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Abstract

Gentamicin and streptomycin aminoglycozide antibiotics, were determined using new selective
spectrophotometric methods based on the formation of stable ion association complexes with methyl
red dye in alkaline medium. These complexes can be extracted with chloroform at (pH = 8.5) after that
the absorbance of the colored complexes was measured at 490 nm. The methods were linear in the
concentration ranges of 15-60 and 18-75 with Limit of detection (LOD) of 9 and 13 pgmL™* for
gentamicin and streptomycin respectively. The stoichiometry of the two ion pair complexes was
determined by the continuous variation method.
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1. Introduction

Gentamicin and Streptomycin are broad spectrum aminolycoside antibiotics, which are
widely used for human as well as veterinary medications. They have wide spectrum activity
against many types of bacterial infections [1]. The chemical structure of these drugs contains
many amino and hydroxyl groups as shown in Fig. 1.

Gentamicin and streptomycin have been determined in different food and
pharmaceutical samples using sophisticated liquid Chromatography methods which require
derivatization steps and highly sensitive detection systems [2-9], Spectrofluorimetric [10-12],
electrochemical [13] and spectrophotometric methods [14-19]. Most of the spectrophotometric
methods used depend on using nonselective reagents and require heating steps.

Because of a limited number of simple and selective methods used for determination of
either streptomycin or gentamicin in pharmaceutical preparations, we aimed to develop simple
and selective methods for determination of these antibiotics based on the formation of selective
ion pair association complex that can be extracted with organic solvents. All the conditions of
the methods were studied, including the type of suitable dye, optimum pH, type and volume of
organic solvent. Validation of the methods was investigated for linearity, sensitivity, accuracy
and precision. The proposed methods were applicable for the determination of Gentamicin and
Streptomycin in pharmaceutical formulations and the results were compared with that of
standard methods [20].
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Fig. 1: Chemical structure of (1) Gentamicin, (I1) Streptomycin and (111) Methyl Red dye
Streptomycin was the first aminoglycoside antibiotic used in chemotherapy. It was derived
from streptomyses genus bacteria, then other aminoglycoside antibiotics, including gentamicin
were derived from the same genus.

2. Experimental
2.1. Instrument

A double beam UV-VIS spectrophotometer (UVD-3500, LABOMED. INCO) was used
with a spectral bandwidth of 1.0 NM, wavelength accuracy + 0.3 NM, (automatic wavelength
correction), wavelength range (190-1100 nm), reproducibility + 0.2 nm, a pair of 1-cm quartz
cells were used for absorbance measurements.

2.2. Materials and Reagents

Chemicals and reagents used were all of reagent grade, Standards of Gentamicin sulfate
(%) and streptomycin sulfate (99 %) were purchased from Fischer Scientific. Methyl Red was
purchased from LOBAchemie (99.9%). Gentamicin and streptomycin eye drops were
purchased from a local pharmacy, and claimed to contain (1.0 mg mL™?)

2.3. Solution preparation

Stock solutions of 200 pgmL™ of Gentamicin and streptomycin were prepared daily in double
distilled water, and were diluted as appropriate. Sodium tetraborate buffer solutions were
prepared by dissolving appropriate amounts of the salt and either HCI or NaOH solutions,
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2.4. General procedure
2.4.1. Constructing calibration curve

Aliquots of stock solutions of both Gentamicin and Streptomycin ranging from (0.1-1.0)
mL were pipette Into a series of 100 mL separatory funnels, then 0.2 ml of Methyl Red solution
and 4 ml of borate buffer were added, the volume was completed to 10.0 mL with distilled
water. The ion association complexes being formed were extracted with 10 mL chloroform,
shacked for one minute, then allowed to stand for complete layer separation. The lower organic
layer was passed through anhydrous sodium sulfate into 10 ml volumetric flask, the absorbance
of the colored sample was measured at 490 nm against a reagent blank prepared by the same
procedure. All measurements were taken at at 25°C £1, the calibration curves were constructed
using the corresponding results. The regression data are shown in (Table 1).

Table 1. Regression results for the developed methods

Parameter Gentamicin Streptomycin

Wavelength (nm) 490 490

Slope 0.016 0.022

Intercept 0.132 0.041

R? 0.98 0.99

Dynamic range (ugmL™) 15-60 18-75
LOD (ugmL™) 9 13
LOQ (ugmL™?) 15 22

2.5. Procedure for Drug formulations

For Gentamicin eye drops: An accurately measured volume of gentamicin eye drop
equivalent to 200 pgmL™ was dissolved in 100 mL volumetric flask with distilled water.

