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Secologanin, a secoiridoid glucoside, is a pivotal terpenoid intermediate in the biosynthesis of biologically active
monoterpenoid indole alkaloids such as reserpine, ajmaline, and vinblastine which are biosynthesized via strictosidine,
an alkaloidal glucoside, formed from secologanin and tryptamine. In secologanin biosynthesis, the oxidative cleavage
process of loganin to secologanin and the hydroxylation of 7-deoxyloganin to loganin have remained unknown enzymo-
logically and mechanistically. Cornoside is a unique glucoside with 4-hydroxy-2,5-cyclohexadien-1-one (benzoquinol)
ring and is widespread in families such as Cornaceae, Oleaceae, and Scrophulariaceae but its biosynthesis, especially the
oxidative process, remain to be investigated. Shikonin is a red naphthazarin pigment derived from the roots of
Lithospermum erythorhizon and produced biotechnologically by cell cultures. Its biosynthesis including the production
regulation mechanism has been investigated in detail. However, the naphthazarin ring formation process, probably
starting with the hydroxylation of the side chain of geranylhydroquinone, a key intermediate at the late stage of shikonin
biosynthesis, remained unknown. In the present review, cytochrome P450 monooxygenases involved in the biosyntheses
of three structurally and biosynthetically interesting compounds, secologanin, cornoside, and shikonin, a described
together with the results of previous and recent biosynthetic studies. The biosyntheses of related compounds are also dis-
cussed.
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Fig. 1. Skeletons of Iridane, Iridoid and Secoiridoid Gluco-
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Fig. 2. Proposed Biosynthetic Pathway of Secologanin
i: geraniol 10-hydroxylase, ii: acyclic monoterpene primary alcohol dehydrogenase, iii: 10-oxogeranial cyclase.
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Fig. 4. Two Hypothetical Ionic Mechanisms for the Cleavage of Cyclopentane Ring of Loganin Leading to Secologanin
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Fig. 5. Iridoid and Secoiridoid Glucosides from Lonicera japonica
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20 g of Lonicera japonica cultured cells (10 days)

40 ml Tris-HCI buffer (100 mM, pH 7.5)
containing 10 mM DTT, 10 % glycerol, 2
g PVPP

homogenized (4 «C)

centrifuged at 12,000 x g, 20 min

supernatant ppt

ultracentrifuged at 100,000 x g, 30 min

supernatant

|

ppt

|

washed twice with Tris-HCI buffer (100 mM,
pH 7.5) containing 10 mM DTT

|

resuspended in 5 ml Tris-HCI buffer (100 mM,
pH 7.5) containing 10 mM DTT

|

| microsomal fraction |

Fig. 6. Extraction and Fractionation of Secologanin Synthase from Lonicera japonica Cultured Cells

1. Membrane-bound enzyme

2. Substrate : loganin only
3. Cofactor : NADPH

4. The optimum pH : 7.5

5. The optimum concen tration of loganin : 1 mM

6. The optimum concen tration of NADPH : 1 mM
7. Linearity of enzymic reaction: 60 min

Fig. 7. Biochemical Properties of Secologanin Synthase

Table 1. Effects of Cytochrome P450 Inhibitors on Secologa-
nin Synthase Activity

Inhibitor Relative activity

(0.1 mm) (% of control)
Control 100.0
Metyrapone 43.7
Cytochrome ¢ 11.0
Miconazole 36.1
Ancymidol 0.0
KCN 79.4

In the control experiment, secologanin synthase activity was 2.54 pkat/
mg protein.
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C. roseus OIEEMILO I 7 O AE 43T secologa-
nin synthase {EENH DT EZ R, HEWT IO
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Fig. 8. Possible Reaction Mechanisms for the Cytochrome P450-catalyzed Oxidative Cleavage of Loganin to Secologanin

REARBH D > b 7 O L P450 B % CYPT72A1 & C.
roseus P450 reductase & THEEINZE L RN
secologanin synthase {EMEZFDZ & H/RL 7=,

