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B E A EIMEAREPF20(S)-RALZBE(RARAPPD" REWN F ik, Fik: bR HRZUHRNEEGE, AIEAMHE
Fie Ay MATR, R AR S 2R AR &% - B B Fig ik . €984 B Waters ACQUITY UPLC HSS T3, #3048 % 5 mmol/L % 85 2484 i -
TR (B JEZRIL) , iRi% h 0.4 mL/min, #3824 40 °C, 424 10 pL; & FR A BHEH TR, 2L % B KX (MRM)#47 7 &
FHaR, AT EEHHHET 323 A miz 459.40—375.20(PPD) . m/z 371.30—315.30( A 4% ), R B i% 3 8 T 06 JR AR &b 69 )
. 45 R PPD A R B ik JE 69 4556 B 4 0.25~30.00 ng/mL(r=0.999 2) , & ¥ T FE 4 0.25 ng/mL; #t A Ht & RSD 3T 10%,
A% £ (RE) A —14.61% ~12.69% ; 32 77 ik Fo R A 2 3 R %o PPD 69 € 0 € . AKALZHF CK K 100 mg2l AL LH CK
k200 mg 28 A2 CK K 300 mg 20 K KR L K B 7 JRA8 2 254 7 84 R B89 -F 3 cow 2 H) 4 18.06.,30.03.,27.00 ng/mL,
P A b 2 4 12.0.6.0,12.0 h, 35 AUCo. 2 # 24 622.52.668.15.1 155.97 ng-h/mL, #5i6: KAF R R L T M ZA A F F PPD
W Tr ik, BTy ik R A A BRAR SR, s R E Y TR TG RAR ARG R
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Determination of 20(.S)-protopanaxadiol Concentration in Human Plasma by UPLC-MS/MS

LIU Shenglan', TANG Zhi’, CHEN Lei’, WU Sufen’, ZHOU Ling®, LIAO Yinjuan', ZHANG Jie' (1. Dept. of
Pharmacy, Changsha Hospital of Hunan Normal University/the Fourth Hospital of Changsha, Changsha
410006, China; 2. Hunan Key Laboratory for Bioanalysis of Complex Matrix Samples, Changsha Duxact
Biotech Co., Ltd., Changsha 410205, China; 3. Central Research Institute, Zhejiang Hisun Pharmaceutical
Co., Ltd., Zhejiang Taizhou 318000, China; 4. Dept. of Pharmacy, the Third Xiangya Hospital of Central
South University, Changsha 410013, China)

ABSTRACT OBJECTIVE: To establish the method for the determination of 20 (S) -protopanaxadiol (PPD) concentration in
human plasma. METHODS: Plasma samples were precipitated with acetonitrile and determined by UPLC-MS/MS, using
finandrogen as internal standard. The determination was performed on Waters ACQUITY UPLC HSS T3 column with mobile phase
consisted of 5 mmol/L ammonium bicarbonate aqueous solution-acetonitrile (gradient elution) at the flow rate of 0.4 mL/min. The
column temperature was set at 40 °C, and sample size was 10 pL. The ion source was electrospray ion source, and negative ion
scanning was carried out with multiple reaction monitoring mode. The ion pairs used for quantitative analysis were m/z 459.40—
375.20 (PPD) and m/z 371.30—315.30 (internal standard). At the same time, the method was applied to the determination of
clinical samples. RESULTS: The linear range of PPD was 0.25-30.00 ng/mL (#=0.999 2), and the limit of quantitation was 0.25
ng/mL. RSDs of intra-batch and inter-batch were all lower than 10% , and relative errors (RE) were —14.61%-12.69%. Extraction
method and matrix effect did not affect the quantitative determination of PPD. In ginsenoside CK 100 mg group, ginsenoside CK
200 mg group and ginsenoside CK 300 mg group, mean c... of patients with rheumatoid arthritis after oral administration of
corresponding drugs were 18.06, 30.03, 27.00 ng/mL; median #.. were 12.0, 6.0, 12.0 h; mean AUC,, were 622.52, 668.15,
1 15597 ng - b/mL. CONCLUTIONS: The method for the

determination of PPD concentration in human plasma is

A FELTH R AR H (No.2017TP1037) ; iR A1
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20(S)-J5i A2 2[20(S)-PPD, UL F & #%“PPD" K
TR AS BN, B A AS TR 1T RA.F..
Rg: .CK Rh. /) FE G AR =", A U BB |
b i TS S A RN T A s £
GG PES T A RIERR , NS AT CKAEIR N R SR
A WA S R Y — 2 R Ak PPD, HL
PPD b R\ 2 AR M A = . XA
Z AT CK 48 R N2 AT (I R 25 2 24 iR i 7
YRS PRHEIN S A R A R PPD v A Ry E 2L

