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Abstract: Objective To establish a sensitive, accurate and reliable LC-MS-MS analysis method for the nine major components
(berberine, berberrubine, jatrorrhizine, palmatine, baicalin, wogonin, oroxylin A, geniposide and gardenin B) in Huanglian Jiedu
Decoction (HJD) in rat hippocampus, cortex, striatum, and cerebrospinal fluid, and to study the distribution characteristics of the

components in brain tissues of rats. Methods The mass spectrometry detection conditions and chromatographic analysis conditions of
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nine main components and internal standards (clarithromycin and chloramphenicol) was optimized, and then the methodological
investigations were performed. After HID was administrated for 1 h, the samples of cerebrospinal fluid, hippocampus, cortex and
striatum tissues were collected, and the contents of nine components in these samples were measured. Results Berberine,
jatrorrhizine, palmatine, baicalin, wogonin, oroxylin A and gardenin B showed a good linear relationship in the range of 1—250 ng/mL
(*>0.99). Berberrubine had a good linear relationship in the range of 1—500 ng/mL (2 = 0.991 2), and geniposide had a good linear
relationship in the range of 5—500 ng/mL, respectively (2= 0.999 5). The intra-day and inter-day precision of each component was
less than 12.94%, the accuracy was from —12.71% to 6.91%; The extraction recovery rate was from 88.02% to 106.7%; The matrix
effect was from 88.92% to 105.10%; And the short-term, freeze-thaw cycle and long-term stability were less than 12.51%. The content
of each component in the hippocampus, cortex and striatum was berberine > baicalin > geniposide > berberrubine > palmatine >
wogonin > jatrorrhizine > oroxylin A > gardenin B; And the content of each component in cerebrospinal fluid was geniposide >
berberine > berberrubine > palmatine > baicalin> gardenin B > jatrorrhizine > wogonin > oroxylin A. Conclusion The method can be
used for the simultaneous detection of the concentration of nine active components in brain tissues of rats, and successfully applied to
the study of brain tissue distribution, which provides a reference for HID to treat brain diseases.

Key words: Huanglian Jiedu Decoction; berberine; berberrubine; palmatine; jatrorrhizine; baicalin; wogonin; oroxylin A; gardenin B;

geniposide; LC-MS-MS; MRM,; brain tissue distribution; clarithromycin; chloramphenicol; matrix effect; stability
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Table 1 Mass spectrometry parameters of nine components

in rat brain tissue and internal standard

WEY  BET TET ERHE/NV fEEEE/V ESI
/INBET 336.1 321.1 40 35 ESI*
NBELRR 323.3  308.1 1 37 ESI
2R 3382 3223 130 29 ESI
BT 3522 336.1 130 47 ESI*
e 4471 271.1 79 25 ESI*
WESRE 2853 270.1 70 25 ESI
FEHKE A 2853 270.1 70 25 ESI
MBF#EB 3592 3292 141 37 ESI*
B 3871 2250 180 12 ESI-
WRIFR 7484 1582 130 30 ESI*
AHmw 321.0 257.0 120 30 ESI”

2.3 NHEB S &R AV ECH
I3 ARG BERRE INBERR . /NBELTAR . Eh R B YT
IR, A, B R, UES R, TEHKEK A
HR P HEFINE T35 & B X% 2.500 mg, BT 2.5
mL =, AR ZIEE, BCH] N R ERE
%179 1.0 mg/mL ¥ &50f JE S Al 2590
24 SREXTRMIBRGIE
R RIS IR OE =, PR,
FXTIR SR EIREN 5 pg/mL, FERBASE| RS
JRERE N 1. 5. 10+ 25, 50, 100+ 250 500 ng/mL
(IR %o R A L
2.5 AFREREHIE
FEEMRICGIh B R MAE R G R, PR,
i b R A R IR EIR N 5 ng/mL 1R
A RV -
FIRBERISE T 4 COKFEP RS .
26 BE. KE. QUK. REGHEMIIRE
Mt SD KR, EMNMERZE 1 G, BN
2 4. SR (ig 0.50% CMC-Na ¥ ) HID %4 (ig
HID #2584 ¥ KRS ANHAFIEMIRELR,
PLJ. HID Wil IR 25, WEhdiEN 1.58
g/(kg-d). ELLALZT d, KRG 1 hG, 5k
(1.5%~2.0%) FREFR B, FE S48 T HE KL
HCHH o, I ST AR BE i o Bt oK B 424,
INORIESHEE . REMBUIRIAHL, RS2 T
ALK PR, BT -80 CUKFAAIRT .
27 85, KE. sUKF. RERERATNE
MGGy J S SURMB RS S T 4 CREVR,
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R
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SR 2 ZR S B AN IR A %o B N N B R4
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PERRRIF (#>0.99), FFE&HVIFE 50T 751

