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Spectrum-effect Relationship of Choleretic Effect of Gardeniae Fructus Extract Based on

Principal Component Analysis and Gray Correlation Analysis
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(School of Pharmacy, Jiangxi University of Traditional Chinese Medicine, Nanchang 330004, China)

[ Abstract] Objective: To investigate the effective substance of the choleretic effect of Gardeniae
Fructus, and analyze the relationships between its choleretic effect and the HPLC fingerprint chromatogram.
Method: HPLC method was applied to establish the fingerprint chromatography of 8 batches of Gardeniae
Fructus at different harvest periods. The flow, the content of bile acid, bilirubin and cholesterol in bile were
tested, and then the principal component analysis was used to comprehensively evaluate the total choleretic
effects of Gardeniae Fructus. After the relationships between the relative peak area of the common peaks and the
choleretic effects were explored using grey relationship analysis method, the spectrum-effect relationship of

Gardeniae Fructus was established. Result: The order of the contribution of the chemical components to the
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choleretic effect at the common peaks was as follow (#>0.8) : P9>P14>P26>P4>P30>P6>P1>P10>P5>P24.
Among all peaks, the full wavelength scanning results implied that the peaks 9, 14 and 4 might be iridoids, and
the peaks 26, 30 and 24 might be crocins. By comparing with the standard substances, the peak 9 was finally
identified as geniposide. Conclusion: The choleretic effect of Gardeniae Fructus may be the results of multiple
components and pathways, and the main components in Gardeniae Fructus with the choleretic effect was from

geniposide. In conclusion, these results provide a reference for investigating the material basis of choleretic

effect of Gardeniae Fructus.
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Table 1 t,,peak area and maximum wavelength of common peak of fingerprint
AF T g T AR
No. I IR R K /nm
S1 S2 S3 S4 S5 S6 S7 S8
1 0.389 0.380 0.369 1.440 1.521 0.843 3.885 1.288 1.883 218,260,295
2 0.411 0.135 0.136 0.116 0.249 0.117 0.615 0.232 0.558 238
3 0.436 0.141 0.137 0.789 1.040 0.885 3.145 1.080 2.644 238
4 0.492 0.179 0.163 0.284 0.295 0.429 1.308 0.503 1.361 238
5 0.551 0.031 0.033 0.091 0.118 0.123 0.497 0.156 0.295 223,245,298
6 0.664 0.035 0.031 0.180 0.232 0.175 0.527 0.187 0.496 250
7 0.815 0.075 0.080 0.154 0.153 0.091 0.358 0.187 0.226 218,260
8 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 240
9 1.152 6.772 6.441 14.231 15.347 14.161 42.292 15.266 33.412 238
10 1.524 0.047 0.043 0.093 0.228 0.125 0.257 0.152 0.401 228,255,340
11 1.563 0.044 0.046 0.197 0.219 0.387 1.093 0.451 1.210 237,328
12 1.604 0.113 0.067 0.310 0.275 0.506 1.352 0.438 1.239 230,320
13 1.677 0.067 0.073 0.177 0.158 0.305 0.588 0.315 0.734 238,320
14 1.747 0.056 0.048 0.123 0.113 0.116 0.288 0.085 0.261 240,320
15 1.807 0.029 0.022 0.056 0.067 0.338 0.771 0.285 0.957 250,340
16 1.828 0.126 0.136 0.295 0.285 1.282 3.337 1.071 3.439 260,355
17 1.858 0.027 0.036 0.084 0.081 0.336 0.820 0.340 0.776 250,350
18 1.951 0.371 0.085 0.274 0.152 0.262 0.556 0.383 0.622 238,320
19 2.030 0.033 0.022 0.065 0.047 0.112 0.158 0.101 0.104 265,390
20 2.126 0.710 0.698 0.629 0.745 0.582 2.039 0.721 1.408 232,313
21 2.185 0.232 0.144 0.284 0.435 0.716 1.848 0.836 1.703 240,328
22 2.225 0.079 0.144 0.118 0.537 0.560 2.580 0.682 1.696 218,245,330
23 3.074 0.112 0.139 0.909 1.142 1.016 3.149 1.297 2.980 440
24 3.133 0.043 0.048 0.060 0.099 0.129 0.517 0.186 0.412 330,440
25 3.324 0.020 0.024 0.145 0.241 0.203 0.542 0.244 0.541 440
26 3.399 0.057 0.081 0.135 0.222 0.168 0.403 0.172 0.625 340,420
27 3.557 0.066 0.050 0.091 0.133 0.159 0.283 0.199 0.532 440
28 3.709 0.024 0.027 0.133 0.157 0.189 0.427 0.241 0.538 325,440
29 3.903 0.024 0.015 0.182 0.283 0.250 0.628 0.310 0.709 440
30 4.004 0.016 0.125 0.235 0.272 0.271 0.725 0.279 0.656 256,330,440
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Table 2 Effect of Gardeniae Fructus extracts on bile flow(x + s,1n=8) mL

