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extract in rats

WANG Jia-long', LIU Hui"?, DANG Meng-meng "%, ZHANG Qiu-yan', DONG Yu', MU Ji-zheng',
LIU Xi-ming', WU Jian-hua®, CUI Han-ming'

1. Guang’anmen Hospital, China Academy of Chinese Medical Sciences, Beijing 100053, China

2. Shaanxi University of Chinese Medicine, School of Traditional Chinese Medicine, Xianyang 712046, China

Abstract: Objective UPLC-MS/MS bio-analysis method was developed for the simultaneous determination of berberine, naringin,
hesperidin, and neohesperidin in plasma of rats. Methods UPLC Acquity BEH Cjg (50 mm x 2.1 mm, 1.7 pum) column was used,
mobile phases were containing 0.05% formic acid and 2 mmol/L ammonium formate in water (A)-containing 0.05% formic acid in
acetonitrile (B) as the mobile phase gradient elution; SD rats were randomly divided into oral administration berberine group, Citrus
aurantium extract group, and berberine and C. aurantium extract compatibility group. Results UPLC-MS/MS method could be
applied to determination of berberine, naringin, hesperidin, and neohesperidin, method validation meets the requirements of
biological sample analysis. When rats were administered with berberine and C. aurantium extract compatibility, the plasma
concentration of berberine was much more than single dose of berberine group and the bioavailability of berberine was increased.
Meanwhile, naringin and neohesperidin can be detected in rat’s plasma. Conclusion The bioavailability of flavonoids is
significantly improved as well compared to the single dose of C. aurantium extract. This suggests that berberine and C. aurantium
extract compatibility has significant drug-drug interaction.
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Fig.1 Chemical structures of warfarin sodium, berberine, naringin, hesperidin, and neohesperidin
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bFHE R T, Qel~Qce3 My Tz ke bl T .
1.5 MASREIRIHI &

BUBAR SRR 200 g, JH 8 £ 60% LK%
B30 min J5, IOFAEIGRIEE 2 K, BEX 2 h, &
HALHGR, P OEE, IR E (X Lk
1.25), 60CEHZ T, A8, WeEhsE, HEH
R, HETE $$iﬁwmi LRl R A
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Table 1 Concentration of mixed reference

SRR /(ng'mL ")

&Y
L-1 Qcl L-2 QC2 L-3 QC3 L4 L-5 L-6
NEERH 2.7 53 13.3 26.7 66.7 1333 266.7 666.7 1333.3
B B A 2667 5333 13333 26667 66667 133333 266667  66666.7 133333.3
Tl e A 53.3 106.7 266.7 533.3 13333 2 666.7 5333.3 13 333.3 26 666.7
BIR K 53.3 106.7 266.7 533.3 13333 2 666.7 53333 13333.3 26 666.7
2 AEEER filff# e 7= (Collision Energy, eV). LLAZAL AN

2.1 UPLC ‘it &t

{434 4 UPLC Acquity BEH Cpg (50 mmX 2.1
mm, 1.7 pm); FSIAR 0.05% TR 2 mmol/L H
FRA K (KA A =55 0.05%H 82 20 CHHLA B)
B EEVEN, VRBNAIRE BEVE IR WA 15 AR 0.25
mL/min; HEFEE S uL; A¥E 40 C.
2.2 MS/MS [Ritk &4

SRS A 45 B i A R 0.05% H R 2 mmol/L
MREK (A -7 0.05% TR AN (B) (50:50) HHAT
Ui A, LA 9 N s A (MRMD S8 5
a3 0 LA & A WA 4y B i R AT IE B B
(EST. B 7HA (ES) X & ALAWHEAT 1%
EPE, SR HEfLHE R {E (Cone voltage, V).

BR R R B R R S B 3 B 2
A, R RIWE 2. NBEGRLL ESTE R, Al
T OB TP AR B LL ESE e

F2 mEEERRE

Table 2 Gradient elution of mobile phase

H 11]/min A% B/%
0 92 8
1 80 20
2 8 92
24 8 92
2.9 92 8
3.5 92 8

R3 BUAMMBREFHRLSHE

Table 3 Optimized parameters for mass spectra of compounds

&Y AHXT 43 P ik m/z A% Daughters eV B AR

INBEDH, 335.37 336.02 38 277.98 42 ES*

il S 580.54 579.08 46 150.93 42 ES’

B 610.57 609.09 34 301.04 24 ES’