AR H AT A 3 SR FH RO 03 - I T S
(LC-MS/MS) ¥ 1fi 3¢ 1 PPD ¥ J& , 15K 22 B0k i
HAL IR 52 2% , VR 2 BB [ A 2 B A
RUATAE AR IR T Co B PN FLBE (1) 1 1 A% - FL 2 B
BRI U AE 5 AT SCIRCR B 2R (DT VE TR A TR AR B
AL B , HOr e e g 2w, BE
Ife AR I 4 T A A2 SR L B A W 40 B 25 A AN I 422 5
FSEE , SCHRARE 597 1% B AR ME 2 I ARSI B0 A
stk IR B B B SR, LIk, AR R B
FIUCRE VLR L3R A TR A 3L, T8 45 8 o S80RUAH £
- BB IR 3 1 (UPLC-MS/MS ) I 5 I3 v PPD 4 5
R IR AN T AS BT CK A IR T B
WIS, BARGE QR

1
1.1 FENEE

AW E U E 45 ACQUITY UPLC I -Class
U v O 233 (UPLC ) ) (3 [ Waters 24 #] ) , AB
Sciex 650071 = PUAK FF 5 135 5 L A 1 H S 55 5
5 (ESD) . Analyst 1.6.3 $it4fi &b FR R (3£ 5] Applied Bio-
system 2y 7] ) , MSA6.6S.CE B 5 J3 /3 22 —Hi, T K- (2
[ Sartorius 23 ] ) , MilliQ Direct 8 #3845 /K% (2 [ Mil-
lipore A 1] ) , ST16R 7 .00 H/1.( 3¢ [# Thermo Fisher Scien-
tific A 7 ) , Talboys %4 i 245 =LA R 7 #% (35 [ Tro-
emner /A ) 55
1.2 EFZEZHmFAKF

NS AT CK A (s 50 mg) F VLI IF 2451 i 45y
A RS A3 PPD X HE i (L5 111747-201602, 20
96.6% ) AEARHER T B (AR, 15 100611-201302, 28
J&£99.6 % )40 1 H 1 24 ik BT 5 HH B (8035
ali) M (i al) 20 B 78 [E Merck 23 w5 ik iR & 54
(o3Hrad) W B KRR R AL 2450 PR 7 5 oA iR
Bk S = AR Bl B 4l , KRR 4tk o

1.3 ZFHMmE

N7 SIS A 34 A 32 10 R A (8
FRALPE S HR LS2017120502) , 1 Il 1ML 3% 5% F 2 19 1 3¢ +
25 1 4 I 1 1 AR (4 AR AR 5 R 29% ), g i 3R
SR 25 P L+ = ot 7 v i (= i % 2 =3
mg/mL) .
2 FAEEHER
2.1 Bif&E

L Waters ACQUITY UPLC HSS T3 (2.1 mm x 50
mm, 1.8 um) KR, DA 5 mmol/L #kBR S E R (A) -
G (B) 2 Uit 3l AH #6474 B2 e i (0~0.5 min, 60% A;
0.5~2.5 min, 60% A—15% A; 2.5~3 min, 15% A, 3~4
min, 15%A—60% A ) ; Jii# 4 0.4 mL/min; #1124 40 °C;
H Zh AR R 10 °C5 #FFER N 10 pl.
2.2 JRIG&EHE

