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[Abstract] Objective: To systematically evaluate the content differences of 4 components in Leonuri Herba granules,

reveal the quality fluctuation patterns of products from the same and different manufacturers, providing scientific basis for the
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optimization of production process and quality control. Methods: High performance liquid chromatography-diode array detector-
charged aerosol detector(HPLC-DAD-CAD) was employed to determine the contents of 4 components (syringic acid, leonurine
hydrochloride, ferulic acid, and stachydrine hydrochloride) in samples from 19 manufacturers (53 batches, 159 boxes).
Additionally, fingerprint profiles were constructed, and the fingerprint dissimilarity (P,) and relative standard deviation(RSD) of
different samples from the same manufacturer were calculated. A principal component analysis(PCA) model was established with
Pg and the RSD values of the 4 components as variables to classify the manufacturers. Finally, samples from 5 manufacturers(M1-
MS5) covering three consistency groups were selected to calculate three quality consistency parameters, namely intra-batch
consistency(P,) , inter-batch consistency(P,), and P,. Then, PCA was performed with P,, P,, and P of these 5 manufacturers as
variables. Results: The average total content of the 4 index components per bag across the 19 manufacturers ranged from 41.10 mg
to 97.54 mg. Among them, the content of stachydrine hydrochloride (a pharmacopoeial quality control component) was 32.46-
72.70 mg per bag, all meeting the requirements of the 2025 edition of the Pharmacopoeia of the People's Republic of China, with
RSD of 1.7%-17.1%. The content ranges of the other 3 components were as follows: syringic acid of 1.43-41.92 mg per bag,
leonurine hydrochloride of 0.67-11.85 mg per bag, and ferulic acid of 0.11-3.81 mg per bag. Notably, leonurine hydrochloride
exhibited the most significant content fluctuation among samples from the same manufacturer (RSD of 4.8%-59.2%). PCA results
showed that the 19 manufacturers could be classified into 3 categories. Samples from 8§ manufacturers(M2, M6, M7, M8, M10,
M15, M17, M18) demonstrated relatively high consistency, five manufacturers(M3, M9, M12, M13, M14) showed moderate
consistency, six manufacturers(M1, M4, M5, M11, M16, M19) exhibited low consistency. The two methods yielded consistent
classification results for the 5 representative manufacturers, verifying the reliability of the proposed method. Among these,
manufacturer M2 showed the best quality consistency and the highest total content of indicator components among M1-MS5.
Conclusion: The HPLC-DAD-CAD multi-detector hyphenation technology established in this study enables the accurate detection
of 4 components in Leonuri Herba granules. Significant differences in the total content of these four components are observed
among products from 19 manufacturers. The application of 2 consistency evaluation methods combined with PCA can effectively
classify their consistency into 3 categories, and the classification results of the 2 methods are highly consistent. This study provides
scientific basis for the process optimization and quality standard improvement of Leonuri Herba granules.

[Keywords] Chinese patent medicines; Leonuri Herba granules; high performance liquid chromatography (HPLC) ; diode
array detector(DAD); charged aerosol detector(CAD) ; multi-component detection; quality consistency
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Table 1 Batch number information of Yimucao granules from 19

manufacturers
I & R it
Ml 240807.240701.240601.231004.240420
M2 23110251.23110275.23110218.23110148.23110191
M3 231005.231204.231011.230202.,240306
M4 221002.,220705.221003.230605.231004
M5 2230801.2220201.2230201,2220801.,2231203
M6 4373003 .4375001
M7 240501,230505
M8 230901,240507
M9 2024002 .2024007

M10 240607.240609

M1l 240404 .231112
M12 23041532,22091531
M13 240502.,240207

M14 230902.,240201
M15 20240120,20240702
M16 20240201,20240802
M17 2311013.,2407005
M18 2312034 .2312044

M19 2403003 .,2406003
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(15:85), ¥t i# 1.0 mL-min™, ¥ 25 °C, CAD % 1k
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S A 7 S E R A 6 YR, T ik 0 T AR, S B 0 T
RSD. 455K, 40l o 0 ALY RSD $4<3%, £ W]
A R 2% A o IR S TE = TR T 0 )
HCE 0.2.4.8.12.20.24 h, Fi4% 21350 F (3 S 4 ik
FESE 10 SR VA T AR, 1T 5 0 i ALY RSDE . 45
B, 4 B 23 6 T AR Y RSD $4<3% , 28 WA A3t 5 v ik
TEZ R N E 24 B EM RAF . #2212 00 F J5ik-F