ZIT, bhivbnidHmim# L, BEIC 7-deox-
yloganin & U loganin NDOZEENHED 5 TN D X
A H X T EEMIE T D 7-deoxyloganin hydroxylase
TEVEZ T2 30 2 OKERALEFFEIETE D £ /= secolo-
ganin synthase J&PE DS S RMEA A 1 X T K&
eI 70y ABEFICHED SNTz. RERIIHESRE
L LU TNADPH QA ZZERL, &5I125 FIREEHE
ZERU. —F, RSIEE T TO—#txHE
THEINSN, HRHICKXOEELE ZNs0
FT—HEIARBERENPISOE/ FF TS —ETHD
ZEERBLTRY, ISHIZEEDOS N7 OL
P450 FHEAFNC K DKL RTELIIHFIND
N, IN5056, HATE AL cytochrome ¢ 12
KOERBMSHEFSNZ (Table2). N5 DHFE
& D 7-deoxyloganin hydroxylase & > b 7 O A
P4S0 E /A F T —ETHDZENHL N ER
27z,

DA, 16 FOLEWIT DN TARRBESR O ILEEF
BHEmEt U (Fig. 9). 71U R4 REKOD 1147
7Y carbomethoxy 3 (7-deoxyloganin), carboxy %:
(7-deoxyloganic acid) , aldehyde % (5-deoxystan-
sioside) , hydroxymethyl 2 (11-hydroxyiridodial

Table 2. Effects of Cytochrome P450 Inhibitors on 7-Deox-
yloganin 7-Hydroxylase

Relative activity

Inhibitor Concentration (%)
None 100.0
Ketoconazole 10 mMm 7.3

100 mm 0
Miconazole 10 mMm 78.5
100 mm 26.2
Metyrapone 10 mMm 92.4
100 mm 73.6
Ancymidol 10 mm 77.0
100 mm 58.4
Cytochrome ¢ 10 mM 59.6
100 mm 44.9
Tropolon 10 mM 129.8
100 mm 127.1
KCN 10 mm 100.9
100 mm 106.9

The enzyme activity was 24.95 pkat/mg protein.

glucoside), methyl # (iridodial glucoside) % #fD
FHER KL NFNS D 8a-methyl {&, 88-hydroxy-8a-
methyl {&, 7,8-vinyl (K72 EICD W T AR RO ILE
KERMEEZRFALZEZA, ZOKBILEEEILT-
deoxyloganin & = @ 71 )L R > [ /K 7-deoxyloganic
acid IAA D1 U R REBEAZZE T, £
7-deoxyloganin IZ% U Tl b m WHEE KRN 2R L
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Fig. 9. Structures of Iridoid Glucosides Used for Substrate Specificity Experiment of 7-Deoxyloganin Hydroxylase
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7-deoxyloganetin, 7-deoxyloganetinic acid (7-deox-
yloganetinic aglucone) 7% & ZE {9 %73, irido-

Mevalonate —g,

trial 13T E A EERHELLaho/z. Lo LEER
HIFRAT & 0 B D HHE 1T 7-deoxyloganetinic acid T &
2 INGIno 7239
FROMREL NI TOAEGREROMREE LD
% &, secologanin @4 & pRFEEEIT Fig. 10 DL D 1T
HESINZ (FIREOEHNERKTH D).

2. N1VF/ —)LECHEMR Cornoside DG
Cornoside 1 Cornus femina Miller (I ZFF})
N5 )% T B X 7= benzoquinol [4-hydroxy-2,5-
cyclohexadien-1-one] glucoside T& 5.3 A{LEW)
I phenylethanoid glucoside E4:EF L TH D, H¥)
L BENEARANSIEH SN TV ¥ bhvbh
BEY A RHEMICBIT SO R RECHERD
R & AR ORET, FffEEICOAICHE
TH51BIEOHEY THSTF T /F (Abelio-
phyllum distichum) DEZEDRFZEZMRRB L&
A, PRUZEEICY R REEHEARZZHTI ST

TERBMN->=A, phenylethanoid F#E kL & BT

= H# T cornoside &2 DFFEMARZ HEET 2 Z <‘:fJ\
TE&ER.D ZOHEENEZ>MNTERD, bhibhid
cornoside DA G EFIL & MhD 7=, TV A By

~ (o] ~ =~ CHO
—
DXp Z “CHO
OH
geraniol 10-hydroxygeraniol 10-oxogeranial
COOH
H H
~ (0] )] CHO cyclase
-————— -—
0]
CHO
H ol H
glucusyltransferase
d 1 methyltransferase
COOH " S ., COOCH; OHC ,, COOCH;
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OG Ic
loganic acid
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hydrox ylase
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Fig. 10. Possible Biosynthetic Pathway of Secologanin in L. japonica Cell Cultures
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Mmook, BEIZ, L > F 3 Forsythia suspensa O %t
FE M5 AE D cyclohexylethanoid (phenylethanoid
EITER) EEN S5 OEHEA L & BIT cornoside AYHL
I T/ (Fig. 11),39

