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Establishment of UPLC fingerprint and quantitative analysis of four
components of Curcumae Longae Rhizoma standard decoction
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Abstract ; Ultra high performance liquid chromatography (UPLC) was used to establish the fingerprint of Curcumae Longae
Rhizoma standard decoction and determine the contents of four active ingredients simultaneously to provide a basis for the for-
mulation of quality standard. The fingerprints of Curcumae Longae Rhizoma standard decoction were established ,and the com-
mon fingerprint peaks were identified by mass spectrometry analysis and comparison with reference materials. The fingerprints
of 16 batches of samples were further processed and analyzed by chemometrics. At the same time,the contents of curcumin,
noroxycurcumin , bisdemethoxycurcumin and ferulic acid in the standard decoction were determined. Results showed that there
were 10 common peaks in the fingerprints and 8 of them were identified. Hierarchical cluster analysis ( HCA) and principal
component analysis (PCA) classified 16 batches of samples into two categories , and six differential markers were found by or-
thogonal partial least squares discriminant analysis (OPLS-DA). The content determination results showed that the content of
curcumin , noroxycurcumin , bisdemethoxycurcumin and ferulic acid in the standard decoction prepared from the raw material of
in Dali, Yunnan Province was higher than that of the samples in Yibin and Leshan,Sichuan Province. The method is accurate
and reliable,and can provide reference for the quality evaluation of Curcumae Longae Rhizoma standard decoction.
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Table 1 Origin information of Curcumae Longae Rhizoma

G5 7L

No. Origin

st u)iAE mET
s2 P R
s3 I T
S4 Pu)I4E SR
ss Uil Ak i
s6 a4 AR i
s7 Pu)iAE T
S8 P EEE

9 a4 AR i
S10 U4 AR T
Si1 RFEA RIATE HIEM
S12 PNEE-pN TSy 3ERE
S13 A RHE EE E B M
S14 mFA KRB A TG M
s1s R RI T A M
S16 = RHL % E A M

2 HiEE%R
2.1 B BEEMNEL
2.1.1 &#E&n

WEFE Waters ACQUITY HSS T3 (2.1 mm x 150
mm, 1.8 pm) %k L ONE-FEE(2: 1) iR sh Al
A0, 1% W TRV W R T 3 AH B, BT 43 Hr i B
0. 1% W R VAW ; B BE W (0 ~ 20 min, 10% —40%
A;20 ~ 25 min,40% —45% A ;25 ~ 45 min,45% —
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Superimposed fingerprint of 18 batches of Curcumae Longae Rhizoma standard decoction
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Fig. 2 Reference fingerprint of Curcumae Longae Rhizoma standard decoction
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K b 2 835 i 20 B3 AE LR T M R S
(2012. 130723 J2) ) 115 16 22 btz 48 80 A
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Table 2 Evaluation results of the similarity

H5 AR
No. Similarity
sl 0.972
s2 0.981
s3 0.978
s4 0.993
S5 0.963
S6 0. 983
s7 0.986
S8 0.990
9 0.992
s10 0.993
s11 0.984
s12 0.989
s13 0.992
S14 1.000
S5 0.999
s16 1.000

2.1.7 EAMEMIEIA
WA RIS RS R R TR AT, X 2

HRR U 1 SC R 0 2 A7 WA T 48N VROAE €8
FAFR“2. 1 17 T0R B 2544 R - R HH L 55 15 5
J (HESI) ,W555 HL R R 3. 20 kV, B0 IE
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70 000 FWHM ; 449443 B 17 500 FWHM; —
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Fr 22 20 B (RN B S H AR R R R R
st R Y 4R R 22 1 20O A A 22 1 200 A RN
T RN BRI A A3 3 R T o 5 BT
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WA R LR LW A B LR AL E R IR
T LRAS 80 g HYIRR , AR %) RS, 22 B bR
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“2. 1. 37T 5 i A A L, o BB b R X
R S VA MR A 4 2. 1 17 IR g Ak
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Fig. 3 Identification of common peaks of Curcumae Longae Rhizoma standard decoction
A FAEUE TIC B IE B F4E20F TIC [/{;C. UV 3% K, Note:A:TIC diagram in negative ion mode;B:TIC diagram in positive ion

mode ; C; UV chromatogram.

x3 ZRREFFIELEIELFENFGEELAER

Table 3 Identification of common peaks in the fingerprint of Curcumae Longae Rhizoma standard decoction by mass spectrometry

