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ABSTRACT Objective To evaluate the uncertainty of the pseudo-ginsenoside GQ (PGQ) concentration in human
plasma by HPLC-MS/MS.  Methods The whole process of PGQ determination by HPLC-MS/MS in human plasma was
evaluated and the uncertainty caused by repeatability, weighing, standard solution preparation, biological sample preparation,
extraction recovery process, recovery, instrument precision and calibration curve fitting were evaluated, respectively. The
combined and expanded uncertainty values were both calculated. Results  The expanded uncertainty values for low
(15.16 ng-mL™") , medium (2 516.67 ng-mL™") and high (3 902.00 ng-mL™") levels of PGQ were 1.39, 177.74 and
262.69 ng-mL ™", respectively (P =95% , k=2).
by HPLC-MS/MS is mainly caused by recovery, repeatability and sample preparation at low concentration, by sample preparation

Conclusion The uncertainty of the PGQ determination in human plasma

and recovery at medium and high concentration.
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Bt EEARMIH . HPLC-MS/MS 2 A i 3¢
H PGQ W BE 1 77, AR ) 5 5 e AR W B SRt o
S AR R A S48 g O X% 07 vk (AN 0 E S R AT
P .

1 UE5RKEH

1.1 BLZE  API 4000 = # & 1% VO # AT 53 154,
SHIMADZU LC-20AD ¥4 {43 2 45 , Mettler AX105DR
L TR, DB-3D BTN, Milli Q A4l KA,
1.2 X% PGQ (F1:98.2% , 7 MRAEFE 2451 i
ABRAFEREE) , N5l PGQ 52U NS B i
Re (#1:98. 4% , i 7 MRAERR 2451 I 1 A BR A w42
) | g4l B e [ Burdick & Jackson 2 &) ( HPLC
%45 AH2304) , LR TR (/b al, 26 % . 98. 0%
it :9282-03) ML 1Rk (43 M4l 5 1 :98. 0% , L5
20080126) i [ Jb BT 4k AR50 23 7], 258 F /K i Milli
Q 4lifk ZG & .

2 HRE4ER

2.1 &g St AR Agilent 20 F Y
Poroshell 120 EC Cq (2. 1 mm x50 mm,2.7 pm) {4%
FEVRAH 53 25 R FH 4 BE PR B, B — A FE o0 A B 2
min, FBHAH : F EE-10 mmol - L' ZIR4% = (9: 1) 5 ik
0.3 mL-min " ; FEiR 40 °C; #ERERE 10 pl,

¥ F |, 165 35 25 T~ ( electrospray ionization, ESI) |
TR BT, % 2 R W M ( multiple
reaction monitoring, MRM ) %] [ % 49 4 77 2L kA7 22,
£~ MRM 3838 (1) 49 15 15 7] 28 200 ms, PGQ 1 Re (4
b ) BBE -8 04 I8 ar EL 43 5108 2 799. 7—161. 1/
1 077.8—191. 0, HAREEA BF[A] 4351 0. 57,0. 53 min,
2.2 sBSERAEE HPGQ Xf R 10,45 mk
WRRE, DLW OEEE A 10 mL &, 5 5] 1.00
mg-mL ™ ARV SRR, VR ORI 2. 45 mL B S
mL B, BB E 2515 500 g - mL ™ bR oE T T AR
W,

B PGQ X HE ity 10. 40 mg 5 %5 Fr g, f FH Y It o
2% 10 mL 8, 75 1.00 mg-mL ™" FfsRER . Sl
Bz E 1.96,1.22 mL PGQ FiHH4H %E 5 mL &
L, DA e 28 20, 1551 400 pg-mL ™' TARER
W1 1250 wg-ml ™' i TAER W2,

K B FREL PR 10.23 mg F 10 mL &R, FHEEE 2%
4 1.00 mg - mL™" PN A5 % A5 0 B WA B UG 45 T
4.95 mLF| 50 mL B, B4tk E 25 100 pg-mL ™' A
B TAEW
2.3 AR W& A ST AR o 64 B
2.3.1 mEAESAERENES  SAMEORET

b BT HR AR Bl R 25 B 53 rh O A AR B o MR I
TAEW W 0.1 mL F| 10 mL &, Ifil 3¢ & 2575 5 000
ng-mL~'S8; B S8 ¥V 2 mL [E A F] 5 mL BT S7;
eS8 ¥k 1 mL g F] 5 mL 45 S6; L S8 Ik
0.5 mLEZF] 5 mL &fi15 S5;H S6 % 0.5 mL &
ZF) 5 mL wAT S4; 0S5 3 0.5 mL E A F] 5 mL
AT S3;HU S4 0. 5 mLEZRH] 5 mL 1 ifE S2;
HeS3 w1 mL g 25 3] 10 mL f)fi45 S1, 1K brifE
itk S1 ~S8 (e i 4y %1k 5,10,50,100,500,1 000,
2000,5 000 ng-mL ™", K I3 s o fh 2R A AT
e URATE T - 80°C vKA o

