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Abstract: Objective To establish an analytical method used for quality control of Xiebai (Allii Macrostemonis Bulbus, AMB)
employing HPLC characteristics spectrum combined with stoichiometry and quantitative analysis of multi-components with a
single-marker method. Methods HPLC was performed on Agilent 1200 HPLC system equipped with DAD detector and Agilent
Eclipse Plus Cig column (250 mm > 4.6mm, 5um), using methanol-ultrapure water solution as mobile phase employing gradient
elution procedure with the flow rate of 1.0 mL/min, column temperature of 30 ‘C, detection wavelength of 261 nm, and injection
volume of 20 uL. Cluster analysis, principal component analysis and orthogonal partial least squares discriminant analysis were used

to identify chemical patterns of different batches of AMB at a visualization analysis level. The QAMS method was also adopted to
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evaluate the main components contents including adenosine, cytidine, uridine, and guanosine in AMB samples with adenosine as the
internal reference, and the relative correction factors of the internal reference and cytidine, uridine and guanosine were established
subsequently. Finally, to confirm validity of QAMS method, the comparison of the contents data analyzed by QAMS method and
external standard method (ESM) was also carried out. Results The established HPLC characteristics spectrum method can fully
reflect the chemical composition of AMB. The analysis method showed specific, accurate and reliable characteristics and the relative
correction factors have good repeatability. Moreover, the results of chemometric analysis were in accord with data calculated from
methods mentioned above. In addition, three possible characteristic components were identified by OPLS-DA and there was no
significant difference found between QAMS and ESM, which can provide a reference for quality evaluation of AMB. Conclusion
The established HPLC fingerprint spectrum method, stoichiometry method and multi-index components analytical method with
QAMS can provide a reference for quality control and evaluation of AMB and other botanic drugs.

Key words: Allii Macrostemonis Bulbus; HPLC fingerprint spectrum; chemometrics; adenosine; cytidine; uridine; guanosine;

quantitative analysis of multi-components with a single marker; external standard method
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Table 1 Information of samples

e el s PEHb fits
S1 R R 2GR A PR A A % A. chinense iR e 20211124
S2 REFHUH #E A. chinense B 76 ¥ e 220400189
S3 ZETTAEFEAGRAF /NMEZ A. macrostemon 17 AN
S4 LTI PR A 7 #E A. chinense o ALK
S5 TR /N2 A. macrostemon FHHK 20220316
S6 BT =ESEHAEGRAF #E A. chinense WL 20220401
S7 ZET T EEAERAF /NHRZ A. macrostemon FHAR 20220415
S8 ZWMH R A B RA A #E A. chinense ] ALK
59 R /NEZ A. macrostemon U 1 %R 20220403
S10 EHZLERE T (L) MR ERAF /N A. macrostemon il C220111133
S11 WIFERM AR A A #E A. chinense |4 20062901
S12  JIEE B 24 A BR A A #E A. chinens o] 200601
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Fig.1 Chromatogram of mixed reference (A) and sample of
Allii Macrostemonis Bulbus. (B)
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242 FEEEAL  REEIEE — B IR S1, %
“2.17 WU NS FAESSIERE 6 I, FHR 20 uL, id
SRR, T RSD fH. 45 EIR 1~9 SIGIE TR
RSD 73715 1.87%. 1.11%. 1.54%. 1.08%. 0.49%.
0.73%. 0.86%. 0.43%. 1.01%, FHIXIFEHE RIT
243 HEMRE FERRE—#SEmS (S,
152,370 T 71 PAT i & 6 I b VAR, $¢2.1”
TN (il 2 RE AT, e, DAIRTF IS N
S, 0 EE IR T R B I ]S A X U TR AR
ZiREIR 1~9 SUEMX R RSD 409K
0.35%. 0.17%- 0.46%. 0.68%. 0.75%. 0.22%. 0.31%.
0.07%. 0.18%, AHXTUEF RSD 4374 1.07%.
1.44%.0.82%. 1.15%- 1.34%. 0.54%. 0.63%. 0.70%.
0.59%, KHHEEEMERL .

