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Determination of Main Anthraquinones in Rheum officinale
and Formulation by QAMS
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[ Abstract | Objective: To determine the five anthraquinones in Rheum officinale and formulation by the
method named quantitative analysis of multi-components by single marker ( QAMS). Method: A HPLC-DAD
method was developed to determine the contents of five anthraquinones, and QAMS methods were established when
the five components were used as internal referring substances, respectively. The relative correction factors ( RCFs)
between the five anthraquinones (aloe-emodin, rhein, emodin, chrysophanol, physcion) were calculated and used
to assay the contents of five anthraquinones in different batche R. officinale and formulations, and compared

standards’ calibration curves ( SCCs) method to evaluate the accurary of QAMS method. The ratio of relative
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retention time was adopted to identify the accurate position of five anthraquinones. Result; When emodin as
internal referring substance, the ranges of the relative error between QAMS and SCCs in different batches Rheum
-3.91% -4.06% , -3.22%-3.27% , -5.39%-7.00% ,

respectively. The RSD of the relative retention value were 3. 87% -9.92% . Conclusion: A rapid, accuracy, low-

officinale and extrations and preparations were
cost and convenient QAMS method can be used as a new quality assessment model for quanlity analysis of
anthraquinones in Rheum officinale and formulation.

[ Key words |
(RCF); Rheum officinale; HPLC-DAD; anthraquinones

quantitative analysis multi-components by single marker ( QAMS) ; related correction factor

RETIRETE T B T8 FATE KL Tt Il 7 L 2
W2 NG E A B |36 TR B e A
PR BRREA AR b P R R A e SR T
B AT 1 110 5L A R U A L 9 S ) 51 24 A2
I, R v 2T A b 24 2H R, TR 2 A A A i
R F AN T Z —, FEARFE S RER K
PR R R RO AR B R A . TR R SR
PR R B IO v ] A e KA B R A R 2R A T
Z o Y R E TR S S R R, (HAE
rh 2 0 H o v 2 52 5l R0 B JB 6 4 ) AR R SR
2 Lo AR v e L R AT R R R AR B AR TR A
WEAE X H R T 246 b B i Y s
R T S RO AR R R D e AR T R SR e i AR R Y
i, AR SCR ) — M 2 3E” (quantitative analysis of
multi-components by single-marker, QAMS) J5 &5, #R &
KRB HA R 53 09 R X 4 T PR 5 5 ) e R B
FRIEZ A 05 &, L AR bR B ATy
H Y, JF 5 ARk I i 45 2R 2R AT FUBL, PR i H R 1
AT DUTEBIR ST b o 4 R AR 2 O R
MO SY, ASCHE T 5 NS HGE T, — 4
W 2 AR B 20 N 2 0 e o PR R AT e B —
E SR S R R B E 1 A DG BIF Y B A R A
BES
1w

Agilent 1200 % & 2% W AH 4 3% {%, Agilent
chemstation T./F %, Agilent HC-C,; (4.6 mm x 250
mm,5 pm) @35 A AR AR (KR ZHERA ),
SY7200DH 78 7 if P #w (L Vg 7 50 75 A & 3
HAB A HE), ME 215P B F 43 07 K F (18 H
sartorius 2N F) ) o

FIZERER KRR R R KR R
Py o) BE Al 2450 b T 24 R E T 5 B (At 5 a0
S & 110795-200605, 110757-200206, 110758-
200610, 110756-200110, 110796-200615 ) , H fi ( {4

T ) Wy F G Fisher 24w, BB (MR ) ik

M2 (BT dl) FhIR (3T d) = W be (BT dl)
A 25 48 AL 7 iR AT FR A A

2 FHEMER

2.1 o &  Agilent HC-C, (4.6 mm x 250
mm,5 wm) AR I 30 AH BT -0, 1% R
KAWL (85:15) , 41 25 °C, % 1.0 mL-min ', £
M 254 nm, JEAERE S pl, BIRAEEMAET &
TF DN 20 7 W 73 B AR LA, ULIRT 1