Cornoside D AE R IBEZE T DOREEN HERT 5
&, #H:7F9 3 phenylethanoid glucoside T& % sali-
droside 43 T-H @ glycosyloxyethyl & @ ispo {if 1Z 7k
BALSOEREZ D, S SITHARME (BILIER)
ML Z U cornoside MAEKT B2 HDEEZ HND.
7272 L, salidroside ® 7 Z7 ) 2> TdH % 2- (4-
hydroxyphenyl) ethanol (tyrosol) DEkRE T LD —
HOBLKIEE 2T, T O%ERLIEZ D WO
BOBE R AR T 2 REME D H 5. Db iuIE Dk
(LSO X127 H L, cornoside d 4 &1k % BH
S5MTT BT EaeKL = (Fig. 12).

L U2 0A&ARIZERIZEEC A, Kjaer 5124 >
THHECEH ORGEBRIZEDITHN, salidro-
side DIRILIC K > THARREIND T LaRmRINT
M, TOT ) THS tyrosol D ELME TR
AL SOB DN HEST U 7z & & EOB L St 2 52 1) % AT fE
HEBHEINTNE.D I SITHEROMWE S RINEE

Constituents of Abeliophyllum distichum

O
Q/\ =~ H
HO OH
I N AT AL

neocalceolarioside D R:HJJ\’-\©:OH

calceolarioside D R=0OH

Constituents of Forsythia suspensa

0 OH 0
Q/\ A QA > Qﬁ v
HO 0—£-0 6551332f2523§{ HO 0~£-0 OH

OH HO
cornoside

rengyoside A

IIARHOEXETH - 7.

SEFABRLZT0FT ) FOEEMBICBNTIE
cornoside Z [L M EAEE L TWH 2 &2 AL
2.® 22T, ZoBEMIICEERMITHET2E
ik U 7z salidroside®® 25 L7-& 25, B
DHEKFEETZ U O ERG D PC I RN
MOBEEEEAEEDSBRN I END,
salidroside 37K /r SN2 Z £75< Z DX * cor-
noside N IND I ENHS M ETR > /2 (Fig.
13).40>

Z D &K D IZ cornoside D HTHRYIE X salidroside T
HDTENMHEL DT, salidroside & D corno-
side N DM Z AT DR OIEEIT D W TN
e oFT ) FEEMBERES A AL, B
SEECX D E L7z, FOREEICEA LI 7O
VA ICEREEZRO . ZOBRE S
salidroside Z Mt —DFE B & L, fBEREL T
NADPH Z#:K L, F7270 FIiREEFEIIRINITAH
RCTHo. T05D#FEEEIIARITS b7 OL
PASOBEZ NG L TWH I EERBL TV, C
DOHETE ZFEHT 572012, KR T B {bxFEDEFLE

O
A
0
R HO 0O OH

cornoside

OH
rengyoside B

Q OH OH
Y HO
Q/‘\ \©\/\ 7
0O (8] 0
HO HO OH HO OH OH

rengyolone rengyol

isorengyol

salidroside

Fig. 11. Constituents of Abeliophyllum distichum and Forsynthia suspensa
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Fig. 12. Hypothetical Biosynthetic Pathways of a Benzoquinol Glucoside, Cornoside, in Abeliophyllum distichum Cultured Cells
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> » AcO-2E 0 OAc
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Fig. 13. Enrichment Factors of 13C and 2H Labels in [8-3C, 6’-2H,]-Cornoside

TTRILZ®ZEDA, Bﬂ”ﬂgé N7z, SRS SMhERoz. bbb Z OEEEITH L salidro-
STHELIZEE L. 5122 b 0L P450 Bﬁi” side mono-oxygenase & Z{71F, AEEFE O KINHEE
Al ancymidol 72 EIC K D HEZ Z T 50, £iC % Fig. 14 D LD ITIREL 7~

cytochrome ¢ IZX DR < fHES N/, DL EDOHKERIC JAER 513 PASOMLEET N EZHWTH L D/)INTE
D&, salidroside ® cornoside DL > o o ) —)VEOBEHE DR Z > TIEMERE RN

N7BOALAPASOTE ) FAFIHF—ETHS I ENH 4 7V & 5 Ik 1T p-benzohydroqui-
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0]
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Fig. 14. Mechanism for the Formation of Cornoside from Salidroside
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Fig. 15. Reactions by Cytochrome P450 System in Rat Liver Microsomes

none 24T 5 L& RAMTPELEDBIT, Rk
RS T MAFIED X 7 0y Ay 2 W8 ET
HERINEZEEZWMEL TNDE. P ISHITTY b
HEDT N OL P4SO BEE &2 W T, p-cresol
(substituent=CH3) FBE &L TA1 >Fa~X—FrL
el &, AFIVEORBIIE Z & TICEERED
ipso fffiNAS#E Z o 7= p-toluquinol 234K T 5 Z & %
WELTWD, ZOERIRIEGEIONONN B
Lot ERUTH S (Fig. 15).