G RCIac 610.56 609.09 52 164.00 52 ES

MR 307.31 306.96 34 161.02 20 ES
330.01 330.99 32 272.95 18 ES*

2.3 MEHLZHE

JTVESF IR LA il £ . B 100 pL 1L,
A 10 uL WAL WHE 30 s, TR 10 uL Xt
AR, WRIE 30 s s AN 280 pL 75 0.1% R
R DTIE B, TRIRE S min J5, B RO
L 14 000 r/min 2.0 15 min, B EiEWE Fikaig
AT REREI E
24 [Tt

iR Qel~Qc3 [MiA X HE A TR, % Lk

B B e o ATl [ = S | A Rl B ST N
FEAE— IR AL R A3 B )3 N AR i, T4 it
Wb ER S HT IRV PE, AR R HT R Qe Qc2
55 Qc3 VR B 0T Lt v R o 45 RORE e 0 T & RAE
PRYE TR N, RIS R I A TV L 80% ~
120%, FARLAEER 3BT G4

24 FEFER

24.1 LJEME H100 uL 25 A, 1A 300 pL
0. 1% IR B DIE R H, WiE 5 min J5,
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Fig.2 Mass spectra of compounds in SD rats after administration of 10 min
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Table 4 Linear relationship and quantitative limit of different compounds

WwEY By r s L VETEF/(ngmL ™) LOQ/(ng'mL ™"
INBERR Y=1416 06 x +2.47864 0.9962  0.9925 0.067~33.3 0.05
P RH Y=0.032753 4 x + 0.651 092 0.995 1 0.990 4 6.67~3 3333 10.0
il 2 Y=10.020 066 3 x + 0.030 263 3 0.998 9 0.997 9 1.33~666.67 2.0
PHEERIF Y=0.014 196 4 x + 0.000 226 052 0.9984  0.996 8 1.33~666.67 2.0

243 HA. FREE L H AR 3100
uL S (I3, RN _BRIREEG A 12, L3,
L4 {0 R TAEWE 10 pL, $% B3R “ 7 vE22 000 1.
WHRE N7 TR, SR VL AT
Hil#% 6y, & BIR AL E, PAS AT
Pt MR v ST UERG S, T SRR AR A it e 22
(RSD), Eu4E K Wk 5,

ALK 26 B 42 1 ARG % B il A Akl 4

R PEbRUE M Ze, JELLNE 3 d, HTPEA 1)
HIERE 2 R, R4 R L3k S,
244 [PRCRSIEFOY.  [RICGR : B 100 pL A3
M3, FEEMAN FIRKREN A L2, L3, L4 [I%f
HE S TR 10 pL, 4% BaR “J7 k22 000F M R i
Hil2% 7 JPIEHI WL SR GON R PAT RIS 6
By, 1% BIR A AN E .

FEFRN: B 100 uL 25 A2, i 280 pL
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x5 AEFERAA. HEABEERBRER (n=6)

Table S Results of inner- and inter-day precision test (n=6)

R6 AEFEREWRSERBMFEEER (n=6)

Table 6 Results of recovery and matrix effect (n=6)

e JRR IR/ PRG35 T kG % 2 oy JFIR IR B/ ELvEs BN,
(ngmL™") RSD/% WERFE/% RSD/% VERIFE/% (ngmL™") RSD/% HERfE/% RSD/%  HEHAIE/%
/INEER, 033 1426  109.85 1329 11237 NEERH 0.33 11.00 112.00  9.96  109.00
1.67 11.57 9581 878 9830 1.67 218 9731 211  100.30
6.67  2.12 9576 4.67  99.20 6.67 3.11 97.92 1.18  100.92
RS R 1T 3333 746 10479 1139  98.71 B et 3333 1.53 10593 3.04  104.82
167.67  1.14 10137 234 100.96 167.67 123 100.50  0.49 99.97
666.67 127  100.79  1.10 100.49 666.67 0.19 100.66 022  100.37
A1 B T 6.67 8.02 10232  7.16 100.20 A1 B 1T 6.67 4.82 98.95 3.52 98.01
3333 748 10599  6.93 105.77 3333 560 11035 696  109.34
13333 1.70  100.86  2.33  100.95 13333 053 10124 0.19 10148
G RCIac 6.67 381 10457 6.0  99.70 G RCIac 6.67 957 11216 11.62  110.66
3333 515 10325  7.76 105.89 3333 1.06 10248 469 10520
13333 1.84  101.07 244 10235 13333 038  101.35 1.17  100.78

T 0.1% TR AR DTE S, WWE 5 min Ji5,
N 10 uL WFREH, WRE 30 s, PRI 10 uL |
RWREESH A L2, L3, L4 HHE S TR, %
W€ 15 min J&, EEOHHEL 14 000 t/min &0 15
min, [FVEHIE 6 4, WG wdE Fab ns 4kt
FENIAE o

