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Study on Spectrum-activity Relationship of Flavonoids in Qu Aurantii Fructus for Regulation of
Gastrointestinal Motility

FENG lJinggian!, SONG Jianfeng?, ZHAO Siqing®, XU Liping?, ZHANG Wenting®*, LEI Meikang>(/.School of
Medicine, Quzhou College of Technology, Quzhou 324000, China; 2.Quzhou Institute for Food and Drug Control, Quzhou
324002, China; 3.Huyou Institute of Changshan County, Quzhou 324200, China; 4.Zhejiang Institute for Food and Drug Control,
Hangzhou 310052, China; 5.Quzhou Entry-Exit Inspection and Quarantine Bureau, Quzhou 324000, China)

ABSTRACT: OBJECTIVE To study the spectrum-activity relationships between the HPLC fingerprints and the regulation of
gastrointestinal motility activity of flavonoids in Qu Aurantii Fructus methanol extract. METHODS The models of intestinal
carbon propulsion and contraction models of isolated ileum were established to obtaine the efficacy results of regulating
gastrointestinal motility. The LC-MS was used to identify the components of Qu Aurantii Fructus methanol extract. Multivariate
regression analysis(MRA) and bivariate correlation analysis(BCA) were used to associate efficacy data of Qu Aurantii Fructus
methanol extract with the relative peak area of the fingerprint common peak to analyze the spectral effect correlation. RESULTS
The 12 components were identified by LC-MS, studied by MRA and BCA, to obtain the spectrum efficiency equation
(Y1=52.379-0.255X>+0.335X3-4.499X4+4.308X5+0.750Xs, R?>=0.959; ¥>=0.250+0.013 5X>+0.023 0.3 +0.076 9Xs, R?>=0.921). It
was showed five peaks were the correlated peaks, and 2 of them were significantly correlated. After fitting verification for
different samples substituted into the spectrum-activity equation, the fitting error between the predicted value and the measured
value of the fitting equation was <3%. CONCLUSION  Narirutin(peak 2), naringin(peak 3), naringenin(peak 4),
hesperidin(peak 5) and neohesperidin(peak 6) in Qu Aurantii Fructus methanol extract may be the material foundation in Qu
Aurantii Fructus methanol extract for regulation of gastrointestinal motility, in which naringin(peak 3) and neohesperidin(peak 6)
are significant correlation.

KEYWORDS: Qu Aurantii Fructus; regulation of gastrointestinal motility; spectrum-activity relationship
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Fig. 1 HPLC fingerprint for mixed standard(A) and extract(B)
1—eriocitrin; 2-narirutin; 3—naringin; 4-naringenin; S5-hesperidin;
6—neohesperidin; 7-meranzin hydrate; 8—luteolin; 9—meranzin; 10—nobiletin;
11-tangeretin; 12—auraptene.

-
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Fig. 2 TIC chromatograms of Qu Aurantii Fructus methanol
extract

l—eriocitrin; ~ 2-narirutin;  3-naringin;  4-naringenin;  5—hesperidin;
6-neohesperidin; 7-meranzin hydrate; 8—luteolin; 9—meranzin; 10—nobiletin;
11-tangeretin; 12—auraptene.

®1 BRTFERRAEROLENE L

Tab. 1 Compounds information of Qu Aurantii Fructus
methanol extract
X7 = 3

5 min ”ﬁf‘) b i;‘g((f% WA st
1 18.88 595.0  287.2,150.9 ERIKH Cy7H3,015
2 19.14 581.0  152.8,146.9 SEF MR AT C27H3,014
3 2187 5793  271.0,151.0 Telt i 1 Co7H3,014
4 2256 271.1 151.0, 119.1 Tl fe 2 CisH120s
5 2371 6112  303.2,177.0 1 CasH34015
6 26.85 609.2  301.0,286.0 B R CasH34015
7 31.09 2783  2602,153.1,67.1 KEELNEE CisHisOs
8 36.25 243.0  189.0,130.9 PN Ci5H100
9 4384 2602  188.7 LA Ci5H1604
10 47.65 4032  373.1,353.7 JBRE 3R Ca21Hx0s
11 5043 3732  357.5,343.1 iR CaoH207
12 6195 2983 1735 18 K 3 P iR Ci9H20;3
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Tab. 2 Quantitative fingerprint data of ten Qu Aurantii
Fructus methanol extract HPLC fingerprint

BER: HER TR AR
XX X 65 X X5 X X5 X5 X Xo Xy Xo MK

SI 1.00 1.34 9.67 1.19 1.18 12.34 0.04 0.05 0.10 0.17 0.05 0.03 0.946
S2  1.00 1.62 11.33 1.20 1.20 11.05 0.04 0.04 0.10 0.25 0.04 0.03 0.949
S3  1.00 1.63 10.65 1.17 1.17 10.37 0.04 0.04 0.08 0.16 0.05 0.03 0.970
S4 1.00 147 10.84 1.18 1.18 12.26 0.05 0.05 0.12 0.21 0.05 0.04 0.968
S5 1.00 1.39 7.98 1.20 1.20 8.92 0.04 0.06 0.12 0.22 0.07 0.04 0.938
S6  1.00 1.50 11.89 1.20 1.19 14.19 0.06 0.06 0.11 0.23 0.06 0.04 0.943
S7 1.00 146 1041 1.17 1.17 11.85 0.04 0.05 0.09 0.15 0.05 0.03 0.969
S8 1.00 1.51 10.85 1.17 1.16 11.44 0.04 0.06 0.08 0.16 0.06 0.04 0.963
S9 1.00 1.60 7.72 1.15 1.15 7.23 0.03 0.03 0.07 0.13 0.03 0.02 0.935
S10 1.00 1.36 1042 1.15 1.14 9.67 0.05 0.05 0.07 0.13 0.05 0.03 0.951
SHE 1.00 1.49 10.18 1.18 1.17 10.93 0.04 0.05 0.09 0.18 0.05 0.03 1.000
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B AR RN B (Y)Y, Z5RCEE W3R 3.
2.5 iBRMERH

