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Quality Evaluation of Croci Stigma from Different Producing Areas Based on HPLC

Fingerprints and QAMS
ZHANG Mengqi,WANG Qiongfen,LI Bin,LIU Ting,ZHANG Hongping,SHI Jing ,XU Hong,ZHENG Guoping
(Zhoushan Institute for Food and Drug Control ,Zhoushan ,Zhejiang ,China  316000)
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Abstract: Objective To establish an ultra — high performance liquid chromatography (UPLC) fingerprints of Croci Stigma and a
quantitative analysis of multi — components by single — marker (QAMS) method for the content determination of five active
ingredients (picrocrocin, crocin I ,crocin Il ,crocin Il ,and crocin IV) in Croci Stigma,and to evaluate the quality of Croci Stigma

from different producing areas. Methods UPLC method was used to establish the fingerprint of Croci Stigma, and the
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chromatographic column was Waters Acquire UPLC HSS T3 column (100 mm X 2.1 mm,1.8 pm),the mobile phase was acetonitrile —
water (gradient elution),the flow rate was 0.3 mL/min,the detection wavelengths were 254 nm (0-8 min, picrocrocin) and 440 nm
(8 =25 min,crocin I ,crocin Il ,crocin IM,and crocin IV),the column temperature was 25 °C,and the injection volume was 4 plL.
The quality differences of Croci Stigma were evaluated by similarity evaluation, cluster analysis (CA),and orthogonal partial least
squares — discriminant analysis (OPLS — DA). The relative correction factors (f.,,) of picrocrocin,crocin Il ,crocinlll and crocin IV were
established with crocin I as internal reference, and then the content of each component was determined and compared with the
results of the external standard method (ESM). Results UPLC fingerprints of thirty batches of Croci Stigma were established,
eleven common peaks were determined,and five components were identified,namely picrocrocin (peak 1),crocin— I (peak 4),crocin— II
(peak 6),crocin — Il (peak 10),and crocin — IV (peak 7). The similarity of fingerprints of 30 batches of Croci Stigma was in the
range of 0.983 - 0.999,and 30 batches of Croci Stigma could be clustered into four categories and showed a certain geographical
pattern. Five different components of Croci Stigma were identified by the OPLS — DA, with a variable importance of projection
(VIP) value ranking as peak 8 > peak 9 > peak 11 > peak 10 (crocin I ) > peak 2. The RDs of the f,, of five components
were lower than 2.0%,and the influence of different chromatographic columns, chromatographs, flow rates, and column temperatures
on f.,; was relatively less(RSD < 2.0%). The relative average deviation between the content of the five components in 30 batches

of Croci Stigma determined by the QAMS and the ESM was lower than 2.0%, with no significant difference (P > 0.05).

Conclusion The established method is accurate and convenient,which can be used for the quality evaluation of Croci Stigma from

different producing areas.

Key words: Croci Stigma; UPLC;fingerprint; QAMS; cluster analysis; OPLS — DA ; quality evaluation
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Tab.1 Information of 30 batches of Croci Stigma

%5 5 FH| %5 5 7=
S1 20211201 8 | S16 20201123 At
S2 20200401 #E | S17 20191119 prigas
S3 210926 #| | S18 191024 Hrix
S4 18061601 i | S19 200402 Hrix
S5 A200102 i | S20 19121101 iz
S6 77120319 mE | S21 19151101 Hrix
S7 1710157 W | S22 181123 T
S8 1912075 iz | S23 190417 padyiN
S9 1912181 Wi | S24 077120319 T
S10 200617 A | S25 171203 By
S11 191228 Wit | S26 191105 B
S12 181202 A | S27 190926 Ey
S13 190115T Wi | S28 200318 ZHK
S14 200304 i | S29 18061601 By
S15 20181201 peipas S30 191110 EY 4
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Fig.1 UPLC overlay fingerprints of 30 batches of Croci Stigma and the reference fingerprint