3. PAZ-CHEARICKTDT T MF/ BN
B ICRA 5 3 %2 EE &K 3" -Hydroxygeranyl-
hydroquinone D77

LAk secologanin & cornoside @ 2 f& DL & ¥ D
BEEROEELGEBIIESGL TWS 2 by Oh
P450 £/ A F 7 F—FIZDWTHRRTER, X
\Z, shikonin DF 7 bF J 2 HIEIERICE D 5 HE
IR & & % 515 3-hydroxygeranylhydroqui-
none D AERAHERE I DWW THETL 7=, Shikonin |3 H
AEFHIWEH I N TWB AR KB WYL ZY
FOIER) OHRIEERZFFDF 7 7Y U 2oy
Th 5. ZOHEIAIL geranylhydroquinone (GHQ)
D INLITBT B KBICSISITE DRSNS DD
LEZLNS.

BEE TITHS NS N TNV S shikonin DA H
AR DHENS & Fig. 16 TR L7z, F4 ORIEKYE
D5 FBICHDE, shikonin DHEFEIZT IV T
0N ) A R 2R THR I NS 4-hydroxybenzoic
acid (4HB) & C,p L= b geranyl diphosphate |
HkT DI ENHEMIINTNS, ZIT, 20
T TINRIA REE, @HEDOE TIXRIAR
7 DOXP ZRTHABRINDDEIFRRD, AN
O ICHRKL TWE I ENHHORGERWICZH
WTHERIEOBERD ITBWTHIEHINTK
5. RFHHERET OEGRHETEYE 4HB 13 ubi-
quinone % vitamin E O A& S HBETEHME TH H 5.
ZDXIDITL TR E N /= 3-geranyl-4-hydroxy-
benzoic acid (GHB) 13 GHQ [T #IN/=H &,
FEBREMFHD 3D A FIVH & ORI TR FE-KFE
walr 7 hF/ UEiZEER L T deoxyshikonin &
720, X5ITEML X 1T shikonin 23K T 2 H D
CLHEEINTNG, 9

DR EDEEHIINIEE L TH2OBEHRED
26, TOMHENHLGNAITINTWVWS DX
phenylalanine ammonia-lyase,*” 4-coumarate: CoA
ligase,*® 4HB geranyl diphosphate transferase#-50 T
HDH. —F, BEMICBTSSAZCOEEKD
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Fig. 16. Biosynthetic Pathway of Shikonin in Lithospermum erythrorhizon
i: phenylalanine ammonia-lyase, ii: cinnamic acid 4-hydroxylase, iii: 4-coumarate: CoA ligase, iv: geranyl diphosphate transferase, v: 4-hydroxybenzoate O-

glucosyl transferase, vi: 4-hydroxybenzoate O-glucosidase.

FEBERE I DWW TS Hm, KIE S IZK D FEHITHSE
TN TS, 515D iz PHB O ECHE(L 5 i— il &
S Z DR IC BB BB 2 R L TS 2 L
MRS Nz, ZOREEMEICED > Th 2 EEE 4-
hydroxybenzoate O-glucosyl transferase’®54 @ % &
HEHLMZINTND,

D& DT, shikonin LG DOEF DD EF
TV EBERITEERBERE THD, DAk
W20 529 5 Z &1 shikonin A4 & RLARIAIC &
STHREERED 1 DTHB. I T, GHQ DXk
® H A & L T 3’-hydroxygeranylhydroquinone
(3’-hydroxyl-GHQ) ZMEL, TOMELF 7 b
F /) HRICE S A RE/s RS & 2 58 T Fig. 17
WZRU7z. L7Zdv> T GHQ @ 3 LD /KEER LK%
fRBA 3 % Z &34 D shikonin 4 A R ZE D B
IRE—HTHD., ZORINTEH h 7 0L P450 73
5L TWabDEEA, KER(EEEDORELEZ
DAL FREE Z a7z, 5

ARFZEITIEH G 5 IC K DL S N2 b T FE5E
RSO AT WV 5 4, shikonin A= 1213 M-9 1% H#iis?
HTREINKL, YA VEEET DL TTFEE
fifdzREDFA XL, BOSEEICKDSEL .

