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(apigenin, kaempferol, quercetinZz &) & % < O
A FENEHBLEINTZRY X FF B (nobiletin,
tangeretin 7% &) 2H 2 M, A b F T LIKEEEL D
HMEBENTEDEHEET %, RY T =/ —)LVH
TR, FIRILIERMY, HEEM™, B AlE
A 2 OABIEMEET 5 ENHLN RS
TV, =%, RUANFIET SRy (PMF) &R
V7 x/—=)VT SR X0 B ERARHRD &
DY, BRETERR Y & LTHHEZED TV S, fIZE, i
MORFEMETH D — 7 T vy —REICEFICEEN
% nobiletin 1%, FIMWASER®Y, BHAIKT 2 Hilck
TEFY, BUERFROME, FbEdcElEm'” hlsEh
TEY, AHEEREERTD—DER>TW 5,

Gossypetin (3,5,7,8,3',4-hexahydroxyflavone) i,
NACANAT 4 —DRNIC % 1 —+E)L (Hibiscus
sabdariffa L) 1<&ENTEL'Y, HELIER?Y, v
FEARBREY A VA 1R (HIV-1) OWsE RO
W', I8=F Y IRORH R 2R T s a- ¥ X
LA ¥ DR LOIH™ 75 EMME TN TWVB, —7,
gossypetin D/KEEED N TR b F T EICEH S N
L&Y gossypetin hexamethyl ether (3,5,7,8,3',4'-hex
amethoxyflavone, LT GHM & #&d, Fig. 1) &, M
REICEENTVE'Y, 0 GHM OEHIREIC RIS 5
WHgeid £72407%% <, Epstein-Barr 7 1 )L A B AU DOE
HELZIHIT 2 C EAMETNTVE DB TH B,

PMF B O RHHCBI L T, 19984 Nielsen 5 (& i
WSR2 17 CTdb % tangeretin D F v FHFI /7y — L
(Ms) 1 KB 2N, KEELR IS & B A 7
LRGN T % T & ZBS T L72'®, Breinholt 5
I, tangeretin ® & AT Ms TOREHZFIN, © MHFT
& RIS RBALHIIE R T )AL RGNS C 2 T & 2B ST
L7, chETUmrETed, MBREKRITHS
nobiletin OXFH ZEYIAF Ms, & bFMs BX Uk bF
78 P450 (CYP) 73 FRETITV, 3 FEHO i X
FIUEIR (4, 7-BXUT6-0H k) & 2D i A F
JUEMR (34 X T6,7-diOH &) M & L TH K
ENBT L, iz, CYPHFHEDS B, CYP3A RN
ABRD A M FTHEHDORAF)EIC, CYP1AL, CYPIAZ
BXU CYPIBIABED A hF T EDfEA F)IULICEES:
THTEEMBMMC LD, Ebic, By a Ay
05,7,3',4-tetramethoxyflavone (tetraMF) @< v ki
Msic k2 @zHize s, REte LT, 7100
BEU4 MDA T IR L 6 (DIKELIARDERE
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Fig. T Chemical structure of gossypetin
hexamethyl ether (GHM, 3,5,7,8,3',4’
-hexamethoxyflavone).
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ThHrLEZIONS, ZTT, AW TIE GHM DF
R Ms I & % in vitro {2 N7z, 7z, EHC
59 % CYP nF iz HEE S % 72ic, CYPFFEAID
phenobalbital (PB), 3-methylcholanthrene (MC) 35
K U dexamethasone (DEX) ZRiLEEL 725 v MHF Ms
T [ARRICEHNTz,

RERTE

1. HE

Gossypetin (&7 F 2 (Bk) L DIEA L7z, NADP &
& U glucose-6-phosphate (G-6-P) &4V x> X)L
M) KOWEA LT, £z, G-6-PikERME (G-6-
PD), PB (Na¥f), MC XU DEX IZADEHESE (B X
DA UTze ZOMOASIE, FDLHISE BR) DRk E
Feld sk 7 < 757 (HPLC) FZEH L7z,

