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Quality evaluation of Fukangbao Oral Liquid based on combinative methods of
fingerprint and quantitative analysis of multi-components
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Abstract: Objective To establish a quality evaluation method for Fukangbao Oral Liquid (FOL, % 8¢ E 1 Hii) by combining HPLC
fingerprint, multi-index content determination, and analyze the content determination results by chemometrics method. Methods The
analysis was carried out on Phenomenex chromatographic column with acetonitrile-0.1% phosphoric acid solution as the mobile phase
by gradient elution, flow rate of 1.0 mL/min, column temperature of 35 “C, detection wavelength of 237 nm, and paeoniflorin reference
substance. The determination results were comprehensively analyzed using hierarchical cluster analysis (HCA), principal component
analysis (PCA), and partial least squares-discriminant analysis (PCA) to evaluate the quality of 29 batches of FOL from five production
enterprises. The content determination and analysis methods of three indicator components were developed and validated. Results
The methodological validation of fingerprint spectra and content determination was good, and the similarity of fingerprint spectra of

29 batches of FOL was greater than 0.85. A total of 22 common peaks were identified, and three chromatographic peaks were identified
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by comparison with the control substance, namely liquiritin, glycyrrhetinic acid and paeoniflorin. The results of HCA and PLS-DA are

consistent. 29 batches of FOL samples can be clustered according to different manufacturers and production dates. Nine differential

components that cause differences in the quality of FOL can be screened, namely chromatographic peaks 12, 3, 4, 18, 14, 9, 20, 21, 22.

The nine differential components mainly come from the medicinal flavors of Baishao (Paeoniae Radix Alba, PRA) and Gancao

(Glycyrrhizae Radix et Rhizoma, GRR). The established method for determining the content of paeoniflorin, liquiritin, and

glycyrrhetinic acid can simultaneously, quickly, and accurately determine the content of key differential components in FOL. The

results showed significant differences in the content of paeoniflorin, liquiritin, and glycyrrhizic acid in FOL from different

manufacturers and batches. Conclusion The established HPLC fingerprint, multi-index component content determination method,

and chemometric combined quality evaluation method for FOL are fast, accurate, efficient, highly characteristic, have good

repeatability and stability. The method can be used for the quality evaluation of commercially available FOL products, and can be used

to improve the quality control system of FOL.

Key words: Fukangbao Oral Liquid; fingerprint spectrum; chemometrics; quality evaluation; principal component analysis;

hierarchical cluster analysis; partial least squares-discriminant analysis; liquiritin; glycyrrhetinic acid; paeoniflorin
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Fig.1 HPLC fingerprint overlay of 14 batches of FOL and its reference fingerprint (R)
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Fig.2 HPLC of GRR reference medicinal solution (A), FOL test solution (B) and negative sample without GRR solution (C)
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Fig.3 HPLC of PRA reference medicinal solution (A), FOL test solution (B) and negative sample without PRA solution (C)

|
YU N R TR

0 10 20 30 40 50 60 70

t/min
4 HEFFRAEMBR (A JISTBAMBR B). FOL HiXHRER (©) SHHA. JISHEMEERAR D) B
HPLC

Fig.4 HPLC of Angelicae Sinensis Radix (ASR) reference medicinal solution (A), Chuanxiong Rhizoma (CR) reference
medicinal solution (B), FOL test solution (C) and negative sample without ASR, CR solution (D)
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Fig. 5 HPLC of Artemisiae Argyi Folium (AAF) reference medicinal solution (A), FOL test solution (B) and negative sample
without AAF solution (C)
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Fig. 6 HPLC of Rehmanniae Radix Praeparata (RRP) reference medicinal solution (A), FOL test solution (B) and negative
sample without RRP solution (C)
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Fig. 7 HPLC of FOL test solution (A) and mixed reference solution (B)
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Table 2 Loading matrix of principal component factors in

FOL
-+ N N ﬁﬁﬁ% N N
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g3 —0.424 0.108 0.282 0.786  —0.031
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16 0.773 0.108 0.108  —-0.247  —0.016
17 0.182 0.057 0.129  —-0.165 0.872
Vg 18 —0.220 0.101 0.519 0.748  —0.238
V& 19 0.032 0907 —-0.278  —0.097  —0.099
20 0511 0.565 0.399 0.021  -0.379
21 0.515 0.641 0431 -0.019 -0.251
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B LR S A VRE 5 0T Bt VAR O B B ) A R A
B R, B R, HBIERES G
., ERWE 12,



