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Characteristic chromatogram, multi—-component content determination and chemometric analysis of

Bushen Qiangshen Capsules

HUANG Yuting', ZHU Qiaosu', SHENG Zhina', FANG Xinting?, DUAN Yinghui' (1. Xiamen Institution for
Food and Drug Quality Control, Fujian Xiamen 361012, China;2. School of Pharmacy, Fujian University of Traditional Chi-
nese Medicine, Fujian Fuzhou 350122, China)

ABSTRACT: OBJECTIVE To establish an ultra-performance liquid chromatography (UPLC) characteristic chromatogram,
determine the contents of ten components of Bushen Qiangshen Capsules (BQC), and integrate chemometric strategies for quality
evaluation. METHODS Chromatographic separation was achieved on an ACQUITY UPLC HSS T3 column (2.1 mm>100
mm, 1.8 pm) with a mobile phase consisting of acetonitrile and 0. 1% phosphoric acid aqueous solution under gradient elution.
The analysis was performed at a flow rate of 0.3 mL-min ', a column temperature of 35 °C, and with multiple detection wave-
lengths. Similarity analysis was conducted to establish an UPLC characteristic chromatogram. Component contents were analyzed
using clustering, principal component analysis (PCA) , and orthogonal partial least squares-discriminant analysis (OPLS-DA).
RESULTS UPLC characteristic chromatograms were established for 36 batches of BQC samples, and the 10 identified compo-
nents were 5-hydroxymethylfurfural (5-HMF) , protocatechuic acid, hyperoside, salidroside, specnuezhenide, nuezhenoside
G13, epimedin A, epimedin B, epimedinC and icariin. All components exhibited excellent linearity (7==0.999 2) within their
respective concentration ranges, with average recoveries ranging from 92.7% to 102.6%. Analysis of 36 BQC batches revealed
notable inter-batch variability, with specnuezhenide, nuezhenide G13, total flavonol glycosides, icariin, 5-HMF, and epimedin C
identified as the major differential markers through chemometric analysis. CONCLUSION The established UPLC method is
stable and reliable, and provides valuable insight to the quality control of BQC.

KEY WORDS: Bushen Qiangshen Capsules; characteristic chromatogram; chemometrics; quality evaluation
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Tab 1 Information of 36 batches of Bushen Qiangshen Capsules
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PR AR B ILER 1,
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2.1 R

2,11 fliisl RN EYIE R, 0.5 g,
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25 mL, % %€ , B € i &, 300 W, 37 kHz #8 75 4b B
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2.2 @%@ 8 ACQUITY UPLC
HSS T3(2.1 mm X 100 mm, 1.8 pm); i st : &
(A -0. 1% B R K W (B, 8 B2 Y C0~12
min, 7%—>18%A; 12~28 min, 18 %4—>27% A ; 28~
31 min, 27%6A) 5 & W 3 K 220 nm; 3 #H 0.3
ml-min '3 A 35 C; R 2 plL,
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ZATE R Al g5 s FLA%
S1~S6 C1 2310282.,2311091,2311211.,2403111.2403112,2403113
S7~S12 C2 20211207.,20221203,20221207,20230502,20230905 ,20230906
S13~S18 C3 220804 .230503.,230810.,230902,231215,231216 .
FRERISE 0.3 g
S19~S24 C4 20230601.,20230904,20231101,20240401,20240501,20240503
S25~S29 C5 2205002.,2212003.,2304001,2307002,2309003 .2401001
S30~S36 Co6 221001.,221102,230903.,231201.,231202,231203
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Fig1 UPLC characteristic chromatograms of 36 batches of Bushen Qiangshen Capsules
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Fig 2 Reference characteristic chromatogram of Bushen Qiangshen
Capsule(BQC)
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Tab 2 Composition attribution of characteristic peaks of
Bushen Qiangshen Capsule
5 HaY EizgR)

1 552 HY A T LT

2 LR R e R

3 LLERH LT

4 BT Bt

5 Rt 0T LT

6 HFEE A B A

7 H7EEB B A

8 WAEC TR

9 TEAH TR
LA BT Y S A R (X0 A% il 7006 T AR g A AR B
(VBT 55505 3, 0] 10 4 A

2 H BT R B NP R R AT
K3 HEERSREZIMISHEEXR

Tab 3 Linearity of each components of Bushen Qiangshen
Capsules
LR
W5 1 AR/
(pgemL™"

5-FRFLBERE Y=4.832 0 X 10*X+2.484 8 X10* 0.999 2 0.9~89.2

JRLAETR Y=2.226 2X 10°X+7.468 3X10° 0.999 3 0.3~27.9
ANt Y=9.458 9X10°X+5.552 8 X 10> 0.999 4 2.3~136.8
A SR Y=1.710 9 X 10°X+3.246 8 X10* 0.999 7 0.3~25.9
Fel i Y=7.425 9X10°X+1.246 4X10* 0.999 9 5.0~494.2
LW GI3  Y=5.846 2X10°X+1.364 1X 10> 0.999 9 3.0~148.6
I A Y=1.032 1X10*X - 3.886 1X10° 0.999 9 0.2~21.9
HIZEEDB Y=1.048 7X10*X41.790 7X10° 0.999 9 3.0~148.9
HIFEE C Y=1.079 1 X10°X+2.318X10° 0.999 9 2.4~244.1
R Y=1.269 4 X 10*X+3.046 3X10* 0.999 9 2.2~216.7

