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Tetracycline Hydrochloride Binds with IHigh Affinity to Warfarin Site (Site-I) on
Bovine Serum Albumin: Temperature and pI Influence the Binding Process
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"Pharmacy Discipline, Life Science School, Khulna University, Khulna 9208, Bangladesh
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Abstract: The interaction of tetracycline hydrochloride to Bovine Serum Albumin (BSA) at various temperatures
and pH values using Equilibrium Dialysis (ED) method was studied. Scatchard analysis of the binding data
revealed the presence of one high affinity binding site with k, value of 1.67x10° M and six low affinity binding
sites with k; value of 1.44x10° M~ at pH 7.4 and 25°C. Site-specific probe displacement data suggested that
warfarin site (site-I) is the high affinity binding site and benzodiazepine site (site-T1) is the low affinity binding
site on BSA for this drug. The high affinity binding site was found to be affected by temperature and pH of the
medium. The thermodynamic data mdicated that the binding process of tetracycline hydrochloride to BSA 1
spontaneous, exothermic and entropically driven. Electrostatic forces, hydrogen bonding, hydrophobic
interactions and van der Waals forces are probably involved in the overall binding process of tetracycline
hydrochloride to BSA. The affinity of this drug to BSA is dependent on the conformational changes of BSA

caused by N-B transition.
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INTRODUCTION

Plasma protemn binding properties are primary
determinants of the pharmacokinetic properties of most of
the drugs such as plasma clearance, half life, apparent
volume of distribution and the duration and intensity of
pharmacologic effect of most of the drugs™. The serum
albumin as one of the abundant carrier proteins plays an
important role in the treatment and disposition of variety
of endogencus and exogenous ligands in blood™?.

The early work of Klotz et al!™ and Scatchard”
formed the basis for investigation of drug protein binding
that has been carried out during subsequent decades. To
understand the nature of drug protein mteraction the
affinity of the drug for proten and number of binding
sites are important. The binding affinity is quantified in
terms of association constant. Since the overall
distribution™, metabolism and efficacy”™ of many drugs in
the body are correlated with their affinities towards serum
albumin, the investigation on drugs with respect to
albumin-drug binding interaction is imperative and of
functional importance.

On the basis of probe displacement method, 1t has
been detected that there exist at least three relatively high
affinity binding sites on serum albumin. These sites are
commonly called the warfarin, the benzodiazepine and the

digoxin sites which are also denoted as site T, site TT and
site III, respectively™™'l Albeit, the high resolution
crystal structures revealed the major higand binding site
on serum albumin®™'? the exact location of many ligands
is still obscure.

The binding characteristics of several drugs and
therefore also the degree of binding to albumm, are
dependent on the composition of the solvent"**. This is
partly due to the occurrence of a conformational change
in the albumin molecule around physiological pH. This
conformational change 1s known as the neutral-to-base or
N-B transition!"*'®. To study the effect of N-B transition
on the binding of tetracycline hydrochloride to BSA, the
association constants for binding of tetracycline
hydrochloride to BSA are calculated at different pH
values by Scatchard"” analysis.

The affinity of drug binding with serum albumin is
wnversely related to the temperature within the range
of 10to 40°C. Sa the binding parameters for the binding
of tetracycline hydrochloride to BSA have been studied
atpH 7.4 as a function of temperature 10, 20, 30 and 40°C.

The purpose of the present study is to estimate the
values of association constants and to characterize the
binding sites on BSA. The work also aimed at the study
of the binding mode involved in the drug protein
interaction and effect of pH on the binding affinity.
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MATERIALS AND METHODS

Drug International Ltd., Dhaka, Bangladesh supplied
tetracycline hydrochloride end Gaco Pharmaceuticals Ltd.,
Bangladesh supplied probes (warfarin sodium and
diazepam). Dialysis membrane was purchased from
Medical International Ltd., 239 Liverpool Road, London
and BSA from the Sigma Chemical Co. Ltd., USA.

Estimation of binding parameters: The association
constants and the number of corresponding binding sites
of tetracycline hydrochloride for BSA were studied by
Scatchard™ method of analysis using equilibrium dialysis
technique".

