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Abstract Objective:To establish an HPLC — MS/MS method for the simultaneous determination of six characteristic
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components of Scutellariae Radix including baicalein, baicalin, wogonin, wogonoside, chrysin and oroxylin A in
rat plasma, and to compare their pharmacokinetic profiles after oral administration of Scutellariae Radix and Ni-
uhuang Jiedu tablets (NHJDT) to rats. Methods: Rats were given 250 mg « kg™ of NHJDT suspension or the
prescribed equivalent amount of Scutellariae Radix aqueous extract, and plasma samples were collected at different
time intervals. Naringenin was used as internal standard. After precipitated with methanol, the plasma samples

were separated on an Inertsil Cg —3 (150 mm xX4.6 mm, 5 pum) column by linear gradient elution with 0. 1%

formic acid solution( A) —0. 1% formic acid — methanol (B) as mobile phase. The flow rate was 1. 0 mL + min ",

and the column temperature was 35 °C. The analytes were detected by tandem mass spectrometry with the electros-
pray ionization ( ESI) source combined with multiple reaction monitoring( MRM) mode in positive ion mode. The
pharmacokinetic parameters were calculated and statistically analyzed. Results: The six characteristic components
of Scutellariae Radix were all in good linear relationships in the range of 5 —500 ng + mL~'. The RSDs for accura-
cy test were in the range of 88. 43% — 108. 6% , and the RSDs for inter — batch and intra — batch precision tests
were all below 15%. The mairix effect and plasma stability met the requirements of methodology validation in bio-
logical sample analysis. Baicalin and wogonoside were the major components detected in rat plasma after oral ga-
vage of Scutellariae Radix aqueous extract and NHJDT suspension. The AUC, _, of wogonoside was significantly in-
creased in NHJDT group compared with Scutellariae Radix group. Furthermore, the C,, of wogonoside and baica-
lin were significantly increased while the T, was decreased after NHJDT suspension administration. Conclusion :
This method is specific and sensitive for the determination of six characteristic components of Scutellariae Radix,
and suitable for pharmacokinetic study of rat plasma. NHJDT with co — existing components enhances the absorp-
tion and influences the pharmacokinetic behaviors of active ingredients of Scutellariae Radix.

Keywords : Scutellariae Radix; Niuhuang Jiedu tablets; baicalin; wogonoside; HPLC — MS/MS; comparative

pharmacokinetics ; rat plasma
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041) Al fz 2 (4 B 98.76% , #t 5 DST160928 —
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SPF 2% SD K R 20 H, M HE & F, & &
#(200 £20) g, © AN B SESCI sh WA BR 2 A 48
HE, SE55 B W A 77 VF AT UE S i SCXK (971) 2013 -
0006, B4y 1) 3% T v [ 25 B} K 2 24 27 S5 sh )
O, AR R (23 £3) °C VR K 40%~70% ,12 h
WY, SCEeRi AR b 12 h, B POK. i A s
SEBAT A S g & Sy i RE R A S e, O i
o E 2R 2= S A I AR B A S AR
2 FEE5%R
2.1 FufgeE e S S RE E EH A
2.1.1 S ER o R R R Ak, B
B KGRI 1 g, B T 50 mL BEdfh, imA
F= 25 mL, #75 (40 kHz,200 W) 30 min, JE17, B
SLUEMAFIN . Sy AR A 10 g TR, In AR
4fi7k 200 mL, & 1 h, b 38, 38 i A 4k 100
mL, RS R 1 h, ik, &9 2 W3 ug, - 50 C
BT 24 h 1R BB TR T M. WMERBRE SR T
¥ 10 mg, BT 100 mL &, A H EEZ) 80 mL {f
VA, 0 P AR B R 0 BE L R AT B AT R R e AL
JEE 1 mL, & 100 mL & i R B = 20 4
51,600, iz HPLC YA 5E 4 B fif g v R 5 R 1
Ky & AR IE R ) & i . 2R ] Inertsustain — C
(250 mm x4. 6 mm,5 pm)@ijaﬁ*}_,uo. 1% H g - 7K
R A, CIE R EhAE B, AT BE PRI (0 ~ 16
min,309B ;16 ~ 18 min,30%B—40%B ;18 ~ 30 min,
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4098 ;30 ~ 32 min,40%B—30%B ;32 ~ 35 min,30%
B), Jii# 1.0 mL - min™", K3 K 275 nm, i
35 C, #EFERE 20 WL, RASMRIETHR S i

