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Abstract: Objective To establish a fingerprint of the classical formula Danggui Sini Decoction (3431177, DSD) and combine it
with chemical pattern recognition to analyze and establish a method for multi-component content determination, clarify the
transmission law of key quality attributes. Methods HPLC was used to establish the fingerprint of DSD, and traditional Chinese
medicine (TCM) Chromatographic Fingerprint Similarity Evaluation Software (2012) combined with hierarchical cluster analysis
(HCA), principal component analysis (PCA) and orthogonal partial least squares-discriminant analysis (OPLS-DA) were used to
evaluate the quality differences between different batches of substance benchmark of DSD, and find the main chemical composition
causing quality differences between batches. Fifteen batches of material benchmarks were prepared, and their fingerprint similarity,
index component content and dry paste rate range were determined. Result The fingerprint of DSD was established, and 16 common
peaks were determined. The similarity of 15 batches of DSD was greater than 0.90. The samples were divided into three categories by
three chemical recognition modes, and the quality markers that caused the main difference came from liquiritin. The established method
for the determination of multi-component content has good durability. The average transfer rates of paeoniflorin, liquiritin and

glycyrrhizic acid were 52.94%, 48.79%, and 47.39%. Respectively, the average transfer rate of dry paste rate was 86.40%. Conclusion
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To establish an HPLC fingerprint of the substance benchmark of classic prescription DSD and evaluate its quality with chemical pattern

recognition method. The markers causing batch differences and the content determination methods of seven components were found.

The critical quality attributes of DSD substance benchmarks can be stably transferred from decoction pieces to decoction finally to

substance benchmarks, and the whole process quality control system of DSD was preliminarily constructed to provide reference for

subsequent preparation research.

Key words: Danggui Sini Decoction; fingerprint; cluster analysis; PCA; OPLS-DA; chemical pattern recognition; material benchmark;

