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Uncertainty Evaluation for the Determination of Pseudo-ginsenoside GQ in Human Urine by LC-MS/MS
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ABSTRACT OBJECTIVE: To evaluate the uncertainty for the determination of pseudo-ginsenoside GQ (PGQ) concentration in
human urine by LC-MS/MS. METHODS: The whole process of PGQ determination by LC-MS/MS in human urine was analyzed,
and the uncertainty caused by repeatability, weighing, standard solution preparation, biological sample preparation, recovery, in-
strument precision and calibration curve fitting were evaluated. The combined uncertainty were calculated and expanded. RE-
SULTS: The expanded uncertainty for low, medium, high (5.59, 48.07, 744.60 ng/ml) levels of PGQ in human urine were 0.58,
3.33, 50.62, respectively (P=95% , k=2). CONCLUSIONS: The uncertainty of the PGQ determination in human urine by
LC-MS/MS is mainly caused by recovery, repeatability of biological sample preparation and determination at low concentration; by

sample preparation and recovery at medium and high concentration.

KEYWORDS LC-MS/MS; Urine; Pseudo-ginsenoside GQ; Uncertainty

AN S A Tl I R 25 A AR R (80 HER
PEXE B FEEE o HEST NI E BE W PR E IR, B ITIR R
AN 2 S35 03 B SR R S KD , T 4 ) 45 5 =2 [ )
Al HePE, SRR 2 R A T =, A S 2T (Ginsen-
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A% 2258 (H A Shimadzu /A 7] ) ; Mettler AX105DR Y B, 7K
SF- (45 -+ Mettler Toledo 23 ) s DB-3D HY %0 < WK T 4% (5 [
Techne 23 ] ) s Milli Q FI4l /KA1 (3£ [E Millipore 23 ) o

1.2 w5l

PGQ it (5 MRAR RO G FRA R, 415 :98.2% )
INARARUE i : PGQ S5 F 25 BI) (G ARAR B 2500 e 4 AT B 23 W]
ALRF.98.4% ) ; HEE My (O %4l , 2.8 W6 Z IR B N Al , 2
Bk i Milli Q 4k R G il
2 FHik
2.1 BifRRIEEG

{6, 1%41: : Poroshell 120 EC Cs(50 mmx2.1 mm, 2.7 um) ; i
A I BE-10 mmol/L Z %% (90: 10, V/V) ; ik : 0.3 ml/min;
FEI 40 C5 FFE S 10 pl,

% JH HiL % 25 B4 715 (Electrospray ionization, ESI) , 7E 71 B
FHEHE T, 28 2 O Wil (Multiple reaction monitoring,
MRM) (#5545 48 = 70 A 5 431> MRM i 9 45 5 s [
k1 200 ms; PGQ Fl P AR AT 14 & 14 B 85 F X 19 J5t 407 Lb (m/z)
A3k 799.7—161.1 Fl 1 077.8—191.0; Ho A% 53 15F 7] 43 1] Ay
0.57.0.53 min,

2.2 FERGAARATEL S
HERFREL PGQ AR HE i 10.45 mg, o FF FF R 45 % 10 ml ot
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A, A5 BTk A 1.03 mg/ml BRI . RS B0 IR 1 ml,
PIHEESEZS 2 10 ml &I, 153 100 pg/ml 4 TAER W

VR R 95 70 T ok o o V4 43 1) >4 25,50, 100,250
1 000.2 000.5 000,10 000 ng/ml BARERNZE T AR, BT
SR B TAER W 0.5 ml, DL E 45 2 5 ml s, 18
F 10 pg/ml (9 TAER W83 LU T A/ER W 0.25 ml, LA H BEE
Z5 ml i, 535 pg/ml B TAER W75 I TAER WS 1
ml, DL 5 E 25 2 5 ml i, 75 3] 2 pg/ml 1 TAE R W6 ;
BUT AR W8 0.5 ml, LI BEE S 2 5 mlatfifih , 455 1 pg/ml
1 TAER W5 BT A/E W5 1.25 ml, UL EEE 45 % 5 ml &
i, 3 250 ng/ml B T AR W4 BT AER W5 0.5 ml, LA
P E 2 2 5 mla i, 7531 100 ng/ml /) TAE R W35 W BT
PEWR W4 1 ml, DI EEE A Z 5 ml 23, 155 50 ng/ml 19 T
VEWE W23 W BT AR W4 0.5 ml, DL EAEZS % 5 mldn i,
53 25 ng/ml i TAER W1,

