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Abstract: Objective To establish an HPLC fingerprint method and a method for the determination of multi-component content of
Yaobitong Capsules (%5 i Jii 5%, YC), and to evaluate the quality of multiple batches of the product by combining related
chemometrics methods. Methods Based on the fingerprinting of lumbar paralysis capsules, hierarchical cluster analysis (HCA) and
principal component analysis (PCA) were used to evaluate the quality of multiple batches of samples, while Hotelling’s 7> and DModX
methods were used to establish control ranges for the quality of different batches of products; The content of four active ingredients,
namely chlorogenic acid, albiflorin, paconiflorin and ferulic acid, in multiple batches of YC was determined by HPLC and the quality
was evaluated by cluster heat map analysis. Results The results of fingerprint methodology of YC were in accordance with the
requirements of the determination, 17 common peaks were labeled, and eight chromatographic peaks were identified by standard

comparison, and the similarity of samples from 14 batches was more than 0.90. No abnormal batches were found in HCA and PCA,
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indicating good inter-batch consistency. The upper limits of Hotelling’s 7> and DModX control were 15.077 and 1.653, respectively.

The contents of albiflorin, paeoniflorin, chlorogenic acid, and ferulic acid in 14 batches of YC samples ranged from 1.733 to 2.853
mg/g, 4.674 to 8.127 mg/g, 1.128 to 2.417 mg/g and 0.586 to 1.232 mg/g, respectively, with a good linearity (» > 0.999 3). The results

of cluster heat map analysis showed that 14 batches of samples could be clustered into three categories. Conclusion The fingerprint

method and the multi-component content determination method are accurate and reliable, which could be used for the quality evaluation

of YC. The multi-batch product data combined with the chemometric method can be used for the stability control and quality evaluation

of YC.

Key words: Yaobitong Capsules; HPLC; fingerprint; chemometrics; quality evaluation; hierarchical cluster analysis; principal

component analysis; chlorogenic acid; albiflorin; paeoniflorin; ferulic acid; Cluster heatmap analysis
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Table 1 Sample information of 14 batches of YC sample

LR T A= S Vit T I . T £ = A oV
S1 220115 2022 S8 230737 2023
S2 220116 2022 S9 230801 2023
S3 220117 2022 S10 230802 2023
S4 220118 2022 S11 230803 2023
S5 220121 2022 S12 230805 2023
S6 221115 2022 S13 230806 2023
S7 230533 2023 S14 230810 2023
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Fig. 1 HPLC fingerprint (A) of 14 batches of YC sample and reference fingerprint (R)
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Fig.2 HPLC chromatograms of YC and its relevant herbs
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1-chlorogenic acid; 2-albiflorin; 3-paeoniflorin; 5-notoginsenoside R;; 6-ginsenoside Rg;; 10-ginsenoside Rd; 14-ligustilide; 15-osthoside.
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Fig. 3 HPLC of mixed reference substances solution (A), blank solution (B) and YC samples (C)
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Table 2 Eigenvalue and variance contribution rate of PCA

Epgy TTETTERE%  BRUTETRE % RHIEE
1 89.00 89.00 12.5
2 7.42 96.40 1.04
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1-chlorogenic acid; 2-albiflorin; 3-paeoniflorin; 4-ferulic acid.
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Fig. 9 HPLC of mixed reference substances (A, a), YC
sample (B, b), and negative sample without Paconiae Radix
Alba (C), negative sample without Angelicae Pubescentis
Radix (c), negative sample without Chuanxiong Rhizoma (d)
and double negative sample without Angelicae Pubescentis

Radix and Chuanxiong Rhizoma (e)
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3. 6+ 9. 16+ 24 h FEFERGI, THEATANERE . A5
25 SREIR . FITEEIR 4 € B & AR RSD,
ZERARIN 1.26% 1.35%- 1.39%-. 2.06%, WA

