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Abstract: In order to study the effect of the interaction between drugs and pepsin (PEP) on the
pharmacodynamics and digestive ability of stomach, the spectral determination was established under
simulated physiological conditions. At 298, 310 and 318 K, the interaction mechanism between pio-
glitazone hydrochloride(PGH) and PEP was studied by fluorescence, synchronous fluorescence and
molecular docking simulation. The results showed that a stable 1: 1 complex was formed between
PGH and PEP by electrostatic force and hydrogen bonding in a static quenching manner. Tyrosine
residues( Tyr) and tryptophan residues(Trp) in PEP were involved in the reaction. The binding of
PGH-PEP had positive cooperativity effect on the subsequent ligands. The results showed that when
patients took PGH 15 - 45 mg, the drug binding rate in gastric juice was 0.0013% —0.0032% ,
which was very small, that is, the combination of PGH and PEP had little effect on PGH. The
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binding rate of PEP was 69.76% —87.37% , that is, PGH reduced the free PEP by 69.76% -87.37% ,
indicating that PGH would affect the digestive function of the patients. Molecular docking technique

showed that the best binding site between PGH and PEP was located at the catalytic active site of

PEP, and the interaction between them changed the microenvironment of amino acid residues in PEP

catalytic active center.

Key words: pioglitazone hydrochloride; pepsin; interaction mechanism; fluorescence spectroscopy; molecular docking
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PN 5 HIA) , R PGH 5 PEP J )7, fifi
%+ PEP BB K AR I

i85 H Stern-Volmer™ J8 K & %k Ky, AR K
AR b, 5 IR B AR DG W] DX 43 HOAE
GINR

Fo/F =1 +k7[Q] =1+Ky[Q], (1)

o Fy F 535170 AR 2R E 7,



924 % ok % M 4540 %
700 AL QAN FHTHIF A (L9 107 ) T
5 600 1 TR, RINRIE RS RS TR 1, ik
< 500 | 1 AT, Koy 5 e, (AR T TP g SR 35
7 400 ? AT LR FR 7 5O A R AN R T 9
: 30 b FIRT 2 I 9053 F U BRI e
£ 200 B(2.0x10° L - mol ™'+ s™)™ @ ENE T %Ik &
= 100 AR K AL R e A K R E A
0360 32‘0 34‘10 3(;0 3é0 460 4éO 440

A/nm
CH_:PZZ.O><1076 mol/L, 1 ~9 Cp; =(0, 2.0, 3.0, 4.0,
5.0,7.0,8.0,9.0, 10.0) x 10 mol/L

N TP RBIEEH (K, SN
(n) S5 E,BAAR (2) " AL R —IEFIA
1.

) R F,-F\ _ F,-F
K1 PGH-PEP [5G G (T =298 K, A, =280 nm) lg( i )— nlgK, + nlg{ [D] -n i [BJ}’
Fig. 1  Fluorescence emission spectra of PGH-PEP system (2)
(T=298 K, A, =280 nm)
%1 ARIBET PGH-PEP (&R HE R RS
Tab.1 Quenching reactive parameters of PGH-PEP system at different temperatures
A, /nm T/K k/(L+mol™" «s7") Ky /(L + mol™") T K/(L-mol™") n r,
298 4.81 x10" 4.81 x10° 0.995 5 4.57 x10° 0.89  0.9949
280 310 4.09 x 10" 4.09 x 103 0.999 5 3.63 x10° 0.98 0.993 5
318 3.30 x 10" 3.30 x10° 0.997 8 3.02 x10° 0.94 0.995 3
298 3.71 x 10" 3.71 x10° 0.994 4 3.39 x10° 0.94 0.992 5
295 310 2.94 x 10" 2.94 x10° 0.998 3 2.57 x10° 0.88 0.998 2
318 2.37 x 10" 2.37 x10° 0.994 6 2.19 x10° 0.8  0.9985
ry RITRE Fo/ F-[ QVRIRMERRE R B, IR 1g[ (Fy - F)/F]-1gi [D,] —=n[ B 1(Fy - F)/F} FIREPEARC REL,
Hop [D M B 145 PGH #1 PEP BVREE, 1Y Trp 3RIES 5 RN R K,
Phlgl (Fy - F)/F| %t 1g{[D,] =n[B](F,-F)/
FI AR ARGEARRARBAT 8 5] 0 A0 K 65 F 1o $295
F1, AR =~ 1,340 PGH 5 PEP 254 0.9f .
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F0. 99, ULEA T 04 10 7] S5k DL RT3 45 SR 1 o
Wk, B2 4 PEP H ) Tyr A1 Trp 532 51%
Bl BRI 2 AT, A, =280,295 nm A A3 K il £k
WHES, I H A =280 nm G KR
A, =295 nm B K BEWITE PGH 5 PEP 454 1y id
i PEP 1Y Trp 5 Tyr 3232 i H PEP

