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Abstract: Objective To study the metabolic characteristics of berberine using the pooled human liver microsomes and
recombinant human cytochrome enzymes P450 (CYP) isozymes, to identify CYP isozymes responsible for berberine metabolism and
its contribution, and to determine the structures of metabolism. Methods Pooled human liver microsomes were incubated with
berberine (20, 100, 200, 400, 600, 800, and 1 200 ng/mL). The Michaelis-Menten parameters (K,,), maximum velocity (V.x), and
clearance (CL;,) of pooled liver microsomes were initially estimated by analyzing Lineweave-Brurk plot. Various selective CYP
inhibitors were used to investigate their inhibitory effects on the metabolism of berberine and the certain concentration of berberine was
incubated with recombinant human CYP isozymes (CYP3A4, CYP1A2, CYP2D6, and CYP2C9). The concentration of berberine and
metabolites in the incubation pool was determined by UPLC method. The P450 isozymes were ranked with the method of total
normalized rate (TNR) and the related metabolites were identified by LC-MS/MS. Results The V., Ky, and CL;,, of berberine in
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pooled human liver microsomes were 1.51 nmol-mg *h™', 2.69 nmol/mL, and 0.56 mL-mg "*h', respectively. Quinidine (the specific
inhibitor of CYP2D6)and Furafylline (the specific inhibitor of CYP1A2) could significantly inhibit the berberine metabolism, and the
other CYP inhibitors had no significant effect on the metabolism of berberine. CYP2D6 and CYP1A2 were responsible for 75.253 9% and
23.323 6% of the berberine metabolite M; (demethyleneberberine), and responsible for 46.893 8% and 8.679 5% of M, (thalifendine or

berberrubine). The major metabolic pathway of berberine in pooled human liver microsomes incubation system is O-demethylated,

demethyleneberberine, thalifendine, or berberrubine could be generated in vitro. Conclusion Bererine is metabolized by CYP2D6 and

CYP1A2 in human liver, the metabolites of berberine are demethyleneberberine and thalifendine or berberrubine.

Key words: berberine; pooled human liver microsomes; recombinant human cytochrome enzyme P450 isozyme; metabolites;

metabolic pathway; demethyleneberberine; thalifendine; berberrubine
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By UPLC

Fig.1 UPLC chromatograms of berberine and its metabolites (M; and M,) in blank sample (A), reference substances (B),
pooled human liver microsomes (C), CYP2D6 (D), and CYP1A2 (E)
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Fig. 2 Michaelis-Menten equation plot of berberine

enzyme reaction Kinetics
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WEE 352 10 pmol/L INF, W Sl 410l /INEE Gk 1) 4 Qs
TP SR M SRR M | ot TR S UL A T /N BRE il 1) A
UHIEA A 5G], DRk ) T /N Bl 1) = AU I
CYP2D6 F1 CYP1A2., 4% W% 1.

3.2.2 Supersomes A CYP [A] LEHRHT 45
Y ) )45 2 TR B R 400 ng/mL PR/ NEEBR I AR
LI E, 45 B/ NEEAE CYP3A4 FI CYP2CY fiffHh
YA, 17 CYP2D6 Fl CYP1A2 Jf H 11 /N
G, &I CYP2D6 FIl CYP1A2 /2 /NEERR ¥
ARG . 250K 2.

