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BE:BHN A3 = FwWHAFRAKAEMNE TR PHIESK(IPR K ALIPR Sk A2) 200 R 7275 ik .07k 422020 5
R (P B 253 (—36)) A= JJF1059. 1 - 20120 & R A€ B3R 2 5 A7) F A PR IE S k&N 2 7 ik (= EwWhAFR IR A &), &
SRR M ERH AR E, T EE RN ER AR E T R R EANTH T RR 9, A
PARE N KRR B SRR T EARD, A 3.900x 1072;95% B R AT, MR P A RAMMIFERHLEF RS IKAL A
4.988 x 1072, 37 R % Ak A2 4 4. 986 X 10”5 ¥ B RA LY R S Ak Al 4 0.01037%, 4% &5 4(0.1037 £0.01037)%, ¥ & % Ik A2
7 0.01237%, 4 R A7 4(0.124 0£0.01237)%, L& B F (k) 4 2. 4518 AP HAE S Rl 2 R A 2 B R RE S, L 27 BB ondk
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Uncertainty Evaluation for Determination of Characteristic Polypeptides in Asini Corii

Colla by Triple Quadrupole Liquid Chromatography — Mass Spectrometry
GAO Min,WANG Hui,WANG Jian,LI Ming,ZHANG Ping
(ZaoZhuang Institute for Food and Drug Control.Zaoshuang.Shandong 277000, China)
Abstract: Objective
Al,donkey peptide A2) in Asini Corii Colla by triple quadrupole liquid chromatography — mass spectrometry. Methods

To establish an uncertainty evaluation method for determination of characteristic polypeptides (donkey peptide
According
to the determination method of characteristic polypeptide content in Asini Corii Colla (triple quadrupole liquid chromatography —
mass spectrometry) in the Chinese Pharmacopoeia (Volume 1 ) (2020 edition) and JJF1059.1 - 2012 Evaluation and Expression of
Uncertainty in  Measurement, the corresponding mathematical model was established to determine the factors affecting the
determination uncertainty, and the combined relative standard uncertainty and expanded uncertainty were calculated. Results A total
of nine sources of uncertainty were identified, with the uncertainty from the preparation of the standard curve solution was the
highest at 3.900x107?;under the 95% confidence interval,the combined relative standard uncertainty of donkey peptide Al in Asini
Corii Colla was 4.988 x 10~ 2,and donkey peptide A2 was 4.986 X 10~ * respectively;the expanded uncertainty of donkey peptide
Al was 0.010 37%,with the result expressed as (0.103 7 = 0.010 37)%;and donkey peptide A2 was 0.012 37%, with the result
expressed as (0.124 0 + 0.012 37)%,and the coverage factor (k) was 2. Conclusion There are many sources of uncertainty in the
measurement of characteristic polypeptides in Asini Corii Colla,and the weighing of reference material is the main factor affecting the
measurement results. During the inspection process, the equipment should be regularly maintained, the equipment with appropriate

calibration level should be selected,and the operation should be standardized to improve the quality of inspection and detection.

Key words: Asini Corii Colla;characteristic polypeptides;triple quadrupole liquid chromatography — mass spectrometry ;uncertainty
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BEA ML (3R T A RK L 4 il i A B2 /) 5 SK72008 7
AR (iR S A AR A TR A FD .
1.2 X%

BATJie (Ll AR 2R B BT Jie A PR 28 W) L it 4 01220610) 5
PR 22 K AT XT B (64547 112040 - 202102, & &>
92.5%) , i 22 Ik A2 X HE L (FiE45 24 112041 - 202102,
TN 95.3%) Y A HPE AL 2 A E B B 5
G153 K7 2% J5E 4 14 T (Sigma — Aldrich < 1§ > S5 A R
oL S R TT309) 5 LN R Gk Al R g at, ik
PR B R A 4l K R alifk ok o
2 HEEER
2.1 RTE&gHe-1

38 5 435K J ZORBAX SB C g %1 (250 mm %
2.1 mm,5 pm) ; F s N5 (A) - 0. 1% RIS B) ,
KA BE ¥R B (0~25 min B} 5%A — 20%A, 95%B —
80%B;25 ~ 40 min Iif 20%A — 50%A ,80%B — 50%B) ;
WA 0. 3 mL/ min; #EE A 35 °C#EEE RN 5 pl.

B S5 A - 22 O W (MRMO) 55X, HL I 55 55 -1k
(ESD) 1F 2§ R84 5 540 A 9 L/ min, RN
350 °C; B TR 42 L LR A 4 000 V, filf 18 Hi R 20 V5
WRZ K AL ERE TRER 469.25m/z— 712.30 m/ z,
FEMEES XN 469. 25 m [ z— 783. 40 m | z; W IR K A2
EREBET X N618.35m/z— 779. 40 m / z, EPE B TXF
H618.35m/z— 850.40 m / z.