quantity value transmission; paeoniflorin; liquiritin; glycyrrhizic acid
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W REPHERRER AR RS AIRAF . i CRAE
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J7INRZEMRR S b AT R, S50k ™ X, &
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R TN A I Y, HARBENR 2. @il
AV FT AT UE S B AT, R BRI
A3 g, KAFHE N 24 g, 1 FHRE N 200 mL, FI
AR St #k i “EE 3 A7 RIRT B, R
I [ A E N 1.5h, BB R e Ecoh 1k,
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#z1 DSDIRKHIER
Table 1 DSD pieces information
RS FEIR S 2 FRRR AL sl fit5
EYS| AR VA BRI 24 V1 Angelica sinensis (Oliv.) Diels #  H il & IR E DG20211001-5
TR =g T DG20211101-5
Hila HEinEE DG20211201-5
FEAS R B A Cinnamomum cassia Presl. W) TR, T REZ e IS GZ2101001-5
JTRAE T GZ2102001-5
JTIRAB TIPS GZ2103001-5
S5} BERAZBENA 2 Paeonia lactiflora Pall. FIF AR LBUE M TR BS3911-5
LR 2 ) T RUR BS3921-5
WiiLg gz B BS3931-5
43 L fp R Rl JBAEY AL Asarum heterotropoides Fr. LTHE XX211301-5
Schmidt var. mandshuricum (Maxim.) Kitag. # T H2 R S7 RIS XX212301-5
LT HEA XX213301-5
K IR B Y A Akebia quinata (Thunb.) Decne. 2 MTO011901-5
SR N B G MT012901-5
2R MT013901-5
HE GRHEREEEYE S Glycyrrhiza uralensis Fisch. [T WE TR ZHMPRIEERTT  GC0442101-5
RERZE Hkts B R GC0442201-5
Hila B GC0442301-5
KE AR B E Ziziphus jujuba MilLFT TGRS HrsEAIH DZ0101-5
I RS DZ0201-5
THEpT DZ0301-5
Fz2 154t DSD YIREEHREAERER
Table 2 Information table of random combination of 15 batches of DSD substances
- 2t s
1| R FIA] Hr AiE e KA
S1 DG20211003 GZ2102003 BS3915 XX211302 MTO011903 GC0442302 DZ0102
S2 DG20211103 GZ2102002 BS3914 XX212302 MTO011902 GC0442202 DZ0301
S3 DG20211003 GZ2102005 BS3914 XX211302 MT012901 GC0442105 DZ0302
S4 DG20211201 GZ2103002 BS3923 XX213304 MTO012904 GC0442104 DZ0302
S5 DG20211204 GZ2102005 BS3924 XX211302 MT012902 GC0442304 DZ0303
S6 DG20211102 GZ2103002 BS3912 XX212302 MT013901 GC0442102 DZ0101
S7 DG20211003 GZ2101002 BS3912 XX212303 MT013902 GC0442302 DZ0204
S8 DG20211005 GZ2103002 BS3924 XX212304 MT011903 GC0442305 DZ0203
S9 DG20211205 GZ2103005 BS3924 XX211305 MT012902 GC0442204 DZ0301
S10 DG20211105 GZ2102004 BS3914 XX211304 MTO013904 GC0442103 DZ0105
Si1 DG20211204 GZ2103003 BS3922 XX211301 MT012905 GC0442205 DZ0104
S12 DG20211101 GZ2102003 BS3934 XX212301 MT013904 GC0442305 DZ0202
S13 DG20211104 GZ2101001 BS3932 XX212305 MT012902 GC0442305 DZ0103
S14 DG20211202 GZ2103004 BS3915 XX212304 MT012901 GC0442103 DZ0102
S15 DG20211104 GZ2101002 BS3933 XX212303 MT013902 GC0442105 DZ0203
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FLIERE, HaRuEd, B
W50 mL, AT, B
2.2 DSD {5 EEHAR
221 i FM BN ACE Excel 3 Cis-AR
(150 mmX4.6 mm, 3 um); Mz ALHE-0.2%2
KT, BEEVERG: 0~18 min, 8%~ 10%Z.JiE;
18~48 min, 10%~14%.fiE; 48~70min, 14%~
17% . : 70~85 min, 17%~21%Z.fi ; 85~95 min,
21%~21.5%Z.JE; 95~135min, 21.5%~45%Z. i
R 237 nm; AFUARE 0.6 mL/min; BEFEAARE
SuL; FER 25 Co BRREEAR AL LIAT 25 I B R T
5000
222 RENEBEEMH S oA EEERER . A
ZINERE . ATAE . PTRER. R, By, H
TG, FEEMOE, 0 BN BT SRR EE
4930.10. 167.70. 277.50. 35.50. 42.45. 170.40.
144.30 pg/mL IR A X R S A
2.2.3 MK H & BUDSD mIRE 2g (W
JRAEHE 1.25 g), FEEMRE, B S0mL #HHH, ik
ER, HFEAAE 20 min, A, i 0.45 um FALYE
JEE, BB PE BN A
2.2.4 FROUENE kAR
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NS SRR AT T . B IR W A R OR B )
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WiZ iR R M R AT
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T i AR AR, A IE 04 24 44 6.4 12, 24
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F U MZE 12 R 2 ik e SURIREAR B VRN RS
(2012 RO BRAFERE TR SU B HEAT 70 A . DARE
S1 MR et NS s TR SR (R A2
%, BFEE 0.1min), HiE T 16 M3, FEAZ R
XHRFRSUEEE (R), 15 #t DSD #5244 1) HPLC
oo Bt S mE WA 1. 15 it DSD ¥Ji E ks
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Fig.1 HPLC fringerprints (S1—S15) and control fringerprint (R) of 15 batches of DSD substances
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0.993. 0.991. 0.993. 0.991. 0.989. 0.985. 0.993.

