BRI AR Z ) HPLC $8 80 i i o i 78 M A i o o
RO BAREART BLECESASYAEARTIEYE, LE EF 030619)

hEsES R284.1 XERER A NEHS  1001-0408(2021)22-2724-07
DOI  10.6039/j.issn.1001-0408.2021.22.07

M E B I ARG & B0 &% (HPLC) 48 50 B 3, M8 2 P 3h R S% ade 3 BR A IRST i 40, B P SR AT AL 52 4R
KARFN Mo F ik AW B d A AR 4R OP 25 &858 SUB &AL 370 % 4 (2012 88 ) )3 52 10 Bk m R 377 69 HPLC 45 40
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Establishment of HPLC Fingerprints, Content Determination and Chemical Pattern Recognition Analysis
of Yuebi Jiazhu Decoction

ZHAO Feng, GAO Taixiang, SHI Liyao, WANG Rui(School of Chinese Medicine and Food Engineering, Shanxi
University of TCM, Shanxi Jinzhong 030619, China)

ABSTRACT OBJECTIVE: To establish the HPLC fingerprints of Yuebi jiazhu decoction, determine the contents of ephedrine
hydrochloride and pseudoephedrine hydrochloride and carry out chemical pattern recognition analysis. METHODS: Using ammonium
glycyrrhizinate as control, HPLC fingerprint of 10 batches of Yuebi jiazhu decoction was established and the similarity was
evaluated with Similarity Evaluation System for TCM Chromatographic Fingerprint (2012 edition) , and common peaks were
identified in combination with mixed control. HPLC method was used to determine the contents of ephedrine hydrochloride and
pseudoephedrine hydrochloride. SPSS 26.0 software was used for cluster analysis; SIMCA 13.0 software was used for principal
component analysis and partial least squares discriminant analysis; the differential components affecting the quality were screened.
RESULTS: There were 20 common peaks in the fingerprint of Yuebi jiazhu decoction, and the similarities with control fringerprint
were all greater than 0.92. Two peaks were identified, which were liquiritin (peak 11) and ammonium glycyrrhizate (peak 18). The
linear range of ephedrine hydrochloride and pseudoephedrine hydrochloride were 0.98-48 pg/mL (r=0.999 9) and 1.02-51 pg/mL
(r=0.999 2), respectively. RSDs of precision, reproducibility and stability tests (24 h) were all less than 2% . The average
recoveries were 105.67% (RSD=2.88% , n=9) and 104.15% (RSD=2.02% , n=9), respectively. The contents of ephedrine
hydrochloride and pseudoephedrine hydrochloride were 0.008 1-0.014 3, 0.002 5-0.011 8 mg/mL. Results of cluster analysis
showed that among the 10 batches of Yuebi jiazhu decoction, S1 was clustered into one class, S3 was clustered into one class, and
S2, S4-S10 were clustered into one class. The results of principal component analysis showed that S3 was located at the far right
side of the scoring plot, S1 at the right side of the scoring plot, and S2, S4-S10 at the middle of the scoring plot. The results of
partial least squares discriminant analysis were basically consistent with the results of cluster analysis and principal component
analysis. The variable importance projection values of peak 9, peak 3, peak 12, peak 8, peak 19, peak 18 (ammonium
glycyrrhizinate) , peak 13, peak 20 and peak 11 (liquiritin) were greater than 1. CONCLUSIONS: Established HPLC fingerprint
and the method for content determination are simple and accurate. Combined with chemical pattern recognition, they can be used

for the quality control of Yuebi jiazhu decoction. Nine
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components such as peak 9 are the differential components
affecting the quality of Yuebi jiazhu decoction.
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25 A8 ST 5 732 BUSR R AR £ M B 5 - S #e i iig Oz
21 mm, it'5 C10716501) 1 [ |12 se bhAE LR A
BN F] s R (i al) | )5 (Eag ) 3 B At | #
JARHE AT PR W], HARIRR R o b, K Sy alidoK
FREO AR A E R CH R AR
KA NP P R 25 R h 228 RER TR AR S E L o)
KRR Y) SRR BT Ephedra sinica Stapf 1555
= BBHEY R Atractylodes macrocephala Koidz. f) T
YR ZE | GRHME Y H 5 Glycyrrhiza uralensis Fisch. 1)1
TR TR ZE L RME Y 22 Zingiber officinale Rosc. 15T fif
MRZE BRI Y Ziziphus jujuba Mill. 1) R S
B 22 AT (AR 220077 HX5h LLUPG , A 77 1 Ay i)
Jb, 0 A P4 B AR D b, AR E A 1
PO BT 2505 A2 T, 10 A A S bk 2 4
TR FE SRR E R LR 1
R1 10#BIBIMA G P RREE 4FIR A ERESKIER
B2
Tab 1 Source information of 4 kinds of decoction pieces

