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Uncertainty evaluation on determination of ginsenoside Re in human plasma by
LC-MS
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Abstract: Objective To evaluate the uncertainty in determination of ginsenoside Re in human plasma by LC-MS. Methods The
uncertainty caused by various factors in the whole process of determination was analyzed. Mathematical model was established.
Influential factors of uncertainty were identified and evaluated. The combined uncertainty was calculated and the expanded uncertainty
was obtained. Results The expanded uncertainty for the low-, mid-, and high-dose (1.00, 125.25, and 1 002.00 pg/L) ginsenoside Re
was 4.38, 19.80, and 199.60 pg/L, respectively (P = 95%). Conclusion This method is applicable to uncertainty evaluation of
ginsenoside Re determination in human plasma, and the uncertainty of this method was mainly caused by linear regression.
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FEE, 28 (FEE Merck AR, ik, /KA H
HIFBAEK s 2% LR L 7 T s 2 K2 B s 3 s
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2.1 BIiERHG

{14 ) ZORBAX SB-C 4 Synergi POLAR-RP
(30 mmX2.16 mm, 3.5 pm); WA MK (A) -
M (B): 0~5 min, 15%~35% (B); 5~18 mim,
35% (B); 18~23 min, 35%~100% (B); 23~25
min, 100% (B), /B & 0.3 mL/min; A3 40 C;
HEFF R 10 pL.
2.2 &M

JRE A ESI & 1§; Gas Flow 9 L/min, Gas
Temp 350 °C, Nebulizer 275.79 kPa, Capillary 4 000
Vi IEB PRI, Ay Ok B R
(SIM), H T &EMNE T NS 21T Re, [M+
Na]" m/z 969.6, Fragmentor: 320 V; PkrihitzE,
[M+H]" m/z 285.0, Fragmentor: 165 V; I a]
24 200 ms.
23 MEBEIEREARARBIEH
23.1 AZEAF Re AHEHECH] BRI
Z AT Re ARG 10.02 mg T 10 mL &),
FER T E R 2 ZE, 75, W 1.002 gL IMAS
BAF Re &G H OB & e N 2 2 14F
Re JFEIKE N 10.02. 100.20. 501.00. 6 262.50.
12 525.00. 25 050.00 pg/L 1) Z AR E -
232 PIBREEHIIECHE] R B PR PG T
12.18 mg - 10 mL &)t , R IF e 5 2 %)
B, 19 1.218 mg/mL (KL PG4t 20 ,  FFH FH A
A 121.8 pg/L AE N AR TAER -
24 MM RAE

K2 HE 200 pl MK T 1.5 mL 25 (B L A
FE2 I 10 uL NFRE i) 30's, A 400
uL S, e ~) 2 min, 14 000 r/min &.0» 10 min,
W ESHMT 40 [ N U R IR, 100 pL 35% iR
%5, 14 000 r/min 250> 10 min, BT 10 uL SEFE
93T .
2.5 STHFREMLZAYEH

FIBWRE (BEFE 0.5~10 pl) 235k 3 8 A
Z BT Re RINBMERW 10 uL T 1.5 mL 25 (1 &0
B, Ny Rk, RS (EEFE 10~200 ul) i
A 200 uL A EIMLK, WREERAS, BUfl A S8ty
Re JiEIREZ50 0500 5.01. 25.05. 313.13.

626.25. 1 252.50 pg/L MIARAES Zhil 2%, FHAS RS
(M 0.5~10 L) 73 HIIIAHFR 10 Lo 3% FiRT5
WRACHE] 1,004 125.25 F1 1 002.00 pg/L 1155 2 kR I
Ko mERNE (L. B (M) FiE (HD KRR
PERE A, AT TV IORT % FE AN R R % 42
2.6 HFEBEIREST

y—>b

a

Hr, x WASEAF Re MIEKRE pg/L, y WASE
1 Re WE TR 5 AR PG PRIG TR 2 L, o bsifE M2,
b Ay biAE £k A .
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P XTI R R TARM A NS IR
AR, Fer AR £ 52 i e ) el 32
ARG A E IR R FUE AR
e Gem RERUFRBWE 1 22) s, IASA
ML 2R P BRSZ AL 2% S22 s (2D FF i (P AL 2
WA A (3D AXERIIGE: (4) FrufkdhZem)
Pt (5) WSS, XED B A R AR Xt
D5 G e p= LR 5, DR R 2 AN o FE TR R U
3 THEEMTESER
31 AEXFRHEETFE, Q)

HEEWN OFERD SINIAFCEET A
BT $% “2.57 TN ks mlcH A S 21
Re I3 FEKRE N 0.50. 5.01. 25.05. 313.13.
626.25. 1252.00 pg/L [ARAENLIE, FEPATECHMK.
W EREEREAE A 6 Y (n=6), F% “2.47 i
TONER B HERE, DAAS AT Re 15 S HIEHEIR
5 AR 5 VTR 2 AR ik B A e P [l
1FBbRAERD 2T R, K TR LS S I AR 5
P55 AN AR AR HE N 2R, VA5 81T
FEM RS . — LB HAT 3 4 (n=18), HECiHfilAN
WE 5 R WK 1.