0.901. 0.974. 0.991. 0.972, AHLLE KT 0.90.
Hodr 812, S13+ SIS KT HADFE S, WiAA LK
SIS Y R R A E — B R R ZE R
2.2.6 JZIREF W (hierarchical cluster analysis,
HCA) ') ZH SPSS25.0 Hda - #r i, 15 it
FES LA I UG AT RARIS, RAHNE
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2-chlorogenic acid  5-paeoniflorin  6-paeoniflorin  7-ferulic acid 8-benzoic acid 9-liquiritin  15-glycyrrhizic acid

2 DSD IR EERSEES 16 MHEERH)AR
Fig. 2 Specific peaks and their attribution in benchmark fringerprints of DSD substances
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Fig. 3 Reference HCA pedigree of 15 batches

FESD S13. S15 M58 2 25, SI12 A% 325, a3l
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2.2.7 FES Mt (principal component analysis,
PCA)  #&F% 15 it DSD MR 16 NIt 1A
R AN &, S\ SIMCA-P+14.1 (Demo) #&
{11347 PCA b3, 137056 FEE LK 4. 15 4t DSD
VIREAERT 738 3 9%, BIAES: S1~S11. S14 4% 1
Z%, FESh S13. SIS NER 228, SI2 A% 335, s
Rl 5 HCA 453 MH BNk

2.2.8 OPLS-DA ¥ 15 #it GSD ¥ FHER 16 4
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#t17 OPLS-DA 4b3, 50 HiREE LK 5. 4558 KM
15 PSRN 3 28, 6 DI EE B (VIP)
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Fig. 4 PCA scoring plots of 15 batches of substance of DSD
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Fig. 6 VIP values of OPLS-DA of DSD substance
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ANERET 3IAREHE, 14kBE AR, #—
A5 U BF PR A I A TR E R DSD )
HE TR B AR 1 O

2.3 DSD ¥IREEEIFRS A HHE. HEH. HE
B2 E 2 E

230 ORELM [F22.17 00K, 3 MRS B
BREIE KT 5000, 43 BESEERT 1.5, ik E WA 7.
232 RAENEBBEEME S [F 2227 BUNK
AT H B, H S ERIR A0 IR A TR
233 fEaEm IRl [/ “2.2.37 WiF.

A 6 15
MM_AJ\_FL_J A I A l -

B
L ] _ o

6 ZIO 4IO 6I0 86 I(I)O 12I0
t/min
6- AT O-HEAF  15-H R
6-paconiflorin  9-liquiritin  15-glycyrrhizic acid
7 DSD#d (A) FURAXERME (B) #) HPLC
Fig. 7 HPLC of DSD sample (A) and mixed reference
substances (B)

(1) MR RFEL: 7GR ICE S “23.27
TR BIR A0 R, I EE R R, 1947 25 i
wEIREEN 13.88.27.75.55.50. 111.00,222.00.277.50
ng/mL, HEH R E N 8.52.17.04.34.08.68.16+
136.32. 170.40 pg/mL, HERFRIKEN 7.22.
14.43. 28.86. 57.72. 115.44. 144.30 pg/mL ] &5
TR RIS A o AR )R 5 0o TR ot
WS S pL FENBA RS, $% “2.2.17 T T ik
0 5E 25 A7 B TRIAR , DAJST Bk BE R AL bR (X0,
U TRAR AR ME A AR (V) BEATZRMERNT, 455105
TR Aj25FH Y=9025.82.X—1653.98, r=1.0000,
TG H 13.88~277.50 pg/mL; HHF Y=17790.30
X—17 745.64, r=1.000 0, ZMVEHl 8.52~170.40
ug/mL; H¥RR Y=4436.94 X—2084.58, r=1.0000,
LRPEVEE 7.22~144.30 pg/mL. S5REH, &K
TE% B 0 B LT N MG R R AT

(2) FEEFERTS: R R b &5 o B0k T 1) VR
N SRR, 4% “2.2.17 T i SR A
ST 6 IR, Ayl EIEIA . SERATH . HEE
AH FERIETE A RSD 43518 0.81%- 1.00%-
1.03%, FKIEHIEH LRI

(3) FE MRS : FEEWE “2.3.37 TNk
il s AR, 0l 04 24 44 64 8.

