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ABSTRACT., A rapid. simple and sensitive validated spectrophotometric methods have been described for the assay
of neomycin and streptomycin either in pure form or in pharmaceutical formulations, The proposed methods were based
on the oxidation of the studied drugs by a known excess of potassium permanganate in acidic medium and estimating
the unreacted permanganate with amaranth dye (method A), acid orange II {method B). indigocarmine (method C). and
methylene blue (method DY, in the same acid medium at a suitable 7., =321, 485, 610 and 664 nm, respectively. Beer’s
law is obeyed in the concentration range of 5-10 and 2-7 mg mL™" for neomycin and streptomycin. respectively. The
apparent molar absorptivity and sandell sensitivity values are in the range 5.47-6.20x10%, 2.35-2.91x10° L. mol' cm™" and
7.57-8.59, 5.01-6.2 ng em™ for neomycin and streptomyein. respectively. Different variables affecting the reaction were
studied and optimized. The proposed methods were applied successfully to the determination of the examined drugs
either in a pure or pharmaceutical dosage forms with good accuracy and precision, No interferences were observed from
excipients and the results obtained were in good agreement with those obtained using the official methods.
Keywords:  Spectrophotometry. Neomyc¢in sulphate, Streptomyein sulphate, Potassium permanganate. Oxidation reac-
tions, Pharmaceutical formulations
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INTRODUCTION

Aminoglycoside antibiotics have similar chemi-
cal and biological properties as well as mechanism
of action. Neomycin (Scheme 1), belongs to a group
of broad spectrum aminoglycoside antibiotics
which are widely used in clinical therapy of serious
infections. [t inhibits the growth of both gram-posi-
tive and gram-negative bacteria.! Streptomycin
(Scheme 2), is a human antibiotic drug which also is
used as a pesticide, to control [ungi and algac. it is
aclive against numcrous gram-negative and gram-

positive bacteria. One of the greatest virtues ol
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streplomycin is its effectliveness against tubercle
bacillus. In itself it is not a cure, but it is valuable
adjunct to the standard treatment of tuberculosis.
Streptomycin remains one of the agents of choice
for the treatment of certain ‘occupational” bacterial
infections, such as brucellosis, tularemia, bubonic
plague, it is used rather widely in the treatment of
infections of the intestinal tract.”

Many analytical techniques have been employed
for the detection and determination of aminoglyco-
side antibiotics include potentiometric,’ voltammet-
* amperometric,” luorometric.t"” immunoassay,''
spectropolarimetric,”? clectrophotesis,” colorimetric,"
spectrophotometrie,” gas chromatographic.™ thin
layer chromatographic.™™ liquid chromatographic.™"
and high performance liquid chromatographic*™,
To the best of our knowledge, there is no work in
the literature reported about the application of
potassium permanganate for the determination of
neomycin and streptomycin.

The present communication describes four visual
spectrophotometric methods {A-D) for the assayv-
ing of the cited drugs in bulk form and in commer-
cial pharmaceutical formulations. Mcthods A-D are
indirect procedutes, involving the addition ol an
excess KMnQO, and the determination of unreacted
oxidant by the decrease in absorbance of the differ-
ent dves.

tic,

EXPERIMENTAL

Apparatus. Absorbance imeasurements were car-
ried out using Biotech (UV-VIS) spectrophotome-
ter (Cyprus), with scanning speed 400 nm/min and
band width 2.0 nm, equipped with quartz cells ol 10
mm path length.

Reagents and materials, All chemical and reagents
used were of analytical or pharmaceutical grade and
doubly distilled water were used throughout,

Pure neomycin and streptomycin were obtained
from the Egyptian International Pharmaceutical
[ndustries Company (EIPICO). Stock solutions of
the studied drugs were freshly prepared daily by
dissolving 20 mg of the drug in distilled water and
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then, completed Lo the mark in a 100 mL calibrated
flask with distilled water. Working standard solutions
were prepared by suitable dilution of the stock.

An aqueous solution of amaranth (AM) (Merck;
5.0x107% M), acid orange [[ (AO) (Merck; 5.0x10*
M), indigocarmine (Aldrich; 5.0x10™ M), and
methylene blue (MB) (Merck; 1.0x10% M) were
ptepared by dissolving an accurate weight of dve in
least amount of water and completed to the mark in
a 100 mL calibrated flask. The stock solutions of
dyes were allowed 1o stand at room temperatwre for
a lew weeks without any significant decay.

