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ABSTRACT

S ————

; le'llnu ofdimothindene maleate 10 bovine serum albumin (BSA) was studied In- igotonic
sorensen’s phosphate bufter of pH 7.4 at 265°C, using equilibrium: dialysis technlquo.
Dimethindene maleate was bound 1o BSA, and the plol was curved Indicating the prosence of
more than one binding site on tho albumin moloculo, At fixed prolein concontration the
petcentage of bound drug to bovine sorum albumin was Inversely proportional to the
concentration of the drug. Howeveor, the binding parametors wore found to be incroased as the
albumin concentration increased. But, the binding patamotors (binding constants as woll as the
numbor of binding sites) did not change by tho change of pH. Phosphate butlor and Gomon's
tis-L ClLbutter havoe the samae effect upon tha binding of the drug to BSA whilo Walpole's acotate
bufler decroases the binding of the drug to BSA. Also, it was tound that chloride long had no
offect on the binding of the drug 1o BSA, The interaction of the drug with doxtrans (10000,
268000 and f\nmmn‘) in lsotonic Sorenson's phosphate butlor of pH 7.4 was Invostigntod, No
nteraction occurred betwoen the drug and the tostod doxtrans under tho condition ol !!m
oxporiment,  Also, laovosan and hotastaich showed no signiticant offect on the binding
procoss,
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CEXPERIMENTAL
Materinls and reagents :

Dimethindene maleate  (Zyma
Germany). Bovine serum albumin, puri
ficd and lyophitized, Fraction, V. molee
wlar weight 67000 (Fluka, Switzerland),
Dextran, molecular weight 40000,
266000, SO000 (Sipma S A Lacvon
<o, molecular weight 1802 (Haes- Ger
many), Hetastarch (2- hydroxyethyl
strach)  molecular  weipght 450000
(Fresenius AG, Germany ), KL PO,

Na, HPO,, NaCl, HCL, trihydroxyami-

nomethane, acetic acid and sodinm ace
fate (Merck - Germany). Sorensen's
phosphate buffer pil 5.0, 6.2, 0.0, 1.0
and 7.4 were prepaced as described In
Documenta Geigy . Walpole's acetate
buffer of pil 5.6 M Gormori's tris-HCl
buffer of pH 7.4 . Cellulose dialyser
membrane  (Nadir dialyses schlauch,
diameter 38 mm, pore sizc 25-80A7,
Hochest- Germany). An amicon Diaflo
altrafiltration membranes (10 YM 10
25 mm Lot AD 05525 A, Amicon
Corporation, Danvers, MA. 01923 - Ir-
land).
Apparatus

Shaker with teflon dialysis cells :
Christian-Albrechts-University-Instit. Of
pPharamcy-kiel, Germany 9. pIl meter :
Microprocessor pH/ion meter PM X
2000, Germany. An Amicon Diaflo ul-
wrafiltration apparatus (Model 3 Micro-
volume strirred ultrafiltration cell [(No.
5166)- England]. Uy spectrophotometer:
Tegimenta AG. Type @ Uvikon 810-No.
243616~ Switzerland.

Methods :
Binding studies :

Binding studies were carried out
using the dialysis technique method 09,
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Determinntion of the equilibeiom time:

A 25 ml ool imotonic Sarensen's
phosphate hulfes plt 7.4 containing
ax 100 M dimethindene maleate (initial
concentration) wis mjected in the uppes
compirtiment ol the cell, 7.5 ml of bo
vine serum albumin solation 8.96x TREY
was injected in the middle compartment
ol the cell and 2.5 ml ol isotonic Soren-
sen's phosphate buffer wis injected in
the lower compartment of the cell. The
[illing of each compartment ol the cell
was done through two stoppered side
holes. ‘The cells were rocked for speci-
fied periods at 25°C in order to deter-
mine the most appropriate period for car-
rying the experiment. Samples were
withdrawn at a specified periods for
analysis. The absorbance of the free drug
was measured spectrophotometricaily at
258 nm. against the same buffer and
plotted apainst time. Results have dem-
onstrated that 8 hours were found to be
quite sufficient for carrying the binding
parameters.

Binding studies  of dimethindene
maleate to bovine serum albumin and
different plasma substitutes :

The binding of dimethindene ma-
[eate (o bovine serum albumin was stud-
ied as a function of the concentration of
the latter, pH, buffer system and chloride
ion. Also, binding of dimethindene ma-
leate to dextrans, lacvosan and hetastrach
were conducted. The experiments were
carried out as it was described under
binding studies 1.

Again, in order to verify the results
obtained by the equilibrium dialysts
technique, the uitrafiltration method was
also used!, No significant differences
between the results could be demonstrat-
ed. Accordingly the equilibrium dialysts
technique was used.