2.34
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12, 24h, FEHEWEL 5 uL RSB IFE “2.2.17
TR B St AT e, S5 RATZH . H A
FRRUETHIFR RSD 73508 2.55% 2.56%- 2.09%,
FABGR IR 24 h WhENE R 1T

(4) EEVERE: RE “2.3.37 K7L AT
il 2% 6 I BRI 73 A I 5 uL AR I
W “2.2.17 TUR IS FAEATIE, 455008
BARATH . R R R T R RS SAE 4 Sl
N 4.4279.1.075 6.2.192 8 mg/g, RSD 431 4 2.80%-
2.81%-. 2.87%, RWIZTTEEE MR,

(5) JNEERIMCRIRG: B 6 £ Sl 5E &% o =
MR E 1g, KEME, 5IAATZH 4.23 mg.
HHEH 111 mg. HHER 2.19mg, #% “2.33” WK
T R L 23 A B T 5 uL B A
WA “2.2.17 TUR IS FARATIE, THES K
SR RS Z AT RSD A, S5 RATZH . H R E A
HAEER P I0RE S R 73 008 98.81%. 96.68% -
100.75%, RSD 2354 2.17%. 2.33%. 1.78%, %
HAZ 2R R AT
2.4 DSD #¥IFREEIRFRA T EIR A -7KAR-4 R
Bz BN EEED

W &N T ES % (R EZ ) 2020 44

R, EHL “2.37 T B B E O v R B R
PEAT . HEARATZ T B R R AL
YR -IK B4 S B e ) B AL 5 KU, DSD )5
SEWEIK B AR AR RS (P 8 4 “2.17 T il &t
TV S TR

R R = om/WM
ORI IEAE IR R R, m SRR R R
R, W RIRR A BRI R B M R T
HIER o

K DIRAR IR B 1 E B S AR -4 T s o A
R R 3 Prox, AJHHEH. HEEH., HHERMN
W - B T 351 e R 22 3 il R 52.94%  48.79%-
47.39%. SR ILE 8.
2.5 DSD ¥IREEHIZEIEPZARTEREE
MEMR

o LR L2144 15 #EIK Y DSD #)i %k
HERE S, WE HTE & TE R ME 77 XO8E 100
mL (n=2) FERCHELRIRZH 105 CHET 2 4H E i
2, HHEARXANTER=6m/M, AXHF 6m FXRT
BHRE, MEBERSHFRIRA &, RSN
HRTHEERSEBTERERRNE®E N,

g5 NE 9 F1K 4 Frax, 15 #it DSD #5244

*3 BYURHEAKEGHS SERIRA-MREEEBR

Table 3 Content of medicinal flavor index components and reference transfer rate of decoction pieces and substances of

paeoniflorin and glycyrrhizae

L SE HEH HHER

HEREIR TR 1% KRR /g Wi ke g e R 32/% TR 1% 7K B/ g WIS L HE /g e R 321% W 1% FK T g WIS JE e g /8 %21%
S1 319 0.1594  0.1592 55.44 1.09 0.0348 0.0327 49.98 2778 0.0851 0.0853 65.10
S2 3.05 0.1728 0.1310 47.73 224 0.0437 0.0430 32.02 4.17 0.0749 0.0742 29.64
S3 299 0.1595 0.1492 55.42 235 0.0637 0.0623 44.15 432 0.1253  0.1251 48.21
S4 323 0.1510 0.1509 51.90 225 0.0633  0.0469 34.76 447 01293  0.1235 46.05
S5 3.03 0.1453 0.1415 51.89 1.02  0.0481 0.0457 74.62 281 0.0894 0.0813 48.21
S6 311 01552  0.1513 54.01 232 0.0635 0.0615 4421 435 0.1323  0.1306 50.04
S7 267 01739  0.1717 71.44 1.00  0.0381 0.0377 62.85 280 0.0937  0.0909 54.05
S8 324 0.1687 0.1659 56.87 1.02  0.0363 0.0345 56.31 2.65 0.0903  0.0867 54.47
S9 3.02 0.1443 0.1401 51.52 219 0.0552 0.0531 40.44 413 0.0939 0.0900 36.30
S10 311 0.1461 0.1449 51.72 221 0.0539 0.0537 40.46 430 0.1154 0.1111 43.05
S11 3.07 0.1470 0.1432 51.80 218 0.0469 0.046 8 35.82 412 0.0898 0.0849 34.33
S12 3.00 0.1263 0.1205 44.61 1.03  0.0554 0.0325 52.58 250  0.1132  0.0742 44.15
S13 323 0.1405 0.1306 44.89 1.05 0.0504 0.0495 78.49 2770 0.1042  0.1038 64.03
S14 319 0.1543 0.1514 52.69 229 0.0579 0.054 4 39.53 411 0.1254  0.1129 45.75
S15 3.01 0.1415 0.1412 52.13 220  0.0645 0.0603 45.66 429 0.1381 0.1222 47.46
¥MHE  3.08 0.1524 0.1461 52.94 1.76  0.0517 0.0476 48.79 3.63 0.1067 0.0998 47.39
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Table 4 Results of 15 batches of DSD single drug and substance reference dry paste rate and transmissibility

