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The binding of piprinhydrinate to bovine serum albumin (BSA) was studied in isotonic
Sorensen’s phosphate buffer pH 7.4 at 25+1°C, using equilibrium dialysis technique.
Piprinhydrinate was bound to BSA and the plot was curved indicating the presence of more

- than one binding site on the albumin molecule. At fixed protein concentration the percentage
of bound drug to bovine serum albumin was inversely proportional to the concentration of the
drug. But the binding parameters (binding constants as well as the number of binding sites)
were found to be unaffected as the albumin concentration increased. However, binding
parameters showed no significant difference due to pH change. Phosphate buffer, Gomori’s
tris-HCl buffer and Walpole's acetate buffer have different effect on the binding of
piprinhydrinate to BSA; the values of the binding parameters can be arranged as follows:
Sorensen’s phosphate buffer > Gomori’s tris~HCl > Walpole's acetate buffer. Also, it was
found that chloride ions decrease the amount of the drug bound to BSA. The interaction of the
drug with dextrans (40000, 266000 and 500000) in isotonic Sorensen'’s buffer pH 7.4 was
investigated. No interaction was observed between the drug and the tested dextrans under the
condition of the experiment. Also laevosan and hetastarch showed no significant interaction.

INTRODUCTION

Protein binding is an important factor in the
distribution, metabolism, elimination and activity
of many administered medicaments; only the
free fraction of drug exerts pharmacological

activity. The binding affinity may be important
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in the clinical setting.

Drug binding takes place in the plasma. It
involves the combination of a drug with a
plasma protein, usually albumin, to enhance its
solubility and to facilitate its transport through
the circulation. Protein binding becomes
clinically important when involves a high




proportion i.e. 90% of drug in the blood*®.

- Since binding -process is competitive in
nature, any factor which modifies the nature of
the binding system will modify the extent of
binding of the drugs. Consequently, pH range,
change in buffer ions composition, temperature

change or presence of a second drug may have

a significant effect on drug protein interaction™,

Plasma protein binding, principally to
albumin, may have a profound effect on overall
drug activity. The following effects have become

evident from protein binding investigations: (a)

only free drug (unbound) is available for activity
or tissue distribution; (b) tightly bound drugs
tend to be distributed in a smaller body space or
volume,; (c) marked decrease in protein binding
occur in uremia, hypoalbuminemia and hepatic

bound drugs is a result of glomerular filtration
and hepatic uptake bemg directly proportlonal to
free drug in the serum’.

This study deals with the binding of
piprinhydrinate, an antihistaminic drug, to
bovine serum albumin, dextran, laevosan and to
hydroxyethyl starch (hetastarch), as plasma

substitutes. The factors that can affect the.
binding process were investigated. Comparison

of equilibrium dialysis and ultrafiltration
techniques was also studied |

EXPERIMENTAL
Materials
Piprinhydrinate: (Promanta-Ge,rmany)

bovine serum albumin, purified and lyophilized,
fraction V, molecular weight 67000 (Fluka-

Switzerland). Dextran, molecular weight 40000,

266000 and 500000 (Sigma-U.S.A.). Laevosan, ..
molecular weight 180.2 (Haes-Germany).
Hetastarch (2-hydroxyethylstarch) molecular-

weight 450000 (Fresenius AG-Germany).
Potassium dihydrogen phosphate, disodium
hydrogen phosphate, sodium chloride,
hydrochloric acid, Tris-hydroxyaminomethane,
acetic acid, sodium acetate (Merck-Germany).
Sorensen’s phosphate buffer pH 5.6, 6.2, 6.6,
7.0 and 7.4 were prepared as described in
Docoumenta Geigy'®. Walpole’s acetate buffer'.
Gomori’s tris-HCl buffer 7.4°. Cellulose
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dialyzer membrane (Nadir dialyses schlauch,
diamer 38 mm, pore size 25-80 Ao- Hochest-
Germany). An amicon diaflo ultrafiltration
membranes 10 Y M,, 25 mm Lot Ad 05525 A

(Amicon corporation, Danvers, Ma) -

N Apparatus

Shaker with teflon dialysis cells (Christian -
Albrechts University, Instit. of Pharmacy - Kiel
- Germany). pH meter (Microprocessor pH/ion
meter PM x 2000, Germany). Magnetic stirrer
(Janke and Kunkel Ika-Werk Staufen-Germany).
An Amicon Diaflo ultrafiltration apparatus
(Model 3 Micro-volume stirred ultrafiltration
cell [No. 5106] - England). UV spectro-
photometer (Tegimenta AG., Uvikon 810,

