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Simultaneous determination of the contents of
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analysis of multi-components by single-marker

LIU Mao' , ZHENG Hao’, YANG Yidi>**, HU Nan', ZHANG Qingbo’*”, BI Xueyan'***>*
(1. Institute of Chinese Materia Medica, Heilongjiang Academy of Chinese Medicine Sciences,
Harbin 150036, China; 2. College of Pharmacy, Harbin Commercial University of Harbin 150028, China;
3. Heilongjiang Institute for Drug Control, Harbin 150088, China; 4. NMPA Key Laboratory for Quality
Research and Evaluation of Traditional Chinese Medicine, Harbin 150088, China; 5. Heilongjiang Provincial
Key Laboratory for Quality Research and Evaluation of Traditional Chinese Medicine, Harbin 150088, China)

Abstract Objective: To establish a multi-assessment method for simultaneous determination of 6 flavonoids in
dried tangerine peel. Methods: OSAKA CAPCELL PAK C column (250 mm x4.6 mm, 5 wm) was used, the

mobile phase was acetonitrile-0. 1% formic acid solution, gradient elution; the flow rate was 1.0 mL + min~", the
column temperature was 30 C, and the detection wavelength was 330 nm. Taking hesperidin as the internal refer-
ence, the calculation of hesperidin and rutnaringin, melissa officin, tangerine peelin, 3,5,6,7,8,3",4'-heptame-
thoxyflavone, orange. The relative correction factor between corticosteroids, the content of 6 flavonoids in 15 bat-
ches of dried tangerine peel was determined by one-measurement-multiple-evaluation method and external standard

method respectively, and the results were compared. Results:The six components have good linear relationship in
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their respective ranges (r=0.999 9) ; the average sample recovery rate was 99.95% —102.97% , and the RSD

was 0. 81% -2. 03%. There was no significant difference between the content determination results of the one-test

multiple-assessment method and the external standard method (P >0.05). Conclusions:This method can provide

scientific reference for the quality control and evaluation of tangerine peel.

Key words: tangerine peel; quantitative analysis of multi-components by single-marker ( QAMS) ; relative correc-

tion factors( RCFs) ; hesperidin; content determination; vanillin; pericarpin; tangeretin
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Tab.1 Tangerine peel sample information

%5 (No. ) 12 (Tot No. ) 7= Hi ( place of origin)
S1 17112111 WL BEH ( Suizhou , Hubei )
S2 17112112
S3 17112113
S4 17112114
S5 17112115
S6 1803112 P )1 7535 ( Southern Sichuan )
s7 1803122
S8 1803132
S9 1803142
S10 1803152
S11 20191101 194 24 [ ( Xinguo, Jiangxi)
S12 20191102
S13 20191103
S14 20191104
s15 20191105
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1. ZEFMEE (nariratin) - 2. #5 Z4 (hesperidin)
6,7,8,3",4'-heptamethoxy flavone) 6. 1% % & ( tangeretin )
Bl 1 FREFHE(A) AT RS (B)HPLC B

Fig. 1

2.3 Jrikeehg
2.3.1  ZRMEVOH REERICU2. 11T IR X IR
W 1.3.5.10.,15 .20 L, #%2. 27 T (9 (3% 26 Ak

3. FA (didymin)

4. BBz 3 (nobiletin)  5.3,5,6,7,8,3" 4" HI AL B (3,5,

HPLC chromatogram of dried tangerine peel sample (A) and mixed reference substance (B)
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Tab.2 Linear relationship results
Iy mIEyiye M
(component ) (regression equation ) (linear range)/ (g + mL™")
ZEF Y (narirutin) Y =3 172 580.29X +3 258. 46 1.000 0 26.30 ~420. 80
18 fz 1 (hesperidin ) Y =3 024 796.28X +6 919.23 0.999 9 24.91 ~398. 60
Fr i B (didymin ) Y =3 283 260. 61X +356.09 1.000 0 6.31 ~202.00
M 2 (nobiletin) Y=38 210 074. 17X —1 087.54  1.000 0 1.30 ~20.76
3,5,6,7,8,3" 4L HIAILTN(3,5,6,7,8,3 4'-heptamethoxy flavone) Y=29 221 463.89X-1 027.69  1.000 0 1.21 ~19. 44
17 i 2 (tangeretin) Y =40 384 675.70X +738.65  1.0000 1.37~21.90
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2.3.2 KEERE ORSEWCC2. 117 IR AR BE A
VW10 WL, 352, 27 T [ £ i A5 4, i S b A 6
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MRk 2R \3,5,6,7,8,3" 4" HI 5 3L 8l A7 B2 R
T A B SF 349 (43 B R 295556, 279488 | 57630 .
241480 ,206540 , 242324, H: RSD (n =6) 43 % K
0.17% .0.21% .0.45% .0.14% 0.17% 0. 11% , 3
AN e HG 2 B AT o