244 FOEMEIRLS RS RO E — AR S A
(S1) &, 70%HF 0. 2. 4. 8. 12, 18. 24 h U4
“2.17 TUF B KA 4T, 0 &SI E I TR
R, 1+ RSD fH. Z5RER 1~9 Tl
A RSD 43714 1.32%. 1.49%. 1.63%. 0.98%.
1.01%. 0.69%. 0.75. 0.63%. 0.47%, FIAHK
VAE 24 h WFaSE .
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Fig. 3 Correlation coefficient diagram of 12 batches of AMB samples
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Table 2 PCA eigenvalue and variance contribution rate
NN VI FHEE PRI AP 7
FHIEE T ETTERRI% R ZETTER R % FRIE T ETTRRE% B Z Tk /%
1 5.270 58.552 58.552 4,321 58.552 58.552
2 1.452 16.130 74.682 1.816 16.130 74.682
3 1.156 12.844 87.526 1.740 12.844 87.526
%3 PCAETHETEN AN SIMCA 14.1 %A, LL3RTS OPLS-DA 73 #ft
Table 3 PCA factor loading matrix i, LK 5, LR, [ERRRRRE SIS
D%y EROrL  ERUr2 RO 3 R2. R2 4»%J9 0.940 1 0.965, FillfE f1Z% Q2
59 (1%6) 0.981 -0.009 -0.105 . N N, .
N . ’ E ? U \‘I_\" 5 AL )
2 (i 5 0,950 0192 0084 (cu+r11) 79 0.903, #H ujﬁiﬁim Ebzlj ix‘ﬁ? 12
III% 9 0.874 —0.230 —-0.011 Tkklﬁﬁ El %ﬁﬂl% ﬂl%ﬁﬁ:{ i/}j /%Y‘:E 95%%{5 [X IEU |j‘] ’
BRiF (i 8) 0.849 -0.055 -0.477 mA
i 7 0.777 ~0.562 -0.149 A 1000 (B
fE (2 0.731 0.158 -0.173
it 1 0.682 0.402 0.475 o s
i 4 0.289 0883  —0.085 g o % >
% 3 0.482 —0.277 0.790 & 500 ( o
WAL 55 3 ERAMEEEERAT 3 ST = 1000
Ao B 124 e I RE S ) 9 AN I T AR AR & 500 e
. v s —2000  —1000 0 1000 2000
S SIMCA 14.1 1%, #3%] PCA 37K (KB 1.000 38%[1]
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Fig. 4 PCA score plot
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P, RAPFEIRSET L. SR SR, B3E
7, R 22 B A AT [ B R R AR A 2R s A 1
9 MRFIEILAE WG G A ZE AR . BB Il 12
HERES 2> 2 K2, S3. S11. S12 #isr h— K3,
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Fig. 6 Heat map for cluster analysis of 12 batches of AMB samples
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N TR S A AT B VPN, FEREAE
(RFERE b, #5727 QAMS J7iElE Mt . JRTF. 5
. IREF A & E.
26.1 HHASEWRMIHES [ “2.17 T,
2.6.2 XTHESER TSI [F “2.27 i,
2.6.3 ik A “2.37 T,
2.6.4 ZMERREE 3k R GO I
%W STD1. STD2. STD3. STD4. STD5. STDS,
20 pL, VENERURAHERES, G “2.17 it
TS, o R A R A T AR DA TR
W OO XTHMEER (YY) AT REIEAE, 45
4 ANFE LT RO I EA T FE R RV . 4
R 4 AR E R R R RRLE, Wk 4
Fi 7 o

hul

hul

R4 AMEERSVEERETSIE
Table 4 Linear regression equations of four nucleosides

compounds from AMB

%N EVEpEEs R?

2R Y5 Rl /(ug-mL ™)

M Y=35190 X—474.11  0.999 8 1.020~10.200
JREY=46891X—10594 0.9999 3.420~34.200
199 Y=36 754 X—9498 0.999 9 3.540~35.400
JREF Y=67 453 X—22420 0.999 8 3.500~35.000

265 AEEFEALS  AEEE — S ST, 4%
“2.17 U g Sk ERE 6 IR, R 20 pL, g
SEUETEAN, T RSD fH. 4R TntE. R, 9
H. PRI RSD 258 1.11%. 0.79%.

