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Abstract—The interaction of antibiotic oxytetracycline constant provides the information required to calculate

hydrochloride (OTC) with calcium chloride has been
investigated by conductometric, spectrophotometric and in-
vivo, methods under equilibrium conditions. The interaction
of OTC with calcium ion in water and in methanol solvents
has been found to form two complexes 1:1 and 2:1 (metal to
ligand molar ratio) conductometricallyand the values of K;
has been calculated from conductivity measurements at
293.15, 298.15, 303.15 and 308.15 K, Gibbs free energy of
formation, enthalpy and entropy change of complexation
were determined from the temperature dependence of the
formation constant. Also K; calculated from the absorption
spectra of CaCl, — OTC complexes in methanol solvent at
293.15 K indicates the formation of 2:1. In case of in-vivo
studies there is no significant change was observed in the
mean value of serum ionized calcium of the treated rats, this
indicates that the values obtained from Conductometric and
spectrophotometric studies are accepted because the
stability constant values were found to be in biologically
active range. All values are discussed.

Index Terms—conductometric, spectrophotometric, in vivo,
formation constant, thermodynamic parameters,
oxytetracycline hydrochloride

I.  INTRODUCTION

A stability constant (formation constant, binding
constant) is an equilibrium constant for the formation of a
complex in solution. It is a measure of the strength of the
interaction between the reagents that come together to
form the complex. There are two main kinds of complex
compounds formed by the interaction of a metal ion with
a ligand and supramolecular complexes, such as host-
guest complexes and complexes of anions. The stability
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the concentration of the complex in solution [1].

Oxytetracycline hydrochloride has many areas of
application in chemistry, biology and medicine. It’s a
broad-spectrum antibiotic, active against a wide variety
of bacteria. However, some strains of bacteria have
developed resistance to this antibiotic, which has reduced
its effectiveness for treating some types of infections.

Calcium is the most abundant mineral element in the
body with about 99% in the bones primarily as
hydroxyapatite. The remaining calcium is distributed
between the various tissues and the extracellular fluids
where it performs a vital role for many life sustaining
processes. Among the extra skeletal functions of calcium
are involvement in blood coagulation, neuromuscular
conduction, excitability of skeletal and cardiac muscle,
enzyme activation, and the preservation of cell membrane
integrity and permeability. Serum calcium levels and
hence the body content are controlled by parathyroid
hormone (PTH), calcitonin, and vitamin D. An imbalance
in any of these modulators leads to alterations of the body
and serum calcium levels.

Increases in serum PTH or vitamin D are usually
associated with hypercalcemia. Increased serum calcium
levels may also be observed in multiple myeloma and
other neoplastic diseases. Hypocalcaemia may be
observed e.g. in hyperparathyroidism, nephrosis, and
pancreatitis [2]-[4]. In-vivo are those in which the effects
of various biological entities are tested on whole living
organisms usually animals including humans, and plants
as opposed to a partial or dead organism. In vivo studies
are necessary for medical, different fields and research
purposes.

In the medical field the animal models can be used to
test the safety of drugs before they are used on patients.
However, in the research field it used to validate in vitro
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findings in vertebrates closest to humans. The most used
animal models are mice, rats, and other rodents. It is
useful for the production of polyclonal antibodies applied
in immunoassays and diagnostic immunology [5].

In our last work we did in-vivo investigation of some
antibiotics to show its effect on ionized calcium [6]. In
this study, we did more than one method to obtain and
compare stability constant from different methods to
more accurate and to compare it with in vivo studies.

Il. EXPERIMENTAL

A. Apparatus

The specific conductance values were recorded using
conductivity bridge HANNA, H1 8819Nwith a cell
constant equal to 1 cm™ The conductometer was
connected to the type Kottermann 4130 ultra thermostat.
Electronic spectra of the ligand and its Ca*® complexes in
methanol solvent were recorded on a Unicam UV/VIS
Spectrometer.

B. Reagents

Oxytetracycline hydrochloride (OTC) were purchased
from sigma Aldrich and Calcium chloride from Merck
Germany, Methanol from EI Nasr Pharmaceutical
Chemicals Co. and used directly without purification,
Double-distilled water was used throughout this study.

C. Preparation of Reagents Solutions

1) Conductometric studies

The Conductometric titration of the CaCl, (1x107)
mol/L against OTC (1x10™) mol/L in water and in
methanol was performed with 0.5 ml interval additions
from CacCl, solution.