Copp =2.0 x 107° mol/L, Cppy =5.0x107° ~1.0 x 107*
mol/L

K2 PGH 5 PEP fERIBMIXIZOL I (T =298 K)
Fig.2  Relative fluorescence curves of the interaction be-

tween PGH and PEP( T =298 K)
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Fig.3  Synchronous fluorescence specira of PGH-PEP system

(T=298 K). (a) AA =15 nm. (b) AA =60 nm.
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(298 K).0.67% ~0.53% (310 K) .0.57% ~
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5 PEP W54 %F PGH [ 253501 52 AR /1N, AT LA
WA W(B) I A 8. 31% ~31.23% (298
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(318 K) , Al WLBEi#% PGH ¥ JEH K A LSS I
Ko PA310 K dE 6. 73% ~ 26. 53% Jy 1], F W
PGH 5 PEP W45 & ¥4 i 15 PEP i 25 ¥ B2 Jai /s
6.73%~26.53% , Bl i1 T PGH 5 PEP f{45 4 i 15
PEP FA%7 25 B R 100% kN8 93.27% ~73. 47%
1 I AT HEDT PGH 5 PEP H45 & 1E #2015 3
HITH AL RE Sy = — e B2, B R = Q/B, 51 )
PLW(Q) R W(B)X RAEE K 4, MIE 4 Hhr]
DVE B IR R T, W(Q) EAR/ N, 2 R BE
@Hm w(B) [ERKHEFA &S, X310 K
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A i AR R RS TR 25 BB W (Q) =
2.088 x 10 °R* = 0. 0048R +0. 718 , M X R %k r =
0.999 3;W(B) = —0.0029R*> - 0. 6689R +0. 3670,
R Er=0.999 7,

PGH 152 B Al I3 5 B UK 15 ~ 45 mg, A
TR B W 4% 50 mL 315, W] PGH 78 B i ik B2 Ry
7.64 x107* ~2.29 x 10 ~* mol/L, PEP 7 & &
R 2.6 x107° ~4.3 x10~° mol/L"™ | i sci:
JTiS 310 K 19 K MR AF(8) ((9) 1157,0.0013% <
W(Q) <0.0032% , fHAE & /)y, R PLLI PGH 5
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Fig.4 Binding rate of PGH and the binding rate of PEP

A5 69.76% <W(B) <87.37% $UHAR K, %
WA PGH J& , FH >k e T8 A6 A F 09 i 25 PEP
) 30.24% ~12.63% , HHULHEN B TR FH PGH /5
PGH 5 PEP %56 1517 25 PEP Wk B K B %
%, %55 AR A T Ak g 7 ™ E R R AR
PGH Z Ji5 Al BE 5 | 280 MKk D) K 8 AN 38 4
X5 PGH 24¥1ii BB IR A PGH BT | B &6 &l
YERARAT
3.4 PGH 5 PEP xZM{ER HZER

HIAZR B HHBE(AG) J& (AH) FIR (AS) ok
TR R R 1R g 28 B0 o] 5 g s oK
(10) Y R Z 1 hORFNREE T A KBTI,
SR TR2.

AG = - RTInK = AH - TAS, (10)

Y 2,AG <0 FH PGH-PEP {41 H.1E H AT LA
F & EF T 5 AS >0 R ] PGH-PEP 941 H. 1
SRR s AH <0 B PGH-PEP H45 4 J& i
PR TR T AN A T RN AT B T e
PGH 5 PEP 45& 88 13855 s %4518 5% 1 K b
T FE T =i AR Ss e —3% ., [FAF AS >0 ,AH <0,
#£W PGH 5 PEP 45 & /EH LA H 5] J1 R
3‘5[23] .