A stock solution of 5.0x10° M KMnQ, (Ald-
rich) was prepared by dissolving an accurate weight
in 10 mL. of warm distilled water, then completed to
the mark in a 100 ml. calibrated flask. Standard-
ized using sodium oxalate and kept in a dark bottle.
A 5.0<10™ M solution of KMnO, was prepared by
diluting the previously stock solution with water
and 2.0 M 11.SO, was prepared.

General procedure and calibration

Pipetic a 1.0 mL aliquot ol the examimed drugs
solution in a scrics of 10 mL calibrated flasks. (ol-
lowed by acidification by adding 0.5 mL of 2.0 M
H.S0O,. A 2.5 ml. and 1.2 ml. of 5.0x 10" M KMnQ,
were added and heated in a boiling water bath for
25 min and 20 min with neomycin and streptomy-
cin, respectively. The mixture was cooled to labora-
tory temperature, then 1.3 mL of 5.0 10" M of AM
was used for method A, 1.8 mL of 5.0x 10 M of
AQ for method B, 1.7 mL of 5.0x10™ M Indigo for
method C. and 2.5 mL of 5.0x10" M of MB for
method D, with neomycin and streptomycin,
tespectively. The volume was completed to 10 mL
with water. The decrease in color intensitics in A.
B, C and D. were measured speetrophotometrically at
their corresponding maximum wavelengths, The con-
cenfration of each drug was found from a calibration
graph constructed under the same conditions.

Procedure for pharmaccutical formulations:

Procedure for tablet

The contents of twenty tablets of neomycin sul-
phate, were crushed powdered, weighed out and the

average weight of one tablet was determined. An
accurate weight equivalent to 20 mg of pure drug
was dissolved in 20 ml. distilled water and then fil-
tered. The filtrate was diluted to 100 ml. with dis-
tilled water in a 100 mL calibrated flask. This
solution was further diluted stepwise to the request
concentration with water and then analyzed by the
recommended procedure.

Procedure for vials

Mix the content of fen streptomycin vials and
weigh an accurale amount of the powder cquiva-
lent 1o 20 mg in a 100 mL calibrated flask. The
above stated procedures described were applied to
determine drug concentrations.

RESULTS AND DISCUSSION

Absorption spcctra

The absorption spectra of the reaction products
from the reduced drugs with amaranth dye (method
A), acid orange 11 (inethod B), indigocarmine {imethod
C) and methylene blue (method D) show characler-
valucs at 521, 485, 610 and 664 nm,
respectively. (Fig. 1). The calibration graph are lin-
ear over a concentration range of 5 - 11 pg ml.”! with
neomycm sulphate and 2-7 pg m1." with strepto-mycin
sulphate, (Table 1).

istics &

Etfect of reaction temperature
In order to obtain the highest and most stable
absorbance, the effect of heating time on the oxida-
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fiig. . Absorption spectra of the oxidation product between
KMnQO, and. a- AM. b- AQ. ¢- Indigo and d- M3
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Table 1. Analytical paramcters and optical characteristics of the proposed methods with ncomyein sulphate
Parameter A 2] C ]
P 521 485 61 664
Beer's law limits (ug m1.™") 5-10 6-10 6-11 6-10
Molar absorptivity ([. mol'em™) 6.2x10° 38410 5.64x 18 5.47x10¢
Sandell sensitivity (ug ml.™" 7.57 8.04 833 8.59
Deteetion limits (ug ml.™") 9x 107 509x107 474147 7.64x107
Quantitication limits (pg ml N 0.029 0017 (015 0.025
Regression equation’
Slope (b) (.1812 0.2080 (.1685 (. 1980
Intereept (a) - 0446 -0.751 -0.321 -0.734
S 03311 0.3803 0.3077 0.3615
SD ofslope (S,) 0.1047 0.1202 0.0973 01143
SD olmtercept (S} 1.638 2151 1.957 2.044
Cormrelation coellicient (1) {1.9989 0.9986 (1.9904 (.9995
Stoichiometric ratio
[Drug| : [(xid.] 14 1:4 1:4 l:4
[Drug| : |Dye| 14 1:4 1:4 l:4
[Oxid.| : |Dyve] L1 11 [:1 [:1
"A =a+b . where C is the concentration in g ml .
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Frg. 2. Eflect ol heating time on the oxidation of: { Il ) 8.0
pe mL " neomycin-MB and ( & ) 6.0 pg mL™ streptomyein-
AQ.

