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Abstract
Purpose: This work describes thin layer
chromatographic (TLC) analysis and

spectrophotometric fingerprinting procedures that
allow easy and rapid separation and identification of
beta-lactam antibiotics (penicillins and
cephalosporins) from complex mixtures.

Methods: Using silica gel GFps4 as the stationary
phase and choosing different mobile phases we
successfully developed a cost effective and efficient
analytical method for the separation and identification
of the studied beta-lactam antibiotics. Also using a
UV spectrophotometer, beta-lactam antibiotics were
identified through evaluation of the absorbance they
produce at different wavelengths (from 250nm to
430nm).

Results: Beta-lactam antibiotics can be detected in
UV light at 254nm and 366nm (producing colours /
fluorescence) and detection limit can be reduced with

the help of colour reactions (especially reaction with
iodine under iodine vapour). Spectrophotometric
fingerprinting analysis of beta lactam antibiotics,
where maximum absorption is obtained at a
wavelength of 350nm after an initial lower
absorbance reading at 340nm as well as a reduction in
absorbance to zero or negative value at 430nm.

Conclusions: Appropriate solvent system and method
of detection permits the identification of the entire
beta-lactam antibiotics studied. TLC analysis and
spectrophotometric fingerprinting procedures can be
successfully applied in preparatory and exploratory

analytical screening, quality control studies,
therapeutic drug monitoring of beta-lactam
antibiotics.
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Introduction

Following the discovery of the first analog of
penicillin by Alexander Fleming (1928), the beta-
lactam antibiotics are still an important group of
chemotherapeutics and are used in treatment of
majority of diseases with bacterial etiology. Beta-
lactam antibiotics have a broad spectrum of
antibacterial activity, promising pharmacokinetic
parameters and low side effects [1]. In beta-lactam
therapy, two main problems still pose an impediment;
the increasing resistance of some bacterial strains and
their significant instability [2]. Hence, there is a
necessity to perform cheap analytical methods for
direct determination [3].

Chromatographic techniques (HPLC and TLC) and
analytical methods based on determination of
spectrophotometric properties of beta-lactams are
developing tools in their analysis. TLC is an
analytical tool widely used because of its simplicity,
relative low cost, high sensitivity, and speed of
separation. The goal of TLC is to obtain well defined,
well separated spots. TLC is also used to support the
identity of a compound in a mixture when the
retardation factor (Ry) of a compound is compared
with the Ry of a known compound, preferably both
run on the same TLC plate [4, 5].

Absorption spectroscopy refers to spectroscopic
techniques that measure the absorption of radiation,
as a function of frequency or wavelength, due to its
interaction with a sample. Absorption spectroscopy is
useful in chemical analysis because of its specificity
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and its quantitative nature. The specificity of
absorption spectra allow compounds to be
distinguished from one another in a mixture, making
absorption spectroscopy useful in wide variety of
applications [6,7]. A simple spectrophotometric
method was used by Hoda, 1998 for the resolution of
the binary mixtures of ampicillin sodium and
sulbactam sodium [8].

The 6-aminopenicillanic acid (6-APA) is the parent
compound of all penicillins and has been used as the
starting point for new Penicillins. In this study we
analyzed amoxicillin, ampicillin, and benzylpenicillin
[9]. The cephalosporins are similar to the penicillins
but have a six member dihydrothiazine ring with a
double bond instead of a five member thiazolidine
ring. They also have two chiral centres at C-6 and C-7
positions. In this study cephalexin, cefuroxime,
ceftriaxone, and ceftazidime were analyzed [10].

The study therefore sets out to provide simple,
inexpensive and sensitive analytical techniques that
could be used in identification and determination of
beta lactams in order to provide safer, quicker and
specific methods for the separation of beta-lactams
from complex mixtures.

Experimental
Reagents/Samples

Acetic acid, ammonium hydroxide, distilled water,
ethanol, ethyl acetate, iodine crystals, methanol, and
sodium hydroxide. All reagents were of analytical
grade. The beta lactam antibiotics used for the study
comprise of five penicillins (coded P1 to P5) and five
cephalosporins (coded C1 to CS5), which were
procured from pharmacies in Yenagoa and environs
in the Niger Delta region of Nigeria. Their batch and
official registration (NAFDAC) numbers and the
address of the manufacturer for each brand as well as
their corresponding manufacturing and expiry dates
were duly documented.