2. GHM &Rk

GHM D& pki& gossypetin 48 mg 27 k220 mL,
REEHY 7 L3.68 gBXUTYAFI)VEiEL.28 mL & &
1, 40°CT300 min RIGERTHK LTz AF UL
DI Z RS 2 728D, —ERH T LITRISHE50 L 72
(LT RIS, 7R brmidl, Kemaits, &
k¥ 7e Wil ™)L TRl UTe, WENE T ) VR IR v [
L, 7t = bUIVICTER#E, HPLC B3 X UHEEIHE
ff HPLC (LC-MS) 1Zf} L 7zo HPLC D53#75&HE R D
WO TH 5, 7hikkds, LC-20AB (SHEEUERTRD 5 A
Z L., Mightysil RP-18 (250 X 4.6 mm id., 5pm Ki
£8) 5 BEE, AWKO.1%FH, BK100%7th=FV
v, BiRIEE20% - 60% (10 min) - 60% (8 min) -
100% (7 min) - 20% (5 min) ; #u#, 1.0 mL/min ;
Reth% E, 340 nme LC-MS D7 #i &b id X D@ b T
BB, HTkER, LCMS-8030 (ElB/EmEd) 5 15
L\, Shim-pack XR-ODS 1 (150 X 2.0 mm id., 2.2
pm KR ;AT Lk, 40°C ; B#EiMH, AWO0.1%F
g, Bi100% 7t ~=hrVU)l, BiKIEE20% - 60%

(5 min) - 60% (4 min) - 100% (4 min) - 20% (7
min) ; %, 0.2 mL/min, A FIALKIGH T4, 7%
FrZEREL, KZEMATE, pRa—ZHNTE
RV 72 WElg = )V THI U e RIS, BETFIVEZ
I L, Bond Elut SIAZ L (Si10g, 30 X 50 mm,
Agilent #0) 1, BEfET )L CTUEHI L7z, HPLC
THRZIT> Tz, 57BUH HPLC OZ%AMHE, RO\ Th
%o 0MiHk#R, LC-10ADvp (EEEEFTED 45 L,
Mightysil RP-18 GP (250 X 20 mm i.d., 5pm Kiff) ;
BEtE, 60% 7 F= MUV -0.1%FH ; fiE, 4.0
mL/min ; #HEE, 340 nm,

3. v IOV - LORAR

Wistar ROMEMNEZ v b ((KHEHI200 g, FERBALAIT 6
W) 3, B G KOWAL, v ME, 184
PEdD, ARALPERF, PBEIALEERE, MC RiLFLEE, DEX
RTALEREED 4 BRI/ 7o PBIGABRARIIKICTARR L8O
mg/kg/day DT, MC & I — il iAfi# L 20 mg/
kg/day @ il & C, DEX (& — il 74 f# L 100 mg/
kg/day DFHET, ThZh 3 HEERMERENR S Ui,
Z v M3RAERGHOBHBERL, HBICHHEZ
e, WY KK Ms ZRB LT, Ik, AN
HRPERE R DI Z B R DR Z1GT21%, TR
FREIRY: (BGOENIRAER) BY)dducid 2 8 1<
fitoTroTe,

4. KRBEMDOIH
Z v FMs Ic & % GHM ORI BEHE IcHE L C
1> 7. 97 b b, dimethylsulfoxide IC ¥ fif L 720.2
mM GHM 7% NADPH % p{ % (0.33 mM NADP, 5 mM
G-6-P, G-6-PD 1.0 unit), 6 mM MgCl,, Z v FHF Ms
(1 mg protein) 3 & U100 mM HEPES #% ffij # (pH
74) LEHICHF mL &L, 37°CT20 min 1 VF 2
N—F Uz, 2O, WAX/—)L3mL TRIGEFIEL,
LA EE (3000 rpm, 15 min) %, k5% HPLC &
U LC-MS et Uz mdefbid, ko 2. LT
H3. RoEEE, GHM OMEBERZE NV TIT-> 7,