. 243616, Switzerland.).
failure; and (d) the delayed elimination of highly . |

Methods

- Determination of the equilibrium time

The dialysis cells containing the specified
solutions were shaked for several hours in order
to determine the time which is sufficient to attain
the equilibrium: A 2.5 ml of isotonic Sorensen’s
phosphate buffer pH 7.4 containing 4x10° M
(initial concentration) was .injected in the upper
compartments of the cell, 7.5 ml of bovine
serum albumin solution 2.99x10* M was
injected in the middle compartment of the cell
and 2.5 ml of isotonic Sorensen’s phosphate
buffer pH 7.4 was injected in the lower
compartment of the cell. The filling of each
compartment of the cell was done through two

- stoppered side holes. The cells were rocked for

specified periods at 254+1°C in order to
determine the most appropriate period for
carrying the experiment. Samples were
withdrawn at specified periods for analysis. The
absorbance of the free drug was measured
spectrophotometrically at 248 nm. against the
same buffer and plotted against time.

Binding studies of piprinhydrinate to bovine
serum albumin

. The binding of plprmhydrmate to bovine
serum albumin was studied as a function of the
concentration of the drug, pH buffer system and
chloride ion.
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The experiments were carried out using the
equilibrium dialysis technique'’.

Binding of piprinhydrinate with different
plasma substitutes

The procedure for binding studies of
piprinhydrinate t0 bovine serum albumin was
adopted here using dextrans (molecular weight
40000, 266000 and 500000) in a concentration
2%, 4% and 6%. Also, the binding studies of
piprinhydrinate to laevosan (M.wt 180.2) and
hetastarch in a concentration 2%, 4% and 6%
were carried out.

Moreover, in order to verify the results
obtained by the equilibrium dialysis technique,
the ultrafiltration method was also used. No
significant differences between the results could
be demonstrated. Accordingly the equilibrium
dialysis technique was used.

RESULTS AND DISCUSSION

- The experiment for equilibrium time was
conducted at 25°C in Sorensen’s phosphate
buffer pH 7.4. The equilibrium time was
determined for one concentration of
piprinhydrinate 4.0x10° M (initial
concentration). Figure 1 shows that the binding
equilibrium was attained after 8 hours. Table 1
and Fig. 2 show the equilibrium dialysis data of
interaction of piprinhydrinate with bovine serum
albumin in Sorensen’s phosphate buffer pH 7.4
at temperature 25+1°C. It is clear that
piprinhydrinate significantly binds to bovine
serum albumin and that the degree of binding
depends on drug concentration. Figure 3 shows
that at a fixed protein concentration, the
percentage of piprinhydrinate bound to bovine
serum albumin decreases as the concentration of
the drug increases. To determine the binding
parameter K (the association constant) and n (the
number of binding sites available on bovine
serum albumin) the equilibrium dialysis data
were plotted according to Scatchard? (Fig. 3).
The plot is curved, therefore, the data were
analyzed in terms of two classes of binding sites
using the linear regression. The intercepts on the
abscissa represents n, (number of primary
binding sites) and n, respectively from which n,
(number of secondary binding sites can be

calculated). The slope of the first line represents
K, (the primary association constant) and the
slope of the second line represents K, (the

- secondary association constant). The primary

association constant K, is found to be 4.60x10*
M and the number of primary binding sites is
0.68, the necessary association constant K, is
0.70x10* M™* and n, is 0.69 (Table 1). These
results indicate that piprinhydrinate is strongly
bound to bovine serum albumin and are an
important factor in predicting drug kinetics in
the body. Drugs with a binding constant higher
than 4 M have a pharmacokinetic behavior that
is dependent on the binding phenomena
especially when their volume of distribution is

- small®’.

Figure 4 shows the effect of bovine serum
albumin concentration on the binding of
piprinhydrinate. The calculated K, n, and K,, n,
at different bovine serum albumin concentration
are shown in table 2. It is clear that the binding
of piprinhydrinate to bovine serum albumin is
not affected by bovine serum albumin
concentration. Similar results were obtained by
Montero et al.” who studied the binding of
HSA. On the other hand, Diem and Lentzer*
reported that, significant changes in binding of
drug to albumin or blood pH or local change in
organ pH. In this work the binding of
piprinhydrinate to bovine serum albumin at
different pH values from 5.6 t0 7.4 were carried
out. As shown in Figs. 5, 6, 7 and 8 no

 significant effect of the pH changes could be

demonstrated. This finding is in agreement with
that of Bennet and Kirby" in their work on
penicillin. On the other hand this result is in
controversy to the finding of Abd Elbary et al.'

~in their work on phenylbutazone and
- oxyphenbutazone where the binding decreased

with increasing pH. Newbould and Kilpatrick"’
also reported that the binding of sulfonamides to
HSA is pH dependent.