FASE: 100 pL 2K, A 280 uL 7
0.1% TR 1K FH AL R IE 5 min WS35, A
10 pL AR, W4 HE 1 min, FEAIA 10 pL iR
FEHIN A L2y L3y L4 [ IRGh TARR W, iR e
1 min J&, & E.CHLHLL 14 000 t/min £5.0> 15 min,
i QR 7 W N S L S el = | e

([ e s i 65 RS FEAR IR BRSO, T
AR AR 5 R R RN S 4 S AL
Rk (R s ae 45 o AN S a0 45 AT 5. THET
A IR P55 20 3) 56 SR Nl 5 &5 SR 2 1 2 R 25
RIGTEAE, BA RSV SL s &5 45 K. FF1HH RSD
o SEIGLE R WK 6.
245 FREME GRS ETE B 100 pL & EH IR,
B IIN LIRS L2 L3, L4 KX g T
YEW 10 pl, 27900l T ZBCE 12 ha 1 IRRHI(-40°C )
EER 10 dv 3 RIEREIR 1 AN H (RRR SRR R IK
120 J5, & B ORI MR s
TR, SR O RV AT HIAE 6 4y, IF
BT bRt 2k, % IR SRR e, 5K
WKWK 7,

25 HAHMEXRMAR

TEPE SD MR PERRIZE 10 d, B (220420)
g WIRER N 4 4, HRlha Bl ANEEmAL. 1
SR AL ANEERRIAR SRR I AL 41, f54L 6
Ho SCGHIEEE 12 h BT, R4 ig 62
0 100 mg/kg CNEERAZL D) 250 mg/kg (FASE
FHUIZE ). 100 mg/kg /NEEGRAN 250 mg/kg FRSLHE
W) CNEERAN S A UIRC AR A, 2o LUAE B AR
AKBCH, R 23 T K ig 4725 15+ 30 min.
1. 27 4. 64 9. 12 h, R CEERREE, HRHE Pyt
iR 0.2 mL, BT A S0 . Rl
TS, BT EOHLF T 6 000 r/min Z0 (4C)
15 min, HUME 100 pL T—40°CA %% .

ML ZERE S 3BT e 258 F A v 5 B 100 pL i
RN, IO 10 pL AR, WIE 30s Ja, N
290 pL 75 0.1% F R 1 F R DTIE B T, FRIRIE S
min J5, BEOHF L 14 000 t/min Z.0 15 min,
W B B T A AR e o [R]4% FaR Ty
% I AT bR I 26 15 s A . DURRTEE i
R ML 2GR L, BT ASH I 294 FEE ) I T A 4]
P 2 BE IS TR) 2k (1 2), K 259 5 1 1) e i
i A\ DAS 2.0 (FPEECAABEN P EZR RS 2
RG24, UL AIC S/ MEPLE s A, &
Rl — SR, BEmiv S 2S5, IR
SPSS13.0 Ziit/NEEGHAR S HE IUPIBCATL A 5 /)N B
HNEENYE BRI, A FSHEE RN 8.
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x71 FEFERREMEFMIZEEIBER (n=6)
Table 7 Stability and freeze-thaw stability (n=6)

VRl 1 IR YRRl 3 1K i 12h
el SRR /(ng'mL ™) — — —
HERI /%  RSD/% HERASE/%  RSD/% HER /%  RSD/%
/NBER 0.33 109.85 14.28 98.48 11.76 110.36 11.88
1.67 100.30 5.29 98.05 5.59 108.77 7.96
6.67 99.51 3.60 102.51 5.52 104.01 4.99
P 7 33.33 101.15 1.48 100.96 1.94 102.01 6.08
167.67 99.87 1.03 99.30 0.47 99.84 2.12
666.67 100.03 0.16 99.90 0.20 99.97 0.67
Mh A 6.67 102.14 1.99 106.45 9.49 100.07 7.54
33.33 101.56 2.82 100.59 2.75 103.92 4.82
133.33 99.81 1.45 100.45 0.54 101.15 1.56
B R AT 6.67 97.02 7.56 99.89 5.26 97.08 6.89
33.33 103.17 3.34 100.32 3.60 101.56 434
133.33 100.01 0.94 100.19 0.70 126.04 1.31
~ 5
ER NBERR, R NEERRALD ERE IINBERR CNSERAR SESRBUIICAT)
éen g 20
oy o
% 2 2 10
I T
g s
0 T | 0 .
-1 1 3 5 7 9 11 13 -1 1 3 5 7 9 11 13
t/h t/h
~ 80 ~ 35
70 . T
2 & e 4 39 Wik 1
e 50 & 50
< 1 <
= 3 15
§ 20 ¥ 10
v 10 #37\ 5 T
£ o A5 — £ 2 ) A
-1 1 3 5 7 9 11 -0.5 0.5 1.5 2.5 3.5 4.5
t/h t/h

