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Abstract: Objective To establish UPLC fingerprint profiles and quantitative methods for eight marker compounds in the extract,
alcohol-precipitated solution, and concentrated solution of Qinggan Granules, and to investigate the quantity-quality transfer patterns
during key processing steps including extraction, alcohol precipitation, and concentration. Methods A Waters CORTECS T3 Cis
column was used with a gradient elution system consisting of 0.2% phosphoric acid aqueous solution and acetonitrile. UPLC fingerprint
profiles were established for ten batches of extract, alcohol-precipitated solution, and concentrated solution of Qinggan Granules,

followed by identification of common peaks and similarity evaluation. The contents of eight marker compounds—(R,S)-goitrin, neo-
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chlorogenic acid, chlorogenic acid, cryptochlorogenic acid, isochlorogenic acid B, isochlorogenic acid A, isochlorogenic acid C, and
ammonium glycyrrhizinate—were simultaneously determined, and transfer rates of each compound across the “extract—alcohol-
precipitated solution—concentrated solution” process were calculated. Principal component analysis (PCA) and orthogonal partial least
squares-discriminant analysis (OPLS-DA) were applied to identify components contributing to differences in intermediate product
quality. Results A total of 21 common peaks were identified across the ten batches, with all fingerprint similarities exceeding 0.925.
Eight peaks were confirmed by comparison with reference standards: (R,S)-goitrin (peak 1), neo-chlorogenic acid (peak 3), chlorogenic
acid (peak 5), cryptochlorogenic acid (peak 6), isochlorogenic acid B (peak 12), isochlorogenic acid A (peak 13), isochlorogenic acid C
(peak 15), and ammonium glycyrrhizinate (peak 20). PCA revealed three principal components accounting for 90.470% of the cumulative
variance. Using variable importance in projection (VIP) values >1 as threshold, six potential quality-differentiating components were
selected: peak 14, peak 4, neo-chlorogenic acid, ammonium glycyrrhizinate, peak 16, and chlorogenic acid. The mass transfer study showed
that the inter-process transfer rates of the eight index components were all within £ 30% of the mean. At the mean level, in the
extract—alcohol precipitation liquid step, the transfer rates of neochlorogenic acid, chlorogenic acid, and cryptochlorogenic acid were
lower than those of isochlorogenic acids A/B/C; whereas in the alcohol precipitation liquid—concentrated liquid step, the opposite was
observed. Conclusion Based on UPLC fingerprinting and multi-index quantification, a quality control system for the key component
indicators of the production intermediate of Qinggan Granules was established, providing a scientific basis for the construction of the
quality control and evaluation system for the key production processes of Qinggan Granules.

Key words: Qinggan Granules; quantity-quality transfer; (R,S)-goitrin; neochlorogenic acid; chlorogenic acid; cryptochlorogenic acid;

isochlorogenic acid B; isochlorogenic acid A; isochlorogenic acid C; ammonium glycyrrhizinate
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indigotica Fort. [P HRM: DA BR N & BHE YIRS
Artemisia scoparia Waldst. et Kit. {547
HEASRHEYIH 5 Glycyrrhiza uralensis Fisch. 1)
TR ZE, R RIE(E B R 1.

F1 10 PAREREER
Table 1 Source information of 10 batches of Chinese herbal pieces

o BREAR P HH

FEH fit5 FEHL fits FEHL fit5
S1 T 200401 HM YL-097-2101-001 B 2111045
S2 T Y221205001 HM YL-2306001 e 2305049
S3 S 20250420 HM YL-2310002 e 24101601
S4 Hik 20250903 Hl YL-2211001 HR 23020101
S5 1 74 20201020001 Hl 5240612 e 2111045
S6 HR 20250903 Hl 202211011 e 250602
S7 S 20250420 HM YL-2211001 Hn 23020101
S8 T Y221205001 HM 20251009 e 250301
S9 Hm 20250903 HM YL-2306001 e 24101601
S10 Hl 20250903 Hil 20251009 B 2305049