ZE B EMRER SR SR 135 g -
mg AN 115 pg - mg ™ U AR A
HM0.612 ug - mg™ W EEH S EN 2.52 pg -
mg™', TRYNE A FHN0.232 pg - mgT' o HAK
THHEA RSN 186 pg - mg ™ WA RA
201 pg - mg™' LR HGEN4.07 pg - mg™' W
EAHF TR 44.2 pg - mgT, TRAE A FRY
112 pg - mg™',
2.1.2 HEBBEWNE S WEEEER T B UHE
IR, 0. 5% CMC — Na ¥ 35 mL, 585318 53 ik
TR, VEHE BV % NI PREEAKH 7] B 53,
SR ZRI N 250 mg - kg™, SIRAZERI NI
#0.338 mg - kg™ BEAIF2.88 mg - kg AR
0.153 mg - kg™ WA 0.63 mg - kg™ T/24LE
A0.058 mg - kg ™',

IR R T H 61 mg, K ARE , A AR BlER K
20 mlL, FE 73 ik A SCEE A AR R SR IO, A v
W ARTEHE T AT AR RS DU A
SR R 4n 20 A M 40T . SEBR s 2450 &
HAZE 0.026 mg - kg_1 VAT 2.87 mg - kg_1 I
A2 0.058 mg - kg™ I HEATF0.63 mg - kg,
TJZ4EK A 0.016 mg - kg ™',
2.2 Zh¥sLse

SPF 2% SD K 20 2, FEHLr R 2 4, &4 10
HMERERF 23 BIE B B8 O SR IO S A B i
HIBREW, T4 24010 h &24525)5 0.05,0.083,
0.167.0.5.1.2.4.8.12.16.20.22 .24 h KX AR K
Bk BRI 0.2 mL E T R fb & O b,
4 000 r - min " Z.0 10 min, A BUMLE & - 20 C k4
HORAEARI
2.3 FERAITCH]
2.3.1 MMEAEAR KERE RS R EAT .
WHER WEHEH BB R L TIRAR A 19X
%#110 mg, 735 100 mL &, i EEZ) 80 mL
VRIS A 20% L - HUIRMERYA W S mlL, ] W i
e w20 %, MW & 1% L o- HT R I R Y
0.1 mg - mL ™" X} B S A A5 9
2.3.2 WHRTAER RERBRNIRMERZ 10
mg, & 100 mL FH, 0 AEZ) 80 mL iE 5, A
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W 1% L - HiRIMERRY 0.1 mg « mL ™" 1y ARG &
o A BN bR A A 1 mL, J R R 2
1 pg - mL™", AP P45 TAEW

2.3.3 RABEHER WMEEBOITSR AT,
DU R AW AR L TJRE0R A BRI
fift 28 WO 5, T PR Pt R R4 A 6 Do 9 R 44 )
5 45 450 .1 200 ng - mL ™" IR A L

2.4 @3k - Bk

2.4.1 (OiE5 R Inertsil Cy —3 (150 mm x
4.6 mm,5 pwm) @5, PLO. 1% FRRKIFK (A) -

0. 1% W1 IR W B i 1 (B) D9 i sl AH , S M B e i
(0~1.0 min,35%B; 1.0 ~ 1.5 min, 35%B—75%B;
1.5~7.0 min,75%B ;7.0 ~7.1 min,75%B—35%B;
7.1~8.0 min,35%B), i 1.0 mL - min~", &
35 C, ¥k & 30 pl,