A B1 B2 B3
5 10 6 7 8 5 6 7 5 6 7
B4 {[5 B6 |B7 B8
A
5 6 7 4 5 6 7 7 8 9 10 9 10 11
B9 JE C2 C3
2 3 4 5 5 6 7 3 4 5 6 2 3 4 5
t/min
C4 C5 C6 |C7 C8
5 6 7 8 2 3 4 5 7 8 9 6 7 8 9
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A-blank brain tissue B-blank brain tissue + each reference substance C-brain tissue samples

4-palmatine  5-baicalin  6-wogonin 7-oroxylin A 8-gardenin B

(internal standard 2)

B-Z AMANHR AN RN C-IASER  1-DNBEI 2/ NREALHL  3-Z9MREK 4- 5T S-EEH 6-DURER

1-5ER (AR 2)
1-berberine  2-berberrubine  3-jatrorrhizine
9-geniposide

10-clarithromycin (internal standard 1) 11-chloramphenicol

1 KRKERAF 9 FEZER S K AR MRM

Fig.1 MRM diagram of nine main components and internal standard in rat brain tissue
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KEMRAELRD 9 MEZRTRIETSIE. BXRE. LMSCEFMEER (n=:06)

Table 2 Standard curve, correlation coefficient, linear range and minimum quantitation limit of nine main components in rat

brain tissue (n = 6)

& G E Py ”? 2PVl /(ng'-mL™) LOQ/(ng'mL™")
/NBET Y=2.9672 X+0.0139 0.997 7 1~250 0.001 4
INBELT T, Y=1.14 X—0.003 7 0.9912 1~500 0.0155
2R Y=1.363 X+0.000 3 0.996 8 1~250 0.003 5
BT Y=4.596 4 X—0.000 3 0.995 1 1~250 0.004 1
AT Y=0.660 6 X—0.000 1 0.999 6 1~250 0.013 6
WHEER Y=1.786 3 X—0.000 3 0.999 4 1~250 0.005 4
TR4&E A Y=2.322 6 X—0.000 6 0.999 6 1~250 0.016 8
WBETHZEB Y=5.234 3 X+0.000 9 0.996 0 1~250 0.009 1
e P Y=5.016 1 X+0.027 7 0.999 5 5~500 14135
Bk, SAMIEMALR P RIEE TR s #=3 KBRMALRP IMEERDIMNEF EZERERBEE
A LOQ MR 2. 7 (n=06)
2.83 FEHTEEEE HL25. 250 ng/mL 2 ARk Table 3 Accuracy and precision analysis of nine main

T P VR 5 6 BB VAR 100 ul, I RRIATR 20 pL,
TELIRACHRIR IR 2T, RIS 4
SIS 200 uL, JAHE 1 min, % “2.7”7 TR ik
BAE, T 0. 20 4. 64 120 24 h 2 HI5E AFEZ H
WHREEE, T 0. 12, 24, 36. 48, 72 h 43 Hld5E
DAEEEH ARG, [F— R EREER 6 AR
170 Wt LA H AR IE kst 28 1550 5 3 A B Ja)
Wi CHIXTIRZE, RE) MRS GRS FRitEfn 22,
RSD), Z5R MR 3. 45 R %5 0k 55 5 A Eff
R, FFEairEsR.

2.84 SRR RN L 25, 250 ng/mL
2 AN TERIREERTRA X BRI 100 uL, PIFRIE R
20 uL, FECIRAECHIRIRIEF 21, R %R
IR ZHZA5T 9 200 ul, JRHE 1 min, 4% “2.77 T
NIRRT R R R A B W T AR A 4.
TR BT R 23 5] SRk ALK 200 pL, %
“2.77 TR JTVEACER, B0 B S AN IR A
B, TELRGEDChZE K BT, EindrEsy
Hr, KIS B Fa bR o W AR 4 e E B Co LA
A/B TFERREUAE, LL B/C tFEILFRAN, 45 5%
W 4.

