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Simultaneous quantitative determination of 10 chemical constituents in Radix

isatidis by QAMS method
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Guangzhou Baiyunshan Hutchison Whampoa Chinese Medicine Co., Ltd, Guangzhou 510515, China

Abstract: Objective To establish a new method for the quantitative analysis of multi-components by single-marker (QAMS) and

simultaneous determine six different components in Isatis indigotica. Methods The (R, S)-goitrin was used as internal marker to

calculate the relative correlation factors (RCF) of clemastanin B, cytidine, uridine, guanosine and adenosine by HPLC, and examine
the durability and reproducibility of the RCF. The external standard method and QAMS were compared to determine the six
components in I. indigotica. Results The repeatability of RCF was good. The results calculated with QAMS were consistent with
the results by the external standard method. Conclusion The QAMS method for simultaneously measuring the content of six

components is accurate and reliable to evaluate the quality of I. indigotica.
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1 UEERA
11 4=

Agilent 1260 =R (G EZHERA
7] 5 UltiMate 3000 F 41 &80 A0 (i (£
Thermo Scientific Technologies A %)) ; Waters 2695
RO B A (EE Waters AF]D) 5 ERERE
Agilent ZORBAX-C1g (250 mmX4.6 mm, 5pum) ;
itk Waters Xbridge-Cg (250 mmX4.6 mm, 5
um) ;5 it Phenomenex Kinetex-Cig (250 mm X
46mm, 5um) ; BT 214D RH T/ RF (dba
RENFNBRRAGIR AT 5 CP225D BHLF47
Hr RV (Sartorius AG A ])

12 iX#h

HE SR, S)-5 k& (b5 111753-201706,
R 00 99.9%) . JR1E (it 'S5 110887-201803,
JiT B 57 #0R 99.5%) . S H (4t 5 111977-201501,
JiT B 57 #0h 93.6%) . iR H (Hit 5 110879-201703,
JRE BN 99.7%) 5 E & 2 R E TR
BeRft, PE (HtS B20073, JEESHUN 98%)
HIEHAYA R AR R4, BS4&ET B (S
hysC201811, Jii& /%N 99%) HiJ MR Fir il
HHEMWRAFRM. Bl (Bikd, EEH Tedia 2
mD o, HEE (ofrd, RS 0 KR
i,

WM (L5 1807003, 1805015. 1808008.
1805011 . 1805012. 1805013 . 18wdct. 18bjz .
18nm . 18dtly . 18mLsb . 18gjwzc . 1805010 .
1806004 . 18nxgy. 2017dq. 1805014 . 18dtxh .
18mLxt. 18esyc. 18dsc. 18ftkfq. 18gfc) HiJ M
H 2 (A S 2 TR A ml 4t
2 FEEHR
21 BIEEH

B HE: Agilent ZORBAX SB-Cig (250 mm X
4.6 mm, 5 pum); FEFEAK (A) -HEE (B), B
FEVERE: 0~3 min, 3% B; 3~20 min, 3%~8%
B; 20~25 min, 8%~22% B; 25~35 min, 22%
B: 35~36 min, 22%~25% B; 36~48 min, 25%
B: 48~50 min, 25%~90% B; 50~60 min, 90%
B; = 0.8 mL/min; #E 30 °C; #illyg
254, 230 nm; HEFEARFL 10 pL. taEE LA 1.
22 SREXBEMIEREEIE

REMRI (R, S)-HkEF . HELET B, I

A 254 nm

B 254 nm

6

4 5
A
Al g B | O A
0 12 24 36 48 60
t/min
1
A 230 nm
.l A A 12
B 1 230 nm
L L. s .k - 1.. g .Vk.
0 12 24 36 48 60
t/min

1-(R,S)- 51k 2-EMRET B 3t 4R 5-21F 6T
1-(R, S)-goitrin  2-clemastanin B~ 3-cytidine 4-uridine 5-guanosine
6-adenosine
E2 RExREM (A) SWRERER (B) B9 HPLC &IEE
Fig. 2 HPLC chromatograms of mixed references (A) and
sample (B)

. RE . SEMRERSIERE, RS
HmBERZIE, w5, HRER, S)-HKERE
WA 28.96. 57.92. 115.8. 289.60. 579.20
ng/mbL, BHELET B EIKEN 3.2, 6.4,
12.7. 25.4, 63.6 pg/mL. MEHARIKE N 2.2,
43, 8.6. 17.3. 432 pg/mL, [REFHEKE A
3.8. 7.7. 15.4. 30.7. 76.8 pg/mL, ¥R EK
f¥ % 3.8, 7.8, 155, 31.0. 77.6 pg/mL FlAREF
JREWE N 2.8, 5.6, 11.2. 22.4. 56.0 pg/mL
VR A XTI W, JF T 4 CUKHE Bk R
£, #%H-
23 HiX@EARNHIE