RESULTS AND DISCUSSION

The equilibrium time was deter:
mined for one concentration ol dimethn”




Table (1) : Equilibrium dialysis data of the
: bovine serum albumin in isotonic
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binding of dimethindene maleate to
Sorensen's phosphate buffer pH 7.4

Starting )
concentration | C.x 105 (M) Cy, x 105 (M) r v/C, (M)
x10° M
1.2847 0.7393 0.5454 0.0061 825
1.4605 0.8605 0.5999 0.0067 779
1.6059 0.9696 0.6363 0.0071 732
1.8422 1.1514 0.6908 0.0077 689
2.0059 1.2787 0.7272 0.0081 633
2.9694 0.0846 0.8848 0.0099 475
4.0421 2.9997 1.0423 0.0116 387
5.0601 2.848]1 1.2120 0.0135 351
5.8176 4.4359 1.3817 0.0154 347
6.9690 5.3934 1.5770 0.0176 326
7.8174 6.0721 1.7543 0.0195 321
9.3930 7.3932 1.9998 0.0223 302
9.9990 7.8780 2.1210 0.0237 301
\ J

Bovine serum Albumin Concentration 8.96 x 10-4 M
C; = Free drug concentration

¢y = Bound drug concentration.

T

= Moles of drug bound per mole of albumin.

Table (2) Binding parameters of dimethindene maleate to bovine serum alhun.nn
in isotonic Sorensen's phosphate buffer pH 7.4 at 25° £ 1 as a function
of protein concentration.

1 TN
Albumin o .
Concentration K, x 104 (MY ny K, x 10* (M )J 2
x10°5M
2.99x 104 5.80 0.03 0.51 0.087
5.97 x 104 7.70 0.020 0.54 gr()):(;
8.96 x 10 9.42 0.015 0.56 : )

‘ - z 10*M
. Prug concentration range from 1.2x 10°M to 1.0z 107M.
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dene maleate 5 x 1070 M (intial concen-
tation). The experiment was conducted
at 257CT i sorensen's phosphate buffer
pl 7.4,

Fig. (1) shows that the equlibrium
was attamed within 8 hours. Table 1 and
Fig. 2 show the equilibrium dhalysis data
of the mteraction of dimethindene ma-
leate with bovine serum albumin in So-
rensen’s phosphate buffer pH 7.4 at
25°C, 1tas clear that dimethindene ma-
leate bound to bovine serum albumin,
and the extent of binding depends on
drug concentration,

Fig. (3 ) shows that at a fixed pro-
tein concentration the percentage of dim-
cthinden maleate bound to bovine serum
albumin decreases as the concentration
of the drug increases. To determine the
binding  parameters k (the association
constant) and n (the number of binding
sites  available on bovine serum albu-
min) the equilibrium  dialysis  data
were plotted according 10 Scatchard!™h
(Fig. 2).

Since the plot is curved so the data
were analysed in terms of two classes of
binding sites using the linear regression.
The intercepts on the abscissa represents
ny (number of primary binding sites) and
2 n respectively from which n, (number
of secondary binding sites) can be calcu-
lated. The slope of the first line repre-
sents Ky (the primary association con-
stant) and the slope of the second line
represents kj (the sencondary association
constant). The primary association con-
stant Ky was found to be 9.42x104 M-!
and the number of primary binding sites
ny s 0.015, while the secondary associa-

tion constant Ky is 0,56210° M|

and n, is
0.075.

- These results indicate
thindene maleate is hound to bovine ser-
un albumin, This is an important factor
m predicting drug kinetics i the body®),
Substances with g binding constant high-
wr thy 4 na-l '
er than 104 M1 hyye 4 pharmacokinetics

that dime-
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behaviour that is dependent on the bind-
ing phenomena(®:12) especially when (he
volume of distribution is small, The ef-
fect of the concentration of bovine serum
albumin on the binding of dimethindene
maleate is shown in Fig. (4). The caleu-
lated ky, ny, ky, and ny at different bovine
serum albumin concentration are shown
in Table 2. 1t is clear that the hinding of
dimethindene maleate is signficantly af-
fected by changing the concentration of
bovine serum albumin. The binding of
the drug increases as the albumin cone-
netration increases. Fig. (5 and 6) show
that at a given drug concentration, the
percentage drug bound, k, and k,, in-
creases with increasing the concentration
of bovine serum albumin. The percent-
age of bound drug was found to be line-
arly related to the logarithm of albumin
concentration and similar results were

obtained by M.A. Mahdy (13,

In the present work the binding of
dimethindene maleate to bovine serum
albumin appeared 1o be not affect by the
change of pH (Figs. 7,8,9 and 10). This
finding is in agreement with that of Ben-
net and Kirby M in their work on new
penicillins. On the other hand, this re-
sults is in controversy (o the finding of
Abd El-Bary et al." in their work on
phenylbutazone and exophenbutazone
where the binding decreases with in-
creasing pH. Newbould and Kilpa-
trick"® also reported that the binding of
sulfonamides to HSA is pll dependent.