2.2 BiwH &L

O3 BB RZ K A 1R IR S 12. 96 mg Rk A2 %
WS 13, 20 mg A EFRE , NN 1% BRIR SR R, ENFS:
Bl mLEFIIRZAK AL DR ZRE A2 50508 2. 397 6 pe.
2.515 9 wg AYTR A XT IR S M B RE A, i LS 03 CF
[\, BURE S F R 0. 103 1 g, KE % FR & , B 50 mL & =il
oI 1 9% R R R AR TR IR 40 mL, BB (D)3 250 W, Hi %
40 kHz) ZbFE 30 min, T 1% BRI S AR RUE S, $120 5 68
B mL, &S mL AT T8 50 B 99 8 1
VIR 1 9% filk TR S 480 5 0 ) B B Tl 0 35 1 mg PO T
(BRECHLH) T mL, i 1 9% Bl R e 45, #521,37 °C
TE R AR 12 h, 23 38, S8R, RIAS A A U
2.3 HEFEZE

L JE M B 2. 2 300 VR A % B VA TR R
A I o, 2 2. 1 00 e SRR AR A2 |, 43 i) =
PR Z K AL IR 22 K A2 A FR RS 1 R o 45 R
il TR, 7E 5 TR A X R VA VR €2 A (] £ B B ] Ak
AR oG B, SRR L R R A I 1

LR R A N R I 2. 2T N YRS IR VA TR
1 mL.2 mL.5 mL.10 mL.20 mL #125 mL, 43 %] & 50 mL
ZEm R, N 1% BRI 2, i I R SR A
HE VA T o 0 SR 2 R R B TR 5 %o R R T S 2. 2. 31
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cps /% 10 3051 min X ERE /%
. - 1253 Ratio = 40. 1(99. 5%)
L6 1.0
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1.2 0.6
1.0 0.4
0.8
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- 464 Ratio = 78. 3(106. 6 %)
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0.4 0
T T T ¢t/ min T T T T t / min
3.0 3.5 4.0 3.0 3.5 4.0
2
A
cps /% 10 i X 1 %
3. 037 min L
50 346 Ratio = 37. 4(92. 9%)
75 1.0
7.0 0.8
6.5 0.6
6.0
3 0.4
5.0 ‘0
45 T T T ri/ min I T T T vt/ min
2.5 3.0 3.5 2.5 3.0 3.5
1
cps /X 10 3 448 mi AR /%
S mn Ratio = 74. 6(101. 6%)
T
5.75 0.8
5.50 0.6
.
4,75 0'(2)
4.
0 T t/ min

3.0 3.5 4.0

L. R % kAL
A R B SRR IR
E1l REEFRE
1. Donkey peptide A1 2. Donkey peptide A2

2. PR B AR A2
B. #iX ninik

A. Mixed reference solution B. Test solution

Fig.1 Extracted ion chromatograms
THER A 5 WL, 4% 2.1 500 T i S R I i
DL o} FR it S F M B (X, ng / mL) R AR AR , W T AR (V)
PARFRHATENE RN, bt Ze A mIE R Y, =
1.039X,, - 11.497 (R> = 0.999 2, n = 6) ; ¥,, =
0.373X,, - 2. 702(R*=0.999 7,n = 6) . 45 B 9 7 £ ik
AL FIJE 2 Bk A2 /Y BT &R BE 43 I 7E 4.795 ~
1 460. 379 ng/ mL H15. 032 ~ 1 499. 706 ng / mL 3 Fil P4
SRR R AT

2 B0 < B 2. 2 T T YRS X R R R e
2. 100 NS A PR SRR I 7 6 UK, T S W AT R 25
PR 22K A1 FNGP Y8 22 ik A2 W AR K RSD 43-531°h 3. 76%
4. 02%(n = 6) , KWL ERE B E R AT
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Fooe M0 - IURE S i RS AR 2. 2 T N
il A HER AU, o3 T E R 0,2,4,8,12, 18,
24 h BT 2. 1300 300 A5 A SRR S 0 SR AR, 45
YR Z K ARG R 2 K A2 W 1T AL RSD 435l
1.72% 1 1. 43%(n = 7) , RS AT = JRICE 24 h
WIEEATRE .