FED 202567 H $56% B 148 Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 14

* 5037 »

12 REXRMAER (230 nm, A; 237 nm, D). FOL f#
XEAER (230 nm, B; 237 nm, E) FEREXIBAMRIAR
(230 nm, C). FREEAMHLZAR (237 nm, F) HPLC
Fig. 12 HPLC of mixed reference substances solution (230
nm, A; 237 nm, D), FOL test solution (230 nm, B; 237 nm,
E) and negative sample without PRA solution (230 nm, C),
negative sample without GRR solution (237 nm, F)

224 ZMXRFRSE FHAGAE. HER. HE
FRE N R i B, FEEFROE, 0 80% Bl i & A~
257 186.52 pg/mL. HEEF 13.84 pg/mL. HHER
77.44 pg/mL IR A0 HE S TR o 20 SRS 25 IR i
W 24 5+ 104 154 20 uL, JENBMH A, %18
“2.2.27 TR EIEFAEHT, WE S B, L
o} T i R B AR A AR (X0, T RN AA AR (1),
ZeilbrE 2k, BETLRAERNT, B EATRES A
A5 Y=1 371 533.62 X+ 16 596.55, r=0.999 9;
HEE y=2 127 835.01 X+1 308.66, r=0.999 9;
HEER Y=625272.69 X+3279.49, r=0.9999; 4
BERE, AHEE 0373~3.730 pg, HEFE
27.67~276.70ng, HHETE 0.1549~1.549 pg Lg
TR R R R

225 KEEEHE HUFOL(S18), #%8“2.2.1(1)”
TR ] R AR AR, FEIR “2.2.27 TN IS A
LR 6 IR, IOH EAF . HEERANAT 2 g
I, AR REEA T H R I
FLH RSD 435N 0.68%- 0.52%- 0.64%, #HHi%AX
R AT

2.2.6 FaEMEHEE  HUFOL(S18), #%#E“2.2.1(1)”
R J7 i B s v, H% R “2.2.27 TR ek
KAEAYHIZE 00 4. 8. 12, 24 h BERE, TUEREM S

HEE . HERERAMATZEHIEAM RSD 70k
0.25%-+ 0.51%- 0.17%, &45FFFMR S IEWAE 24
h lE FRE
227 FEEMHEE HUFOL(SIS), #%ME“2.2.1(1)”
TR J7 AT H % 6 i s, &R “2.2.27
TR g R, s H R H R AIAT 21
WETHIAR, 5B BN H R H AR AT 2 (1T
[ #4305 4 0.066 88+ 0.382 6. 0.904 3 mg/g,
RSD 7514 0.45%. 1.16%-. 1.08%, FHiZ jiLH
SR
2.2.8 IFEEERFELE 4 HIHL FOL (S18) FEi 1
g, FEEME, Lo6fr, H 10 mL &I, R
ANEHHEE., HHER. AAERERE SN
13.38. 76.52. 180.86 pug/mL 1] 80% H BE VR A% e i
W 5 mL, FEA 80%HEEMBERZIE, 25, JE
O e i)l S 1 K ey S WSRO P 73
“2.2.27 TR B FARHRE AT, THEIIRE R,
SERHEA . HRER. AT P INFE [ECR 4y
HIN 97.10%- 99.72%- 99.80%, RSD 43514 0.69%-
0.98%- 0.70%, RIAIZFTIEHERE RIT .
229 MEMEENELSR BCkA 5 KA
29 #LIX FOL FEff, %08 “2.2.1 (17 TR ik %
AR VAT, IR €2.2.27 TR Gl A& kAT I
HEAERTBATZ . HETMHRER SR, 4530
3. XF 29 #t FOL H 3 Fhsloor & EdE AT LLEL, 45
BEKWH, AFEEFEMIK FOL 725 3 Fhighrag
e ez R, F—A = A FE#ER FOL 7=
i T EERA AR E A RIREE & ' 2 R, 5%
THES T R —5.
3 g
3.1 BIERMGNRK