BUR MR 2541 19 (i 60 HIF) , FEEME,
BHHEHIVMS, %A 5% HREEHR 25 mL,
FROE &=, MAHE (40~50 C, 250 W, 80
kHz) 1 h, J8%, FRais, H 5% B 2 S
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AR R, JE, ESEW, i 0.22 pm %
FLUERE, RIAS OIS

24 FEFWIE

241 ZMERARFBHE AR ERIL 6 DRI
W (R & 0 IR & 10 L, JEARR
WAR GG AL, 4% Bk il R RO, I E & Xt

MR A AR, BCPIME . DLR W R E R
(XD XF U TE AR A (YD) FEATRIHAL B, 15(R,
S)-EMkHE . HELE T B, BEF. R, iF
FURREF (2R M 7 FE AN AR O A8 (RD) o« S5 K
B, 4% TR 1 0 R L 0 T A Y B R AT A 4R
HxRR (KD .

FT1 6 L MEETSIE

Table 1 Linear regression equations of six components

wEY) LEMETT R R? 2RV (ug-mL )
(R, S)- k& Y=4114716.7 X+55 633.1 0.999 9 29.0~579.2
HERLHE T B Y=1 946 856.0 X+29 259.8 0.9995 3.2~63.6
iR Y=6 767 976.7 X+30 894.2 0.999 6 2.2~43.2
JREF Y=4 548 213.8 X—39 436.4 0.999 7 3.8~76.8
51 Y=7967 219.7 X—61 922.7 0.999 8 3.9~776
7554 Y=10 823 019.5 X—70 016.2 0.999 6 2.8~56.0

242 REEERAK REWRI “227 TUFRA
SR RVATR 10 pl, 1% “2.107 TR 4ME, SRR
6 K. Z5RERTE 230 nm K, (R, S)-HikE. Hik
£53% 7 B [ RSD 7354 0.33%. 0.58%; 7E 254 nm
TR, S)-HikE MHE. JRE. SHMARE T RSD
23949 0.35%. 0.58%. 0.45%. 0.41%. 0.45%.
243 HEMERE HUlS Y 1808008 MR R %
M, $ZHR “2.37 BUEPATHIS R IER 6 4, 1%
“2.17 WUR A, ATIE, 7E 254 nm F(R, 9)-
LA M. R SEMREET RSD 4514
0.81%. 1.56%-. 1.96%. 1.65%. 3.15%; 7E 230 nm
TR, S)-HkE. HELZET B 1 RSD 437N
1.04%, 1.79%.

244 FoEtE  BUitS A 1808008 MR AR Z
M, % 237 BUR iEd & A s, EIEK
B, T 0.8.12. 16, 20. 24 h, 4% “2.1” Wi %
PEREREDSE, 7E 254 nm F(R, S)-H5kE. MtF. IR
. SFF. R RSD 405N 0.85%. 1.88%.
1.36%. 0.87%-. 6.84%; ft 230 nm I, (R, S)-#fk
F. HELET B 1 RSD 4344 0.5%. 1.72%. Ji#
T P U Th R AS RIS (] B SR, U B AR A AR A
WVERTPR, S)-5IkE. HLET B, . &
. SFEEENE 24 h WEEM R, (HRERT
245 MAEREIGAL  BE I AR (S
1808008) 9 17, FHEMRE, 3l % IIAAE 2 Tt
RAh PR R 2 & B 50%. 100%. 1509%[ VR &
TR VA, HER “2.37 TR 7 AR A

W, % “2.17 BUR OIE KRR E, THEASH
(R, S)-HfkHF. HELET B, M. RKEMSH
FR ~F 253 0 A [l WA 2 73 0l Dy 98.25% .« 99.57% .
100.53%. 102.29%. 102.59%. 99.30%, RSD 437
N 2.25% . 2.45% . 3.35% . 1.62% . 2.96% -
2.79%. Z5HM, 2,
25 MHEMRERERTF (fyn) BIEIL

T 2 WO B0 BRI 5. 10 15, 20, 30
ul, 4% “2.17 WUF il & FE, B )
HERE 3 Ik, HUCFIYME, 10365 X HE S 1) vk 0 i
By A figm THEEA RS, AR 2 B R 2R
T B . RKE. . RE RN IER T
(K2 .

fium = filfn = (Wi X Ap) (Wi X Ay)
W AR, S)-H IKBFE NI & &, ACHR, S)-HIREA
P TRIRY, W ABEIITEARZE 7 m & &, An WIS m
14U T A
2.6 fiym KO MM
2.6.1 AFEEIEREXS fiyn BRI B “2.27 BUTH
A ORI, 2 RS B 10 pL, SRH
Agilent Cyg tail4:, 437I7E Agilent 1260. Agilent
1100, Waters2695-2996 = & AH (i3 b 3 FEAS:
MW, REVIR, S)-EHKEENSHEH, 5 Pk
I3 figms - R0 g FEASE AN RS PR TR FH A
RIF, ZRNZE 3.