25 5 75 10 125 15 175 20

0 2 4 6 8 10 12 14 16 18
t/min

AL X BL R BT B 5 CL R BT SR AR 1E] 445 D. 457 5
INDAE PN ESVAPN 1 S AN S SENPN I SSEPN U
1 xRl il & HPLC

2.2 xR A AL R A P O A R A T TR R
P BIRTEARBUS 25 KRB R ORI KRB R R
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By R R Rk o S L W R O e AR
25 mL, it il 5% 84.4,84.8,88.8,97.6,22. 4 mg-L "'
B X R VS T, 3 i) LA B b R X R e
T B B — 2R 910 % R VS R o

2 8 A 3 T A% < BOR B 2 6 oK (3 60
Hifi)0. 15 g, K% PR, B H I 6 % m A
FHBE 25 mL, FRE o &, A3 1 b, 0%, AR
PR e R BUE T 5 mL BRSO R
F, 0 8% £ RV WK 10 mL, 8 75 AL B 2 min, it = 4L
FBE 10 mL, A el 3 1 b, e, & 20 Wi = b, H
i = AP BRI A AR IR AR S L A
FBE 2, R W P — & F e $2 L 3 3k, K 10 mL,
B I = P B, VU TR R A R A i T
ERZE 10 mL,

P Iy v T A A 3 I TR A < IO B v ]
B 0.1 g, Hie I+ 3R 25 b4 4 30 3 W 4% 7 1k
il

il 7R 3 A VR % < TR ) 20 5, A Al A 40
H i JRGH5) R BRI 1.0 g, 3% B 25 il i
Vs R A T TR R A
2.3 MXKIENFRIE R 20Ty
SRR A — A SR P (R PR ) A Y
(RO B ) 5 R DR e R I H L B W=
XF T 22 143 B v 24 s 2 1 R0 S e R ROE —
BT 2] 53R N, ST 2 2H 4 5 At 2 4 2 1) Y A
MALEH F L, fo. = (A, x W) /(A x W) H AW,
S o3 g T AR (mAw) B3 19 5T & R (mg
L) BOHIRTAL I F, R AR ks SR R AR s o
RSB LTk il R 25 RE R K
CHAN T SN N X (B Y
B, HoAh 4 R 43 1 AR A E T (L) o
2.4 JriksERE
2.4.1 g hRuEMZ RS WO R AT 0 R
G IR S, 4 20 1 (035 25 R I AR 4 ik 3 R 0
T AR Tl b o ith 2, 45 R R WY 5 A 43 6 AH I A 26
PGB N M R RAF S5 R R 1,

2.4.2 MEEmEEEE K% WOBUR A X IR
5 L, SR 6 W, AERER RER KEE.
R W RN K 2 Mk 0 1T B A H P RS % RSD 4y
54 0.16% ,0.24% ,0.32% ,0.23% ,0.26% , 4
TN % R AF .

2.4.3 RoEMiE O % W IBOR A X IR R
5L, i85 dglkeE, P RER ORER KEE.
R T A K 2 HP Tk 04 1T B H JE) RS %5 B RSD 43
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F1 SHAERERRSOMEBLZNEEER

e . 2k
B ALY ARifEdZ r ]
/mg-L~
P KREE Y=18.681X +4.067 3 1 1.688 ~84.4
K # W Y =16.396X +3.36 1 1.696 ~84.8
K& Y=13.809X +1.162 1 1 1.776 ~88.8
K Wy Y =19.851X +3.578 4 1 1.952 ~97.6
KHEEFRE Y =14.704X +0.430 4 0.9999 1.12~22.4

5% 0.41% ,0.97% ,0.19% ,0.29% ,0. 87% , %
BRIRG N IR IS AL 5 RINBITEE T R4 .
2.4.4 WAL BOREBAKO6 M, KEKE,
2 2. 1.2 TUCT R B A A R A5 T VR R AR R
MAFFEERER KER KRR RE AR ER
g Ey & sk 0.15%,0.12% ,0.34% ,
0.72% , 0.20% ; RSD 43 % b 4.82% , 4.76% ,
3.40% ,5.06% ,4.99% , 45 R 2 Wiz kB E
R

