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Thermodynamic Analysis of the Reasonableness of the Fluorescence
Enhancement and Quenching Theory Equations
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Abstract The action of the three kinds of the third generation cephalosporin-class new medicine, cefepime
hydrochroride, cefpiramide and ceftizoxime, with HSA and BSA was studied at different temperature
through fluorescence method. First the binding constants were calculated by using fluorescence quenching
and enhancement theoretical equations respectively, then their thermodynamic functions were also calcu-
lated respectively. Because the K, corresponding to the different theoretical equations are not completely the
same, the thermodynamic parameters calculated from above are different too. In this paper, the difference
among these thermodynamic data obtained from the different theoretical equations have been analysed and
the result shows that the thermodynamic data, deduced from fluorescence enhancement Eq. (4) are more
reasonable. So we propose that even when the fluorescence quenching action of the acceptor-substrate is
studied, more conforming to reality results can be obtained by using the fluorescence enhancement Eq. (4).
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A AZEAHSA). 4-0EEEABSA), L
IRFIROLHE NS, ik, BhRE K Hunt §5 (Cefepime
Hydrochroride)(¢F ), WHMESLRALHRAF. k11
VG B (Cefpiramide)(§1 ), F#kE oK B ML 2k R
BERATR, KAMFEH(Ceftizoxime)(5H ), KEHE
FIARAR. KARFIGN B, SH74
12 EWAEE

HAS, BSA RI=2547/ 0.05 moleL ™" ff Tris-HCI
SrPli(pH=7.4EH, FHRESH A 1X10™ R 2x
1072 mobeL™", RPN, FERKMT, HAS & BSA: %
B 2X107 moleL ™, Hy: B—RMWMBERAEMK
B 5X107 moleL™", 1~6 RIKFEFHH(WRMA 5
WL Z5YBUH). 7€ LS-50B B3 {UPE A 7)) LWl E LY
WEEANFENRFEX. FELEA Hober polystat ccl
temperture bath {EEMEENARE. F Tris-HCI Zrhifk
L 1 em P, BEEMARBKH 280 nm, RETILH
FAMVEER 290~500 nm, #5EEFEAQRARL KL,
WHAYFRKAED DT, E 61 HAS 1 BSA 7E 330 nm
LHBBMRK. BRLE P HLNE HAS #1 BSA &
A 2X1077 moleL M GEMUIAR D 2 mL)R I3 e & 4t
W, RF RS RERIMA YR EREY 5
WL, FEMRE BN T E AR D Wik R F G
WA, EREREER, BREMANEHR
AR EQIULIE HAS B BSA WRE(PJZ
[QVIP] #5. ZRMBHEROFERIOEEWE 1.

1 #E25M45 TTFHH 1 HSA F BSA BHE R A RIHM
R YA B S IR FO MR B R R (FR AR L
e

Table 1 The experimental fl intensity (

values F, of the solution system while titrating gradually and
respectively the three medicines to HSA and BSA solution (Fy) at
25and 45 C°

“t Fo, 1 2 3 4 5 6
HSA:

LT

25/C 534 489 463 431 391 374 353
45/C 420 380 369 346 317 205 279
PXioliN:3

25/C 498 464 442 408 394 369 341
45/C 453 408 383 365 337 316 307
S FUMERE

25/C 662 578 528 476 432 385 —
45/C 466 396 370 330 309 285 255
BSA:

Rk FLAT

25/C 685 561 522 487 453 428 39
45/C 990 772 704 637 576 525 —
ES il 4

25/C 583 467 415 350 317 288 259
45/°C 524 483 411 349 312 278 237
Bl o]

25/C 496 422 357 302 258 234 209
as/c $51 442 396 360 314 279 253

“HAS or BSA: 2X 1077 mol+L ™'; medicine: the medicine concentration of the
system after titrating for the fist time was 5X 10”° moleL ™", then increased by
equal value for 6 times (5 pL every time).

2 EFEEMER

21 FEARTAESN
Stern-Volmer R KB 72:
FyF=1+K5[Ql=1+K[Q] ¢V}

K REVHTRRRFEY, © ERFEERAR IS
A, SEMRSTLH 10 0s™, QIR H K IFH
WIE, Ks=Kgz £ Stem-Volmer ¥ XK ¥ ¥ . #%
Stern-volmer HRE{FEMB L%, REATE %
Kbk, FEWTRRKAFRTREN. BERY, &
Stem-Volmer 7R EERBELH T —ERRRET BE
BR, FAEHERRT, BERLTEERERZEL.
—REAE NG EAR, BRFEEL RO AR
X 4.
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HTHERER, EREY K BRAB-BEREKE-T
FERER. W] FYF XMQIERBER, B2
ARBEEPOERFHERE LK, HER=H
ke A Mg S E AR IE A E O AN
REBHOFEAEERRERLERENE 1R, &
F# 1 TREK FF HQUEEHBELME 1), %#A©Q)
ARGER MR RS EEROKL M, RTE 2

