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Two simple and selective spectrophotometric methods have been proposed for the determination of amikacin 
sulfate, gentamicin sulfate, kanamycin sulfate, streptomycin sulfate, neomycin sulfate and tobramycin in pure 
forms and in their pharmaceutical formulations. Both methods are based on the proton transfer from the Lewis 
acid such as 2,4,6-trinitrophenol (picric acid; PA) or 2,4-dinitrophenol (2,4-DNP) to the primary amino group 
of aminoglycosides as Lewis base with formation of yellow ion-pair complexes. Different variables and 
parameters affecting the reactions were studied and optimized. Beer’s plots were obeyed in a general 
concentration range of 2.5-140 and 2.5–100 µg mL-1 with 2,4-DNP and PA, respectively, with correlation 
coefficients not less than 0.9991. The proposed methods were successfully applied to the analysis of the cited 
drugs in their dosage forms.  The proposed methods were validated according to ICH and USP guidelines 
with respect to specificity, linearity, accuracy, precision, robustness and ruggedness. 
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INTRODUCTION 
 

Aminoglycosides are a group of highly potent and wide 
spectrum antibiotics that are active against both gram-positive and 
gram-negative bacterial infections (Jiame, 1998). The chemical 
structures of the studied drugs are shown in table 1. 

Various spectrophotometric (Kalashnikov et al., 2000, 
Jiang et al., 2003, Jiang et al., 2003, Jiang et al., 2004, Mitic et 
al., 2006, Ahmad et al., 2006, Sunaric et al., 2007, Li et al., 2008, 
Al-Sabha et al., 2010), Spectrofluorimetric (Mai et al.,1990, 
Meng et al., 1993, Rizk et al., 1995, Gilmartin et al., 2000, Belal 
et al., 2001, El-Shabrawy et al., 2002, Sanchez-Martinez et al., 
2004), Chemiluminescence (Koerner et al., 1987, Deng et al., 
1993, Halvatzis et al., 1994, Yang et al., 1995, Yang et al., 2010), 
Thin layer chromatographic (Szabo et al., 2005, Hubicka et al., 
2009, Kaya et al., 2010), Capillary electrophoresis (Lin et al., 
2008, Huidobro et al., 2009, Yu et al., 2009), High performance 
liquid chromatographic (Kajita et al., 2008, Turnipseed et al., 
2009, Clarot et al., 2009, Bohm et al., 2010, Gremilogianni  et al.,  

2010), polarographic (Ayad et al., 1985, Liang et al., 1991), 
Immunoassay (Sanchez-Martinez  et al., 2007, Sánchez-Martínez 
et al., 2009) and Microbiological methods (Stahl et al., 1984, 
Stahl et al., 1989, Yamamoto et al., 1996) for the determination 
of aminoglycosides in different matrices have been reviewed. 

Two simple colorimetric methods for the analysis of 
pharmaceutical formulation containing aminoglycosides were 
developed.  

These methods have been successfully applied for the 
analysis of drugs in pharmaceutical formulation depending on 
the presence of a primary amine moiety in these drugs. 
 
GENERAL EXPERIMENTAL 
 

Apparatus 
- Spectronic TM Genesys TM 2PC. Ultraviolet/Visible 

spectrophotometer (Milton Roy Co, USA) with matched 1 cm 
quartz cell connected to IBM computer loaded with winspecTM 
application software was used for all measurements. 
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Materials and reagents 

All the materials were of analytical reagent grade. 
Samples of aminoglycosides were generously supplied by their 
respective manufacturers and were used without further 
purification; Amikacin sulfate and Tobramycin (Egyptian 
International Pharmaceutical Industries Co.; E.I.P.I.CO., El Asher 
Ramadan City, Cairo, Egypt), Neomycin sulfate and Gentamicin 
sulfate (Memphis Co. For Pharmaceutical & Chemical Industries, 
Cairo, Egypt), Kanamycin sulfate (Miser Co. for Pharm. Ind. 
S.A.E., Cairo, Egypt) while Streptomycin sulfate (The Nile Co. for 
Pharmaceutical & Chemical Industries, Cairo, Egypt.). DNP (13 
Courtyard Workshops, Bath Street, Market Harborough, 
Leicestershire, LE 169 EJ. U. K). PA (Packed under license from 
Biolab Kirk Quebec Canada, Factory 10th Ramadan City.) 
All solvents used were analytical grade and obtained (El Nasr 
chemical co., Abu Zabbal, Egypt).  
 