5. Zofth

Fw MFMs D% 287 &%, Lowry 5O IEICHEN
ERUIY, ok, LY EE LTy VT
VT IRV, HEHMLELE, Student's t-test IZ & D
GRS % LA (p<0.05) THEZED D LWLz,

m R

1. GHM D&

GHM &, gossypetin 7z 7"+t s VICIAfEL, g Y
TLBRUOIAFIVEE L & £1240°C 300 min Kk
THTHK LT, Fig 21ciE, X FIVEORRELE 2R
T, LC-MS DFEHR, gossypetin (&£ F5E5.51 min I
BEN, 27EIE mz 319 [M+H] T TH - 7z BERIEE
& & EIS, m/z 333 [M+H+14] ", 347 [M+H+28]
361 [M+H+42] ¥, 375 [M+H+56] ©, 389 [M+H+70] *
BX U403 M+H+84] 'O —Z M Eh, S
270 min TF & A EM GHM (m/z 403) icZ{kL, %
DOIRFFRENE7.94 min TH o 7zo AKE N7z GHM 13,
HPLC IC X D RSB, S 5IC7 2 b= MUV THAS
mh LTz ZORER, MiE99.9% 0wttt INiGs, (HPLC
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Ic&%) RSN, ZOIURIE363 mg T, IR
602%TdH o7,

2. Zv M Ms IT& B8
GHM 7%z Z v MF Ms 3K T NADPH 4R & & &1,
37°C THAMNC20 min G E ¥ 7z, Fig. 3ICERE N
7z GHM @D HPLC 7~ s 75 L2 /Rd
GHM (R F5HF[14.56 min ICHH E N7zhd, ZDfR

B b E— o0, KU Ms T 5 MfH, PB i
ALPE Ms C 7 F%E, MC aijifLEE Ms T 9 fifE¥ K U DEX
ALERE Ms C 8 fifFiMit S iz, HEDOGHM KO & F
{EHENz 6 O —2 % GHM IS WIED, 5, Z
NZFN M1 (RFEFEERI14.15 min), M2 (13.79 min),
M3 (12.78 min), M4 (12.50 min), M5 (11.22 min)
BEIUM6 (1087 min) & ULz, —74, ELBEHIN
7z¥—27% BM1 (15.79 min), BM2 (16.08 min) ¥
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Fig.2 Time course of methylation of gossypetin by dimethyl sulfate.
A) Untreated B) PB-treated C) MC-treated D) DEX-treated
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Fig.3 HPLC chromatograms of GHM and its metabolites formed by liver microsomes of untreated (A),

PB-treated (B), MC-treated (C) and DEX-treated (D) rats.
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XU BM3 (20.17 min) & L7z,

ZAEHY OE §IE GHM DMz W TiTo 7z, %
D% Fig. 4IRT s AU Ms Tld, M3D Y
THH, ZOERKIEMX0.14 nmol/min/mg protein T
Holze KNT, M4, M6, BM3BXU M1A, ZNZ
110.08, 0.04, 0.013% & T'0.01 nmol/min/mg protein
Tdholeo ¥z, PBHILEEMs Tl&, RUFEMs &[]
BRI M3DRB 2 AR E N, AR Ms D2.6f5TH >
7z (0.35 nmol/min/mg protein), & 51, M1, M4,
M6% & U BM3E RIUE Ms D Z N Zh, 1.5f% 2.1
5, 2. M5B K TAS5MBISHM U7z, &d, #Hiicic MbH
KU BMIMERKEN, ZTOABIEREZNZ N, 0.02
FXT0.01 nmol/min/mg protein ThH -7z, —J7, MC
HIALEE Ms Tld, MW it 2 <, R Ms D5.7(5
I L 7z (0.45 nmol/min/mg protein), X 7z, #7
7ol BM2B LU M2 &, ThZN0.1668 KT
0.08 nmol/min/mg protein TH -7z, %8B, MALHT
& M1, BM3&BEX U M6 Ms DZ NZ118.41H,
40 B K TLIME LBFICHM L 72e & 51, DEX i
B Ms T, M4DREZ <, ARIUH Ms D6.0f5 11
i L 7z (0.48 nmol/min/mg protein), % 7z, M3M &K
LEE Ms D1.8£%, BM3A10.31%5, MIN2AFICZFNZE
N L 7z,

3. RSt FEE

GHM I DL A RESE 2 S MIC T B 728, GHM AR
HSHE 7 LC-MS/MS IZ Tl Lz, ZDF55H % Table
HTRY, GHM IZ, m/z 403 [M+H] & LTt Eniz
A, M4, M3BX U BM3id m/z 389 [M+H-14] ' TH %

T e S —BiXF VLK, M6, M5, BM1# KLU BM2
& m/z 375 IM+H-28] " C&H % T &5 A F VLA,
M2i3 m/z 361 [M+H-42] " TH 3 Z £h 5 =i X F )1k
KTHBEHHLNEIZS Tz, T2, M1 m/z 405
IM+H+2] " CTH % T &b —i X F UL « —IKEE{LIAT
bHolz,