such as E. sinica in 10 batches of Yuebi jiazhu

decoction
FEih Jikik AR HE L3
9 #e o s S 5 S 5
U WEE 1908001 WAL 20200404 L 200003 REEG 2020050211
Sy 20090200 ML 200201 WA 20102 20200802
Sy WER 20200301 WL 224200102 L 181103 HfE 2010021093
Sé 201102 L 2007007 WL 190501 W 200401

S5 NE 190602 g 200802 WL 319010001 W A201101
6 EE 190703CP3037 HHT 201202 W 200102 HiE 27220001

STl 201201 L 2007007 W 200000 ME 2010010
S§ T 201201 WL 201002CP07T0 I 1912032 AEE 20200517
9l 20190201 GEC 200402 WL 201002 AL 201001

SI0 A% 20201106 L 200802 W 191202 BE 2010010
2 AEEHER
2.1 fELEEES
2.1.1 i LAHypersil BDS Cis(250 mmx4.6 mm,
5 um) KA, LG (A)-0.1 % BEER A (75 0.04% —
HE) (B) R i sl AH R4 746 B 6B (0~50 min, 5% A—
17.5% A; 50~70 min, 17.5% A—35% A; 70~85 min,
35%A—50%A) ; Jii ik A 1 mL/min; K19% K hy 230 nm;
FEIR A 30 °C 5 AR 10 pL.
2.1.2 BmAR R BT RO RS RO R
K, PR 8 45 R R R 14 TR0 3t TRE B P8 DA R i 0
2 PRI 5T ARAS (A7 80 v R R A TR A 15 3R AR
VAR T LA R 9 g A 18 g T HL6 g R
15 g AEFE9 g FAAR9 g, SIGEBUMA G AR
J51  BOK 600 mL, BILARR B 30 min J , 4H I 25 KK
BRI KA A 2 200 mL, BIFS# AR (4724
WS A 24 B 330 @)W (Al A 104t (Zi 5y ST~
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S10). R R FAH R 25 45 IF 45 6 8 2 PRl DL AR E
il A8 et R A — S

2.1.3 MM nH g BC2.1.27 BT 10 #L R
R4 4 mL, N EE6 mL, FRE Bt , B+ (H)46200 W,
A% 40 kHz) 2034 20 min, 0% B E I, FRRARE BT,
FHH BEAME R A, #8557, D 14 000 t/min 2.0 10 min,
B RV, 2 0.22 pm TFLUE B B8 AT, B8 v, R4St
IR

2.1.4 TRAXT BRI A R AR o R
P e %o BRI FH s e, A T B T R R e T vk
JE 43524 0.02,0.2 mg/mL HITE A FE SV

2.1.5 FEH A HC2.137 IR A W (R
Sl dE, 4% 2. 117 (8 1% S5 A i BeaE R 2 6 1K, LA
T RRR B A 2 B, THI305 A UG (0 ARG (B IS ] R %
VTR . S5 IR, 20 AN AT W AH X R B B[] i RSD
¥I/NF 1.5% (n=6) , A XTI TR FR Y RSD ¥/ F 2.5%
(n=6) , KT AE% 4 R AT

2.1.6 B  BC2.1.27 TN AR % (45
S1), 3607, 4% “2.1.37 WU N Jy b il 28 sl i i W, 4%
“2.L1HUR IS A, DL BRI 1T
SR A DB R R X O B B ) A G U TR R . 45 SR R
20 AT W ARG £ B8 B8] () RSD 34/ 1.5% (n=6) ,
AN e T AL RSD 34/ T 2.5% (n=6) , KW H ik ELR
PERAT