2 FEEHER
2.1 EMBRAREUR. BOTUR. IRGERATEHIE
FREUAL T O, IOKELE 2 Ik, Bk 2h, &
R, JEIL, RISHREGR (AS1~AS10), JEHIR
TR 45 BRI BN 1.25~1.30 (20 C) [IEE,
TN GRS IR 60%, HHE 24h, JEIT, RI5E
UL (BS1~BS10), BETTHIR AR AR AN 2 FE Ry
1.25~1.30 (20 C) MiEHE, BIEKRIEH (CS1~
CS10). BT i i 35 H 45 e il 24 S A s o A PR )
277 SR 2R A B8 4 [ H A S0 w1 %
2.2 BYUENERAR
2.2.1 (i A Waters CORTECS Ts Cis b
(100 mm X 2.1 mm, 1.6 um) 34 JREIAHN 0.2%
BRRRAKIA (A) -2 (B); BAEEVEML, 0~9 min,
0—7%B; 9~12min, 7%—10%B; 12~19 min,
10%—12% B; 19~27 min, 12%—13% B; 27~
42 min, 13%—27%B; 42~49min, 27%—32% B;
49~53 min, 32%—>33% B; 53~64 min, 33%—39%
B; 64~68min, 39%—42%B; 68~73 min, 42%—
60% B; 73~74 min, 60%—80% B; 74~79 min,
80%—0B; AR E 0.3 mL min™'; ¥ K 0~

3 min, 327 nm; 3~8 min, 245 nm; 8~49 min,
327 nm; 49~73 min, 245 nm; 73~79 min, 327 nm;
FER 30 °C; HEFEER 2 pl.
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TG R SRR BRERR . RatER
B. R&HR A, RatFRR C. HHRREaEE,
R T 1) B BR ER T 43 591l 60.487 230.89. 633.33.
248.40. 203.60. 155.52. 225.50- 920.80 ug-mL" ff]
TR AN HR i 25

223 PREUR. BEUTH IR S A R ) 2%
FEBEFREL “2.17 TUR J7 100 % 175 0k 4 UK
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(250 W+ 40kHz) 30 min, ¥, H 50%FEEE %,
28 022 um AFLIEREIERD, EXSE, RIS HREUR
BER A A EFREL “2.17 T il & 175 T ks
BEUTAE 0.6 g» B 25 mL =R, Hni&sE 50% F i,
AL (250 W. 40kHz) 30min, A4, F 50%
HEEER, £ 0.22 um MALIEMEDES, HUERER,
RIAS B TR ARG A R . RS B ARE “2.17 T il £
FR3R T IR IR 463 0.3 g, B 25 mL &3, G &
50%FE, A A (250 W, 40kHz) 30 min, Ji
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Fig.1 UPLC fingerprint chromatograms of ten batches of extracted solution and their reference chromatograms (R)
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Fig.2 UPLC fingerprint chromatograms of ten batches of alcohol precipitation solution and their reference chromatograms (R)
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Fig.3 UPLC fingerprints chromatograms of ten batches of concentrated solution and their reference chromatograms (R)
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1-(RS)-H 1K 3-HEIAIR; 5-BIAMK; 6-FaRIiIg; 12-F&FR B; 13-RERR A; 15-FEER C; 20-H R

1-(R,S)-goitrin; 3-neochlorogenic acid; 5-chlorogenic acid; 6-cryptochlorogenic acid; 12-isochlorogenic acid B; 13-isochlorogenic acid A; 15-

isochlorogenic acid C; 20-ammonium glycyrrhizinate.

4 S1 HREEMARS BRGH . AR, BREXNRRBELT AT UPLC 54U EE

Fig. 4 UPLC fingerprint chromatograms of intermediate solution of sample S1, single medicinal herbs, negative samples,

mixed reference solution and blank solvent

R 3 RO AT EOERE, WIS 3 BT
BORMECERIILAE, Al RILRS)-HIKE. 1 2,

FT2 PCAZLR
Table 2 PCA results

FRGr  RHEE T ETRE % BB E R % RIRRR. FRsRlAmR. e 7. UE 10, RERER B, ik

Al 15.609 74.331 74331 JRER AL W& 14, REEJREE Cy WK 164 1§17, 121 /Y
A2 1.730 8.237 82.568 =HE. A2 RS ERE . & 4, 15 8. 1K 9. % 18,
A3 1.659 7.902 90470 HEREER: A3 WUE 11, %19 FER.