RIT, FRORISHEET > T hiEOTEIREE 5 1291
LCMS/MSIC X B 7R b ALV AF v U EITo T2,
Ma 5%, 75K/ A REE%ELCMS/MS THHid 5 &,
WiT 4 —)VR « 7IVR—FIZIC X 0 AR & BERHIK
DT STRAY MAFVDRIHENS T L ZWE LY,
Fig. 535 KX U Table 11C GHM ¥ K GRE#) OFE R 72719,
GHM H S IR T 5 7 AV A A 2 m/z 1650
M E Nz, 3 M4, M1, BM135 & U BM3DULG
NS ETITAYNAF 2 m/z 165 E Nz
s, BERICESEEAN TNV EAVRENTZ, RIC,
M6, M3, M2B X U'BM2TIE, 757 XAV hAA
m/z 151 ENT-Z B, BERO—HAFIVED
MBI Nz, iz, MOOSIWETITAY M A4V m/z
137ThRH SNz &5, M5IEBED A F )Lt
KTHB T ENRENT,

z K

4], CYP AEAIRTULEEZ v T Ms I X% GHM @
K72 fiX7z, LC-MS/MS DR S HEE L 7z GHM D
R %2 Fig. 61C/Rd, GHM & FHFMsIC KD
SHHFDO—MH ATV ek (M4, M3, BM3), 4 FfD
ZHEAFVEE (M6, M5, BM1, BM2), 1HHO=

0.8

0.6 *

0.4

0.2

Metabolite formed (nmol/min/mg protein)

0.0 - =
M6 M5 M4 M3
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* p <0.05 (vs Con)
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Fig.4 Effect of CYP inducers on GHM metabolism by rat liver microsomes.
Con represents liver microsomes of untreated rats. Each bar represents mean
*+ S.D. of four rats. *Significantly different from rats, p<0.05.
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Table 1 LC-MS/MS data of GHM and its metabolites formed by rat liver microsomes

Retention time | Molecular weight ) B-ring fragment ion (m/z) | Ppostulated
Compound . Metabolic pattern
(min) (m/z) 165 151 137 structure
M6 5.97 375 [M+H-28] * Di-demethylation O 7,4'-diOH
M5 6.07 375 [M+H-28] * Di-demethylation O 3',4'-diOH
M4 6.84 389 [M+H-14] " | Mono-demethylation O 7-OH
M3 7.04 389 [M+H-14] © | Mono-demethylation O 4'-OH
M2 7.68 361 [M+H-42] " Tri-demethylation O 5,7,4'"-triOH
M1 8.03 405 [M+He2)+ | Hydroxylationand O 5,6-diOH
mono-demethylation
GHM 8.04 403 [M+H] © O
BM1 8.82 375 [M+H-28] * Di-demethylation O 5,7-diOH
BM2 941 375 [M+H-28] Di-demethylation O 5,4'-diOH
BM3 11.76 389 [M+H-14] ™ | Mono-demethylation O 5-OH
1 00] nten.
GHM OCHs 327 3
OCH;,
757
165 O*=C
50 <
25 343
g, | T Tas g U LT
| | | |
?00 150 200 250 300 350 400 m/z
OH
OCH; oH
JCE O
0*=cC 0*=cC
m/z 151 m/z 137

OCH; O

Fig. 5 The MS/MS pattern of GHM and the retro Diels-Alder fragmentation at the C-ring of GHM
and its metabolites under collision-induced dissociation.

1st oxidation 2nd oxidation 3rd oxidation
M5
(3',4' -diOH)
M3
4'-OH M6
“@-of) (7,4'-diOH) \
M4 BM1 S M2
(7-OH) (5,7-diOH) (5,7,4'-triOH)
BM3 BM2
(5-OH) . (5,4'-diOH)
\\4 M1 > Demethylation
(5,6-diOH) = = Hydroxylation

Fig.6 Postulated metabolic pathways of GHM in rat liver.
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A F bR (M2) BRT 1 FEO—FEXF )Lk - —
KEBEA (MD) ICRE#ENZE T ENHS MRS T,
INSDORRMN S, GHM ORFRIGIE 3 BLfE Tilifi
ST B T AR E NI,