285 FfaEMEEE  HL25. 250 ng/mL 2 M EK
JE R & 5o R SRV 100 uL, PIFRVEW 20 uL, T
BLOIRADCHIGIR IR BT, MR I 42
A1 200 uL, RE 1 min, % “2.77 TR ik
B, AR (12h). K (7d, =20 C). &
SRR 3 AR E S AR SCE 24 h R ML A TN

components in rat brain tissue (n = 6)

o JREWREE/ K% RSD/%  #ERGE RE/%
(mgmL™") HA  HE  HA HIE
/INEETR 25 11.94 1035 -9.04 —0.40
250 444 834 511 —1.03
/NBELT T 25 1020 11.82 275 —6.27
250 544 58l 6.03 691
LR 25 3.53 1278 —12.07 293
250 591 1203 -9.13  5.06
BT 25 11.03 1034 -11.04 485
250 584 804 197 -3.98
A 25 523 1131 831  3.89
250 874 853 359 -5.09
WHEER 25 547 525 -11.73 -3.36
250 400 836 269 -3.20
TEHE A 25 6.88 9.29 —941 -11.33
250 332 754 —0.67 030
PE¥ &K B 25 732 676 —12.71 —8.28
250 6.63 9.07 -9.76 -5.17
WP 25 11.62 122 -6.49 -9.90
250 1090 1294 —0.54 —7.54

ZAENRREN, SRNE 5. GRRALMNED
i LR SR TE IR A R4 R Re e R AT

28.6 SEIlE WighAEMmARES. KE.
SUIRPRZH LIS 227 200 pl, AR 100 ul, $£“2.7”
TR VR ERRE S, 5 “2.27 TR BT E
DA % B A PRy . R )2 SCHRAR DR B i
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*4 KEMARD 9 MEZMTIRMEIMREERY I (n=16)

Table 4 Extraction recovery rate and matrix effect analysis of nine main components in rat brain tissue (n = 6)

&Y REKRE (ngmL™") REEER % EFER/% | A RERE/ (ngmL™) FRIEER/%  FET %
INBET, 25 100.60+3.70  91.1745.56 | #&51F 250 93.30+5.00  99.04+5.64
250 96.74+£4.43  92.68+2.97|NHEER 25 88.784+2.47  92.5943.98
INBELT I 25 102.50£4.32  94.71+7.27 250 88.25+3.12 102.80+5.72
250 89.20%3.15 100.40+8.16 | T24% A 25 90.75+3.82  95.96%7.29
2R 25 106.70+2.13  100.90%2.89 250 88.274+2.38 105.10£3.30
250 96.69+7.44 91.49+2.69|HETH % B 25 93.40+6.56  90.86+4.47
EEYT 25 100.10£5.28  94.96+6.64 250 93.94+4.45 104.00%£5.35
250 88.0245.67 90.32+2.60 | 5B T 25 89.55+4.35  98.46+8.48
EiEat 25 100.00£4.78  89.51+8.40 250 91.94+6.38  88.9247.40
Fx5 KEMEALAH IFHIERIWREMRE n=26)
Table 5 Stability test of nine main components in rat brain tissue (n = 6)
o R/ I (12 h) RESITER KH (—20C,74d)
(ng'mL™") HERA 1% RSD/% HERF IS /% RSD/% HER /% RSD/%
/INBET 25 3.12 7.84 2.58 9.42 -2.29 12.51
250 -6.01 7.74 -9.35 4.98 -9.82 12.00
INBELT T, 25 1.68 9.10 -8.82 7.95 0.88 9.45
250 3.46 6.10 727 7.89 2.85 6.83
2R 25 -0.82 9.61 7.44 7.28 4.04 9.14
250 -1.42 8.30 11.64 6.04 5.40 10.55
E 5T 25 5.71 8.72 11.89 430 8.98 8.03
250 -13.62 7.91 -0.88 9.62 -3.29 7.22
AT 25 2.87 9.06 6.13 9.09 10.20 5.79
250 -4.07 11.56 -1.67 9.26 234 9.11
WL 25 6.69 7.91 13.09 5.02 10.40 3.53
250 -4.20 10.90 -2.76 10.25 -1.91 9.19
TEH&EA 25 2.15 9.18 7.86 2.89 5.06 8.61
250 -1.25 7.80 -5.69 9.55 1.94 10.90
TET#H%EB 25 1.28 5.65 10.12 6.10 8.89 8.53
250 -1.85 8.71 ~7.54 8.51 12.70 7.40
Py 25 0.92 6.92 —4.90 9.29 1.90 6.34
250 -132 8.77 -7.93 8.13 -2.94 10.40
. GRS CRREEFICRD ha s AEE REE, DT, ST EFREB AR

Mk MELR, SRIIE 6. 4iREKY] HID ig 47
21 e, NBERR. NBELLER. Z9ARER. BT
WHH . SR, TREAER A 5UEFHNET
W B YIREIE L M BE R N LR L
Ao Hrhig Sy, R MSUIRME b DUNBER . 3%
HH. g FHE SRR, L. E5IT. W
WEREGERL, AR, TRKAE A BTHER
B & EBK. WA DU Je . NEERR. /NEE