2) Spectroscophotometric studies

The stock solution of ligand (2.5x<10°M) and metal
solution (2.5%10°M) were prepared according to the
requirement of Jobs method. In series of flasks the sum of
the number of moles of ligand plus sum of the number of
moles of metal were kept constant.

3) In-vivo Studies

All experiments were performed using adult male
albino rats, with an average body weight of 100 to 120 g
purchased from Theodore Bilharz Research Institute,
Giza, Egypt. The rats were housed in steel mesh cage and
were provided with commercial standard diet and tap
water ad libitum. For the investigation of the effect of
OTC on serum calcium level, the compound was orally
administered one dose for one day. At the end of
treatment period, the rats deprived of food and were
sacrificed by decapitation. Blood samples were collected
by sacrificing the rats by decapitation under ether
anesthesia. The collected blood samples were placed in
dry clean centrifuge tubes and allowed to clot at room
temperature for 30 minutes. Serum samples were then
obtained by centrifugation at 3000 rpm for 10 minutes.
These samples were kept in clean well-stopped glass vials
at -20°C performing serum calcium was analyzed usually
within the same day.
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I1l. RESULTS AND DISCUSSION

A. Conductometric Studies

The specific conductance values (K;) of different
concentrations of CaCl, in water and methanol were
measured experimentally in the presence of ligand at
(293.15, 298.15, 303.15 and 308.15 K). The molar
conductance (A, values were calculated [7]-[9] using
equation (1)

_ (Ks _Ksolv)KceII %1000
" C

Where K; and K, are the specific conductance of the
solution and the solvent, respectively; K¢ is the cell
constant and C is the molar concentration of the CacCl,
solution. The limiting molar conductance (A,) at infinite
dilutions was estimated for CaCl, in water and methanol
in the presence of the ligand (OTC) by extrapolating the
relation between A,, and VC,, to zero concentration. By
drawing the relation between molar conductance (Anp)
and the molar ratio of metal to ligand (M/L)
concentrations (Fig. 1 and Fig. 2), different lines are
obtained with sharp breaks indicating the formation of
1:1 and 2:1 (M:L) stoichiometric complexes. The
experimental data of (A, and (A,) were analyzed for the
determination of formation constants for each type of the
stoichiometric complexes. The formation constants (Ky)
for CaCl, complexes were calculated for each type of
complexes (1:1) and (2:1) (M:L) by using equation (2)
[10]-[13]
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where Ay, is the limiting molar conductance of the CacCl,
alone, Agsis the molar conductance of solution during
titration and Ay is the molar conductance of the
complex. The obtained values (K;) for CaCl,-ligand
stoichiometric complexes are presented in Table | to
Table IV.
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Figure 1. The relation between molar conductance () and the
[MY/[L] molar ratio of CaCl, to oxytetracycline hydrochloride in water
at different temperatures.
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Figure 2. The relation between molar conductance (Am) and the

[MJ/[L] molar ratio of CaCl, to oxytetracycline hydrochloride in
methanol at different temperatures.

TABLE I. LIMITING MOLAR CONDUCTANCE (Ao), FORMATION
CONSTANT (K¢), GIBBS FREE ENERGY CHANGE (AG¢) FOR CACL, AND
OXYTETRACYCLINE HYDROCHLORIDE COMPLEX (1:1 M/L) FORMATION
IN WATER AT DIFFERENT TEMPERATURES

TABLE IV. LIMITING MOLAR CONDUCTANCE (AO), FORMATION
CONSTANT (KF), GIBBS FREE ENERGY CHANGE (AGF) FOR CACL, AND
OXYTETRACYCLINE HYDROCHLORIDE COMPLEX (2:1 M/L) FORMATION

IN METHANOL AT DIFFERENT TEMPERATURES

Temp. Ao Acps K A Gt

K (S cmzmol™) | (S cm?mol?) f (kJ mol)
293.15 387.15 124.90 2.583E+04 | -24.7605
298.15 434.39 133.49 2.116E+04 | -24.6885
303.15 509.65 142.36 2.080E+04 | -25.0599
308.15 599.02 152.00 1.733E+04 | -25.0046

Temp. Ao Aops, K A G
K (S cm®mol™) (S cm®mol™) f (kJ mol®)
293.15 1479.05 330.48 6.160E | 6 8792
+04
298.15 1527.45 348.21 6.438E | 57 4469
+04
303.15 1596.15 359.36 6.551E | 57951
+04
308.15 1760.21 366.64 6837E | )g5014
+04
TABLE II. LIMITING MOLAR CONDUCTANCE (Ao), FORMATION