BM3, M4 & U M3id, m/z 389 [M+H-14] " 7z 4
TBHIEDDL AT IVILIEKTH > 7z £z, BM3
EMATIEBERHRKRD TS T AV M A2 m/z 1650,
M3Tld m/z 151 E Nz, Ma 513, kaempferol

(3,5,7,4'-tetrahydroxyflavone) @ 4 D DIKEEE D 5
B, 1~2{@NA MFHICEBBEINIZE D% LC-MS/
MS THa#MrLic T A, 3N A MFENFLET S
&, WT 4 —IVA « TIVE—FAENIHIE N, ABRH
KDTFGTAY NAF Y (m/z 153F T2 & m/z 167) D
WD ThE L mB T LM LI, S, $XTO
REWTARERDT T AV b A X VD ENE
motl &b, WINOMREYE 3MDR FF 5
EHAF IV EE R TN T LRI Nz, R,
BM3IERHEAYI D GHM & O & HPLC ICHBWTH 7R D
EBATHEEINZ, —iRic, HAF UL ND &t
BEzscehd, REXD ERIAHI N R0
N, flr, PMF B AR 5 GLOKELRIE, ZDXF
FURKD BB I NG T EMREETNET, T
ns o & HhsH, BM3IE5-0H-3,7,8,3' 4" -pentaMF T
HBHEMESINTZ, ABRICHBOA NV EEED
nobiletin (5,6,7,8,3",4-hexaMF) ¥ X U tangeretin

(5,6,7,8,4"-pentaMF) Tl&, AB6NE & 7 MiH
AF L ENTRBIDERLENZ' Y 2 eh b, M4
137-0H-3,5,8,3' 4 -pentaMF TH % £ ZE X b Nz, X
7z, BEROEHALEN 4 [F U TdH % nobiletin 5 X
U sinensetin (5,6,7,3'4'-pentaMF) T, BEOCH
&, ¥TAYNOBAFIVENSET D, RT3 [ih
BEAF LT B2 coT ehbd, M31E4-OH-
3,5,7,8,3-pentaMF Tdh % L #iE T Nz,

RiZ, BM1B X T BM2IE it X FILILIRTH % B,
HPLC ICBWTEHMEAY) GHM K b EL B E iz, C
DTEMNS, MHELEWAT LD S Bb—DIF, AL
SMMPAF LT NT VBT EHRBENT, £z,
BIRRHAKD T T T AV b A A UDZENEFN m/z 1658
KU m/z 151 TH->7T M5, BMUIBEROM A F
LD T > TWiznT &, BM2IZABRE BERD S5 —
DIFOWAFIUEENTVB T EAFEZLND, TN
S5DHFEZKXD, BM1E5,7-di0OH-3,8,3'4"-tetraMF, BM2
1£5,4'-diOH-3,7,8,3"-tetraMF T % T & H/RM E Nz,
—7J, M6BELUM5E A F )UK TH > 72/, B
REHKRDTSTAY M VIEENETN m/z 1518 &K
Um/z 13T TH > Tze 723, m/z 1371 BERM [ A
FUEEINIZT EZRLTWVD, Y EDOT D, M6

137.,4'-diOH-3,5,8,3-tetraMF T & b, M5133'4"-diOH-
3,5,7,8-tetraMF Tdh % LHEE T Nz, T HIC, M2k =
A FIALIATH 2D, BERIEKDTSTAV M AF
Mm/z 151 THO, BEN—MAFIVLETNTVE T
&, MATABSNMOBIAF ILIXIF L A EMEN
W T L R#EZ DL, 574triOH-3,8,3-triMF TH %
LHEEE NIz, E5IC, M1 (X FIUE - —IKEE(t
£) O LC-MS/MS DR, BERHKDTI T T AV A
F ¥ m/z 165 E Nz, TOFHEEX, BXFILk
EIKBIEDABITCORRET > TWVBT ERBRLTVS,
INETIC, 7TK /A FHOKBILKIGIE A6 (B
KUBBS I T % T EMMEETNTLB 19, &
W28 GHM &, 9 CIC3 Wi X hFUETEBREINT
B0, 6M/KBELNMEZSNEV, £z M1k M2~
MDY LR, ELAHI N &b, M1IE5-
Bt A FuAk - 6- KEg{LAK, 7% 55,6-di0OH-3,8,3' 4
tetraMF TH % & HfEE S iz,