0.73%. 0.43%, RIAIAFERE RIT,

26.6 HEMRE FERNUE—HSERS (S,
152,37 N J71PAT i & 6 b VAR, $42.1”
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TN il 2 RE AT, e SRRt , DAIRIFIE N
S, 0SS B IR R B B (] 5 A X g TR AR
SERRIRME . JRE . S B E AR R B A
RSD 4354 0.17%. 0.75%. 0.22%. 0.18%, #HX}
U THI AR RSD 43 1A 1.44%. 1.34%. 0.54%. 0.70%,
R IIEEE M R AT
26.7 FoE I RS R R — R R
(SD) i&E&, 40H7F 0. 2. 4. 8. 12, 18. 24 h L
“2.17 TR A% KA T, 0SS AN E I [A]
M, 1+ RSD 1H. 4R BRME . RE.
9 RS ISR RSD 4358 1.49%. 1.01%.
0.69%-. 0.63%, KIMLTIAETE 24 h NEE .
2.6.8 MFEFEISCRREE RIS & O e &=
FEah (S1), 4% “2.37 WA FRAE R IRE-FAT i
% 6 R AA, 3L 1 0 1 BRGNS T R
ds LA 9207 TR R R ERE AT, TH B
PRAEF B8 I (1) TS5 IR [T Ui 26 93 1) A 97.88%
103.4%. 99.22%. 97.63%, RSD 435I~ 1.60%.
0.74%. 2.27%. 2.01%.
2.6.9 MXKIERT () BIME  1E LR G
it HPLC il 45 1F “2.17 K, BUR &R IR iR
H3ERE 5. 104 15, 20, 25. 30. 35 L, {5
RO PETAR, AR AN SY, tH BRI S5
NS f2U,

f=(AI/Ci)/(As/Cs)
AR R AMVETIRL, Ci il 2 BRI, As 9 S

41, Cs N SWIR

SRR, MREE NN SR HAb S 1 f
RSD /T 3%, W.% 5.
2.6.10 ANFEEAFEEXT f B B “2.27 DURS
o B TR, BERER A 20 P, SR BRAX 3100 ERk

w5 3IMNMEMMSH fE

Table 5 Relative correction factors (f) of three components
to be tested

BEREARRL f i f i f s
5 0.5450 0.7997 0.752 6

10 0.559 6 0.8015 0.7570

15 0.5531 0.799 4 0.757 6

20 0.5513 0.7912 0.750 2

25 0.546 5 0.787 2 0.752 6

30 0.5459 0.786 0 0.750 9

35 0.5508 0.789 4 0.754 0
FIME 0.550 3 0.7935 0.753 6

RSD/% 0.93 0.82 0.38

WAHETEA, 40375 %2 Agilent 5 TC-Cyg (2) (250
mmXx4.6 mm, 5 pm). Agilent XDB Cis. Agilent
Eclipse Plus Cig (250 mm X 4.6 mm, 5 pm). Synergi
Hydro-RT Cugtt 4 MR EIEAX &A% H f K2, 45
PR JREF . S f 1) RSD #IKCA 0.70%. 0.57%-
0.77%, KW IERE B % s f E R E IR
M, WK 6.

#z 6 AREGIEHEST s
Table 6 Effects of different columns on f values

éijélﬁ*j]z f T/ R f R R f P R
Agilent 5TC Cis 0.547 4 0.7900 0.754 7
Agilent Eclipse Plus C1ig  0.551 3 0.7912 0.796 1
Agilent XDB Cis 0.542 0 0.796 1 0.761 6
Synergi Hydro-RT Cig 0.546 1 0.7852 0.762 4
¥ 0.546 7 0.790 6 0.757 2
RSD% 0.70 0.57 0.77

2.6.11 AFEMAFIRESS f R SLEG SR AL
3100 =M i A 248, Agilent Eclipse Plus Cis
kR, FEAFRMAFRE (0.8, 1.0, 1.2 mL/min)
P4 MK fER, & Rsr 2 h) fEEE MR
If, F RSD ¥J/NT 3%, RIAAFEMEFAR XS % B
oy FETERE R, R 7.

F7 TRGEERES f ENRI
Table 7 Effects of different volume flow rates on f values

PRFRIR F/(mL mint) fowms  Trome T owme
0.8 05627 0.8045 0.7656
1.0 05513 0.7912 0.7961
1.2 05492 0.7885 0.7540
¥IME 05544 07947 0.7566
RSD% 1.31 1.08 1.06

26.12 ARFEEX f Bs2m S5 R H A
3100 =AM itk A 248, Agilent Eclipse Plus
Cig BailiHE, ZAlfEAFME (25, 30, 35 C)
M FMERTFN fEH, SRERESHS 20 f
1] RSD ¥J/F 3%, & BIH:IE X & s 1 f ETE
B, WK 8.