2.4.2 BRGSO ORJUHWIS B TR, IR TR
B (ESIT ), mE 55 i [ 5 000 V, & 40 % I &
350 C ¥ (N,) [ Jj 40 kPa, BB <L (N,) £/
10 kPa, fif f# < (Ar) 1. 20 Pa, 2 9% Sz i e 0 A6 5
(MRM) ,6 > B AR LI B2 AR AN B 3R 19 i 2
B,
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Tab.1 MS parameters for characteristic components of Scutellariae Radix and internal standard

JF5 (No. ) 14 ( compound ) 181 (precursor ion) m/z T B ¥ (production ) m/z fili i fE (CE)/eV
1 4% % ( chrysin) 255.0 150. 0 27
2 A% (baicalein) 271.0 123.0 29
3 1 Jz 2 ( naringenin ) 273.0 153.0 21
4 W %S 2% (wogonin) 285.0 270.0 21
5 TJZ4EZE A(oroxylin A) 285.0 270.0 21
6 H#24 (baicalin) 447.0 271.0 19
7 L A-H (wogonoside ) 461.0 285.0 16

2.5 MRAEAL AL

ks R BUMAE AR 0. 1 mL T 2 mL BRI B0 A
HORTEINA 20% L - HOK I BRI 40 L H
50 wWLE AR TAEWE SO WL, il > 30 s, K& A
FIEE 0. 3 mL, JRGEIRS) 3 min, 12 000 r - min_l%U[p
10 min, UETEH 37 C FEAMRE T, SRl AR 45 b
B SIAHLO. 1% R K IE W — 0. 1% R HY At v
(65:35)]120 pL,(%ﬁ;’f{ﬁ%/}j 3 min,12 000 r - min '
250 10 min, U E 30 wL FrifAr .
2.6 JnikEIE
2.6.1 LjEtE BORRAH M 0. 1 mL, B ]
AR LAEWAL, HoAar B2, 57 R Jy ik 484, il
s FLMIERE AR . A3 RIS R A )
AR AT B R N TIZEUR A 0]
FWGE e, EERG BEAL 1 500 ng - mL ™' TR A0 IR
AR R A RS 3R 0. 1 mL, B 2 mL B0
HL A 20% L - HTSR ML BRI W 40 L, R % AR
ARHIR SR 50 WL, BRC2. 57 R [/ A N AR T
VESO WL S 45 A , TC 1) B I AR il v . B
KB E 30 min J5 B MLHAE A, 452, 57 IR J5 ik il

RS 205 MK FE VW DA VA e ©2. 47 T
AR E AR 1, AR AR
R ODUESEE TRE A EET EESH RS
] 435298 6.2 4.9 4.1 .5.8.6.2 4.7 .5.0 min,
2% PR e T4

2.6.2 LMXRKERMR BEBEREHSE ES
HIEER WEST AR LT EKE A X
HEL i 28 VRS i, P HE I B A 15,30,60 150,300
600,900 .1 200,1 500 ng - mL ™" Z& 5| {5 & XF B8 b 7
o K% mBAE MK 0.1 mL, & 2 mL B0 & H,
A 20% L - HLIR BRI 40 L, 73700 % A 45
Y RETR A0S B AV SO L, BC OB 5 3 A4
WEEZR WEEST OB RE L TIERE A Fk ke
43514 5.10,20 .50, 100,200,300, 400, 500 ng -
mL " BARUE I ARE S, B2, 57 T | A N AR L
VEWE 50 WL BB, T4 2. 47 WU T S RE I o2
TSR T B o A4S A3 WA T AR (AL) P s 6 1 AR
(A)HIHCAE Y X R (Cong - mL™") #E4TACE
BIH(1/C7) . fFEER S UESE ES
T AR L TIZY0E A BIEIE R 51k
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Fig. 1 Multiple reaction monitoring chromatograms of characteristic components of Scutellariae Radix and internal standard
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Y=0.001 85C -0.001 19
Y=0.002 58C +0. 008 06
Y=0.014 5C +0. 009 41
Y =0.002 47C +0. 000 160
Y'=0.003 34C +0. 005 50
Y=0.021 7C +0.022 2