ZTORREKICHEALZI 70 AEMZHOKEE
FEMENED LN, T OBEFEE /1L GHQ &
GHB #EE &9 270, WM& O RKINHEDEELD
GHQ WHEOHEETHD EEA OGN, EMBEEE
& UTNADPH 2%k L, £&nTRERIRE
WARHRTHo7. 6 OHEEIIARIGICS b
Z70LPASO NG L TVWE I ERERBL TN,
COHEZTHAT S0, RN TO—MILKHE
DHEETTRInIBREEZA, RIDIEBEEETNL
M, HBEICX o TELICEELE. 51T MY
0/ P450 fHZE#] ancymidol 72 E 12 & D fHEZ 21T
720, K12 cytochromec IC X D fHEXI N
(Table 3). LA EOfERICEDE, GHQ @ 3 /K
fEBEFIZS b7 O L PASOE ) FFI 75 F—ETH
eI T OFEFEICK L geranyl-
hydroquinone 3’-hydroxylase & & 1T 5 7=,
ZD&DIT, ITHEL /& shikonin DF 7 4 L
> EEIERIZEI D % HfEA & LT 3-hydroxyl-GHQ
MEETDHZENFEASI NG, L L Zokan
BHERLTZON, H50WIEZEDOEE(LE 3 -oxo-
GHQ MERALKINICE S L TWb ONZ S %fEkd
REMEETHD., BLHZOEEEED 3 -0x0-
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Fig. 17. Supposed Mechanism for Naphthoquinone Ring Formation in Shikonin Biosynthesis
Table 3. Effects of Cytochrome P450 Inhibitors on GHQ 3’- I AT DT7 N IF ) VHEOEGRIIBIT ST
Hyd 1 Activi
ydronytase Actvity P RIF ) VBBERICBNT BT 5 T ik
mhibitor AV Relave activity g igs 5 (Fig. 19 B0, L7295 T, shikonin @
Air 14.48 100.0 T R E BT 5 Z &1, shikonin 4
CO/0, (9 : 1, Dark) 1.18 12.5 ARICBWVWTOAEEL D TIL7A L, prenyl-
C0/0, (9 : 1, Light) 8.13 56.1 naphthohydroquinone Z#H L CT/HEMT 27 > b5
None 31.42 100.0 N A ~ B =
Ancymidol 1000 mm 19.43 61.8 */ /@_i E')EEL{:DVC%E%E%&T%%‘
Metyrapone 1000 mM 26.93 85.7 mibfEIFE 5133~ % (Pedaliaceae) #i4 Sesa-
Ketoconazole 1000 mM 12.09 38.5 mum indicum DR K O ER L D 4-methylpent-3-
100 mm 27.68 88.1 enyl IS Z28D 7Y > o F ) VEEREL /- (Fig.
Cytochrome ¢ 10 mm 1.32 4.2 18)
1 mMm 13.42 42.7 .
0.1 mm 25.01 79.6 :h%@%ifck:/:l" COMEELETASE, W
HEEbE@ED 4- methylpent 3-enyl {Eﬂfé ZFoOTW
GHQ Z 5B &9 50 THiUuT 3'-hydroxyl-GHQ X E, INB7Y > T F J ¥EI1L geranylnaphtho-
D 37-0x0-GHQ NDEALBEERICDONVWTHMEKRT 5 hydroquinone (geranyl-NHQ), & 5I23 Z1X, 3'-
WERH D, IS —EORSE RS A RERE hydroxygeranylnaphthohydroquinone @ B2 {k [z i

M) IOECHXIR, THRBROA T /)NARH EOERTDEHEEIND. ZOXDITZOROE
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Fig. 18. Naphthoquinones and Anthraquinones from the Roots and Hairy Roots of Sesamum indicum
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] f& 3’-hydroxygeranylnaphthohydroquinone T I3
NHQ &72%. ZOHERDEAHKEIEIZ o-suc-
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iz, cheo7>b5F 2ENTLZIIVFT B
F / > TdH 5 chlorosesamone, hydroxysesamone &
HELTWEZEITEDL., ZTheor 7 hF />
DOFEFERIBML, TOMENS /I X TR
BHEST ST LIV T bFJ 2 ERUAEGHERT
HHEWEINDZNOTHS., IXEHEYHIRY >
KoF ) OEGRIZRD 2HRBENEAZSNS.
OSB D PHES 1% & ff 9 % 2-carboxy-4-oxotetralone
(COT) HDWVWIEZE DI/ —)LIK 1,4-dihydrox-
ynaphthoic acid (DHNA) @ 2 {7127 T =)V LK
MEZD, I S5IKRENISZER T, geranylnaph-
thohydroquinone (geranyl-NHQ) 7254k 3 5.