T UERRFRBUA ARARUE S 10.23 mg, A E 10 mliE
P e B2 A 1.00 mg/ml (R . 17 50 ml i H A 1.00
mg/ml BE 1.25 ml, i FH 25 B 7K e 25, 1551 25 pg/ml AR T
TER
2.3 RiEEFEAREE

DRIBARUE HR R (1) 8 A B Ry 1 s ofie il 48 T4 Tk 8 ik
B 4 1/10, 76 bR 8B AS il 25 sk ] e )+ o ofE iy 28 e B (D
“2.37), BRI A br v il 2 v FE Y 51 2.5.,5,10,25,100,200
500.1 000 ng/ml.
2.4 PGQHINIE

B PR T2 T AR, IR21 10 s, LA 25 pg/ml N AR
TAEW 20 ul T2 ml EP & H IAFRZ 28 TR 30 pl(CTAE
TR g BT U 22 0k B 1 1043 5 RdBs REAS 2 I S RV LB )
FEAR T AR IR AR B 4 H ), A ZS R IFEAR 300 pl (R
FEREAR R AR PR AR IREAS TN 300 I 4 1 JRIGFEAS ) , 4%
JEIMA R TR 1 200 ul, ¥%3% 2 min & , L0280 8 em s
4 13 000 r/min 5.0 10 min, B EJZAHA 1 000 pl #5582
T RBESE T, T 40 C NG T, R I (K
=50:50, //¥)200 pl &% , J5% 2 min J , $5 7% B MO IERE
PLELL2PA2 0 8 em FE I H 13 000 t/min 5.0 2 min, 55 2 i
R, BERE 5wl e, 0 b B TS R R AL S e T R R
FNPRIEITA PGQ MR -
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FAFPGQUE o AniERRZE :y=ax+b,a WIEIH HRERIERR, b N
HMIE. PGQWREE: x=(y—b)/a.
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Fig 1 Causality diagram of uncertainty source
IR (L) . (M) 5 (HD ¥ (5,50, 800 ng/ml) B it 36 3 41 (m=

3), AT 5 (n=5) , Z 2R IR 1. HIZE/RAXIH

ALRPRIER % -5 () = /éluﬂ—;)z/ [(n=1) 4L K

HAPAT I E K TS S (x, L) =0.52 ng/ml, S, (x, L) =
0.77 ng/ml, S, (x, L) =0.69 ng/ml, M| 15 M 2 ) bR Ew 22 . S

(x,L)= _ﬁlsf(x,L)/Wzo.es? ng/ml
=

*x1 HREENELER(Xts,n=15,ng/ml)
Tab 1 The results of sample determination (X+s,n=15,

ng/ml)
G4l ARHREE (S ng/ml) HR I (50 ng/ml) R JE (800 ng/ml)
1 5.54+0.52 47.66+2.21 739.00 +44.29
22 5.57+0.77 49.74 +5.60 692.40 +34.35
23 5.65+0.69 46.82 £2.42 802.40 +53.20

VIRFZHIN A 25 SR - S5 Sl B 25 51 IR B P35
PIARAEM 224 : S (%) =S (x, L)Amn =1.01/{3x5 =0.17 ng/ml,
ARGV 13 2H B 3918 3 =5.59 ng/ml, TG e J38 o 4500 5 B AR G A
TEDSE AN R

ta(1,L) =u(x,L) =S(x)/x.=0.17/5.59=0.031

[ 3 3 e R 2 % (A xu=148.07 ng/ml, x,=
744.60 ng/ml, HF TR E A AR X A v AN S T 40 1)

(1, M) =1q(x,M) =50u)/xy=0.010

(1, H) =1ta(x, H)S(x) 54 =0.007 7
3.2.3 KPR PGQ K PIHRIT 5 A I A8 BE (I B 2%
PEERF)  MEEFRIPGQ 10.45 mg AR 10.23 mg, Fiik
BREATE RN  u(m) = ' (m)+1 (M)t (A)