CONSTANT (K¢), GIBBS FREE ENERGY CHANGE (AG¢) FOR CACL, AND
OXYTETRACYCLINE HYDROCHLORIDE COMPLEX (2:1 M/L) FORMATION
IN WATER AT DIFFERENT TEMPERATURES

Tegp. (S cm/;fjmol'l) (S cn/1\20.brfhol‘1) Ks A Gr (k) mol™)
29315 | 147905 21034 | ZI%F 1 249249
29815 | 152745 21598 | Z9%F | -25.0048
30315 | 1596.15 23225 | 220F | 252587
308.15 1760.21 238.92 1‘-?01151E -25.0232
TABLE III. LIMITING MOLAR CONDUCTANCE (AO), FORMATION

CONSTANT (KF), GIBBS FREE ENERGY CHANGE (AGF) FOR CACL, AND
OXYTETRACYCLINE HYDROCHLORIDE COMPLEX (1:1 M/L) FORMATION

IN METHANOL AT DIFFERENT TEMPERATURES

Temp. Ao Aops, K A Gy

K (Scm®mol™) | (S cm®mol™) f (kJ mol™)
293.15 387.15 152.42 2.600E+04 -24.7769
298.15 434.39 171.16 1.573E+04 -23.9534
303.15 509.65 184.72 2.144E+04 -25.1356
308.15 599.02 192.94 2.435E+04 -28.1671
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The data show that using water the 1:1 [M]/[L]
complexation is more stable(favoured) at lower
temperature but 2:1[M]/[L] is favoured at higher
temperature, while hile the complex formation is
favoured at the higher temperatures using methanol.

The Gibbs free energies of formation for each
stoichiometric complexes were calculated [14]-[17] by
using the equation (3)

AG; = - 2.303 RT log K 3)

The enthalpy change of formation (AHy) for the metal-
ligand was calculated from the formation constants by
using van’t Hoff equation 4 and equation 5 [18-20]

dinK _ AHP 4
dT  RT?Z
fl Y
logK =— = | + constant
g 2303R\T) ®)

By drawing the relation between log K and 1/T,
straight line with slope (-AHA/2.303R) was given (Fig. 3
to Fig. 6), where R is the gas constant (8.341 J.mol * K )
and T is the absolute temperature.
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Figure 3.  The relation between (log Kf) and (1/T) for (1:1) [M] to [L]
stoichiometric complexes of CaCl, and oxytetracycline
hydrochloride in water.
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Figure 4. The relation between (log Ky) and (1/T) for (2:1) [M] to [L]
stoichiometric complexes of CaCl, and oxytetracycline
hydrochloride in water.
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Figure 5. The relation between (log Ky) and (1/T) for (1:1) [M] to [L]
stoichiometric complexes of CaCl, and oxytetracycline

hydrochloride in methanol.
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Figure 6. The relation between (log Kf) and (1/T) for (2:1) [M] to [L]

stoichiometric complexes of CaCl, and oxytetracycline
hydrochloride in methanol.

The entropies of formation (ASy) for the metal-ligand
were calculated by using Gibbs-Helmholtz equation (6)
[21]

AGs = AH¢ — TAS; (6)

The calculated values of (AH,) and (AS,) for CaCl,are
presented in Table V to Table VIII).

TABLE V. ENTHALPY CHANGE (AHF ) AND ENTROPY CHANGE
(ASF) FOR CACL, AND OXYTETRACYCLINE HYDROCHLORIDE COMPLEX
(1:1 M/L) FORMATION IN WATER AT DIFFERENT TEMPERATURES

TABLE VII.  ENTHALPY CHANGE (AHF) AND ENTROPY CHANGE
(ASF) FOR CACL, AND OXYTETRACYCLINE HYDROCHLORIDE COMPLEX
(1:1 M/L) FORMATION IN METHANOL AT DIFFERENT TEMPERATURES

Temperature | AH; (kI mol™) | TASt (k mol™) | A S (kd mol'K™?)
293.15 K 8.986175 35.86533 1.223E-01
298.15 K 8.986175 36.43306 1.222E-01
303.15 K 8.986175 36.93719 1.218E-01
308.15 K 8.986175 37.50755 1.217E-01
TABLE VI. ENTHALPY CHANGE (AHF) AND ENTROPY CHANGE