2.3.3 EEM  HLS6 FEM (L5 :180311-2) , 4%
“20L.27 TR Uy AT R A 6 O s I W, 4%
“2.27 IR AR HE AR A, T S A R R
H FERE IR &R 3,5,6,7,8,3" 4" L H A3
B A% B2 R B F 3 & 4 i o 21,09, 86. 36
3.41.0.36.0.79.0.20 mg - g ', RSD 4 %l K
0.24% .0.20% ,0.29% .0.38% .0.50% .0.27% , %
REVZ B EL R

2.3.4 FEEME WUS6 AN (HZ:180311-2) , 4

RI ARG mHFEDKFEXIEZER(n=6)

Tab.3 Six component sample recovery test results

“2. 127 WUF il A R L, 51 0.2 4.8
10,12 24 h FEFEIE , 0 SR IE T, S Al R 1 A
B AT IR % 3,5,6,7,8,3",4"- L H A
FE i A7 Fz 2% 04 1T BRI S 28 43 ) R 518074
2018603 .104694 107237 180869 73063, H. RSD(n =
7) 4% 51 1.18% .0.31% 0. 67% .0.52% .0.41% .
0.36% , ARSI 24 h NFUE T R AT,

2.3.5 JmFERDCE BCHIE RRY S6 AR (4
180311-2)6 fy, 43 249 0. 1 g, KB HRIE , 73] B e
T, TR 6 A B A6 R, 922, 1. 27 T
T A B SR, 2. 27 T R EREI R
THAAS BN Al B AT 8 R AR IR
3,5,6,7,8,3"4" -1 H A BB A B2 35 10 F- X i g
] di 2 4% %k 99.95% . 101.95% . 100.36% .
102.97% 99.98% .102.21% ,RSD 43514 2. 03% .
0.90% . 1.40% . 0.81% . 2.03% . 1.25% , %5

W3,

o PR Rl i B T G IoN Ty [m] g RElEL e RSD/
( component) (weighed)/  (content of the (adding amount)/ (total measured)/ (recovery)/ (average %
g sample ) /mg mg mg % recovery ) /%

Z=F5 A H2 F (narirutin) 0. 100 1 2.112 4 2.104 0 4.1452 96. 62 99. 95 2.04
0.098 9 2.087 1 2.104 0 4.182 1 99. 57
0.100 7 2.1250 2.104 0 4.284 8 102. 65
0.099 1 2.0913 2.104 0 4.1823 99. 38
0. 100 1 2.112 4 2.104 0 4.2202 100. 18
0.101 9 2.150 4 2.104 0 4.281 4 101. 28

& 2 H (hesperidin) 0. 100 1 8.679 9 8. 646 4 17.596 4 103. 12 101. 95 0.90
0.098 9 8.836 0 8. 646 4 17.519 0 100. 42
0.100 7 8.679 9 8. 646 4 17.543 2 102. 51
0.099 1 8.662 6 8.646 4 17.481 4 101. 99
0.100 1 8.7059 8. 646 4 17.531 2 102. 07
0.101 9 8.784 0 8.646 4 17.566 5 101. 57

F IR (didymin) 0.100 1 0.3413 0.404 0 0.749 6 101. 06 100. 36 1. 40
0.098 9 0.3427 0.404 0 0.7527 101. 49
0.100 7 0.343 1 0.404 0 0.742 7 98.91
0.099 1 0.3413 0.404 0 0.754 3 102.23
0.100 1 0.3420 0.404 0 0.742 2 99. 06
0.1019 0.3410 0.404 0 0.742 7 99. 43

