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ABSTRACT

Kinetic method has been developed for the quantitative analysis of streptomycin. The method is based on the oxidation of the drug with the mixture of 
potassium iodide and potassium iodate to form a yellow colored product. Two methods are adopted for the determination process, the initial rate method and fixed 
time, absorbance difference method. Both the method followed Beer’s law in the range of 4 µg ml-1- 72 µg ml-1. The linear regression equation of initial rate and 
fixed time (absorbance difference) method was evaluated to be Rate (Ʋ) = -1.026 × 10-6 + 5.93 × 10-4 C and  ∆A = -1.63×10-3 + 8.0×10-3C. The limit of detection 
of initial rate method and fixed time method was obtained to be 0.011 and 0.50, respectively while limit of quantitation upon calculation came out to be 0.032 and 
1.5 for initial rate and fixed time absorbance difference methods, respectively.  Another important study in the proposed method is the activation parameter study 
which was done at four different temperatures i.e 298 K, 303 K, 308 K and 313 K. Using the elevated temperature various activation parameters such as change in 
enthalpy (∆ H), change in entropy (∆ S) and Gibbs free energy (∆ G) was calculated and obtained to be -34.41 kJ mol-1, -143.16 and -77.059 × 103 kJ, respectively. 
Probable mechanism of the reaction has been mentioned in the text.
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INTRODUCTION

Streptomycin is an antibiotics belonging to group called aminoglycosides. 
Chemically it is known as bis[N,N′-bis(aminoiminomethyl)-4-O-[5-deoxy-
2-O-[2-deoxy-2-(methylamino)-α-L-glucopyranosyl]-3-C-formyl-α-L-
lyxofuranosyl]-D-streptamine] trisulphate. It is water soluble bactericidal 
antibiotics which act by interfering with the normal protein synthesis. The 
interference may be due to initiation, elongation and termination of protein 
synthesis.  It is widely used antibiotics which can be used in the treatment of 
humans, veterinary as well as in the agriculture plants. Although, in human 
streptomycin alone is employed as a second line therapeutics against the 
tuberculosis, yet in recent years its important is growing because of its use in 
combination with other drugs for the treatment in tuberculosis. It is bactericidal 
to both the gram positive and gram negative strains of bacteria. Streptomycin is 
administered by regular intramuscular injections and is first effective medication 
for tuberculosis1. Despite of its serious nephrotoxicity and ototoxicity it remains 
the highly favored choice for the treatment of brucellosis and tularemia2. 
Several methods have been reported for the analysis of streptomycin sulfate, 
they include spectrophotometry3-7, HPLC8,9. Other methods including Capillary 
zone electrophoresis10  and batch foam separation11, Spectrofluorimetry12  have 
been applied for estimating the content of streptomycin. To the best of our 
knowledge kinetic method based on increase in absorbance is still lacking in 
the literature. The low cost of the spectrophotometer make this technique easily 
available technique for the researchers and academics.

This paper describes the development and validation of kinetic 
spectrophotometric methods for the estimation of streptomycin sulfate in 
pharmaceutical formulations. The basis of the measurement is oxidation of 
streptomycin with potassium iodate which forms a carboxylic acid derivative. 
In the presence of –COOH group of the derivative the iodide is oxidized by 
iodate to form triiodide ion, which have a λmax of 353 nm.  The increase in 
absorbance was observed therefore, initial rate and fixed time methods are 
applied to determine the content of streptomycin in commercial products. 
Further the activation parameter were studied and ∆ H‡,    ∆ S‡ and ∆ G were 
calculated.

EXPERIMENTAL

Apparatus 
The absorbance of the samples was measured on Lambda 650 double 

beams UV/Vis spectrophotometer provided with multiple cell holders.  The 
temperature of the cell was kept constant (at the desirable temperature) by 
circulating water using multi temperature of the same spectrophotometer.

Reagents and standards
Streptomycin sulfate was purchased from Fluka BioChemika (Fluka 

chemie, AG CH-9470 Buchs). Standard drug solution (0.8 mg ml-1) was 
prepared by dissolving 40 mg of streptomycin sulfate in 50 ml of Milli Q water. 
The same solution was used to prepare the linearity samples and quality control 
samples which were prepared at three concentration levels of 4, 32 and 64 µg 
ml-1.  Marketed products applied for the recovery experiments are Ambistryn 
S (1000 mg) and Cipstryn (1000 mg), the formulations were purchased from 
the Indian market. 

