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Abstract

Acid dissociation constant is very important parameter during drug development and to understand mechanism of drug action.
The pKa influence physiochemical properties of drug substance such as solubility and dissolution rate. The Amount of drug
that exists in unionized form and in ionized form is a function of pKa of drug & pH of the fluid at the absorption site. In the
HPLC method development the knowledge of pka of chemical species is very useful to choose appropriate buffer, as the
retention time of ionized and unionized form of chemical substance is different. In this study, a simple cost-effective method to
determine the pKa value of cefotaxime sodium was proposed. The pKa value was found in good agreement with the reported

values.

Keywords: Cefotaxime sodium, Spectrophotometric method, pK,

Introduction

Cefotaxime sodium, CFT is a third-generation
cephalosporin antibiotic belonging to the class of semi-
synthetic antibiotics of the B-lactam family. Which is
chemically (6R,7R)-3-(acetoxymethyl)-7-((2)-2-(2
aminothiazol-4-yl)-2-(methoxyimino) acetamido)-8-oxo-5-
thia-1-azabicyclo [4.2.0] oct-2-ene-2-carboxylic acid. The
acid dissociation constant (pK,) of a drug influences
lipophilicity, solubility, protein binding and permeability
which in turn directly affects pharmacokinetic (PK)
characteristics such as absorption, distribution, metabolism
and excretion (ADME)-®, A detailed mining through
literature reveals that there are several methods to determine
the dissociation constant (pka). NMR-pH is also excellent
technique for determining pK, Ul The pK, value
determination of by means of LC is also widely used 41,
The pK, value determination by Capillary electrophoresis
(CE) is based on effective mobility of ionizable compound
in a series of electrolyte solution of constant ionic strength
and various pH 9. In recent years, a new procedure has
been developed where LC and CE methodologies are used
for pK, determination in combination with a diode-array
detector (DAD) for absorbance measurements [,
Theoretical pK, values can be calculated by computational
methods (e.g., SPARC [ and ACD/Lab 3. In the
compounds with acid or basic functionality, their ionization
state is controlled by solution pH, these different chemical
species (cationic, neutral, or anionic) often have vastly
different properties with respect to UV absorption. CFT has
acidic functionalities.

Based on this behavior of cefotaxime a simple and accurate
spectrophotometric method was proposed to determine the
pKa value of CFT in buffer media of varying pH with
uniform concentration.

Material& methods

Apparatus

Shimadzu UV-1800 double beam spectrophotometer with 1
cm quartz cell was used to record electronic spectrum of
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CFT in buffer medium of varying pH’s. Citizen model CTG
302B digital balance used to weigh the samples and Elico LI
615 pH-meter was used to measure the buffer pH.

Reagents and solutions

All the chemicals and reagents were of analytical grade and
double distilled water was used for dilution of reagents and
sample. CFT sample was procured as gift sample from
Aurobindo Pharma, Hyderabad.

All the buffers prepared as per the procedure 1. CFT stock
solution was prepared by dissolving 56.8 mg in 250 ml
water. The stock solution was stored in cool dry place,
protected from light and this stock solution is further diluted
with buffer. The structure of CFT is shown below.

OH

Procedure

The Uv-visible spectra of cefotaxime was recorded in
methanol solution and also recorded in aqueous buffer
media pH ranging from 15 to 10.5 at a uniform
concentration. The collective spectra’s of CFT in the pH
range 1.5 to 10.5 are shown in Fig 1. The difference in the
absorbance at different wave length with respect to pH can
be used to determine the value of the pK, of CFT. The
graphical plot of absorbance of CFT at a wavelength (A1)
and wavelength (A2) against the pH solutions will give two
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sigmoid plots, the inflection point of sigmoid plot will be
the pK, of CFT.

Results and discussion

The Uv-visible spectra’s of CFT in methanol, acid and basic
buffers are found to be different. The variation in spectral
profile of CFT with respect to pH of buffer indicates that the
electronic structure of CFT in pH sensitive and pH induce
change in its electronic structure. The Fig 1 shows the
collective spectra of CFT in the pH range 1.5 through 10.5.
From the Fig, it is clear that CFT exhibits two isosbestic
points, one at ~ 254 and the other at ~ 300 nm with a
general hypsochromic shift of the spectral profile in the pH
range 1.5-4.4. This spectral behavior is due the fact that
deprotonation of carboxylic acid site of CFT. The
protonation or deprotonation on the other active site will not
much influence the electronic structure of CFT hence, it is
not considered for studies.
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Fig 1: Electronic spectra of CFT (5 X105 M) in buffer media of
varying pH (a) 1.5, (b) 2.5, (c) 3.2, (d) 4.4, (e) 6.8, (f) 8.4 and (g)
10.50

The presence of the isosbestic point is an indication of the
presence of two absorbing species during acid-base
equilibrium. The plots of Absorbance vs pH at both Amax 238
and 260 nm are shown in Fig 2 and the respective
absorbance values at 238 nm and 260 nm at different pH’s
are collected in

Table 1
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Fig 2: Plot of Absorbance vs pH at 238 () and 260 () nm
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The intercept of the two sigmoid plots is equal to the pK, of
CFT and it is found to be 3.5 from Fig 2.

Table 1: Absorbance values of CFT (5 x10-° M) at 238 and 260

nm

pH Abs 238 nm Abs 260 nm
15 0.879 1.075
25 0.940 0.998
3.2 1.077 0.980
4.4 1.105 0.962
6.8 1.115 0.944
8.4 1.121 0.943
105 1.130 0.93

The experimental value is in good agreement with reported
values’®. The possible protonation and deprotonation
mechanism is shown Scheme 1.

Scheme 1: Protonation-deprotonation of CFT

Conclusion

A simple method for the determination of pK, of CFT is
described. The method is based on the acid-base chemistry
of carboxylic acid group of CFT. This method is suitable to
the chemical having acid-base functionalities or having
similar structure to CFT.
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