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Quality Evaluation of Commercially Available Huoxiang Zhengqi Preparations
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[Abstract] Objective: To establish a comprehensive evaluation framework combining multi-component quantification
with daily intake in response to the challenges posed by multiple coexisting dosage forms, single-faceted quality evaluation, and
ambiguous clinical equivalence of Huoxiang Zhengqi preparations, and to compare the quality differences and superiority among
eight commercially available dosage forms. Methods: A total of 75 batches of Huoxiang Zhengqi preparations from
25 manufacturers were investigated. Ultra-performance liquid chromatography-triple quadrupole-tandem mass spectrometry (UPLC-
QqQ-MS/MS) coupled with gas chromatography-triple quadrupole-tandem mass spectrometry (GC-QqQ-MS/MS) was adopted to
simultaneously quantify 20 core marker components. Normalization was performed based on equivalent raw herb concentrations to
eliminate interferences from dosage forms, excipients, and specifications. Considering the specified clinical dosage, the actual
daily intake level was calculated to comprehensively evaluate component retention, content uniformity, and potential differences in

in vivo exposure among different dosage forms. Results: The quality of Huoxiang Zhengqi preparations differed greatly among
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dosage forms and manufacturers. On the basis of the recommended daily doses in the package inserts, the total daily intake of the
20 tested components ranged from 3.14 to 614.30 mg-d", while that of hesperidin, a quality-control marker, ranged from 0.03 to
40.65 mg-d’. Atractylodin was detected only in tinctures and soft capsules, with concentrations ranging from (2.68+0.01) to (5.73+
0.37) mg-L". The soft capsules from manufacturer M22 had the highest atractylodin level, while atractylodin was not detected in
the other dosage forms. Nucleosides were most abundant in the oral liquids and tinctures (M4 to M13). The tincture from
manufacturer M5 showed the highest nucleoside level of 29.12 mg+ L™, whereas the granules had the lowest nucleoside levels, with
that of M23 being only 3.48 mg-L". Perillae Folium-related components varied greatly among batches, with an relative standard
deviation (RSD) of 87.55%. The daily intake of hesperidin from all three granule products was below 3.6 mg-d"', the reference
value calculated for Huoxiang Zhengqi Shui according to the 2025 edition of the Chinese Pharmacopoeia. Conclusion: The levels
of active components differed significantly among different dosage forms of Huoxiang Zhengqi preparations. Tinctures contained
more types and higher overall levels of active components, while soft capsules were better at preserving volatile components.
Granules and dripping pills had lower overall levels of active components. The comprehensive evaluation method established in this
study can provide a basis for the quality control, process optimization, and the selection of high-quality products.

[Keywords] Huoxiang Zhengqi preparations; ultra-performance liquid chromatography-triple quadrupole-tandem mass
spectrometry (UPLC-QqQ-MS/MS); gas chromatography-triple quadrupole-tandem mass spectrometry (GC-QqQ-MS/MS) ; multi-

component quantification; quality evaluation
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Table 1 Sample information of Huoxiang Zhengqi preparations
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A ML 240506 AT M10 202506101\ 4L%]  M19 2408011

240514 202506102 2406021
240311 202506103 2312181
M2 240310 MI1 230508 -4, M20 231204
240438 240107 | 230701
240109 231202 230706
M3 12312037 MI12 240406 e M21 29020112
12403016 240306  |# 29030223
12312034 240506 29010289
MR M4 23105805 M13 240208 M22 23112811
e 23081294 240204 24051311
24051213 240306 23042611

ET# M5 060273 JEaE M14 250412 |BURL  M23 241104

060268 250309 240308
060263 250201 240610
M6 240416 M15 ZFB2401 M24 2405012
240107 ZMB2402 2309055
040616 ZFB2403 2310059
M7 24140535 M16 24060061 M25 532639
23140500 24150033 532914
24140600 24040021 532112
M8 250102 L M17 2303140
240510 2304081
240605 2306084
M9 WTMA2424 M18 220110
WTCA2415 221271
WTMA2303 212135
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2.2 R A H S LC-MS 20 B X B 1
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HE S DL TR T 43 500 E 8 A 45 95 % 3 600 mg - L7,
U5 1 660 mg- L, A AKZERE 2 500 mg- L, B-#i it
%1000 mg L', & AR &K 10 000 mg- L A fif & Wi .