JII B 2 2% (nobiletin) 0.100 1 0.036 2 0.0415 0.079 4 104. 10 102.97 0. 81
0.098 9 0.036 5 0.0415 0.079 2 102. 89
0. 100 7 0.036 4 0.0415 0.078 8 102. 17
0.099 1 0.036 3 0.0415 0.079 1 103. 13
0.100 1 0.036 4 0.0415 0.078 7 101. 93
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43R 3(Tab. 3 continued)
o LI R IV A5 HEIES REIELiES RSD/
Ccomponent) (weighed)/  (content of the (adding amount)/ ( total measured)/ ( recovery)/ (average
. sample) /mg mg mg % recovery) /%
0.101 9 0.036 7 0.041 5 0.079 7 103. 61
3,5,6,7,8,3" 4" H & BE B 0. 100 1 0.080 4 0.077 8 0. 160 4 102. 83 99. 98 2.03
(3,5,6,7,8,3",4"-heptamethoxy 0.098 9 0.079 5 0.077 8 0.156 1 98. 46
flavone ) 0. 100 7 0.079 2 0.077 8 0.158 1 101. 41
0.099 1 0.080 2 0.077 8 0.158 7 100. 90
0.100 1 0.079 1 0.077 8 0.1551 97. 69
0.101 9 0.079 3 0.077 8 0.156 0 98.59
1% f Z (tangeretin ) 0.100 1 0.020 0 0.0219 0.042 4 102. 28 102. 21 1.25
0.098 9 0.019 8 0.021 9 0.042 1 101. 83
0.100 7 0.019 7 0.0219 0.042 6 104. 57
0.099 1 0.0199 0.021 9 0.042 1 101. 37
0.100 1 0.020 0 0.0219 0.042 1 100. 91
0.101 9 0.0200 0.021 9 0.042 4 102. 28
2.4 MRHEIEAT £4 RFME AR ERT 6 Y0
2.4.1 FXRIERH T ( 1) e SRR E £ A Tab.4 Effects of different instruments on relative correction

A U AR IE T (relative correction
factor,RCF) o AHE LI 2. 1. 17 51T Ay X B8 5 7 T
1.3.5.10,15.20 pL,$%“2. 2" Wi R @y 63 5544,
A WRAREATEA, 0 s W TR RR, T e/ s 3fe ks L vk Bk
W TR RRHEA TR 81 i ok N SR B S AR
D B 53 s v i 2R 38 LU (B T AR AL TE R A
B HNSY), S <Al B R )1 R
K% \3,5,6,7,8,3" 4L W EUHE B A5 B2 3R A1
SRS IE R T35 0. 954 9 .0. 923 5.0. 079 4 .0. 103
9.0.0751,

2.5 it M

2.5.1 REALASEEE U2, 117 30T By 4 IR
VR, F 2. 27 WU B35 S5, B4 T A TR] R AU AH
8,7 {Y ( Shimadzu LC-2010CHT , Shimadzu LC-20A ,
Agilent 1100 ) Xf AHXF R IE B 5~ 5200, 45 R W3k 4.
SEREW], Pl ST AR E 778 3 6 AR
T R

2.5.2 AFEAFEHFZL B2 L 17 IUR #X R
ARV, A 2. 27 U 5 SR, AR T ORI (g A
XA BOE D F R0, 45 R W4 50 45 RERW], A
(i) 2 AT X A X A% I PR - TG B S 5 i)

2.5.3 AF@OEFRMAELE B2 L1 TUR RS
R SRR, 45 2. 27 U (B35 4, 70 i 5 4% T AN )
W (0.9.1.0.1.1 mL « min~") N[EAEJR (25 .30,
35 C) AS[mli i K (328,330,332 nm) Xf 16 J 1

factors
X% HEXAIE 7 (RCF)

(instrument ) Sy Sue S Se St
SHIMADZU LC-2010CHT 0.9549 0.9235 0.0794 0.1039 0.075 1
SHIMADZU LC-20A 0.9465 0.9054 0.0804 0.1043 0.0745
Agilent 1100 0.9544 09130 0.0793 0.1037 0.074 8
SEA4{E (mean ) 0.9519 09140 0.0797 0.1040 0.074 8
RSD/ % 0.49 0.99 0.76 0.29 0.40