FOL M Z M ZikH 7 i, A7 a4, &
740l 2 R B A R b R8T 1 T
(Phenomenex Luna Cs il 4E . Acchrom XAq Cs £
144 . Shiseido Capcell PAK-C)s 1% 4 . phenomenex
Kinetex Cig i, Thermo Acclaim™ 120A Cig &
TERED, B T ARSURITE R & B E i, BT
ANFEME AR RS (FEE. . K.
BEER-7K « HR-ZK « TEIR-/K), 28 LA 4 J-0.1%
WERRIKAE i shAl, HEATERFELENL . KA DAD £
TES, rHIE T 2100 237, 280, 321. 334nmS
NPT BRE AT, EA R K i SV
a3 I I 237 nm AR, FOL i nr
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3 294t FOL 7 3 fiEir N 22 NELE
Table 3 Content determination results of three

components of 29 batches of FOL

RARAE R, JGEERE ARl e 255, @
A FOL A R EVEM 7% TRz
RS R A, A TS AR BEHE ST FOL A e i, 2k
b B 25 JEURL T R ) 22 S S RN E ik, SRS
Bt — IR T 22 S o B DI S g5, IR
SR R
4 g

AT GEEAL T — P EE A [R] i S Bl i Bl fie 4R
R 6 MR FOL $54CElE, 456 HCA. PCA
A1 PLS-DA St A1t 85777, 7 i FOL A i
AV 22 S AT s e B 25, #2408 HA 6 FOL Jog & 5
BRI 2 S B S R B2k o AW AL S T
FOL "R B 22 Rt iy AT 248 . H B E FIH R 1)
EEE . WERESLI T AER AT 5. (A RAE

FiE T H/(mgg™") g/ (mgg™")
C oAty Her freml o AT R Hem

S1 1.97 0.08 0.09 | S16 0.88 0.07 0.33
S2 1.82 0.05 0.06 | S17 1.03 0.08 0.27
S3 1.83 0.05 0.06 | S18 1.09 0.04 0.26
S4 1.40 0.04 0.11 | S19 0.84 0.07 0.40
S5 1.31 0.03 0.21 |S20 0.85 0.08 0.30
S6 1.18 0.15 0.51 | S21 1.07 0.25 0.51
S7 0.53 0.19 0.42 |S22 0.87 0.08 0.31
S8 0.95 0.14 043 |S23 1.62 0.09 0.39
S9 0.79 0.12 037 |S24 1.24 0.14 0.40
S10  0.88 0.27 0.51 | S25 1.01 0.15 0.49
S11  1.06 0.15 0.44 ||S26 1.46 0.30 0.77
S12  1.07 0.33 0.68 [ S27 1.58 0.15 0.79
S13  0.93 0.13 0.44 | S28 1.06 0.13 0.66
S14  1.07 0.21 0.55 |S29 2.17 0.16 0.88
S15  1.02 0.12 0.47

DARGGE . AT L TS5 B, S kg
A KU, FE2R PR, Rk 237 nm {E AFESCE
RN % (REZH) 2020 FRAE K8
B g, B E 230 nm (AjZ5E) 1 237 nm
CHYEE . HHERR) R AAE A il e A .
3.2 HIXMBRHETEER

FOL AR, 2562 FEAS A M oy 1 4
BURR, 5K 20%H BE 50% . 80% HEE KX
HH i AN R B A TR R R, DA RS [R) R R 00T
SRR, SRR R B L E L, 80%
H AR PR AR AR 10 mL. A FEIEXT
Fb T BB A R T R 7 i X o % R 43 )
R, S RERM e RIEEAT R, HOkHE#E
PRt g

Kl FOL & ERfe. #his e R a2y
M, HABEEEIA 040 g/mL, HMOLBAE B,
Tt 50 P R I PR AR R HL B/ PR R 000 S e B P
R E RARSU EERS I E R, SRR
EOURE P38k G A8 VR W B T SR A A, (ELR]I HR T
7ok PCA VETHI AU 22, REMARE S/ it B M. i
FRARTIINGE T %) % FOL WILLE, 7 1.19~
1.20, MRZEIR/N, WOBURE 5 300 45 A M sgma A K
33 R~ EZA

AW TSRS EE R RS FOL B iR

i,

AT FOL Hy st ] 5 v

HBAR FIRAEE N FRATAEA R R
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