5532 4250 8 il
20264F 4 f

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 32,No. 8
Apr. ,2026

7 % 6 O3 Biat Sl T W, A 2.3 T (i A h kR
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W, A — 5 = R R BDASSEAT 6 4y, I 4 F
BT B TR R K RSD, 4551 R, 4 Fil
T3 B TR R 4 99.8%~101.1%,RSD<1.4% , 4 Fhi5 br
L3 BN Tl g e D 346 5t i BRE b L L 26 B T i
HER AT 5E , AT T T 4 Bk 5 UKL 4 B 48 bR 8o 1Y 8
LioRIlUNS
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Table 2 Linear relationships, linear ranges, detection limits, and quantification limits of 4 index components in Leonuri Herba granules

% gt r kL /mg- L K B /mg - L7 FE i BR /mg - L
TR ¥=0.277 2X-0.060 4 1.000 0 0.21~212.00 0.05 0.21
AR R 1 B R Y=0.132 6X+0.000 7 1.000 0 0.39~100.00 0.10 0.39
el 21 i Y=0.188 6X+0.007 9 1.000 0 0.19~28.50 0.11 0.19
R /K I3 B 7=0.035 1X+0.067 3 0.999 9 3.69~472.00 0.92 3.69

2.2 FaE H UL RS O R A AR
WFFE X 194 K I GF S3HER (159 &) 1Y 25 1 500
R AT A I E SR R, 194 KRS 4 iR
BRIy 44 & ok 41.10~97.54 mg/4% , Horh M19
FBRE R, 4R 43 A e e AR G e A Sk 25
FEFR bR S F 2RO ), A AR G AT G 2025 R
(o 2 i) e R R K TR >27.0 mg/A% R ER L 194
T~ A S HZ o -3 i T 32.46~72.70 mg/4%
R T H A 3 RSy, H RIS, Hrh M8
RS R MT T R AR, AR R £5 Tk R 5 B
LR 2 AR F57E 0.67~11.85 mg/48 5 0.11~3.81 mg/
8, T A RRAEAIE T 5[] B RF i vh 5 5 0 Bl ey
i 3% (1.43~41.92 mg/4%) , W3R 3. Z Al AL 45 R 5
Gy R T ST 2 48 bR T SOHE PR R R G 2
Yo &80, 1940 T RKERM KT & it 1RSI
SEHIE N 50.47 mg/4% ; LT Y (E Sy SE e #26+30%
W B B HE S, #2025 A R [ 24 ) AR o
AR BEAS Y 25 TR B DL ER R K U5 B (C,H ;N O, - HC1)
T AT 27.0 mg” B4R T+ Ry A Bl RS 25 B
L B2 7K 95 B8 (C,H,;NO,-HCI) 3, & & I 45 ) 16
35.00~66.00 mg” .

2.3 i — TN

23.1 Fik—  RRGIWA iR REORL Y — 2ok,
AWEFEEE T PR 4 k4 1) RSD A & PP A 1R &,
th P=1-8, S 02 ) FAS TR HE R i 2 T] 1Y) 48 S0 K]
AL o AE 2 FP S SRR L A TR R AR
LK () 25 BEREBURLRE 5 BRI 277 nm T B SR R
& SC R, I8 o5 B S b 2 a3 4 2R S A
LR R 55 )(2012.130723 B ) o R JH A 5wk,
Ak 8] 77 56 BE A7 0.1 min, I FH 22 45 4% 0 | 4> i DT i
J& A L S S 25 KIS TR A KD S 2 R IE

K3 AN XEBEFRNDI4THIERRSNEHEE(=3)

Table 3 Average contents of 4 index components in Leonuri

Herba granules from 19 manufacturers(n=3) mg/4%
RS HRROK RS E TRR oy 28 7
M1 46.17 1.30 6.76 0.74
M2 69.64 11.85 9.50 1.81
M3 56.48 2.73 9.95 1.37
M4 63.04 3.06 10.50 1.63
M5 51.16 3.84 8.98 1.15
M6 34.23 2.88 3.63 0.37
M7 32.46 8.85 23.02 0.40
M8 43.21 2.80 8.02 0.55
M9 50.66 4.21 9.07 1.03
M10 39.02 1.25 3.99 0.31
Ml11 49.62 2.46 10.94 0.31
M12 58.22 4.39 10.44 0.63
M13 65.41 0.67 1.44 0.11
M14 47.32 0.98 1.43 0.12
M15 40.57 1.11 6.02 0.45
M16 48.40 2.85 5.32 0.50
M17 49.40 5.29 6.47 0.68
MI18 72.70 8.35 12.71 0.85
M19 41.22 10.59 41.92 3.81