SURARWL, 45 WU AR R AR R KL r=0. 99
SERIRIIA S ng - mL™ AR e BE AR F R 4% 40 A
W RAF(RSD <15% ,n =6) il A2 52 PR AT il 5
YR

xR2

2.6.3 ERME SRR OM%E RIS K
0.1 mL, & 2 mL .0 H, A 20% L - HUIR 1ML R
V40 WL, 43 BIPRE  IATR A TR PV 50 L, il B
15,150 400 ng - mL ™" {4 J5 5 i 2 K 5 45 6 ), B
“2.57IR A CMA NS TAEMR 50 wL” &
FERESR IR 1 AT HE I E 6 kT RE N AE ST
AN AL 3 Ok, TSI AR R, S5 RNk 2 i
R B AT ME R BEAE 88. 43% ~ 108. 6% , K5 % iF RSD
(n=6) <14% , HEHE 5% /G PR R T
D B3R

SRS ERESEZE

Tab. 2 Precision and accuracy of characteristic components of Scutellariae Radix

1t/8] (inter — batch) (n =18)

HLPY (intra - batch) (n =6)

e

b meomraiony/ e nE RS e woE
(analyte) (g L) (determined ) (accuracy ) (‘precision) (determined ) (accuracy)  (precision)
+SD/(ng - mL ") RE/% RSD/% +SD/ (ng - mL") RE/% RSD/%
HiA K (baicalein) 15.09 13.77 £1. 245 91.25 9.0 13.94 £0.726 9 92.97 5.2
150.9 139.3 +£8.425 92.32 6.0 142.6 +7.872 95. 06 5.5
402. 4 356.0 +45.49 88. 46 12.8 377.4 £9.341 94.35 2.5
HATF (baicalin) 15.21 14.87 +1.079 97.78 7.3 14.80 +0.336 2 98. 69 2.3
152.1 142.9 +4.357 93.94 3.0 144.3 +6.312 96. 18 4.4
405.6 358.7 +38. 66 88.43 10.8 376.9 +10. 89 94.22 2.9
PUHE 25 (wogonin ) 15.12 16. 17 +1. 363 106.9 8.4 15.53 +0.378 3 103.6 2.4
151.2 155.1 £6.521 102.6 4.2 152.3 +12.03 101.6 7.9
403.2 382.9 +4.815 94.97 1.3 381.4 £11.00 95.34 2.9
DUHEFF (wogonoside ) 15.09 15.47 £1.508 102.5 9.7 14.76 +0.623 3 98.39 4.2
150.9 150.4 +16.20 99. 69 10.8 144.3 +4.782 96.23 3.3
402. 4 388.6 £19.63 96. 56 5.1 387.4 £11.58 96. 86 3.0
F4% % (chrysin) 15.03 16. 18 +0.846 9 107.7 5.2 15.93 £0.327 3 106.2 2.1
150.3 160.3 £13.44 106.7 8.4 159.6 +£7.853 106. 4 4.9
400. 8 386.6 +13.69 96. 47 3.5 382.0 +£12.98 95.49 3.4
FIZ4EE A(oroxylin A) 15.12 16.43 +0.778 6 108. 6 4.7 16. 14 £0.497 6 107.6 3.1
151.2 157.0 £21. 40 103.8 13.6 156.5 +£9.520 104.3 6.1
403.2 375.7 £40. 32 93.19 10.7 374.5 £14.74 93. 61 3.9

2.6.4 BTN A ER R ORg R R HCHT
0.1 mL, & 2 mL .04 H, INA 20% L - HIR LR
W 40 L, 43 5IDRG 25 I AR A R 50w, ]
“2.57 N AN AR 50 pL” B AR, AT
FE AR, T BRIV, AR A T SR AR I g A T
(A) A PRIETA (A,) B A Ao U I 3K
0.1 mL, # 2 mL 2.0 A EE0. 3 mL, IRJiElE
73 min, 12 000 r » min ™" &0 10 min, B FIEWINA