#£517 Agilent ZORBAX Cig (250 mmX 4.6
mm, 5pum) . Waters Xbridge C1g (250 mm X 4.6
mm, 5um) . Phenomenex Kinetex Cig (250 mmX
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4.6 mm, 5pum) 3 3 FpEAFEREXT KBS fum BI5
Wi o A5 DA B 63 A % R 35 R Ak B B B 4y
HACR, SRME. RE. 5. BE. 5HE

T B B RSD KX N 2.69%. 3.41%.
3.15%. 3.09%. 2.60%. <85 1 5 e Xt %
oy fum TR EFLW (F3) .

F2 SMRIHE fum

Table 2 Relative correction factors (fy,) of five components

. fim
AR L W R 5 i R AT B
5 0.7656 1.000 6 1.437 2 1.384 3 0.227 4
10 0.780 6 1.037 8 1.4553 1.424 4 0.2307
15 0.804 0 1.046 1 15125 14481 0.2351
20 0.8224 1.0739 1.5397 14811 0.2372
30 0.856 1 1.117 2 1.604 8 1.5386 0.250 3
SP34){E 0.805 8 1.0551 15100 1.4553 0.236 1
RSD/% 441 4.12 4.46 4.01 3.73
#3 TREIBIEHEI fum B2
Table 3 fy, of different columns
e fium
ARG W R %G W AT B
Agilent ZORBAX 0.770 2 1.008 2 1.452 2 1.394 2 0.240 6
Waters Xbridge 0.796 3 1.042 3 1.526 9 14501 0.2294
phenomenex Kinetex 0.8125 1.079 3 1.5402 1.482 2 0.2309
YA 0.7930 1.043 3 1.506 4 1.442 2 0.2336
RSD/% 2.69 341 3.15 3.09 2.60

2.6.2 AR EFFESNS fom MW 5T
ANFEAEFRRE (1.0. 1.1, 1.2 mL/min) XF % 50 figm
FISZI . S5RERIH (R 4) , J4HI RSD fKIKH
1.30%. 0.33%. 0.79%. 1.00%. 2.16%. #* WA
T BB BT & B figm 0B L EEHR o

2.6.3  AFAUXEERT fgm IS FH T AN FEAER (2
FEIE 1260, #%¢ U-3000. JRAEFH: 2695) X 4% Hisr
fum FISEI, 255 (R 5) F M) RSD%IK KA
2.91%. 3.11%. 3.32%. 4.16%. 3.09%. FHI{} 2%
ISR 5% R I T E S AR

x4 TRFTRER fiym BT

Table 4 fy,, factor of different flow rates

e i fiom
PRI (mLmin ) W R T T R T B
1.0 0.808 3 1.0759 1.509 0 1.465 8 0.2352
11 0.802 3 1.0704 1.503 3 1.456 4 0.2451
1.2 0.8228 1.076 9 1.526 3 1.458 2 0.2376
BIE 0.8111 1.074 4 15129 1.469 1 0.2393
RSD/% 1.30 0.33 0.79 1.00 2.16
=5 RNEMLEEXT figm BIRZME
Table 5 f, of different instruments
IR fim :
M EF JREF 51 Ji§E HYLET B
2 4EE 1260 0.770 2 1.008 2 1.452 2 1.3927 0.240 6
#42 U3000 0.7290 0.948 6 1.360 9 1.2816 0.2537
R 2695 0.7378 0.9690 1.4252 1.3471 0.254 2
¥IME 0.7457 0.9753 1.4128 1.3405 0.2495
RSD/% 2.91 3.11 3.32 4.16 3.09

27 BIEBEEMSHER
NTAELCRHIR, S)-T K&K IS, e
FAERREET By H. JRE. B, IRE G

W PRy o7 L, T 3o 3R A5 PR AR X A2 I PR R B
FAN 5 Rl SR, ARV E Y, %
2 RMAFRACES AR AAS [F 5248 A 5
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B EBREET B MH. RE. SF. REM R,
S)- T R i U 2 1] F) O B e i) 22 ANRH X O B IS

6] 2 NSH. BRI, Fi5k 5 R Al

Z:

EZ81N)

Y1 R, S)-TkKF 18] ) Ok B IS [8) Z2 B S BOK, 1

FEXT R B B TR Bh /N, RSD /T 5% (3% 6.

