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Abstract: Objective To establish the evaluation system and accomplish the comprehensive evaluation of the quality
of Juhongtai standard decoction. Methods The standard decoction of Juhongtai was prepared. The extract rates and
transfer rates of naringin and rhoifolin were measured and calculated. The high performance liquid chromatography
(HPLC) fingerprint was also established and the similarities of the fingerprints of 16 batches of decoctions were
calculated. These parameters were selected as evaluation indicators of the quality evaluation system. Moreover, the
identified components in the fingerprint were correlated using grey correlation statistics to evaluate the quality of the
standard decoctions of 16 batches of Juhongtai. Results The contents of naringin and rhoifolin in 16 samples were
3.349%-29.27% and 0.26%—2.82% , respectively. The transfer rates were 43.36%—51.52% , while extract rates of
naringin and rhoifolin were 33.62%- 144.86% and 1.30%— 96.00% , respectively. According to the Similarity
Evaluation System for Chromatographic Fingerprint of traditional Chinese medicine (TCM) , there were 19 common
peaks in all chromatograms in which 4 peaks were identified as naringin(8), neohesperidin(11), rhoifolin(12) and
naringenin (15) , respectively. The similarities of 16 samples were all greater than 0.98. In addition, the grey
correlation grade of the 4 identified components in 16 samples was 0.096-0.606, and the weighted grey correlation
grade was 0.091-0.984. Conclusion This study established a reasonable and reliable quality evaluation system for
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standard decoction of Juhongtai. Besides, the quality of the standard decoction of Juhongtai can be comprehensively

evaluated by the grey correlation analysis of the identified components of the fingerprint.

Keywords: Juhongtai; standard decoction; fingerprint; grey correlation analysis; quality evaluation
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Table 1 Sample information of Juhongtai
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Figure 1 HPLC chromatogram of content determination

Table 2 The physicochemical parameters of the standard decoction of Juhongtai

-~ Yot FREARIT e RO R % Bt v B /% B R% HWHED
i RSD o RSD s RSD e RSD SEEIE RSD MIH EREREEE

S1 10.58 0.01 5.66 1.05 0.65 0.31 0.01 1.54 5147 030 5351 1.30
S2 9.62 0.20 6.57 0.15 0.55 0.04 0.03 0.69 5143 028 6834 5.06
S3 8.16 0.31 7.54 0.06 0.56 0.45 0.12 2.00 5152 035 9241 20.79
S4 6.35 0.24 5.01 0.27 0.68 0.06 0.49 173 4775 215 7885 7139
S5 7.83 0.79 7.61 0.10 0.51 0.80 0.07 0.07 4847 009  97.09 14.51
S6 10.89 0.18 4.98 0.37 0.52 1.38 0.19 2.00 4353 310 4572 36.10
S7 19.07 0.39 6.54 0.17 1.82 1.15 0.55 0.22 4336 3.56 3432 3051
S8 19.48 0.15 7.62 0.24 1.87 0.81 0.67 0.32 4568 324  39.12 3549
S9 29.27 0.54 9.84 0.10 2.82 1.84 0.57 0.08 4998 346 3362 2036
S10 18.85 0.97 10.57 0.51 1.02 0.47 0.36 0.90 5022 022 5608  34.87
St1 11.26 0.42 4.59 0.27 0.49 0.53 0.35 0.52 4775 033 4078 7049
s12 10.53 0.73 6.09 0.13 0.50 0.00 0.26 0.29 4777 1.03 5780 5146
S13 6.59 0.20 7.09 1.66 0.55 0.36 0.29 0.73 5030 021 107.61 53.53
S14 5.62 0.05 6.00 0.07 0.55 0.69 0.44 0.38 4524 053 10678  80.81
S15 3.82 0.29 3.29 0.53 0.26 1.01 0.20 0.53 4883 176  86.08  76.38
S16 3.34 0.28 4.84 0.13 0.27 0.64 0.25 0.53 4920 0.63 14486  96.00
31 11.33 0.36 6.49 0.36 0.85 0.66 0.30 0.78 4828 133 5729  43.69
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Figure 2 Fingerprint chromatograms of 16 batches of the standard decoction of Juhongtai



