &2] - A5l dojd 3IHE 32 1)
o] B2tz Connell?} McLachlan®7} gingerol ¥4 A%
ol W st Axlel 7o) vanillin-sulfunic acid Ale¥olA] & A
A5 veRfo] gingerol AlE 3ER FHEUT, mpe= 220~
230°CE YERNSIE, UV spectrume 2103} 280 nmellA] #lAl
Fee] F9=E Aok IR spectrumelris= 3520 cm™e4 OH
718 1700 cm ™A C=0, 1605 cm ol W= a9 w57
£ eEhhla, 'H-NMR spectrumell4] § 0.88 ppmellA] -CHy71,
8 1.25014 6ellA] 13¥2] -CH,ll gl 8712 -CH,-719] 1
37}, 8 2.50 ppmell A 4312] -CH,-717} § 2.729F § 2.81 ppmol]
A 1 209 -CH,7 |7} #&E33, § 3.86014 -OCH, A2l
9] 94, § 6.677% § 6.8114 HE7IE 7= WAS FH
A7} dRlgef] wel A7e] F4489) gingerold 31HE9&
748 7 UM} ©)F gingerol Fell= 6-gingerolo] FAEC
2 gingerol®] 72 § 1.26~1.33 ppm©412] methylene”] 2]
T4 GAFE S5k Zlo] Fa%Hd), § 0.88 ppme] -CHy7|
£ V1R 4 45 &3P § 1.25 ppmell XS] methylene
A 4 FE= 16707 HE2 3HE 38 10-gingerolE &
g = ek, 3k BCNMReIA methylene 5212} carbon
357t 10EA -CH,-= 6-gingerol Bt} 4707} 74913,
Fig. 321412} Zo] LC/MS &4 A3} [M+Na]*te] Exz}eo] 373
& vehd o 24 10-gingerol® 2118 = ISITHE2Y oipe] 7]
7] #4 dlojElg} BC.NMR HlolElE B A7 7§25
H)wgh A3 33HE 32 10-gingerol® 574 H%icHFig. 2).

Al&slol 7] T30 24 LA fraction 29} fraction 4
ZXE] ¥2J3t zingerone¥} 6-gingerol U fraction 302 HE] B
2% CYP3A4 AsE/d F49E 10-gingerol®] CYP3A4 A]&)
A X8-S ketoconazole?} $3=2] 434521 piperineS A
4 Q2T oE AM3te] As Zu, Table Mo Yebd 213}
7o) 10-gingerol:x IC,7} 5.75 uMZA] o= 7}& 3k CYP3A4
242A 3 €48 71 ketoconazole 0.11 yME th= ok}
CYP3A4 sl 3% 7F $5-°] 342! piperine®] 17.2

Table III -IC;, of 10-gingerol and main constituents of ginger on
CYP3A4 inhibitory activity

Sample ICsy (UM)
10-gingerol 5.75
6-gingerol 14.56
Zingerone 379.63
Ketoconazole 0.11
Piperine 17.2
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pUMETHS 9pgt A8 95 YepiQdth o) 479 oFEd)
AbEA CYP3A49] Al &4 T A7 vk o] 4
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