B ESLL P2 B =t (MRM) i#F 47 17 25
T, B ESEOL R 1.
2.3 BEHE
2.3.1 PPDARVER AT UL PRI PPD X BE i
i, 150% SRS RRE, Tl U 5k 2 0.500 mg/mL
AR . BOZI 28 WG 5, FH 50 % CIE R B, il Lt
HEYR 43 51124 600,480,240, 120,60,30., 10,5 ng/mL [
FANARUE AN 5T 5 v B 3571 o 450,90 .15 .5 ng/mL [
FTE W
2.3.2 AR AR FREGA AR BR S i, 1 50% O
VSR IEAE R T 5T R B R 0.200 mg/mL I 48 9 o
BUZIW £ W 1, G COTTE ) Fi R , ) s ot vk
4 10 ng/mL A N AR T AR
2.4  IM3EHESBIALE

B HEAE i 200 pL, IMA AR TARWR (25 IR 5 LA
CIEFAR)600 uL, #7377 30 s, L 13 500 r/min 5.0 8 min,
BTG ST
25 TEMER

B 6 0y ARSI IS 25 (L3R, #222.47 00 Jr i ab 3
Jo , B 2.17 2.2  UR S HERE S A AR BT 1A J3 HOR
[7] S Y5 AR 25 1A I3 4% 190 L, A% 26 A PPD s E V4
(5 ng/mL) 10 pL, AEIR AT, 4% 2,47 W0 ik ab i s , i
FEO T A5 1B, 5Bz 2 (45205 24 hoR4E)iE
24T A S SERE AT AR B 1C. B
AI DL, PPD A AR Y 23 125 8 R4, AP B0 e
IR, RIAA 5% J@ vk R AT -

#z1 PPDKEAIRHIRIESH

Tab 1 Mass spectrum parameters of PPD and internal standard

flliy  BEFwz  FETwz  FEREV RV

AR, ms WESE pi SEED s BRI, psi

BTSN, psi BIREMEY

PPD 459.40 375.20 —140 —41 100
i 371.30 315.30 —100 —4) 100

35 70 70 —4500
35 70 70 —4.500
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. 1. PPD; 2. N H5
Note: 1. PPD;2. internal standard

1 ANI3R# & PPD & F#RA)#E MRM
Fig 1 Typical MRM chromatograms of PPD and in-

ternal standard in human plasma

26 ZHEEESEETRER

Bzs (M 190 uL, AF® A “2.3.17 15 PPD &4/
PRUEVSIAS 10 ul, W8 HETR ST , il B PPD J3T vk B2 43301l
0.25.0.50,1.50.,3.00,6.00,12.00.24.0030.00 ng/mL
ZANBRUE IS RE S F 2,470 R I P, FEd 2,17
“2.27 TR A5 HERENN A2 L 0 SR AR . LA PPD TR UK
JEE M A AR (o, ng/mL ) L PPD 55 A A (74 068 18T B HE A R 2
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AE B (p) BEAT S 11U, 45 8] 09 05 F2 O p=0.241 Ox+
0.016 6(+=0.999 2) . Z5F /R, PPD A i i e 19 2k
PEVE R4 0.25~30.00 ng/mL, £ & N R4 0.25 ng/mL.
2.7 RBERESEMEER
BL2.3.17 30 PPD ¥ V4 W, 4% 2.6 5T 5 i1l

AR f T PR TR (0.25 ng/mL) FMIG H L5 T i ik
(0.75.4.50,22.50 ng/mL) () BT 45 M HEAE ity , $5“2.47 W
AN PR I B 2,17 2. 27 R SRR R L 10 St

1o BRI ITHE A THERATE 6 ASFF b L 254 3453
Bt , 73 B AR A A T bR v i 4 T332 B 48 i 2R A ot vh
DN A7) %) S0 o e VA B, S GELE P A TRDHG %5 B2 [ LA AE X
T 7 Jii 25 (RSD) & 7% 1RV Aff 1 [ A X 3% 22 (RE) %
N]e ZEREIR AR LN LB RSD ¥/ F 10% ,RE
H—14.61%~12.69% ,FEWF 2,