F1 REARRRAMEIRE PN ERARIERE (x+5,n=6)

Table 1 Metabolism phenotype of berberine in inhibitory experiments of pooled human liver microsomes (x+s,n=6)

m %ﬂlﬁ%ﬂ%ﬂi/ CYP (A /NEERS / (ngmL ")
(umol'L™) Ytk 30 min 60 min
xof He — — 242.35+3.15 156.52+4.75 133.33+1.97
Tl e e 1 3A4 242.35+3.15 156.24+4.29 133.77+4.61
IR IR 2% ik 10 1A2 242.35+3.15 173.55+4.47" 152.76+3.27
T 10 2D6 242.354+3.15 239.19+3.02" 236.60+4.09"
TR 30 2C9 242.354+3.15 156.856+2.04 133.60+2.69
B R A S A T 5 2B6 242.35+3.15 156.69+2.18 133.42+2.80

AL TP<0.05, F#[H

*P < 0.05 vs control group, same as below
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SR 75253 9% 23.323 6%; X M, PE TR
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3.3 NEERNIR IS E

FEAF TS B P R B 2 AN (M R M),
HRFE T8 miz 5050 R 324, 322, HLUWEIN A4 3 A

1.19. 1.91 min. /NEEBRIEES T m/z 2 336, mi/z
N 324 1 My, AIBORFTH RR— C R, T
NI NEERR; m/z Dl 322 () My, AR R
—A~ CHy HE M, HEWT 0 BEFA 553 8 B/ NEELL k. /N
BERRAC U = i B DL 3. NBERR B TFAR B = 4
FIH 25 DT ik 2 L ] 4
4 g

AR A B 2 R 2 AR N, b CYP
& 2 PRI R T AL — S KR, AR T
% CYP RILH 248, 238 R N AR ZE 7 1)

2 Supersomes AR CYP [E TEGM S L8 P/ NEERAR RS (x£5,n=4)
Table 2 Metabolism phenotype of berberine in metabolic experiments of supersomes human CYP isozymes (x +s,n=4)

FLIN AN /

INEEDS, / (ng-mLfl)

M5 . - : : :

(pmol-FL7™") Wk 15 min 30 min 60 min
Xl R — 466.97+3.44 466.011+4.35 465.54+4.33 465.77+5.16
CYP3A49 30 466.97+3.44 465.03+3.51 466.99+5.88 464.83+5.69
CYP1A2 30 466.97+3.44 333.97+4.46" 289.96+5.39° 258.83+4.60°
CYP2D6 10 466.97+3.44 292.76+4.17" 228.30+4.117 114.91+4.21
CYP2C9 30 466.97+3.44 466.42+5.32 466.96+5.47 466.94+5.69

%3 Supersomes AJE CYP B LESRHE (x+s5,n=6)
Table 3 Contribution of supersomes human CYP isozymes (x + § ,n=6)
=] -1 Ml Mz
Aol FEREHNG / (pmol-£L7) ——— ———
Eapal TR / % gl DTk / %
kiR (& CYP2D6+CYP1A2) 3+19.5 2791.75+ 62.10 — 2370.25+ 54.99 —
CYP2D6 10 7003.00+146.02 752539 3705.01+£101.94 46.893 8
CYP1A2 30 1001.75+ 4759 233236 31650+ 926 8.6795
A M
T T T T T T T T T T T T T T T T 1 T T T T T T T T T T T T T T T T 1
0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0
t/ min
3355913 3242158 3220429
¢ 324.024 0 D E
3222346
324.9827 3229376
T 1II I‘I T T T T T T T T T T T T 1 T LII TJJI T T T T T T T T T T T T 1 L\L ?“\H T \J\ T T T T T T T T 1
0 100 200 300 400 500 600 700 80 O 100 200 300 400 500 600 700 800 O 100 200 300 400 500 600 700 800

m/z

A-XTI B-FERL C-/MNEERR (2= 3.20 min, m/z 336)

D-M; (¢#=1.19 min, m/z324) E-M, (¢#=1.91 min, m/z 322)

A-reference substance B-sample C-berberine (¢ = 3.20 min, m/z 336) D-M, (¢ =1.19 min, m/z 324) E-M, (t=1.91 min, m/z 322)

& 3

(NEEWRAE IR A ABFRORLAR Fh B9 A5 =40

Fig. 3 Berberine metabolites in pooled human liver microsomes
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Fig. 4 Structures and enzyme contribution of berberine metabolites

