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Abstract

Two simple, rapid and sensitive spectrophotometric methods have been
developed for the determination of amoxicillin (AMX) in pure form and
pharmaceutical preparations. The proposed methods are based on a coupling
reaction between AMX and diazotized p-amino benzoic acid or diazotized
procain in alkaline medium to form an intense yellow, water-soluble dyes that
are stable and have a maximum absorption at 435 nm using diazotized p- amino
benzoic acid and 450 nm on using diazotized procain. The calibration graphs
were linear over the concentration rangs of 0.4 to 10 ug mL™ and 0.4 to 14 pg
mL" with a limit of detection (LOD) of 0.1877 pug mL" and 0.1916 pg mL’
! molar absorbtivity of 1.914x10* L mol'cm™ and 2.544x10* L mol'cm™ ,
Sandell’s sensitivity of 21.912x10° pg ml” and 16.486 x10° pg ml" for
diazotized p-amino benzoic acid and diazotized procain, respectively. The
proposed methods were successfully applied to the determination of AMX in
capsules and injections.

Keywords: spectrophotometry; diazotized p-amino benzoic acid; diazotized
procain; amoxicillin; pharmaceutical analysis.
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Introduction

Amoxicillin is a semi-synthetic [-lactam accurate.

antibiotic belonging to the group of penicillins.
The chemical structure of amoxicillin consists of
d-4-hydroxyphenylglycine side chain attached to
6-aminopenicillanic  acid (6-APA) moiety.
Because of its broad spectrum of bactericidal
activity and therefore widespread use in
medicines, various preparations of this drug alone

including capsules, tablets, powder for oral
suspension, and injections as well as
incombination with other ingredients, e.g.

amoxicillin/clavulanate tablets are commercially
available ". Currently, several analytical methods
for the quantitation of amoxicillin in
pharmaceutical formulations have been reported.
Examples of these methods are iodometric
titration(z),ﬂuorometrym chemiluminescence “7,
voltammetry ®'%, spectrophotometry *'™'* atomic
absorption spectrometry e, liquid
chromatography ~ '"**electrophoresie " 2,
colorimetry ** **_ andhigh-performance liquid
chromatography (HPLC) ****”. Though the latter
method is specified in the pharmacopoeias, it
requires instruments with high cost compared to
the spectrophotometric assay. In addition, some
chromatographic systems use a large amount of
high purity organic solvents as a mobile phases
and take a long system stabilization time.

In this work, two rapid and

sensitive methods using spectrophotometric
detection at 435 and 450nm were proposed for the
determination of AMX in pharmaceutical
preparations. The methods are based on the
diazotization reaction of p-amino benzoic acid and
procaine with sodium nitrite in acid medium;*®
the formed diazonium salts are then coupled with
AMX in alkaline medium to form a yellow water-
soluble azo dyes. The proposed methods have
been successfully applied to the determination of
AMX in pharmaceutical preparations. The
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Experimental
Apparatus

All spectral and absorbance measurements
were performed on an Optima Spectrophotometer
UV - VIS ( Japan) double-beam and using 1 cm
quartz cells.

Preparation of solutions

1-Amoxicillin trihydrate (AMX) stock standard
solution(1000 pg mL™") (2.38 x10°M) was
prepared by dissolving 0.100 g of pure AMX
(SDI) in 5 mL of ethanol and made up to 100 mL
volumetric flask with distilled water. Working
standard solutions were prepared by suitable
dilution of the stock standard solution with
distilled water.

2- Sodium nitrite solution (1 x 10° M) was
prepared by dissolving 0.0173 g of sodium
nitrite (Merck) in distilled water and diluting to
the mark in 250 mL volumetric flask.

3- Hydrochloric acid solution (1 M) was prepared
by diluting 43 mL of 11.64 M of concentrated
hydrochloric acid (BDH) with distilled water in
500 mL volumetric flask.