*2 PPDHI#tA #MEBEESEMERKRER
Tab 2 Results of inter-batch and intra-batch preci-

sion and accuracy tests of PPD

N HH(n=6) R (n=18)
BRI, e ——
ag/nl SRR (x£s), RSD, RE,  FMEEEE(£s), RSD, RE,
ng/mL % % ng/mL % %
0.25 0.28£0.01 320 12.69 0.26%0.02 6.90 388
0.75 0.74+0.01 220 =074 0.760.03 420 1.01
450 394+0.10 260 —1254 4321030 700 —4.02
2.50 1921+040 210 —14.61 21461182 850  —4.63

2.8 REEIWERSERYNEE

F2“2.6” TR 5wk BC ) PPD AIC | b L v AR vk
(0.75.4.50, 22.50 ng/mL) f JiT ¥4 IfiL 3% A & 4% 6 17, 3%
“2.ATTUR T IE AN B PR 2.1 2.2 T S A A
E ORI TR (4) o R AN R R A 25 10 I3 3 I I
W EINR MK e “2.47 BT 7 ARSI AH N BT v
JE 1) PPD b VA T, {7 o 28 5 o Y B 5 0 34 6T Iz, 4%
“2.172.27 T N AAFHEREINE e SR TE AR (B) o 43 B
50% N FL I P bR H 5T it vk B 55 i 6 9 PPD bR
WEVRI, #2217 2,27 U Z AR HEARE I E | i S5 U 1T AR
(C) o Fa T 2T F 4 H RT3 FEE 0y - B B i %8
(% )=A/Bx100% , 25 % =B/C, 45K 87, PPD
N B 1 B 1E] 1 ok (98.43 + 6.39) % ~(103.90 +
0.89) % ,RSD ¥J/INF 10% ; PPD F N bR 7E 4SS (1ML I
I L3R 5 R I 1 35 S5 3z 4 5910 A (0.87 +0.03) ~
(1.07 + 0.06) . (0.88 + 0.03) ~(0.99 + 0.14) . (0.92 +
0.06)~(1.12+0.09) ,RSDHI/NF10% , L3 3.
2.9 FREMXE

Fi2<2.6” K J5 vEEC i PPD AR | w5 B & vk BE (0,75,
22.50 ng/mL) [ JBT 45 L3R AE il 45 6 1), %5 5 AL PR FT 7R
R CE 24 h R EHRA(—70 C~E )4k
—20 CRHAE13d.—70 CTFKWHLE 192 dyFasE
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&3 PPD K ARHIREX B R S E BTN (n=6)

Tab 3 Extraction recovery rates and matrix effects of

PPD and internal standard(n=6)

e TR s %Jﬁ;&rj 0
PR TSR SHMHK kA Ak
WO BEagml B(+g) RSD, 4R RSD, 4E  RSD, R RD,
% % Gts) % Gt % Gts) %
DD 075 9843639 649 107006 S61 099014 1414 1124009 803
450 100354264 263 093005 538 0991007 707 100+008 800
NS0 10030+172 170 0874003 345 0884003 341 092£006 652
WiE 10 10390£0.89 086 097+002 19 0924002 235 094+002 216

P AC PR ZEERE SR A PF (10 °C) FACHE 27 hifa e,
SEPRISAEHEAE AR (10 °C) R 24 h FRHEFERSETE
IR A R 25 P14 I L %) 75 PPD ) 4 IR ) b 34
HITE S I TR 2 h iR E M, PPD A8 TR 7E =5 I T 7
H 33 h.4 CTCE 66 dAFE M, PPD bR e R AE = i
THCE 33 h4 CFHCE S difaE ., 45 W, 7E |k
AT, 25 FF b S0 5 o v 5 PR 0 A R 8 1) RE
ITE + 10% LA, W PPD 7ERE S R4 sl 817 X%
Brid FEFT B &A1 th B A RAF AR e 1 -
2.10 HREATEMER

F542.67 50T 5 kAL PPD Ji it Wk B R 60 ng/mL ()
PRI AR S, 28 2R AR B 5 A, 42,47 TR Jr ik
SIS, 2.1 2.27 TR SR HERE DN A, 10 SR U T
. M BT BOPATHAE 6 0y, UB R B2 A 2%
FEDUA 00 7 i 3 i A o 5 SR o, S5 ot o 5 3
W TR R BE AU RE Ol 0.01% , 520 Ji 2 ¥€ B i RSD H
3.98% (n=6) , $& 7~ ML AE S 2825 (1 I3 H B 5 A AN 2
S HOE 5T
2.11 SWMKEERE