Instrumentation

The TLC system consisted of 10x20 and 20x20 cm
pre-coated HPTLC silica gel 60 with fluorescent
indicator UV 254 (Macherey-Nagel, Germany). a
Camag normal development chamber and a Camag
fluorescence inspection lamp (Camag, Switzerland).
The  UV-VIS spectrophotometer (Thermo-
corporation, England).instrument consisted of; light
sources (UV and visible), wavelength selector
(monochromator), sample containers, detector, and
signal processor and readout.

TLC and UV spectrophotometric analysis of some beta lactam antibiotics

Sample Preparation

The drug products in capsule and tablet dosage forms
were weighed accurately and their weight uniformity
were determined. The amount of powdered drug
required for the preparation of the 2mg/ml (0.2%w/v)
concentration for each drug sample was also
calculated. One litre (1000ml) of 50% methanol was
prepared by mixing 500ml of methanol in 500ml of
distilled water. The stock solutions of penicillins
(2mg/ml) in 0.1IM NaOH and cephalosporins
(2mg/ml) 50% methanol in water (v/v) were prepared
and stored at a temperature of 4 °C for a period of one
week prior to analysis.

Thin Layer Chromatographic Procedure
Chromatoplate Preparation

Several solvent systems for chromatoplate
development were investigated at different ratios as
shown in Table 1 The chromatoplate (TLC Plate) was
activated in the oven, resized and properly labelled.
The drug samples were then spotted on the respective
labelled points on the origin mark of the
chromatoplate using capillary tubes and allowed to
dry after which they were placed in the respective
solvent systems. The chromatoplate was then
observed as the solvent system develops from the
origin of the chromatoplate to the solvent front. The
chromatoplate was then removed and air-dried. The
developed chromatoplate was then examined under
UV radiation at wavelengths of 254nm and at 366nm
and the colours/fluorescence of each sample was
observed and recorded for the seven solvent systems.
The spots were then visualized in iodine vapour. The
retardation factor (Rf) values for the drug samples
were then calculated and recorded. The solvent
system that produced the best spots for the drug
samples was then identified and the whole procedure
was repeated three times using the same solvent
system for all the drug samples. The Rf values for the
drug samples were then calculated and recorded.

Spectrophotometric Procedure

From the stock solutions (2mg/ml) for each drug
sample, a 20ug/ml working solution was prepared for
each drug. The absorbance reading for P1 to PS5 was
determined at different wavelengths (250 to 430nm).
Same was repeated for the cephalosporins. An
absorbance spectrum (a plot of absorbance against
wavelength) was then constructed.

Data analysis

Three replicate TLC analyses were carried out with
S7 solvent system (Table 2) to ascertain the precision
of the TLC fingerprint method employed. T-test in
the ORIGIN 8 statistical software programme was

J Sci Pract Pharm December 2015, 2(1):65



Ebeshi et al

used to compare the Rf values for the best TLC
solvent system in this study with p < 0.05 as the level
of significance.

Results

Uniformity of weight

The percentage deviation of each drug sample from
the average weight ranged from 0.000 to 4.25%.

Thin Layer Chromatography

The R¢ values for the drug samples in all the different
solvent systems investigated were then calculated and
recorded (Table 2). The solvent system that produced
the best spots for the drug samples was then identified
to be S7 and the whole procedure was repeated three
times with S7 solvent system (methanol + ammonium
hydroxide + acetic acid; 50, 25, 25%v/v) for all the
drug samples as shown in Table 3. The
chromatograms obtained at the separation of drug
samples using S7 solvent system with detection in
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UV light, iodine vapour and having fluorescent blue
colour (Figure 1).

UV Spectrophotometry

The absorbance reading on the spectrophotometer for
all the drug samples were noted and recorded at
different wavelengths ranging from 250nm to 430nm
as shown in Figure 2.

Discussion

The standards for uniformity of weight are applied to
tablets and capsules, which are supplied in unit dose
forms because they are subject to more variations
than comparable preparations supplied in multi dose
forms. For tablets and capsules with average weight
above 250 mg, the percentage deviation from the
average weight permissible in the official
compendium (BP, 2008) is + 5% [11]. The beta
lactam antibiotics used for the study which, comprise
of five penicillins (coded P1 to P5) and five
cephalosporins (coded C1 to C5) passed the test for
uniformity of weight.