TR ER IR u(m) CRTEEZ IR P IvE, it
AT AR iR 22 A H shiAZ 5 1 A E L u(A) Flu
(A BRI ) A5 A& T k=13, KPR 3 B e=0.01
mg, FENLAE 2 55 a=0.5 e, WIS AR E A -

u(A)=alk=0.5 e/ 3 =0.5%0.01//3 =0.002 9 mg

A SR ZAE R — A W ao=a, u(Ao) =adk=u(A) =
0.002 9 mg. R F-AUARIEMR A E A S B EE MR ER

H:

u(m) =\ u*(A)+u*(A) =0.004 1 mg

R R E R MR ER, PGQ(W,) FIPIAR(W.) IFR AT
R e AN R B 53 3

(W) =u.(m)/W;=0.004 08/10.45=0.000 39

ta(W2) =u.(m)/W,=0.004 08/10.23=0.000 40

KPRt RS A AN 5 B EA T 5 1, DUk 5 R R AR X A
Y AN E N -

e (2) =) 1 (W)t (W,) =0.000 56
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) (D RRE AP A E B . 88 0 A ot i (F)
FIAE R 5.10,50 ml, HAx K AL 220 £0.01 ml, +0.02 ml f1 +
0.05 ml, % = fMIE0AA , A EEF k=6 , WA FRAEN A
e R

1 (Fs) =a/(kx) =0.010/(/6 x5)=0.000 82

(From) =a/(kx) =0.020/(6 x10) =0.000 82

1t (Fsom) =a/(kx) =0.050/(/ 6 x50)=0.000 41

)BT AR . (08 B A A BRI
(T)>40.5.1.2 ml, HAg K Ao 2243 & £ 0.005 ml, £ 0.008 ml
A +0.012 ml, # =B A EHF k=6, JAXFRIFEDN
BN E N -

e Tsm) =a/ (k) =0.005/(/6 x0.5)=0.004 1

1 (Tiom) =a/(kx) =0.008/(V 6 x1)=0.003 3

e Toom) =a/ (kx) =0.012/(/ 6 x2) =0.002 45

(3) AL F A BN AN 22 FE o 1039 Ut FH Eppendorf il
FEM IS . 20~200 pl(P)FI 100~1 000 pl(P.) , P17 20 pl #l
100 wl ISP ARXT fe K AL 2593 51K + 2.5% 1 + 0.6 % , Po7E 500 pl Al
1000 pl I AHXF e R AL 225350 £ 1.0% H1 £ 0.6% . % —ffIE
IR AL TRT k=06, WA A AR BRI S AN K -

ua(Prso) =a/(kx) =0.025xx/(kx) =0.025/k=0.010

(P o) =@/ (kx) =0.006xx/(kx) =0.006/k=0.002 4

e (Paso0) = ao/ (kx) =0.001xx/(kx) =0.01/k=0.004 1

tea(Payo00) =a/ (kx) =0.006xx/ (kx ) =0.006/k=0.002 4

(4) XF B SR TV E 1 B ) AP AN o X RS VA
e CELAE I 25 M L ) ) SE 45 FF 5 mI & 8 ¥k, 10 ml & 2 YK,
0.5 mIBBE 5 IR, 1 mIBBRE 31K, 2 mI BB 11K AR
i 10 ml &) 1 7%, 50 ml &) 1, 2 mI BB IAE 1 Uk, WA
Fic 1 5 PGQ A AR AR R A v AN 58 S A

u4(3,PGQ)

:J 8ttes” (Fs ) 200" (From) 501’ (Tosim)+3tha” (T1 )ttt (Tor) =0.011

(35 IBR) =\ ttes” (Fro i)+ttt (From) Httee (T2 ) =0.002 6

1 (3) =\ (3, TGC) 1’ (3, PIb) =0.012

(5) T ZARHERE S RT A A b B AR 5 | RIS AN o2 1 (R
BASTEEFET ) o BUhlbRiE & 25065 (S) AR (QC) BT
TR 0 8- F0 U KRR ] - 20~ 200 pl WZHL 25 pl 17,30 ul 1
YAI200 pl 2%, 100~1 000 pl BZH 500 pl 1Y%, 1000 pl 27K,
DUTTSE SR T 15 220 BsF (98 A X A e S0 A A

ua(4,8) =u.(4,QC)