23 HEHASIBEREE UESFESKISH, %
25 700 B Ak g A 2 AT R BA Aof A o ) D T 2R
2l J5 B vk BE A Y T 0.673 g-mL . 4 BIAE 25 WA
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Fig. 1 Source herbs of 20 quality attribute indicators in Huoxiang Zhengqi preparations
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MS ZHUNF < M 2% i B F R (ED) ; MS 1% i 45 it
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Table 2 MRM parameters of 15 quality attribute indicators
No. &Y t,/min Bl 72 B} ¥ TET MR/ HifEfRER eV
1 2 FHRE A T 0.75 [M+H]" 128.1 53.2 58 26
2 AU 0.76 [M+H]" 142.1 53.1 128 26
3 i 1.33 [M+H]" 268.1 136.0 1 16
4 PRAT 1.66 [M+H]" 245.1 112.9 58 4
5 515 3.03 [M+H]" 284.1 151.9 50 10
6 ZERAN AT 9.38 [M+H]" 581.2 272.8 116 18
7 B A 9.65 [M+H]" 611.2 302.8 116 18
8 HHE 10.79 [M+H]" 257.1 137.2 156 20
9 IS 13.21 [M+H]* 271.1 202.8 116 8
10 JIBR B % 13.23 [M+H]* 403.1 387.8 160 22
11 [EENZII 13.33 [M+H]* 249.1 162.9 116 14
12 5 BRCHT 2% 13.64 [M+H]" 271.1 146.9 66 34
13 GUEY N 13.65 [M-H]" 265.1 247.0 160 18
14 HERR 13.69 [M+H]" 823.4 453.3 220 24
15 JEERI 13.81 [M-H]" 265.1 224.0 192 18
£3 SPREBEMEIERMNSRM S
Table 3 SRM parameters of 5 quality attribute indicators
No. Ew £,/min B e BT TET Tilf 78 B /e V
1 E QN 13.48 [M-C,H,COT’ 95.0 39.1 8
2 PN 14.41 [M-CH,CO ]’ 107.1 77.0 8
3 B-H i 28.02 [M-C,H,OCH, " 149.1 93.1 10
4 [ERr & 28.42 [M-C,H,CO]" 138.1 110.1 10
5 EARE 30.91 (M]* 182.0 152.0 8

RSD #<5% , % W% 5 v et B R I

B 2.2 700 F B BT A5 S R AR 35 &b o TR A
it A A5 T, T AT LR R A R TR R
iz 2.5 TR 2% 0 SRR ARG I, LA S O BOh B AR bR
(X), Wi AU AR A (), BE A7 Rk ml T, 5 Fh AR %
KM AT R4S A SR ) B R S G
F. WE4, DIFEFIESK SRR S, BUR —
O P W, 40 T A S 0.2.4.8.12.24 hilk
FERE M, T 55 4% 1 43 0 T R RSD 1) <5% , 36 W 15X
Al VA RE R IR 24 h MR AE  LAFE AR IE UK AR
FNERE N He 2.3 T F T B AT 45 6 b i A TR
IE 4 2.5 TR 5 R E B A DU, 31 5 A% B 4 06 T AR
RSD #)<5% , £ IZ ik ERE M R 4F . 73 GER IE
AKIE B HE A SR 1 A B AT
il £ 6 403 i bs Bt 3 VT L A5 2.5 R S5 4 i RE G
W0 S5 R KR B B O T AR [l i A
RSD, 25 3 & 7R 4% 1 43 (1 SF 359 [m1 R 96.77%~
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101.38% ,RSD ¥7<5% , #& W% Jr i ME A B R4

2.7 FESERIE  B2.3T0F 4K IS, %
2.4 F1 25 W R Jr ik #ERER D, X 25 AT K
(M1~M25) 82 7 1E AUHI A e AT . 25 R R,
AT R KRR, SRERDEE, BN
301.26~13 854.09 mg- L', #2235 45 %, Ho b (K0
M5 Z A UKL, fie e o M3 G2 G 301, VAR 1l
2 (M1~M13) K& g % 57 26 (M14~M16) | FL
J(M17~M19) # (& & & K F & &, ¥ H %
2000 mg L' L b5 Wi 0K (M23~M25) & 5 5 AIG,
EE RN k. AN, R AR CH R R
AN LT 4 TR 25864 10 BT R A v, BORS B CH RORR
JE AN B RN R AN B R B AL RS
70%~90%. WLIK 2.