2.4.4 KiwEiRK B2 4. 3,’Iﬁ‘Fl_]4‘{tbAXj‘
n%/»er(& 1’“‘2 4. 27T A S SR IERE 6 IR,
ﬂi L S5 10 R g TR AR A RSD #4178

0.5% , RUUAHE R L R4f o
2.4.5 HEMHRKET HFE —F W S25), 1%
“2.1.17 30 )7 B OF A7 i A% 6 At kT W, %
“2.4. 27T GBS E . A5 10 B T
R 805y W 0.60,0.16,1.22,0.12,9. 31,
4.47.0.16.0.30,1.02,0.63 mg-g ', RSD #J/h T
2.9% , RUZIT L EE R
2.4.6 fatkilE B — W (S25) ), #%
“2. 1 17HU PP AT A R, 4R 2. 4. 27T
TGS, AT 0.2.4.8.12.24 h HERE 0 04
AL, 4531 B, 10 4 13 W TR AR RSD #4578 F
3. 6%, RSB RAEE IR T 24 hfaE .
2.4.7 FERDCRIAES  IRCAN S BN R B
WERENZE W) (S25)6 3, B:AR 0. 25 g KGR FRE BT
25 mL s, DUYETORE & 209 0. 530 1. 0%, 43
SHG B AR A R RS R, HR 2.1 17T ik
il ARIA I, F 2. 4. 27T F (3% S HEREDN 22
TFENMEE ENSCR K RSD . Z5 3 R, 10 4N 4 1F
PImRE 2k 92. 7% ~102. 6% ; RSD K 0. 4%~
4.6 % , FRIZIT IR HERA B R AT
2.4.8 FESETEIE  HC36HURNE R S A i
“2 17N ikl A s i, 1292, 4. 27 T £
A HERE N A, T A B 1 i SR AR 4
HLTR ) g ] DL IR 3

2.4.9 REME SN N EIRRRE LA
P RN R B B 2 A oAk 25 PR R Ori
gin2024 FRAF K4 36 HEFE S 10 Fh i o & AR S
i, 48 H Ward ¥ V-5 BRGXBE 85 i 0 17 R 260 JF
2 IREL, ILIE 4.