Pharmaceutical formulations 

The following available commercial preparations were 
analyzed; Amikin® vials (Smith Kline Beecham; an affiliated co. to 
Glaxo  SmithKline,   Egypt)   labeled   to contain 100 mg amikacin 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sulfate in 2 ml aqueous solution, Neomycin® tablets (Memphis Co. 
For Pharmaceutical & Chemical Industries, Cairo, Egypt.), labeled 
to contain 500 mg Neomycin sulfate per tablet, Tobrin® eye drops 
and Tobrin® eye ointments (Egyptian International Pharmaceutical 
Industries Co.; E.I.P.I.CO., El Asher Ramadan City, Cairo, Egypt) 
, labeled to contain 0.3 % w/v and w/w tobramycin, respectively. 
Tobradex® eye drops (Alcon-Couvreur), labeled to contain 0.3 % 
tobramycin and 0.1 % dexamethasone. Streptomycin® vial 
(Manufactured by Amriya Pharm. Ind. Co. for the Nile Co. For 
Pharmaceutical & Chemical Industries, Cairo, Egypt.), labeled to 
contain 1 g Streptomycin sulfate equivalent to 1 g Streptomycin. 
Diakan-M® syrup (Misr Co. for Pharm. Ind. S.A.E., Cairo, Egypt), 
labeled to contain 100 mg Kanamycin as sulfate. Garamycin® 
ampoules (Manufactured by Memphis Co. For Pharmaceutical             
& Chemical Industries, Cairo – A.R.E. under authority of 
Schering-Plough Corporation / U.S.A.), labeled to contain 40 
mg/ml Gentamicin sulfate and Garamycin® ointment 
(Manufactured by Memphis Co. For Pharmaceutical & Chemical 
Industries, Cairo – A.R.E. under authority of Schering-Plough 
Corporation / U.S.A.), each gram ointment labeled to contain 1 mg 
Gentamicin sulfate. 

Table. 1: The structure of studied drugs:  
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Preparation of reagents 
Preparation of stock standard solutions 

An accurately weighed 25 mg of each drug was carefully 
transferred to a 100-ml separating funnel contained about 20 ml 
distilled water. Then the aqueous layer was rendered alkaline 
through addition of 33 % w/v aqueous ammonia solution and the 
liberated aminoglycoside base was extracted with three portions of 
15 ml chloroform. The chloroform extract was filtrated through 
anhydrous Na2SO4 supported on filter paper. The obtained filtrate 
was evaporated to dryness. The residue lifted was dissolved in 
about 2 ml methanol. The resultant solution was transferred 
quantitatively into 50-ml volumetric flask and completed to 
volume with acetonitril. The final solution was diluted 
quantitavely with acetonitril to obtain working standard solutions 
in the general concentration ranges 25 - 1400 µg mL-1. 

 
Picric acid and 2,4-Dinitrophenol reagents 

A 1.0 mg mL−1 for DNP and PA solutions were prepared 
separately in dichloromethane for use in both methods.  

 
General analytical procedure: 

An aliquot volume of the working standard solutions of 
the studied drugs were accurately transferred into a series of 10 
mL volumetric flasks, the final concentration was in the range of 
2.5–140.0 µg mL-1, then a 1.5 mL of DNP solution or 1.0 ml of 
picric acid solution was added. The contents were mixed well and 
completed to volume with acetonitril. The absorbance of the 
resulting solutions was measured against a reagent blank treated 
similarly at 406 and 418 nm after 10 min for DNP and PA, 
respectively. 

 
Preparation of sample solution  
Procedures for tablets 

Twenty tablets of Neomycin were weighted accurately, 
finely powdered and mixed thoroughly. An accurate weighted 
amount from the powdered tablets equivalent to 25 mg was 
transferred to a 100-ml separating funnel contained about 20 ml 
distilled water. Then the aqueous layer was rendered alkaline 
through addition of 33 % w/v aqueous ammonia solution and the 
liberated aminoglycoside base was extracted with three portions of 
15 ml chloroform. The chloroform extract was filtrated through 
anhydrous Na2SO4 supported on filter paper. The obtained filtrate 
was evaporated to dryness. The residue lifted was dissolved in 
about 2 ml methanol. The resultant solution was transferred 
quantitatively into 50-ml volumetric flask and completed to 
volume with acetonitril. The final solution was diluted 
quantitavely with acetonitril to obtain working standard solutions 
in the general concentration ranges 150 - 1200 µg mL-1 and then 
the general procedures were followed.  
 
Procedures for Ophthalmic ointment  

An equivalent amount of 6 mg of tobramycin in Tobrin® 
ophthalmic ointment was vigorously shaked with 5 ml chloroform. 
The investigated drug was extracted with 5 ml of distilled water 

with vigorous shaking, shake vigorously for 1 minute and 
centrifuge for 15 minutes. The clear upper aqueous layer contain 
drug was transferred to a 100-ml separating funnel and was 
rendered alkaline through addition of 33 % w/v aqueous ammonia 
solution and the liberated tobramycin base which was extracted 
with three portions of 15 ml chloroform. The chloroform extract 
was filtrated through anhydrous Na2SO4 supported on filter paper. 
The obtained filtrate was evaporated to dryness. The residue lifted 
was dissolved in about 2 ml methanol, transferred quantitatively 
into 25-ml volumetric flask and completed to volume with 
acetonitril. The final solution was diluted quantitavely with 
acetonitril to obtain working standard solutions in the general 
concentration ranges 25 – 200 µg mL-1 and then the general 
procedures were followed.  
  