75



HFRE
Pharmacy Articles

¥ %

China Pharmaceuticals

2023 4F 10 H 5 H %5 32 &5 19 1
Vol. 32,No. 19, October 5,2023

ANV P 2L AL 2588 Jr & Ji o HE AR — 2, 2 b4 B AR
R BARSE , TS Y 4 SO T T T P £0AE 25 b A B

=y
HIP
A/ mAU
300 4(s)
200
100 6
1
7 10
03 T A ; 'L ; 2 ¢/ min
0 5 10 15 20 25
A
A/ mAU
250 } 4(s)
200
150
100 . .
50 4 9 11
2 3 5 7 8,10
03._‘1\' T I‘ - R l‘ 3 ¢/ min
0 5 10 15 20 25
B
. E3Fafd 4 ®aitidr - 1 6 daied - 1
7. /maF - V10 ®akyd - 1
A BRASRESRER B AR RER
E2 BeuikEtitE

1. Picrocrocin 4. Crocin I 6. Crocin Il 7. Crocin IV 10. Crocin Il

A. Mixed reference solution B. Test solution
Fig.2 UPLC chromatograms
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Tab.2 Results of the similarity evaluation of fingerprints of 30

batches of Croci Stigma

%5 B %5 AL %5 HAAAJE
S1 0. 999 S11 0. 987 S21 0.983
S2 0. 990 S12 0. 987 S22 0. 984
S3 0.997 S13 0.993 $23 0.984
S4 0. 990 S14 0.993 S24 0. 989
S5 0. 988 S15 0.987 S25 0. 989
S6 0. 998 S16 0.987 S26 0.988
s7 0. 995 S17 0.993 S27 0.988
S8 0.992 S18 0.993 S28 0.988
S9 0.987 S19 0.992 $29 0.994
S10 0.987 $20 0.983 S30 0.993
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Fig.3 Cluster analysis diagram of 30 batches of Croci Stigma

2.5 OPLS-DA

K 30 4t VG 214K 25 B4 1 11 A H A 06 1% 06 1T FRAE Oy
AR EE, G A SIMCA 14. 1E A+ 34T OPLS - DA 4347, 3%
AR HL, 1553 B DL 40 7] L, 30 HE PG ZLAE 25 BF 4 it R
N AZE G N ST - SIRIREA IR —IE O H ) | 4
15 S4 - S6 HFERL TN 2K (F=HL PR G5 S25 -
S30 FYAE AR =28 (7 MBI S 5 4 ST — S24 AL A
RN UZE G- HUHL VLT3R 2 AR R 2R R4 I3 s W]
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Fig.4 OPLS - DA scores diagram of 30 batches of Croci Stigma
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Fig. 6 VIP plot of the common peak area
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Tab.3 Results of the linear relation test,LOD and LOQ of five

components

B Bl 1o SRR (ug/ml)  LOD(pg/ml)  LOQ(pg/nl)

FHukE O FEITE-1561 09999 1.83~91.% 0.0074 0.0914
BakF- 1 F=6L6830-45.646 0999  2.89~144.27 0.0173 0.0577
Bafd-1 F=72.6081-14.605 0.998  1.00~49.74 0.0149 0.0497
Bafd-T F=49.300-3.095 10000  0.30~14.82 0.0356 0.1186
Bafpd-N F=33.650-0.1088 0.9999  0.12~5.91 0.0355 0.1182

K B (LOD) 5 & & FR (LOQ) i % + K %8 W HL 2. 2
IR A X IR A BOE &, R OB RGRE 412 2. 1
WA 2 FFERE I 52 , LS ARG M HE (S 7 N) 2R 1011

FisF 1) 5 DU B3 B £ TR R LOQ, LA S/ N Ry 3+ 1 I A i
W LOD 25 R L 3,

W% RIS RS S R 2. 2 70 R TR AN IR S A TR E
L HE 2. VI A A T SRR E 6 IR, I SR U T
L ZE R R LR WA - 1 anfes - 1.5
AEH - W P28 - IV I& AL RSD 4 5 A
0.17%,0.22%,0.30%,0.51%,0. 43%(n = 6) , 7 WY
AAE R R AT