f) RSD #1<<3%, ] 24 h WALV TRE SR 5
TR RE
238 HEMIAK HFE—H YC FEa (ST, #%
“2.3.27 TR EPATHI & 6 4, HEFEIE, 4330k
HYC T EATANERT . AT SRR Pl
i 11 5 70 0 S I RSD B, 25 RS HiR s & &
) RSD 434 0.80%- 0.71%- 0.79%- 1.44%, #*
BT VA I R .
2.3.9  JFEEMSCRIRLS B 9 CANRRIIER A
PR (ST oMk, H. = 3 4, B 0.25 g,
FEBERRE » 3 Pk 43 BN TR A6 IRV (%
AJGNBETEF 17.127 pg/mL. A5 25 44.059 pg/mL.
SRR 13.304 ug/mL. FTZRER 6.569 pg/mL) 0.5,
1.00 1.5mL, Fid% “2.3.27 TR 4 7 1
PR INFE B AR,  ERERI, THEDIRE R,
RATHNEREE . AJ25H . SRR BTZRER I -T-¥m
BERIE 2 54 103.53%. 100.35%. 105.11%-
105.25%, RSD 73514 1.77%+1.93%+1.71% 1.49%,
FWNZ T IINFE EISCR R AT
2310 FEREENE &V B 14 ik YC FER
(S1~S14) il &bl miam, #%| “2.33” &
AR RE B 10 pL JFEREAS I, THARRE S R
ST R, 14/ YCHER AT BT . ATZE.
SRJRIR . P ZRER (1) 0T 2 40 B0y miloN 1.733~2.853
mg/g. 4.674~8.127 mg/g. 1.128~2.417 mg/g.
0.586~1.232 mg/g, &R FHLI™ it % 7 1
TRAER. NEEWRILZ AR 8] E 5 AR
SRR, ¥ 14 3t YC RER &8 E B S
B K V-4 Hiplot Chttps://hiplot.com.cn/), iEH
ward %, VARKICEEBSONERE, £l m R E.
14 HERES AT N 3 2K, S1~S4. S6 A1 S11 BA—
XK, X6 HFEMPATA AT . AT & AL
=, SRJEIR . PTBEER & S AR BAR; S5 S8~S10
RN, IX 4 HERE S R BRER S AR s ST A
S12~14 B N—35, S12~S14 iX 3 #HLEE M T 4% 5 iR
FEAN R, HARS B R, 4R E
100 HEIRTE] 7y 7 1) 22 57 2 v T R 2564 Btk vk
G,
3 it
31 IEBYEERUFENIRA S
ARSEESESL T YC M HPLC fa8U&E, 14
It YC FEmBfE 7 17 NMEE I, N T 8 AN
14 #L YC ¥ 5 8 0Bt 5500 B S AR BUEE =0.90,



. 2586 « PER 2024448 B55% B8 Chinese Traditional and Herbal Drugs 2024 April Vol. 55 No. 8

Fr£:1?:_%
_

waml 2
Rt |1

S11 S2 S3 S6 S1 S4 S8 S10 S5 S9 S7 SI14 S12 S13

E10 143t YCHRINEERTSENRERE DT
Fig. 10 Cluster heatmap analysis of four components of 14 batches of YC sample

TSRS — S R4 Fegu B se e xo it
B AT S, AR R G A HZ L
AR ENREE RO, FEHAF K AR FE Y F
TR [F)3R 52 (%) SV FIEEXRT [H] (20 30,
40, 50min), RIEIEH. G, 788 T2 e il
S N EERE S 40 min. 540 EIE @R 455 HCA.
PCA 42 &5, 14 it YC FE 5 REL
G382 2, AT REAE BT AN RO 2B 77 i ) 22 57 B
AN ERER (] J5UR 20 AN [R5 B 72 PCA AR Y JE At
%5 Hotelling’s 72 1 DModX x4, Sz
() B2 S ) %, $ i TR LR EETT
HEEOTTEMA TR, Z2ME. 272 IES
B iE e, SFHREETR N ZER, IR HATE
(IR AR A I T 28 S B8 IR 2 A T ) s VAN
NAREF St R e . — Sk, AR YL R SRk
g I TR AR 2 64 K b ) T 25 R o R ) T
32 BEMNERSHEN

AT TR FE S B LA WA SV SR
EHE YC HIETY R AF I o DL H8 S Bk A i
TR IR 2R, K AT AT 2 N BR T AT 25,
VS A PR AT SRR R ) |55 Rkt AT 1 40 SR PR B 53
VERNRNE VM G FATZRM RN, ST ik
i, MUEPLR . AR BUNATANERE . ATE
TN AAT R AR bR 0, BAT B P28 [ 24 22
YEFRT2Y, ZatFi3RI, BIERRRIE W £ 4 77 h k4%
Pk, HrRZGEAE B3, HETEEN (hE
ZHHL) IR RUE RPN SRIRIRS 2 AR AE
ZMYME, FEZERPR. PUEAEER A
13234, AT SE I S 0 MAPK A5 530 BR 54 S0