FE AL R R R 0.1 g, KR, 3%
2. 2000 Byl A RV, 6 4% 2. 10 IR
FAFHE S HEREIN A 6 YR, 1 S W T AU T 5 B L A
UPRZZRE A1 FNIPRZZ R A2 W T AR Y RSD 4351 K 3. 76%
M4.02%(n=6), RTEELZ R IENE L

*1 EEMHRBER(n=6)
Tab.1 Results of the repeatability test (n = 6)

FE o HEE()  FRIKAISE(R)  FRIKA2EE(%)

1 0.1067 0.1073 0.1283
2 0.1128 0.1135 0.1357
3 0.1033 0.1039 0.1242
4 0.1109 0.1115 0.1334
5 0.1044 0.1050 0.1235
6 0.1036 0.1042 0.1246
X 0.1070 0.1076 0.1283
RSD(%) 3.76 4.02

TR IS - BURE AR R 0. 1, RHFRAE  #02. 230
O g S, 3R 6 0, A BIUIA 2. 2 0 IR
AR R SRS mL, $ 2. 1IN R 6 A EHERE I AE L i
SRV TR AR IF T H A DGR B2 AR AT DR JEZ RR
A2 1F- B AE [ 53 50 R 99. 31% #1199, 18% , RSD
B4 0.62%(n=6) TEWFE2,

2.4 TAHHEESH
2.4.1 BFEAET
HR A = T VUM AT S B v, A T BT 3 i
F2 MEERRELER(n=6)

Tab.2 Results of the recovery test (n = 6)

Euagy #8488 AT MEF(ng) wE©%) X(%) RSD(%)
FRSKAL 107. 60 119.88 27.70 100. 18
107.60 119. 88 205.87 98. 66
107.60 119. 88 205.97 98,74
99.31 0.6
107.60 119. 88 27.37 99,91
107. 60 119. 88 226.40 99. 10
107. 60 119. 88 226.62 99,28
FRIKAL 12830 125.80 252.30 98.57
128.30 125.80 252.56 98.78
128.30 125.80 253.33 99.39
99.18 0.62
128.30 125.80 254.61 100. 41
128.30 125.80 253,20 99,28
128.30 125.80 252.43 98. 67

B B A TR B AR S TP RRAE 2 K & (X)) =
: L{txx(r _ijl,?,f )% TS A P S AR RS Vo R
i EAAF(m L) sMe R HERT T (0) sM % AR K (%) ;
¢ ABRIE IR T AR i AR T B MR (ng / mLL) o
2.4.2  FHEFERIF R

R G 3 VB AR TR R BT S rp R AE 22 IR
BN RE B ANEA E BRI AG A BRI B, EE
D T 5P OB 2SN o B, B 455 At AR R P
I R G AS G R B 5 A R B A T 2 o A
SIS BE 5 A3 K 234G I 2o A 5 1A 1 2
FE s hRifErh & Be ] AR LA SRR I B AN 2 B 5 Y
AR5 AT E R
2.4.3 AHEEM G ED

D RS-Frat i f 5 | A A & S

Xof FR AR i R S | A AN o JBE < AR BT (i FH RS
RAEUEAS , DAFR 57 far Y B 1 e K Ae PR 254 + 0. 05 mg,
FEHEIE A B A (k) = V3, SO AR HEA T E
u,(Ms) =0.05/+/3 =2. 887 X 102 mg; A& F K1Y
RHEE S, DAR P FR i 8 A PR AR IR 25 0. 15 mg, 1%
A k=3, AR EANH 2 u,(Ms) = 0. 15/
V3 =8.660 x 102 mg; H1 T X5 B S AR & R v, FR
TSI E A PREE N, IR RE I R A R = N AR Ak
Al Z W AN T 55X R B A R 0 A v AN A
w(Ms) ={2 X [u,(Ms)* +u,(Ms)*]}""* = 0. 129 mg; K It
PR REAIE 22 KRR 43 B4 A X A AN B 2 B I 22 Ik AL
u,, (Ms)=u(Ms)/12.96 mg = 9.954 x 10 ~°, 5 £ ik A2
u,, (Ms)=u(Ms)/13.20mg =9.773 x 10 *,

P it FR T R LA BN A B AR i R
B R HEUE 5, DLFR B B far 3 A R R IR 22 R
+0. 50 mg, R MEAPRIEMmZE ] 1. 0 mg, 50T & SAR R bR
WEAH RE BET 7 45w, (M) = u (M) /(0. 103 1 g x
103) = 8. 855 x 1073,