Potassium iodide (KI) was obtained from BDH chemie, Poole, England. 
0.07 mol/l KI was used in the determination experiments, and should be 
prepared freshly in Milli Q water. 0.005 mol/l potassium iodate solution used in 
the method development process was also freshly prepared and was purchased 
from the same company as that of Potassium iodide.

Recommended procedure for the determination of Streptomycin
Initial rate method:
Different volumes of 0.8 mg ml-1 streptomycin ranging from 0.05 ml to 

0.9 ml were pipetted into a series of 10 ml standard flask. To each flask 2 ml 
each of 0.07 mol/l KI and 0.005 mol/l KIO3 were added in the same sequence 
and diluted up to the mark with Milli Q water. The content of the flask were 
well mixed and increase in absorbance with increase in time was recorded at 
353 nm. At varied concentration of drug, initial rate of reaction was achieved 
by determining the slope of the tangent to the absorbance-time graph. The 
plot of initial rate of reaction verses the molar concentration of streptomycin 
yielded the amount of drug. The amount of drug can also be computed from the 
regression equation of the plot.

Fixed time, absorbance difference (∆A) method:
In this method of analysis, the absorbance of samples at the selected 

concentrations was measured at 353 nm against the reagent blank. The 
difference between the absorbance found at 2 minute and that obtained at 4, 
6,8,10 or 12 min was plotted against the concentration of streptomycin sulfate 
to get the calibration graph. The amount of drug can be calculated from the 
calibration graph or the linear regression equation.

Determination of streptomycin in commercial dosage forms. 
Ambistryn S and Cipstryn, each vial containing 1000 mg were reconstituted 

in 10 ml Milli Q water, further 0.8 ml of the reconstituted solution was dissolved 
in 100 ml water to prepare a test solution of 0.8 mg ml-1.

RESULT AND DISCUSSION

Spectral studies
During the spectral comparison of the pure streptomycin, reagent blank 
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and the oxidation product it was observed that maximum absorbance of the 
streptomycin sulfate was at 237 nm while the blank solution which is the 
mixture of iodide and iodate absorbs maximally at 270 nm and 290 nm. Upon 
the addition of the drug to the reagent blank the reactions starts and a shift in 
absorption band is observed which is credited to the oxidation of streptomycin 
sulfate by the potassium iodate. The new band for the reaction product 
appeared at 353 nm (Figure1). The equilibrium of the reaction appears after 
30 minutes thus this condition was exploited to determine the streptomycin 
content kinetically.

the formation of the yellow colored oxidation product were intensely studied 
and maintained throughout the experiment. 

Effect of KIO3:  The role of KIO3 in the determination of streptomycin 
was studied and was observed that similar to that of the KI the initial rate 
increased with increasing concentration of KIO3. The increase in initial rate 
was observed upto the 8.5× 10-4 mol/l KIO3 and remained constant upto 1.1 
× 10-3 mol/l. Thus 1.0 × 10-3 mol/l was selected as an optimum in the current 
determination process.

Effect of KI: Influence of the concentration of KIO3 on the initial rate of 
reaction was investigated in the concentration range of 7.0 × 10-3 mol/l - 1.54 
× 10-2 mol/l. The initial rate of the reaction increased with the increase in the 
concentration of KI and become constant at 1.26 × 10-2 mol/l and remained as 
such upto 1.54 × 10-2 mol/l. Thus, 1.54 × 10-2 mol/l was selected as optimum 
value for the determination process.

Effect of temperature
The influence of temperature on the initial rate of reaction was examined 

at 298 K, 303 K, 305 K and 313 K.  The absorbance-time plot at these 
temperatures specifies the dependence of the initial rate on temperature. The 
initial rate at different concentrations of streptomycin at each mentioned 
temperatures was calculated and used for plotting the calibration plot. The 
highest linearity was obtained at 298 K which was finally selected for the 
determination process. Further the activation parameters were calculated using 
the elevated temperatures.

Analytical data and method validation
Initial Rate method
Under the investigational situations the higher concentrations of KI 

and KIO3 are employed, which establish a pseudo-order reaction, condition 
with respect to the reagent concentration. On the basis of the experimental 
interpretations, kinetic equation for the reaction may be written as:

Rate = k [C]n [KIO3]
 m [KI] l

for [KIO3] ≥ 1.0 × 10-3 mol/l and [KI] ≥ 1.54 × 10-2 mol/l at 298 K  
The above equation can be reduced to
rate = k†[C]n 
where, k†, C and n are pseudo-order rate constant and concentration of 

streptomycin order of reaction, respectively. In the logarithmic form the 
equation can be written as:

log (rate) =log k† + n log C
The initial rates of reaction at varied concentration of streptomycin were 

evaluated by getting the slopes of the initial tangent, to the absorbance - time 
curve during first 12 min of the reaction (figure 2). The results are summarized 
in table 1. 