tion reaction was studied. The reactions were per-
formed on a boiling water bath at 100 = 2°C for the
periods ranging from 5.0-35 min. Maximum and
constant absorbance was obtained after 25 min for
neomycin, where as 20 min for streptomycin. The
results are shown In Frg. 2.
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Fig. 3. Eftcet of volume of 5.0~ 107 M KMn(, on the develop-
ment of the reaction product: ( & } 8.0 ug mL" neomycin
with MB and { ll ) 6.0 ug mL." sueptomyein with AQ,

Effect of the concentration of KMnO,

The influence of the volume of 5.0x10°* M KMnO,
on the reaction has been studied. It is apparent from
Fig. 3, that the absorbance increased with increas-
ing volume of 5.0x10" M KMnQ, solution and
reached maximum when 2.5 mL and 1.2 mL of
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KMnQ, solution were added to the total volume of
10 mL for neomycin and streptomycin, respectively.
The color intensity decreased above the upper lim-
its. Therefore, 2.3 mL and 1.2 mL of KMnO, were
recommended for all measurements (Fig. 3).

Effect of acid concentration

To study the effect of sulphuric acid concentra-
tion the reaction was performed in a series of 10
mL volumetric flask containing 6.0 pg mL™" of the
cited drugs. different volumes (0.1 - 3.0 mL) of 2.0
M H.SO, and 2.5, 1.2 mL of KMnO, with neomy-
cin and streptomycin, respectively. It was found that
the maximum absorbance was obtained at 0.5 mL
of 2.0 M H.SO,. bevond which the absorbance
decreases. Thus 0.3 mL of 2.0 M H.SO, was used
through out the experiment.

Effect of dve concentration

In order to ascertain the linear relationship between
the volume of added KMnO, and the decrease in
absorbance of AM. AO. Indigo and MB. experi-
ments were performed in 0.3 mL of 2.0 M H.SO,
with varying volumes of KMnQ,. The decrease in
absorbance was found to be linear up to 2.5 mL and
1.2 mL of 5.0x 107 M KMnO, with 1.3 mL of AM,
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1.8 mL of AQ. 1.7 mL of indigo and 2.5 mL of MB
with neomycin and streptomycin, respectively. The
color was found to be stable up to 24 h.

Stoichiometry

Job’s method of continuous variation™ was
emploved to determined the stoichiometry of neo-
mycin, oxidant and dyes. Keeping the sum of the
molar concentration of both fixed. the ratio of the
concentrations of each two in the mixture was var-
ied and the absorbances of the mixture were
recorded at the suitable wavelength against reagent
blank. The maximum absorbance. as well as known.
corresponds to the stoichiometric ratio. Stoichio-
metric was found to be | : 4 for neomycin to oxi-
dant; neomycin to dyves and | : 1 for oxidant to dves
(Table 1).

The stoichiometry between streptomycin, oxidant
and dves were determined by continuous variation
of potassium permanganate concentration and the
concentration of streptomycin being constant. The
plot obtained by the molar ratio method.™ indi-
cated that the reaction proceed by molar ratio of 1 :
20. Additionally. the stoichiometric ratio between
drugs. dyes and between dyes and oxidant were
examined as shown in Table 1, 2.

Table 2. Analytical parameters and optical characteristics of the proposed methods with smeptomycin sulphate

Parameter A B C D
P 321 483 610 664
Beer’s law limits (pg mL™" 3-7 3-7 2-7 3=-7
Molar absorptivity (L mol”em™) 291x10° 28716 284 10° 2.35<10°
Sandell sensitivity (ug mL™} 301 5.08 513 6.2
Detection limits tpg mL™) 913510 477107 3.38«107 6. 745107
Quantification Jimits (ug mL™} 0.02 0.014 0.017 0.020
Regression equation’

Slope (b} 0.1623 0.1810 0.2113 0.1677
Intercept (a} 0.163 0.03 -0.0852 -0.033
S 0.2972 0.3342 0.3860 0.3063
SD of slope (S,) 0.0939 0.1057 0.122 0.0969
SD of intercept (S,) 1.050 1.1814 1.0916 1.0836
Correlation coefficient (r} 0.9988 0.9891 0.9995 0.9994
Stoichiometric ratio