SLIG A I,
o REE . BF prmTw O g — g
W= ey . Experimental .
Peak N Retention C q Molecular Molecular ion Al Theoretical value Secondary fragment
eax o time ( min) ompount formula peak vaue (m/z) (m/z)
(m/z)
X SR 95.049 5,
C,HgO *

1 958 ldmxybenzaldehyde H0, [M+H] 123.044 1 122.036 8 08,023 5
Fon g 125.059 7,
2 11.30 v li\ CgHg O [M+H]* 153.054 4 152.047 3 111.044 3,
antm 93.033 9
_ 190.926 9,
3 12.11 CXQL%Q“L',"F%‘H CoHg 05 [MHT- 163.038 4 163.047 3 235.924 9,
p-Loumaric acn - 119. 048 4
" 134.035 7,
4 13.47 F Bﬁjlﬁﬂ&.d CioH04 [M-H]" 193.049 1 193.148 0 178.025 5,
erulic aci 137028 8

134.035 7
&3 A
6 26.65 C ﬂ;%”%. Cyy Hyy Og [M-H]" 367.117 2 367.126 0 149.059 1,
yclocurcumin 158. 035 7

119.048 4
. N
8 41.63 Bﬂdiwlfgfﬁ% CioH604 [M-H]" 307.096 5 307.053 9 143.048 6,
isdemethoxycurcumin 187. 038 4
s 147.043 8 |
9 43.35 fﬁi%%ﬁ%{ CyHgOs [M+H]* 339.122 1 338.353 9 177.054 4 |
oroxycurcumin 223,075 0

134.035 7
R N
10 45.13 %AE Cy1 Hy 06 [M-H]" 367.117 1 367.379 9 149.059 1,
e 158.035 7

EATAPHT SR 4, 2 SR IA SR BRI B GUREEMR W 10 W HE,
SBOEIE LT, BB | AP, 2.2 Wit B¥ 5
We2 N 23R W3 XA IR, W4 N BTELER 16 2.2.1 RREHHT(HCA)
HRFLEER W 8 I E P AL R 1 9 AL K H] IBM SPSS 20. 0 %44, UL 16 HE3 W b5k 1%
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Fig. 4 Identification of common peaks in fingerprints
TE AT 22 Z00 B 5 B e X RO Y T R s G PR B RN AR A s D 2 BN IR s B R AU 2 B 3R 1 W0 Y AR 32 B 30 LA 5 G
BT B R Xk Bt s H e o 7 SRR B s T (st o 1o X R 52 . 3 22 3003 W R 54 - BT BRR 6 R 2 30 8 I U AR 0 R 19 &
AR L E ;10,2235 K, Note: A: Vanillin reference; B:p -Hydroxybenzaldehyde reference ; C ; Cyclocurcumin reference ; D ; Curcumin reference ;
E : Noroxycurcumin reference ; F ; Bisdemethoxycurcumin reference ; G : Ferulic acid reference ; H: p-Coumaric acid reference;1:Sample. 1 ; Vanillin;

2 p-Hydroxybenzaldehyde ;3 : p-Coumaric acid ;4 :Ferulic acid ;6 : Cyclocurcumin ;8 ; Bisdemethoxycurcumin ;9 ;: Noroxycurcumin ;10 ; Curcumin.

R SCAE 10 DML IER AU AR R Z 45 £ 10 ~25 I, 16 22 i bn il 0 gl 3 P, e
IR XA AT AR AR B SR L MR 4 ST~ S10 BURERR Ry — 38, 45 S11 ~ S16 YKL
ARHENFTr Buclidean FEE, XF 16 #tL8idbnifEn RN —3K,

RIEATRGER I, G5 R UL 5. 4[]k 42 b g

10 15 20 25
- o 1 1 1 1 1
s10 104|
s6 GJ
s7 7
s8 BJ
S5 5
s2 2
s3 BJ
st 1
s4 4
s14 14
s16 16J
S5 15
st 11
s13 13 —
s12 12