SN SEA R RTIIN YC KRR N 259016 )
JIEERRFREE B, RS - mT e ) 281 e 20 P Tt N B
=8y, MR AT N R . AT25H 9 R
5318, WL TTIEE B e — & A& B A AT
AT &I E S a0 AE kit i) 8 7 o SR IO
A GEA SRRSO, $EEBUAF Ok, B
FE. 75%HEE. 50%HEE . 4FF. 75%48E . 50%Z,
fi) FOFREUN ] (204 30+ 40. 50 min) #EATH K2
L, WRIBETE . 70 B RSk B L AR 9 50%
B A 40 min. RBRIELZ —FfER & KE XL
PR AN b, DA—Fffr it 1) 40 e B 25 R
JEILHSRI T, BRI, BN 3 K,
ANFEHEXIE YC fAE SR ER, ZRMIEFRTRS
SRR B = s SRS BRI RSO AN R G,
HEARZERE N ilt— DR mEmbRmE, 2Uod
ZAE B DA F B AR B 73 B B N A W

g b, YC BUATIR E b i 3 5N
IR, ARSCIGAN R T B —Fabn B o 1 R = 4 ) 5 i
K FH R RO (i i SIS e 1 K 2 sy e
EEEH YC B, HEEESLFEITESX ZHR
P2 TR PR AT, T ) R R PR DA B e
DA FIRE= i . S0 S e ) 77 B AR
B2 ey 8 e J5 ik T HER I 2 YC Hh EE RSy
TE, MESEGANTREEREES. ok, 2
] A< 1) 7] (0) B A S5 B ) B 9 9 F AN 128 TR S0
W FERNFEAR B 2 B, ns 2 o 4 |
s E I —, HAE—FUEFY . ARSI
J7 TG R Tz B R EU AR YC Bk
i, URRRARTT R B 2 A G AT .



FED 20244E4 7 $55% H 8B Chinese Traditional and Herbal Drugs 2024 April Vol. 55 No. 8

» 2587 »

RBAR PR FERARELEAZFR

BE R
[1] HEZ8 [S]. —&F. 2020: 1085.
[2] %iﬂuﬂi fA] SO A T I i BT A 25 A o A 4%

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

R B 28 8 IR AT 2 (] Ehﬁizéﬁ, 2019, 41(9):
2269-2271.

HORL, BRER. JERIIE R FEVA T A (B O tHAE 60 41
IR ROW 8 [J]. HERIEIRTF A, 2017, 9(33): 78-
79.

W IR Bt s Vi o A ) 48 2R HEOIE J 4 PR PR
JTRL (7). FEZYETTE, 2020, 15(12): 62-65.
B, TS0 T R VA T A ) A R R 1
PREFFE [3]. HiPEE, 2019, 51(6): 190-192.

Bai S R, Li X H, Wang Z Z, et al. The systematic
characterization of multiple components and metabolic
profiling of bioactive constituents in Yaobitong capsule by
UHPLC/Q-TOF-MS/MS []]. Anal Methods, 2021, 13(46):
5589-5607.

5, REH, P&, 5 BEEERELEES TR
(@ [J]. q:;-w ,2018, 49(2): 288-292.
XEf, RIALFE, XUFTPR, 5. S IE R R 0 W5

(ID) [J]. Hh#24, 2018, 49(3): 549-553.

Shi W, Deng Y J, Zhao C Y, et al. Integrative serum
metabolomic analysis for preventive effects of Yaobitong
Capsule in adjuvant-induced rheumatoid arthritis rat based
on RP/HILIC-UHPLC-Q-TOF MS [J]. 4nal Biochem,
2022, 637: 114474.

Deng Y J, Gao X, Feng T T, er al. Systematically
characterized mechanism of treatment for lumbar disc
herniation based on Yaobitong capsule ingredient analysis
in rat plasma and its network pharmacology strategy by
UPLC-MS/MS [J]. J Ethnopharmacol, 2020, 260: 113097.
Deng Y J, Li X H, Xiao W, et al. UPLC-MS/MS
simultaneous determination of seven active ingredients of
Yaobitong capsule in rat plasma and its integrated
pharmacokinetic application [J]. Biomed Chromatogr,
2020, 34(9): e4866.

RER, IFIER, B, 55 C 207D B
MRS S METFRESWER [ HAREEAR—
rhEE 254K, 2014, 16(10): 2227-2232.

WioREE, 1RE87%, Z5ME, 55 HPLC-CAD ¥k [R] i & fE
BIE R 5 FRESE [J]. 25524R, 2020, 55(10):
2449-2453.

Wigkz, 28, T3, & HPLC I s de vt h
i)=& & [J]. AR E AT, 2012, 30(2):
425-427.

BRI, HPLC ¥AINE BRiB IR B A& = ().