2.4.5 JmFEREICREE  BOREHR 6 4 % AR
TE L IMARBRR W 2.5 mL, 4% 2.2 T K R it
T it VA RV A R A ORI TR A 2 R
ESON 13U EION 1 F PN iR ol
e R 4 B 104.90% , 104.99% , 103.08% ,
104.43% ,104.55% ; % FH QAMS 13 i & 1] i R
i I N o N o ) 1 S G SV
102.49% ~106.88% , 45 04 2.

2.5 MXMRIERTRHR A 2.2.1 30K AR
VAR FEE P X R VS VR B G o 7 g 06 T AR B L 43 )
PLP 25 R B R (aloe-emodin, i #% A) (KR (rhein,
i Fx R). K # R (emodin, fij FX E) . K # B
( chrysophanol , fij Ff C) 8% K & & F BE ( physcion, fi
PR P) AR, T HAY 4 FhOS o I RCIE T, 45
W3,

2.6 TR IERY E AL SEE TR ] Agilent
HC-C; (4.6 mm x 250 mm,5 pm), Kromasil 100-5
C; (4.6 mm x250 mm,5 pwm) Fl Venusil MP-C , (4.6
mm x 250 mm,5 wm)3 Bl a5k 4 6o T K H R I
PEATIAE | OB [ B 38 AF 2500 S Rl e U il 23 1
AR OR B A (18 0 1 43 5 2 B 43 R B8 A [R] 49 1L
{ED) FOOR B B I) 22, R FH R B8 A S b, A X (R B
{5/ RSD 3.94% ~9.98% , 45 £ 4, DI ARWHE
HNFR, R Agilent HC-Co 8 35 A1 % KB 32 )
L HEAR R0 5, G OR B R I] 22 AR XS O B (B B9 RSD
ik - 6.15% ~ 7.53% ,0.04% ~ 2.01% , UL
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Fz2 MEOKERS QAMS ZitEMEERWRAEL B (2 £5,n=6) %o
i 0 4
PR R K H K% K H 2 9
RN A 104.90 +0. 80" 105.22 +0. 35 102.72 £0.55 103.01 £0.13 102.56 +0. 61
K E R 104. 66 +0. 77 104.99 +0.37* 102. 49 +0. 54 102.78 +0. 11 102.77 +0. 62
K E 105.21 £0.78 105.54 £0. 36 103.08 +£0. 55* 103.32 +0. 11 102. 65 £0. 61
PN 106. 34 +0.79 106. 67 +0. 37 104. 13 £0.55 104.43 +0.12° 104. 00 0. 62
K & ik 106. 88 +0.79 106. 77 0. 37 104. 84 +0.55 104.93 £0.11 104. 55 +0. 63*
VE® (R A S ITRE [0 % A SR QAMS 3151 A i BE [ i 6 .
£3 FEREAEEBRNOEYEERT
B2 K B2 Y B 1ok B 1 4 Bk 3% 4 £