20% L - IR MERIA WL 40 WL, 73 53KE B AR & 5
PV SO L e WAR AR SO L, B3 ligiR 2J 30 s,
HR“2.57 IR | “37 C R AWM E T [FE 1R, /I
Tt JET AN A At VAV, S RE I A, T SRR 0 3 WA T
FR(A,) M bR TR AL (A,) B LLIESh B % B/A x
100% T353R0 A 1~

HR*2.6. 37 T T J7 ¥ 43 ) B ) Jot i ok B2 Ry 15
150 400 ng - mL ™" ) I 2 FE L BR“2. 57 30 R A
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APPSR TAER S0 L™ 2411 , B S Bl fie 5k
A VAR, AR 7 W T AR, AR L5 R BRSO i T TR
WA T B 8y AT S BB mD AC 3R - S 3 AT 482 e [l

WeR AR L 3, ARG P R AN AR BEKP T,
5 it ) 2R A8 L R B [ AR AR, AT AL AR AR
TE I IEOR

R3 ETHEMSHERBMSRIMEKE(n=6)

Tab.3 Matrix effect and extraction recovery of characteristic components of Scutellariae Radix

Sr jidi HE U RSD/ IRV ES RSD/
(‘analyte) ( concentration)/(ng » mL™") ('matrix effect) +SD/% % (extraction recovery) +SD/% %
P4 2% (baicalein) 15.09 104.5 +10. 12 9.7 44.43 +1. 699 3.8
150.9 91.84 +4.873 5.3 47.20 £3.777 8.0
402. 4 86.09 +2.317 2.7 61.79 +7.136 11.6
H A1 (baicalin) 15.21 86.69 +5.512 6.4 89.09 +7. 151 8.0
152. 1 100. 0 +3.262 3.3 77.25 +1.985 2.6
405. 6 92. 88 £3.444 3.7 99.36 +10. 83 10.9
W A2 (wogonin) 15.12 124.2 +£5. 661 4.6 79.39 £2.462 3.1
151.2 127.2 £6.799 5.3 78.27 £3.192 4.1
403.2 108.9 +3.236 3.0 94.19 +£10. 55 11.2
W% (wogonoside ) 15. 09 101.8 £5.216 5.1 51.49 +3.338 6.5
150.9 105.9 £6. 621 6.3 49.84 £2.619 5.3
402. 4 99.96 £3.172 3.2 66.42 +7.652 11.5
FI# 2 ( chrysin) 15.03 126. 6 +14.29 11.3 73.21 £2.570 3.5
150.3 117.3 £9.921 8.5 76.91 +4.314 5.6
400. 8 97.35 £4.238 4.4 89.27 +10.77 12.1
FIZ4LE A(oroxylin A) 15.12 117.8 £5.226 4.4 79.05 +5. 409 6.8
151.2 122.2 +10.90 8.9 79.42 +£2.792 3.5
403.2 101. 8 £3. 638 3.6 96.42 £12.74 13.2
2.6.5 fasEME MU2.3.37 WUF BRI AY 45, SRR INE , JOIE S B A 2 RRHE 10 1Y [F)

1200 ng » mL™ R A BB 50 wl, il A s (i
H 0.1 mL, e i K 2 PR B A S5 9 I A o 45
34. Ay AlHFATEE IR (25 C) & 8 h RE k| -
20 CHIRZED 24 h - ZRMHIGIR 3 e i
P ML IR b A B S AEERERS (15 °C) T 24 h (AR
SEVEDEATH 88, G5 R 4, B R WA U
HRNEFZH AMEMTIEHRE A KEH LW
AL, FaE Tk R AT
2.7 2R3 A