I
215 ok 0~30 min 30~60 min 60~90 min 90~120 min  120~150 min  150~180 min 180~210 min 210~240 min

&yE| - 0.30+0.04 0.39+0.06 0.41+0.04 0.36+0.03 0.30+0.04 0.28+0.05 0.24+0.05 0.22+0.02
e L H R 0.1  0.46£0.06”  0.50+0.06"  0.40+0.09 0.30+0.08 0.26+0.05 0.32£0.09 0.300.09 0.24+0.08
S1 0.8 0.52+0.04% 0.4240.05 0.414+0.08 0.34+0.07 0.34 +£0.08 0.32+0.04 0.32+0.05 0.24+0.03
S2 0.8 0.59+0.07> 0.59+0.08% 0.56+0.07% 0.54+0.07% 0.49+0.08% 0.45+0.08" 0.42+0.08% 0.40+0.07%
S3 0.8 0.59+0.07 0.59+0.07> 0.56+0.09" 0.49+0.07" 0.43+0.07" 0.41+0.01% 0.37+0.04" 0.34+0.07"
S4 0.8 0.46+0.07> 0.47+0.06" 0.46+0.04 0.44+0.04" 0.40+0.05% 0.40+0.05% 0.37+0.04 0.36+0.03%
S5 0.8 0.56+0.04% 0.52+0.08" 0.444+0.03 0.44+0.05" 0.52+0.10% 0.48+0.09% 0.36+0.06"*  0.38+0.05%
S6 0.8 0.51£0.07> 0.48+0.07" 0.48+0.06 0.52+0.05% 0.50+0.05% 0.47+0.05% 0.43+0.05% 0.40+0.07%
S7 0.8 0.46+0.05> 0.44+0.04 0.40+0.05 0.40+0.05 0.38+0.05" 0.39+0.04% 0.36+0.05% 0.34+0.06>
S8 0.8 0.64+0.07> 0.51£0.07" 0.49+0.06" 0.47+0.06" 0.46+0.05 0.44+0.07% 0.44+0.07% 0.38+0.07%

T 525 A ILEL Y P<0.05,2P<0.01 (£ 3[[ ),

®3 WFHEFRARETRSHEME £ 5,n=8)

Table 3 Effect of Gardeniae Fructus extracts on composition of bile in rats(x + s,n=8)

/g kg

SB R /mol - L

o fiH ] 5 /mmol - L

JRLT Z /umol - L

%5 - 15.56%0.45 0.57+0.12 47.43+5.05
AE LA MR 01 14.64+2.78 0.70+0.07" 99.68+3.66%
S1 0.8 19.67+1.64% 0.69+0.30 57.05+2.00"
S2 0.8 17.82+1.22% 1.23+0.112 48.31+2.08"
S3 0.8 21.03+2.54% 1.00£0.17? 70.88+6.20%
S4 0.8 20.97+2.33% 1.04£0.20? 60.98+6.56%
S5 0.8 18.91+2.18" 1.02+0.10? 53.96+4.60"
S6 0.8 26.66+2.80% 0.96+0.132 71.08+5.49%
S7 0.8 25.86+2.05 1.09+0.262 62.08+6.38"
S8 0.8 18.37+1.53% 0.91+0.132 91.52+6.47%
F4 FIPEIERAMAGRIER x5 IHHLEAESRH
Table 4 Index of choleretic effect Table 5 Linear combination coefficient of principal components
it BWEX,  HytERx, HEBEX, HOEX, . TR A A R
S1 2.91 19.67 0.69 57.05 B-ERS O BIERS S ERS
S2 4.02 17.82 1.23 48.31 B X, 0.674 0.412 0.028
S3 377 21.03 1.00 70.88 IR A2 X, -0.269 -0.237 0.923
S4 3.41 20.97 1.04 60.98 HEL T 0.135 -0.247 0.366
S5 370 1891 1.02 53.96 R4 % X, -0.176 0.890 0.113
S6 3.80 26.66 0.96 71.08 ‘ . ‘ 23 Ch )
S7 3.17 25.86 1.09 62.08 ML S REb I ALK e = T BT
S8 3.82 18.37 0.91 91.52 Z‘:‘ ‘