2.8 Y JE] A AR B 2 A BT

2.8.1  UE Sk T AR R (R 2R Y B
M 2 B AR AL T g 2y A RE X (kR
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Table 4 Linear equations, regression coefficients, linear ranges, limits of detection and limits of quantification for 20 components

BT R [l )5 R %% L /ug L K I BR /g - L PR /pg - L
2 FHRE AR T ¥=0.869 7X+188.33 0.995 9.7~10 000 39.06 118.04
iV Y=0.357X+110.45 0.997 156.2~10 000 15.01 99.74
PRAY Y=174.09X-5 871.1 0.999 9.7~10 000 1.05 9.70
547 Y=299.89X+2 913.6 0.999 4.8~5 000 0.61 4.80
ZERAN AT Y=13.244X-928.47 0.998 9.7~10 000 0.22 0.74
B AT Y=3.551 4X+79.049 0.999 4.8~5 000 0.69 4.80
HHE Y=510.49X+24 333 0.995 4.8~2 500 1.22 4.80
NI B % Y=703.29X+73 054 0.995 4.8~5 000 0.20 2.30
ST % Y=851.36X+173 196 0.992 9.7~5 000 0.61 9.70
Ji A Y=36.206X-1 081.9 0.996 39.06~10 000 13.60 39.06
HARMES T Y=371.08X+10 830 0.999 4.8~5 000 0.63 2.11
R Y=1.637 4X+219.2 0.991 78.1~2 500 17.83 6.44
GUEN N Y=2.294X+64.438 0.999 9.7~5 000 0.98 2.44
T ES Y=1414.1X+31 725 0.997 1.2~1 250 0.12 1.20
JEE R Y=2.427 3X+95.581 0.990 4.8~1250 0.60 4.80
[ER & Y=307.42X+9 018.2 0.992 2.8~23200 0.90 2.80
PNl Y=136.3X+5 962.4 0.994 2.6~5 400 0.90 2.60
PN Y=549.04X-4 049.7 0.995 19.2~10 000 0.80 2.40
BARE Y=527.98X-14 104 0.996 1.9~950 0.60 1.90
B-Fi Y=177.34X-1 365.7 0.993 39.1~10 000 0.80 2.40

INZE K RLE 2P kR ED) T RE S M T R
TR (IR S ORI PR K. 53R &
N, R AR P BN K RN 25 0 W IR R (M4~
M 13) KA 27389 0 s B oy, i >R JFH 222 J 245 1Y
KL (M23~M25) 5 % JH ik 2E B A 25 19 i 3% 5
(M14~M15) %2 B4 & it L AR i RAR . AT I
T2k E 5k E AR H R T 4 Dy KK
Uk B mg Ak B, T IR PR R A S A & AR TR R
T e oAk 2 e b, HURE R AR TS DR B T (>
60 °C )i & i, P A A% AT 24 B R A IR B
fif, FBURL ™ Fhrh A oy ik . IR 3.
2.8.2 U R ML A (R ) 195
WFIE s, A8 AR R AEA] ) 5 40 % rh & 5
&4 (2.68+0.01)~(5.73+£0.37) mg - L, H i 4 i
P M22 fe i (6.1 mg - L) (HAE ARV A 750 K i
Jurbky R ARAR . A AR TR B A R Y i v v B
SR o TR 2 B T 60% £ S R
K OB B R A E B Z Ny . TR
H5EFRHIKZERE T2, M T EREEE T K
HBM R MAERBIBEDES IR, K2R E