5 BESWRKE
Fig. 5 Dendrogram of cluster analysis
2.2.2 ZmH o4 (PCA) A2 A RS, BT TTEORE N 91.4% , 07 N
PAZERhRE A ) 48 SO 10 NI IR I 0. 795, 3k WA B A 24, I 2R il PCA 7343 &1 (L
BURE R, 5 A SIMCAL4. 1 BfF, #E4T PCA 20 #r,  6) o SRR, 16 HEZE B bRl R HEA 0] L2 A
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I, Hrh g5 R S1 ~ S10 fRESL A —28, 45 S11 ~
S16 PRESIENSE 28 SR S RS A3
2.2.3 EXARF A =R iE-H ] X547 (OPLS-DA)
K SIMCA14. 1 %, LA 10 A g i g 04 T
TR AR fE 384T OPLS-DA 341, iz G THHE W 71k 43
MriZ Ry AR BEHLHES ] 200 YASCE B 6, 45 5
UL T, BT AR ORI QF ARBEAG 43 B M 0. 221
1-0. 806, Fr A i T 221 1Y R A1 Q° {34905 F Hi e
ARRME, B Q* A, BEWTE ST Y OPLS-DA #57
WA I LA G, r ST AR AR A 5, AR

PRURBAE 12 R X (cum) 2 0.939, ZBUREEAE
HBHRY (cum) K 0. 968, HlGE /155 Q° (cum)
H0.927, X EASEAEI T T 1, RWHZRIA Y
P MERA ML, LA 0 14 A B AN T30 B8 /7 , OPLS-
DA ¥t 16 3 BhrifE 7 0 APk (WK 8) ,3F A
A A T AR B VIP R (LR 9) , 9F LA VIP > 1.0
FORESBA BEN, LT 6 42 RiktR &
(LI 9) 23 Ayl 5 U6 4 (BTELRR ) 06 8 (AL 25
FHREWR) G O(EHREELERE) g 2(F2
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Fig. 7 OPLS-DA model permutation test diagram
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Fig. 8 OPLS-DA scores diagram



814 KERF=YIBER ST K

Vol. 35

VIP(14340]
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B9 OPLS-DA #%! VIP &
Fig. 9  VIP diagram of OPLS-DA

2.3 4 FiStRER S S ENE
2.3.1 WMEEER

i W 22 BEAR UE 1 0] (52 S6) A3 i v
WL FIR2. 1 17T F (3% S0 J 5 HERE 6 WK, 1e 5%
LR RWAEBEEZE IR WL A 22 8 2 P 2
PR I €5 3 0 1 AR, OF R 55 0% AR RSD 43 i
0.96% .0.90% .0.91% 1 0. 47% , 7 W] 1% Jr v %%
BE R
2.3.2 &MEEFE

R RIS 5 20 A 5. 532 mg 5 F A3 3%
RN R G 3. 148 mg WL Js F A4 3 22 0 25 0) R
2.904 mg, FTERMR X R 5 2. 005 mg, & 10 mL FHf
Hh 0 R SR B 1 mLL % 2285 5K 546. 008 pg £
S 2 K 310.078 wg. AU A R R
275. 880 g FIBLAR 199. 297 pg HIIE 4% B G 4%

W, A,

R 25 W B B AR X BRI 4 1.0.1..0, 1.0,
1.0.2.0.3.0 mL, 438 100,20 .10 .5 .5 .5 mL [y
S, 3000 B R AR RE 1 mL B 32 E 5. 460
27.300.54. 601 ,109. 202 ,218. 403 327. 605 pg, =
48, 3£ 22 #% 2 3.101, 15.504, 31.008 , 61. 016,
124. 031 ,186. 047 pg, 2 F 46 B 35 7% £ 2,759,
13.794 27.588 .55. 176 .110. 352 . 165. 528 g, &k
BLIA 1. 993 9. 965 ,19. 930 .39. 859 .79. 719 .119. 578
g POTR A VAT, A A 2 P X6 R V8 A, 2 SIS 2 T
b R B S A R, $ 2. 1017 TR a1 A R IR
3P eGSR, IR ALbR (Y) X
HE it Ve JBE R Al s (X)) IR HE N 26, a3k 4 R,
A2 B A3 E A (A P e B g 0 Rt e B
PEXR R RAF,

x4 BHROSKEXER

Table 4  Linear relationship of various constituents

W CIEv ) 2
Component Regression equation Linear range( pug/mL)

Z 8% Curcumin

FHE FEFEHZE Noroxycurcumin

X 4 3L Bisdemethoxycurcumin
FR[ZFR Ferulic acid

Y =0.897X-2.036
Y =0.956X-1.212
Y =0.959X-1.330
Y =0.685X +0.741

1.000 0 5.460 ~327.605
1.000 0 3.101 ~186.047
1.000 0 2.759 ~165.528
0.999 8 1.993 ~119.578