ARG PG 2T AR 25 81 (G5 o S16) 41K i
HOEERE, L6y, 2. 2T F o sk & a4k R
O 7 N B R S L i S R TR b 1 TR AN T
TLIAE R VOLIAET - 1 VG2rfety - I pu2rieds - I,
PELT 4B 1F - IV 19 RSD 43 51 4 0. 55%, 0. 18%, 0. 15%,
0.73%,1.09%(n =6) , R TIEEE R,

e MR - B 2 MR 10 I S v L 4 )
TR 0,2,4,8,10,12 h$#& 2. 130 F 3% 5 ERE
W5, 10 SR 45 B W T R, IR & i 25 IR R 4 e
R ULet - 1 ALty - T pa2rqfety - . ph4r
WH - N&EMRRSD 435 1.12%,1.59%, 1. 63%,
1.71%,1.92% (n = 6) , R WA 12 h AR
PER AT

JnEE SR B8 - BUPG 2148 2541 (4 5l S16) 4k
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33.24,8.93,3. 82 pg/ mL AYTR A XT B8 G IS W, R %
HUUR A%t R S AR 8, 10, 12 mL, 43 5 AKH 1o Akt 5
VWD e 2. 2 300 ik i A R AR A L 4% 2. 1
TR g 2R VEREIN E |, T F R IRE [k 25 1
IR VGLAET - 1 VHLrqeir - 11 826t - 1.
PO A6 — IV 97 23 iR 43 514 100. 47%,
99.79%, 99.87%, 100.27%, 99.73%, RSD 43 % K
0.94%,0.89%,1. 18%,1.23%,1. 74%(n = 6) , 2 W 7
RUERATE AT
2.7 QAMS &3

AEXF L IE 1 (RCF, £, ) V3 R 2584 2 1oy 45
PR PEN S, DLz i R — R A NS, 8
SN S Y S HANRRIN R £, A AR 2
O3B RS S 2 0 22 A0 TR AL R AR 9 R oR
2 SR IE T B O R EEIT R AR A X R
VR, MR HE AR 2 e s T R AP A8 - T AE
KNS ARARL = (A, X M) | (A, x M) /LT
M L e - I vg2nqety - W P4 4e+ - Vg
S X RSD I A FIVA 53 51 R P9 S0 FVRE I o8 53 v e
TR, M ML 53 530 Sk T 25 9 R AR 00 3 et B ) 5 o
W HE G5 £ Ak 3.577,0. 844, 1.251,1. 781, RSD
354 0. 88%,0. 82%,1.39%,1. 98%(n=6)
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it AR R < 439025 2 A €A 35 4 [ (Waters Acquity (] AR AR B B TR] (R, . = ¢ /1) FIVR BE B 1] 22 (¢, — 1) FE

UPLC HSS T3 41 (100 mm %X 2. 1 mm, 1. 8 pm) , A Jil Ulti-
mate UHPLC C (100 mm x 2. 1 mm, 1. 8 pm) , Agilent
Poroshell 120 SB - C,# (100 mm X 2. 1 mm,1.9 wm) ],
AR SRS (Agilent 12607 Waters Arc %Y Shimadzu
LC - 30A BY) , AR (0. 25,0. 30,0. 35 mL / min) , A~
[ A3 (25, 30, 35 C) XA I8 I3 £ B RE I o 25 2R ) 1Y
RSD Y% 2. 0% , FRUIA R (35 S0 o  LLAE R Y
OAEtT - I VS AEty - I St - Vs, 3k
5

ToF I B 73 €0 T U T A7 < 3 ) 5 5% T i AR AL AE R
gi e - I PUerfety — W PH2i4eh - IV 502t - 1

AN A ORI A v ) AR P L 235 SR AR B o)
(] () sl N L E A I S A T O B I I 22, SUCAR o
PR R B S TRV AR I B3 (3 i AR -

R it I < B304t (Z5 A ST — S30) 4 i 4% i
R PR, o A A S R, e 2. 1 IR B A%
PPEREDN A2 , R AR ik (ESM) Il G2 5 TG 4T A6 R V54T
AF - 1 Paaqety - T P840 fedy - I ia2rety - IV
B o A R QAMS ¥E I E 2T 46 - 1 NSy,
WHETRAMLE P28 - T G2 - MAMVELqe
1 - VI E i, I 5 ESM kil e 25 SR 37 b, 25 5
Ao UL, 4505 QAMS BT SEAE AN A MR S E 7] (.

x4 QAMSEEESMEMERALAGHM PSR E=LE (%,n=3)

Tab.4 Comparison of content determination results of five components in Croci Stigma determined by QAMS and ESM (%,n =3)