2.3.2 REMFBHEA AERIREE TR W1
0.1 mL | 10 mL &, M ¥ E &4 4 000 ng-mLflml
T Q35 MERA I H T AWK W2 0.1 mL #] 10 mL &t
L, M4 E 2945 2 500 ng-mL ™" ST Q2 ; YR L X
Q2 1 mL % 10 mL £, I 3% 5 2545 250 ng-mL ™" [fi1 3¢
VR, SRG R IR 0.6 mL F] 10 mL I, ¢ E &
1815 ng-mL "I 3% R Q1

2.4 R Su e FTiE AR SR 00 ) &

2.4.1 mEFBHFEE BN T =R TR,
1R5110 s, JILA 25 pL ks TAEWR (100 pg-mL™", %
B KB T 1.5 mL EP & A 100 pL, i
iedRz 30 s, iINA L2 LT 600 WL, B2J PR 2 min
J5,13 000 r+min "' B0 10 min, B FJ2AHIAH 500 pL
R 2 Tk BRAY , T40 °C &N, S Pk,
JEMIE W (HEE/7K =50/50) 100 pL &%, 4k 2
min, AL IE S UE, 10 L $EREIE | 10 SR T (a3
KA G P e AR, R TN AR ST PGQ WREE
2.4.2 JiEAEmEE A BHERERIRE 3R 15,
2 50014 000 ng-mL ™" #45Hlm“2. 3. 173 ,

2.5 HoWobielagwmgeds /A LC-MS/MS
BRI TRGIN K B 146 A . PGQ Ry m/z 799.7—161. 1,
bRk m/z 1 077.8—191.0, LL PGQ ¥REAER X %1, L)
PGQ 5 ARITRIFR LAEVE D Y il /D afeikitb A T4k
PESLAN, AR T L/ o TRARRE SR RIRE i A 543
MrE  IHRAS PGQ MR,

2.6 HEEAGEs WRfEMZL:y=ax+b,x R
PGQ W EE ,y i PGQ 5 NFRIETHFZ L, a A [IIF 7 72
FIRER, b R, PCQ WK : x = (y —b)/a,

3 NEARHEEWITE

3.1 M ERAE A CRR ARE ST AR AR
2 M SN B R R R R RS R M ke T AE
WEELH AR AR O R ANES e 2 LS X
W Sh Al R BRI A S ME R R (K1) .
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Fig.1 Causality diagram of uncertainty source

3.2 RHEEWHIFL
3.2.1 EENE N Y LK RS E
(20 £2)°C,PGQ F A FR7EA[FIEEE T2, | EE S| A
{18 0 AN o B T AN T

3.22 EAMIIRNAHEE(HALTELER)
I 4 IV BE 15 ng - mL™' (L), Pk B 2 500
(M) M R EE 4 000 ng-mlL"~ "(H) FEfL AL 3
Y (m=3) FHFATM 5 K (n=5),WFE1, HINE

IRASHSE AR R 2255, () = ./ 3 (3, -0)%/

V(n=1) 7 HAEE N RHATIER L RS
S,(x,L) =0.94 ng-mL"",S,(x,L) =1.32 ng-mL ™", S,

(x,L) =0.64 ng-mL™" 0 15 Y B FRIAE w2 .
S(x,L) = /i'lsf(x,L)/mzl.m ngemL ™!,
2

®1 HRESNEHE

Results of the repeated determination of the

ng-mL

Tab. 1

sample x+s,n=15

A% 15 ng-mL™' 2500 ng-mL"' 4 000 ng-mL ™"

1 14.98+0.94 2622.00+129.50 4 220.00 +77.14
42 15.52+1.32 2398.00+97.06 3 764.00 +50.30
243 14.98+0.64 2530.00+82.76 3722.00+173.12

DA 2 00 7 5 SR 1) S (B 3R 7R T 25 R DU ok
B8 I bR AE R 22 092 S (%,) = S («, L>//nT=
1.01//3x5=0.26 ng-mL™" fK ¥ EEHHEx, =