[Drug] : [Oxid.] 1:20 1:20 1:20 ;20
[Drug] ; [Dye] 1:20 1:20 1:20 120
[Oxid.] : [Dye] 11 11 1:1 1:1

"A=a-bC,where C is the concentration in pg mL"',

Journcid of the Korean Chemical Socien:
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Quantification

Beer's law limits, molar absorptivity, Sandell’s
sensitivity, regression equations and correlation
coetficients obtained by linear square treatment ot
the results are given in Tuble 1, 2. The standard
deviation of the absorbance measurements was
obtained from a series of 13 blank solutions. The
detection (k = 3) and quantification (K = 10) limits
of the methods were established according to the
[UPAC definitions (C,=K S,/ ) where C, is the
detection limit. S, is the standard error of blank

303

determination. s is the slope of the standard curve.
and K is the constant related to the confidence inter-
val.¥ Tn order to study the accuracy and precision
of the proposed methods. three concentration levels
of the studied drugs within the linearity range were
selected and analyzed in five replicates. The mea-
sured standard deviation (SD). relative standard
deviation (RSD) and confidence limit were, sum-
marized in (7uble 3. 4) and can be considered satis-
factory, at least for the levels of concentrations
examined.

Tuble 3. Evaluation of accuracy and precision of the proposed methods with neomycin sulphate

Method Taken.l Reoqvery Rs,.Dd R}?b Confidence limits®
peml Yo %o %o

A 30 99.96 1.724 1.979 0.395=7.82x 10"
7.0 100.04 1.089 1.252 0.868=0.0108
9.0 100.04 1.039 1.192 1.214 £ 00144

B 6.0 100.17 1.240 1.423 0.463 + 6.59x 10"
7.0 99.96 0.8837 10150 0.731 £ 7.42x107
8.0 100.03 0.6411 0.7367 0.942 + 6.94x 10"

C 8.0 99.98 0.9859 1.132 0.998 +0.0113
9.0 100.12 0.7666 0.8803 1.103 £ 9.71x107
1o 9997 0.8819 10135 1.270 = 0.0128

D 6.0 99.94 2132 2.449 0.343 = 8.4x107
7.0 99.92 1.3735 1.581 0.657+0.0103
8.0 100.05 05172 0.3949 1.042 £ 6,195,107

*Relative standard deviation for five determinations.
*Relative Error.
“03% confidence linits and five degree of freedoin.

Tabte 4. Tvaluation of accuracy and precision of the proposed methods with streptomycin sulphate

Method Takenll Rcco;very RSPA REB Confidence limits®
neml %% %o %o
A 30 100.03 0.6827 0.7840 0.977 = 7.66x 10"
7.0 99.90 0.6061 0.6965 1.183 = 8.24x 10~
9.0 100.29 0.7306 0.8397 1.344 = 0.0112
B 3.0 99.98 1.936 2.224 0.448 = 9.96x 10"
50 100.04 0.6201 0.7122 0.994=7.07% 10"
7.0 100.06 0.6027 06921 1.241 = 8.59% 10~
C 50 99.96 0.5974 0.6865 0.954 = 6.65x 107
6.0 100.06 0.4890 0.5617 1.182 = 6.64x 10"
7.0 99.78 0.5747 0.6605 1.204 = 7.95¢ 10~
D 4.0 99.98 0.9746 1.119 0.670 = 7.5<107
50 100.06 0.6259 0.7186 0.885 = 6.36x 10"
6.0 100.07 0.5290 0.6076 1.017=6.18x 107

“Relative standard deviation for five determinations,
*Relative Error.
“03% confidence limits and five degree of freedom.

2006. I'of. 5t No. 4
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Table 5. Assay results of neomycin sulphate in somne pharmaceutical preparation by the proposed and official inethods

Preparation and Taken Proposed methods Offical
Supplier pemL Recoveny £ SD (%) method
A B ¢ D
50 99.90£0.37 99.84+0.64
F'=(.79
t={0.20
% 6.0 100.15+0.64 100.07+0.54 100.060.48 100.09£0.56 99.96+0.42
= F=230 F=1.26 F=112 F=131
2 =029 t=0.13 1=0.28 1=0.34
§ 7.0 100.07£0.58 100. 10+0.80 100.03£0.63 99.9420.68 98.95+0.72
g 5 F=0.65 F=121 F=0.76 =089
< .2 =023 =023 1=0.37 1=0.38
é ‘_é‘ 80 100.08+£0.87 100.05+0.62 99.94=0.57 99.98+0.72 99.94+0.86
£ 2 F=102 F=03I F =043 F=0.7
Z =038 t=0.17 =032 t=0.12
§ 9.0 99.980.60 99.96+ (.75 99,96 =0.84 100.07£0.69 98.39+1.06
g F=031 F=049 F=062 F=042
2 (=012 =026 (=043 1=0.25
10 99.96x (.52 99.96=0.82 99.98+0).84 98.92-0.86
F=037 =026 F=095
T=027 F=090 =019

“The average of six determinations.