Figure 1:  Absorption spectra of (1) 1.09 × 10-6 mol/l streptomycin in 
Milli Q water (2) 7.0 × 10-3 M KIO3 + 5.0 × 10-4 mol/l KI (3) 4.94 × 10-5 M 
Streptomycin + 1.0 × 10-3 mol/l KIO3+ 1.4 × 10-2 mol/l KI.

Mechanism of the reaction
Rahman et al. 13 reported that the methyl group undergoes oxidation with 

iodate to form a carboxylic acid derivative. In the current study, the reaction 
proceeds in the similar fashion where streptomycin having methyl group 
undergoes oxidation with iodate. In presence of the carboxylic acid derivative 
of streptomycin iodate again oxidizes the iodide in the reaction forming a 
triiodide ion. The reaction sequence is shown in scheme 1.

Scheme 1: Probable reaction mechanism for the proposed method. 

Optimization of variables
The optimum condition for the current proposed methods responsible for 

Figure 2: Absorbance-time graph of oxidation of streptomycin with 
mixture of potassium iodate and potassium iodide. 1.03×10-3 mol/l KIO3, 
1.4×10-2 mol/l KI and (A) 2.74 × 10-6 (B) 5.49 × 10-6  (C) 1.65 × 10-6  (D) 2.20 × 
10-6  (E) 3.84× 10-6 (F) 4.39× 10-6  (G) 4.94× 10-6 mol/l streptomycin
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Table 1.  Initial rate of reaction at different concentration of streptomycin 
keeping [KIO3] and [KI] constant

C,[Drug] moll-1 Log C Initial rate of reaction 
(Ʋ) mol L-1S-1 Log Ʋ

2.7445 × 10-6 -5.5615 0.0057 -2.2436

1.6467 × 10-6 -5.2604 0.0082 -2.0861

2.1956 × 10-5 -4.7833 0.0030 -1.5217

2.1956 × 10-5 -4.6584 0.0416 -1.3810

3.8425 × 10-5 -4.4153 0.0734 -1.1343

4.3913 × 10-5 -4.3574 0.0824 -1.0837

4.9402 × 10-5 -4.3062 0.0852 -1.0693

The graph of log rate versus log C produced following linear equation
Log (rate) = 3.262 + 1.0004 log C
The correlation coefficient of the regression equation came out to be 

0.9913. The value of n in the equation approves that the reaction is first order 
with respect to streptomycin.

Further a graph of initial rate of reaction versus the initial concentration of 
streptomycin was plotted and was found that the drug gave a linear response 
in the concentration range of 4µg -72 µg. The statistical treatment of the data 
using the least square method was used to evaluate the slope intercept and the 
correlation coefficient. The graph of rate versus the concentration produced the 
following linear regression equation.

Rate = -1.026 × 10-6 + 5.93 × 10-4 C.
The correlation coefficient came out to be 0.9957. The limit of detection 

and quantitation was calculated to be 0.011 and 0.032, respectively while the 
variance of the calibration line was calculated to be 3.53 × 10-12. Such a low 
value of the variance show negligible scattering of investigational figures 
around the line of regression. The assessment of the confidence limits of slope 
(b±tSb) and confidence limit of intercept (a ±tSb) was performed and their value 
was computed and came out to be 5.93 × 10-4 ± 1.30 × 10-6 and -1.026 × 10-6 
± 2.54 × 10-5, respectively. The appreciably low value of the confidence limit 
indicates high reproducibility of the initial rate method

Fixed time method, Absorbance difference (∆A) method:
In this method of analysis the absorbance of the reaction product is 

recorded for the first 12 minutes of the reaction at an interval of 2 min. The 
difference in absorbance between T1 (2 min) and T2 (4, 6, 8, 10 or 12 minutes) 
was calculated and plotted against the concentration of streptomycin. The 
details of the linear regression equations are given in table 2. From the table it 
is clear that highest linearity was obtained with the difference between 2 and 
8 minutes. Therefore, this fixed time was recommended for the analysis of 
streptomycin. The calibration plot was found to be linear in the concentration 
range of 4 - 72µg ml-1 of streptomycin. The limit of detection (LOD), Limit 
of quantitation (LOQ) and variance was found to be 0.495, 1.5 and 1.44 × 10-

4. The linear regression equation corresponding to the fixed time, absorbance 
difference method came out to be -1.63×10-3 + 8.0×10-3C.