# 8 TREHEEX f ENEN
Table 8 Effects of different temprtature on f values

*E/J%Il/ uC f H e It f LSS f ¥ It
25 0.5508 0.7919 0.7534
30 0.5513 0.7912 0.750 2
35 0.5519 0.7933 0.757 3
FH{E 0.5513 0.7921 0.753 6
RSD/% 0.10 0.13 0.47
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2.6.13  AFEAXERXT £ RZME SEG 4 SR FH AR
3100, Agilent 1200 = RGRAHEIEAY R4, Agilent
Eclipse Plus Cig (il Ad:, %A [ A8 0 7k (A A% 1 f
ERIRE, 255K % B4 fER) RSD $/h T 5%, W,
%9,

2.6.14  FRill sy g e r  hnE g R A e AL
FERIE QAMS VA8 F IR T AR R2-231, Sy 1A AR F Il

£9 FRILEEX fENFENT

Table 9 Effects of different instruments on f values

B T, BRI . IR D ik
IALE, AT IRAF ) f AR [R5 53 A0 3 ANk
SHEE, 1A% QAMS WIHN, H “2.2” TR
HXTIAIEIR, 8T RAARMGEE (3 1 B
1% 3100, 1% #% 2: Agilent 1200). AS[E] (it (FF 1.
Agilent Eclipse Plus Cig+ # 2: Agilent 5 TC-Cis (2).
FE 3: Welch Ultimate XB-Cig) FIAFEEME A 71 (AL
B. C) I 74h 3 AN A% H s 5 I 2 1Al IR BE
I 7] 22 FUAH O O B N ()22, 241 S e R SRR, 5y 4b

1680 e B NI f e f 3 N TS AR SRR 2 190 ) 4 B I ] 2
fE4x 3100 0.5513 0.7912 0.750 2 N
Agilent 1200 0.5415 0.789 0 0.768 3 fﬁﬂﬂ‘ﬁﬂﬁf%%—'Hﬁ]ﬂ{ﬁ/&d}%}({]‘, /H RSD &/ T 5%
RSD/% 1.27 0.20 1.69 VEAR T T g e A .
#z 10 REREEE
Table 10 Retention time difference
TIPS e U s U sl | Qe
s FE1 -32.150 - 27.767 - 13.350
¥ 2 —31.584 - 26.684 - 12.867
¥ 3 —32.600 - 27.516 - 13.533
Yt -32.111 - 27.322 - 13.250
RSD/% 1.58 2.07 2.60
& 128 1 —-31.584 - 26.684 - 12.867
{45 2 —-32.654 - 27.035 - 13.677
YA —-32.119 - 26.860 -13.272
RSD/% 2.36 0.92 431
BAEANR A -31.933 - 27.000 - 13.050
B -31.400 - 26.483 - 12.617
C -31.217 - 26.433 - 12.600
YA -31.517 - 26.639 - 12.756
RSD/% 1.18 1.19 1.99
F 11 tExHRERE
Table 11 Relative retention time values
FATISES e AL il AL gt AU sy
[ EE 1 0.231 0.336 0.681
2 0.216 0.338 0.681
3 0.231 0.351 0.681
¥IE 0.226 0.342 0.681
RSD/% 3.832 2.384 0
& 2% 1 0.216 0.338 0.681
X2 2 0.205 0.331 0.676
YE 0.211 0.335 0.679
RSD/% 3.69 1.48 0.52
BAEN R A 0.215 0.336 0.679
B 0.216 0.339 0.685
c 0.216 0.336 0.683
YA 0.216 0.337 0.682
RSD/% 0.268 0.514 0.448
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2.6.15 QAMS L5 HMRENE S RELE 12
HEUHE AFE Y, CRFIBTEESLI HPLC 7k, H
Jeil L A ARiE CESM) 43 5 iF 5 Bk A FE o
M. RE. 5. BRENEE, RAEUERE
NHNSY), FFENER f, RHE QAMS 1A K
€ BT AR,

Wi=(Ws X Ai)/(f X As)

Wi AR A B, AR RN VE TR, W I S0,
ASHNZETIR, AR 5 5 088 £ 29 B h 3
R3S

# ESM S{E 5 QAMS HSL{EBETECX t 46
(251, S5 P AEIY>0.05, FH] 2 M5 E S
Z IR 22 5, FEREALI QAMS A BT 1tk
BRI AT, WK 12,

#* 12 ESM 1 QAMS ME 12 #EB#ER+ 4 MIEHNAE
Table 12 Contents of four nucleosides by QAMS and ESM in 12 batches of AMB