Procedures for Ophthalmic drops  

The solution of Tobrin® and Tobradex® drops was 
diluted with distilled water and transferred to a 100-ml separating 
funnel and was rendered alkaline through addition of 33 % w/v 
aqueous ammonia solution and the liberated tobramycin base 
which was extracted with three portions of 15 ml chloroform. The 
chloroform extract was filtrated through anhydrous Na2SO4 
supported on filter paper. The obtained filtrate was evaporated to 
dryness. The residue lifted was dissolved in about 2 ml methanol, 
transferred quantitatively into 50-ml volumetric flask and 
completed to volume with acetonitril. The final solution was 
diluted quantitavely with acetonitril to obtain working standard 
solutions in the general concentration ranges 25 – 200 µg mL-1 and 
then the general procedures were followed.  
 
Procedures for Amikin® vial and Garamycin ® ampoule  

The solution of Amikin ® vial and Garamycin ® 
ampoules were diluted with distilled water transferred to a 100-ml 
separating funnel and was rendered alkaline through addition of 33 
% w/v aqueous ammonia solution and the liberated bases were 
extracted with three portions of 15 ml chloroform. The chloroform 
extracts were filtrated through anhydrous Na2SO4 supported on 
filter paper. The obtained filtrates were evaporated to dryness. The 
residues lifted were dissolved in about 2 ml methanol, Further 
dilution were made with acetonitril to obtain working solutions    
have a final concentration (100 - 1000 µg mL-1). Then the general 
procedures were followed. 
 
Procedures for Streptomycin® vial  

An amount of Streptomycin® vial content equivalent to 
25 mg streptomycin was dissolved in 10 ml distilled water, 
transferred to a 100-ml separating funnel and was rendered 
alkaline through addition of 33 % w/v aqueous ammonia solution 
and the liberated tobramycin base which was extracted with three 
portions of 15 ml chloroform. The chloroform extract was filtrated 
through anhydrous Na2SO4 supported on filter paper. The obtained 
filtrate was evaporated to dryness. The residue lifted was dissolved 
in about 2 ml methanol, further dilution was made with acetonitril 
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to obtain working solutions have a final concentration (100 - 1400 
µg mL-1) and then the general procedures were followed.  

 
Procedures for syrup 

A certain volume of suspension contain 25 mg 
kanamycin was transferred into a 100-ml separating funnel 
contained about 20 ml distilled water. Then the aqueous layer was 
rendered alkaline through addition of 33 % w/v aqueous ammonia 
solution and the liberated kanamycin base was extracted with three 
portions of 15 ml chloroform. The chloroform extract was filtrated 
through anhydrous Na2SO4 supported on filter paper. The obtained 
filtrate was evaporated to dryness. The residue lifted was dissolved 
in about 2 ml methanol, further dilution was made with acetonitril 
to obtain working solutions    have a final concentration (50 - 1000 
µg mL-1), and then the general procedures were followed. 

 
RESULTS AND DISCUSSION 
 

Absorption Spectra 
The reaction of PA or 2,4-DNP as Lewis acids with 

aminoglycosides as Lewis base results in the formation of an 
intense yellow colored products. The absorption spectra of the 
yellow colored products were recorded at 350–500 nm against the 
corresponding blank solutions. The resulted yellow colored ion-
pair complexes showed maximum absorbance at 418 and 406 nm 
for aminoglycoside-PA and aminoglycoside-2,4-DNP, 
respectively, (Figure 1). 
 

 
 
Fig. 1:  Absorbance spectra of reaction product of ( tobramycin 5 µg mL -1 with 
picric acid  1 mg mL -1 ) and ( tobramycin 7.5 µg mL -1 with 2,4-Dinitrophenol 
1mg mL -1  ). 
 
Optimization of variables 
Effect of dye volume 

The effect of dye volume on the intensity of the color 
developed at the selected wavelength and constant drugs 
concentrations was critically examined using different volumes of 
DNP or PA dyes solution (1 mg mL-1).  

For DNP method, the results indicated that the maximum 
absorbance   was    found    upon    using  1.5 mL of DNP. Fig. (2). 

For PA method, the results indicated that the maximum 
absorbance was found upon using 1.0 ml 0f PA. Fig. (3). 

 

 
Fig. 2: Effect of DNP volume on the absorbance of the formed complexes of 
the studied drugs with DNP (1 mg / ml). 
 

 
Fig. 3: Effect of PA volume on the absorbance of the formed complexes of the 
studied drugs with PA (1 mg / ml). 
 