The effect of buffer components
Was investigated by replacing Sorensen s
phosphate buffer by Gomori's tris-HCL
buffer pH 7.4 and Walpole's acetate
buffer pH 5.6(%. All buffer solutions
were made isotonic with sodium chlo-
ride. It was reported that different bufler
systems vary in their interference With
the binding of benzylpenicillin and Ph_"_
noxymethlypenicillin to bovine serum 4
bumin U7 But, Fig. (11) shows that QnS
rensen’s phosphate buffer and Gomof(’”'I
tris-HCL buffer have the same effect
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he binding of the drug to bovine serum
oJbumin. This finding is n agreement
with that of Oroszlan and maengwyn-
Davies'!® working on the binding of at-
ropine 10 bovine serum albumin, but
Walpole's acetate buffer (}ccrcases the
- pinding of the drug to bovine serum al-
bumin as shown in Fig. (12). This find-
ing is in agreement with that of Naoki
Nambu and Tsuneji Nagai 1? who re-
ported that the effect of ion species on
the binding of 13 kinds of phenothia-
zines to bovine serum albumin (BSA)

was as follows: citrate > succinate >
phosphate >acetate.

Also, it was reported that chlo-
ride ion affects the plasma protein

binding of many drugs. Wilting et al 20

investigated the effect of chloride ion on
the binding of warfarin to human serum
albumin, the results revealed that the af-
finity of warfarin for albumin was de-
creased in the presence of chloride jon.
Similar finding was observed by Abd

El-Bary et al. 15, who reported that
chloride ion reduces the binding of phe-
nylbutazone and oxyphenbutazone to hu-
man serum albumin. In the present work
Fig. 13 shows that the binding of dime-
thindene maleate to bovine serum albu-
min was not affected by the presence of
chloride ion. This finding is in agree-
ment with that Momburg et al. ?Y, who
studied the binding of cisplatin to hu-
man serum albumin in presence of cho-
ride ions and reported that the bind-

ing was not affected by chloride ions.
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nr anels
BSA concentration 8.85x 10 M

Drug concentration from 1L.2x10¥M to 1,0x10" M

+ 855.0 |
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Scatchard plot of dialysis data for the binding of dimethindene maleate to
hovine serum albumin in isotonic Sorensen's phosphate buffer pH 7.4 at

7oy 0 § P
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Fig. (3) : Binding of dimethindene maleate to bovine serum albumin as a fud
of drug concentration.
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Fig. (4) : Scatchard plot of dialysis data for the binding of dimethindene maleate to

bovine serum albumin in isotonic sorensen's phosphate buffer pH 7.4 as a
function of albumin concentration.
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Fig, (5) : Effect of bovine serum albumin concentration of the bind_i:;fg (}){f
dimethindene maleate in isotonic Sorensen's Ph“p‘_‘?'e s o g
7.4 at 25°C + 1. '
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/
BSA conc. 8:96x107"M
Drug conc 1,2x107°M to 1.0x1074M
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Fig. (8) : Seatchard plot of dialysis data for the binding of dimethindenc maleate to
bovine serum albumin in isotonic sorensen's phophate buffer pH 6.2 at

2SPC 1.
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Fig. (10) : Scatchard plot of dialysis data for the binding of dimethindene maleate
to BSA in isotonic Sorensen's phosphate buffer pH 7.0 at 25°C + 1.
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e Ultrafiltration

o Eguilibrium dialysis.
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Fig. (14) : Scatchard plot of dialysis data and ultrafiltration for the binding of

dimethindene maleate to bovine serum a

Ibumin in isotonic sorensen's

phosphate buffer pH 7.4 at 25°C+ 1.

interaction of dimethindene maleate
with dextran 40000, dextran 266000 and
dextran 500000 was studied. Results re-
vealed that no interaction of dimethin-
dene maleate with any of these macro-
molecular compounds, at any of the
tested concentrations, was occurred. Bor-
chardt et al.??, demonstrated the interac-
tion of many drugs with dextran of

different grades.

In the present investigation the
binding of drugs (o plsama substitute
viz. Dextran was negligible and not
of clinical relevance (< 20%). Also,
no interaction of dimethindene malcate
with laevosan and hetastarch was
demonstrated.

Comparison of equilibriom dialysis -

and ultrafiitration techniques for measur-
ing the free fraction of dimethindene
maleate gave the same results as shown
in Fig. (14).
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