(ASF) FOR CACL, AND OXYTETRACYCLINE HYDROCHLORIDE COMPLEX
(2:1 M/L) FORMATION IN METHANOL AT DIFFERENT TEMPERATURES

Temp. K | AH¢ (kd mol™) | TASs (kJmol?) | A St (kJ mol*K?)
293.15 -14.191 10.73386 3.662E-02
298.15 -14.191 10.90373 3.657E-02
303.15 -14.191 11.0677 3.651E-02
308.15 -14.191 10.83223 3.515E-02
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Temperature | AHy (kJ mol™) | TAS: (kI mol™) | A'S¢ (kJ mol*K™)
293.15 K 25.5244 50.30133 1.716E-01
298.15 K 25.5244 49.47779 1.659E-01
303.15K 25.5244 50.65998 1.671E-01
308.15 K 25.5244 51.40041 1.668E-01
TABLE VIII.  ENTHALPY CHANGE (AHF) AND ENTROPY CHANGE

(ASF) FOR CACL,; AND OXYTETRACYCLINE HYDROCHLORIDE COMPLEX
(2:1 M/L) FORMATION IN METHANOL AT DIFFERENT TEMPERATURES

Temp. K | AH¢ (kJ mol™) | TAS¢ (kImol™®) | A S¢ (kd mol™K™)
293.15 -20.7365 4.023935 1.373E-02
298.15 -20.7365 3.951999 1.326E-02
303.15 -20.7365 4323353 1.426E-02
308.15 -20.7365 4.268098 1.385E-02

Thermodynamics is a branch of science dealing with
the affiliation between heat and work. The advent of
thermodynamics helped in understanding many systems,
which in turn had a great impact in chemical engineering.
Kinetic and thermodynamic aspects became primary
criteria in design of reactors, mass and heat transfer
equipment. Till 1950, thermodynamics was not
prominent area in biotechnology. The probable reason is
the lack of data with respect to biomolecular properties,
thermodynamic equilibrium positions, energy efficiency
relations and the complexity of biological systems [22]-
[33].

As observed, the A, values increase with increase in
temperature indicating less solvation or higher mobility
of ions. This is due to the fact that the increased thermal
energy results in greater bond breaking and variation in
vibrational, rotational, and translational energy of
molecules that leads to higher frequency and hence
higher mobility of ions. Also the negative value of AGs
indicates that the reaction is spontaneous [11].

A decrease in metal ligand stability constant (Ky) with
increase in temperature and negative values the negative
values of enthalpy change (AH;) for complexation
suggests that the complexation reaction are exothermic
[35]. Favorable at lower temperature and the metal ligand
binding constant are enthalpy driven and metal-ligand
bonds are fairly strong [36].

B. Spectrophotometric Determination of Stability
Constants

The Job’s method of continuous variation is especially
well suited for the study of complexes not sufficiently
stable to permit their isolation from solution. Work of this
type has been done by Job who developed the method of
continuous variation [40]. This Method makes use of any
measurable additive property of two species [37], [38].
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Any complex formed by the two species must give a
value for the separate species. The simple application of
the method involves equilibrium of type:

A + nB = AB,

where A represents a metal, B a coordinating group and
ABnN a complex. Solutions are prepared in which the mole
fraction of the compounds are varied and the total number
of moles of both, is kept constant. If there is no
complexing, the plot of extinction coefficient or
absorbance against mole fraction or concentration is a
straight line but if a complex is formed, the plot deviates
from linearity. The deviation is the maximum at mole

fraction corresponding to the composition of the complex.

When the deviation is plotted against mole fraction, the
maximum point gives the desired composition. The
conclusion may be verified by repeating the process at
other wavelengths. Since the position of the maximum is
independent of wavelength.

A Complex ion is formed in solution by general
formula

M™ + L ———  [ML]™

This equilibrium can be represented as equation (7):
a
K= {amnf;(an ™
where “a@” is activity of each species present at
equilibrium.
The activity of any compound A is the product of its
concentration and an activity coefficient y+as:

[a] =[A] y*
For dilute solutions the above equilibrium will reduce
to:
ML
™ pmy ®)

If a number of ligand co-ordinate with a metal ion in
successive steps are as follows equation 9 and equation
10:

M™ + L ———  [ML™]
e ©
ML™ + L [ML,™]
K, = el (10)

And so on, the stepwise equilibrium constants K;, K, Kare
known as stability constants.
The overall equilibrium is as follows:

M™ 4+ XL [ML,™]

[MLy"*]

=AM LE (1)

where B, is known as the overall stability constant.
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The stoichiometry of various complexes was
determined by plotting absorbance against various
‘concentration of the metal to ligand. This graph was
used to determine the stability constants of various
complexes by using the following formula

A
. Am
&f— nncn(l_ﬁ)cn+1 (12)
where A is absorbance at break point, Ay is theoretical
absorbance n is number of coordinating ligand and C is
concentration of metal or ligand.

