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ABSTRACT 

Fluorescence quenching studies on sulfaethidole - lysozyme 
interactions, demonstrate that, the binding parameters for the drug 

are greatly influenced by alteration in protein concentration, 

as well as, chgcs in p11’ of the medium. 

concentration, the stoichimtry of the reaction changes asymptotic- 

ally, whereas, no significant change does occur in the other binding 

parameters. Furthermore, the binding affinity of the drug shows 

a pronounced increase, as the pH is reduced from 8 to 5.0, while 

the stoichimtry of the reaction decreases, as the pH is shifted 

towards the acid region. 

On increasing lysozyme 

Analysis of the data obtained in conjunction with alteration 

of hydrogen-ion concentration, provide evidences that, the negative 

charge on sulfaethidole molecules is not an essential factor for 
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874 EL-N IMR 

the drug - lysozyme interactions. Tn addition, it become nscert- 

ained that, the hydrophobic force rather than the electrostatic one, 

is the most form of energy responsible for the bjnding of the drug 

to lysozyme. 

INTRODUCTION 

The binding of ophthalmic drugs to tear proteins, has been 

recognized as an important factor in drug availability, drug efficacy 

and drug transport (1) .  

The tear proteins consist mainly of six fractions namely. album- 

ins ( 3 0 % ) ,  globulins (4%) and lysozyme (3%) ( 2 ) .  To the latter 

fraction, the antibacterial properties of the tears is referred. 

Althoqgh considerable infornnt 

albumin interactions ( 3 , 4 ) ,  however 

on the binding of drugs to lysozyme 

on has becm mnssed on drug - 

there is scarcity of materials 

espccial1.y ophthalmic ones ( 5 ) . 

In a preceding comnunication, the utility of the fluorescence 

quenching as a reliable technique for dctectiori of drug - lysozyme 

interactions Rnd quantitative dcterminati on of the different binding 

parameters, has been well established (6). Furthermore, using the- 

same technique, the binding of a wide range of ophthalmic drugs to 

lysozyme was also recently investigated by El-Nimr et a1 (7,8). 

The objective of the present work is twofold. To investigate 

the binding affinities of the acid drug sulfaethidole with a pKa 5.6 

( g ) ,  to lysozyme in relation t o  certain critcrin of mjor si_gnificance 

from both phamceutical, as well as, pathological points of view. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



STUDIES ON SULFAETHIDOLE a75 

These factors include, effect of some formulation requirements i.e. 

variation in hydrogen-ion concentration of ophthalmic solutions and 

alteration in lysozyme titrc which miy arist’s due to discnse states 

(10). Secondly, to provide additionaL evidence on the mechanism 

of sulfonamides - lysozyme interactions, which may introduce a furth- 

er support for our previousassumptionon sulfamethazine - lysozyme 

interaction model ( 8 ) .  

EXPERIMENTAL 

Materials and Methods 

Hen e-gcq-white lysozyme, 2 times crystallized, lot N o .  E2-3431 

(specific activity 14,170 uni ts/mg) , Schwrtrz/Mrmn, Orangeburg, N.Y. 

Sulfaethidole was a gift of Smith K l y n e  and French Laboratories , 

Philadelphia, PA. All other miterials were reagent grade. Deioniz- 

ed water was used throughout. 

Lysozyme ,and drug - lysozyme solutions were prepared i n  0.1M 

phosphate buffer. 

14,400 (11,lz). The different pH’s were adjusted with a Beclanan 

Digital pH-meter, model 4500 (Beckmul ,  F u ~  lwton, C A ) .  Other cxpe’r i -  

mental conditions were adopted as previously reported (6). 

The molecular weight of the enzyme was taken at 

0 The fluorescence measurements w e r e  carried out at 22 C, on a 

Perkin Elmer MPF-44A spectrofluorimeter (Perkin-Elmer, Norwalk, C T ) ;  

using square quartz cells 1-cm path length. 

length was 305 run (13), with a slit width of 6 run ,  ivld the emission 

w a s  scanned using a slit width of 7 nm. 

The excitation wave- 

For a l l  lysozpe and 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



876 EL-NIMR 

1 00 

75 

I * - 
al V C 
w 
M 50 
0 
I) 
U 
w 

- 
.- 
c m 
01 
- 
K 

2! 

- 

- 

L 250 

A 

-I 
300 350 400 

Wavelength (nm) 

FIGURE 1 

u 
450 500 

Fluorescence spectra of lysozyme and sulfaethidole - lysozyme 
complexes excited at 305 nm and 22OC. 
1 X lo%, in 0.1M phosphate buffer and p H  6.2 

Lysozyme concentration 
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STUDIES ON SULFAETHIDOLE 877 

2 4 6 8 12 

Molar Ratio of Sulfaethidole/Lysozyme 

FIGURE 2 

Relative fluorescent emission at 337 m and 22OC, as a function 
of the mole ratio of sulfaethidole to lysozyme. 
entration 1 X lO-'M, in 0.1M phosphate buffer m d  pH 6.2 The- 
intersection of the terminal slopes is at a mole ratio = 2 

Lysozyme conc- 

o - Experimental curve (a) nnd - Corrected curve (b) 

drug - lysozyme solutions, the emission peak w a s  found to be near 

337 nm. 

at any investigated wavelength or cause ;my significant shift in 

the emission mmirna. 