T (note) ;a. 1% Kz 1 (hesperidin) ,b. ZEF5H fz F (narirutin) | c. 7
W FETF (didymin) ,d. )| Bz 2% (nobiletin) ,e.3,5,6,7,8,3" 4L H 4
FLHR (3,5,6,7,8,3",4 -heptamethoxy flavone) ,f. 1%z 2 ( tangeretin )

RS AR EFAESTHRER T 00

Tab.5 Effects of different columns on relative correction factors

fagtt: AL IE R (RCF)

(column) Jov  Sve  Sva o Sve S
OSAKA CAPCELL PAK C;y  0.9549 0.9235 0.0794 0.1039 0.075 1
Exmere Exsil Mono Cig-ST  0.9596 0.9249 0.0771 0.1039 0.073 9
GL Inersil ODS-3 0.9613 0.9276 0.0784 0.1035 0.0742
Phenomenex Luna Cg(2) 0.9620 0.9239 0.0777 0.1050 0.074 7
Agilent TC-C g 0.9575 0.9268 0.0790 0.1039 0.073 3
SEH{# (mean) 0.9591 0.9253 0.0783 0.104 0 0.0742
RSD/% 03 019 120 05 0%

E(note) :a ~f, )7 4

5 A BH AR IPRECR 3,5,6,7,8,37,
4" AR B A B2 R 2 ) AR A I TR B 5
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Wiy AR LR 6 ~ 8 HE AR, AR | AN [F] AR
i A RS I 56T B S S7. )R XA T PR 5 ) 52 )
B W25

R 6 RRAE AR R T 09 a
Tab. 6 Effects of different flow rates on relative correction fac-

tors( RCF)

i (flow rate)/ XA IE R F-(RCF)

(mL - min~") S Swe Jwa Jwe Sur
0.9 0.9587 0.9248 0.0764 0.1065 0.075
1.0 0.9549 09235 0.0794 0.1039 0.075 1
1.0 0.9623 0.9266 0.0775 0.1069 0.0752
S (mean) 0.9586 0.9250 0.0778 0.1058 0.075 1
RSD/ % 0.39 017 1.95 .54 0.13

i (note) :a ~f,[A]F 4

RT FRAABATEER TG A
Tab.7 Effects of different column temperature on relative cor-

rection factors

R (column AHXS AL IEEF(RCF)
temperature ) /C S S S Sue S
25 0.9626 0.9273 0.0789 0.1042 0.073 6
30 0.9549 09235 0.0794 0.1039 0.0751
35 0.9584 0.9268 0.0782 0.1038 0.073 1
S mean) 0.9586 0.9259 0.0788 0.1040 0.0739
RSD/ % 0.40 0.22 0.76 0.20 1.41

I (note) :a ~f, [a] 55 4

RS RN K AR EE B T 9 h
Tab. 8 Effects of different detection wavelength on relative cor-

rection factors

K (detection AHXT IE P (RCF)
wavelength)/nm S Se S Jve S
328 0.9578 0.9267 0.0797 0.1063 0.0739
330 0.9549 0.9235 0.0794 0.1039 0.075 1
332 0.9610 0.9228 0.0788 0.1029 0.0758
SE4{E ( mean ) 0.9579 0.9243 0.0793 0.1044 0.0749

RSD/ % 0.32 0.22 0.58 1.67 1.28

T (note) :a ~f,[A]F 4

2.6 fopfigEf

XA 2 o T A 7 M R — I 2 PP
BB R R ARSI LI AN S
Wy, [R) s 25 521 0 B I [1] 2 FAE X O B8 I 1] ( relative
retention time , RRT) 2 Fh @30 E 0 7 HE., 45 FE
WY, PR B I ) 22 5 AR 4 R 25 S R N AR AR S