ez

Fox  fue fue fue Sen e fwe Fur fen few foc o
1 0.8772 0.6957 1.0614 0.8073 1.1402 0.7931 1.210 1 0.901 2 1.4377 1.2611 1.5259 1.152 0
2 0.8867 0.729 1 1.0553 0.7632 1.1278 0.8223 1.1902 0.8607 1.3715 1.2161 1.447 3 1.046 7
3 0.876 5 0.7357 1.0582 0.7933 1.1409 0.8393 1.2073 0.9051 1.359 3 1.191 4 1.438 4 1.078 4
4 0.8730 0.7304 1.0539 0.7644 1.1453 0.8366 1.2071 0.8755 1.3691 1.195 3 1.442 9 1.046 5
5 0.8772 0.7324 1.0599 0.7818 1.1400 0.8350 1.2082 0.8912 1.3653 1.197 7 1.447 1 1.067 4
6 0.8781 0.7393 1.057 4 1.1389 0.8419 1.2043 1.3527 1.1878 1.4303
S E 0.8781 0.727 1 1.0577 0.7820 1.1389 0.8280 1.2045 0.8867 1.3759 1.2082 1.4553 1.078 2
RSD/ % 0.52 2.18 0.26 2.41 0.51 2.22 0.61 2.09 2.25 2.29 2.42 4.03
o 1k 2 3 S 14 Bl 3 1 it 4
I fon fon fore o forn o Fore Fore
1 0.942 2 0.826 4 0.655 4 0.759 8 1.238 7 1. 109 6 0.868 1 1.316 2
2 0.947 6 0.840 2 0.690 9 0.723 2 1.310 3 1.161 9 0.955 4 1.382 8
3 0.9450 0.828 3 0.695 2 0.749 7 1.260 5 1.104 9 0.927 3 1.3339
4 0.948 9 0.828 4 0.693 1 0.725 3 1.308 3 1.142 3 0.9556 1.378 8
5 0.943 5 0.827 6 0.691 0 0.737 6 1.279 1 1.122 1 0.936 9 1.355 8
6 0.945 7 0.830 4 0.699 1
S (E 0.9455 0.830 2 0.687 5 0.739 1 1.279 4 1.128 1 0.928 7 1.353 4
RSD/ % 0.26 0.61 2.33 2.12 2.41 2. 11 3.88 2.12
J 5L GRS AR B A K R IR —3.22% ~3.27% 3 < £ 5% ; 1 3 o) 3 0 A X

AU 28 B €8 33 06 6 AR T PR B B ) 2%

2.7 WV IESAMRE I E R A
B 20102 J00 T 2564 32 B v ) 4 il 750 4t 5 v
TR ) B A o o A R U, O R A 2.1 g
S, A AR R R K E K
Py AR 2 T R S — I 2R R NS, il
TR R R 25 48 £ ) o ) 4 ol 500 v 5 Fff B
O3S S AR IR I A SR AT LA TR A
X5 22, A R 25 IE M QAMS 7 ik i v Ay
BE, KB M e 3R B 45 R A B R X R 22
< = 5% ;00K HE il ) A 2E OR BE R A A R R 25 R
K, HAx 4 s A RHR 228 < £5% . £ 6 MU
REEE KN ZSY, 40 B R 264 42 B0 A il 551
A 4 FhOBL o B R, R E 2R G A X R 25 L
-3.91% ~4.06% ; $& HCY) v 8] A iy AR X 152 22 3 B