15.16 ng-mlL ™", IV B2 B i A X 0 A A
EEHNu,,(1,L) =u,(x,L) =S(x,/x, =0.26/15.16

=0.017,

9%, =2 516. 67 ng-mL™"', %, =3 902. 00
TR R R AR X s o U AN
3R

u, (1,M) =u,(x,M) =S(x,)/%, = 0.005 4

u, (1,H) =u, (x,H) =S(x,)/%, = 0.003 75
3.2.2 XFHE PGQ K NARE Tl N8 &5 #H € B
(A BRI EAEF) WEEFEPGQ 10.45 mg, AtxR
10. 23 mg, RSB AW EHE H:u, (m) =
V' (m) +(Ay) +u’(A),

KN EENERZE u(m) BB EE L P
L MUANA IR dEZe iR 22 H S E SR A
BERE u( A) A u( Ay) #5040 A E W F k=
3, KRR E AT e =0. 01 mg, FEHLAE 2K TE o =
0.5 e, WIARHEATHEBEA

u( A) =a/k =0.5¢//3 =0.5x0.01//3 =0.002 9 mg,

HAEAE R — AN W ay =a,u( Ay) =ay/k
=u(A) =0.002 9 mg, K F-HH5HED & A6 0 BE TR
A G E IR RN

u,(m) = «/uz(AO) +u (A) =0.004 1 mg,

AR SRR ZE I, PGQ (W) FIAHR (W,) 1Y
TR AFURT o v 00 AN A 2 B 31 A

w, (W,) =u,(m)/W, =0.004 1/10.45 =0.000 39, u

ng-mL

rel

(W,) =u,(m)/W, =0.004 1/10.23 =0.000 40,

KPR RS AN 5 B R T 1, DU S 5 S Y
AFXGF A v S AN 2 A

wy(2) = u (W) +u,’ (W,) =0.000 56,
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3.2.4 MEBERESRINGNELSHEE
KIiFERT)
OGP A E B LI A R
i (F) Bk 5,10 F150 mL, Hifp Ak 250 +0.01, =
0.02 F1 £0.05 mL, ¥ =M/ A E&HT k=6,
DU AR AR A I 2 AN S R
u,y, (Fg,) =a/(kx) =0.010/ (/6 x5) =0.000 82
w,,(Fio.) =a/(kx) =0.020/(/6 x10) =0.000 82
U (Fs ) =a/(kx) =0.050/ (/6 x50) =0.000 41
QBWETI AN R A EE  SLRITH A %
BWE (T) 79 0.1,0.5,1,2 F1'5 mL, Hodg K 5222 535
3 +0.002, +0.005, +0.008, =0.012 Fl 0. 025
mL, $% =M A5 T b =6, T A o )
AHHETER
w, (Ty ) =a/(kx) =0.002/ (/6 x0.1) =0.008 2
w,y (Tys.) =a/(kx) =0.005/({/6 x0.5) =0.004 08
w,, (T, ,.) =a/(kx) =0.008/(/6 x1) =0.003 3
w (Ty,0) =a/(kx) =0.012/({/6 x2) =0.002 45

B (A B

w, (T, ) =a/(kx) =0.025/(/6 x5) =0.002 0
w, (Ty,.) =a/(kx) =0.002/ (/6 x0.1) =0.008 2
@I EEAR S A D 2 ON A ST
Eppendorf INFEAEHI545 .20 ~200 wL(P,) F1100 ~ 1
000 wL(P,),P,7£ 20 F1100 pL B AH X e K fe 22 535
H£2.5% M £1.0% ,P, 7 500 pL BFAHXT e R e H
+1.0% . H=FILA 0, &N T k=6, Wikt
PR AFXT A o 0 AN o A
(P, ) =a,/ (kx) =0.025 x/ (6x) =0.025/k =0.010
(P, _) =a,/ (kx) =0.01 xx/ (/6x) =0.010/k =0.004 1
u,, (P,) =a,/ (kx) =0.01 xx/ (6x) =0.010/k =0.004 1
@XF RS RIS AP B X IR
O TR (LA i A VR 1) ) A AT 5 mL )R 7 4K, 10
mL 2 3 ¥%,0.1 mL BHEE 1 X,0.5 mL BEE 4
U, 1 mL BRI 2 I,2 mL BRI 1 IK,5 mL BBUAE 1
U NARBCHIEH 10 mL £ 1 ¥ ,50 mL & 1 IK,5
mL B 1 U, W IRAC ] i PGQ FNNAR (1S) B AH
X I 2 AN o

[(3,PGQ) =

/7111

smi) T3U (Fl() ) +urelz(T0,l i) +4urelz(T0.5mL) +2ur812(T] i) +urelz(T2 i) U (T, sai.) =0.010