- 410 - Traditional Chinese Drug Research & Clinical Pharmacology, 2021 March, Vol. 32 No. 3
60 3 12
50, 13
X
> 40
£
™30

1 17
91011 15 16

UL

of

18 19 A
- ﬁibﬂ}

0 36 0 48
5 [6] /min
Heo8 MR 11 HHE AR 12, BRARTE; 15 MR E; X EEE

B3 MBLBRR R AR A TR IEIERRE

\
54 60 66 72 78

Figure 3 Calibration of characteristic peaks in the standard decoction of Juhongtai
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Table 4 Similarity of HPLC fingerprints of the standard decoction of Juhongtai

%' S1 2 S3 s4 S5 S6 S7 S8 S9  S10  S1l S12 S13 S14  S15 Sl6  XHREE

S1 1.000 0.976 0.995 0.984 0981 0.947 0983 0.991 0986 0.970 0973 0.978 0.978 0.986 0.959 0.949 0.986

S2 0.976 1.000 0.986 0.952 0.997 0971 0.965 0971 0.992 0.999 0.997 0.997 0.969 0.977 0.965 0.967 0.992

S3 0.995 0986 1.000 0.990 0.994 0.975 0.993 0.997 0.998 0.980 0.988 0.992 0.993 0.997 0.983 0.977 0.998

S4 0.984 0.952 0.990 1.000 0.971 0.964 0.997 0.997 0.982 0.942 0.962 0.967 0.994 0.994 0.982 0971 0.983

S5 0.981 0.997 0.994 0971 1.000 0.985 0.982 0.985 0.999 0.994 0.999 1.000 0.985 0.990 0.983 0.983 0.998

S6 0.947 0971 0.975 0964 0.985 1.000 0.979 0.973 0.986 0.966 0.986 0.986 0.987 0.984 0.996 0.999 0.986

S7 0.983 0.965 0.993 0.997 0.982 0.979 1.000 0.998 0.990 0.955 0.975 0.979 0.999 0.998 0.991 0.984 0.991

S8 0.991 0971 0.997 0997 0.985 0.973 0.998 1.000 0.992 0.963 0.977 0.982 0.996 0.998 0.984 0.976 0.993

S9 0.986 0.992 0.998 0.982 0.999 0.986 0.990 0.992 1.000 0.987 0.996 0.998 0.992 0.996 0.988 0.985 1.000

S10 0.970 0.999 0.980 0.942 0.994 0.966 0.955 0.963 0.987 1.000 0.995 0.995 0.960 0.970 0.958 0.961 0.987

S11 0.973 0.997 0.988 0.962 0.999 0.986 0.975 0.977 0.996 0.995 1.000 1.000 0.980 0.985 0.981 0.983 0.996

S12 0.978 0.997 0.992 0.967 1.000 0.986 0.979 0.982 0.998 0.995 1.000 1.000 0.983 0.988 0.982 0.983 0.997

S13 0.978 0.969 0.993 0.994 0.985 0.987 0.999 0.996 0.992 0.960 0.980 0.983 1.000 0.999 0.996 0.990 0.993

S14 0.986 0.977 0.997 0.994 0.990 0.984 0.998 0.998 0.996 0.970 0.985 0.988 0.999 1.000 0.993 0.987 0.997

S15 0.959 0.965 0.983 0.982 0.983 0.996 0.991 0.984 0.988 0.958 0981 0.982 0.996 0.993 1.000 0.998 0.988

S16 0.949 0.967 0.977 0971 0.983 0.999 0.984 0976 0.985 0.961 0983 0.983 0.990 0.987 0.998 1.000 0.986