4- P-amino benzoic acid (1x10°M) solution was
prepared by dissolving 0.0137 g of p-amino
benzoic acid (BDH) in 2 mL of ethanol (BDH)
and diluting to the marked with distilled water in
100 mL volumetric flask.

5-Procaine HCI:( pure standard drug {SDI} ( 1 %
10° M) was prepared by dissolving 0.0273 g of
procaine HCI (SDI) in distilled water and
diluting

to the mark in 100 mL volumetric flask.
6-Amonium hydroxide solution (2 M) was
prepared by diluting 74.9mL of 13.36M
(Fluka) of concentrated ammonium hydroxide
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with distilled water in 500 mL volumetric
flask.

Pharmaceutical preparations of
Amoxicillin
Pharmaceutical preparations were obtained
from commercial sources.

1-Amoline  injections (Oubari  pharma-
Syria):500mg Amoxicillin.
2-  Amoxicillin  injections (Pan pharma-

France):500mg Amoxicillin.

3-Amoxicillin capsules (Ajanta Limited-India):
500mg Amoxicillin.

4- Amoxicillin capsules
Amoxicillin.

(SDI-Iraq): 500mg

General procedure for calibration
Method A

In method (A), a ImL of (1x 10® M) p-amino
benzoic acid was transferred into a series of 25mL
calibrated flask. To this solution equimolar of
sodium nitrite solution (1 x 10° M) was added
and the acidity was adjusted with 0.5 mL of 1 M
hydrochloric acid solution. The solution was
shaken thoroughly. Then, An aliquot of a standard
solution(100pg mL) (2.38x10*M) containing
0.1 — 2.5 mL (9.53x107 - 2.38x10°M) of AMX
was transferred into this series of 25 mL calibrated
flasks and 1 mL of 2 M ammonium hydroxide
solutions was added and the contents were diluted
to the mark with distilled water and mixed well.
After 15min, the absorbance of the colored azo
dye was measured at 435nm against the
corresponding reagent blank.

Method B

In method (B), a 1mL of (1x 107 M) procaine
hydrochloride was transferred into a series of
25mL calibrated flask. To this solution equimolar
of sodium nitrite solution (1 x 10~ M) was added
and the acidity was adjusted with 0.5 mL of 1 M
hydrochloric acid solution. The solution was
shaken thoroughly. Then, An aliquot of a standard
solution (100 pg mL) (2.38x10*M) containing
0.1 — 3.5 mL(9.53x 107 - 3.34x10°M) of AMX
was transferred into this series of 25 mL calibrated
flasks and 0.6 mL of 2 M ammonium hydroxide
solution was added and the contents were diluted
to the mark with distilled water and mixed well.
After 15min, the absorbance of the colored azo
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dye was measured at 450nm against the
corresponding reagent blank.

Determination of the composition of the azo
dyes in solution Mole-ratio method

In method A, a 2mL of (1x 107 M) amoxicillin
solution was transferred into a series of 25mL
volumetric flask. To this solution 0.5,1,1.5,----
5.5mL of (1x 10° M) diazotized p-amino benzoic
acid and ImL of 2 M ammonium hydroxide
solutions were added, the contents were diluted to
the mark with distilled water and mixed well.
After 15min, the absorbance of the colored azo
dye was measured at 435nm against the
corresponding reagent blanks.
In method B, a 2mL of (3.665x 10* M)
amoxicillin solution was transferred into a series
of 25mL volumetric flask. To this solution
0.5,1,1.5,----5.5mL of (3.665x 10* M) diazotized
procaine and 0.6 mL of 2 M ammonium
hydroxide solutions were added , the contents
were diluted to the mark with distilled water and
mixed well. After 15min, the absorbance of the
colored azo dye was measured at 450nm against
the corresponding reagent blank.