2) VT C AR B AR ASH 22 B

XoF HE i R o e R 5 LA O B A — AR Ay
k=6, TH BB A AL A E FE u, (V1) = i3
251 V63 VL2 7 PR B R B 5 bR o R B O 2 0 B
5°C, K ERFRIZAK ZECN 2. 07 X 1073 °C 44010,
k=3 T BIREAHEE u(V2) =2.07X 1073 X VX
573 xR ER; TR S T ) o R A b o AN
FEu, (V) = Lug(V1)® + ug (V2)7 1" Bt X B it e i) ok
By A XA E E u,(Vo)={lus(Vs) /50 F +
[us( Vi) / 100 P +[ug(V,)/ 1T}? = 1.841 % 102 I3,

o 74 T 5 3 R o 3 R 5 LA AN o B« e 0 R
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®3 WRABREHTEINNAHEE
Tab.3 Uncertainty introduced during the preparation process of

the reference solution

RBBEEARE)  AREZ@L) (VD /mL  w(V2)/mL  u(V)/nL
I mL##%E(2) +0.005 4.02x10°  1.195%107  1.263x 10
50 mlL & 241(2) £0.05 4.082x10% 0598 0.599
100 L2 %4 £0.1 4.082x107% 0598 0.599

st VA TR C ) A PR AN o BT L A9 o T R T
e i)k A R R AR AN R JE 0, (Vise) = {Tusc (V) /1T +
[uge (V) /2T +[use(V)/5F +[ug (V) /10 +
[1sc (Vo) /20 P + [uge (Vy5) /125 + g (Vs) /50 P} =
3.900 x 107, 1E WL 4,

x4 RAEHEAREHEESINNIAHEE
Tab.4 Uncertainty introduced during the preparation process of

standard curve solution

KBEL s
R A% £ (mL) u“,(Vhl) /mL u“,(Vx2) /mL u (Vy) /mlL
INA

I mLA % +0.005 2.041x107° 5.976x107° 6.315x10°°
2mLARE +0.01 4.082x107°  1.195x107% 1.263x 1072
SmLA&E +0.015 6.124x 107 2.988x107* 3.050% 1072
10 mL#i% % +0.03 1.225x107 5.976x 107 6.100x10°*
20 mL# iR & +0.05 20411072 0.120 0.122
25 mLAS iR % +0.1 4.082x107% 0.149 0. 154
50 mLA&E#(6) +0.05 0.122 1.793 1.797

B A VR T Aok R 5 LA AN A B - 4 ) BR
Vo VR ) ok AR AN S 5 D v A e Ve R T A et
ﬁqjgl/\ﬂﬁfﬁﬁxﬁﬁﬂzgumz( D= {lu (V) /50 +
[u,(V)/1F +[u (V)5 = 1.063 x 107 1E LK S,
Fx5 HWIKMBAREHITRESINNAHEE

Tab.5 Uncertainty introduced during the preparation process of

the test solution

#BEEL AFEEmL)  w (VD) /mL  w (V2)/mL  u (V) /mL
| mLA& &% +0. 005 2.041x107 5.976x107°  6.315%x10°*
SmLAEH +0.015 6.124x107*  2.988x 107 3.050x10°*
50 mL & FAL +0.05 2.041x107*  0.299 0.300

3) Fr A I Ty SR o FE 5 | B AN R

o il 26 FULG 1R AN B0 2 - AR A B v 1l £ AH DG 5K
P (I3 6) A0 (1) (2) 15545 i il £ 4806 A0 X A Hff
EREu,,(P,,)=7.751% 107,u,,(P,,) = 5.108 x 107,

ZA—A

()= [ bGP S 0T @)

S, Sy 0 Tk BOAR HE D 22 5 n bR IE 26 T4 A
AEL, no= 65 A, bR HE T2 2% T AT i e JEE Y 552 s i 7
{EL 3 A, A AR AR A vl £ 00 051 75 8 5 ) 4% A v 3

100

(n—-2) (1)

Y B E W N A 5 b R AR v R R B R AR R by, =
1.039 by, = 0.373 P AL i I 2 KB, P = 10524
BEIR T W A9 E L vy, = 0.103 7.2, = 0. 124 05y
Sh b v 2k A R BE R A 5y AR I A T
VR

RO BRI LA EIR
Tab. 6 Data related to standard curve
FErE wEl FERE il
(ng/ml)  #B&H  HER (ng/mlL) #BH HiRs
FREKAL 4795 47.056  38.325| FREAAL  50.318 20.037 16.067
95.904 92328 88.147 100.636  33.458  34.835

#IES K Fi3 73

239.760 234121 237.614 251.590  88.986  91.141
479.520  480.857  486.724 503.180 184.752 184.984
959.040  964.960  984.946 1006.370 378.021 372.674