Table 2: R; values for the drug samples for the different solvent systems

ON Sample a R VALUES
D ass 2 3 S4 S5 S6 S7 Total Mean sd
1 P1 0.68 0.79 0.79 070 062 072 0.74 5.04 0.72 0.061
2 P2 (é) 0.69 0.76 0.77 072 063 0.65 074 496 0.71 0.054
3 P3 5 0.69 0.83 080 075 0.63 072 0.74 5.16 0.74  0.067
P4 é 0.69 0.80 0.81 070 062 0.68 0.74 5.04 0.72 0.068
5 P5 0.68 0.84 0.83 081 065 0.80 0.75 536 0.77 0.075
6 Cl (£ 0.71 0.83 0.82 077 065 0.67 0.78 523 0.75 0.071
7 C2 % 0.69 0.83 0.82 073 066 0.65 078 5.16 0.74  0.074
8 C3 % 0.74 0.83 084 076 0.66 0.75 0.78 536 0.77 0.061
9 c4 % 0.73 0.86 084 075 073 073 079 543 0.78 0.055
10 C5 (Uj 0.74 0.85 0.85 075 066 075 078 538 0.77 0.067

Table 3: Ry values for the drug samples for the S7 (Methanol + Ammonium hydroxide + Acetic acid) solvent system

S/No ID R¢ Values Total Average Standard Precision
1 1 [
Rol R R3 R¢ deviation (%)
1 Pl 0.64 0.65 0.62 1.92 0.64 0.020 2.399
2 P2 0.65 0.67 0.64 1.96 0.65 0.015 2.338
3 P3 0.65 0.67 0.63 1.95 0.65 0.020 3.077
4 P4 0.65 0.67 0.63 1.95 0.65 0.020 3.077
5 P5 0.70 0.69 0.67 2.06 0.69 0.015 2.225
6 Cl 0.66 0.66 0.66 1.98 0.66 0.000 0.000
7 C2 0.65 0.63 0.65 1.93 0.64 0.012 1.795
8 C3 0.68 0.66 0.66 2.00 0.67 0.012 1.732
9 c4 0.69 0.66 0.66 2.01 0.67 0.017 2.585
10 C5 0.69 0.66 0.68 2.03 0.68 0.015 2.257
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Figure 1: Chromatograms obtained at the separation of drug samples using S7 solvent system (methanol + ammonium
hydroxide + acetic acid; 50, 25, 25) with detection in UV light (A), iodine vapour (B) and having fluorescent blue colour (C)

Silica gel is the most widely used stationary phase for
the thin layer chromatographic analysis of beta-
lactam antibiotics, but reversed-phase or cellulose
plates have also been used. Silica gel surface bears
silicon hydroxide (Si-OH) groups capable of
hydrogen bonding with polar substances. Polar
mobile phases are employed for the identification and
separation of penicillins and cephalosporins [12, 13].

An acid (acetic acid) was added to all the mobile
phase used as solvent systems for the chromatoplate
development so as to avoid decomposition of the
beta-lactam ring on silica gel. lodine is more
concentrated in the substance zones than in the
neighboring polar substance-free silica gel layer [14].
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spots on the chromatoplate after examination of the
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iodine crystals, saturated with iodine vapour. The
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chromatoplates following examination under UV
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as well as the use of dragendorff reagent (solution of
potassium bismuth iodide) can also be applied for
detection of beta lactam antibiotics [7].
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Figure 2: Absorbance spectrum for penicillins and cephalosporins at different wavelength
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The different solvent systems produced different
forms of spots and some produced tailing on the
chromatoplate but S7 (Methanol + Ammonium
hydroxide + Acetic acid; 50 + 25 + 25%v/v) was
observed to produce fine and significant spots as
shown in Figure 1. Three other procedures were
repeated for the entire drug sample using S7 so as to
evaluate its precision and these replicate procedures
gave fine spots as well without tailing. All the solvent
systems were observed to be good as they encouraged
the development of the drug samples on the
chromatoplate having high Ry values (the ratio of the
distance travelled by the drug sample to the distance
travelled by the solvent) although some of them had
tailing with fine spots (S1), some had tailing with no
fine spot (S6), but S7 was the preferred solvent
system due to the fine spots it produces without
tailing for the entire drug samples and as such can be
employed in the identification of beta-lactam
antibiotics, which will produce similar spots as was
observed in the experiment. It was observed that the
presence of methanol as one of the components in the
solvent system (S7) is essential for the proper
development of the drug samples (beta lactam
antibiotic) and also, the presence of ammonia in S7
was observed to prevent tailing significantly for the
different drug samples. All the solvent systems
having methanol had significant development of
samples, with or without tailing whereas only S7 had
ammonia and did not produce tailing for the
individual drug samples.