2.1.7 FaEMERE  BC2.1.37 W T R A W (e
S, A5l F= i M AE 0.2.4.8,12.,24 hiJ4%2.1.17 30
T SRR, DA R R S TR I
UAE P AR R B B[] FIAR XTI TR AR . 25 SR R, 20 2847
U A X {47 B B5F 1] 14 RSD 241/ T- 1.5% (n=6) , A X i 1]
P RSD ¥/NTF 2.5% (n=6) , TR AL F 500 T
B 24 hINFREME R LT

2.1.8 fBERIERES,  BUCU2.1.27 TR 10 fER AR
Vi, #“2.1.37 WU Jy vk il 28 a0, P 2117 I
TGRSR C SR AT R . R 10U BN AR
() €87 el e (b 24 63 s S0 IR A LS TR M R S
(2012 ) YFEAT 0T, L S1 2 BRI GZAURE i 19
WG EAEZ) R EGE , B BB % 504 0.1 min,
X IR T 22 SR IE RN A DU L , A5 51) 10 HE AR A
VRS g s RS D R SRS (R) o 4553 8ok, 10
HEMA A AT 20 N AT I, TELIE 1 8 2,

2.1.9 HHEMFIN K2 5IRA XGRS R T
O T R R B 5 R R RR B R R DR JRR VR B P 45 ) A
TE2E 5, JOVk R AR A 0 (035 45 A R A A, DRt e 4%
R O XTI, B2, 1,470 R IR AT BRI
W, 2. L1 U e A R A5 2 5 1R (& 3) ] L
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Fig 1 HPLC superimposed fingerprints of 10 batches
of Yuebi jiazhu decoction
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Fig 2 Control fingerprint of Yuebi jiazhu decoction
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Fig 3 HPLC chromatogram of liquiritin and ammo-
nium glycyrrhetate mixed control

2.1.10 MU AY R 2 @ 3E fs SORE AR
PR R G (2012 i) )% 10 b BRI AR 17 FE i i 4 7 AR AR
JEPH . SR, SR IR SRS (R)FHEL , TOHERE G,
FFRARLEE ¥R F 0.92, 3R B 10 HEAE 5l 1 o i 22 3/
GERIAR 2,

F2 10 HLEENARZ R BME TN R
Tab 2 Similarity evaluation results of 10 batches of

Yuebi jiazhu decoction

B5 oSl 2 3 s s5s6 ST S8 9 sl R
SL 1000 0746 0757 0813 0973 0826 0936 0935 0778 0977 0923
2 0746 1000 0955 0925 0742 0967 0790 0904 0980 0774 093
3 0757 0955 1000 0971 0764 0930 0751 0917 0971 0754 0936
S4 0813 0925 0971 1000 0835 0911 0792 0947 0952 0808 0954
S5 0973 0742 0764 0835 1000 0827 0924 0942 0786 0969 0926
S6 0826 0967 0930 0911 0827 1000 0880 0932 0978 0850 0.964
ST 0936 079 0751 0792 0924 0880 1000 0903 0828 0945 0922
S8 0935 0904 0917 0947 0942 0932 0903 1000 0921 0944 0991
SO 0778 0980 0971 0952 078 0978 0828 0921 1000 0.79% 0955
SI0 0977 0774 0754 0808 0969 0850 0945 0944 0794 1000 0930
R 0923 0933 0936 0954 0926 0964 0922 0991 0955 0930 1000
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2.2.1 i 4F A Venusil XBP Polar-Phenyl (250 mm>x
4.6 mm, 5 wm) k3% A DL H 0.1 % i R VA T (&
0.04% = Z.J5)(1.5:98.5, VIV) A sk il KA 210 nm;
PN 1T mL/min; B3R 30 C5 EFE &R 10 pl.