Figure 1 indicates that, in no instance did the drug emit 

The stoichimetry of the reaction (n) was  determined graphic- 

ally by plotting the relative fluorescence intensity against drug 

to protein mole ratio (Fig. 2). The other binding parameters 
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878 EL-NIMR 

namely, the binding constants ( K )  and the free heal2 of formations 

( n G ) ,  were then calculated (6), after carrying out the necessary 

corrections (14,151, on experimental data (Fig. 2-a),to give the - 

corrected curve ( F i g .  2-b) . 

RESULTS AND DISCUSSION 

The effect of protein concentration on sulfaethidole - lysozyme 
interactions at pH 6.2 is shown in Table 1. It is apparent that. 

at low lysozyme concentrations, the stoichimetry of t-he reactjon(n) 

shows a great increase, whereas the mole ratio at the stoichiometric 

point was found to decrease gradually at relatively higher protein 

concentrations. This finding is in consistence with the observation 

of Attallah <and Lata (15), on steroid - albumin interaction model. 
As regards the other binding parameters viz. the binding constmts(K) 

and the free heat of formations ( A  G ) ,  the data obtained show in all 

cases, no significant changes, suggesting thus the independency of 

TABLE 1 

Binding Parameters for Sulfaethidole - Lysozyme Interactions, as 
a Function of Protein Concentration , at 22OC and pH 6.2 

Sulfaethidole/lysozyme A G  
(M-l) (Kcal M-') Lysozyme concn. ( M )  mole ratio ( n )  

5.0 x 2 .o 12,900 -5.55 

1.0 x 2 .o 13 ,OOO -5.55 

1.5 x 1 .o 12,900 -5.55 

3.472 X 0.5 13,600 -5.58 
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STUDIES ON SULFAETHIDOLE 879 

such parameters on protein concentration over the investigated conc- 

entration range ( 5 X - 3.472 X 10-4M). 

Table 2 and Figure 3, demonstrate also the effect of hydrogen- 

ion concentration, on the binding affinity of sulfaethidole to lyso- 

zyme at a fixed protein concentration (3.472 X 10-4M) 

It would appear from Table 2 that, any change in the hydrqqen - 

ion concentration of the medium, is deeply reflected on the different 

binding parameters. The stoichimfry of Ihc reaction was found to 

decrease at lower pH-values, whereas, increases as the pH is shifted 

towards the alkaline region. Graphic rcymxxmtnf-icm of the binding 

constants, as a function of pH, on a semi-log scale reveals that, 

the binding constant of the drug increases linearly as the pH is red- 

uced from 8 to 5.0 or as the drug becomes unionized (Fig. 3) .  

In the light of the findings obtained, it is evident that, for 

an acid drug like sulfaethidole with a pKa 5.6 (91, the negative 

Binding Parameters for SulfaethidoLe - Lysozyme Interactions, as 
a Function of pH at 22OC. 
in 0.1M Phosphate Buffer. 

Lysozyme Concentration 3.472 X lo-%, 

PH K ( M - l )  D G  (Kcal M-l) Sulfaethidole/lysozyme 
mole ratio ( n )  

5 .O 

6 .2  

7 .4  

8.0 

0.5 

0.5 

1 .o 
1 .o 

24, 500 -5.93 

13,600 -5.58 

8,500 -5.30 

6,300 -5.13 
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FIGURE 3 

Plot of log binding constants for sulfaethidole - lysozyme inter- 
actions, as a function of pH at 2 2 O C .  
3.472 X lo%, in 0 . 1 M  phosphalc buffcr. 

Lysozyme concentration 

charge is not an essential factor for the binding of the drug to 

the cationic lysozyme molecules. In contrast, the unionized species 

were found to have a binding constant to lysozyme of at least an order 

of mgnitude more than the <anions. 

The data obtained in conjunction with the pH-rate profile, appears 

also to put to rest enough evidence on tho mchanism of sulfonamides - 
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STUDIES ON SULFAETH'IDOLE 881 

lysozyme interactions, which support the previous asswnption proposed 

recently by El-Nimr et a1 (81, on sulfmthazine - lysozyme interaction 
model. The authors stated that, for such type of interactions, the- 

binding forces are not primarily due tc; electrostatic interactions, 

as fom2rlg.- pointed out (16,17),  but mainly attributed to hydrophobic 

phencxnena. 

from another view point which indicate that, the hydrophobic force is 

the most form of energy responsible for  the binding of sulfonamides 

to proteins (18 - 20). 

These findings recei1:ing again an increasing support 
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