Effect of reaction time 

Different time intervals were tested before dilution with 
acetonitril. It was found that maximum absorbance was attained 
after 10 min. for both DNP and PA. Fig (4, 5) 
 

 
Fig. 4: : Effect of time on the reaction between studied drugs and DNP (1 mg / 
ml). 
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Fig. 5: Effect of time on the reaction between studied drugs and PA (1 mg / 
ml). 
 
Stability of the complex 

The stability of the complexes was studied after 
completion to volume with acetonitril. It was found that the 
absorbance remained stable for at least 30 minutes; this indicates 
good stability of the formed complexes. Fig (6, 7) 
 

 
Fig. 6: Stability of complex of the studied drugs with DNP (1 mg / ml).  
 

 
Fig. 7: Stability of complex of the studied drugs with PA (1 mg / ml).   

Effect of diluting solvent 
In order to select the most appropriate solvent for 

dilution, different solvents were tested; acetonitrile, acetone, 1,2-
dichloroethane, methylene chloride and chloroform. Acetonitril 
was found to be an ideal diluting solvent.  
 
Stoichiometry and Mechanism of the reaction 

The stoichiometry of the reaction mechanism was studied 
through the job's method (Job, 1964) of continuous variation. The 
molar ratio of DNP or PA to each of investigated drugs was 1:1. 
The reaction pathway was proposed in Figure (8). 
 
Validation of the proposed method 

The proposed methods were validated according to ICH 
and USP guidelines with respect to specificity, linearity, accuracy, 
precision, robustness and ruggedness. 

 
 Linearity 

Linearity was indicated by high correlation coefficient 
obtained. The correlation coefficients (r) of the formed products 
were in the range from 0.9991 to 0.9999 indicating good linearity, 
as shown in table (2). 

The limit of detection (LOD) and limit of quantification 
(LOQ) for the proposed methods were calculated using the 
following equations (USP, 2007): 
                LOD = 3.3 σ / S,                             LOQ = 10 σ / S 
Where σ is the standard deviation of intercept.  S is the slope of 
calibration curve. 

The results are summarized in table (2). The calculated 
detection limits for all the studied drugs were less than 3.73 µg 
mL-1 while the quantitation limits for all the studied drugs were all 
less than 11.3 µg mL-1 indicating good sensitivity of the proposed 
method. 
 
Accuracy (USP, 2007) 

Accuracy was checked at five concentration levels within 
the specified range. Three replicate measurements were recorded 
at each concentration level. The results were recorded as percent 
recovery ± standard deviation as shown in table (3, 4). The results 
obtained show the close agreement between the measured and true 
values. Meanwhile, comparison of the obtained results from the 
analysis of the drug products by the proposed procedure with those 
obtained from the reported methods (Gupta et al., 1983, Sampath 
et al., 1990, Aman et al., 1995) revealed that their is no significant 
difference between them with respect to accuracy as indicated by 
t- and F- tests as shown in table (9, 10) 

 
Precision (USP, 2007) 

Precision was checked at three concentration levels, three 
replicate measurements were recorded at each concentration level; 
the results are summarized in table (5, 6). The calculated relative 
standard deviations were below 2.2 % indicating excellent 
precision of the proposed procedures at both level of repeatability 
and intermediate precision. 
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Fig. 8: Proposal of the reaction pathway between tobramycin and DNP or PA. 

 
Table. 2: Analytical parameters for the analysis of the studied aminoglycosides by DNP method.  

Parameter DNP 
Amik. Tobra. Gent. Neo. Kana. Strep. 

Λ max 406 nm. 
Linear range    (µg mL-1) 10-100 2.5-20 10-100 15-120 5-100 10-140 
Intercept (a) 0.174 0.176 0.092 0.115 0.093 0.0644 
SE of intercept (Sa) 0.0059 0.0089 0.0045 0.0063 0.0041 0.00474 
Slope (b) 0.0077 0.041 0.0062 0.0056 0.0083 0.0048 
SE of slope (Sb) 0.000098 0.00076 0.000073 0.000091 0.000072 0.000059 
Correlation Coefficient (r) 0.9997 0.9991 0.9997 0.9992 0.9998 0.9995 
Determination coeff. (r2)  0.9994 0.9983 0.9994 0.9984 0.9996 0.9990 
SD of residuals (Sy.x) 0.0076 0.0112 0.00577 0.00894 0.0064 0.0074 
LOD (µg mL-1)  2.55 0.722 2.39 3.734 1.606 3.23 
LOQ (µg mL-1)  7.72 2.189 7.25 11.317 4.865 9.773 
LOD : Limit of detection (µg mL-1) 
LOQ : Limit of quantitation (µg mL-1) 
 
Follow table. 2: Analytical parameters for the analysis of the studied aminoglycosides PA method.  

Parameter PA 
Amik. Tobra. Gent. Neo. Kana. Strep. 