HEEJFEHNZ —, HA L CYP2D6 fil CYP2CY £ 3
Py MRl sz Y 20 BRIR A FROREAR, 3L 5
P R AR T W3R 45 4 Bl cDNA F41HFK)
WE WA 5. SIS PEIZF A FDA 985Kk,
CEITVFAAIGAE s ARSI ST I S AR A4
ANBEREK) UPLC v HAT R HERE. P Rs fi,
A RN ORE AR B T B AR 5T . AE ik
OREAET, ANEER AT =) M, R M, 12 i
L/ INBERR i R 2 R Ok ELAT o B AR DG, RIS
UPLC/MS/MS FIABAER] M,y T My A /NEEBR 14K
I . AH R TR AR P A R B, eV
SE L, KR B — AR HPLC 3% B P AR i =
PV TR S 0] B R B A FFAORL A4 1) HPLC o [ AR
7= A e TR R L2 1) 4 R B 5 AR DTk
M 23 A B R N3 ) S5 & s 25
YA S (0 — T 2 T AR, Ko AT Vinax X511
E YR R AR Y 2 SRR OCESE; |
Tob TR e S ] RO JH 24 T 25 1 A LA B

e, JERIT TN 25700 B DL SR A 2582 s,
PP 3 AT 25 802 Kt R DR v SR SR 1K) 80 2
SR R XUBIEE A, HAZR I B
AT E], AT REAE B A 1 R AT 2 1 £ B
(1/V) RATTFER], XL R 5 T etk n]
IHHHZ, TTSEN K BT Vinax IR RE ;10 A HIK-
F4 RS AR D 5 # CYP EBIEE
Table 4 Five CYP450 activities in pooled human

liver microsomes

3l W5ty Mt
(pmol'min -pmol ')
CYP3A4 testosteron 6B-hydroxylase 4200
CYP1A2 phenacetin O-deethylase 900
CYP2D6  bufuralol 1'-hydroxylase 72
CYP2C9  diclofenac 4’-hydroxylase 2700
CYP2B6  (S)-mephenytoin 49
N-demethylase
CYP2B6  coumarin 7-hydroxylase 1100

x5 4MEREABREN

Table 5 Activities of four gene recombinases

I WE D) BT/ (pmol-min ' -pmol ) C/ (pmol'mL™")
CYP3A4 testosterone 6B-hydroxylase 16.0 2000
CYPIA2 phenacetin deethylase 25.0 1 000
CYP2D6 bufuralol 1'-hydroxlase 59.0 1 000
CYP2C9 diclofenac 4’-hydroxylase 15.0 2 000
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5 AR R0 B EA T 100G 23 B 2 SR B MR 1) il
N SH

YA R IR 254 0 AR S AR X BT
BREE R FRAR, XM A TAER (DDD 8N4
Ze5t ORIEE MRS 2 2800 AHEE/EmM, W
K3 RO AL — AR BHR N E CYP
fitg: (1) HHEEE M cDNA KIA[K) CYP EEiL; (2)
FRFRA 240 1 77 5 o v B pi A 5 A 1
KA (3) FNFFORARESRAL, &t A it
4%, FEIRIFHRAE T CYP b, & /DRI
2 B RS R R R e e A
SIS SR FHHT 2 FhOTVESR S /NEERR I A I, 45 R
A= LR ORI S50, eI 2%
TR ZH /INBEBR AR BH o 0g s fE AN, BEm
[ ZE K, CYP3A4 F1 CYP2CY ZH/NEERH T ik J& T
Bk, TTARE AR 1 CYP2D6 F1 CYP1A2 41
ANEERE A B D, AR 2 R, A
S /NEER, = AR Y CYP2D6 Fil CYP1A2.

ARSI SR FH AR I — A VL VP AS N BEB B CYP
F AR FR R, 25 5 AR A 1 S 50 A 8 v 1
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