CYP #FEH| ORI ORN R 2 H % &, MC HiLEE Ty
AN RKEN oz, TabB, M4 (7-0H #4), Ml

(5,6-diOH {4), BM2 (5,4'-diOH{4), BM1 (5,7-diOH
%), M2 (5,7,4-triOH &) B KT M5 (3',4'-diOH 14)
MHELIHEIMLUE, o eh s, TnbsDARKIC
& MC #F8M: CYPIA BEEAD G552 &, iz, HEE
IR oE» 5, 5400, 70K T4 Nl X
FiukE & i 6 Mk b b5 < filllld 5 C & AR E
N7zo PBHILEETIE M3 (4-OH 4), M4, M6 (7,4'-
diOH {£) #& U BM3 (5-OH k) H%2 ~ 55t
fzT 5, PBRAEMED CYP2B BEE DM G HVRE X
N7z, DEX #fi L3 T iZ M4, M3, BM3¥% & U BMIA
FEiICEmMLIzc e b, ThbDAKICIE DEX i
T CYPIA BEE DGR E Nz, Lo ehb,
GHM D fX#Hic ik, CYPIA®EZ, CYP2BEE R B L U
CYP3A BEENBI ST 5 AR E NIz,

1. 3,5,7,8,3",4'-Hexamethoxyflavone (gossypetin
hexamethyl ether, GHM) D Z v FH Ms I & 2
i \To, iz, CYP A HIFTULIIC X2 50K E
~Nzo

2. GHM@## & LT, &at9 MMM S N
LC-MS DR, 8K D, 3HEO—FXF IV
fefk (M4, M3, BM3), 4 FH D i X F )L {tik

(M6, M5, BMI1, BM2), 1 HHD =i X F)L{bik
M2), 1RO A F )k - —KEE kA (MD)

MEHS MR > Tz,

3. ARWEEZ v P Ms Ti&, M3, M4dB X T M6M E
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KV TH > 72, PBHILHIC K D, M3 CRALHE
D2.6£%), M4 (2.1£%), M6 (2.11%) I X U BM3
(4.51%) HABEICHEML 7. MC BT TIX, M4
(B.71%), M1 (18.41%), M6 (1.7£% ), BM3 (4.0
%) BIUOBMIMNAZICHEML, M235 XU BM2A
Fizic B E Nz, DEX miflBETiE, M4 (6.0f%),
M3 (1.8f%), BM3 (10.3f%), M1 (24f%) B X T
BMIMWE I L 72,

DI EOFEE S, GHM O, CYPIA B3,
CYP2B B#£3 X U CYP3A BEEN 59 % T & HVURE
TNz,

%:!-I

i

AW R B TBHEE R S R E M E (BOR
HERHEERTZY S 3E, H30- &4 - #5:€ -005 HE1E%)
OUKEZ T 28D THB, TTICRHLUTHEEZRLE
T, £iz, GHM REIORHIC iiniziZE R L
HGEHRR S A L RO E AL £ 97

Abstract

In vitro metabolism of gosspetin hexamethyl ether
(GHM, 3,5,7,8,3',4'-hexamethoxyflavone), a flavonoid
present in the peels of Citrus miaray, was examined
using rat liver microsomes (Ms) and effects of three
cytochrome P450 (CYP) inducers, phenobarbital (PB),
3-methylcholanthrene (MC) and dexamethasone (DEX),
on GHM metabolism was also examined. Five, seven,
nine and eight metabolites were produced by liver Ms
from untreated, PB-treated, MC-treated and DEX-treated
rats, respectively. They consisted of three mono-
demethylated (M4, M3 and BM3), four di-demethylated
(M6, M5, BM1 and BM2), one tri-demethylated (M2)
and one hydroxy-mono-demethylated metabolites
(M1). M3, M4 and M6 were main metabolites in the
liver Ms of untreated and PB-treated rats. PB treatment
increased M3, M4, M6 and BM3 significantly. MC
treatment increased M4, M1, M6, BM1 and BM3, and
also produced M2 and BM2 newly. DEX treatment
increased M4, M3, BM3, M1 and BM1. These results
suggest that CYP1A, CYP2B and CYP3A enzymes
induced by MC-, PB- and DEX-treatments are most

important in GHM metabolism.
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