WA VLB IR o X G IR A i 22 «

220G =X =0.111 7 pg/L
A T

>3 G %) =9.796 0 pg/L

j=1 k=1

S, (x, M) = g

22,05 =) —50.851 8 ug/L

m(n—1)

S,(x,H)=
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AR m R EEEL o LI E RS (AR5
m=3, n=6); H k HAFAPATIE 5% (1, 2,
JONHE (1, 2, -, m).

on),

£1 ASEHReEENEHE n=18)

Table 1 Repeatability for measurement of ginsenoside

Re (n =18)
Cmmk | R ] EERkE
P et [P ey | e
Llx, 094 |Mlx, 12239 |Hlx, 1120.84
X 093 X 124.63 X, 1142.50
xi3 088 X3 116.02 x;; 114438
X14 1.15 x4 133.55 x4 1133.52
xis 1.0l x5 130.8 x5 1019.20
x5 1.06 x5 127.85 x1s  1098.45
L2x, 115 |[M2x,; 10583 |H2x, 1057.13
x»n 108 X 115.64 X, 1106.38
X3 0.87 X3 114.82 X3 1098.30
X 107 Xy 11835 Xy, 1122.14
x5 116 X5 124.65 x5 1078.68
X»s  0.89 Xy 118.32 Xy 1116.37
L3x; 091 M3x; 10539 | H3x;, 1137.85
X; 093 xp  113.14 X 1180.69
X33 0.86 x;; 10826 X3 1199.88
Xy 107 Xy 11411 X3 1168.70
X35 0.89 X35 122,18 xys  1194.87
X3 1.03 X3 99.14]  xys 1176.77

LARFAL 6 MEAF PRSI LR, W
{EL AR b A 22 -

S (xL)= =0.0263
) = = s
— S,(x,M) 97960
S (x,M)="2 - =2.3089
p( ) mn V3x6
—  S,(x,H) 50.8518
S (x,H)=—2 = =11.9859
,,( ) N mn V3x6
(L) =u (x, )= 1D 00263 5065
x.L 09933

w (M) 23089
M 1175039
w(H) _ 119859 _ 6106
W H 11275917
32 BEIHMEETE

3.2.1 X GREGIAIABEE, u2) K

=0.0196

u(LM)=u.(x,M)=

u,(LH)=u(x,H)=

FYEIRE, R RS ok B AN 2 B2 T LA AN

e WA THREREIE, Tz Wk

V- (e=0.1), ZHSJ AT, RV HIARZt iRz -
u(A, Nonlinear) = % = % =0.0577 mg
KA HEEL 1 B, Kb a = ap, N

KV BHET R RRZEDN

~ 5 0.0577 mg

AN B E SR TEIS, RV HIFR AN E B A «

u(A, Zeroing) =

u,(m)= \/u2 (A, Nonlinear) +u*(A, Zeroing)
=/0.057 7> +0.057 7*

=0.081 6 mg
ANEEEGIERZER, HEASEE Re N
K PRUEAHA B N -
u (m) 0.0816
©10.02

u,,(m)= =0.0081

m
u (m) _0.0816
m,  12.18

TR 25 | (R AR B MEAN A o0 A -
u,(2) = Ju? (m) +1> (m,) =/0.008 1> +0.006 7 =0.010 5

3.2.2 PO O SN A E BT, w,(3)
Bic IR R S RN T R 10 mL /2 100 mL &
e, FoleR AavFRZE7 7m0 £0.02. £0.10 mL. £
TR AW MR N, RS F =5
A, SORAR BRAE AN 2 A -

u,,(my)= =0.0067

u ey == %92 60008
kx, \/EXIO

u (2= =910 40004
ke, J6x100

PR VR G 1 B B A2 0~1. 0~
5mL, WA R FevFiR 250 5 £0.008. £
0.025 mL. T EEXT TR s/, ZEEAS
e =504, A FRAEA & BE A «

u (x, Py == 0008 _ 0033
kx, J6x1

u (v, P2) == 0025 6020
kx, J6x5

AR BC I R A A 2 11 7k 10 mL & 2
X 100 mL )4 IR (0~1 mL, 1 {X 0.2 mL.