T 2 IE] A AR AR BE L e /NRY A LEED R S [ R
[F )" A FE ALK 4 B0 43 1 RSD. DL 19 AN K 46
B BGORL (1) Py S 4 Ff 43 1) RSD Ry 728 1, 14 #H PCA
BRI 194 ) R A7 o — 3tk 4r 26

SERE R 194 TR AR S Y PV LR 0.1%~
5.7%, M1, M4 M5 MI16 f 5 (1.5%~5.7%) , H 4%
BI<1%; 194 ) AR, 56 B 7K 95 B L £6 R 25 1 7
BT AR CBTALER Y S B RSD R W E 2 F
8 R 7K 95 B 1 RSD 18 [ 1.7%~17.1%, 1t B 7
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2025 4 ML B 25 L) SRR, KR K A B4R
7 B 5 B R URE AR R K R T 2 R AN
Hod ,M14 M4 %5 ) 52 RSD i & , Sz e 4R 7w it
b 24— e ) R A 5 B0 A3 I VT 5 0 B
F 5 R R 25 BF #OK RSD 76 M4 5535 59.2%, 1 M8
AL R 4.8%; T 7 MR A9 RSD 78 Bl 4 2.5%~27.7%
Hirp ,M5(27.7%) M1(17.0%)%: ] %% RSD fli i 5 b
PR AE M12 13k 43.3%, M 15 H AL 4.9%, 2 et )5
RE SR VR AR P T A DR 2R K B — i B ORISR Y B
W £ 4 B RSD Ml P4 3R 3 i, M4 T Kk
PR AR R 22 AR R Y 25 BE R IEORL 4 Fh R 43
a2 AR . UL B R B A R

E— X 19T HK B HE S AT PCA,KMO F
Bartlett £ % 25 i 7%, KMO {H(0.623)>0.5, Bartlett
BROE K 35 P<0.05, 3% BH 3 26 B AR B4 A5 B oK
34 F R B TR K 86.7% , A5 A543 UL 5 M R
B TR L . 26 BH 34 32 43 i R IBURA 35 T AR S AR AT
BT I R A5 B o 194 R AE B 4 45 1] 522 0
B 25 18] 40 B, M2 . M6, M7 . M8 M10.M15 . M17,
MI18 3k 8 /4~ K m BE R A T PC1 f il \PC2 4% 3k
T 0. PC3 Ay [a] X &, $ 7 A 77 T 2R i) 22
SN ;M3 M9 M12 M13 M14 54 K5 4i T PCIL
F 5 PC2 PC3 o [a] X, Jz e o &5 i i 3 8l s ML
M4 M5 MI11 . M16 . M19 B 8 B iz & , 2 0 I 5 R
Farpry R HOC B il o3 B i R P AU 22 4

RXF 194 GME A B BT i A T R AR AR 7E PCA
2T X B 4 ARG S B 4 PCLLPC2 \PC3 5 54N AE i
HEAT R HT, 34 o X SAS R SRR A
A3 5K p=0.476XRSD g +0.57 IXRSD e s+
0.212XRSD | 555+0.341XRSD y5+0.535% Py, p,=0.232x
RSD 505055~ 0-35 1XRSD e st 0.8 79XRSD 1 1+0.053%
RSD y5—0.216%P;,  p,=—0.123XRSD 5 s55—0.074x
RSD 4 ii=0. 137XRSD | +0.9 18 XRSD 05— 0.343 %
Py, WRAAS] K SA AR SR EUE TR T 5
B AT pypypyo 3 R R T AEAB bR AN
1 TTBR R4 514 0.493 .0.208 F10.166 , H i 7 Ak brh
TR W E Sl X W T (P) A S
P=0.493p,+0.208p,+0.166p, , P {H AL , Ji £t — S0k i
1o PR P A, P | R4 o — S A T 2
R WIR 19T KA 40 325 B M2 . M6 . M7 M8,
M10.M15 . M17 M18 % 84~) "% P<13.0, 1] 43—
M3 M9 .M12 M13 M14 55 54~] 5 13.0<P<20.8, 1]
LAy R —28 ;M1 M4 M5 M11 . M16 M19% 6 1~ %
P>20.8, 7] LGy — 28 0 1940 58 HE 5 PAE A W]
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Table 4 Variable factors and P values of Leonuri Herba granules

from 19 manufacturers

IR )2 P, Py P
M1 29.9 10.8 23.7 20.9
M2 13.1 8.8 5.4 9.2
M3 25.6 10.2 18.6 17.8
M4 52.0 -5.9 3.1 24.9
M5 33.1 229 19.3 24.3
M6 12.7 6.8 5.0 8.5
M7 19.0 3.0 17.7 12.9
M8 10.7 15.2 3.6 9.0
M9 23.5 4.4 3.6 13.1
M10 15.2 11.0 33 10.3
M1l 29.8 25.0 13.2 22.1
Mi12 29.2 1.1 37.0 20.7
Mi13 20.3 13.1 14.0 15.0
M14 20.6 8.2 6.7 13.0
MI15 10.5 10.1 1.5 7.5
Ml16 44.0 =25 30.1 26.2
M17 10.8 -0.6 3.0 5.7
MI18 8.8 0.0 4.9 52
MI19 33.8 5.9 24.0 21.9