2 il E/(mg g7Y) JEE(mg g7Y) 9% /(mg g1 Rt (mg g7Y)
ESM QAMS ESM QAMS ESM QAMS ESM
S1 0.1306 0.1303 0.4350 0.4314 0.3316 0.3302 0.336 2
S2 0.1132 0.1129 0.368 3 0.365 3 0.2125 0.2143 0.2012
S3 0.028 0 0.027 9 0.108 2 0.107 3 0.0781 0.0777 0.1245
S4 0.1340 0.1336 0.3218 0.3191 0.2037 0.2028 0.2057
S5 0.083 2 0.0829 0.368 5 0.3654 0.2150 0.2140 0.250 1
S6 0.1054 0.1051 0.409 6 0.406 2 0.2439 0.2429 0.264 7
S7 0.067 8 0.067 7 0.5291 0.5247 0.3040 0.302 7 0.2329
S8 0.0958 0.095 6 0.434 4 0.4308 0.2149 0.2140 0.2124
S9 0.1181 0.117 8 0.3394 0.336 6 0.256 0 0.2549 0.269 8
S10 0.1308 0.1304 0.3109 0.308 3 0.226 3 0.2254 0.246 6
S11 0.027 3 0.027 2 0.1477 0.1470 0.106 1 0.106 2 0.1394
S12 0.0391 0.0393 0.1617 0.1610 0.1383 0.1385 0.1852
3 g R R SR 5 %=1 & (=1 TN I ENVASE 521 )5 % W | IES

31 IREEGMEIEEENTL

AT FERT AN FHE I (10% HE . 25% H1EE
10% LBEANAE7K), ANFERRE L (1050, 2 150, 3 -
50), AFEFEECT AME O, B, RHE
PLECNE] (204 30, 40 min), AS[EIASHAH K AH 2R
(47K, 0.1%H R, 0.1%MEfR) HITHE, m&Kik
5E LA 10% B 4R BOA R, Bk 1050, A
30 min BPEAFEM BRI, HE T Agilent 5
TC-Cig (2) fmifi: (250 mm>X4.6 mm, 5 pm),
Welch Ultimate XB-Cyg 23 4E (250 mm X 4.6 mm,
5 m), Agilent Eclipse Plus Cig il 4 (250mm X 4.6
mm, 5 pm) B FE 1) 7 B . 45 R B, DL Agilent
Eclipse Plus Cig (it 70 B RUCR S liF - 73 75 42
TN N EE-OK . FHEE-0.1% I IR/K . FHE-0.1%
TR KIS At S VA HPLC (a3 (& b 6 AN ILAT U %,
G35 BRI, R IR SIAH KA A 0.1% H R /K i 5
H 0.1%WERR /KIS, WEEIIELFEh R, W2, N
1M 3% % PR -4 KRR B A
32 QAMS ZRTHRZENESENERELH
KA

R QAMS V2 fi TN, NARYIRLERE 2451

By B BRZ AR A, SGTE R R AR — ), RIRE
HE VR TT OB U ZE A A el HL
JAIRT RS E , WX RREE . 40 B EES RAF, DRtk
AR TS QAMS ik £ LR EAE NN S,
454 OPLS-DA 73 #rifiizk th A2 & VIP {ETTER K T
1 AR ST, IRE, FEit, 27 B 4 288
HAE N E 2 H o &2 0NE KR, #32 T W
SR SRS R R W f, W
T REREIE FH T RN R 2 ) 22 4H 55 (1) QAMS i, (R
L ESM VERHE QAMS JEIKHERITE. 45 FR
QAMS J£A1 ESM &I E 2 M H . JRE . S,
IR 4 iz B HERR BE R o B 22 5, BRI A
QAMS VEARE S bRiZisn 3k 11 4 A% o it AT &
BHIE, BEFRAC T 528 Hont B S AR IR,
[F I ORAIE 1 il A R BBORE AN AE R4, 0T B R o
Tiff M 0T 2 5T B PR AER M B 25 KR
B 298 4 Pz R o & AR AR — i It
()22 5, (R RE X T40A 2 450 2 48 St )
A FH B AR 245 53 B VAV R 38 57 2 i i A il ) B A

ZE ERTR, AT T OHERA T A ) A] S A
Sy HTHE I HPLC J732%:  JF AT 8 S7 R4 B
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fRINT 9 MEFIE, KA SPSS. SIMCA. Origin
AT 12 AN [R] 7 e R R g AT AR ABLRE 43
#r+ PCA. OPLS-DA 73#r. &3 T WS 51F
Mo B JRE S BRI f, JEadx 12 #Heii A
[ 7= e VRO R 4 ME TR S R, DR
4t ESM VI 5 45 SR E6IE QAMS W 5 &5 iy kR v
NHE A AT R B VRN R AL T S

R BAR PTANEH ARG LEA TR
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