Λ max 418 nm. 
Linear range    (µg mL-1) 5-100 2.5-15 5-80 10-90 5-80 10-100 
Intercept (a) 0.119 0.0454 0.143 0.048 0.14 0.074 
SE of intercept (Sa) 0.00295 0.0064 0.0042 0.0083 0.0036 0.0074 
Slope (b) 0.0072 0.0493 0.0087 0.0086 0.0075 0.0074 
SE of slope (Sb) 0.000052 0.00066 0.000094 0.000145 0.000081 0.00012 
Correlation Coefficient (r) 0.9999 0.9996 0.9998 0.9994 0.9998 0.9995 
Determination coeff. (r2)  0.9997 0.9993 0.9995 0.9989 0.9995 0.9989 
SD of residuals (Sy.x) 0.0047 0.0069 0.0062 0.0104 0.0054 0.0095 
LOD (µg mL-1)  1.34 0.429 1.595 3.214 1.603 3.284 
LOQ (µg mL-1)  4.1 1.299 4.834 9.738 4.856 9.953 
LOD : Limit of detection (µg mL-1) 
LOQ : Limit of quantitation (µg mL-1) 
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Table. 3 : Evaluation of the accuracy of the proposed DNP method. 
Sample 
number 

Amikacin Tobramycin Gentamicin 
Taken 

µg mL-1 
Found* 
µg  mL-1 

%  
Recovery 

Taken 
µg  mL-1 

Found* 
µg  mL-1 

% 
Recovery  

Taken 
µg  mL-1 

Found* 
µg  mL-1 

% 
Recovery 

1 20 19.64 98.2 2.5 2.537 101.5 10 10.2 102.0 
2 40 40.16 100.4 5 5.115 102.3 20 20.22 101.1 
3 60 60.96 101.6 7.5 7.46 99.5 40 39.8 99.5 
4 80 82.32 102.9 10 10.1 101.0 60 58.8 98.0 
5 100 99.6 99.6 15 15.21 101.4 80 79.76 99.7 

Mean  100.54  101.14  100.06 
±S.D 1.808 1.031 1.544 

±R.S.D  1.798  1.019  1.543 
*Average of three determinations                            SD: Standard deviation                               RSD: Relative standard  deviation 
 
Follow table. 3 :  evaluation of the accuracy of the proposed DNP  method 

Sample 
number 

Neomycin Kanamycin Streptomycin 
Taken 

µg mL-1 
Found* 
µg  mL-1 

%  
Recovery 

Taken 
µg  mL-1 

Found* 
µg  mL-1 

% 
Recovery  

Taken 
µg  mL-1 

Found* 
µg  mL-1 

% 
Recovery 

1 20 20.04 100.2 10 9.97 99.7 20 19.74 98.7 
2 40 39.84 99.6 20 19.78 98.9 40 39.44 98.6 
3 60 58.98 98.3 40 39.68 99.2 60 59.04 98.4 
6 80 80.64 100.8 60 60.6 101 80 80.88 101.1 
5 100 99.7 99.7 80 80.16 100.2 100 99.6 99.6 

Mean  99.72  99.8  99.28 
±S.D 0.9257 0.834 1.12 

±R.S.D  0.928  0.835  1.13 
*Average of three determinations                           SD: Standard deviation                               RSD: Relative standard  deviation 
 
Table. 4: Evaluation of the accuracy of the proposed picric acid method. 
Sample 
number 

Amikacin Tobramycin Gentamicin 
Taken 

µg mL-1 
Found* 
µg  mL-1 

%  Recovery Taken 
µg mL-1 

Found* 
µg  mL-1 

%  Recovery Taken 
µg mL-1 

Found* 
µg  mL-1 

%  Recovery 

1 5 4.93 98.6 2.5 2.49 99.5 5 4.98 99.6 
2 10 10.18 101.8 5 4.95 99.0 10 9.84 98.4 
3 20 19.88 99.4 7.5 7.6 101.3 40 40.68 101.7 
4 40 39.84 99.6 10 9.96 99.6 60 59.76 99.6 
5 60 60.84 101.4 12.5 12.46 99.7 80 79.68 99.6 

Mean  100.16  99.82  99.78 
±S.D 1.374 0.870 1.192 

±R.S.D  1.372  0.871  1.194 
*Average of three determinations                           SD: Standard deviation                             RSD: Relative standard  deviation 
 
Follow table. 4:  evaluation of the accuracy of the proposed picric acid method. 
Sample 
number 

Neomycin Kanamycin Streptomycin 
Taken 

µg mL-1 
Found* 

µg  mL-1 
%  Recovery Taken 

µg mL-1 
Found* 

µg  mL-1 
%  Recovery Taken 

µg mL-1 
Found* 

µg  mL-1 
%  Recovery 

1 10 10.13 101.25 5 4.94 98.71 10 10.11 101.11 
2 20 20.24 101.19 20 19.84 99.18 40 39.68 99.20 
3 40 40.1 100.26 40 39.91 99.78 60 59.73 99.55 
4 60 59.84 99.73 60 59.7 99.50 80 80.3 100.38 
5 90 89.61 99.57 80 79.66 99.58 100 99.65 99.65 

Mean  100.4  99.35  99.97 
±S.D 0.791 0.418 0.764 

±R.S.D  0.788  0.421  0.765 
*Average of three determinations                         SD: Standard deviation                                RSD: Relative standard  deviation 
 
Table. 5: Evaluation of the precision of the proposed DNP method. 