¥RQERTE

1 1, Ko

F—F F FQ
RPHE Y K=K, QREKNKE, FoFI FEH
EHEWRY FRMARKAGHRARE. Bird 3 #
LR FAH S AnEaEafs L Ea kRN
FB RN EERBEELEREE 1), EXQ)
HI(Fo— Py M(QI e BB 2), B ETRER
BEY K E TTE3.
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Figure 1 The quenching curves of three kinds of medicine with HAS (left) and BSA (right)
{a) L ide; (b) Cefpiramide; (¢) Ceftizoxi
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F2 ZHAYS HSA 7 BSA MEHERRE RO R T ERELOK,. BEER K= 1K, RERXRE C RRHHAN S
BYAH, AS, AG T RIEBERARQ)HE 1)
Table 2 Static quenching constant X, dissociation constant Kp==1/K of the three kinds of medicine with HSA and BSA, linear inter-

relation coefficient C and the thermodynamic parameters AH, AS, AG of the ions [based on fl quenching formula (2) from
Figure 1]

# K/(Lemol ') KpfimotsL™) [« AH/(kJomol ') ASf(Jemol'eK™") AG/(kI*mal 'y
HSA:

LAt

25/C 175%10* 571%107 0.9964 —138 76.6 —242
45/ 1.60% 10* 591x107 0.9914 76.5 —257
PRl

25/C 1.52x10* 6.58x107° 0.9949 0 80.0 -238
45/C 1.52x10 6.58%107 0.9923 748 —238
M

25/C 28810 347X107° 09953 —4.81 9.0 —24.0
45C 255X 10° 392x107 0.9944 69.0 —268
BSA:

Sk Hamt s

25/C 202%10° 495X107°  0.9981 159 1350 -5
45/C 302x10* 331X 107 0.9985 1360 -3
Pl

251C 4,02x10* 249107 09982 3.39 100.0 —263
45/°C 438%10* 2.28%107% 0.9953 99.0 —28.2
Pl

25/C 483%10° 207X107° 09992 -89 60.0 —26.7
45/C 3.86% 10 250X107° 09949 60.0 —279

£3 SHZY S HSA B BSA AIMEEEL Ko, SHHRERE C. BREYN K MRENBAFSH AL, AS, AG [ETHLE
RARGN
Table 3 Dissociation constant of the three kinds of medicine with HSA and BSA Kp, linear interrelation coefficient C, quenching con-

stant K, and the thermodynamic parameters AH, AS, AG of the ions [based on fl ing formula Eq. (3)]

i Kpf(moleL™") K(Lemol 'ss™") c AHA(xJomol ) AS/(Jemol sK ™Yy AGi(kFmol ™"
HSA:

BN A .

25/C 7.04X1075 - 1.42X%10" 0.9963 —535 615 —237
45/C 8.09%107° 1.24x 101 0.9976 614 —249
PR3

25/C 833x107° 120x10% 0.9959 180 138 —233
45/C 5.28%107° 1.89% 102 0.9874 138 ~26.0
kR

25/C 4.18X107% 2.39%10% 0.9995 318 945 —250
45/C 3.86X107° 2.59X 10" 0.9983 94.6 —269
BSA:

Fanths

25/C 2.80%107* 3.57x10% 09914 897 17 —260
45/C 223107 4.48%10" 0.9960 117 —283
B3l

25/C 249%107° 402X 10" 0.9982 —205 19.5 —263
45/C 4.18x107° 239X 102 0.9977 192 . —26.6
S fankfs

25/ 279%107% 3.58x 10" 0.9984 287 96.9 —26.0

45/C 2,60%107° 3.85%10' 0.9904 96.8 —279
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Figure 2 The double reciprocal curves of the action of the three kinds of medicine with HAS (left) and BSA (sight) based on fluores-

cence quenching Eq. (3)
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Figure 3 The double reciprocal curve of the action of the three kinds of medicine with HAS (left) and BSA (right) based on fluores-
cence enhancement Eq. (4)
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24 ENZEYS HSA K BSA MIMEEEH Ko, BMHXRY ¢ BXEE K ARENANESH AH, AS A AG [ETFHHE

mEAR@).

Table 4 Dissociation constant of the three kinds of medicine with HSA and BSA Kp , linear i coefficient C, ing con-
stant K, and the thermodynanic parameters AH, AS and AG of the [based on formuia Eq. (4)]
i) Kpl(molsL™") Ky(Lemol 'es”") C AH/(K)+mol "y ASK(Jomol K ™!) AGH(kJ'mol ')
HSA:

P33l o

25/C 403%107° 2.48X102 09977 —247 759 —25.1
45/C 429X107 233x10? 0.9983 705 —249
Pzl 4

25/C 4.18X107° 2.39X10'2 0.9971 —3.45 74.7 —249
45/C 4.57x107 2.19% 10" 0.9983 722 —26.4
Bl

25/C 238X107% 4.20X 10" 09977 ~544 703 —264
45/C 273%107% 3.66X10% 0.9986 703 —218
BSA:

ESilid

25/C 417x107° 240X 10" 0.9995 —19.4 228 —262
45/C 2.55%107° 392107 0.9994 23.0 —26.7
Eialun o

25/C 1.83%107° 5.46x10'2 0.9989 -125 864 —27.0
45/C 1.89% 107 5.29X10" 0.9993 863 ~28.7
sk Handfs