5L IR AR A Al R b 10 Ak 2R iy
()& 22 k. Horp Ca kS A SR o 2 B
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FE b A5 F RS R —25 U B Al o o o — S0Pk
AP . W BREG R BN R il ol G13
BRI A I E B O EE T RLE B
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2.4.10 EWSAHT RHSIMCA 14. 1 54, %
36 HERE S 10 P A B B T AR R4 T 4y
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x4 WEEREREFIOMEASINEE =2
Tab 4 Contents of 10 components of Bushen Qiangshen Capsules (n=2)
e HiE/(mg-ki D
liTi] R R .
BV smmnwm BT SR CREE BOUE TOU WEA BEED WEC R wa
C1 S1 0.012 0.015 0.045 0.058 1.848 1.471 0.052 0.067 0.419 0.270 0.808
S2 0.008 0.012 0.051 0.053 1.908 1.639 0.051 0.081 0.225 0.171 0.527
S3 0.010 0.013 0.046 0.038 1.907 1.655 0.045 0.058 0.375 0.197 0.676
S4 0.015 0.020 0.059 0.040 2.077 2.042 0.070 0.085 0.479 0.366 1.001
S5 0.014 0.019 0.061 0.038 1.759 1.729 0.066 0.081 0.450 0.340 0.937
S6 0.015 0.020 0.068 0.040 1.852 1.823 0.069 0.081 0.469 0.356 0.974
C2 S7 0.815 0.035 0.045 0.094 3.554 3.085 0.050 0.076 0.337 0.228 0.691
S8 0.607 0.074 0.058 0.241 4.846 2525 0.060 0.093 0.452 0.335 0.940
S9 0.356 0.068 0.034 0.263 4.210 1.615 0.143 0.090 0.293 0.284 0.810
S10 0.553 0.013 0.039 0.099 2.412 0.217 0.039 0.070 0.260 0.202 0.572
St1 0.799 0.021 0.035 0.261 1.746 0.112 0.039 0.068 0.270 0.196 0.573
S12 0.864 0.023 0.035 0.286 1.758 0.111 0.036 0.060 0.280 0.173 0.548
C3 S13 0.472 0.165 0.010 0.467 1.473 0.456 0.054 0.087 0.186 0.315 0.642
S14 0.292 0.011 0.008 0.045 0.630 0.073 0.024 0.055 0.162 0.214 0.456
S15 0.020 0.023 0.011 0.687 0.742 0.350 0.038 0.104 0.221 0.202 0.565
S16 0.022 0.030 0.023 0.804 0.744 0.365 0.058 0.140 0.331 0.302 0.831
S17 0.019 0.042 0.031 0.494 0.807 0.443 0.088 0.107 0.273 0.493 0.960
S18 0.011 0.020 0.018 0.287 0.341 0.197 0.037 0.040 0.108 0.191 0.376
C4 S19 0.273 0.119 0.098 0.841 1.709 0.634 0.162 0.247 1.401 1.028 2.838
S20 0.305 0.109 0.089 0.871 0.806 0.263 0.216 0.295 1.208 1.069 2.788
S21 0.575 0.114 0.048 1.010 0.921 0.259 0.225 0.304 1.223 1.019 2.772
S22 0.689 0.113 0.059 1.067 1.638 0.489 0.131 0.222 0.738 0.635 1.726
S23 0.673 0.142 0.040 1.386 1.332 0.265 0.129 0.195 0.912 0.727 1.962
S24 0.636 0.142 0.040 1.381 1.331 0.262 0.127 0.181 0.905 0.724 1.937
C5 S25 0.192 0.054 0.037 0.369 2.891 1.411 0.055 0.097 0.337 0.162 0.650
S26 0.439 0.077 0.039 0.209 2.935 2.013 0.135 0.049 0.608 0.095 0.887
S27 0.294 0.061 0.025 0.254 2.953 2.288 0.020 0.044 0.490 0.090 0.644
S28 0.509 0.077 0.039 0.319 2.576 1.366 0.020 0.039 0.464 0.089 0.612
S29 0.343 0.084 0.036 0.238 2.832 2.233 0.032 0.056 0.422 0.155 0.664
S30 0.355 0.064 0.059 0.239 3.399 2.499 0.062 0.120 0.360 0.164 0.707
Co S31 0.019 0.058 0.046 0.193 4.146 2.852 0.235 0.302 0.250 1.604 2.391
S32 0.019 0.025 0.030 0.171 4.341 2.815 0.209 0.249 0.348 1.675 2.480
S33 0.013 0.036 0.015 0.050 3.951 4.409 0.154 0.319 0.290 0.772 1.535
S34 0.018 0.031 0.021 0.117 3.594 4.071 0.147 0.328 0.350 0.753 1.578
S35 0.012 0.028 0.020 0.056 3.634 4.151 0.158 0.362 0.372 0.806 1.698
S36 0.014 0.029 0.040 0.056 3.422 3.806 0.158 0.352 0.386 0.845 1.741
7 (note) « BB AR B & BN IZEE A WIZEE B I E C FIER2E7E 1 & 5L BRI (the total flavonol glycosides content is the sum of the contents

of epimedin A, epimedin B, epimedin C, and icariin) .
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Fig 3 UPLC chromatograms of Bushen Qiangshen Capsules sample
solution (A) and mixed reference solution (B)

FH A 1 J 2 P 4% 52 (variable importance in pro-
jection, VIP) I (/& 832 L 6 AR At 1] 22 7 i A s
Yy (VIP> 1) $EACE R/INRRE R 22 0T L 0T
G13 B R 7 R 5 Y SRR mE A 7
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H Y
3 Wit

3.1 ISR ALETMNFERT HEE. L
ERIK 0. 1% HR 0. 1% B R K I A [ s A
ARG, 45 R O -0. 100 BERR KAE M s A R GeiT
CIEIETE BT, o B BT . i R R T A 10

ol 8 3 (%) ) B0 5 SR T 5 A0 AT i A ARG I %
200~400 nm 2R, 256 % A o 5 IR
WS PG, fe 280 0 7F 284 nm N ARG 5- %8 FH L
MRS , 75 260 nm I A6 I 5t JLAS R AN 4 22 Bk 1Y, 78
220 nm FRFIEL SR R 0T 2 0TH G133
FEE A HIFEE B A E C MR FAE T .

3.2 PREUFMFEERE ARSI BN 2 FhR U 5K
R D AN A 42 O 7 CHE B L OB 50 % &
fiE 80 %6 HI ) (A [R] $E B [E] (20,30 .40 .60 min)
11752, 25 H 3R, 80 % HBEE 7 30 min XJ Fr A7 i
I HRIGE 4 H 2R b

3.3 MEFEARIERE Y ANE TR B PR R 5 iR
AR, % 2 b R PR BRI, R 2
BT S U e e il DT A
il T B 10 Fh o R AR R -

3.4 BRI AN SR B R BRI R S N
[vi] Ml B8] 25 1 25 S 3R, 2 R IR Rk B i L T
BBEZHRGEERME R (DR OB R
HR PR 2 BB AN R B S AN ]
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