2.2.2 PR VE WO WI RS R IR RN AR A B
{14) PH B T S8 5 3F I 20 A SE 4k (A% 2 om, A5 20 em),
I 22 BR-Hi-FR AL FH (JFH 1 mol/L 7 5 BR 218 i i 4 g ,
AW IR RFR 345, FEARIZIE L h )5, Kk 2
VRV pH A 5 247 5 B Je 1 mol/L SR AR AR 28 1 it 120 44
g, A SR AR I, PR 1 h ), K 2 BER
pH N 97247 B LA R [RIAE 7 it AT R AL ) Jim i 0
HAL, BUU2.1.27 50 N BN 50 mL, A 1 mol/L#idh
R BRI AR Z I pH 2 1~2 )5 , DL/ NI 1545 14
TR 2ok O 5% 7 A A 40K, I FHZK gk 22 6 It v o6 42 TG
@, FE ] 2 mol/L & 7K 100 mL LA/ N 1.5 A% AR AR FH vk
JI , WS SE K PRI, T 60 CAKIR TR 25T, 5% A 2 mL
FEEAE I, 26 0.22 pum SFLUE MR G L, BRERUE W, B A5-4it
TR

2.2.3 TRAXTIGET RS2 PRIGER TR RS0 SRR O
JRBCHROGT FE i, P S0 A, A5 3h MR PR Bt L Sh W O iR
BT MR 435914 0,048 ,0.051 mg/mL FY TR ) B
VWL

2.2.4  BAMEXTREVS WL #e2.1.27 TR Jr A A SRR v
) B %o R 2 9, T2 2.2.27 T T 7 12 1 A% I kB
VS

2.25 FRGERMRAE B IRIE AR A R
AR AR (45 S 1) FBH X BEVA , $522.2. 17100 | (a3 2%
PEVERENN E 0 IR . 25 B, SRR RR B R A0 3
T PR R B 5 0 €20 335 068 114) 40 5 E 8 K F 1.5, BRI AR
B £ R PR B B UG 125 KT 31000, BH 4 X e St 19 ol g
SR E T T AR 4,

226 KVEXRLZE  B2.2.3" 0 FIRA N M IER
I 0 BRI A, A5 R R v T Sk B 4y
W2 0.98.2.4.4.8.12.24 48 ng/mL , 5 FR Ok JFE o5 o
W HE /30 1.02.,2.55.5.1,12.75.,25.5 .51 pg/mL (IR
FRANKT IR SRV . B IR R, 42 2.2.17 0 | a3k
SAFHEREDNE T SR TR . A o DS 43 114 Jo f VR
(X, pg/mL) R AL bR 6 R W T R (Y) S AR AR HEA T 2k
PEENE . G55 R, ER R PR B 1Y [0 )9 77 72k Y=2.0x%
10°X—1 959.1(r=0.999 9) , ERFR O IBR BT 21V )7 A
Y=1.0x10"X—3 263.7(+=0.999 2) , Z¢H £ W2 BR B 26
i Dh PR B L 45 1 194 O o A 32 91 R 5 0 T B, R
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Note: 1.ephedrine hydrochloride; 2. pseudoephedrine hydrochloride

El4 HEEHFER . EBRAKEFENESX Rmiaik 4t
i R A R AN B X BR A i Y HPLC
Fig 4 HPLC chromatograms of mixed control, test
sample and negative control of ephedrine hy-
drochloride and pseudoephedrine hydrochlo-
ride
2.2.7 KRR BC2.2.37300 FIRA X BRI L 4%
“2.2.17 TR (A S5 A HERE DN E 6 U, D SR AR . 45 AR
B , ER TR PR T A £ TR D JPR o i ¢ 17T FR A RSD 70531 o
1.37% .1.63% (n=6) , LWL ANE 2 R4
228 HAEMIRK H2.1.270 N nAR T (45
S1), 464y, 4% “2.2.2" T F J5 ik i A (i il VA M, PH%
“2.2. 17U AT SR HEREINAE | O ST B F AR HE R
AP TP IR A & . AR R SRR BT
B 5 % O JBK 35 B8 2 45 (19 RSD 435124 1.42% . 1.79%
(n=6), KW EEEMERLF
229 RUEMIE  Hee2.2.27m R A A (G
S1), 43I T2 P Ak E 0.2.4.8.12.24 h i 42.2.17 3
T OGEFFIERENE D R A 4R BN SRR
BB | £ R DA JBR B B 04 TR BR B RSD 43 i O 1.37%
1.21% (n=6) , R T2 I HCE 24 h NEEE
[SY/38
2.2.10  Jke AR B RS B AR (RS
SU), &6y 1 mL, 3903, 4 3 A E ME 5 A 0.5.1.2
R TIABRL— X Rt VT (BB, 2 JRR B 2 D JRR 4
Xof B i T, R I A R, AR RRR B R R
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R IR BT R VA 4391 49 0.048,0.051 mg/mL F-E— 5t
HE SRV 38 B, 19222, 27 TR gl a5 I S VA, T
Fie“2.2. 17 W A S S5 R EREIN 2 | 10 S0 TR AR
FEIRIC . S5 5R B , FhIR R BBl . Fh R Oh JRR 2 B 1 -
R [ K43 51 ok 105.67% . 104.15% ,RSD ¥/ T
3% (n=9) , R IEAENME RIF. R %E3.