Fz3 10 HUBRFERAREUR . BEA. IRGERIRGQEIE L EIEE B 5 T RERE
Table 3 PCA loading matrix of common peaks in UPLC fingerprints of extracted solution, alcohol precipitation solution,

and concentrated solution from ten batches of Qinggan Granules

LA/ AR LA U/ Sy ARG
Al A2 A3 Al A2 A3

(R.S)-FH K H 0.797 0.513 0.205 A4k R EB 0.790 0.528 0.111
6) 0.855 0.480 0.138 FERRIRA 0.688 0.625 0.164
NG 0.474 0.814 0.025 1§14 0.938 -0.134 0.220
4 0.089 0.791 0.558 FEEFIRC 0.741 0.595 0.007
SRR TR 0.908 0.282 -0.020 I&16 0.890 0.340 0.242
(S 0.812 0.551 0.168 17 0.839 0.512 0.099
g7 0.815 0.540 0.169 18 -0.162 -0.730 -0.160
148 0.640 0.677 0.328 I 19 0.515 -0.051 0.722
U9 0.645 0.659 0.360 HERR B -0.364 —0.743 0.268
1410 0.828 0.514 0.182 21 0.618 0.601 0.346
11 0.037 0.188 0.895
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244 RYEXRRFE 2227 UK EHE,
FH 50% H BEA B AR 21— R B0 RS, $242.2.17
TR i S5 AR ERE I E , DA BR73 %o Rt o Bk P
NREARRR (XD, WETBUNIARSR (YD, A bsiE
2, SERNEK 4, GERERW, X 8 M TEAHN T
JR IR P B N 2R 1 o R R A

*4 BMXRERGER

Table 4 Linearity test results of reference substances

L% DY Epg r LR/ (ug-mL ™)
(RS)-HiHF Y=0.387 4 X—0.037 09 0.999 4 0.393~16.090
R IE R Y=0.182 4 X—0.013 78 0.999 8 1.501~61.417
SRR TR Y=0.189 8 X—0.015 65 0.999 8 4.117~168.466
Ra gk JF iR Y=0.161 4 X—0.013 91 0.999 8 1.615~66.075
4R RTER B Y=0.1802 X—0.017 42 0.999 8 1.323~54.158
SRR A Y=0.2323 X—0.012 28 0.999 8 1.011~41.368
SRR C Y=0.220 4 X—0.022 15 0.999 8 1.466~59.986
H IR Y=0.048 39 X—0.019 37 0.999 8 5.985~244.933
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245 KEEEFEES BRI AST FEd, 1642237
TUR J7i 4% AST B MR, #% 8 “2.2.17 TR
R KA 6 R, 0 TEIETHIAY, HHELRAY
WETHIAR ) RSD . 45 ERRS)-HKE HistlR
R SRR BREGERIR. AR By 4 RIR AL
SRR CH E R T ALK RSD 23308 1.24%.
1.57%- 1.56%- 0.62%- 1.44%. 0.33%- 1.05%- 0.85%,
FINZAANG L R AT

24.6 HEEMFEER FEERIAS] FE, %2237
WU AT HI %% 6 AST Rl s, 1%/
“2.2.17 WUN g 25 AIE , ARUCGHFE 73 b, TesxiE
MR, 5SS & RSD. 45 REW(R,S)-FHK
F. SRR, SER. BERR. R8ER B.
FEER AL BRI C. HE RSB RSD 2
AN 1.17%- 0.86%- 0.87%- 1.08%- 1.94%. 0.63%.
2.10%. 1.65%, RFIZTTEEE MR,