Then the effect of buffer components on the
binding process was investigated by replacing
Sorensen’s phosphate buffer by Gomori’s tris-
HCI buffer pH 7.4 and Walpole’s acetate buffer
pH 5.6°. All buffer solutions were made
isotonic with sodium chloride. It was reported
that different buffer systems vary in their
interference with the binding of benzylpenicillin
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Table 1: Equilibrium diélysis data of the binding of piprinhydrinate in isotonic Sorensen’s
phosphate buffer pH 7.4 at 25+1 °C. |

Starting Conc. _ _ | _ '
e | o | o o]

Tl —rE—— . TR < E—

Bovine serum albumin concentration 2.99x10* M.
C;=  Free drug concentration.

C.,= Bound drug concentration.

r= Moles of drug bound per mole of albumin.

Table 2: Binding parameters of piprinhydrinate to bovine serum albumin in isotonic Sorensen’s
phosphate buffer pH 7.4 at 2541 °C.
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conc. (M)

and phenoxymethyl penicillin to bovine serum tris-HC1 buffer. The primary association
albumin'®. From the data in Figures 9 and 10, it constant K,, decreased from 4.0x10* M to
1s clear that the tested buffer systems have 0.62x10* M when Sorensen’s phosphate buffer
different effects on the binding of pH 5.6 was replaced with Walpole’s acetate
piprinhydrinate to bovine serum albumin. The buffer pH 5.6. This finding is in agreement with
primary association constant K,, decreased from Naoki Nambu and Tsuneji'’ they reported that
4.60x10* M! to 3.51x10 M when Sorensen’s the effect of ion species on the binding of 13
phosphate buffer was replaced with Gomori’s kinds of phenothiazines to bovine serum albumin
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O Comparbtment A
® Compartment C

Drag Concentration x 10° M

+0 +2.8 +5.6 +B.4 1.2 *14.0

Fig. 1: The equilibrium time for the binding of
piprinhydrinate to BSA.
O Compartment A ® Compartment C.

BSA concentrotion 2.99 «10 M
: -5 - 4
Drug concentration from 2.0 «10 Mo 9.0x¥3 M.
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Fig. 2: Scatchard plot of dialysis data for the
binding of piprinhydrinate to BSA in
isotonic Sorensen’s phosphate buffer of pH
7.4.

BSA concentration 2.99x10* M

Drug concentration from 2.0x10" to 9.0x10* M.

BSA concentration 2,99 x 10°% M
Drug concentration from 2.0-155H to 9-046"!4

*103.40
¢ 3338
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Drug Conceatration x 107 M

Fig. 3: Binding of piprinhydrinate to BSA in
isotonic Sorensen’s phosphate buffer pH 7.

BSA concentration 2.99x10* M

Drug concentration from 2.0x10° to 9.0x10* M.
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Fig. 4: Scatchard plot of dialysis data for the

binding of piprinhydrinate to BSA 1n
isotonic Sorensen’s phosphate buffer pH 7.4.
0 7.46x10° M (BSA) @ 1.49x10“* M (BSA)

O 2.99x10* M (BSA).
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>
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Flg 5" Scatchard plot of dialysis data for the

binding of piprinhydrinate to BSA in

isotonic Sorensen’s phosphate buffer pH 5.6.
BSA concentration 2.99x10*¢ M
Drug concentration from 2.0x10 to 9.0x10* M.
O Sorensen’s phosphate buffer pH 7.4
® Sorensen’s phosphate buffer pH 5.6.

BSA concentration 2.96 u1D"" M

., -5
Drug concentration from 2«10 ™M to 9=1

o Sorensen’'s phozphate pH 7.4
e Sorensen’s phosphate pH 6,2

+0.2579 « 0.5157 + 07736 +«1,0
| r (M/M)
KFig. 6: Scatchard plot of dialysis data for the
binding of piprinhydrinate to BSA in
1sotonic Sorensen’s phosphate buffer pH 6.2.
BSA concentration 2.99x10* M

Drug concentration from 2.0x107 to 9.0x10* M.
O Sorensen’s phosphate pH 7.4
® Sorensen’s phosphate pH 6.2.
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BSA oncentration 2.99x10 ~2M .

Drug concentration from ZﬂESM to 9«10 M

O Sorensen’s phaosphate pH 7.4

® Sorensen s phosphate pH 6.6
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Fig. 7: Scatchard plot of dialysis data for the
binding of piprinhydrinate to BSA in
isotonic Sorensen’s phosphate buffer pH 6.6.

BSA concentration 2.99x10* M

Drug concentration from 2.0x107 to 9.0x10™* M.
O Sorensen’s phosphate pH 7.4
® Sorensen’s phosphate pH 6.6.