*Theoretical values for t- and F-values for five degree of freedom and 95% confidence limits are 2.57 and 5.03, respectively.

Interferences

The effects of various excipients associated with
the drugs were investigated on the determination ot
neomycin and streptomycin in dosage forms. The
results indicated that the tale, starch. glucose, algi-
nate, gelatin and magnesium stearate.

The results indicated that the talc, starch, glu-
cose, alginate, gelatin and magnesium stearate do
not interfere with the assay of the drugs mentioned
above even though they exist in excess amount.
This is clear from the results obtained for the phar-
maceutical preparations (Tuble 5. 6).

Analytical Application

The proposed methods were, successtully applied
to determination of the studied drugs in their phar-
maceutical dosage forms (Tuble 3. 6). The perfor-
mance of the proposed methods were assessed by
calculation of t- and F- values compared with the
official method.™* At 95% confidence level, the
calculated t- and F- test.*® were less than the critical
value. indicating that the proposed and official

methods are equally accurate and precise. The
results demonstrate the suitability of the proposed
method for routine analysis of pharmaceutical prep-
arations containing the studied drugs.

Chemistry of Colored Species

The proposed methods are based on the oxida-
tion of the cited drugs by excess of KMnQ, to form
oxidation products besides unreacted KMnQ, (step
). and followed by the estimation of unreacted
KMnO, using AM (method A). AQ (method B).
Indigo (method C) and MB {method D). (step 2).
The possible sequence of reactions are presented in
Scheme 3.

CONCLUSION

The order of 7., values among the proposed
methods in the determination of the cited drugs is D
> > A > B. The higher A___ of the visible spectro-
photometric methods over reported UV and visible
spectrophotometric methods is a decisive and advan-

Journcid of the Korean Chemical Socien:
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Juble 6. Assay results of streptomyein sulphate in some pharmaceutical preparation by the proposed and oflicial methods

Preparation and Taken Proposed methods Oflicial
Supplier pgmL! Recovery L SD (%) method
A B C D
3.0 100.20+1.23 99.94-0.84 100.11=0.96 99.96+0.935 9.92£1.11
F-122 F—-0.58 F-075 F-073
(=018 t-0.20 (- 028 (=024
- 4.0 100.06+0.66 100.07+0.84 100.10+0.91 99,98+(,89 98.94-1.04
= F =040 F=063 F=076 F=0.73
3 _ t=0.20 =033 =017 t=0.20
= 2 g 50 99.96(),79 99.94=0.87 100.08+0.72 99.94+0.97 99.58-1.10
é ;Eu ; F=052 F=0.63 F=042 [=0.79
éf z t=10.53 t=0.31 t=1{.30 t=0.15
= 6.0 99.94=0.71 99.98=10.99 99.96 + 1.08 100.05£1.08 99.72-0.98
E‘ [ =052 F—1.02 F-12] [—122
v (—0.26 t=0.16 (— (.22 (—0.23
7.0 100.0110.62 100.0310.70 100.06.L0.65 100.05L0.77 99.96=0.64
=092 F- 116 F-103 =143
(=049 t-0.25 (=033 1-0.38

*The average of six determinations.

*Theoretical values for t- and F-valucs for five degree of freedom and 95% confidence limits arc 2.57 and 5.03. respectively.

Stepl:

Prugs '+ KMnO, — oxidation products of drugs | unreacted KMnO,
[excess]

Step 2:

unrcacied KMnO, + Dyes —  oxidation products of dyes ~ unreacted dyces

Scheme 3.

)

tage since the interference from the excipients
should far less at higher wavelengths. The pro-
posed methods are simple sensitive and can be used
(or routine analysis and in quality control laborato-
tics for quantitative determination of the cited drugs
in the purc or in pharmaceutical [ormulations. 6

&
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