fit5 e — LB/ %
12| A S ZES A HE S i bR
S1 49.54 9.49 2121 14.66 8.96 25.76 36.38 26.88 21.19 78.84
S2 51.23 9.80 20.53 13.22 7.56 23.20 35.44 26.22 20.61 78.59
S3 48.45 8.70 19.80 14.45 8.50 24.79 32.90 25.16 21.52 85.52
S4 49.87 7.90 22.50 13.67 8.73 22.98 35.25 26.13 23.71 90.73
S5 47.99 9.30 21.44 14.03 7.98 24.78 32.11 25.03 19.13 76.44
S6 50.02 9.25 23.70 12.86 8.60 25.65 36.45 26.98 21.80 80.79
S7 47.90 9.02 19.60 13.66 8.03 2433 37.12 26.34 24.58 93.32
S8 51.76 8.45 18.68 14.78 7.56 26.88 34.64 26.13 23.60 90.32
S9 48.23 7.88 16.98 14.99 6.78 23.56 32.18 2426 22.02 90.75
S10 46.80 9.43 21.66 11.44 7.49 25.65 37.64 26.47 21.85 82.56
S11 4522 7.98 20.78 13.89 8.29 2433 35.97 25.69 21.55 83.88
S12 46.46 8.55 20.09 15.02 9.45 25.03 33.74 25.39 23.46 92.41
S13 4922 8.30 19.67 12.66 8.67 23.78 38.20 26.67 23.37 87.62
S14 48.67 9.79 18.45 14.67 5.78 24.14 36.12 26.01 2271 87.32
S15 48.55 9.33 17.99 14.53 9.47 23.45 33.87 25.33 24.56 96.95
BIE 48.66 8.88 20.21 13.90 8.12 24.55 3521 25.91 22.38 86.40
3 Wig Fr 2, BRE A e o kST
DSD 77 HA A R ATZG. A, HE JRSCILERIAT ) R, GRS AT R 2 0

(O~ WEL KA (B 7uRey, JrhERcER, i FRZGH, G iiisCker 7o BT AR S, I
LHOELLERK, 5HAHOVEL; BA . MO8 2 (DiER) Al i s i, SR E DSD i
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RMATZ 2 BN B ERIAT A BHEM A ) P
lactiflora Pall. ) TR RLZM B O A B
W JEAEYI A A. quinata (Thunb.) Decne. — A i#
A. trifoliata (Thunb.) Koidz. [ T/ E 25 412541 %
JF A5 SRR B AE AL A. heterotropoides
Fr. Schmidt var. mandshuricum (Maxim.) Kitag. ]
R HEAGMEFRATHTREBEYH R G
uralensis Fisch. [ AR 25 o FoAt 3 IR 24 fy FH 2
JR35 R (R EZj ) 2020 SR & B A, Y
VAAATER Y B 24 VH A. sinensis (Oliv.) Diels.
TR, HERCNAERME B Y WEE C. cassia Presl. T
BRI, KA RPRPEB YA Z jujuba Mill. T+
BRRGAIRSE TT R E SR EON “RH R, &%
EZME ] O H B, M DRy, SR
% CHEND KRR e,