56 04 (T U S 0 T 1 o T T 2 7 Aol B2 7 e
IR R 3,5,6,7,8,3",4" L U B T A B
RGBT 2 (6] A AR £ B ] 9 RSD ¥/ T
3.0% , HASIRISCAS AN [7]) €2 3% A 68 A Xt O B k] )
ORI DRI FH AR Xt O B 5 ] 95 1 O (3 0
BT BRI 9 ~ 10,

RO ARAE ARG B 69 F R

Tab.9 Effects of different instruments on relative retention
time
Y€ AHATCR RIS E] (RRT)
(instrument) b/ lesa la/a lea L

SHIMADZU LC-2010CHT 0. 897 1.218 1. 862 2.038 2.180

SHIMADZU LC-20A 0. 901 1.217 1. 855 2.086 2.167
Agilent 1100 0.912 1.231 1.834 2.015 2157
SEY4{E (mean ) 0.903 1.222 1. 850 2.046  2.168
RSD/ % 0. 86 0.64 0.79 1.77  0.53

F(note) :a ~f,[A] 3 4

FT10 R R & ARG ot 69 % vk

Tab. 10 Effects of different columns on relative retention time

LN AHXPOR B E] (RRT)
(column) th/a [ Ly tyu ta
OSAKA CAPCELL PAK Cjq 0.897 1.218 1.862 2.038 2.180
Exmere Exsil Mono C5-ST 0.914 1.204 1.941 2.152 2.329

GL Inertsil ODS-3 0.928 1.193 1.888 2.088 2.247
Phenomenex Luna Cyg (2) 0.899 1.217 184 2.049 2.186
Agilent TC-Cy 0.901 L2011 L1873 2,094 2.262
PR (mean ) 0,908 1.200 1.88 2,084 2.24I
RSD/% L4 08 L73 216 273

I (note) :a ~f, [7]5£ 4

2.7 QAMS 5 ESM 0L 4

KR 15 LR A A ) 0.2 g, 4%2. 1. 27 T
J5 VLA B S VAR, F 2. 27 T (1% S5 A AR
SRS S T, 4 5ok FH QAMS 74 5 ESM
AR S S5 UL 11, 6 2 oy sk i & 1
TELESIEAT ¢ K, 5 R, 2 ROy AR 45 LY
TR TN EEZER (P >0.05) , KR QAMS
T2 5 AR B R B 2 B0 1) B B T A T T

3 g

3.1 R R A T IR 5%
3SR T RO (PR¥E GRS | IR |

FERE ] (50% H i HBE \50% LB . 95% LB%) |
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SRS ] (30,45 .60 min) Sz 3% 5] A FH (10,25 .50
mL) X R B2 45 180 o0 $1 HOROCR (O 52 T, 368 4% AN [ 12
WORATE T = A B BB Aty JIRECR
3,5,6,7,8,3", 4"-C RS A B R & kAT
IRE o 25 K B P S RO 4% Ji o 8 BB d o 5

AR B A I, 368 45 B3 4 B 78 7 5 R B 7
30 min RIA] FEASR I SE 4, HII e s SR 1 25 mL 5
50 mL HEERSRIBOSCR LT Jo 2200, 7% e 48 1)
BRI AR B 25 mL, R, 26 25 mL i
AR HL 30 min A R B2 PR R F

R 11 ESM 55 QASM il 2 69 15 $Lik &+ 6 86 &F(mg - g™')
Tab. 11 Contents of 6 kinds of flavonoids in 15 batches of dried tangerine peel by ESM and QASM methods (mg + g™')

s tﬁgﬁﬁ %ﬁmgﬁ éﬁgﬁ }ll%ﬁ% 3,5,6,7,8,3" 4’ T4 LM T%‘ﬁ%
(hesperidin) (narirutin ) (didymin) (nobiletin) (3,5,6,7,8,3" A'"-heptamethoxy flavone ) (tangeretin)