Three milliliter of previcusly prepared 2x107° M BSA
solution buffered at pH 7.4 was taken mto each of the ten
test tubes. Tetracycline hydrochloride solution (either
107°M or 107°M) was added with increasing velume
to 9 out of the 10 test tubes contaming BSA solution in
each so that the final concentrations of tetracycline
hydrochloride were 0.5x107°, 1x107°, 2x107°, 4x1077,
6x107, 7x107, 8107, 9x107°, 10x10™ and 12x107° M. The
tenth test tube contaimng only BSA solution was marked
as ‘control’. After proper mixing 2.0 mL of solution was
pipetted out from each test tube and poured into
previously prepared semipermeable
membrane tubes. The tubes contaimng drug-protein
mixture were then immersed m ten separate 50 mL conical
flasks containing 30 mL phosphate buffer solution of pH
7.4, These flasks were then placed in a metabolic shaker
and shaking was continued for 10 h at 20 rpm and
25°C to complete dialysis. The concentrations of free
tetracycline outside the membrane were measured by
a UV spectrophotometer (Pye Unicum, England) at a
wavelength of 380 nm!". The shaking time was set at
10 h, which was determined experimentally by trial and
error method. This time was found to be adequate to
complete the dialysis of tetracycline hydrochloride under
the same experimental condition.

In order to assess the effect of temperature on
tetracycline binding to BSA, the similar experiment was
carried out at various temperatures (10, 20, 30 and 40°C) at
pH 7.4. To study the N-B transition the bmnding was
studied at pH 6.4, 7.4 and 8.4 and at 25°C.

ten  different

Characterization of binding site of tetracycline
hydrochloride using site specific probe: The binding
sites of tetracycline on BSA molecule were identified
using the site-specific probes, warfarin for site-I™*" and
diazepam for site-TI*. Warfarin sodium sclution (0.001M)
was added to seven out of the eight test tubes containing
3 mL of 2x107° M BSA solution in each so that the final

protein-warfarin ratio was 1:1(2x107° M: 2x107° M). The
eighth test tube was marked as ‘control’, which contained
only BSA solution. Tetracycline hydrochloride solution
{either 107°M or 107°M) was then added with increasing
concentrations 1into seven out of eight test tubes
containing protem-warfari (1:1) mixture to have the final
ratios of protein-warfarin-tetracycline hydrochloride: 1:1:0,
1:1:1,1:1:2,1:1:3,1:1:4, 1:1:5and 1:1:6. That 1, tetracycline
was not added into the first test tube. After proper mixing
2.0 mL of solution was taken from each test tube and
poured into eight different semi permeable membrane
tubes. The tubes were then immersed in seven separate
50 mL conical flasks containing 30 mL phosphate buffer
solution (pH 7.4). After proper shaking in a metabolic
shaker for 10 h at 20 rpm and 25°C, concentrations of free
warfarin  were measured by a UV spectrophotometer
{Pye Unicum, England) at a wavelength of 308 nm'¥. The
reverse experiment was also carried out to observe the
effect of warfarin on tetracycline binding to BSA.

Similar method was followed for diazepam. The
concentrations of free diazepam were measured by UV
spectrophotometric method at a wavelength of 242 nm!*.

Estimation of thermodynamic parameters:
Thermodynamic parameters  of  tetracycline
hydrochloride-BSA interaction were determined by the
method of Pedersen™ using the van’t Hoff plots
constructed at four temperatures 10, 20, 30 and 40°C. The
dependence of high affinity association constants on
temperature made it possible to calculate the values for
thermodynamic parameters involved in the binding
process.

RESULTS AND DISCUSSION

Estimation of binding parameters: Scatchard analysis of
tetracycline hydrochloride at pH 7.4 and at 25°C is
shown in Fig. 1. Scatchard plot of the ED data resulted in
a non-linear curve illustrating the presence of both high
affinity and low affimty binding sites on the protein
molecule. Tt is evident from the Fig. 1 that the number of
high affinity binding site (n,) for tetracycline
hydrochloride is approximately one (low capacity) and the
number of low affimity binding site (n,) 1s approximately
six (high capacity). The high affinity association constant
(k,) and the low affimty association constant (k,) were
found to be 1.67x10° M ™" and 1.44x10°M ™', respectively.
The association constant for high affinity binding site
was about 12 times higher than that for low affinity
binding site at the experimental temperature and pH.
Binding parameters of tetracycline hydrochloride to BSA
at various pH values and temperatures are shown in
Table 1 and 2.
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Table 1: Binding parameters of tetracycline hydrochloride bound to BSA at different pH values at 25°C