Table 2: Details of the linear regression equation at A4-A2, A6-A2, A8-A2, 
A10-A2, A12-A2.

∆ A Calibration 
Equation r SD ±tSa ±tSb

A4-A2
-7.7×10-3 + 
2.97×10-3C 0.9909 0.0123 0.0081 1.81×10-4

A6-A2
-3.52×10-3 + 
5.64×10-3C 0.9959 0.0151 0.0102 2.27×10-4 

A8-A2
-1.63×10-3 + 
8.0×10-3C 0.9995 0.0012 0.0049 1.08×10-4

A10-A2
7.66×10-3 + 
1.0×10-2C 0.9989 0.0038 0.0093 2.07×10-4

A12-A2
2.52×10-2 + 
1.12×10-2C 0.9973 0.0245 0.0165 3.69×10-4

*SD:-  Standard Deviation
tSa and tSb are the standard deviations of intercept and slope, respectively

Activation parameters study of the proposed method.
The activation parameters were studied by studying the rate of reaction at 

298,303, 308 and 313 K keeping the following reaction conditions.
[Streptomycin] = 2.74×10-6 mol/l, [KIO3] = 1.4×10-2 mol/l, [KI] = 1.0×10-3 

mol/l
The Eyrring plot of ln Kobs/T  versus  1/T was prepared and correlation 

coefficient, r was found to be 0.945 (Figure 3). The change in ∆ H‡ and ∆ S‡ 

were calculated from the slope    and intercept [ ln  + 
 ] of the Eyrring plot and the value was obtained to be  -34.41 kJ mol-1 and 

-143.16. Gibbs free energy was calculated using the equation. ∆G = -RT ln K 
and it was found to be -77.059 × 103 kJ. The negative value of ∆S indicates that 
the activated complex is associated in nature and cause a decrease in entropy. 

Figure 3: Eyring Plot of ln kobs/T versus 1/T at 298 k, 303 k, 308 K and 
313 K; Streptomycin =  2.74 ×10-6 mol/l KIO3= 1.03×10-3 mol/l, KI = 1.4×10-2 

mol/l. 

Accuracy and precision of the proposed method
To establish the accuracy and precision of the proposed method interday and 

intraday assay was performed. By the interday and intraday assay, the content 
of streptomycin was determined in quality control samples at three different 
concentration levels of 4 µg ml-1, 32 µg ml-1 and 64µg ml-1 by performing five 
independent analyses. Intraday assay was performed within 1day while the 
interday assay was performed for 5 days. Results are summarized in table 3. 
Statistical treatment of the data yielded standard deviation, relative standard 
deviation and standard analytical error. For both the methods these parameters 
are acceptable as is within the permissible bias range. Thus the accuracy and 
precision results can be considered satisfactory.

Validity of the proposed method
To evaluate the validity of the proposed method, standard addition method 

was employed. In this method a known quantity of pure streptomycin was added 
to its formulated forms at three different concentration levels. The nominal value 
of streptomycin was computed using the proposed methods. The results in Table 
4 show that the recoveries obtained by both the procedures are very satisfactory.

Robustness
In the analytical procedure robustness refers to the ability of the method to 

remain unaffected by deliberate but small variations in the method parameters. 
In the current study robustness was ascertained by variation in the volume of 
0.005 mol/l KIO3 (± 4 ml) 0.07 mol/l KI (± 3 ml). Under the varied condition the 
quality control samples were analyzed at concentration level of 16 and 48 µg ml-

1. Results are acceptable with excellent recoveries.
Solution stability
The stability of the streptomycin sulfate solution was checked by recording 

the absorption spectra of the drug for 7 days. No change in the absorption 
spectra was observed during these days. Further the stability with respect to 
the assay of the streptomycin solution was checked by determining the content 
of streptomycin after storing it at room temperature (25º C ±1 º C ) and at 
refrigerated condition  ( 2-8 º C). Sample prepared were analyzed for its assay at 
0-24 hour with a gap of 6 hours. The result of the study was used to evaluate the 
% content change in streptomycin with respect to time zero. It was observed that 
total degradation after 24 hours at the room temperature condition was 1.45 % 
while that of at refrigerated condition was 0.78 %.
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Table 3. Evaluation of accuracy and precision of the proposed method by intraday and interdat assay.