Geranyl-NHQ D /K1t K12 & U 3’-hydroxyger-
anyl-NHQ &720, BRAELKIBICKD /OB H XS
B7>boF /> (Fig. 19D aRBETHERT 2T
ShRIF )L ZOROT N IF ) D EFRDT
AR > b FF ) AIHERITIZXF] T E 780,

Rk 2 WA GRERZT> THO TN TE
%) @D 4-methylpent-3-enylanthraquinone 73 g 4
T5. I 1 DOARERKEKEL T, DHNA @ 3
LT I ZIUERIBRAEE Z D, geranyl-DHNA 734
KI5, ZOHDDIMLNKEILI N, F T
PRI SO 2 D — B TR IC R O 7 T xR LY
>h5F /> (Fig. 9D bREBTERTSTY > b
7% / ) #® 4-methylpent-3-enylanthraquinone
MEAT D, BEDYATDTY > NITF ) > DHERL
1213 geranyl-DHNA O R R IGICE D W o =
geranylnaphthohydroquinone 23 24E 5% U, 347 D/KfEE
bR CRILRIEDEZ DY > N T F /) B NE
REND., Z0kIiC, IXBOT > RIF />0
EER DS, £ 9 naphthohydroquinone ¥ @
HISRE DL, O ET T IV HEDMERFRD
WL, ZDRITT I ZIVEMBE DKL, <R
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Fig. 19. Possible Biosynthetic Pathways of Anthraquinone from S. indicum, in Comparison to that of Shikonin
4HB: 4-hydroxybenzoic acid, GPP: geranyl diphosphate, GHB: 3-geranyl-4-hydroxybenzoic acid, GHQ: geranylhydroquinone, OSB: o-succinylbenzoic acid,

COT: 2-carboxy-4-oxotetralone, DHNA: dihydroxynaphthoic acid.

[T & OHENT 72 £ shikonin O 4 A Bk O RS 8 LA
SMTH 71T 4 OREED TR S N 5.
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acid (GHB) O geranylhydroquinone ~\ (D Z5 i} i
N5 (Fig. 20). ZOEMMIRE, AfETERRE
JEER S O Rl D 5 B p-hydroxybenzoic acid D 3
K27 0 L P450 B3R 1T K S iR R SO & £ S KRk
RIGERIUTHh B EMFHEEINS. £ TTimiass
BTIEd 50, LATYFEEMBIOFERL I
0 L5y 2 W TR 4 DS T geranylated PHB
EA2FaxX—bLE& UL LZ GHQ 04
RIZFRD S NI M > 72,89 F 7~ ubiquinones ® 4
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b, A F VAL K73 4-hydroxy-3-polyprenyl-
benzoic acid O i REE ) D LARTICHK Z 50 d D W0
WBLIBICE ZDNDENZIH DM, Wil s
it PR e B s & 7K AL SO DY T 28 IS Z % D TR
<2BBETEZ D, F / > #iE D ubiquinone $E7Y

3-geranyl-4-hydroxybenzoic

AT B ENHSENTWS (Fig. 21).0 Z D&
AFZEIAZCEGHRICHEM L, p-hydroxy-m-
geranylbenzoic acid 23l JK R K ISIT K D W o 2 A
geranylphenol 234 pk U, #i\y T/N T ALITKEE{E K
eSS Z O geranylhydroquinone 23 EAT 5 £ D
REEHEK DL D. % I T, geranylphenol = A 5
FOREMICEEG L2, ZoBAH GHQ D
IR 5NN o7z, UL ED K S IT shikonin @
EARRITBNTONWELTRMHICTIIEST, Fil
IR BN VW E A O L £ > T 5.
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Fig. 20. Supposed Mechanistic Process of GHB to GHQ
GHB: 3-geranyl-4-hydroxybenzoic acid, GHQ: garanylhydroquinone.
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