*6 A RERIREREZERNFE

Table 6 Influence of different factors on retention time difference

7)o BRI, AT AR OR B I TR HEAT E AL

W 2 RiE _ _ 1%%’?@%@ __
Jo JREF 9,9 JiFr HEZET B
ENGRERF S Agilent ZORBAX 15.758 13.017 4.794 5.545 17.853
Waters Xbridge 14.502 12.381 6.128 4.798 13.609
phenomenex Kinetex 11.933 10.119 3.789 7.432 17574
¥ 14.064 11.839 4.904 5.925 16.345
RSD/% 12.75 1151 17.44 22.91 14.52
ENGENES L 1260 15.758 13.017 4.794 5.545 17.853
#22 U3000 17.215 13.825 4.600 3.948 22.665
Waters2695 14.136 11.811 4.432 7.133 23.076
SEHME 15.703 12.884 4.609 5.542 21.198
RSD/% 9.81 7.87 3.93 28.74 13.70
NG RSN A 15.342 12.504 4579 5.535 18.782
B 15.51 12.672 4.753 5.266 18.155
C 15.394 12.539 4.954 5.093 19.014
SEEME 15.415 12.572 4.762 5.298 18.650
RSD/% 0.56 0.71 3.94 4.20 2.38
=7 FAEIERIEX R BB R
Table 7 Influence of different factors on relative retention time
I E 5 - S 1§ — N
JiiZRES ISES 9,9 [i7§ER HELET B
ENGRERF S Agilent ZORBAX 0.316 0.435 0.792 1.241 1.775
Waters Xbridge 0.336 0.441 0.748 1.285 1.718
phenomenex Kinetex 0.313 0.410 0.746 1.341 1.880
¥ 0.322 0.429 0.762 1.289 1.791
RSD/% 3.88 3.86 3.45 3.92 458
ENGENES TS 1260 0.316 0.435 0.792 1.241 1.775
# 22 U3000 0.323 0.456 0.819 1.155 1.891
Waters2695 0.306 0.420 0.782 1.252 1.937
¥ 0.315 0.437 0.798 1.216 1.868
RSD/% 2.76 4.18 2.38 4.35 4.47
INEELSYN! A 0.389 0.502 0.468 1.220 1.432
B 0.387 0.500 0.473 1.208 1.421
C 0.377 0.493 0.452 1.206 1.467
¥ 0.385 0.498 0.464 1.211 1.440
RSD/% 1.64 0.95 2.36 0.65 1.65

2.8 QAMS EEMRELE RELRIAR

KHTHPLCY:, AR, S)-HikEERN “—lZ
RISy, W AR RS R, JRE
AR EARLE T By JBH . JRE. BHEMRE
(0 figms - 70 THSRLHIX B R S R R, A

SMREEIE THRT R, Ok, HEKAET
B. HUF. JRAF. SRR R AR, SN

S QAMS BT A R
ek, TS E QAMS TR T R AR 0 7
KRS AR (R 8)

FARXS i 221232647
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#*8 QAMSESIMRENE 26 #2544 h 6 MR HIELER

Table 8 Comparison of determination of six components in 26 batches of medicinal materials by QAMS and ESM