 
Parameter 

Amikacin (%found)* Tobramycin (%found)* Gentamicin (%found)* 
20 µg 
mL-1 

60 µg  
mL-1 

100 µg  
mL-1 

5 µg 
mL-1 

10 µg  
mL-1 

15 µg mL-

1 
10 µg  
mL-1 

40 µg  
mL-1 

80 µg  
mL-1 

 
Intraday 

1 99.79 99.63 101.54 99.31 99.38 98.56 100.83 99.63 98.1 
2 99.42 99.21 99.71 99.53 98.24 98.27 99.73 99.63 99.5 
3 98.51 100.9 99.32 99.17 99.07 98.34 101.34 99.21 99.3 
Mean 99.24 99.91 100.19 99.34 98.89 98.39 100.63 99.49 98.97 
S.D 0.658 0.879 1.185 0.182 0.589 0.151 0.822 0.242 0.757 
R.S.D 0.662 0.880 1.827 0.183 0.595 0.153 0.817 0.243 0.765 

 
Interday 

1 98.83 101.11 99.82 99.22 99.11 99.8 99.9 99.40 98.8 
2 101.34 100.28 99.33 101.3 98.97 99.54 99.2 98.87 98.7 
3 98.96 101.01 100.86 99.4 98.16 98.31 101.18 99.30 99.44 
Mean 99.71 100.80 100.03 99.97 98.75 99.22 100.09 99.19 98.98 
S.D 1.413 0.453 0.781 1.152 0.513 0.795 1.004 0.282 0.402 
R.S.D 1.417 0.449 0.780 1.153 0.519 0.802 1.003 0.284 0.406 

*Average of three determinations            SD: Standard deviation                      RSD: Relative standard deviation 
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Follow table. 5: evaluation of the precision of the proposed DNP method.  
 

Parameter 
Neomycin (%found)* Kanamycin (%found)* Streptomycin (%found)* 

20 µg  mL-1 60 µg  
mL-1 

100 µg  
mL-1 

10 µg  
mL-1 

40 µg  
mL-1 

80 µg  
mL-1 

20 µg  
mL-1 

60 µg  
mL-1 

100 µg  
mL-1 

 
Intraday 

1 99.5 100.7 99.7 98.5 100.2 99.5 99.1 99.5 99.7 
2 99.2 101.0 99.4 100.3 98.3 98.8 100.4 99.0 100.2 
3 100.4 100.3 100.2 99.9 99.2 99.5 99.7 100.4 100.6 

Mean 99.70 100.67 99.77 99.57 99.23 99.27 99.73 99.63 100.17 
S.D 0.624 0.351 0.404 0.945 0.950 0.404 0.651 0.709 0.451 

R.S.D 0.626 0.348 0.405 0.949 0.957 0.407 0.652 0.712 0.450 
 

Interday 
1 0.361 0.203 0.233 0.545 0.549 0.233 0.376 0.409 0.260 
2 101.1 99.9 99.6 99.6 98.8 100.8 98.6 100.9 99.4 
3 99.7 100.8 99.2 100.7 100.4 99.3 100.2 101.2 98.9 

Mean 99.1 100.5 99.5 99.0 100.7 100.2 100.6 99.3 100.5 
S.D 99.97 100.40 99.43 99.76 99.96 100.10 99.80 100.47 99.60 

R.S.D 1.026 0.458 0.208 0.862 1.021 0.755 1.058 1.031 0.818 
*Average of three determinations                SD: Standard deviation                RSD: Relative standard deviation 
 
Table. 6 : Evaluation of the precision of the proposed Picric acid method. 
 

 
Parameter 

Amikacin (%found)* Tobramycin (%found)* Gentamicin (%found)* 
20 µg  mL-1 60 µg  

mL-1 
100 µg  
mL-1 

2.5 µg  
mL-1 

5 µg  mL-1 15 µg  
mL-1 

5 µg  
mL-1 

40 µg  
mL-1 

80 µg  
mL-1 

 
 

Intraday 

1 100.3 99.1 100.4 99.2 99.6 99.7 100.8 99.6 101.5 
2 99.1 99.6 100.7 99.7 99.4 98.9 99.1 100.4 99.7 
3 99.8 100.4 100.9 98.8 98.9 100.4 98.1 99.3 99.3 
Mean 99.73 99.70 100.67 99.23 99.30 99.67 99.33 99.67 100.17 
S.D 0.602 0.656 0.252 0.451 0.361 0.751 1.365 0.568 1.172 
R.S.D 0.604 0.657 0.250 0.454 0.363 0.753 1.374 0.569 1.170 