Continuous variations method

In method A, different volumes (1-6mL) of
amoxicillin solution (1x 10° M) were transferred
to separate 25mL volumetric flask. To each flask,
respectively was added 5,4,3,2,1,0 mL of the (1x
10° M) diazotized p-amino benzoic acid and ImL
of ( 2 M) ammonium hydroxide solutions , the
contents were diluted to the mark with distilled
water and mixed well. After 15min, the
absorbance of the colored azo dye was measured
at 435nm against the corresponding reagent blank.
In method B, the procedure is the same as above
but just the concentration of amoxicillin and
diazotized procaine were 3.665x 10 M and0.6mL
of ammonium hydroxide was added. The
absorbance was measured at 450nm.

Procedure for the assay of pharmaceutical
preparations
1. Tablets solution (500 pg mL™)

Weigh and finally powdered of 10 tablets,
dissolve an accurately weighed portion of the
powder equivalent to about 50 mg of AMX in 2.5
mL of ethanol and transferred into a 100 mL
volumetric flask, and completed to the mark with
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distilled water. Further appropriate solution (100
ng mL™") was made up by simple dilution with
distilled water. Two different concentrations (4 pg
mL"and 6 pg mL™) of this tablets solution were
analyzed in four replicate by analytical
spectrophotometric procedure.

2- Vials (500 pg mL™)

An accurate weighed amount of mixed content of
5 vials equivalent to 100mg of the pure drug was
dissolved in 2.5 ml of ethanol. The solution was
transferred into 200 ml volumetric flask; and
diluted to the marked with distilled water.

Further appropriate solutions of pharmaceutical
preparations were made up by simple dilution
with distilled water.

Results and discussion
Absorption spectra

When a diluted aqueous solution of AMX was
mixed with diazotized p-amino benzoic
acid(method A) and diazotized procaine (method
B) in alkaline medium, an intense yellow azo dyes
formed immediately, which became stable after
15min. The yellow products have a maximum
absorption at 435nm and 450nm for method A and
B respectively. (Figure-1) shows the spectra of
the products formed and the reagent blank, the
maximum absorption at 435nm(method A)which
produce from mixing [ImL of p-amino benzoic
acid (1x 10° M), ImL of sodium nitrite solution
(1 x 10° M) ,0.5 mL of hydrochloric acid
solution(1 M), 2.5mL of AMX (100 ug mL™ =
2.38x107*M) and ImL of ammonium
hydroxide(2M) and diluted to 25mL with distilled
water] measured versus reagent blank[it contains
all components above except of AMX] which has
negligible absorbance at this wavelength. The
maximum absorption at 450nm (method B)which
produce by mixing[ 1mL of procaine (1x 10° M),
ImL of sodium nitrite solution (1 x 107 M) ,0.5
mL of hydrochloric acid solution(1 M), 2.5mL of
AMX (100 pg mL™ = 2.38x10*M) and 0.6mL of
ammonium hydroxide(2M) and diluted to 25mL
with distilled water] measured versus reagent
blank [it contains all components above except of
AMX] which has negligible absorbance at this
wavelength.
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(Figure.-1): Absorbance spectra of AMX
(10ug mL™") treated as described under procedure
above (method A and B) and measured against
blank, The reagent blank measured against distilled
water

Optimization of the experimental conditions

The effects of various parameters on the
absorption intensity of the formed products were
optimized.

The diazotization reaction of AMX was formed
in acidic medium. Therefore the effects of
different acids solutions (1 M) were studied such
as hydrochloric acid, sulfuric acid, phosphoric
acid and acetic acid. It was found that
hydrochloric acid was the most suitable acidic
medium for a maximum absorbance and was used
in all subsequent experiments.

The coupling reaction of diazotized reagents
with AMX was formed in alkaline medium.
Therefore, the effects of different alkaline
solutions (2 M) were studied such as sodium
hydroxide,  sodium  carbonate,  potassium
hydroxide and ammonium hydroxide. It was
found that ammonium hydroxide was the most
suitable alkaline medium for a maximum
absorbance for methods (A and B) and was used
in all subsequent experiments.