For Streptomycin eye drops: An accurately measured volume of Streptomycin eye drop
equivalent to 200 pgmL™* was dissolved in 100 mL volumetric flask with distilled water.
Aliquots of the above solutions were used for the analysis as described in the above procedure
for the calibration curve. The results of the proposed methods were validated by comparison
with standard methods [21] using the statistical t-test, as shown in (Table 2).

Table 2. Comparison of the suggested methods with standard methods (6 determinations)

Drug taken Gentamicin Streptomycin Standard method
Amount taken (ugmL™) 30 30 30
% recovery 97% 98% 98%
t-value 1.8 1.4 1.7

* t-value for six replicates is 2.45

3. Results and Discussion

Aminoglycosides usually present in positively charged forms in acidic and even in
slightly basic medium, according to this fact, we aimed to use it as counter ions in ion-pair
association complexes with anionic dyes that can be extracted with organic solvents and the
colored association complex can be determined by measuring its absorbance at a certain
wavelength. For this purpose, we tried several dyes and we found that the most suitable results
of Gentamicin and streptomycin drugs were obtained with Methyl red (MR) dye considering
the sensitivity of the method. Several factors were studied, including the type and volume of
solvent, the amounts of the dye and pH. We select chloroform as a suitable after testining other
organic solvent such as cyclohexan and dichloroethane solvent, the effect of the volume of
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(MR) dye was critical, the optimum volume was determined by fixing all other variables such
as the concentration of the drugs, pH at 8.5 and 10.0 mL volume of chloroform, the
concentration of the dye was selected as low as possible, so that to obtain a lower limit of
detection of the drugs and keeping appropriate values of absorbance to maintain accurate
application of beer's law. The pH of the medium was a critical factor, in acidic medium
(pH<7.5) protonation of the dye takes place so that the ion-pair complexes with the drugs will
be minimal. In a relatively alkaline medium (pH>8.5) the drugs are present in a neutral form,
so that the ion pair complexation doesn't reach its maximum level. Hence the effect of pH was
varied and the absorbance of the extracted ion-pair complexes was recorded in order to obtain
the optimum pH as shown in Fig. 2 for Gentamicin. The effect of the variation the of
concentration of both Gentamicin and Streptomycin on the spectrum using the developed
extractive spectrophotometric method are shown in Fig. 3 and Fig.4 respectively.
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Fig. 2. Effect of variation of pH on the absorbance of the ion-pair complexes
Series 1: Gentmicin, series 2: Streptomycin.

3.1. Analytical Parameters

Calibration curves were plotted using Beer's law, the results show a wide dynamic range
of (15-60) and (18-75) with high correlation factor (R?) of 0.98 and 0.99 for Gentamicin and
streptomycin respectively. The sensitivities were investigated using LOD and LOQ using
(36/S) and (100/S), where (o) is the standard deviation and (S) is the slope of the calibration
equation.

3.2. Recovery studies

Recovery studies were carried out using six replicate determinations using the
calibration curve obtained from the general procedure, using eye drops containing the
corresponding drugs. To validate the new proposed methods, t-values were calculated and they
were less than the critical value (t=2.45). The results in (Table 2) show that the proposed
methods are accurate compared to the standard methods used.
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Fig. 3. Effect of Gentamicin concentration on the absorbance of the extracted complex
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Fig 4. Effect of concentration of Streptomycin on the absorbance of the extracted

3.3 Stoichiometry studies

The molecular composition of the ion pair complexes of both Gentamicin and
Sterptomycin with (MR) dye was investigated using the method of continuous variation the
results show that the mole ratio of Gentamicin and Streptomycin to the Dye was 1:5 and 1:4
for the two complexes respectively.

4. Conclusion

Rapid, selective and sensitive methods for the determination of Gentamicin and
Streptomycin in bulk and drug samples were developed. The methods require no heating steps
and complicated procedures and applied at room temperature. The methods are considered as
selective because of the formation of stable and extractable ion-pair complexes at certain pH,
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enable the application in complicated mixtures. The developed methods have the

advantages of using simple chemical reagents, thus they considered as cost effective methods.
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