Ul (3918) = \/u’rel (FIOmL) +ure12(F50mL) +ure12(F5mL> :0002 2

1, (3) = /u2(3,TGC) +u,>(3,18) = /0.010% +0.0022° =0.010 5

Q)& 2R UERE fOFBTREATE St 5 AR 2 AN
SEFE (] B EIFERT)  Fohlbrie & 25085 (S) R
PERE S (QC) BT FH hn B A6 9 B 5 Ak KA (R
20 ~200 WL B 25 wL 1 ¥ A1 100 pl 2 ¥, 100 ~
1 000 pLIZHL 500 L 2 ¥R WL il A o 75 25 4 b B
R AERS s TR B ANA o B

wy(4,8S) =u,(4,Q0) =
\/urelzpl—z() +2ure12P1—IOO +2u,

w0, (4) = u, (4,8) +u,’(4,QC) =
2 x(0.010° +2 x0.004 1> +2 x0.004 1>) =0.018 5
3.2.5 FER#AA (FABEAFERF) FEEGIRES
AP 2 B 2% R (RE) o el 3 A4k
JEERE i o RIS I S AR BC ) 53X 3 Ao 4 ok B A [
FRE A, IR = SREURE 5 P i PGQ I TR AL (A) /43
HEV W PGQ WETE AR (B) , B4 P47 RAE 5 Wk, I
[T AT 5 B AR XS o 0 AN 8 o Ry (i L2 2)
0 (5.1) =1,y (RE, L) = —t— o —0-63
RE% Lﬁ 9.17 x5

2P2

=0.032

SD
(RE,M) _7“_
RE% ,/n

=0.021

191(5 M) = U

0.49
10.30 x./5

SD
u’re](59H> :urel(RE9H) :77}1:

RE% ,/n

0.46

—=—=0.018 5
11.09 x./5

®2 PGQ MFERME W ZE
Tab.2 Extraction recovery of PGQ x+s,n=5
s caidi 74 IR B MR
(ng ) MA(A) I HR(B) RE/%
15(L) 736.20 £46. 006 8 036.00 +108.31 9.17 £0.65
2500(M) 119 800.00 +4 381.78 1 164 000.00 £30 495.90 10.30 £0.49
4 000(H) 197 000.00 +7 314.37 1776 000.00 +27 018.51 11.09 £0.46

3.2.6 UBEMNIIANGMESHTE FTHEIEN
API 4000 = T & B DU % A7 B 3% 4, A WA b



- 266 -

Herald of Medicine Vol. 36 No. 3 March 2017

SHIMADZU LC-20AD AR (5% 5 55, it (30 ik i
AR AL B R AL 0 3% F 1% |, #2355 43 A, AR
v i A0 A AR X B v I AN R R
U, (6) = «/urelz ik + ure12 WA =
V(0.03//3)> +(0.01//3)* =0.018
3.2.7 LMUATEINNMNEFHTE(H B X
WEART)  WME 8 ARl vk & XT BRI, H PGQ
W T AR5 PR s T AR R AEL X PGQ e B b A7 4 1 40
(3 BEKN TN I/ 1555 sbnfEfhZk(CC),
AR WL 4, FHRLA 105 o il 28 5 B33 s % B
M3 PGQ MRBE(HKS5) .

*3 PGQ 5MiRIEEFRLL
Tab.3 Area ratio of PGQ with the internal standard

W/ (ng-mL™") pHZ1  HHZk2 Hhk3  HhZk4 RS

S1,5 0.0130 0.0130 0.0137 0.0123 0.0110

S2,10 0.026 8 0.0282 0.0224 0.0171 0.016 2
53,50 0.106 0.120 0.113 0.126 0.111
$4,100 0.199 0.219 0.206 0.215 0.209
S5,500 0.980 1.07 0.990 0.980 1.02
S6,1 000 1.99 2.14 2.09 2.11 1.99
S7,2 000 4.12 3.86 4.37 4.16 3.88
S8,5 000 10.43  10.22  10.08 9.84 9.52

®4 BHSHREHZNSH

Tab.4 Parameters of the calibration curves

e B s
ek 1 0.002 04 0.003 52
gk 2 0.002 12 0.002 55
gk 3 0.002 07 0.003 10
hek 4 0.002 05 0.002 06
thek 5 0.002 02 0.001 03
YiE 0.002 06 0.002 45