#am Bafid- 1 EEuTE B - 1 Gy - Haieid - IV

%% ESMi% ESMi# QAMS#  RD  ESMi  OQAMS#  RD  ESM#  QAMS#  RD  ESMi  QAMS#  RD

S1 8.900 8. 821 8. 996 0.98 3.176 3.212 0.56 0.416 0. 407 -1.09 0.348 0.352 0.57
S2 8.577 8.311 8.461 0.89 3.055 3.084 0.47 0.405 0.395 -1.25 0.337 0.341 0.59
S3 8. 891 8. 409 8.567 0.93 3.216 3.255 0.60 0.542 0.539 -0.28 0.376 0.380 0.53
S4 5.337 7.827 7.939 0.71 1.789 1.761 -0.79 0.930 0.943 0.69 0.228 0.230 0.44
S5 5.639 8.433 8.559 0.74 1.914 1. 886 -0.74 0.919 0.930 0.59 0.225 0.226 0.22
S6 5.626 8.052 8. 161 0.67 1.856 1. 825 -0.84 0.957 0. 969 0.62 0.261 0.263 0.38
S7 7.335 7.420 7.535 0.77 2.470 2.477 0.14 0.798 0. 807 0.56 0.277 0.280 0.54
S8 6. 869 6.636 6. 698 0.46 2.258 2.249 -0.20 0.661 0. 662 0.08 0.193 0. 195 0.52
S9 6.946 8. 828 8.996 0.94 2.434 2.438 0.08 0.463 0. 455 -0.87 0.269 0.271 0.37
S10 6.582 7.576 7.671 0.62 2.276 2.264 -0.26 0.778 0.783 0.32 0.234 0.236 0.43
S11 8.956 9. 948 10. 143 0.97 2.960 2.975 0.25 1.016 1.032 0.78 0.358 0.362 0. 56
S12 6. 286 7. 844 7.949 0.66 2.077 2. 057 -0.48 0.508 0.499 -0.89 0.256 0.258 0.39
S13 6.22 7.103 7.174 0.50 2.055 2.033 -0.54 0.452 0.441 -1.23 0.229 0.230 0.22
S14 8. 622 9. 604 9.791 0.96 3.006 3.026 0.33 0.688 0. 689 0.07 0.302 0. 305 0.49
S15 7.558 8. 969 9.116 0.81 2.551 2.547 -0.08 0.966 0.978 0.62 0.304 0.306 0.33
S16 9.269 11. 002 11.237 1.06 3.223 3.247 0.37 0.841 0. 849 0.47 0.352 0.356 0.56
S17 8.554 10. 673 10. 898 1.04 2.844 2.855 0.19 0.904 0.915 0.60 0.309 0.312 0.48
S18 9.426 8.916 9. 068 0.85 3.127 3. 149 0.35 0.468 0.458 -1.08 0.327 0.330 0.46
S19 9.769 12. 952 13.274 1.23  3.388 3.421 0.48 0.609 0. 605 -0.33 0.342 0. 345 0.44
S20 8. 178 9.707 9.891 0.94 2.751 2.758 0.13  0.869 0. 878 0.52 0.188 0.189 0.27
S21 8. 205 8.351 8.479 0.76  2.870 2. 882 0.21 0.817 0. 824 0.43 0.290 0.293 0.51
S22 6.249 8. 020 8. 127 0.66 2.172 2. 153 -0.44 0.533 0.524 -0.85 0.215 0.217 0.46
S23 9.460 10. 035 10. 229 0.96 3.235 3.259 0.37 0.927 0.938 0.59 0.330 0.333 0.45
S24 7.495 7.561 7. 656 0.62 2.532 2.530 -0.04 0.724 0.726 0.14 0.266 0.269 0.56
S25 5.142 5.294 5.267  -0.26 2.057 2.026 -0.76 0.59%4 0.585 -0.76 0.130 0. 130 0.00
S26 3.941 5.507 5.501 -0.05 1.881 1. 847 -0.91 0.536 0.526 -0.94 0.114 0.114 0.00
S27 4,513 6.358 6.371 0.10 1.917 1. 877 -1.05 0.538 0.527 -1.03 0.111 0. 111 0.00
S28 5. 104 7.711 7.783 0.46 2.085 2. 053 -0.77 0.214 0.213 -0.23 0.153 0.154 0.33
S29 4,874 7.106 7.158 0.36  1.908 1.872 -0.95 0.168 0.171 0.88 0.133 0.134 0.37
S30 6. 023 6. 828 6. 864 0.26 2.137 2.107 -0.71 0.500 0. 487 -1.32 0.145 0. 146 0.34
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S M2 (RD)ET 2. 0%, [}, R FH SPSS 22. 0
GET TR 2 B VR A & A T ARG, AR R
2RTETC B ELE (P >0.05) UL FR 5 Rl sr i i
TH WL AP 26 O i LR 2 S i
3 it
3.1 ‘miEEEHRk