F52.67 TR J5 P FL i S S L N 5L PPD ) R
FA) I A i, 3550 R A A T4 ISR it 22 Tl R AR
A IR BRI . SR BN it =
AT DL SRR 160 R i, 0BT I SR i 1 S0 5
VRS TR R ) £ 15% 2.
2.12 MEAFERR A
2.12.1 SH{ATRERHMAERE  TE—WZ s L)
H 2 SE TS BT CK R 2R RBAE T R
(RA) B LA s Ay an 1 B im RIS
RIS (/S FEHEMES 2013L01910) H, AT 52380 341 . A
Z: B A CK i 100 mg 41 (6 f4]) . A2 B4 CK F 200 mg
H(50]) NS HAT CK F 300 mg2H (54 . &4 321k
TR RFRIG 22 IR, L4525 84 o BEEIZM
25802 F a0 19 52 a0 BRI M i (B4R ) S & IR BV 45 24
F(0.2.4.8. 12 &) K Ifil 5 mL T ifi 25 v B I 72 4, i
Y03 50 F45 1 RIRZ45 T 30 min S IRZ )5 0.25.0.5.1.1.5,

HEZED; 202145 32 5 181

2.3.4.6.8.12.24 h %Il 5 mL A FARKARZG 7T 30 min
M Mk#)50.25.0.5.1,1.5.2.3.4.6.8.,12,24,48.72 .96 h
SRl 5 mL A i 2k B o R 2 e 2 e —
B (EDTA-K.)PUEERI EL2s RS RAEMAE, T4 CTLA
3000 r/min &> 10 min, 3B 13K, —70 CL-AF, FEI
2.12.2 FEARINE KA AT B3R A 2 &
KL A A ISR b T B R VRS I P, %247 0 F
PALPR G 2.1 42,27 R SRR E | i SR i
. {# ] AB Analyst 1.6.3 8 X BRI TR A E
G3 T, B A AR L T A RIS 5 v PPD () 5T
WEE GBI 3B Z I A5 L KRB Y5 84K
PPD 1734 25 - i i 2, DL 1 2 (T ep /N 81 Sy Jy s s K
&) ; 2% Ff] Phoenix WinNolin 7.0 24 3~ 8k v 1A i 8
BEAITT3 3 R i 4 32 18 B 2 sl S8, IR R B
F SRR PR T HUAEE, S5 R LR 4 (T A 53R 9 A Y
FEAGN R D | B B RO FE R, AT 806 43
Bl bR 2 KT .

= ot

6 m Zaifck
J 200 mg 41

—— NS CK
J 300 mg 41

c¢,ng/L

L] T L L] T T

10 12 14 16 18 20 22 24
t,h

AZLZ TR

AZ B CK
-.-)JlE lO(i)-‘mgﬁﬂ

NBHAFCK
)50 mg 4l

ABBAFCK
-+ l%()(i)dmg Eil

t,h
B.4AZH 84 K

B2 3MFIEAZIKNERLE 1IXFES4XPPDHF
24 i 2 [
Fig 2 Mean plasma concentration-time curves of
PPD on the 1st and 84th day of administration
in 3 dose groups
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F4 3NMFEEZRERGE 1 RME IR PPD AN ZESH
Tab 4 Pharmacokinetic parameters of PPD on the 1st and 84th day of administration in 3 dose groups

NS CK A 100 mg4l(n=6)

NS CK 200 mg4l(n=5)

NS CK 300 mgdl (n=5)

BN FRIS FADN Fs4K FADS ERIGS
CarlTE5) ng/mL 476£4.68 18.06£1097 350£6.86 300342320 4254479 27.00£8.82
to PAELCER~ TR D 24.0(12.0~24.0) 12.0(5.0~24.0) 12.0(8.0~24.0) 6.0(1.5~8.0) 24.0(1.5~240) 120(3.5~24.0)
AUC(X£s),ng-h/mL 6239£61.70 62252459462 56.96:+70.85 668.15+498.97 264742450 1155.974509.17
123 £5),h 21934726 23964479 3156£522
VIF(xts),L 129527645 88134 37727.07£44 892,02 29053.97+12485.72
CL/F(x£s),L/h 4484012059 112096+ 1 255.84 635.124244.04
3 iTig FE T Y 52 ) 5 LYK T Al 0 N AR G P b
3.1 FEhtERERE HFEKHN VDo AR S 2L B 1), e A 2