 
Interday 

1 100.9 99.3 99.7 100.7 100.3 98.90 99.6 98.7 99.9 
2 99.6 100.7 99.1 99.4 99.6 99.40 100.3 98.9 99.2 
3 99.4 100.6 100.2 101.5 98.9 98.60 99.8 100.9 98.8 
Mean 99.97 100.20 99.67 100.53 99.60 98.67 99.90 99.50 99.3 
S.D 0.815 0.781 0.551 1.060 0.700 0.404 0.360 1.217 0.557 
R.S.D 0.814 0.779 0.553 1.054 0.702 0.408 0.361 1.223 0.561 

 *Average of three determinations                SD: Standard deviation                RSD: Relative standard deviation 
 
Follow table . 6: evaluation of the precision of the proposed Picric acid method. 
 

 
Parameter 

Neomycin (%found)* Kanamycin (%found)* Streptomycin (%found)* 
10 µg mL-1 50 µg mL-1 90 µg mL-1 5 µg mL-1 40 µg mL-

1 
80 µg mL-1 20 µg mL-

1 
60 µg 
mL-1 

100 µg 
mL-1 

Intraday 

1 101.07 101.74 100.89 99.51 99.70 100.91 99.12 100.73 99.61 
2 101.80 100.65 101.08 99.82 100.54 101.10 99.51 100.24 98.43 
3 100.42 100.94 100.92 100.13 100.98 100.44 98.91 99.87 99.42 

Mean 101.09 101.11 100.96 99.82 100.41 100.82 99.18 100.28 99.15 
S.D 0.690 0.564 0.351 0.310 0.650 0.339 0.305 0.431 0.634 

R.S.D 0.682 0.557 0.347 0.311 0.647 0.336 0.307 0.429 0.639 

Interday 

1 99.63 101.03 100.56 100.35 99.33 101.19 98.37 100.61 99.11 
2 99.83 100.44 99.82 101.04 98.86 100.17 99.22 100.80 99.75 
3 100.24 101.27 99.33 100.91 99.63 100.22 98.81 99.88 98.94 

Mean 99.90 100.91 99.90 100.76 99.27 100.53 98.80 100.43 99.27 
S.D 0.311 0.427 0.619 0.367 0.388 0.575 0.425 0.486 0.427 

R.S.D 0.310 0.423 0.619 0.364 0.390 0.572 0.430 0.484 0.430 
 
 
Table . 7: Robustness of the proposed spectrophotometric methods. 
 

%Recovery * ± SD 
Amikacin Tobramycin Gentamicin Neomycin Kanamycin Streptomycin 

DNP volume (mL) 
               1.5 mL                           1.5 ml                                  1.5 ml                             1.5 ml                                 1.5 ml                               1.5 ml 
1.2          100.7 ± 0.50 1.2       100.6± .567 1.2          99.65 ± 0.87 1.2       100.6 ± 0.785 1.2         100.8 ± 1.34 1.2        98.55 ± 1.56 
2.0          99.9 ± 0.987 2.0        100.3 ± 1.21 2.0          99.12 ± 0.43 2.0       99.13 ± 0.25 2.0           99.41 ± 1.1 2.0        99.11 ± 1.32 

Picric acid volume (mL) 
                1.0 ml                              1.0 ml                                1.0 ml                                1.0 ml                               1.0 ml                                1.0 ml 
0.8           97.9 ± 0.79 0.8         98.78 ± 1,32 0.8          99.34 ± o.45 0.8          100.12 ± 1.2 0.8          101.3 ± 0.56 0.8          99.2 ± 0.687 
1.2           98.2 ± 0.98 1.2         98.9 ± 0.765 1.2          98.35 ± 1.64 1.2          101.05 ± 1.3 1.2          100.98 ± 0.7 1.2          98.97 ± 1.23 
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Robustness 

Robustness of the procedures was assessed by evaluating 
the influence of small variation in experimental variables on the 
analytical performance of the method (DNP or picric acid volume 
and reaction time).  

In these experiments, one experimental parameter was 
changed while the other parameters were kept unchanged, and the 
recovery percentage was calculated each time (Table 7).                   
The small variations in any of the variables did not                
significantly affect the results. This gave an indication                  
for   the  reliability  of   the  proposed method during routine work. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Ruggedness 

The ruggedness of an analytical method is the degree of 
reproducibility of test results obtained by the analysis of the same 
samples under a variety of normal test conditions such as different 
laboratories, different analysts, different instruments, different lots 
of reagents, different assay temperatures, different elapsed assay 
times, etc. To examine ruggedness of the procedure, the analysis 
was done using different instruments, and then the results were 
evaluated as shown in Table (8). The precision of the proposed 
method was fairly high, as indicated by the low values of the (% 
RSD) which did not exceed 2% for the studied drugs. 
 