- 650 -

%tz Drug Evaluation Research 3538% 6% 20154E 12 B

1% 05mLF1 2% 1mL), 8 XEWE (0~5mL,
3/ 2mLs 1 X 4mL 14 % 5mL), HAKFRAEA
fif e N

u ()= \/1 L2 (e, V1) + 2007 (2, 2) + (24022 + 052 (x, Py +[4+3x (%)z + (%)2 W (x,P2)

=0.007 1

323 FLHIE AR LRI I IAE L, u(4)
FEEOE RN 200 pL 25K A 10 pL bR
W, AT, AN R AR T R . Be i
PRUEW T B WA R : 0.5~10 uL. 10~200
ul, SIS IR ARVFIRZE 73 9+0.8 pl. +3
pLo BT BEXT E AP AR N, ZBA T, 3
FHXBRAEASf 2 BN -

u(x)—i— 0.8
T kx, J3x10

u(x)—i——3
T ke, J3%100

DR, i ) i 5 BT PRI A e HE AN 28 A -
u,(4) = Ju’ () +1’ (x,) =/0.046 2° +0.017 3* =0.049 3

3.2.4  MFERIRBULRE, w(5) % “2.57 W Ry
PRECHNE (L. v (MD Bl (HD R BE R FE
340, $L42.47 0 PSR S BERE , #E1T LC-MS
W5E, 13 2UH Y 25 P AR AR TR, 2350
As (H). Ai (HDo 2R EBCHIAR MR (LD,
(VD Rl (HD R R UG IO R
AP 3 0%, AT LC-MS M5, £33 254 i AR
FAFRIEEIEL, 2350d 8 As (D). Al (D). AZ
B Re $-HUAMCR (%) =[As (HD /Ai (H) }/[As
(D) /Ai (D) JmsX100%, &Z55H % 2.
#®2 LCMSENEMRHPASEH Re MIRAEWE (n=3)
Table 2 Extraction recovery of ginsenoside Re in plasma by
LC-MS method (n =3)

NS B Re/(ugL™)  [FICH/% %M SD

1.00 87.94 78.24 81.50 82.56 4.94

125.25 71.19 82.26 88.01 80.49 8.55

1 002.00 70.25 71.23 87.01 76.16 9.41

=0.0462

=0.0173

[T KT A B tE AN 52 T -

SD(L) 4.94
u (5,L)=u,(R,L)= = =0.0345
G D)= (R.L) Mean(L)Wn  82.56x+/3
SD(M) 8.55

=0.0613

5,M) = RsM = -
u, (5, M) =u,( ) Mean(M)«/; 80.49x+/3

SDH) _ 941

Mean(H)Vn  76.16x+/3
325 WUERENMATERE, w(6) FTHNEEES N
Agilent 6410, HERMALZEN1%, L5510,

FCARARUEAN A 2 R -

u, (6) = 00140058

V3

3.2.6 FEMARBAMSIANMMEATEE TR
A SR Y (BRAEV 127D, WA I FH e
TBA 2 min, DR ERFR AN S8 S PR SR IR AN 2 15
RN, AT BBEAT

3.2.7  RPEFNAREREG NIRRT, ulT) £
FEACH 25400 52 I 5 B e s S An v 2k, AR P b
HE M2 VT 519 BR KO S IR, HAR P2 i
FH BBt By, [ RR I S AR SO
AR B G . [N S 2 4F Re IR A
0.50. 5.01. 25.05. 313.13. 626.25. 1252.50 pg/L
PRUEIZEAE S, PR AR ERSRLI, DL y=As/Ai 15T
ANFIREE y 8, AR SN E 3%, BE
1 25bRifE 2, WsE 3 d, B4 3 SehniE ek (38 3).