25/C 1.49X107 6.71X10" 0.9985 -7 66.4 —275
45/C 1.81X107° 5.52%10" 0.9997 66.6 —28.9

BSA 747 330 nm AHERBEMNRE. HEHDEHE,
AEARNIEENRER. HARQWE FfF HQUPHE
BENBAREFNEZNE 1. 48 | HE 3 FanS
HSA RIBSA AR E B Ka X R B Cln& 2 &
1 B3, HEMEAERARRE THEA LLHEEE,
RER M 45°TF, ERMEMER, RERBEE
KL

PR b, Stern-Volmer REEFE KB R HEN)SHE
HRBRARQAFEMUMER. ¥ Stern-Volmer 12
FENE-HE, RU/FE-WIOuE, HAEEX
HRTELY. SHERESHETHASKEHRE
B ARXQ), F&, QW K HREFR)M Ks,

54b, Forster MR- AR IHES REHBRIBE
OO b (490 S R 4T IS 55 RS TEAR R B
BHKIEH LEHERN, ATRREFEHRERS
R, SEENER. RGN R R LR
RY, ERARIHEHEHTEE 290~500 nm HE, X
3 MY ERIE. FEERTIFH TR &R P
FEREFEHERIT. X5@ 1 EFREET 3 /e
5 HAS 1 BSA MR B350 R aF W E LM 3

MR AR KER ARG 3 75 HSA
 BSA fERISKBEHIRGE DTSR, BB REN

HE&WE 2. dE 2 EEENMETLSHNERENN
PREERREAXRRIME 3.

B HEERRKFE3) S Sten-Volmer REFRRKFE:
FyF=1+Ku[Ql BIBKER: Ky\=VKp=K,Xn, ¥+,
EMHTFNIEHRR oK 100, BT 1 PH K1
WA EB/=FZ5 HSA F1 BSA MRAERFH K,
R 3. EMERERF LYK FRBKS B
HRRERAH 20X10° molLy s, 1 ERPHIE
ATLLE T, XEHN HEAMRAEKER K, &K
FHEdsslRRER, ATd—SRIET RSB
AZEANERT LS TahARE5 M.

32 ARAMBEEELARFRLNSHEANES

B SCRRI1B R, AR ERE R AR@R 3
FZGHI7E HSA 70 BSA MERIEA, RAR 1 R
B, SR, FYSIREFNELNE 3, #—F
RIETRAIMRBRARGELE 3 FH=AKME
HE5ARAMRERERTSEXTERASHN TH
HMAES TR T, REBEEERTERLRAKE
RHH.

33 ZHERARSERMBIEIF

KMEMLAXFEEAMEABANSOFEA
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EREAMRIZRY, ERARNKNNERER
Ky, TR REFREIMEE ARBHE Ky A LHAE,
AT BB EAIM AN SR BEFTR. REMHR
FEBHORM, TS B R R ENR R
St WHANTARERAXBHNRAFESHHH
& EERRRERTR, HRNBRITAN 5K
Jid:ah Rrpap eokr o '

Bd 2~4 HHAANESEREI WA B TR
HERABENHQ). ORFRMEFENRE). HAGH
TEM: #2K—240F—282Kmol™; XINH—233F
—28.3 klemol ' % 4 —24.9~—28.9 kJemol !, 1L
BERARBRAXFFNLERTE AG<0 HEflth
EBE, RAERREET 3 MkRAHAS A iE
BEAMSLEOEENERTBRHET, K AHHT
B: %2 %—89~159 Kemol ™, %3 $—20.5 & 18.0
Kemol !, 4 % —19.4~—1.25kJemol™", AT, HEF2
HEIPAHFERT EE. HRE-ROMEHBTS
ERN, MEHNTRALE, BE AH ML GE
Wk 4 FREMGOTRE. B, * 4 BEHERKE
EMBERAXDERTAHLE, H As HHE: £ 2
H 60.0~136.0 Jemol eK ™", % 3 % 19.2~138 Jemol e
K, %4245 22.8~86.4 Jomol K", 7EX 2 FE 3
HILT BiA 136, 138 [ AS 1, SRR RI MM T M 19.2
F138Jemol WK HMEXER. Bk, HEMHEME,
REEMA EFHEM B8, A RORNET
AR, WALHFRN=FLAFART LHBE—1
B4 p WEBREFUS, LSS THAKLTHF MM,
I TR AROAE, XAGK TR febht
BEANRAERA, ERARBEEFL, BILERD,
BN & KRR N TR ALE MR, RE S ThRAS 1Y
fn, BATSIEREAEMM, EXHHEENLE, ED
FRZEBAMREE N, KK, BFERRRET, 3

FRAF AR T AR, E4E L8N, ALK
HEANFMmEAZAERREMUY, BNZ @ RN
RANFSHYEORZMIE, MR 4 HHE AS E
EDAMBRBERE, R4 MM RANBELARODEE
BEHEE BHRNEBY, PREEFRAZE-ROH
KHBERRAER, RARMNEXRP2IP HIKNE
BRARDOTURBEFELIFOLER.
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