Association constants

Number of binding sites

pH k; ¢high affinity) x10F M k; (low affinity)x10° M™! ny ¢high affinity) 1, (low affinity)
6.4 2.4540.30 1.70+0.30 1.10£0.10 5.30+0.50
7.4 1.67+0.10 1.44+0.40 1.40+0.10 5.70+0.60
8.4 2.2040.30 2.2040.30 1.00+£0.09 4.40+0.50
Table 2: Binding parameters of tetracycline hydrochloride bound to BSA at pH 7.4 and different temperatures

Association constants Number of binding sites
Temperature k; (high affinity) x10° M~ k; (low affinity)x10° M~ ny (high affinity) n; (low affinity)
10°C 2.5540.30 2.30+0.30 1.00+0.10 5.20+0.0.40
20°C 2.0040.10 4.30£0.10 1.60+£0.10 3.90+£0.20
30°C 1.67+0.20 1.40+0.30 1.40+0.04 5.90+0.30
40°C 1.62+0.30 2.3040.10 2.10+£0.05 5.80+£0.30

Table 3: Thermodynamic parameters for tetracycline hydrochloride-BSA interaction at pH 7.4 and 25°C

—1

Drug Free energy change, AG Cal mole

Enthalpy, AH Cal mole™ Entropy, AS Cal mole K™

Tetracycline hy drochloride (-) 8468+6.25 (-)3497+0.6 (+) 16.68+0.35
Each value represents the average valuet8D from three experiments
307 5001
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Fig. 1: Scatchard plot for the binding of tetracycline to
BSA atpH 7.4 and 25°C
Concentrations used:
[Tetracycline]=2-8x10~°M

[BSA]=2x107"M;

Identification of binding site: In the present study,
binding sites of tetracycline were determined by using
probe displacement method where warfarin and diazepam
were used as site-l and site-Il specific probes,
respectively. To characterize the binding sites the free
concentration of warfarin and diazepam was measured
upon addition of tetracycline hydrochloride. The
experimental results are summarized in Fig. 2, which shows
the change in free concentrations of warfarin and
diazepam by tetracycline. Free concentration of warfarin
bound to BSA (1:1) was increased from 100% (as % of
mitial) to 436.7% by tetracycline hydrochloride when the
tetracycline hydrochloride-protein ratio was increased to
6:1. In contrast, under the same experimental condition the
free concentration of diazepam bound to BSA (1:1) was
mereased from 100% (as % of imtial) to 286% by
tetracycline hydrochloride. This was evident from the
Fig. 2 that increment in the free concentration of warfarin

[Tetracycline HCI/[BSA]

Fig. 2: Free fraction of warfarin (+) and diazepam (4) as %
of imtial upon addition of tetracycline at pH 7.4

and 25°C

Concentrations used: [Warfarin  sodium]
[diazepam] = [BSA]=2x10" M, [tetracycline] =
0-12x¢107° M

sodium was obviously greater than that of diazepam by
tetracycline  hydrochloride.  This  suggests  that
tetracycline hydrochloride preferably binds strongly to
site T (warfarin site) compared to site 1T on the BSA
molecule. As the displacement of diazepam is also quite
enough this further suggests that tetracycline
hydrochlornde also binds to site II on BSA molecule to a
lesser extent.

To characterize the binding sites, the reverse
experiment was also carried out where free concentration
of tetracycline was measured upon addition of warfarin
and diazepam respectively as shown in Fig. 3. Free
concentration of tetracycline by warfarin was increased
from 100% (as % of imtial) to 470% when the warfarin-
protein ratio was increased to 6:1. In contrast, under the
same experimental condition the free tetracycline by
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Free fraction of probe
ag % of initial

[Probe]/[BSA]

Fig. 3: Free fraction of tetracycline as % of imitial upon
addition of warfarin (+) and diazepam (a) at pH 7.4
and 25°C (Reverse Experiment)

Concentrations used: [Tetracycline]=
[BSA]=2x10 M, [warfarin sodium ] =[diazepam |=
0-12x107° M

157
14.87

L1461 Slope
=1.76

1441

1427

14 -

3 31 32 33 34 335 36 37 38
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Fig. 4: Effect of temperature on high affimty association
constant of tetracycline bound to BSA at pH 7.4

diazepam was increased from 100% (as % of mitial) to
350%. Here it 15 obvious that the increment in the free
tetracycline concentration due to displacement by
warfarin is higher than that due to displacement by
diazepam. This reverse experiment also supports the result
of the previous experiment.