B —20 °C UK P70 2R RE & IR T R,
Fi£ 2. 57 TUF J7 ik A0 BRI A o i 2 SRS I )
K RS 2 A HLGy , FOF 4l 25k BE - BT iy
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Tab. 4 Stability of characteristic components of Scutellariae Radix under different conditions

e i S ( determined ) /(ng - mL~")
il . ~
( analyte) ( concentration ) / g R 3 W i
analyte
(ng-mL™") (autosampler) 15 C (three freeze — thaw cycles) (room — temperature) 25 C
% Z (baicalein) 15. 09 15.66 + 1. 426 16.59 +3.349 14.16 1. 687
402.4 381.3 £11.66 385.9 £23.35 382.0 +£29.82
PR (baicalin) 15.21 15.25 +4. 182 17.90 +3.279 15.63 +2.032
405. 6 354.4 £ 14. 61 404.1 +£24. 19 375.8 £21.98
I %%+ 2 (wogonin) 15. 12 15.01 £0. 5619 16. 88 +1.798 15.26 +1. 500
403.2 370.2 £17.23 362.8 £17.71 368.9 £ 16. 40
BB % ((wogono-
ide) 15. 09 14.51 £1.324 14.90 +1. 307 12. 88 +1. 637
side
402.4 359.3+£13.79 387.2 £23.55 369.8 £16. 13
F# % (chrysin) 15.03 12.76 £0. 640 5 15.60 +1. 156 14.73 £1. 057
400. 8 380.7 £13.70 328.2 +£9. 806 337.1 £7.657
TJZ4LE A (oroxylin
A) 15. 12 12.57 £0. 660 7 16. 11 £1.533 15. 13 £0. 9541
403.2 380.2 +14. 50 340.9 £7. 871 343.6 +£8.498
3007 —=— T (NHIDT) A 2004 —=— “FEf#E 7 (NHIDT) B
—&— ¥{%¥(Scutellariae Radix) —o— % (Scutellariae Radix)
250
- 150
200
I 3
£ 150 E
2 2
) 100 r <
50
0 —— : : e
0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8§ 10 12 14 16 18 20 22 24
t/h t/h
2 W AARESESUARINERFERSHREREESH (A) 5NESH(B) FTHMEGKE - wiE b2k

Fig.2 Mean plasma concentration — time profiles of baicalin (A) and wogonoside (B) in 10 rats after oral administration of Scutellariae Radix

aqueous extract and NHJDT suspension, respectively

RS KREBEZK

FREGRGERSRREREESHENES

HHRNZESH(n=10)

Tab.5 Pharmacokinetic parameters of baicalin and wogonoside in rats after oral administration of Scutellariae Radix

aqueous extract and NHJDT suspension, respectively

HAFF (baicalin) BT (wogonoside )
2R
e S BT B S B o A

(Scutellariae Radix aqueous extract)

(NHJDT suspension )

(Scutellariae Radix aqueous extract)

(NHJDT suspension )

Con/ (pg-L71) 93.51 £17.53 " 225.2 +31.09 56. 62 + 10. 04 * 120.0 +24.37 *
T/ 7.317 £1.610* 0.171 8 +0.039 22 * 8.850 +1.269 2,505 +1.339
T,,,/h 11.62 +3.047 5.795 +0.851 4 17.81 +6.363 8.105 =2.203
AUCy_,/(pg+h-L7") 785.5 £112.7 1223 £249.4 529.1 +95.96 932.5 +141.4*
AUC,_./(pg+h-L7") 1082 £135.6 1429 £288.5 943.5 £150.6 995.3 +83. 61

MRT/h

8.239+0.472°5

7.341 £0.319 5

7.951 £0.427 2

7.632 +0.317 9

71 (note) :

P <0.05, B 4l

A LA (NHIDT group ws Scutellariae Radix group)

RO S
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Z5HT0 h 244255 0.05.0.083 0. 167 .0.5.1.2 4 .8,
12.16 .20 22 24 h [f3RkE S
3.3 e rHiETHe
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AR B R 2 o0 48 1 B AR EOR K . 53 A
AR B , B 2 DU B A1 (R o 2
AR P90 A I 277 A B30 2o 9 1 g R
BN, A BT 8 IR T A H At T AH AR ™
Wy, Ho BT R ST A e T
P27 RO S A 4 TR 2 AR T A
HAER, AMURI N 253080 012 1 25 55, AR AR 2]
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VRSV , A EE S M A W Y W
PRI G i, 7t v T2 2 SR, B0fel v A
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Hb, SEA YO SEIBOR L, R BT IR A B IR
BT I LSRR Y AUC, 360 T 76% , #
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