There was no significant difference between S2
(Methanol + Water + Acetic acid; 50, 25, 25%v/v)
and S3 (Methanol + Water + Acetic acid; 60, 20,
20%v/v) which can be deduced from the Ry values
obtained for both systems which was almost equal
comparing each drug sample, respectively, as shown
in Table 2. They were introduced in the experiment
hoping that since they are solvent systems with the
same composition but with different ratio of the
individual solvents, would produce considerable
disparity specific for beta lactam antibiotics but the
reverse was the case (there was none). This implies
that an increase or a decrease in the methanol content
of the solvent system will not produce any substantial
increase or decrease in aiding the development of the
drug samples on the chromatoplate compared to other
solvent systems containing methanol, but a large
increase or decreased in the methanol content may
produce significant difference. Both S2 and S3
produced spots with tailing for the different drug
samples.

The absence of methanol in the solvent system was
observed to produce severe tailing on the
chromatoplate for the entire drug samples as was seen
in the experiment for S5 (Ethylacetate + Water +
Acetic acid; 50, 25, 25%v/v). This shows the
importance of methanol for the development and
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proper identification of beta lactam antibiotics on a
chromatoplate in thin layer chromatography.

Other solvent systems having ecthylacetate did not
produce significant spots as well (spots had tailing)
for the different drug samples as was observed for S4,
S5, and S6. This was also true (presence of tailing) in
previous reports in literature [7]. On repeating the
thin layer chromatographic procedure thrice, using S7
solvent system, fine spots without tailing were
produced for the individual drug sample and no
significant R; values were obtained on the three
different occasions (p<0.05) and resulted in a
minimum precision value of 0.000 (for Cl), to a
maximum precision value of 3.077 (for both P3 and
P4) as shown in Table 3. It can be deduced that polar
solvents encourages the development of beta lactam
antibiotics as was observed in the experiment
producing good Ry values for the different solvent
systems.

From the absorbance spectrophotometry, absorbance
reading on the spectrophotometer for all the drug
samples was observed at different wavelengths
ranging from 250nm to 430nm. A fluctuation in the
absorbance reading was observed as the readings
were high initially at 250nm, decreased as the
wavelength increases, and at a point (350nm)
increases and then decreases until zero or negative
readings were obtained at 430nm. A sharp increase in
absorbance (other than the initial reading and in some
cases above the initial reading) was observed for the
different drug samples at a wavelength of 350nm as
shown in Fig. 2. This is the wavelength at which the
maximum absorbance was obtained for the entire beta
lactam antibiotics. Hence, all beta lactam antibiotics
must exhibit the same order of absorbance as
observed in the experiment whereby a sharp increase
in absorbance must be produced at 350nm
wavelength after an initial lower absorbance reading
between 330nm to 340nm as well as a reduction in
absorbance to zero or negative value at 430nm.

Conclusion

The beta-lactam antibiotics used in the experiment
can be separated using silica gel as stationary phase
with a suitable mobile phase as developed in this
study. This enables the distinction of the beta lactam
antibiotics from other complex mixtures. Beta-lactam
antibiotics can be detected in UV light at 254 nm and
366 nm and detection limit can be reduced with the
help of colour reactions (especially reaction with
iodine) under iodine vapour. Spectrophotometric
fingerprinting is essential in the analysis of beta
lactam antibiotics where maximum absorption is
obtained at a wavelength of 350nm. The
identification techniques employed are cost effective,
time-effective, safe and simple to perform, yielding
good quality result and can be applied in preparatory
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and exploratory analytical screening, quality control
studies, therapeutic drug monitoring, purity test,
stability control and in assay procedures of beta
lactam antibiotics.
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