Effect of pH on association constants: Binding parameters
for the binding of tetracycline hydrochloride to BSA at
various pH values (6.4, 7.4 and 8.4) at 25°C were studied
and the results are summarized in Table 1. For tetracycline
hydrochloride the wvalue of high affinity association
constant, k;, decreased with the increase of pH from 6.4 to
7.4 and then mcreased when the pH was further increased
to 8.4. BSA is said to undergo conformational changes at
the physiological pH range (pH 6.4 to 9), commonly
referred to as N-B transition’. At pH 6 BSA is almost
entirely i neutral form, whereas 1t 1s almost entirely in the

basic form at pH 9. When the protein is in the
B-conformation, fewer protons are bound to BSA than
that in the N-conformation. The high affinity binding of
tetracycline hydrochloride seems to be affected by N-B
transition. This is why the binding of tetracycline
hydrochloride to BSA has been affected by pH changes
of the medium from pH 6.4 to 8.4. Besides, the differences
1n effect of pH may be due to structural modification of
protein molecule. For this reason, at a certain pH the
binding site for drug are more suitable or properly
accommedating and at other pH values these binding
sites become less convement and less accommodating to
the drug in concern.

Effect of temperature on binding parameters: Binding
parameters of tetracycline hydrochloride bound to BSA
were also determined as a function of temperature (10, 20,
30 and 40°C) at physiologic pH 7.4 (Table 2). Tt has been
observed that the high affimty association constant of
tetracycline hydrochloride at pH 7.4 decreases as the
temperature increases from 10 to 40°C (Fig. 4). A linear
relationship was found between temperature and the
value of high affimity association constant. This result
complies with the previous results obtained for other
drugs bound to BSA that the affinity of drug binding is
inversely related to the temperature within the range of
10 to 40°CU7. And it can be inferred that high affinity
binding of tetracycline on the protein molecule takes place
more firmly at low temperature than at high temperature.

Mode of binding: The binding mode of tetracycline
hydrochloride has been evaluated on the basis of
thermodynamic data as shown in Table 3. There was
essentially four types of non-covalent mteractions that
are involved m ligand binding to proteins. These were
hydrogen bonds, van der Waals forces, hydrophobic
forces and electrostatic interactions™*1. Table 3 shows
that for high affinity binding of tetracycline hydrochloride
to BSA, AH (enthalpy change) 1s negative which implies
that the bmding process of this drug to BSA s
exothermic. The negative sign of AG (Gibbs free energy
change) values indicate that the binding of tetracycline
was  spontaneous. The high positive value of AS
indicates that the unfolding of albumin molecule
during ligand-albumin binding process requires energy
for breaking or bending some bonds of the albumin
molecules. Thus the reaction would be endothermic. But
negative value of AH stands agamst this possibility of
unfolding the protein molecule at the time of drug’s
binding. For typical hydrophobic interactions, both AH
and AS, should be positive, whereas for van der Waals

forces and hydrophobic bonding formation in low
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dielectric medium, these enthalpy and entropy changes
should be negative™. For actual and true electrostatic
interactions, AH is expected to be negative or very small
or zero™. Therefore the very low and negative value of
AH suggests that high affinity binding of tetracycline
hydrochloride to BSA might mvolve electrostatic
interactions. The negative value of AH also indicates the
clue that van der Waals force and hydrogen bonding may
be present. The positive value of AS indicates the
presence of hydrophobic mteraction.

The value of AS was found to be positive and the
major contribution to AG arose from AS term rather than
from AH. This suggests that the high affinity binding of
tetracycline hydrochloride to BSA was entropically
driven.
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