232 kT LUEREAN O R

MI1~MS5 AL — 3 (P itk fa]— 2k (P,) Py 34
i — BB IR LS AN R PPy PO B
AT PCA, H P =& B KE-F &R /NE)/
A < 100% . Y il 48 B R AR B — A B
P, 55 T &SRR LY P, S AR-(E

a5 R WoR, P F R 2.2%~6.6%, P, i [Fl R
26.7%~70.4%, £5 ] F AL P 22 5 8 3 K T Ik 1) 22
SO AT E R EEEWMAE, 54
T~ K PAG IR T 10% , Horh M2 (0 P {8 % /), B[R] 4t
AN i) 25 BT R B o5 4 4 B 5 e ) 8 O JE
IN R R A T AR E M R M M4
J7RFE S P It 3% , 4 0 AT A8 5 JRURE ke U i 3 A=
LR EN S R ERRA L, RS,

PLSANT M) P Py PR i #ET PCA L 4521
R BB 24~ F s, Hth PCL BT 67.9% , PC2
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Table 5 Quality consistency difference values of Leonuri Herba

granules from manufacturers M1-M5 %
R P, P, 2
Ml 6.6 58.5 3.2
M2 22 26.7 0.5
M3 2.8 473 0.7
M4 3.1 70.4 5.7
M5 3.8 62.7 1.5

XA AN TE T R B REARFRAE , HAR PCA 343 UL 3 53 1
R BRI AL R . S5 R EOR,SAT H A T 3INRIR,
M2 M3 fii F PC1 i 2 5l .\ PC2 4523 0 &b, i3 B 4
PC1.PC2 R A L5 & 4R 1E M2 5 M3 B AT — %E
IPE ;M1 . M4 MS i fE PCLIE #1555 2R B
iR

X E W PCLAPC2, Hoxd T3 A8 &
Bey 263k R0 94 p,=0.456P,+0.645P,+0.613 P,
p,=0.878P,~0.211P,~0.430P,, 24> F . 43 K T 7F Ak
b i b A 5T kR 4 501 R 0.679 1 0.248, AR 4 L A
Frfl b sk & E P R AL, B P=0.679p,+
0.248p,, R # P{H , 5 ZK Al 730y 325, Bl M2
(P<15) M3 (15<P<25) 40 [ 53 H —J5 ;M1 . M4,
MS(P>25)0[ 43— WK 6. J7ik—Xf M1~MS5
MR R R M2 8 TR s — 84 , M3 )8 F
s —SUPE 4, M1 M4 M5 B TR — Bk A, 55
R A 25— B, W 5 3k T TR —HERE AR B
i B VR S5 R B R BOhE BE TR
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Table 6 Variable factors and values of Leonuri Herba granules

from manufacturers M1-M5

IR 2 P, Pl
M1 42.7 -7.9 27.0
M2 18.5 -3.9 11.6
M3 32.2 -7.8 19.9
M4 50.3 -14.6 30.6
M5 43.1 -10.5 26.7
3 itig

3.0 FERIREE ARRFRE 19T R DLt
T F R B, o MI~MS ) KRR,
2 SAHEUK (3 B/ IR ) s M6~M19 M 4 31 K 1N )
) #) 19 2019—2024 55 — Z= i v [ 520K 24 5
TOP 20 4F J& # Jay th [ M1~M5 Ab m] g 42 2 19 14 4~
J7 2 BT DB A R W R A AR 2 it ik
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6] 30 2y, 30 30 o 4 5 )4 A a0 HLL S T N RR AR
BT 3 Y 7= R G A T T R T AN
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AS[R)RE & B RSD(4.8%~59.2% ) I 8l i W 35, 54
I R FH 25 AU o e Ak, BT 2R TR 1 ol 2R TN 2 2 4
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T AR A E 4R B DL R R K IR R
(CH;NO,-HCI) i , & & I # #l 1£ 35.00~
66.00 mg” . W b FRIE R TR A Al fE Ak R
— MR BT D R R R B T A AR E S 3
f 0 Sk 22 5, DA R R I DR 97 A AR e k. IR B
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