XHRERE 0986 0992 0.998 0.983 0.998 0.986 0.991 0.993 1.000 0.987 0.996 0.997 0.993 0.997 0.988 0.986 1.000
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Table 5 The relative retention time of common peaks in HPLC fingerprints of 16 batches of Juhongtai standard decoction
2353 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16  RSD/%
1 0391 0392 0393 0.380 0.384 0380 0.379 0.381 0381 0401 0373 0405 0.386 0395 0.380 0.380 2.341
g2 0520 0521 0521 0506 0.511 0507 0.505 0.506 0.506 0.527 0.497 0530 0.541 0.549 0502 0.508 2.856
I3 0.639 0.639 0.639 0.649 0.657 0.651 0.648 0.649 0.649 0.653 0.651 0.663 0.685 0.671 0.656 0.631 2.034
4 0846 0.829 0.846 0.840 0.842 0.840 0.839 0.841 0.840 0.845 0.864 0.848 0.855 0.860 0.865 0.866 1.298
IE5 0.896 0.897 0896 0.911 0914 0911 0911 0912 0911 0913 0922 0916 0918 0919 0899 0.924 0.984
IE6 0924 0917 0917 0.947 0.948 0947 0.947 0948 0947 0.944 0951 0946 0.947 0949 0923 0952 1.342
7 0960 0.950 0960 0.984 0.986 00984 0.984 0.985 0984 0.980 0.984 0980 0.982 0.983 0952 0.984 1.298
IE8  1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.000
g9 1.018 1.032 1.018 1.017 1.044 1.017 1017 1.017 1017 1.041 1.038 1.084 1.068 1.013 1.053 1.070 2.206
& 10 1.032 1.088 1.033 1.079 1.082 1.080 1.080 1.081 1.080 1.083 1.054 1.122 1.091 1.076 1.069 1.077 2.005
11 1.097 1121 1.097 1126 1.129 1.128 1.123 1.127 1.124 1.124 1.077 1.149 1.126 1.118 1.068 1.114 1.873
12 1.168 1.168 1.168 1.192 1.194 1.192 1.193 1.193 1.193 1.187 1.172 1184 1.179 1.175 1.170 1.169 0.933
13 1.278 1279 1278 1.268 1.269 1268 1.268 1269 1269 1.242 1226 1240 1.234 1229 1.223 1222 1.751
g 14 1314 1315 1314 1300 1302 1300 1.300 1.302 1.301 1275 1.240 1269 1256 1.246 1236 1.235 2353
15 1427 1381 1427 1412 1414 1412 1412 1414 1414 1383 1334 1376 1361 1377 1329 1329 2485
I 16 1484 1.484 1483 1468 1.471 1469 1470 1472 1471 1472 1419 1463 1445 1428 1412 1411 1.771
17 1522 1522 1.522 1498 1501 1.499 1.500 1.502 1.501 1.508 1.449 1.498 1478 1.460 1442 1442 1.847
18 1770 1.770 1770 1.760 1.761 1.760 1.760 1.764 1.762 1.758 1.677 1.746 1.716 1.692 1.668 1.666 2.253
1§19 2.095 2.094 2094 2.097 2.097 2094 2.095 2.101 2097 2.082 1970 2.061 2.023 1991 1958 1.956 2.730