(o) ESM ESM QAMS ESM QAMS ESM QAMS ESM QAMS ESM QAMS
S 846188 158536 158473 3.7909 3.7860 1.0350 1.0355 0.602 9 0.602 9 0.6934 0.6938
2 841739 157689 157626 3.9037 3.8987 1.3282 1.3288 0.6157 0.6157 0.8749 0.8754
3 85.4255 17.0565 17.0498 4.0110 40059 0.7886 0.7889 0.677 6 0.677 6 0.4826 0.4829
4 84.3636 17.0218 17.0150 3.8511 3.846 1 0.682 1 0.682 4 0.648 0 0.648 0 0.4227 0.4230
S5 853615 17.0456 17.0388 3.9250 3.9199 0.7303 0.7306 0.669 6 0.669 6 0.4643 0.464 6
S6 86.4317 21.0921 21.0837 3.4050 3.4006 0.3597 0.3599 0.789 8 0.789 8 0.1963 0.19 4
S7 86.0797 20.1447 20.1367 3.3849 3.3805 0.310 1 0.3103 0.782 1 0.782 0 0.1830 0.1831
S8 860322 20.1636 20.1556 3.4483 3.4439 0.3278 0.3279 0.761 1 0.761 1 0.1826 0.1827
S9 86.0322 20.1636 20.1556 3.4483 3.4439 0.3278 0.3279 0.761 1 0.761 1 0.1826 0.1827
SI0  87.7458 21.0417 21.0333 3.4824 3.4779 0.3304 0.3305 0.788 1 0.788 1 0.1830 0.183 1
SI1 703521 17.9144 17.9073 2.9798 29760 0.3770 0.377 1 0.587 1 0.587 1 0.1954 0.1956
S12 75.5121 17.5149 17.5079 2.983 1 2.979 3 0.3542 0.343 0.587 2 0.587 2 0.1831 0.1832
S13 78.7285 20.3643 20.3562 3.193 1 31889  0.4290 0.429 1 0.699 4 0.699 4 0.2195 0.2196
SI4  81.8390 19.1681 19.1605 3.0866 3.0826 0.4482 0.4484 0.731 6 0.731 6 0.2299 0.2300
S15 74.7964 17.8851 17.8780 2.804 3 2.8007 0.370 5 0.370 7 0.6259 0.6259 0.1904 0.1905

3.2 @ikl 3.4 JhgE

ARSEG 4y 35 4% T R AR R 1 3 30 A (R -
K CHE-KCHEO. 1% HERES ) , 45 R KW, R
CNEO. 1% W RIS W AE A U 2 AH 32E A 7466 B VI B
BRI B, 5 06 B B W TR B A . KA
FEM 6 AR N4 AT S AN H , AT A5 6 A T
HRAMHE 283 nm F1 330 nm AbAG B AW, B T AE
330 nm KT, 2 5 0 A B N, H0% =
Fb AR R SR L) 330 nm VR RSB .
Ah FERER T £2(25 30,35 °C) Jy i, & AR R A 52
Wi 38 2l A8 /0N, W AR O 30 Co R BE, B E T
“2.27 TR B A A
3.3 NSk

CHpE 2 8) 2020 41 it — 3 LAAE Jz 1 4 b R iz
P E P FR AR PE A o FE R R RS B i
R BURRE W BRZ A, DR IR E)SE AR T A
A3 €0 0 P TR0 LA B AF O B s 1) 3 TR
B R AR A NS IR 2K

TE 15 HEFRHAE S LRI 1) 6 A~ BT 24 B
Sy ME N 129.955 4 mg - g™, U1 EF A H
136.948 0 mg -+ g~ ', VLG 24[E 1)y 121. 883 5 mg -
g o DU RS Hb A R B v 6 A B R 2 a0
T S TG BE N AN G 4 [ AT AN [ 7 s
W Bz v TR B 53 1) o 25 SRR, 9 L D TR AT g
S B RIS, WK £ R R SRR R AT K
W, I DR ol FH A5 2ok 7 b 1 T W 245 60 7 b, AR
LT B A T, TR DR 2 M A R
ARG UL T R B 2 B R v 6 S B AR oy
T QAMS W& AR L B PR, 2k )
O KGR EE A RRE TR IR R R A
Ko SRR BT FEAS ] S A RS | AT S AN [R] €5
WESAE T, AH R A I BT 4 R R 4F (RSD <
3.0% ) ,fFEMRESK . R QAMS %5 ESM X}
15 HEBRE 6 AN ER R o3 AT 2 1 E , I 45
RICBEMEZEF (P >0.05) , Pk, o] IAEG D22
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