*2 AEIZET PGH-PEP AR NFESH

Tab.2 Thermodynamic parameters of PGH-PEP at different temperatures

A,/nm /K K./(L - mol™") AH/(kJ - mol™") AS/(J - mol ™' - K1) AG/(kJ + mol™")
298 4.57 x10° 15.80 -20.88
280 310 3.63 x 10° -16.17 15.98 -21.13
318 3.02 x103 15.77 -21.19
3.5 PGH 5 PEP & ZHthEH: Y/(1-Y) =0/(0,-0), (12)
FIH Hill R Hill 250, Q =1-1U1, (13)
gl Y/(1 =Y)| =1gK, +nylg[L], (11) 1/Q X 1/ LIEE M #E R 1/Q,,, PGH-PEP {&

Y F K, 70 85 S A B 455 R o

A 0 REERIIL 3, 0 KT 1 IR —Fh

*®3 AEIEET PGH-PEP A Z i Hill &R
Tab.3 Hill coefficient of PGH-PEP system at different temperatures

A, =280 nm Ay =295 nm AA =15 nm AA =60 nm
T/K
Ny 3 ny s ny ) ny 3
298 1.03 0.996 3 1.02 0.994 4 1.02 0.996 6 1.03 0.9915
310 1.08 0.991 7 1.04 0.992 9 1.04 0.993 2 1.06 0.9957
318 1.15 0.990 1 1.09 0.998 6 1.12 0.991 8 1.05 0.998 8

ny 9 PGH-PEP /KR 1 Hill B85, A FE 1g[ Y/ (1 - Y) 1-1g L] IRMEHI R B,
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25 GA R TJE 4B B S PEP 256 50, <1 £
AR B T 4k AR 2 [ Sy 67 i )4 R
PGH-PEP fI45 & ANFI T 5 4k LA F1- 5 PEP 454,
ny =1 FORE—FIECIR S J5 4k B 2 6] Z D3 [
YEFIED PGH-PEP [ 45 &5 AN 52 ) Ji5 4% e 7K 11 5
PEP 254, 3R 3 A8 AT A1 ny 76 1. 02 ~
LISYEBEI N, BB KT 1, el LLUi Bl PGH
5 PEP Z5 & Ja X R gk BiiA 5 PEP 254 Ref% r A=
—E MR AR . PR AR 2 R — 5,
3.6 HFXE

PEP [ " RLEFIA 4 REH I X 40 1 X 458,

b) ’Em

K5 PGH 5 PEP AHEAR RG5> T X2, (a) PGH 5
PEP &EVEHIXE; (b) PGH &5 PEP 3L .0 & A
PRI E LRI

Fig.5 Computation docking model of the interaction between

PGH and PEP. (a) PGH located within the hydro-
phobic pocket in PEP. (b) Detailed illustration of
the amino acid residues lining the binding sitein the

PGH and PEP cavity.
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A KN 0.213 4 nm, G5ETOERER 2
Eah i nl L PGH-PEP (R R 45 G2 s 5|
SAsVE R RIS PGH 5 PEP M4 &1 55
TE Trp F1 Tyr 5% LRI 5B PGH BERE i PEP &
AR, Hh I T LA A 201 X 2 ) 45 R 5 98
JeRAERIE 8, MWE 5(b) R LIE ) PGH
J BB Y R L AR HR 3L A1 2 ASP215 il ASP32, Itk AT
UL PGH 5 PEP W45 &0 B T PEP AIMEAL T M
P siAL

4 % #

PLBE 3 1 A o F A E R R34 T PGH
5 PEP Z (B (W AHBAEF, 857 T PGH-PEP {4
ANEEARER 45 BAE ] PGH BEHS [ & MO 75 # H,
SIS EEER IR T 5 PEP 454, 7 HAXL
AN ENR A GO S AT PEP BT
Pt ib . PGH-PEP & & W 1 A4 i fifi PEP &
O SE A GRS & A s, LT 4k 25 W A7 A I
EER, WA BOTE TERAS AR
YIgEA R EE R T PGH 5 PEP Ay A T AE ]
X 252 AL T RE RO RE I, PGH 5 PEP A
ARG s T A B 25 5 B 2 it &
KIHAR SR, Bk P,
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