P2 [ AE = 5.39% ~7.00% . 455401 B A i

BERZINTC R EMEZE SR
3 itig

AR S A — 0 22 W 07 9E K e R R
W L FG ) 590 v RECRR S i o3 AT B i E o e I RLS
PN TR) IR R S N S W, 115 L Ab 4 Bl o (9
FHOOHASE TE DR I TR R A TE TR 300 5 HG 5 4, 3
XA R OR B R e SR ) S T IR SR R
B 1) 790 AR B 23 B B T, R B2 b e )
T BT B IR 22 < 5% , 45 SR IN S 19 %
X AR AN (HR F QAMS 35 RAMR 5 X K
B 5 e R B o3 A AT I R B, 2 L R
EN (VR E 27/ e N B s U R i DO T2 N
Bk Je iy 4 500 A o A2 % I 1D R 25 R
B AR (03 DA A 1 R 4 39 5 9 P v o R A,
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®4 FERFAARESEMNERERARBYNARBME REMBEEZERBYRE min( % )
{3 B8 I 8] 2248 (RT,, - RT,)
Rl %y L 57 1) ]
FERMER KR K#EHR R 1y PN e
PEREER 5.30+0.33 1.29 £0.43 4.92 +£0.73 8.12+£1.22 13.40 £2.05
(RSD) (6.33) (33.09) (14.92) (15.03) (15.33)
KR 6.59 +0.68 -1.29+0.43 3.63 +0.37 6.83 +1.20 12.11 £1.99
(RSD) (10.36) ( =33.09) (10.13) (17.53) (16.44)
KR 10.22 £0.90 -4.92 £0.73 -3.63 +£0.37 3.19 £1.04 8.47 £1.76
(RSD) (8.85) (-14.92) (-10.13) (32.42) (20.75)
R 13.41 +1.06 -8.12+1.22 -6.83+£1.20 -3.19+1.03 5.28 +0.84
(RSD) (7.89) ( =15.03) (-17.53) (-32.42) (15.86)
K % H 18.69 +1.88 -13.40 £2.05 -12.11 £1.99 -8.47 £1.76 -5.28 +£0.83
(RSD) (10.07) (-15.33) (-16.44) (-20.74) (-15.86)
PERER 5.30+0.33 1.24 £0.06 1.93 £0.13 2.55+0.31 3.55+0.51
(RSD) (6.33) (5.11) (6.49) (12.02) (14.37)
KR 6.59 +0.68 0.81 £0.04 1.55 +0.06 2.05+0.24 2.86 £0.39
(RSD) (10.36) (4.46) (3.94) (11.57) (13.73)
KRR 10.22 +0.90 0.52 +0.03 0.64 +0.02 1.33 +0.10 1.83 +0.18
(RSD) (8.85) (6.29) (3.87) (7.87) (9.92)
K3 1y 13.41 £1.06 0.40 £0. 04 0.49 +0.06 0.76 £0.06 1.39£0.03
(RSD) (7.89) (11.51) (11.64) (8.22) (2.35)
R H 18.69 +1.88 0.29 +0.04 0.36 +0.04 0.55+0.05 0.72 +0.02
(RSD) (10.07) (13.69) (13.49) (9.98) (2.34)
TERT,, , RT, 23 50 AR A5 D0 A 40 0 A s 4 O B O il
x5 XELGH RBEYRESF QAMS EZEFNA S BEENEM(UMKEERINIR) min
o PR B 0 ) 22 {EL(RT,, - RT,) A £ B I 6] (RT, /RT,)
i FERER KR PN KRERTHE  FERER PN NG KB R Ik
2kt 1 -4.262 -3.182 2.420 6. 689 0.556 0. 668 1.252 1. 697
2kt 2 -4.261 -3.185 2.421 6. 694 0.556 0. 668 1.252 1. 698
FEEWY 1 -4.258 -3.186 2.417 6. 686 0. 556 0.558 1.252 1. 697
PEE 2 -4.776 -3.574 2.598 7.530 0.535 0. 652 1.253 1.734
i 1 -4.267 -3.193 2.423 6. 695 0.555 0. 667 1.252 1. 698
7] 2 -4.798 -3.589 2.592 7.531 0.534 0.651 1.252 1.732
-4 {E —4.437 -3.318 2.479 6.971 0.549 0. 662 1.252 1.709
RSD/ -6.11 -6.15 3.64 6.22 2.01 1.27 0. 04 1. 06

S ] ks e 4 BTG, 3 TT R R T BOM R R 22 R
B o PR E SR — 0 22 93k 0 7 a B, AR
UE UG53 8 3 I Ho e B i 2 . SU IR A e KR
YE NS, AR R 222G BIAE -5.39% ~7.00%
SRR PR A E R R EMNE S, I
JEAT T & R Ry 255 J7 il .

AU LLR B R NS Y, S R EER 28 o
(IR RS IE R 720 0 2 fn™ =138, fi™ =1.21,
DU =146, 00" = 1,08, {0 1 g i AR X R B N
RT,/RT, = 0.549, RT,/RT, = 0.662, RT,/RT, =
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1.252 ,RT,/RT, =1.709, 5 3C#k [ 9-10 ] 4H 11y 4 Fif
JELTRE 28 823 1) AFDR AR T PR 0 €0 1% g £ B I [] 14 A
X BRI AR — 2, SEEh B4 T 3 il (8 AL
Xof A N o, 53 €0, 3 W ) 2 7, 5 2R I 7R S [ il R
AT T 288 1l 70 B 0B B P A, AN ) IR 8 o0 TR P
B[] 22 57 3 K, Agilent HC-C (4. 6 mm x 250 mm,5
pwm ) Fl Kromasil 100-5 C; (4. 6 mm x 250 mm,5 pm)
0,35 A /Y D) BRI R) B A B T, IR 28 O T
Venusil MP-C,; (4.6 mm X250 mm,5 pm) {44 -
T B I [ia) e AR A 5 [ A R B 358 R K B T 4 5 [
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F6 RAXREZRMEANR,“—MEITE"E(W,) 5RE(W,) REFTRARAXELHREFHFRS HERESSE %
. KiE# FERER KR KE Kk F Bk R