2020 4F R [ 24 i (—358) YU R 1 P 2L AR 250 7
S S 7 kR FH R OO (s (HPLC) ¥, A4 B Ve It et
] 249 24 60 min, K 5 [R] 454 o AR F 52 v >R H UPLC
G FsF 5] 447 6 22 25 min PN, A5 R B T RGN RER I8
I/ T A HILE 700 0 05 2 o [R) B, SR R R B VR G, A AR
BY A 15 ~ 25 min ZbTRAF 2490 8 R4 A oAb P 21
AT o (P2 46T — T PEL0 46T - IVAE) 0 ik
AYAEH R HPLC 26 0 e LA SRAS B 440 585 o il et —
& BRI 5 T 190 ~ 800 nm I K0 Bl N HEAT 4 3k K
PRI, R LA R T 254 nm P KANA T R, i
HAth PG 21 48 7 25 B0 T 440 nm I 4 A0 i 17 3258, #0CR
FHE AR D7, LRG0 R A5 AR Ak 3% 2 10 )
WA 6] 4 5 KL G, Rl AR Y 2T 48 245 A 4 a0 B
QAMS %43 B I EEK o
3.2 IBYEEESL EESHTES OPLS -DA

AN T PHLLAE 250 1 UPLC F8 8L Bl , 2L
11 AN AT W AR RUEE PPN 25 5 B, 30 L PR 4T 46 2)
AL BE A 0. 983 ~ 0. 999, 3¢ BH AN ] 7 b VG £1 46 245 B
(AL 22 N P2 22 S /N R AT AL OPLS — DA 45531
HF 30 HEVELLALZG 14 0k 4 25, R Hr ml SR B L%
TRORN At 7 My P5 2T 48 19 50X 43, 117 OPLS — DA A A ]
ST A L VU R | 2RO MV £ 46 1A SUX BTG
PAT X AT WAL 24 77 L PE L AL 2504, PR o
St i B AT 38 Ak VIP BUAEHE S 0 R 5 A4S DTk R A
KAGRLSY , 53 3 R0 8 WA 9 e 11 W 10(PHZTAETF - 1) .
U 2, AT AR R P 1AL = M X A3 AR 4 o
3.3 QAMS EMEL RS

QAMS 2 AT A3 R fif e ot M iy AN 0 AR A5 Ak oA
FUE A B B A R A I A B R SR R R
KRAFGEEI, VELAC M PP eH - 1 S Eim b
PR FTRCRRE A ARG, BOGE P46t - TAE RN
S T AE IR 7R SR AR R, P4k
P - T X/ E P Edr - 0 VL ed - 10,
FELIAEH - VAL, AR E G, R QAMS #3158
T ESM VA S A T R 25 5% (RD < 2. 0%) , BT
(9 QAMS idi HI T PH £ A6 Hh 2248 b5 B A3 19 3 il o 7%
B 45 R B, AR S R R R PE 2T 48 v R L0 Ak
RMVGLACT I B i 25 ok o = il oy B

BRI VL Y PH 2148 45 B 53 A & T i , 77 o 2
PULLAE 2 & B, HL 3 B A ol 5k oy A2 7 H
HAE R e bR} o P 22 B RE i PR L, PR ZT AR N TE

i B 5 L2 M P A DG A 38 5 A ) A 2

S

3.4 FHiEEM
A5 T ST () UPLC 48 80 B 25 A QAMS 12

By AT EHE, BRI A, AT T PE 20 AR 250 1Y T

VPO S X A3
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