Table . 8: Ruggedness of the proposed spectrophotometric methods. 

Drug 

Instrument 
Jenway ®, ultraviolet-visible spectrophotometer SpectronicTMgenesysTM, ultraviolet-visible spectrophotometer ® 

%Recovery *  ± SD 
DNP Picric acid DNP Picric acid 

Amikacin 99.54 ± 1.11 100.32  ± 1.44 99.14  ± 1.54 99.73  ± 1.21 
Tobramycin 98.54  ± 0.87 97.98  ± 0.88 98.99  ± 0.45 98.82  ± 0.93 
Gentamicin 99.34  ± 0.95 99.6  ± 0.744 99.78  ± 0.77 99.15  ± 1.46 
Neomycin 101.1  ± 1.14 101.3  ± 0.87 100.81 ± 1.37 100.99  ± 0.33 

Kanamycin 99.63  ± 0.83 100.5  ± 0.29 99.48  ± 0.49 99.39  ± 1.43 
Streptomycin 100.4  ± 0.35 99.2  ± 1.38 99.86  ± 0.71 98.14  ± 1.55 

 
Table. 9:  Comparison between the proposed DNP and the reported methods for the determination of the studied Aminoglycosides in their pharmaceutical dosage 
forms. 

Pharmaceutical dosage forms % Recovery ± SD* t-value b F-value b Proposed method Reported method 

Amikacin sulfate 
Amikin 100 mg® vials 100.17 ± 0.764 99.13 ± 1.026 1.399 1.806 

Neomycin sulfate 
Neomycin 500 mg ®  tablets 99.47 ±  0.907 98.73  ± 1.55 0.729 2.924 

Tobramycin 
Tobradex ® eye drops 100.83 ± 1.26 102.23 ± 0.75 1.64 2.73 
Tobrin ® eye drops 100.57 ± 1.69 100.33± 1.53 0.177 1.23 
Tobrin ® eye ointment 100.5 ± 1.32 101.43 ± 1.102 0.944 1.44 

Gentamicin 
Garamycin ® 80 ampoule 100.17 ± 0.764 99.9 ± 1.114 0.342 2.126 
Garamycin ® ointment 100.53 ± 1.168 100.21 ± 1.203 0.337 1.062 

Kanamycin 
Diakan M ® syrup 99.63 ± 0.611 99.11 ± 0.885 0.843 2.098 

Streptomycin 
Streptomycin ® 1gm vial 99.2 ± 1.054 99.33 ± 0.585 0.187 3.243 
* Average of five determinations. 
b Tabulated values at 95% confidence limit are t=2.306, F=6.338.   
 
Table. 10: Comparison between the proposed PA and the reported methods for the determination of the studied Aminoglycosides in their  
pharmaceutical dosage forms.  

Pharmaceutical dosage forms % Recovery ± SD* t-value b F-value b Proposed method Reported method  
Amikacin sulfate 
Amikin 100 mg® vials 100.07 ± 0.666 99.13 ± 1.026 1.321 2.376 
Neomycin sulfate 
Neomycin 500 mg ®  tablets 100.1 ± 0.656 98.73  ± 1.55 0.979 1.915 
Tobramycin 
Tobradex ® eye drops 101.2 ± 0.721 102.23± 0.75 1.695 1.116 
Tobrin ® eye drops 99.37 ± 1.097 100.33 ± 1.53 1.031 2.38 
Tobrin ® eye ointment 100.53 ± 1.5 101.43 ± 1.102 0.842 1.856 
Gentamicin 
Garamycin ® 80 ampoule 99.3 ± 1.179 99.9 ± 1.114 0.641 1.121 
Garamycin ® ointment 99.53 ± 1.16 100.21 ± 1.203 0.698 1.078 
Kanamycin 
Diakan M ® syrup 99.5 ± 1.159 99.11 ± 0.885 0.506 1.715 
Streptomycin 
Streptomycin ® 1gm vial 99.67 ± 1.35 99.33 ± 0.585 0.396 5.33 
* Average of five determinations. 
b Tabulated values at 95% confidence limit are t=2.306, F=6.338.   
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Application to pharmaceutical dosage forms 
The proposed method was applied for determination of 

investigated drugs in commercial pharmaceutical dosage forms. 
The results were statistically compared with those of reported 
methods (Gupta et al., 1983, Sampath et al., 1990, Aman et al., 
1995), in respect to accuracy and precision. The obtained mean 
recovery values were 98.73-102.23 ± 0.585-1.69 %, as shown in 
table (9, 10). According to t- and F- tests, no significant difference 
was found between the calculated and theoretical values of both 
the proposed and the reported methods at 95% confidence level. 
This indicates good level of precision and accuracy. 
 
CONCLUSION 
 

In conclusion, the proposed spectrophotometric 
procedures are simple and time saving. Moreover, they could be 
applied to the quality control analysis of the investigated drugs. 
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