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Abstract: This study delved into the inhibitory activity and underlying mechanism of a combination of three flavonoids
against pancreatic lipase (PL), aiming to furnish a robust theoretical foundation for the development of natural anti-obesity
pharmaceuticals. The optimal proportion of these three flavonoids for combination was determined through the use of a
combined equivalent line graph. Subsequently, ultraviolet (UV) spectroscopy and fluorescence spectroscopy were employed
to explore the binding reactions and mechanisms between genistein (Gen), chrysin (Chr), naringenin (Nar), and PL. To
comprehensively elucidate the impact of these flavonoids on the structure and properties of PL, synchronous fluorescence,
infrared spectroscopy, differential scanning calorimetry, and particle size analysis were simultaneously utilised to
characterize the formed complexes from multiple perspectives. The results showed that when the molar ratio of the three
flavonoids was 4:1, the combined inhibitory effect was the most pronounced, exhibiting a synergistic action. Both

endogenous fluorescence and UV spectrum demonstrated that the quenching of PL by Gen-Chr, Gen-Nar, and Nar-Chr was
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static quenching. The corresponding binding constants K, were calculated to be 1.63x10° L/mol, 14.64x10° L/mol, and

7.07x10° L/mol, respectively. Thermodynamic parameter analysis indicated that hydrophobic interaction was the dominat

force in the Gen-Chr-PL complex, electrostatic attraction played a predominant role in the Gen-Nar-PL complex, and

hydrogen bonding along with van der Waals force were the main driving forces in the Nar-Chr-PL complex. The results

from synchronous fluorescence and particle size results indicated that as the concentration of the inhibitors increased, the

hydrophobicity of the complexes decreased. Infrared spectroscopy results indicated that the inhibitors altered the secondary

structure of PL. Differential scanning calorimetry (DSC) results showed that the thermal stability of PL diminished after the

formation of complexes with the three compounds. Collectively, these results suggest that the pairwise combinations of

Gen, Chr, and Nar exert inhibitory effects on PL activity and can significantly alter the structure and properties of PL,

providing new insights for the development of novel PL inhibitors.
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Table 1 Quenching constants, binding constants, and binding sites of Gen-Chr, Gen-Nar, Nar-Chr interacting with PL
[IRLN T(K) K, (x10* L-mol ") Kq(><10'2 L-mol™s™) R, K,(x10° L'mol™") R, n

Gen-Ch 298 3.0749 3.0749 0.9932 1.6398 0.9785 1.1747
en-Chr

310 3.2370 3.2370 0.9888 4.6968 0.9915 1.2754

Gen-N 298 2.8767 2.8767 0.9878 14.6450 0.9926 1.4041
en-INar

310 3.3060 3.3060 0.9917 13.6080 0.9961 1.3793

Nar-Ch 298 3.1243 3.1243 0.9970 7.0697 0.9988 1.3169
T~ T

a 310 2.7162 2.7162 0.9946 1.6928 0.9850 1.1898

T RFIR, Z HEK I fE R A BAHSE R
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298 KF1310K | Gen-Chr,Gen-Nar,Nar-Chr 5 PL
K KT 10° L-mol ™', RS PL YA EAEAEE
5% Gen-Chr, Nar-Chr 19 K, BRI+ s o,
TR AT Hm =115 PL 454 71, Gen-Nar 1 K,
Bl 3 - = T REAIK, 20 Gen-Nar 5 PL W45 & RETT
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Nar, Nar-Chr 4 n {H#23T 1, BB EfT7E PL _E4Y
FATE— D EE RIS S AL
2.6 AHFESBRIEM AR

Gen-Chr, Gen-Nar, Nar-Chr 19 K, 1 K, {H R
EFEmiAs b, BAHES PL WSS & 2R, 2%
JCEEETHA IR TS RUNER 2 . fE 298 K FH
310 K ', =35 PL 245G 19 AG YN fH, 45 S
SN H B PEFT . Gen-Chr-PL 1 AH>0, AS>0, Ut
AH 25 & 2 W B0 g B, 35 B R 5 K A B AR 3R 8,
Gen Fil Chr &P HA R BT K M, BB K ER 5
AL PL AYBi/K 48454 . Gen-Nar-PL Y AH<O,
AS>0, UEHHEE G2 RSN, S AR EAE KSR,
Gen 5§ Nar 455 )5, ENIRFREERT LIS PL K AR
PEEGAT HL AR B AR B 1 AR ELAE T . Nar-Chr-
PL ] AH<0, AS<O 455 2 L, JE 2R B ) 2

2% 2  Gen-Chr, Gen-Nar. Nar-Chr 5 PL A HAE S 2# 45

Table 2 Thermodynamic constants for the interaction of Gen-
Chr, Gen-Nar, Nar-Chr with PL

SN AEAE 103, Nar F1 Chr AY¥23RAT 5 PL R
PR AR, PR 3 L T B &R, HL Nar A1 Chr B35 7K 845t
AT LS PL W57k N4k AyafEfe I EAER . X
LAl G SR 25 S B0 T BT PL 45G R EH]
FIZESE
2.7 ELERAD

[FI2E 225661 W s ISR XS PL 225611 5
[l B8 PR T B B s M B, R IR AN A 6 TR, Ad=
60 nm B IKIEZR L BEBH i . Gen-Chr, Gen-Nar ¥«
BERGNNEE, AA=15 nm & AJ=60 nm | KFZRIMLTE,
FEHH MK 2R (Tyr) FRELFN (A, 2412 (Trp ) % 5555 Bl i
PEXGIN  BRK PR o Nar-Chr ¥ B 38 B, Ad=
15 nm FIEKERS 2 nm, FAHH. Tyr ZR A U855 |
KRG EE, H Al=60 nm B-f ZA4= T 208, Ui Trp
FRIEBL K PEREAG . 38 %) LB PN 70X PL 32
sz, Forh Chr ff7 Trp 5% BG5S v iy PE RS
3R, Nar {175 Trp 5 FGAAEE A B985, Gen Xt
Tyr 5% F5E 09 T4 3 55 ¥ A 52 ), & B0 4100 41 591 X
PL 11 Trp il Tyr FRIEIIA —E M52, iX RUTHE S
I AT GEIE AT AR PL AYCAER, BT e A 52
FITHEER,

F# F/F (PL 043 [R 2B 560 38, F I F,)
I3 R EAFAEFNAAFAESN A0 Y5 50T PL A [R]2E
PeOGER ) S5 EI M E SR, wE 7 s,
AA=60 nm YRR BT Al=15 nm, FHH Trp 5%

(IR T(K) AH(kJ'mol™") AG(kJ-mol') AS(J:mol"K™)
Gen-Ch 208 673498 —29.7495 35,8365 FEATHEXT PL (Y2 K BTk EE K, Trp R L JE Bl Y
en-! T . . > N Y S
310 —33.6596 Tk B 55 X 410 o) 500 BE SR UK, BR G AmI5R) 5 PL Y
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