1198.800 1254.011 1234.056 1257.950 464.790 466.517

T EE MR AREER 1 R AA(3) (4)
A2 S, = 4. 047 x 1073,8,,=5. 156 X 10 ~3; M| )7
2 G MERREARHE E Ny, (R) = Sy, / V6 = 1.652 X
1073, u,(R) =S,/ V6 =2.105 x 1073 NIk ik E &
P AE X AN 2 B w (Ry) = u(R) /70,107 6 = 1. 536 X
1072,u,,(Ry,) =u(R) /0. 128 3=1. 641 x 10~2,

:\/i(xi—g)z/(n—l) (3)

U, (R)=S/Vn (4)

Lo, o WHER S P ATRER & B x O A e
SR R

TR I 8 AN 2 - AR A P A TE S, LA
SEAIXTBRAER 25 0 0. 01, 3 0 Ak = /3, 3T F A
WEARHE R u,,(H) =0.01/v/3 =5.773 x 1073,

R 0 5 SR T A PR S L B S W < 1 T
— WA A HERE 10 K, R R 7 9B s A A =L (3) (4)
AR EIRZZ Sy, = 9.397 X 1074,5,, = 1. 340 x 1073;
p A5 R T AR RS B B wy, (rep) = Sy, /
V10 =2.972 x 107%, uy, (rep) = Sy / V10 = 4.238 %
104 PR I 0 2 S 7 4 M A O ST G2 B o (repyy) =
u(rep)/0.103 7 =2.860 x 1073, u,, (rep,,) = u(rep) /
0.1240=3.418x 1073,

4) G IR X BR AN S BE

5t 1R AN 0 R YRR B ST, ARl 1R A AR
AR (5) T B R 22 Ik AT A 18 AH X A5 o AN B 2
U N 4. 988 X 1025 B JFL 22 ik A2 & UM X AR v AN 2
J¥ u,, 4. 986 X 1072,

S)TJL%TI@%“

FRAIE 22 KA 50

GE R A IES A, LA 95% &
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WUerel = \/urel(MS)z + urel(Mt)z + urel(vs)2 + urel(vsc)z + ul‘el(vl)z + ure](P)z + urel(R)z + ure](H)z + urel(rep)z (5)

x7T HARPHLEZHRIENELER (%)
Tab.7 Results of content determination of characteristic polypep-

tide in the test sample (%)

F5 BPREKAL FREKRAL | FF FREIKAL FRESKA2
1 0.1037 0.1222 6 0.1045 0.1239
2 0.1026 0.1248 7 0.1042 0.1262
3 0.103 4 0.1223 8  0.1031 0.1253
4 0.105 4 0.1230 9 0.1021 0.1250
5 0.1039 0.1232 10 0.1037 0.1242

X 0.1037 0.1240

5 X 18] (k= 2) , AR A Bl fie v 97 i 22 I35 i R e, TH5EEAH
T AN S B wy, = 4.998 X 1072 % 0. 103 7% X 2 =
0.01037%;u,,=4. 986%1072x0. 1240% x2=0. 012 37%;
BRI R 22k A T & RN (0. 1037 £0. 01037) %,
YR Z MK A2 F it oh (0. 124 0 £ 0. 012 37) %,
3 itie
TP G RS 1) AN o 2 T i T 9 500 1) M
PEFNATSE M, B AR 30 1 5 1 XU, , 0 L2 A 0 235 SR Ak
TR U SR (A B AR T AR AERR A - ST G O A<
AFF 5 r i 2 X BT P REAE 22 K S AN B B T
T, R 0 BE R TR 22 (HANT o BE AL/ o HL AR 43
Br 2 W], AN B e K R 5 TRBE 1 S 7R 5 1A B AN T
BB AT R R R A i s AR B 2, o
KEsaran B BCK, DI PT 38 S P A B il o 72 o A bt
TP ALK 5000 7 5 U, HEAS A o TV R i S B
HAE-F B mISCRAR ETE (99. 4 £ 1) % , ANHAE BE
P RN & S I b iRl B R 9 & IR = A TS
BRIWHH TP AE o S5 SR O A4 B R A I 325, JF kA7 07
TR 2RI R FUAS T 2 B PR PEAE , LA A7 BT Jie 1) Jo i 428
Tl B LA 1o - 200
25 LTk , = EE DUAR AT W T I R 2k 0 T AR
TEZ K AT FIRFIE 22 IR A2 & i 0 & Jm VA E A 1 R 4,
W2 B v, HOR W 8 R IR A 2, oo IR R i 2 5
M Y000 245 SR 1) = PR 2R, A e ol e A B AR P I
VERRAE FASHEGON MR 4, IR, DUSR & A 3o ke
W 2
S 3k
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