247 FROEMFEER  FEEWRIAS] FEd, $%92.2.37
R J7iE 26 AST BSR40 Til4% 04 4.
8. 12, 16+ 24 h HHATIE, 4% “2.2.17 WUHAi%%
f, dsRIEIAR, THE & R kI T AR RSD.
ZERKRIRS)-EKE. AR SRR FRstR
TR, SR B maER AL Rk C. HE
PR VE T AR RSD 7338 1.36%- 1.46%+ 0.55%-
1.56%. 1.40%-. 0.73%- 1.07%-. 0.65%, IR
TRV VRAE 24 h NAESE

24.8 JOFEEIUEFZR KFERNOHEER
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Table 5 Contents of eight marker components in ten batches of samples
_— (R.S)- 5/ (mgg™") BRI (mgg ™) SRR/ (mg-g™) Fas I iR/ (mg-g ™)
RO BRUOR RAEW PRMOB BEDUR URAAR IRBOR BRUOR R RO BRUOR R
S1 2.64 7.98 19.03 9.78 18.61 53.57 24.05 49.53 137.10 11.46 23.80 67.13
S2 3.01 7.34 16.56 9.20 22.11 54.81 23.58 60.15 130.24 11.23 30.86 64.11
S3 2.96 6.88 17.21 9.39 22.20 53.95 23.37 64.00 127.89 11.24 31.51 63.89
S4 3.21 7.63 19.37 9.63 23.93 57.34 24.51 52.75 147.25 11.70 28.13 69.10
S5 2.59 7.95 18.72 9.77 17.24 53.48 23.79 45.94 137.75 11.44 25.65 66.93
S6 2.97 6.99 16.95 9.24 2242 53.82 23.70 60.58 128.77 11.27 31.66 66.03
S7 323 7.88 19.32 9.67 25.57 56.23 24.53 55.93 143.79 11.68 27.73 69.07
S8 2.92 7.08 17.31 941 22.50 54.13 23.71 62.51 125.09 11.23 29.81 62.54
S9 2.98 7.29 17.06 9.44 21.96 54.40 23.28 59.97 127.45 11.16 29.81 64.79
S10 322 8.20 19.18 9.63 24.47 56.33 24.60 54.16 145.47 11.75 27.32 68.60
Hek F4RIEB/(mg-g ™) FERIRA/(mg-g ) S RIRC/(mgg ™) HERE/ (mgg )
FEHOR RRUOR R RO MU WREAE RIBOR RRDOR RAR REOR V0K IR
S1 7.80 17.73 5131 5.35 12.86 33.29 9.49 22.49 64.68 38.87 93.67 228.57
S2 7.23 27.09 54.76 4.81 19.31 33.71 9.13 36.83 67.69 42.02 10725 238.50
S3 7.22 26.17 53.66 4.88 18.56 33.37 9.30 35.11 67.04 4148  103.11 240.48
S4 8.67 23.52 48.52 6.06 16.94 35.67 10.35 28.39 64.26 40.61  116.50 230.02
S5 7.82 19.00 53.52 5.34 12.87 32.85 9.61 22.49 64.41 38.20 92.98 225.82
S6 7.12 2428 54.06 4.85 18.74 33.58 9.27 34.77 67.75 4146  107.00 236.17
S7 8.55 21.75 49.27 5.93 17.24 36.30 10.24 30.05 63.07 41.01  121.18 228.98
S8 7.05 25.12 53.63 4.81 14.98 33.39 9.08 35.13 67.77 41.80 99.55 24541
S9 7.21 25.85 54.19 4.86 18.35 33.63 9.19 34.18 67.11 42.04  102.12 243.42
S10 8.78 22.86 48.94 6.14 16.34 37.17 10.40 31.64 63.13 40.63  116.72 232.65
F6 SMIERRMAEARLEZPEFTHGIHLER (X =5, n=10)
Table 6 Statistical results of eight marker components in different process intermediates (Xx s, n=10)
%5 P (mgg ™) R/ (mg g ") AR (mgg ™)
R.S)-H & 2.9740.22 7.5240.47 18.0741.14
Bk s g 9.5240.21 22.1042.52 54.8141.35
SRR TR 23.91£0.49 56.55+£591 135.08£8.27
B R AR 11.42+40.22 28.63+2.59 66.22+2.33
4R R B 7.75+0.69 23.34+3.08 52.19+2.43
FFRIRA 5.30+0.55 16.62+2.36 3430+1.50
FERJRIRC 9.61£0.52 31.11+5.22 65.69+1.96
HE R 40.81+1.31 106.01 +9.69 235.0046.79
SREITERHMIE. BRI S IRAH R A T4 2 80 RO SR ORI E FIIS). 2 & e FIEE