T, A A H R AR AR
I JE R BOZ T bR 22 5 IR K &R
2.8.3  JFURHEIE AR IR B R S TR
B A TE AN TR ) 5% (0] 36 B W Y 5 5 M (RSD=
87.55% ) : BT 7]« 10 MRV M M 2 LA fIm A ) AR
IR A AR R RS
SR T ARG B LR T R )
T IR G AT R BT 2 AR vE 2 2
REPN R TSI B NE L PN ANV PN
R BAEAE, ST 2568 SRR A AL SRR E
2.9 HEHBEARDN 2025 4w E 25 ) K
25 i U6 B A3 5 R B R R I R T AR B H R
A g PPAG I R 55 bR 2 88 KV o itk — 20 ORI IR
N7 FH P R S B 24 50 ) IO R L AS I SEONS AT AR
B H ORI PR AR . 20 B 414y 19 B H R
BARAEART ZHZRE R, HAREKEEN
JT % M3 (6143 mg-d') , MK & B K M2
(3.14 mg-d").

8 B A AN 0.03~40.65 mg-d'. JEANE 1
JELANER 5 4 0.00~15.15 mg-d™ HEHE 2025 4R p
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Fig. 2 Comparison of quality attribute indicators of Huoxiang Zhengqi preparations from 25 manufacturers
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Fig. 3 Contents of adenosine, guanosine, and uridine in Huoxiang Zhengqi preparations across different dosage forms
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Fig. 4 Daily intake of each component of Huoxiang Zhengqi preparations across different dosage forms
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Table 5 Usage and dosage statistics of Huoxiang Zhengqi preparations across different dosage forms

il 5 HAK FH H AR ik (e R )

A E AR (BT 10 mL/37 FHZ, —W5~10 mL,— [ 2%, %2 20 mL
BEHRESGH 10 mL/3% — & 10~15mL,—H 3k 45 mL
FEHIER TR 10 mL/37 K. — ¥ 5~10 mL,— H 2%, I $#24) 20 mL

HEAY IE UKL 5 g/4% HIFA R, — R —4(5 ), —H 2, 10g

R IER I 0.3 g/ki CR. —H 4%, —H 2%, /NLE 24¢g

HEH IR 0.45 g/kir UK. — W 2~4 %, —H 2% 36g

R/ IEAL B 8 ILAHY TIA253 ¢ —8IL—H3K 9¢g
FERHIERIA 2.6 g/48 FR. —1~248, —H 2% 104 ¢g

25 b AR R AR AR 7 T R A IR AR
F 7 A B 25 R K A 2 U B R
B B HHEE RO R T AR, A 20 AR I g3 4 H
M AR R 3.14~614.30 mg- ' Hoop (b [ 2 )
P bR AE KA 0 H A 23 80 T 0.03~40.65 mg- L,
JIE VP o R R 2w A TR S e A R A
A (2.68+0.01)~(5.73+0.37) mg-L"',M22 ) %K1
BMBERECARESTHREFTAFES D RS, X
6.1 mg-L"; &7 (M1.M2 . M3) | [T IR (M4) B i
F(M14 . M16) FLFH(M17~M19) 3 AL (M20) Az i
BRI (M23~M25) ¥Rk th AR R o B 2l (B
ST R ) B R LE IR S T R 4 (M4~M13)
SEMmEm M ZMAETREH S E RS, N
29.12 mg- L' UKL 7] (M23~M25 ) #% 1 28 i 43 5 1K
e K, M23 T R Y kL A% A 2RO A & Y

3.48 mg- L', U MM OCHRHIE UM 145 T A
S JOPE AR B, R G A O 25 RSD (=135 87.55% . UKL
I M23 M24 M25 BB B H A & ST 44l
2025 4F [ 2 0) 7 A E AROK BR B AT R B Y
S HEAR3.6mg d'.
3 itig

AW ST LT AN [ T B 7 A O AR o & R
FEAT A 1 B K H B AK T, S5 R LB, AN
PR Z ) 25 SO OR R B B B AR R R B
Sk AN [R] 2 ke R B A3 1 O BA S LS TR . X TR A
TEAGX 2 2 2GR & 07 R, A A OC T R A R AN
1y 485 /%50 2025 4F € [ 25 3 ) 4 45 B4y, RT REME L
S B i 590 R R T 43 R G At R AR R S A AR A
JoT g A3 AR DGR I I Sy, T B2 T AN R G
LAY 5 JEORE L B ) A A R 2 AR e R
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