B A bR D 25 A «

¢ _\/;[yj _(axi +b)] =3.7453
- N-2
HAHKTT 22

S. =3 (x,~x =11096906.5851

Jj=1
FAARTFEN AR P EREE s FE s 18 Ik,
33 x, L =0.9933 « x,M =117.5039 .
x,H =1127.5917 , FFRUEARHIE N

7 TN\2
uLy=S [ Ly L L= ) 1ees
AP N s,

u (5, H)y=u,(R,H)= =0.0713

—
u(x,M)zi l+L+M=2.1039
a\P N w

17 \2
ey =S | Lo L =07 5 6403
a\P N o

AR, PANE x FERE (P =18); N A bsifk
MR (N=mXn=6X9=>54); j HMEFRAENL
BIFE G =1, 2, 3, =, NDs i S RRdIbRIE 3 1 75
GG=1, 2, 3, = ND)s x N4l m = 6 DFrAEMRHRE )
SIS X, A A ERHE LSRR R
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#3 ASEH Re SRRIEERILEMASES Re KiMKEMR=9)

Table 3 Peak area ratio of ginsenoside Re to internal standard and measured concentration of ginsenoside Re (n =9)

W (sl E RN F2R RPN
N1 2 V3 Y1 V2 V3 Y1 Y2 V3
0.50 0.255 0.245 0.255 0.260 0.240 0.245 0.255 0.265 0.260
5.01 2.515 2.595 2.520 2.620 2.440 2.580 2.380 2.630 2.555
25.05 12.060 12.065 12.062 11.495 11.755  11.295 13220  12.375 12.720
313.13 156.810  159.760 158315  165.125  162.380 164.255 167.530  158.920  160.085
626.25 310.070  308.945  309.470 315260 312265 313.390 316445 315230  317.710
1252.50 624.000  628.500  632.140  636.000  627.000  632.500  632.500  627.000  625.685
o (ug/) ERPN F2R FI3KR
X1 X3 X3 X1 X3 X3 X1 X3 X3
0.50 0.50 0.48 0.50 0.50 0.46 0.47 0.50 0.52 0.51
5.01 5.03 5.19 5.04 5.21 4.85 5.13 4.68 5.17 5.02
25.05 24.16 24.17 24.16 22.92 23.44 22.52 25.98 24.32 24.99
313.13 31424 32015 31725  329.57 324.09  327.83  329.14  312.22 314.51
626.25 62137  619.12  620.17  629.24 62326 62551  621.70  619.32 624.19
1252.50 125049 125951 126680 1269.44 125148 126246 124264 1231.83 122925
SEEIS S a 0.499 0.501 0.509
b 0.005 0.010 -0.002
r 1.000 0.999 0.999

6 MRHEMLKHET R i=1, 2, 3, 4, 5, 6 (m=6); FAFRAEMKIE 3 WIHHF R i=1, 2, 3 (h=9

AR bR AN 2
u(x,L) 2.1883
x,L 09933

u (7,Ly=u,(x,L)= =2.2030

u(x,M) _ 2.1039

=0.0179
wM  117.5039

u (7,M)=u(x,M)=

u(x, H)  2.6403

= =0.0023
x,H 1127.5917

u (7,H)=u(x,H)=

3.3 ERAHEEMITE
NS B Re IR LI 52 PR bR AN 52 N

Uy = \/uf(l,H)+uf(2)+uf(3)+uf(4)+uf(5,H)+uf(6)+uf(7,H)
=0.0885

u,,, = \/uf (LL)+u’(2Q)+u(3) +u (@) +u’ (5, L) +u’(6) +u’(7,L)
=2.2040

Uy = (M) + 02 (2) 410} (3) 41} (4)+1 (5, M) +14] (6)+ (7, M)
=0.084 2

NS B Re WL E (M ARHEAN LN -

u,, =u,,,xx,L=2.2040x0.9933=2.19 ug/L

c,

w3 M = 0.084 2x117.503 9=9.90 pg/L

Uy =Uepp

w, =u_ ,xx,H =0.0885x1127.5917=99.80 ug/L

34 FRAHEEMTE

W k=2, XINIEEBEN 95.45%, NS
T Re W SEM & 14 e AN 2 A «

Up=hu, ;=2 x219=438 ug/L

Uyr=kue =2 % 9.90 = 19.80 pg/L

Up = ku =2 % 99.80 = 199.60 pg/L
35 MELRMERT

NG P SR B A A S 2 1F
Re MK EE W 735 K7k (099 £4.38) pg/L.
(117.504+19.80) pg/L. (1127.594199.60) pg/L,
k=2 (95.45%[M B A5 X 0],
4 g

AR SR A% AR R H T K
REFEZ R, SCHRARE 1A= A i 43 B A8 N e 25
BRI E EVEE B D . B E N AN ERS i3
A B Kb Ak 25 5 304, 3B N bR 2 1 5
IR, AN BEVE e B R E .

SERATAN, (A0 S R B 4 A T A
JE FEDTIR IR, ORI B2 B A R T
CR#ESS 671 11D
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