*3 HEREFESERSMERKZENEER(n=9)
Tab 3 Results of recovery tests of ephedrine hydro-

chloride and other components(n=9)

S B, pg MAR, pg W, g MEEICE, % IR, % RSD,%
AR 1256 6.00 19.03 107.83 105.67 2.88
1256 6.00 19.05 108.17
1256 6.00 19.03 107.83
1256 12.00 2488 10267
1256 12.00 %67 100.92
1256 12.00 2535 106.58
1256 2400 38.85 109.54
1256 2400 3714 10242
1256 24,00 3178 105.08
SmtbrEE 9 5.10 15.08 105.29 104.15 202
971 510 15.08 105.29
971 510 15.09 10549
971 1020 2015 10235
971 1020 2037 10451
971 1020 2024 10324
971 2040 3033 101.08
971 2040 3057 10225
971 2040 3171 107.84
2.2.11 FERESHEME #2127 J il 6 104

WA , #42.2.27 WU J5 12 1 45 A3 i i, 7-4%

“2.2.17 TN TS AR AFHERENE | 10 SR TR R s v

LRV P RR T R B AR A TN E 3

U AR IR A

F4 10HtBEMAZHRBRERER TS ENE

#Z£R (n=3,mg/mL)

Tab 4 Results of content determination of ephedrine

hydrochloride and other components in 10

batches of Yuebi jiazhu decoction(»=3,mg/mL )

5 AN AT BRI
| 00126 00097
82 00136 00105
$3 00143 00103
s4 0.0096 0.007 1
$5 0.008 1 00025
6 00106 0.005 8
§7 00129 0.0077
$8 00100 0.005 0
89 00114 0.009 4
$10 00105 00118

2.3 CA

DL 10 Ht A 08 AR % HPLC 8 8 B 18 11 20 A4~ HA7 i
W T AR AR 1, DA R ERBE 25 oM B2, R FH SPSS 26.0
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Dendrogram of cluster analysis of 10 batches of

Fig 5
Yuebi jiazhu decoction

2.4 PCA
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W T R 7 10 % 20 B, SR T SIMCA 13.0 84 i 47
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FIFATI, S2.S4~S10 7 FAF4r Bl vhifs, 5 ik CA
GERIA S, BEALILIE 6,

6,

4

9 @56 @s2

S7@ @®s1 @®s3

— 0 so st
[l @®s8
)

—4 S5@ @s4

—8
—-10 -8 —6 —4 —2 0 2 4 6 8
]
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Fig 6 PCA scoring plot of 10 batches of Yuebi jiazhu
decoction
2.5 PLS-DA

L 10 L4 in AR % HPLC 15 S0 [E3% 1 20 >3 14
WA TR N7 10 20 /4 , >R SIMCA 13.0 # {447 PLS-
DA. i PLS-DA 343 A] UL, 7£ 95 % B A5 X Al 4, 10 41t
FES IR 328, Horp S3 AL FAG 4 A2 AN, ST F 42
T, S2.S4~S10 i FH kAT, 5 1k CA PCA %5
FEA—F (K 7)., 1EPLS-DA 7 Kl b, 25 500 5
D R HOG R AR A O 25 R B OR, 20 4
HA Mg 9 I 12 16 3 14 19 AR AR (K8) .

5t H BB (VIP)(E K, R WX 43 2K 1 51
BRSO, DA VIP{E > 1.0 FARE™, Sk F SIMCA 13.0 #44:
7 9 5 T R R i AR o e 1) 22 MRy . SR EUR A
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Fig 7 PLS-DA scoring plot of 10 batches of Yuebi jiazhu
decoction
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Fig 8 PLS-DA loading plot of 20 common peaks in 10
batches of Yuebi jiazhu decoction
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