2.3.3 #AMBEXR

IR [r]— At 2 bR A R (96 :S6) 249 0. 1 g, 8
BRRAE ,FATRRE 6 6y, 752, 1. 37 1R 7 kil £ fit
AR 6 0y, 352, 1 17 T F (i 4405 , 115
LZEARME M 2R B AR R WEPHE
HE 22 B R B BLIR 1Y % 2 40 )l 2.786.0. 849
1. 063 .0. 529 mg/¢g,

2.3.4 petfw i RER

B PR B2 B RN IR 8. 075 mg, & AR 22
BEE T MR 2,257 mg, WA B A B 0 IR
2.978 mg, i £5 1 %F HR 5 1. 231 mg, B 50 mL &I
R A 1 mL & 25 159. 401 pg A H
AL ER 44,463 pg WU AR BL 2230 R 56. 582
we B ERER 24. 472 weg MR G IRTR . K% W HL F ik
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REXIBMIAR 0.5.1.0.1. 5 mL, 435 B B ZEHEIE
A, 532 3 AL AT 3y, B AR R MK
UINANE 2 B HL & 5 230 22 AR e ) (i
F:S6) TR Y 0.05 g, 4“2, 137 TUT Jy il A
HER AR 9 10y, 4592, 1. 17 T (835 S HE RE 45
ISy LR 5 - SO E E8S
T2 AR R A IAE [T, LR S P, B R 1Y

JFEIRI ZETE 97.49% ~ 104.89% , £ W S HE 22 1
FRIMAEE BICEAE 96.40% ~ 103. 60% , WA H 4
FEFZH R W NI AL Bl B AE 92.23% ~ 100. 35% , i
BRI AL (8] 0 2R A 95.92% ~ 102. 44% , RSD 43
WK 2.27% 2.43% 2.81% F12.15% , 35 B i% )7 1
TR R

RS MELKERIEER

Table 5 Results of the sample recovery rate

bR o) Zﬂiiﬁ Diﬁ!'lj%%d %"ﬁl% . ?ﬂ‘,ﬂﬁ.ﬁ‘:J{uﬁ:ﬁ [l
Index component No. ample casure nown eference substance  Recovery RSD(% )
weight( g) quantity(mg)  quantity(mg) added amount(mg) rate( % )
23 Curcumin 1 0.053 21 0.227 6 0.148 2 0.079 7 99. 62 2.27
2 0. 052 94 0.229 2 0.147 5 0.079 7 102. 51
3 0.051 22 0.2263 0.142 7 0.079 7 104. 89
4 0.053 11 0.306 5 0.148 0 0.159 4 99. 44
5 0.051 86 0.305 5 0.144 5 0.159 4 101. 00
6 0. 050 35 0.299 1 0.140 3 0.159 4 99. 62
7 0.050 71 0.380 2 0.1413 0.239 1 99.92
8 0.052 56 0.380 8 0.146 4 0.239 1 98. 03
9 0.052 18 0.378 5 0.145 4 0.239 1 97.49
ﬁiﬁ%{%‘fnﬁ 1 0.053 21 0. 066 6 0.045 2 0.022 2 96. 40 2.43
2 0.052 94 0.067 5 0.044 9 0.022 2 101. 80
3 0.051 22 0. 066 5 0.043 5 0.0222 103. 60
4 0.053 11 0.089 4 0.045 1 0.044 5 99. 55
5 0.051 86 0.088 8 0.044 0 0.044 5 100. 67
6 0. 050 35 0.086 3 0.042 7 0.044 5 97.98
7 0.050 71 0.109 4 0.043 0 0. 066 7 99. 55
8 0.052 56 0.109 7 0.044 6 0. 066 7 97. 60
9 0.052 18 0.108 8 0.044 3 0. 0667 96.70
giiify%u%im 1 0.053 21 0.083 7 0.056 6 0.028 3 95.76 2.81
2 0.052 94 0.084 6 0.056 3 0.028 3 100. 00
3 0.051 22 0. 080 6 0.054 5 0.028 3 92.23
4 0.053 11 0.1129 0.056 5 0.056 6 99. 65
5 0.051 86 0.111 9 0.055 1 0. 056 6 100. 35
6 0. 050 35 0.107 8 0.053 5 0.056 6 95.94
7 0.050 71 0.138 1 0.053 9 0.084 9 99.18
8 0. 052 56 0.1377 0.0559 0.084 9 96. 35
9 0.052 18 0.136 6 0.0555 0.084 9 95.52
i iR Ferulic acid 1 0. 053 21 0. 040 7 0.028 1 0.0123 102. 44
2 0.052 94 0. 040 1 0.028 0 0.0123 98. 37
3 0.051 22 0.039 5 0.027 1 0.012 3 100. 81
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%3¢ 5( Continued Tab.5)
SRR o) Zﬂ?ﬁiﬁ Diﬁ!ﬂ,ﬁ%d %"ﬁl% . ii,ﬂﬁ.ﬁ‘:J{uﬁ:ﬁ IEVES
Index component No. ample casure nown eference substance  Recovery RSD(% )
weight( g) quantity(mg)  quantity(mg) added amount(mg) rate( % )
i ZRfR Ferulic acid 4 0.053 11 0.051 6 0.028 1 0.024 5 95.92
0.051 86 0.0513 0.027 4 0.024 5 97.55 2.15
6 0. 050 35 0.050 8 0.026 6 0.024 5 98.78
7 0.050 71 0.062 4 0.026 8 0.036 8 96. 74
8 0. 052 56 0.063 9 0.027 8 0.036 8 98. 10
9 0.052 18 0.064 7 0.027 6 0.036 8 100. 82