251 iRz ocmIaaer FIAH SPSS i
TCERAE NE S BT AT A B (PR B P<0.05 4%
I2R), D € i 06 1 A o g T AR ECH A AR
(X), LA/ NI 9% R i 3 TR A o fg A 4 e RS
NS (Y1, Ya), PAZICEPERIAZI A mIH,
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Tab. 3 Pharmacodynamic data of ten batehes of Qu Aurantii
Fructus methand extract in regulating gastrointestinal motility
(xxs,n=10)

. P18 1 3 H 2R
INBRAIEERR (Y)Y BRI S B AONAE (Y2) em

S1 62.87+9.78 0.71+0.17
S2 59.9247.17 0.74+0.15
S3 59.17+7.06 0.67+0.11
S4 61.93+7.37 0.74+0.11
S5 55.14+7.70 0.63+0.12
S6 63.06+8.57 0.79:0.12
S7 60.57+4.18 0.72+0.13
S8 61.58+5.53 0.75+0.11
S9 53.85+8.43 0.61£0.12
S10 59.64+7.05 0.66+0.12

SESE TR o TR A 2R 2 DR A (i

ST B s I pEso R, aR IR 4.

2.5.2 BUEEMIIT  RA SPSS iR as

AT, 1325 AR SE R B P AL
A5 AR IS 2RO R BLBORASE,

2 NI R EADC, XUERARIC T R AE R

SiBSBOT RN R 8, SRR S,

4 EHHE

Tab. 4 Spectral equations

s I

INIBRAAERE R

TR R?

Y1=52.379-0.255X,+0.335X5-4.499X,+ 0.959
4.308X5+0.750X;

BRI 48 RONAE. ¥,=0.250+0.0135X>,+0.0230.X3+0.0769.Xs 0.921

x5 MEAMEEREHELENE EMH K LA
Tab. 5 Bivariate correlation analysis on areas of relative
peak area and pharmacological data

I /J\\%%i)}ﬁ%ﬁi&?% %ﬁ@ﬂ%uwﬁiﬁﬁz{é
HXRE P AHIC R Pii
2 EEMET -0.767 0.035 0.715 0.039
3 T 0.826 0.003 0.893 0.001
4 HigER 0.726 0.028 0.609 0.028
5 BRI 0.713 0.047 0.688 0.036
6 BIEEAT 0.782 0.008 0.784 0.007
7 KAEBENEE 0.424 0.222 0.587 0.074
8  ARBEE 0.416 0.232 0.368 0.295
9 BRI 0.042 0.907 0.133 0.714
10 JIBRKEZE 0.170 0.639 0.320 0.368
1 R 0.406 0.232 0.367 0.294
12 R R NER 0.418 0.232 0.386 0.259

2.6 UG HFEMEUE
PR AT R AR T8 LA [A] 3 b g 5 AR e A
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THEA B b 0% €0 335 e A X e i AR X, %
“2.47 WSCINASEIZRCEYE Y f Y., R 6, N
X RAZIUE T BT 2 TONE Ye, FFHs B0 E
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Tab. 6 Verification results of spectral equations

. e T AR SEMAE I AR/ %
nu Xi X X5 Xy X5 X X Xy X9 Xip Xu Xi Y )8 Yir Yor Yie Y2e
V1 1 1.43 1085 1.16 1.15 12.01 0.04 0.04 0.11 0.18 0.05 0.02 62.52+7.35 0.72+0.17 64.3920 0.7313 2.99 1.57
V2 1 1.57 11.18 1.23 1.21 1242 0.04 0.03 0.12 025 0.05 0.02 63.07+6.17 0.73£0.12 64.7179 0.748 0 2.61 2.47
V3 1 1.53 11.03 1.19 1.16 11.65 0.05 0.04 0.09 0.17 0.04 0.02 63.02+6.19 0.71+£0.13 64.0649 0.7304 1.66 2.88
|Z] 1 1.49 10.96 1.18 1.28 11.99 0.04 0.06 0.09 0.16 0.06 0.05 63.62+6.26 0.72+0.14 64.8686 0.7343 1.96 1.99
Vs 1 1.55 9.82 1.16 1.11 10.89 0.04 0.04 0.07 0.14 0.03 0.02 62.18+6.82 0.67+0.13 63.0040 0.689 4 1.33 2.90
149 1 1.49 991 1.19 1.13 1142 0.05 0.05 0.08 0.19 0.05 0.02 62.09+6.58 0.68+0.12 63.3981 0.700 1 2.11 2.95
3 g B, AR AT B S I RO AE, HED
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