S48 IF AR M A A — AR RS R Y,

B3R X, IR [ B X AR 4T 3% X B 25 A FR hR i h A

R, ¥=0.532X,+0.073X,+0.097X,+0.297X,. R & |

R 25 A 48 b 115320 A5 2 8 HEAE 1 FI AR AR F 25 4 45
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Table6 Total choleretic effect of Gardeniae Fructus

EERe IR 254 1545
S1 0.83
S2 1.00
S3 1.06
S4 0.96
S5 0.96
S6 1.08
S7 0.95
S8 1.14

18>11>20>8>17>16>15; JL 1l 9, 14, 26, 4, 30, 6,
1,10,5,24 {) KB >0, 800, 47 4 1 22 1% 10 4~ 1§
S BB P 0 3 o 5 () IR -5 00 T ) T80 3%
P L 52 9 516 R HE 7 -

£7 SHAETFIEGEE RIEERSFIEE S5 LHE

Table 7 Correlation between total choleretic effects of Gardeniae

Fructus extract and each characteristic peak area
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2.5.1 JRIAEIEM TR T EE
BUARTR], BT DA B B 1 2 4t R — 2 A TR AN T
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JIT K R TG 2 A SRR R H, 2 a, (k) B, (k) 43 51K
HE 45 L U ) BB 48 Br Ko 4% Jik 1 B2 By R ik 0 T A
BIOTC i A A BE 5 | R WS 5 p R o BE R B FE 0~1
WHUIE , #5 p /)y, JCHR R AR 22 5Bk, IX 43 fig
R, —AE LT p 0. 5,
7 (k) = (minmin| x, (k) = x,(k)| + p* maxmax| x, () -
2 (D)1 (| %0 (k) = 2, (B)| + p- maxmax| x, () = x, (k) | (1)
2.5.3 JRECEKEETFE  SCHE B RE A
AT S5 A X (2) 1R
r=L 3 (2)

18 K 8 5 6 43 Hr vk ST % REOAE 6 R O 4t
THAERL, DL 8 4t R [ SR Wi 0 B - 1) B 25 45 48 A 1k
2% 73, LAME T HPLC P 3 3t A7 06 06 vy AR
Ry B R B R AT B JCBR A3 A, S IR B T A5 R W
T 7. BFET AT SHAT T I A 0 5 R IH L5 A 4R
s 2 36 50 H0 , O B B 1) KN AT A S % e i e kit
AR FH B4 BTk /NI |, 25 1 43 %k A AR A F 7 7k
JEE R R B/ NHE T 43 0 Ol 1 9>14>26>4>30>6>1>10>

+ 140 -

W 5 fp/min FINBER G 8 b
1 6.273 0.8175
2 6.618 0.764 0
3 7.020 0.7817
4 7.919 0.850 4
5 8.869 0.8151
6 10.690 0.818 6
7 13.123 0.776 0
8 16.109 0.664 4
9 18.551 0.909 9

10 24.557 0.816 8
11 25.172 0.680 6
12 25.838 0.774 1
13 27.011 0.777 4
14 28.139 0.854 6
15 29.101 0.583 8
16 29.453 0.608 9
17 29.934 0.611 4
18 31.434 0.690 5
19 32.707 0.724 7
20 34.244 0.674 1
21 35.193 0.773 8
22 35.840 0.717 3
23 49.517 0.772 2
24 50.472 0.805 7
25 53.554 0.743 8
26 54.751 0.8517
27 57.297 0.773 7
28 59.747 0.758 6
29 62.875 0.727 6
30 64.494 0.843 4
3 ifig

3.1 @ik Rl ETHhEA 2N, EE
oh B0 R 26 B LAY 26 A HLIR S AL B R =
RT3, 2R AR AGE 0 9 < 30 o 12 28 B 1) e K
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