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

IR 2424, 2009, 21(7): 111-112.
BRI, W, B, S5 2GR A B T VAT
FEdtRE ()] mmTPEEhZZ%, 2020, 41(1): 82-86.
RN, WIKE, BoLn, S5 T2 i E sl T A
J& 7. TEZY, 2017, 48(12): 2557-2563.

Fom, HAEB, KD, 5 P GIRSURE R E R
RKKRRETMEE [J]. FHRZ, 2013, 44(22): 3095-
3104.

ih, W7y, MR, & TR GUEINE KX 2 RbR )
SE B3 AT R Ji S URE 7 ORI B AR T AT [J]. BT
74,2019, 50(13): 3058-3064.

N, PhR, B, & T UPLC fROUEIER)ERE
FrfE R — SUHE SR IE ST [7]. B2, 2020, 51(20):
5154-5165.

Yang L, Li Y, Hou Y F, et al. Multicomponent analysis of
Liuwei Dihuang Pills by a single marker quantification
method and chemometric discrimination of fingerprints
[1]. J Anal Methods Chem, 2023, 2023: 6648668.

LuPF, ChenY, Tan M L, ef al. Chemical profiling by LC-
MS/MS and HPLC fingerprint

chemometrics and simultaneous determination of 16

combined with

characteristic ingredients for the quality consistency
evaluation of Shaoyao-Gancao Decoction [J]. Biomed
Chromatogr, 2019, 33(2): e4401.

FIELT, BRil, T, 2 HPLC FREEEMZ Ko
S AR ANET N B AR T R [T]. 29T
5T, 2023, 46(3): 583-591.

KIZRT7, BANNGR, ZefRig, 5. rh 2 SO B HOR T
FOBESE SN (7], hELZ, 2016, 47(22): 4085-4094.
FNSEIE, E, AR, AU 5 i AE b 2 i
PGB TS R EE R [J]. ThREZ, 2017, 48(20):
4339-4345.

e, B, MAm, % MBS RS
HGE LAk — BUE PR T ST (0], TR 2, 2019,
50(11): 2552-2559.

Zhai W J, Ma Z H, Wang W J, et al. Paeoniflorin inhibits
Rho kinase activation in joint synovial tissues of rats with
collagen-induced arthritis  [J].
Pharmacother, 2018, 106: 255-259.

Chen P, Zhou J, Ruan A M, et al. Paeoniflorin, the main

rheumatoid Biomed

monomer component of Paeonia lactiflora, exhibits anti-
inflammatory properties in osteoarthritis
inflammation [J]. Chin J Integr Med, 2023 1-10.
R, FNGRN, fee, S5 ATZGE . ATZYA BRI RK
PR 22 B /N B E’Jﬁ#f%ﬁff’ﬁ)ﬂ [J]. ERBR 2y,
2018, 11(11): 1670-1674.

Choi J H, Park J K, Kim K M, et al. In vitro and in vivo

antithrombotic and cytotoxicity effects of ferulic acid [J].

synovial



» 2588

FED 20244E4 7 $55% H 8B Chinese Traditional and Herbal Drugs 2024 April Vol. 55 No. 8

[31]

(32]

[33]

J Biochem Mol Toxicol, 2018, 32(1): 1-9.

Zhang D, Jing B, Chen Z N, et al. Ferulic acid alleviates
sciatica by inhibiting peripheral sensitization through the
RhoA/p38MAPK signalling pathway [J]. Phytomedicine,
2022, 106: 154420.

Fu X H, Lyu X L, Liu H, et al. Chlorogenic acid inhibits
BAFF expression in collagen-induced arthritis and human
synoviocyte MH7A cells by modulating the activation of
the NF-kB signaling pathway [J]. J Immunol Res, 2019,
2019: 8042097.

Gao W Y, Wang C H, Yu L, ef al. Chlorogenic acid
attenuates dextran sodium sulfate-induced ulcerative
colitis in mice through MAPK/ERK/INK pathway [J].

[34]

[35]

[36]

(37]

Biomed Res Int, 2019, 2019: 6769789.

Huang J H, Xie M X, He L, et al. Chlorogenic acid: A

review on its mechanisms of anti-inflammation, disease

treatment, [J]. Front

Pharmacol, 2023, 14: 1218015.

R, Bk, WAL, S U R FEAE KRR AN

T EZACH R E ()], T2, 2017, 48(21):

4403-4412.

FRIGTa, PVERE. H 2 — B P B ) - v 24 [ A

) 500 R S U vE S VR (3] AL, 2021,

40(5): 281-288.

Fk, ATRE, B8, F A RSIF 2 B

WA ERERE (3], ThkZY, 2020, 42(7): 1842-1847.
[Fitsit  FAAL]

and related delivery systems