PPD R 1 B XA I, — e B 50, Bk i 0
A A FHE L B SR A R T &8 53 m
FIFR I BT 5, 25 5 BRI B ) BE Bl s o BT LATE I
Py A AR e, AR 3 00 X R T SN AE B T
SIMEAT T H 5, R BN R AT,
PPD 4 52 JH 5052 M A/ 0, (FL i) 17 1, F) A8 0 55 , 8 o
T B T R A SR s AERME T S AR SRR T TR
T U P T O e, MR B S 59 TR MR IR S AR , I H 3L i
RN AT EESK o D3 A TERAME I S AR A R rh L AR
PRI 737 2558 T 20K Fihi R S VR > pH R 15 7 1
B AR ER YRR pHE R, BEE 24
AR ESCE B3 0 RIS R] 9 224K, PPD A H g []
i iy SERNFRE , LA AT R U A A TR 2Kk,
B S AH Y pH & A= U TR T R AR R S A pHLA
T, O HOR G vl  FE R WA P EAAS SR,
{5145 i Sl AH B pH A AT B2 E , B DLAS 5 i i A 3 4% 5
mmol/L ik PR & B 1 W AE 7K A0 o ik R & 8 T 1 B
25% ~T15% M Z B ORAF TR R 2 d.
3.2 RGBT ERERE

TETIEHENT B B, AN A 228 SCHR[7 — 12k T
WARBUE A TRE S TTAL B, H R B2 LR B R
e SEFUL R BT, T H MK R, T AR
Kl PR T 3058, 16 PRAE b 1 95 K HL s 1 3 60 J) A ¢
K WA DB R L UUTE A R S AT AR B R A T
P B5ERAE AL  IPRIE SR AR TR AL & B, R
CIEVLVE ] LA R AW RAEA G I A B3R, R Ber HA
b PR R AT B AR 2R R D A0S, LR Y
0 TR AR BOE H R E ™, R 2R FZ i A Tk
Al AR FE
3.3 ERMMNHKE

B ULE L B SR R BTN B Sy TR AT
FE T B3 L 5T A4 52 ) , ASBIF90 1 SR PR BE Ve 0 U =X, 3
T A 7K AH A AIURE B4 B8] 9 38 P 2 L 451 A A Y Bk
1, AT BE K PPD 5 5 b i T4 402, AT s/ s
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AR e P 5y 36 5 S, TE A IS SR AR T4 RS
A REHEIICRE AR, — e B0 T TUE R 6 - I A
FRECH I 1.5 1 RIVAT 96 A2 2 P D00 (19 20K, (B X v
DU B 5T A2 e LR, BT DAAS J5 123 5% ) i - 1 5 A4
TR 3 T HEATUIVE , LAE— 2Bl NI ST A 52
34 EEFEHIRH

ATFF NS AT CK 7 7E RA B IR A A 25 3l 27
I A RIS R, 52555 1 R s, U™ %) PPD 7E
Z R B 2555 84 KN Y ¢ AL AUC 2B S HETIN, £, 9]
R4%, UL PPD fEAR N AT BEAFTE B R , HE A X
NPAUESIEEEG

AMIFFE ST B PPD JE tit 43 At 7 v 4 IR ] A A AH O
FEF RSP T SE R A T 1 I, LA 4 AR
TEME T U AR, T 4 B 4GE /Y PPD R BEI & 7
LA R MAREMEE S . AU A E )
MFAS AT CK A B IR [ B RIS, HAE I AR
R AN o R R T i 1 36 A 20 B (TSRO A
ISR 4 100% .

25 BRTIR  AWETE ST TN H PPD Y 1Y
7 718, B3 vR R A R AS5E , SRR, R
A AT F A S B CK R A S B AR IR 25 8
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