= 2’ (P120)+ 211 (P 100) e (P ) it (P o)
urel(4):
=/2(2x0.010*+2x0.002 4*+0.04 1*+2x0.002 4*) =0.022
3.25 FHEEGIR(ABERIFERT) HEBGIREGIARAHE
B 2 R EISCR (RE) o Fedfil 344 1) QC, [RIF FH R shiAH
B il 5 33 3 A 48 W B8 A [F) A A B, RT3 = SR IBORE P i
PGQ W T A (A) /bR 1E VA T 1) PGQIETH AL (B) , B4 FA 2R
FE 5 U (B WL2% 2) , D] [T Se 3 8 A X e I AN R
SD, 3.87

o(5,1L) =un(RE,L)= = =0.025
(5, L) = (RE L) = g o = a8 08/ 5

SDy, 1.89
(5, M) =us(RE, M) = = =0.012
tea(5, M) = st ) RE%un  69.54x/5

SD, 1.97
ua(5,H)=u.(RE,H)= = =0.012

RE%u/n  71.61x/5
3.2.6 AUFREALT AR S AR ERE IS R APT 4000
= EE R R UM AT E A, BT AT WA A SHIMADZU LC-20AD i
ARELTE R G0, SRS RE o R AR AR 1 e K A2 220 3% FN
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R2 PGQHIFEMEIKZE (X +s,n=5)
Tab 2 Extraction recovery of PGQ(x+s,n=5)
PR, X IR TN

ng/ml IR VR TSI 1] A RE, %
5(L) 2 876.00+61.48 4220.00+189.34  68.28 £3.87
50(M) 24 280.00 = 683.37 34920.00 £ 690.65  69.54+1.89
800(H) 371 200.00 +9 391.49 518 400.00 + 6 503.85 71.61+1.97

1% 535515041, ISR s A A AR X AR TR s AN o
e (6) =\ Bt WA =1 (0.03473 )*+(0.01473 )?
=0.018
3.2.7 LMWL A LRSI A BN EE (H BT ERE
7)) ME 8 ANAS[RIHR BE ()% R R I, F PGQ U TR AR 5 N AR
U T AR LA X PGQ ¥R B HEA T 2R PE LA, PGQ 5 Py Al T £
L UL 35 AEE R 10 1, 15 31 3 S5 i Hh 2%, 5 R I,
2% 45 LA BObR R 2 1380 H X0 BE S R 19 PGQ T vk
e o

®3 PGQE5RIRIEEMNLL
Tab 3 Peak area ratio of PGQ with the internal standard

‘?i%fg,ng/ml mhk 1 i<k 2 i<k 3
Si,2.5 0.121 0.151 0.192
S, 5 0.249 0.286 0.421
S5, 10 0.562 0.656 0.850
S4,25 1.46 1.41 1.69
Ss, 100 5.10 5.29 6.97
S, 200 9.95 10.5 13.9
S;,500 21.6 26.4 30.0
Ss, 1 000 46.9 51.9 70.1

R4 BUAREZHSH

Tab 4 Parameters of fitted calibration curves

T R i
k1 0.049 0.003
k2 0.053 0.020
k3 0.068 0.034
I 0.057 0.019

*x5 WERRREHPGQHIRERE (ng/ml)

Tab 5 Concentration of PGQ in standard urine samples (ng/

ml)

%Ef)ﬂ‘:,ng/ml k1 k2 k3
Si,2.5 2.41 2.47 2.32
S, 5 5.00 5.00 5.69
S, 10 11.4 12.0 12.0
Si,25 29.7 26.0 24.4
Ss, 100 104 99.4 102
Ss,200 203 198 204
S;,500 441 498 441
Ss, 1 000 957 979 1030

o} B ity DRV R AU R TR AT B R BN 3R, m= 3, B ifE
HHZE A 8 AUk BE 5, n=8, N Ay il 5 s vhE b A V5 YA 1) YR B,
N=mxn=24;a, AHERZE BRI b, Arbr it 2R IR s x Ry
S ANFRUE DR IBCHE B B BRI IME , x=230.03 5 x M 26 i A FrifE IR
TRV TR BE 57 R 5 TR BAR IR IR P B (j=1,2,3-+-N) 3.
SRR RV TR A PR