2.3.5 AR MIRE

i W 22 BEAR UE I ) (S5 2 S6) k3 i v
WL A2, 11 IR A3 25, 3 BiI7E 0.2 .4 6.8
12 .24 h JERESPHT, IR LW R IR TR
XU A 222 B 3R R ) B0 % 114 € 335 0 T AR, O35
W 177 £ RSD {23 91 4 1. 07% ,1.92% ,0.89% Al
0. 74% , IR LA 7E 24 h MR EME R .
2.3.6 FHillE

SRA“2. 13730 R 5k, X 16 AR [a] 7= b il 2

*R6

B IR R 2R PR R WE
PR AR 22 B ORI B R 1) & s AT I (L3R 6) ¢
G NIR 16 LR H SR N Z B R TR
B 5.635 mg/g, X AL R EEYMEN
2.269 mg/g, W E WAL L B R & Y (E Y 2. 889
mg/g, B ZRIR & & H{E M 0. 760 mg/g; Hi =B K
PR B ERHR S5 bR HE A N 2 B R A P R
R ORFS A AL 22 B 2R S BT R 1Y) % v T
JIEZE AR L ARE &

lo it=HITEGHISBENESER

Table 6 Content determination results of 16 batches of Curcumae Longae Rhizoma standard decoction

&4t Content(mg/g)

o
gﬁf By EPEFEL R WENEE Sy P 2 i
Curcumin Noroxycureumin Bisdemethoxycurcumin Ferulic acid
s1 6. 984 2.087 2.589 0.589
s2 6.184 1. 825 2.352 0. 488
3 5.199 1.588 2.193 0. 537
s4 5.262 1. 602 2.346 0.555
S5 5.116 1. 402 1.622 0. 801
s6 3.099 0. 944 1.182 0. 588
s7 4.079 1.187 1.714 0.551
S8 3.507 1.091 1. 631 0. 687
S9 3.452 1.123 1.555 0. 609
s10 3.504 1.129 1. 607 0. 639
s11 7.217 4.410 5.423 0.773
s12 8.019 4. 604 5.337 0. 828
s13 7.209 4.229 5.132 0.768
S14 7.007 2.968 3.585 1.139
s15 6.922 3.020 3.958 1.222
s16 7. 404 3.088 3.997 1.388
HI{t Mean 5.635 2.269 2.889 0. 760
S 1. 688 1.276 1. 469 0.267

T A R E S R LB T

Note ; The content determination results were calculated by dry sample.
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FWE R e L R 2
— AR AR A K AN BRI R LK R
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DRI, FE Ao 1 90 i R VR 28 v, R T I E 2 R
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H—2, A XRS5 2 Rk E 6 2 S
PERRAERY, 23 0l AU 5 (U6 4 (B BRIR ) (e 8 (L
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) R 1 (RO F ) b 5 2850 i 3 HE o
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R XA Al 2R 7 I SRR S I S 1k 2 2%

IR, Xof 22 88 8 SR A3 5 ORI SE A 2
{F 5 B P A il R e B 2 D0 A R AE AT
S BTSN A R AR K B R RS A
ARG i AL Sy ZE bR R UPLC $R 80 BHE I
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