RS WAEHATEHIXNRAMRHKELSR

Tab. 5 Back-calculated concentration of PGQ in

standard plasma samples ng-mL ™'
WelE/ (ng-mL™") k1 k2 k3 k4 hsks
S1,5 4.65 4.93 5.12 5.00 4.94
S2,10 11.4 12. 1 9.32 7.34  7.51
S3,50 50.2 55.4 53.1 60.5 54.4
$4,100 95.8 102 98.0 104 103
S5,500 479 504 477 477 504
S6,1 000 974 1 008 1 008 1028 985
S7,2 000 2 018 1820 2110 2028 1920

S8,5 000 5111 4820 4868 4799 4712

IR 3 A T AR S 2, m =5 B
s 8 AU £, =8,V Ay R LA e 2
UHCN = m xn =405 a, FRIERTZR 0545, bRt
e 55 o 8 AR LA I R B R
=1 145,625 3, R i AMRIE I FERE HE
MR ARHEF MR (= 1,2,3+-N) 51 g 0104
A

BT % s Swo= 3 (x - )P =
99 311 172.45,

mn

.Z[yj_(amxi-l_bm):lz
R EZE RS = = =

N-2
0. 000 45,

DN ARG by e v BB B AR & 15 Ik, P =15, 3t
SATE S 2 BE 4 i) Rk, = 15,16 ng-ml 7' %, =
2516.67 ng-mL™" %, =3 902. 00 ng-mL™', a =
0.002 06, I ity L& ALk G (8 s v 00 B2 AN A o 5

iy =S [l L -0t
JNVP N

Sxx

0.00045 /1
0.002 06

1 (15.16 -1 145.625)°

15 T40 09311 172.45 -0 071

S /1 1 (551\1_502
u(xM)=j ?+N+7=
a

Sxx

0.00045 [1 1 (2516.67-1145.625)" _ .
0.002 067 15 T 40 99 311 172.45 =v
ey =S L 1 Gu-0)
Ho = a P N Sxx B
0.00045 [1 1 (3902.00-1145.625)"
0.002 067\ 15 T40 * 99 311 172.45 =0.090

OBt 4 U5 FRO AR X s IR e AN T S T

u(x;)

ug(7,L) =uy(x,) = =0.071/15.16 =0.004 7

Xy

u(2y) _

urc](7’M) =urcl<xM) =

M

0.073/2 516.67 =0.000 029

u(xry)
urel<7’H> :urel<‘xH) = &H =
H

0.090/3 902.00 =0.000 023
3.2.8 BEFHGUI WM ERHZE LY
A TR MRS W RSB S PE AR
B B A 2 g AT

3.2.9 xMEEMAEIINNNEFHEE  XTHEK
PRABEATRE B, P B SAE, 5T B AN 5 B ALK
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x

Lo

4 ENETHEENSHEYT R

4.1 FFENZRAHEFE AR KIEATHE L%
AR XoF 25 AR X Ao A SO0 A o R A T A

U el = «/ufel(l) +u12'el(2) +ufel(3) +u’fe|(4) +u’fe|(5) +u’$e|<6) +u’fe|<7)

I3

W) PGQ it 8 i A 45 A XA 700 A 5 5

uc,rel ( L) =

0.017* +0.000 56> +0.010 5% +0.018 5° +0.032% +0.018> +0.004 7> =0. 046

u, (M) = /0.005 4% +0.000 56 +0.010 5% +0.018 5 +0.021% +0. 018 +0. 000 029> =0. 035

uc,rel ( H) =

PGQ JTAA A 14 A5 s v 0 AN 2 B 1
u (L) =u, (L) xx, =0.046 x 15.16 =0.70
w, (M) =u, (M) xx, =0.035 x2 516.67 =88. 87
w,(H) =u, ,(H) xx,; =0.034 x3 902.00 = 131. 345
4.2 FENERHEEGYT R RS IFEDE, X
EERER P =95% (k=2), WY JRAHE JE 55
M

U =kxu, (L) =1.39

Uy =kxu, (M) =177.74

Uy =kxu, (H) =262.69
5 MELERHRT

MEGEMRE P =95% (k=2), M3k PGQ X,
Hh R B TR I E A R B R OR Ol (15016
1.39),(2516.67 £177.74) fil (3 902.00 +262.69)
ng'mLf1 o
6 iTit

EH M T R HPLC-MS/MS 4381 77 32 % 1t
I PGQ B 0N 2 B, Fa RS20 It A S RN
MAIRIF AT T k. AR SCHRH A , A e B nl
i RIEAS A (k=2,P =95% )" o %o TR e J& #f
st o IO 3R P AN B 11 i ik e R, FLU Ry A R L T
AR APk, b R R A N B e R R A
PR A R RSO3 B o 3 B S B G R it L A
T2 DA AR B FR 38—k | A R b AS N e A

AR S ) 25 R B A AT I BRI A A%, B N
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