VR AL G ST AR SRS AN 5 E T VA, X
LT 4.6 um JZ 3 um AFRAR G, 3 pm RiAEH)
BB B LE, Uk, REEFERAREN 3
um (S, S A 2% b 2 5 7 I ) I E
ik, ERSHERRE R GRS, BT R
PN IEDIRAZR /N, N 3 pm, HEEFA 150 mm
PIREAE, PHbiEA 0.6 mL/min [PARFRR &, Ak
Go rmn AR B 3 B0 vy X v R B n A % e
WAL AR AE

KHT Agilent 1260 F1 Waters 2695 1= %0 AH &
TG E AL VA R & R S, SRR
o &R AR SR ACE Excel 3 Cis-AR (150
mmX4.6 mm, 3 um). Titank Cis (150 mm X 4.6 mm,
3 um). SuperLuCjs (150 mmX4.6 mm, 3 um) 3 Ff
R LA S A B S i . BRI IEAR
HAAERE T, SREMERSTEERAR,
B R, MRS, HERTREEK,
Ui B B TV T R 4F

FEH ISR B & I AR, 5L T IKAIANE]
AR 53 H ) FH R A SR O 5 O B B RS, 4
PRSI S EZERAR, HrhokK GBS At
WIRIBONETE HE SRS, B, @BKIEAH
FERE I LA RAEEE R DSD (A k3 . PRAR
AL FT ST O SR, R B RN B
FE R T A AR 8 HARYEANEK A Y
MRS, RALEY AT EEMNA 0.01
mg/g, AUV AT SRR, J5E0T ] E
HEAT I Z BT 1) 250 .

TELE G 3 P A AT 15 fitik DSD 4o 2
HEZ HE S 2= 7 T, 45 R R e
BLRPRIE T H R H S (5 9), HIRESS
TR 5 BT 1% 3 B s 5 R H B (U 10) K&
HER (0 15, HERE T RER BT H 5 R AL
XN B AN A SR 2 R0, b, H RO TE
S ENAAE T ER, HERARE, S5
Pl AL H R 1 R R IR 4R B X (A1 41T 95°07~99°59
A1 104°0"~118°59", Hu¥AL B FIX 2 Aol T
Frem S HINMAS A A SER SIS, 2t
477 1 R Ik R R ASCR: FH T8 b = X ()AL 244 5
WAL BT R/ INTEREAT 43 28 DU (R4 Jog Jk v
(1) o B R 1k

W RIRLERE AL, AT 16 NILE
W, 15 HEW o HEHE AR LRE KT 0.90. [RIFHFRIN T
SRR AT AR ATEGE . BIBRIR . KW H
FAFL HER 7 A, 15 YR IERE DA 25T
HREE ., HERIFY RS E0 0N 8.267 8.
2.5333. 5.160 5mg/g, HH 15 LW FEUEAT 257
HEER T o BN TEIA R 70%~130%, H 54
SEJEHEN 2.56~3.35mg/g. AjE5tr. HEHMH
R REBIY KT 1 mg/g, ATYE N & B E IR,
It AR AL I .

S WA T R HE R ) L2 AR R
Wk, FIRETZ, AEEA AT E T SR E T
SRR T IR B AR ik, 2
TR PRI, e T YRS T
SHETSE . UiE i L 2H& 15 #LRmR
Sk, MWIRFRR IS B FFIEEE. TER 3 A
Jr TR AT, AU AN F B A Air FE 1 iR
] £ Ak 5 B BT B AR A AR R T - TR -4 5
R B AR, HrhAjitE, Wy, Hx
P8 IRy - H TR AR (1) A 36 26 230 50%, 11F BH 7K I P4 B
SAER S FE R R R . {E40HT 15 #itik DSD 4
JREETE SR, B RIEER £ 10%A A,
ESZPR T8 R BT ER T B R MEUE, HFERH ]
A A2 T FAR 25 1047 BB N oK B KT 407 it
THIER KR, FEES T8 ROBEERT
SEFREN,

ASEES ST, DSD FRSUEIRE K 2 il E 772, A
WO NTFFER TR - TR A -4 Joid 2 ofe 1) 41 3
4, UEEH DSD )i FEHETE ) 45 ik P SR AR B 23
5 & fRsUEEARME X T B 2RI E .
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