BSA concentration 2,99 x10"4M o
Drug concentration from 2u1ﬁSM to Sﬂﬁ"-’M .
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Fig. 8: Scatchard plot of dialysis data for the
binding of piprinhydrinate to BSA in
isotonic Sorensen’s phosphate buffer pH 7.0

BSA concentration 2.99x10* M

Drug concentration from 2.0x10 to 9.0x10* M.
O Sorensen’s phosphate pH 7.4
® Sorensen’s phosphate pH 7.0.




BSA concentrabion 2 9104 M
Drug concentration from 2s10 54 to 9:15‘ M

O Sorensen’s phosphate buffer pH 7.4
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Fig. 9: Scatchard plot of dialysis data for the
binding of piprinhydrinate to BSA in
isotonic Gomori’s tris-HCl buffer pH 7.4.

BSA concentration 2.99x10* M

Drug concentration from 2.0x107 to 9.0x10* M.

O Sorensen’s phosphate buffer pH 7.4

® Gomon tris-HCI buffer pH 7.4.
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Fig. 10: Scatchard plot of dialysis data for the
binding of piprinhydrinate to BSA in
1sotonic Walepole’s acetate buffer pH 5.6.

BSA concentration 2.99x10% M -

Drug concentration from 2.0x10” to 9.0x10* M.

O Sorensen’s phosphate buffer pH 5.6

® Walpale’s acetate buffer pH 5.6.

BSA concentrotion 2.99x10°%M
Drup concentration from Zulﬁslnl to 9-‘5" M

O Isclonic Sorensens phosphaie pH 7.4

® Sorensen’'s phosphate pH 7.4 containing no
+ 1207606 sodium choride.

+ 1087505
+$.-6345804
+3A4ASED%
L o 7m0 08
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+4.813 E*04
« 3622804 .

v 2.4 08
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Fig. 11: Scatchard plot dialysis data for the binding
of piprinhydrinate to BSA in Sorensen’s
phosphate buffer pH 7.4 containing no
sodium chloride.

BSA concentration 2.99x10* M

Drug concentration from 2.0x10° to 9.0x10* M.

O Isotonic Sorensen’s phosphate pH 7.4

® Sorensen’s phosphate pH 7.4 containing no

sodium chlonide.

® Ultrafiltration

. 40338404 O Equilibrium dialysis
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+L6YIE 06
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Fig. 12: Scatchard plot of dialysis data and
ultrafiltration for the binding of
piprinhydrinate to BSA in isotonic
Sorensen’s phosphate buffer pH 7.4.

® Ultrafiltration O Equlibrium dialysis.
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was as follows: citrate > succinate > phosphate
> acetate. The binding of phenoxymethyl-
penicillin and benzylpenicillin to bovine serum
albumin has been studied by Keen'® over the pH
range 1.5-10.0 in a variety of buffers. There
was a marked reduction in binding above pH
9.0.

Moreover, chloride ion has been reported
as an endogenous ion affecting the extent of
protein binding of many drugs®. In the present
work, the effect of the chloride ion on the
binding of piprinhydrinate to BSA was
investigated. Figure 11 indicates a significant
effect of the presence of chloride ions. It is clear
that the presence of chloride ions decreased the
amount of drug bound to BSA. The primary
association‘constant K, was found to be higher
in Sorensen’s phosphate buffer than in isotonic
Sorensen’s phosphate buffer, where the latter
was made 1sotonic with sodium chloride. This
finding is in good agreement with that of Janssen
and Nelen? who found that the binding of
sulfaethidzole to both bovine and human serum
albumin decreased by chloride ions. Brown and
Crooks® reported similar finding when worked
on the binding of tolbutamide to HSA in
presence of sodium chloride, where the
percentage of drug bound was decreased by
chloride ions. Whereas, Brock®, reported that
the binding of digoxin to HSA was not affected
by chloride ions.

Lastly the interaction of piprinhydrinate
with certain polymers was carried out. The
interaction of piprinhydrinate with dextran
40000, dextran 266000 and dextran 50000, was
studied. Results revealed that no interaction of
piprinhydrinate occurred with any of these
macromolecular compounds at any of the tested
concentrations. Brorchardt er al.** demonstrated
the interaction of many drugs with dextran of
different grades. The binding of drugs with
dextrans was negligible and not of clinical
relevance (<20%). Also, no interaction of
piprinhydrinate in the presence of laevosan and
hetastarch was noticed. Comparison of equili-
brium dialysis and ultrafiltration techniques for
measuring the free fraction of piprinhydrinate
gave the same results as shown in Fig. 12,
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