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Table 6 The relative peak areas of common peaks in HPLC fingerprints of 16 batches of Juhongtai standard decoction
5 S1 S2 S3 S4 S5 S6 57 S8 S9 S10 S11 S12 S13 S14 S15 S16  RSD/%
g1 0.006 0014 0.014 0022 0.017 0.024 0.013 0.015 0.013 0.011 0.009 0.014 0015 0.014 0.026 0.012 35.21
2 0.004 0009 0.006 0017 0.008 0.019 0.008 0.008 0.008 0.007 0.014 0.010 0.023 0.009 0.036 0.024 66.54
I#3  0.097 0.058 0.08 0.131 0.065 0.048 0.082 0.078 0.069 0.054 0.048 0.061 0.098 0.088 0.091 0.077 28.50
g4 0.035 0.002 0.024 0015 0.009 0.012 0010 0.010 0.016 0.007 0.023 0.007 0.015 0.006 0.020 0.017 58.17
IS5 0049 0015 0.037 0.053 0.026 0.019 0.052 0.055 0.062 0.036 0.031 0.022 0.037 0.051 0.008 0.027 44.61
6 0.018 0.014 0.013 0031 0.018 0.013 0025 0.030 0.024 0.025 0.015 0.015 0.022 0.029 0.018 0.026 29.54
&7 0011 0.012 0.008 0.009 0.007 0.002 0.007 0.013 0.009 0.009 0.010 0.007 0.005 0.018 0.010 0.002 45.50
I£8  1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0
9 0.003 0.002 0.002 0.043 0.003 0.008 0.032 0.034 0.037 0.002 0.001 0.020 0.005 0.009 0.003 0.012 107.79
& 10 0.003 0.005 0.003 0.042 0.014 0.021 0.033 0.031 0.030 0.024 0.002 0.007 0.020 0.021 0.008 0.017 70.48
I# 11 0.010 0.013 0.014 0.012 0.003 0.000 0.006 0.004 0.008 0.004 0.014 0.003 0.009 0.010 0.000 0.008 63.42
g 12 0456 0213 0386 0.529 0.261 0232 0456 0310 0461 0.182 0218 0.241 0398 0.396 0.327 0.264 32.49
g 13 0.157 0.169 0246 0.362 0.242 0433 0370 0.266 0304 0.012 0.011 0.007 0.008 0.011 0.016 0.012 94.50
%14 0.030 0.031 0.040 0.084 0.031 0.084 0.038 0.027 0.054 0.151 0249 0.245 0381 0.334 0.450 0.460 95.65
%15 0.004 0.002 0.010 0.018 0.016 0014 0.009 0.009 0.010 0.006 0.052 0.007 0.015 0.021 0.052 0.066 99.74
g 16 0.011 0.011 0012 0.017 0.014 0026 0.023 0.015 0.017 0010 0.012 0.013 0.021 0.016 0.024 0.026 32.29
1§17 0.031 0.038 0.050 0.061 0.054 0.090 0.073 0.057 0.055 0.029 0.051 0.053 0.083 0.056 0.087 0.073 31.27
%18 0.003 0.008 0.006 0.010 0.008 0.008 0.008 0.005 0.005 0.004 0.006 0.007 0.010 0.006 0.008 0.010 32.16
g 19 0.016 0.020 0.008 0.012 0.007 0.015 0.010 0.009 0.013 0.008 0.007 0.005 0.006 0.004 0.008 0.011 43.74
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2.5.3 RERRBCGRIRERITHR SRR ES (k)]
WA FEPR S So 25 o e T AR EL I AR B, SRR AR
BOBRLIIRE S So i, AN