S THURE, ZRIEFRIS RS AT EE RV IR 1%
TR REE X 24k (FXR), iR R SR 5
(BSEP). #H& T4 HR L2 Z Ik (NTCP) %5
KR IZEE T, SRR B R 2 B AR 02T;
P ez UL 3 00 1) SR A . BB Toll #xﬁi 4
(TLR4) 155 EBREIE . S 2 SEI 0 F0H 20

s TR AR PR - 300 ] ﬁ&%fiﬁﬁ” i )
RN ZGTERCAT A FEAR B R “ iR
“CHERA A SO AT A HEREGRAE
BORITS “CRVERRSE (R, B sedm it s
B, SCRATGENTT e B2, ARIL “AEATI A IE”
ML A 25 b, SRR 5 H FRR E v 1R
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Table 7 Transfer rates of 8 components indicators for each step of 10 batches of samples
Hevk SR —~ BE TR /%
(R.S)- A WEER  SER . ReER RSB RSERA  REEKRC HEREK
S1 60.53 38.06 41.19 41.53 45.46 48.10 47.41 48.20
S2 40.65 40.07 42.52 45.80 62.47 66.86 67.23 42.54
S3 41.11 41.79 48.40 49.55 64.07 67.24 66.72 43.94
S4 47.45 49.67 43.05 48.10 54.22 5591 54.88 57.37
S5 61.40 35.28 38.62 44.82 48.59 48.18 46.80 48.68
S6 40.18 41.36 43.57 47.88 58.10 65.82 63.91 43.99
S7 48.79 52.89 45.61 47.50 50.90 58.15 58.70 59.09
S8 41.50 40.98 4520 45.50 61.08 53.42 66.33 40.83
S9 41.53 39.49 43.73 4534 60.86 64.13 63.13 41.24
S10 50.95 50.80 44.03 46.49 52.08 53.23 60.85 57.45
_— BE DU — RGO /%
(RS)-HikE WEER  SER RaEKR RSERB REERA  REHEKRC  HERE
S1 80.47 97.13 93.42 95.21 97.66 87.37 97.06 82.35
S2 90.18 99.14 86.62 83.10 80.85 69.84 73.51 88.95
S3 98.81 95.93 78.88 80.05 80.93 70.97 75.37 92.07
S4 90.49 85.38 99.44 87.49 73.50 75.01 80.64 70.34
S5 73.56 96.94 93.71 81.55 88.04 79.73 89.50 75.90
S6 97.75 96.83 85.74 84.11 89.79 72.26 78.59 89.02
S7 91.93 82.45 96.41 93.40 84.94 78.93 78.71 70.86
S8 98.71 97.14 80.79 84.70 86.18 90.01 77.90 99.53
S9 93.59 99.08 85.01 86.95 83.86 73.34 78.53 95.35
S10 85.10 83.72 97.71 91.34 77.89 82.73 72.57 72.50

*8 8 MIEARR D THFEFEBEITEERE (n=10)
Table 8 Control ranges of step-to-step transfer rates of

eight components between processing stages (n=10)

ro HREIMEL300/%
PREUR BT B ST — IR AR
R.S)-EHE 33.19~61.63 63.04~117.08
ek R IR 30.13~55.95 65.36~121.38
SRR 30.51~56.67 62.84~116.70
(SEEPT 32.38~60.13 60.75~112.83
4R LB 39.05~72.51 59.05~109.67
FEERIRA 40.67~75.53 54.61~101.42
4R RRC 41.72~77.48 56.17~104.31
o 33.83~62.83 58.58~108.80
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