Spectrophotometric studies of complex between (OTC)
and calcium chloride in methanol solution was studied at
pH=2.6 and /n.x= 360. Absorbance of this complex was
measured and is listed in Table IX. It is apparent from Fig.
7 that formation of 1:2 M:L molar ratio of calcium and
OTC complex takes place and K; value equal 88.8810".

TABLE IX. SPECTROPHOTOMETRIC STUDIES OF COMPLEX IN
SOLUTION (OTC) AND CALCIUM CHLORIDE
Sr. | Metalion(1>102M) | ligand(1><10°M) | Absorbance
No. Mi ml At pH=2.6
1 10 0 1.096
2 9 1 1.098
3 8 2 1.103
4 7 3 1.109
5 6 4 1.113
6 5 5 1.118
7 4 6 1.115
8 3 7 1.110
9 2 8 1.105
10 1 9 1.100
11 0 10 1.090
1.120
1.115 4 / \I
1.110 4 ./ \I
g 1.105 4 / \l
- \
g 1.100 4 ./ [ ]
I/ \.
1.095
1.090
DTO 072 0'4 076 078 1‘0
[MY/IL] , Molar ratio
Figure 7. Absorbance spectra of OTC and calcium chloride solution

in methanol at Amax= 360.

C. In-vivo studies

In order to test effect of OTC on serum level of ionized
calcium, eight rats were used and the treated groups were
classified as follows:

1) Control group: Healthy rats treated with 1 ml saline
using an intragastric tube.

2) Oxytetracycline treated group: The rats were orally
adminstrated with oxytetracycline hydrochloride (1.4
mg/kg body weight) using an intragastric tube.

Serum ionized calcium was estimated in serum (Table
X) by employing the method of Mclean and Hastings,
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1935 [40] as adopted by Beeler and Catrou, 1983 [41]
using the following equation (13)

Sca(mg\dl)x6—Spr(g\dl)x0.33
Spr(g\dl)+6

I1C(mg\dl) = (13)
where IC = lonized calcium, SCa = Serum calcium and
SPr = Serum protein. Table IV shows the statistical
analysis of the mean serum levels of ionized calcium in
normal and compounds-treated groups after oral
administration of dose (1.4 mg/Kg) for OTC.

TABLE X. MEAN VALUES OF IONIZED CALCIUM FOR CONTROL
AND TREATED RAT GROUPS WITH OXYTETRACYCLINE HYDROCHLORIDE

Group Mean +=SD

Control 1.0920.07 NS

Oxytetracycline hydrochloride | 1.0720.06 S

*N.S Not Significant compared to control group

Table X illustrates that, there were no significant
change observed in the mean value of serum ionized
calcium of the treated rats compared with the
corresponding levels of control untreated rat group upon
treatment with 1.4 mg/kg body weight. This is an
interesting result because calcium forms a complex ion in
aqueous solutions with OTC, but the same investigated
compounds doesn’t show significant decrease in serum
ionized calcium due to the ability of the compounds to
form complexes with calcium at physiological conditions
i.e. (inside living organisms). So administration of those
compounds has no side effect on serum ionized calcium
on developing any hypocalcaemia related diseases.

Moreover Stability constant values are used as an
eminent tool by biochemists because it helps to determine
the properties of metal-ligand reactions in aqueous
medium over and above the actual biological system.
Extremely low stability constant values (log Ky) (ranging
from negative to 1) indicate that the metal-ligand
complex is not only soluble in water but also readily
dissociates into metal ion and ligand. For stability
constants values above 6, less metal ions are released .and
these compounds are not significant in biological systems
as they consume more stomach acids to dissociate the
metal ion from the complex. For various drugs to remain
in biologically active form, the stability constants values
should be in the range of 3 to 5 [42].The stability constant
values were found to be in biologically active range (log
Kt less than 6). These stability constant values could be
quite informative for a biochemist during drug-design or
drug discovery, is from the major implication of present
study.
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