R, i, POESRMTZ4E A & 2RUL.
3 g

HID 1E NG AR LS4 T7, EIE. 35
TARNE T 4 WP 202 %, EEEHEYIL. HHR .
IR NG 3 R . XX 3 R RN E BT T
VRIS K 2 N s OB (i, 4 AT IR (R4
K, HWIEMEYR TR Z, il i) R e
R
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Table 6 Contents of nine ingredients of HJD in different brain tissues
o JR 4 HU (ng-g ) FEHR E /(ng-mLT)
55 K2 LRI DRER

/INBER, 164.70%+11.20 108.90+7.32 157.50£11.29 41.07+3.61
/NBELT I, 36.28+ 0.14 39.1740.32 36.57+ 0.05 37.4440.28
iR 6.40+ 0.39 13.1440.88 13.36+ 0.93 4.4840.30
BT 20.69+ 1.36 15.87+0.85 26.69+ 1.66 7.90+0.33
B 52.49+ 2.13 111.10+9.26 3531+ 231 6.761+0.64
WHER 2325+ 1.33 10.90£0.41 21.01£ 1.25 3.75+0.12
TE4FE A 14.49+ 0.72 12.3040.59 10.61+ 0.45 4.3740.16
WETH%E B 249+ 0.12 3.0340.12 631+ 0.29 6.16%0.21
YEREES 29.68+ 1.94 58.25+8.47 26.95+ 3.98 58.1614.38

AR, T2 2 o B AR RAEVIRE & B4
%X LC-MS/MS, #tt HPLC-UV HA REFEH
o, REVETE R, AT R RN A, RO
T AT ReR OO ASEIS N HID 3 ZRE TR A
Fo BN 4 ANMEDZE. 4 DNFEERZER 1A
kG 254k &4 HPLC-MS-MS B FH 20 #7 J7 902 1 2
S, R 9 B 7E K BRI ZH 2R 1 o AR AT
W9t

A S AT) R i 2H SURE TR A BE T VR AT B
2, RIKHHE-Z8 (10 3) PIiEE Ak
HAFES, BARETSE, BERE. EIELT T
B ETBIAHIE S L, XM Gt 55%,
I LA I Rt 2 A8 B A I 490 ] DLAS 380 4 4 1) 0
TE, N 0.1%H R, 7T LASE m Rl i 5 AR
BRI i 38 FH 2 -0.1% FH R KV IR L s A ZEA T 20 AT

B BT 4 R EST YR E A S AR, BL
MRM =77 AT € Bt 20 R 244 .
Vot e i B S Ll R R 1 A WD O S e 7 )
B P ST ks, PRk (DP) A
bR (CE) #EHATHAL, B SR iis S 4.
i ERMAERETRE, S THE, 257
IEA B A RN, HAT- AR
(R s 12, IR ISR e 8 R S 3 A E N
1E BT AR .

AR, BT “RRNS” P EERIES,
HID 432 5 FH T BB af 580 57 5 58 i 30 076 0 96
yristel, P ERR LR B, /NEER. YT, i
ZEAF L MG T 0 X i el KL AT ] /R 2% i BAE LA
TN, AP R B T B

. BRI, DOEERWIREME T AER, K
TR 7T R ILZGARBIAT Ho00 5 S A8 A
1R3VEH, Jeon Z5R4UAI Lee 25251 554 B T- 2402
A BEMER Rt R AERER, Hik, &
2 SO AR TE AR T 4 HID k9 Py 14 i
Iy ST RAETTEEM LC-MS-MS ¥ J7:, A HID
TR G B AR A

AR R HID G Lt e, /hBE
W BEVTEERS, EWEH. ARBIRE, W
HEMTIZAE A AL, W T/ N3 R
B RBEATRMCO, AW R B D. R R
SUIRRFIRE R X 9 B & B TIE, K
B9 MR . FERSCIR R A AR AL, DA
NEER . B P E S ERE, DEELL.
BT, WHEERGTRIRZ, R, TE4ER A,
M7 E B S REK; WERFsaER, Un)e
P ANBEBR. NBELLRR SRR E, VT, BE
. e FHEE B SERZ, 4R, JESRERMT
JEARE A FEBAK. 9 P 155 44T 43 A 1)
RMAREA ST KR —E 1109 R 7EAH
i 20 23 1 o AR A R AR AR [, H & B TE I
W EER AT HAh 3 AL, BRI AT
FURN, HID TEMGER I 5 R S5 0 7 T B
S FITRG AW HID VAT IR S50 (4 o
R RS .
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