B2 NG MR ST MR

Fig.2 Plasma concentration-time curves of berberine, naringin, and hesperidin

R8 B, MEEHSHEREANFESH

Table 8 Pharmacokinetic parameters of berberine, naringin, and hesperidin

- o NEER 2 B)) 5 R ANBERRAR ST O AT 40 24 B 2 S8
FR/NBEBAE NBERRAR SR B RO AT i A Hire R
AUC,, ngmL"h 6.94+0.33 60.31£22.05" 118.05+32.16 4.96+0.55
AUCy, ngmL'h 14.33+4.85 119.22+48.56" 304.48+295.31 5.39+0.68
MRT,, h 4.64+0.63 8.32+0.46 8.45+1.84 0.89+0.11
MRT,, h 14.5046.32 31.65+23.49" 45.39+71.12 1.50+0.37
Linax h 0.08 2.0 0.08 0.08
Crnax ng-mL™! 3.57+0.62 18.20+3.11° 62.02+9.49 10.75+1.57

LB TP<0.05 T P<0.01
"P<0.05 ""P<0.01 vs berberine group
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ARSI N7 T T A AR L B A Ok R 5 R IR
Bt G et dy,  RIRF IE 5 7B ik &4 1)
BTk, ORI B R A S P AL
SRR RN AR IE B 1 5 5B A a4, w [
WEIE 5B 7 S AL . B Wbs, B AT
SEILIE & Ak, XOATSEIA B A, AEa TR R
[ I 5 1 A7 B MR AR L, 9D o iR ZE R
o MK SCERIRE Z AL S0 B T 2P, 5
A S L A3 B T VE R BUREAL Y (LOQ =10
ng/mL), [RIHRE B Fr 2840 A W RS I SR 0% A 1 b
— .
32 AEFWIUE

SLHRH MRM BT T 58 4 1 5 k22 5
UE, Pk S0 R W A AL A A AN T3
2 1 5 3 TR 52 560 3R BH A B A R TR R Y TR
W, ERERBIE, S XRRL, r>0.995;
FACE I A RS % FE AR 95.81%~112.37%,
RSD%<<15%; [H[i# 5L FALNAE 95%~115%,
ORI 25 SR R I s FeE M 4 R I %51k
BTEVRRLAR AT T R IR
33 HBHFEX

ASEIG o3 A/ INBERR A . AR SR EUIAL . NEER
FASEEEU IR 2 o AN 25 25/ INBERR A 25 /N B B AR 51
SEEUYITCATLZH /N O 1) 10 25 94 5 IH A . AR SR I
YA 250 mg/kg ILAE b 35 D AAS U 24 S 1
PR R SR AT B NBERR S B S A 2, Il
FRE S B AT R B R R T BTRE B S R RAT
[F)INFZNEE B IR U IS (R SE G 42 2 he 4524 15 min &
DR K 1 1) fo e L 249 B2 R 22 ng/mL,  HH T4
B 23R FE s B D TCVE S B 2y ih2k, ekt
HILA) -S4

W53 HO H AR, RN AEY)
AR R WAy, Ah R SR B P TR I 2. A
KCHRIRIE , L N REG 25/ NEER (300 mg/kg) 5
F3 dJa, fHXAWRETEE CYP 450 2D6. 2C9 Fi
CYP3A4 I35 M Itk PR, K G SCka I AR Sz v
T A R T A G2 ARTE CYP 450 3A4 i
IR NEERRIE & CYP450 3A4 5 S5, XK
], ARG PRI S, fEREIRE TR
28 g Fmiit T DR/ NBETR A R P PR (4R e B ik i
FEIR AT fEL CYP 450 3A4 BN ¢, A8 o

DS A RN IY (5957 R (o9 E AT el S s PR N o AN
BT CYP 450 3A4 B MHIG 5.
4 #Hig

AW TN T 745 AR o3 B R
K, G T /NEEGR S AR S B A B BTRS E
P RPN 258 2 E T KRG 2/ NEEm S AR S (FR
SCRE RN R OB R B BRAS Y, B
AL/ NEEG I LR R S, SORT 4 AR S i 2
(AR T, AT RE ) CYP 450 3A4 i (H01HIAG ¢ o
AHIF G WA S 38 W 5 /N BE B AT 1) 5 1) 245 - 25 0 A
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