Proposed Methods
Amount µg ml-1

RSD ( %) SAEb) C.Lc)

Taken Found±SDa)

Initial Rate

    Intra Day Assay 4 3.98±0.048 1.18 0.021 0.059

32 31.96 ± 0.286 0.89 0.128 0.356

64 64.06±0.765 1.19 0.324 0.949

     Interday Assay 4 3.98±0.068 1.17 0.030 0.084

32 32.20 ± 0.515 1.59 0.23 0.639

64 64.09±0.855 1.33 0.382 1.06

Fixed Time (∆A) method

    Intra Day Assay 4 4.00±0.058 1.43 0.026 0.071

32 31.80±0.052 1.62 0.231 0.043

64 64.01±0.886 1.38 0.396 1.099

     Interday Assay 4 4.00±0.054 1.35 0.024 0.025

32 32.01 ± 0.564 1.76 0.252 0.700

64 64.05±0.971 1.51 0.434 1.20

Table 4.  Standard addition method for the determination of streptomycin in commercial dosage form.

Formulations Initial rate method
Amount (µg ml-1) Fixed time (∆A) method

Taken Added Found±SD Recovery
(%)

RSD
(%) SAE Taken Added Found±SD Recovery

(%)
RSD
(%) SAE

8 8 16.04±0.19 100.28 1.17 0.08 8 8 16.09±0.25 100.53 1.58 0.11

8 32 40.07±0.19 100.17 0.63 0.11 8 32 40.15±0.73 100.38 1.81 0.33

8 56 64.01±0.26 100.01 0.37 0.11 8 56 64.01±0.66 100.02 1.02 0.29

8 8 15.95±0.27 99.69 1.70 0.12 8 8 15.97±0.20 99.81 1.28 0.09

8 32 40.03±0.37 100.09 0.93 0.17 8 32 40.09±0.47 100.22 1.18 0.21

8 56 63.91±0.61 99.86 0.96 0.27 8 56 64.14±0.63 100.22 0.98 0.28

Table 5: Point and interval hypothesis tests: Comparison of the proposed method with the reference method.

Formulation

Point hypothesis test Interval hypothesis test

Initial rate 
method

Fixed time
(∆A) method Reference method Initial rate method Fixed time method

recovery RSDa)

(%) recovery RSDa)

(%) recovery RSDa)

(%)
t-

value
F- 

value θL θU
t-

value
F- 

value θL θU

Ambistryn S 100.21 1.35 100.37 1.34 100.35 1.17 0.979 0.162 0.999 1.003 0.128 0.297 0.998 1.002

Cipstryn 100.13 0.80 100.25 1.15 100.10 0.87 0.554 0.467 0.999 1.001 1.058 0.130 0.999 1.003

Limit of detection (LOD) and limit of quantitation (LOQ)

As per the guidelines of the international conference on harmonization 
(ICH)14. LOD and LOQ can be evaluated using the following equations.

LOD = 3.3 ×   and LOQ = 10 ×    where  and b are standard 
deviation and slope of the calibration line. The LOD of the initial rate method 
and fixed time was found to be 0.011 and 0.50 while LOQ of the two methods 
came out to be 0.032 and 1.5, respectively. 

Applicability of the proposed method and evaluation of bias.
Applicability of the initial rate and the absorbance difference (∆A) method 

was used to calculate the assay of streptomycin in the marketed formulations. 

The results of the proposed methods were statistically compared with those 
of the reference method (reported method from the literature) using the point 
and interval hypothesis15,16. In the interval hypothesis the offered method is 
accepted when the true mean is within the range of ±2% of that of the reference 
method i.e.

- 0.02 μ1 < (μ2 – μ1) < 0.02 μ1
The overhead equation can also be written as: 
0.98 < μ2 / μ1 < 1.02
Which, can be generalized to
qL < μ2 / μ1 < qu
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Where, qL and qU are lower and upper acceptance limits, respectively. 
The limits of this confidence interval can be calculated as the two roots of the 
following quadratic equation.  

Where,

The values of qL and qU of the confidence interval can be obtained as:

Results from table 5 shows there is no significant difference between the 
methods compared.

CONCLUSION

The proposed methods are a direct determination of streptomycin at 25ºC. 
The current method is free from any pretreatments. The methods are very rapid 
and can be completed within 10 min. No interference from the excipients was 
observed during the assay process. Thus we can conclude that the proposed 
methods are suitable for the determination of streptomycin in pharmaceutical 
formulations. It can be used to routine analysis of streptomycin in quality 
control laboratories, laboratories of hospitals, pharmaceutical industries and 
academic research institutions.
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