H (R&%W?Mm@% E%%%?BWW@5 %ﬁMW@3 w?ng5 R?quﬁ %?m@qﬁ
CALARES AMFRIE QAMS  #MEiE QAMS 4hRYE QAMS 4MREE QAMS 4MRiE QAMS
1807003 3.8828 0.297 6 02940 0.2943 0.2993 0.3391 0.3458 0.3092 0.3116 0.3855 0.390 6
1805015 34151 0.145 4 0.1437 05361 05451 0.5912 0.602 8 0.5689 0.5733 0.624 1 0.632 3
1808008 43717 0.226 4 0.2237 0.3083 0.3134 0.3090 0.3150 0.349 6 0.3523 0.463 6 0.469 7
1805011 3.9309 0.0618 0.0611 0.3903 0.396 8 0.5082 0.5182 0.4255 0.428 7 0.430 8 0.436 5
1805012 4.3187 0.197 2 0.1948 0.4190 0.4260 0.5591 0.5701 0.4490 0.4524 0.2814 0.285 1
1805013 3.308 4 0.1131 0.1118 0.4120 0.4189 0.3888 0.396 4 0.356 7 0.3594 0.403 7 0.4090
18wdct 5.279 7 0.500 0 0.4938 05268 0.5356 0.5717 0.5829 0.6235 0.628 3 0.645 3 0.653 8
18bjz 2.7625 0.1914 0.1891 0.4349 0.4422 0.5479 0.558 6 0.539 0 0.543 1 0.448 7 0.454 6
18nm 35725 0.2831 02796 05389 0.547 9 0.6807 0.694 0 0.7411 0.746 8 0.700 1 0.709 3
18dtly 4.276 8 0.3749 0.3703 0.4853 0.4934 0.5453 0.556 0 0.588 6 0.593 1 0.654 4 0.663 0
18mLsb 3.9148 0.386 9 0.3855 0.4550 0.456 3 0.4535 0.4625 0.498 7 0.498 4 0.2740 0.2759
18gjwzv 2.9931 0.2917 0.3029 0.2688 0.267 6 0.4656 0.4723 0.398 8 0.397 0 0.5229 0.523 3
1805010 3.3729 0.6545 0.6796 0.4972 0.4951 0.6238 0.6328 0.636 3 0.6335 0.7381 0.738 7
1806004 4.2728 0.475 4 0.4936 0.4366 0.4347 0.5412 0.5490 0.406 1 0.404 3 0.2949 0.295 1
18nxgy 3.0242 0.3248 0.3372 0.3456 0.344 1 0.4720 0.4789 0.422 6 0.420 7 0.506 2 0.506 6
1805013 33191 0.176 2 0.1830 0.2572 0.2560 0.3413 0.346 3 0.288 1 0.286 9 0.367 7 0.368 0
1805014 2.8970 0.106 0 0.1101 0.4123 0.4105 0.548 8 0.556 8 0.434 8 0.4328 0.4725 0.4729
18dtxh 4.8820 0.605 6 0.6288 0.3744 0.3727 0.5133 0.5207 0.497 2 0.4950 0.5740 0.5745
18mLxt 3.6317 0.380 4 0.3949 0.3316 0.3301 0.3910 0.396 7 0.377 9 0.376 3 0.464 4 0.464 8
18esyc 4.340 8 0.329 3 0.3420 0.2962 0.2949 0.4515 0.458 1 0.4352 0.4332 0.3271 0.327 4
18dsc 5.328 6 0.903 2 0.9378 0.4468 0.4449 0.5140 0.5215 0.5417 0.539 3 0.642 6 0.643 1
18ftkfq 3.6838 05110 05306 0.2776 0.276 4 0.5044 0.5117 0.4914 0.4892 0.5324 0.532 8
18gfc 3.807 2 0.3227 0.3350 0.2792 0.2779 0.456 7 0.463 3 0.409 4 0.407 6 0.4654 0.465 8
3 g 5, BRI
3.1 MERKHIESE 3.3 QAMS AR TIRERRETH N ESIEM

AT A S L MR, AR
K. EWWEMANREZRSE, 3L 6 MEw. KH
DAD Ay KAt B SV, 3 X (R, S)-15 1K
F. HEET By W, K. 9. IRAFEEHT
LA K. SRER, R, S)-HIKEMRE.
JREF. SE . BREFTE 254 nm Ab RN BRI,
(R, S)-FE KA AN BB L T B 1E 230 nm b [FI A 4%
KR, HFHA, WG R, HELFi, W
LGRS I 3% K B 243 7€ A 254 nm A1 230 nm.

32 MR EITHITEFRAIEEE

A QAMS VLI E (R, S)-tH IR E AL AT 4
mr e, (B R Z T B B A AR, TE
TR, S)-HikHE. L. R WEFKEE. A0
ORI FEATE, AEEAE N AR =
BHFEbR s AT R F(R, S)-H kT
BAaE, WRIER S — RBEPUR B M B
T BNV RIFHIRaEtE, BRE RS bR
sy H(R, S)-HikE S H A 5 Pk s #mT SR
BR TR Kk, ABFRERER, S)-HiK
FRNWRY, 45 F BIoR S a AR E 7 F

AW T B A X b E 22 R BT, A AR ik AN
QAMS VL THR (& B AR E M v, R 2 Ffr 5 Bl
BB REARN S BEZB LR ZEER. 1
A, AEAS TR  ROBUR CL AL AS TR i A A 2 A
A RIFESME. SERT I ERD RZ,
PAAPMR I E %% i & R X AR 2,
Fl o Xt A% B0 Dt ELMERAERER, SR QAMS %
T 5E A5 B8y 15 5 e W KPR I 2 o JEE i o8 P 0
WL A, BT ERIPE. ik, QAMS LM
T AR R A ) A B A S A (A AT
A,
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