W, W, W, A W, W, A W A W, W, A W, W, A
ZiF1-1 0.3303 0.1426 0.146 1 2.24 0.1309 0.1341 2.49 0.7400 0.7307 -1.26 0.2042 0.2010 —1.59 1.548 1 1.5421 -0.38
ZikF 12 0.3503 0.1560 0.1591 2.03 0.1258 0.1292 2.74 0.7562 0.7469 -1.23 0.2061 0.2029 -1.56 1.5942 1.5883 -0.37
ZikF2-1 03590 0.1731 0.178 7 3.23 0.2049 0.2089 1.96 0.6013 0.5959 -0.91 0.1360 0.1342 -1.33 1.4744 1.4767  0.16
#ik122 0.3030 0.1026 0.1096 6.83 0.2920 0.2927 0.23 0.4706 0.4672 -0.74 0.1132 0.1117 —1.33 1.2814 1.2841  0.2I
k31 03131 0.1756 0.1780 1.38 0.1669 0.1690 1.31 0.8054 0.7944 —1.37 0.2349 0.2309 -1.70 1.6958 1.6854 —-0.61
ZikF32 02776 0.1267 0.1328 4.86 0.2491 0.2508 0.68 0.3689 0.3676 -0.36 0.0910 0.0899 -1.15 1.1133 1.1187  0.49
Zikt4-1 0.3030 0.1026 0.1096 6.83 0.2920 0.2927 0.23 0.4706 0.4672 -0.74 0.1132 0.1117 -1.33 1.2814 1.2841  0.2I
k42 03037 0.1432 0.1490 4.05 0.2584 0.2601 0.66 0.4757 0.4722 -0.75 0.1123 0.1108 -1.32 1.2933 1.2958  0.19
BT 1.0464 0.5280 0.5275 -0.09 0.6936 0.6888 -0.69 1.2147 1.2038 -0.89 0.3559 0.3515 -1.23 3.8386 3.8180 -0.53
PR 2 0.9245 0.4292 0.4304 0.26 0.7552 0.7485 -0.88 1.0159 1.0076 -0.82 0.3111 0.3073 -1.22 3.4360 3.4183 —0.51
IR 1T 0.4926 0.3081 0.3104 0.74 0.4055 0.4047 -0.21 0.6685 0.6633 —0.77 0.1814 0.1791 -1.28 2.0561 2.0500 -0.29
IR 2 04609 0.2200 0.2247 2,13 0.4629 0.4607 -0.49 0.5351 0.5325 -0.49 0.1493 0.1476 -1.18 1.8283 1.8263 -0.10
IR 3 0.4019 0.2114 0.2160 215 0.4828 0.4794 -0.72 0.5130 0.5101 -0.56 0.1538 0.1518 -1.32 1.7629 1.759 1 -0.21
A1 01280 0.0695 0.0744 7.00 0.1100 0.1142 3.86 0.1460 0.1481 1.45 0.0405 0.040 1 —0.94 0.4920 0.5049 2.6l
HF2 00840 0.0660 0.0624 -5.39 0.0890 0.0928 4.24 0.1120 0.1138  1.57 0.0302 0.0298 =-1.39 0.3712 0.3828  3.11
#F3 00900 0.0579 0.0577 -0.38 0.0760 0.0753 -0.91 0.1310 0.1207 -1.02 0.0378 0.0373 -1.31 0.3927 0.3900 -0.70
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