|||||||||

UEACK) 40 EACK)
A(k) +pi EA(K)

ANRFp WA (0<p<1), NB/NMEKZE
Flde/ 22 2 8] U 258, p R 0.1 TS
| S1~816 FHEAL T S KK R EL, THKIE A R=
%Z::ISU,(k)(n=4)i‘|‘%%‘ﬁ:ﬁﬂ@7‘f(@?éﬂ%§(ﬂ)o JK
EOCHRBE R, FEM BT S Sy BRIEIT
2.5.4 BB KRR & BUA X AR iV 7 5T
WYUK, LA LA T AR 7 4 A4S B4y A T FR L
AP AL E [0 (k)], A6 AR IOALEE « Al B2 H
0.74. Hr 1 0.01, BT 0.24, Al X 0.01,
He A =Y Skalk) (n=4) THF AR 6 51K
(r), rfR, FERS SRR . R HET 5 14
R,

R7 16 HAFLBRIR A AR Z T B 7k B X BR AN ALK
KEEHIFER

Table 7 Sorting results of grey correlation grades and weighted

SOi(k):

grey correlation grades of 16 batches of Juhongtai standard

decoction
Bt R G R s r
1 S5 0.606 S5 0.984
2 S11 0.561 S10 0.155
3 S2 0.275 S1 0.149
4 S3 0.233 S8 0.146
5 S1 0.165 S11 0.144
6 S9 0.145 S9 0.139
7 S10 0.135 S3 0.135
8 S8 0.134 S2 0.132
9 S16 0.129 S7 0.123
10 S14 0.128 S12 0.116
11 S4 0.126 S14 0.113
12 S7 0.124 S4 0.110
13 S13 0.112 S13 0.102
14 S12 0.108 S6 0.098
15 S15 0.101 S16 0.097
16 S6 0.096 S15 0.091

RN, 16 U LG IR R b 77 K 0 DGk
B 5 b 0.096~0.606, Il AL B B2 {5 [l A 0.091~
0.984. 16 fILtIFLLIG U R Pz Rl 4 DR )
TR ZE SRR IBUR A OCIR FE A5 B 145 7 71 it

HEHET 5K GG LU A AR, H 16 HEFE &
ILL S5 b X AR E I 75 9 o i e o

2.6 HELIGYK R bR UEIA RIPE O hF 0 2 B0 I

261 HER HER%)=[TEE(9xFHF KM
(mL) /[ BB 7 7 AR (mL) x 25 41 & (g) ]x100%
& 227 W NREZ R 10 mL 2EHREEE
JEFZE LML, 100 C/KIBZET, 105 CT4# 3 h,
By, FRE TR, 05 30 min, FOEBTE, It
B R . 16 HUR A ARG A R 43.36%~
51.52%, YJE K 48.28%,

2.6.2 HR R R=AREG R S F R R
FRRH R B4 B X 100% . 15 16 UK A bR ifEZ ) o
FEBR LA B2 AT FNEF BRI A R 3, S5 L3 2,
16 LR Fr br E 7 70 b K A 0 5 75 20 33.62%~
144.86% , YJ{E R 71.44% ; BF BB H 05 R R
1.30%~96.00% , YI{HH 43.69% . K IR FE K 25 W JH
2019 4F 11 H KAy (rh2bic Jr ok ot g 42 ) S5 i
il B AR LR (MER WA ) ) iR ifE iz f R AE S
B, TR R 70%~130% 5., WLl a Tk A br i
R B R A B 33.80%~62.76% 5 il K2 T
o i RN R R 1V LA R 4.54% ~8.44% FiI
50.00%~92.87% . WHERI & i M FL 2 AV 53
5124 0.219%~0.39%F11 30.58%~56.80% .

3 iFig

ARG L A8 SRS S G IR SR TR AR 21
HGAR F AR E R AT RPN I 9T, &S T LR
MBI BT TR R | 4R SR A AL A
FAEAR ARG R P R R, Hrh R g
RE] 19 N IE W, JER AR . Bty .
BT . A2 4 N0, B 16 B IRIR A A i
VHRBAT T B, R 16 ML YR R
Fh S5 B i BT A

TELT G B 35 B RO o DL 2R 07, i
G IR S 5 TR A X R 5 48 SR b E 25 R R
BT W D S A R B A L BT BT . BRI
MR 2R 4 ADHsr, PR RERE TR . AT
TSGR R AR AEGRIEG A E, e T3 =
X PIAEL G, FEBhs B AT e B R TN R R 45
b, FRSCENEEGIN T A 114, FE T
R v 7 500 0 5 S AN AR 2R N o R (8 SR B A3 T S
— b ZARARBCR TR AT AR E SR I R B A5
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