FARTT 20 :Sa= ﬁl(x,—x)2:2 515 960.89
J=

mn

2 [ (@b
2
N—2

=0.009 4

FRAAREZE N - S= / .
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TEAIG P R B TR AR 45 159K, P=15, T AR 51
e 25 R x0=5.59 ng/ml xy=48.07 ng/ml .x,="744.60 ng/ml,
a=0.057 , W th 2 AP 5 A BRI S A i A
S |1, 1, Ga—x)
O T
09 4

000941, 1, (550-230.08) _p o

0.057 V15 24" 2515 960.89
_S(1 1 Gu—x)*
u(xM)*E P+N+ Sx
_ 0.009 4Ji 1, (48.07—230.03)* _
0.057 1522+ 251596080 013
_i l L (XH*)C)
u(xH)—E PNt
_0.009 4Ji 1, (744.60—230.03)" _
0.057 V1572417 2515 960.89 0.105
D) R AEL A5 A ARG o U e AN o o
uml(7,L):u,cl(x[_):@:0.020/5.59:0.011
u,e1(7,M)=um,<xM):”(xﬁ”) =0.013/48.07=0.001 2
M
u,el(7,H):um,(xH):@:0.105/744.60:0.000 10
H

3.2.8 MEMAHSIERI A E R IR,
iR IR R G, W AR SR SIS A AN B 8 5] 2%
it
3.2.9 XREMBATEES | AR A E R X IR
FERE A FLEAE, W5 AR S B2
3.3 RENETHEENER
MR AN 2 A 40 FAEE XoF 5 P X A o D A o 1A
Bl
thora = 1 (D10’ (2) 1 (3) bt (D)t (5) 10’ (6) i (7)
] PGQ BT i A A5 A XA v I e A 5 1 43 310 A
Uena (L) =1/ 0.031+0.000 56-+0.012+0,022+0,025+0.01840.011°
=0.051 5

Ue.s(M) :J 0.010%+0.000 56*+0.012%+0.022+0.012+0.018"+0.001 2°
=0.035

e (H) =1/ 0,007 740,000 564+0.012-40,02240.012:40.018:40.001 07
=0.034

PGQ B b i A A bR I 5 A 22 2431 A «

u(L) =u.a(L)xx=0.051 5%5.59=0.29

u. (M) =u....(M)xxy=0.035x48.07=1.66

u(H) =, a(H) xx3=0.034x744.60=25.31
34 RAENETHEENT E

FHE 2V 2%, X0 1 B AR AR P=95% (k=2) , WY &
ANE AT 3R

U=kxu.(L)=0.58

Uv=kxu(M)=3.33

Un=k>xu.(H)=50.62
3.5 MELRMER

MEGWER P=95% (k=2) , JRIEF PGQIK . v BE ot
8 B 2 5 SR TT DALy B 7R S (5.59 £ 0.58)  (48.07 £3.33)
(744.60 +50.62) ng/ml,
4 g

ASCPF T 2R F LC-MS/MS 23 #5222 AR PGQ
W B AN B, e BRI g A S RS 0 B () SR R O i
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oo MR SCHR[9140GE , A 5 B A T IE S0 A (k=2,
P=95% ) o X FARU L BTAE AL il e, (SO X AN 22 JEE 1Y
SRR K, FLUCON LR WA O RN E S 0 5 P R TR BE R A 1Y
ANIF R JRE A Ry A R TR ) (1A R R, X AR
SRR it P 2o R DR A I R A 3 — 1k, DA i A i A
FRMERRIE . AN BE A i AT BT R LI 2.

u(DARIEZALE

u(6) AT
 w )RR "
E\@‘ Rt
B w R - f
g ‘
%
u(3) T AR
u(2)Fri
u (DR
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Fig 2 Statistic histogram of components of uncertainty
SZ YIRS 25T B o i RO S 2%, 32 B T
WA ZREZ 3030 53 Bl o o A v 58 22 1 R U8 S R/ N AT
3N AE TR AN SIS I J5 58, AT AAG I 2 5 5 A T
FEo N T S BR R I 24 3 R M bR A, B e AR 2 SR Y
JoitE o RE 7 A T AN A B P KR A AL
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