The effect of different volumes of hydrochloric
acid (1 M) were studied on the maximum
absorbance by varying the volume of HCI
between (0.05-2mL) and fixing the other
parameters:( p-amino benzoic acid (1 x 107 M)
(method A), procain(1 x 10° M)(method B) and
ammonium hydroxide (2 M).It was found that
0.5mL of HCL(1IM) in both methods gave the
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highest absorbance and was chosen for further use
(Figure.-2).

Similarly, the effect of different volumes of
ammonium hydroxide (2 M) was studied on the
maximum absorbance by varying the volume of
ammonium  hydroxide solution between (0.1-
4mL) with fixing the other parameters:( p-amino
benzoic acid (1 x 107 M) (method A), procain(1 x
10 M)(method B) and HCI(IM).A volume of
ImL, 0.6mL of ammonium hydroxide (2 M) for
methods A and B respectively were enough to
obtain the maximum absorbance(.Figure.-3).
Effect of reagents (p-amino benzoic acid (1 x 107
M )(method A) and procain (1 x 10~ M) (method
B)were studied in the range of (0.1-3mL) with
fixing the volumse of HCI and NH,OH.The
greatest absorbance intensity were obtained with
ImL for both reagents.(Figure.-4).

Effect of order of addition

Different orders of addition of reagents were
examined and it was found that the order of
addition of reagents by mixing p-amino benzoic
acid (method A) or procaine (method B) with
sodium nitrite then HCI, AMX and ammonium
hydroxide gave the highest absorbance and were
used in all subsequent experiments.

(Figure.-2):Effect of the volume of HCI(mL).
*QObtained by varying HCI volume and fixing the
volumes of NH,OH and reagents.
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(Figure.-3):Effect of the volume of
reagents(mL).*Obtained by varying the volumes of
the reagents and fixing the volumes of NH,OH and

HClL

0.2

0.15

0.1

== lethod A

Absorbance
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5

Volume of ammonium hy droxide(2 M)l

(Figure.-4):Effect the volume of ammonium
hydroxide(mL). *Obtained by varying the volumes
of ammonium hydroxide and fixing the volumes of

HCI and the reagents.
*Method A using p-amino benzoic acid reagent,
Method B using procain reagent.

Effect of reaction time

In spite of the rapid color development (formed
immediately) the color intensity reached a
maximum after AMX solution had been reacted
with diazotized p-amino benzoic acid(method A),
diazotized procain (method B) and ammonium
hydroxide for 15min, therefore a 15 min
development time was selected as optimum in the
general procedures. The color obtained was stable
for 2hr.

Structures of the products

The stoichiometry of the reaction between
AMX and diazotized p-amino benzoic acid
(method A) or diazotized procain (method B)
were  investigated under the recommended
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optimum conditions by using continuous
variation and mole ratio methods.

The results obtained in (Fig.ure-5) and (Figure -
6) show that a 1:2 azo dye was formed between
AMX and diazotized p-amino benzoic acid
(method A) and 1:1 between AMX and diazotized
procain  (method B) at 435nm and 450nm
respectively. The development of the reactions
occur in two steps: in the first step the reaction of
p-amino benzoic acid (method A) or procain
(method B) with sodium nitrite occurs in an acid
medium producing the diazo compound. In the
second step, the diazo compound in alkaline
medium coupled with the amoxicillin and
produced a compounds that were monitored at
435nm (method A) and 450nm (method B) ®.The
reaction schemes are given below:

Neg
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Scheme 2: proposed mechanism of the reaction

between AMX and diazotized procaine HCI.
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(Figure-5):Mole ratio plot

The products formed was soluble in water. The
apparent stability constant in method A was
calculated by comparing the absorbance of a
solution containing 1ml of AMX (1x 10° M) and
2ml of p- amino benzoic acid (1 x 10° M) (As)
with that of a solution containing a five- fold
excess of p-amino benzoic acid reagent (A,,) and
according to analytical procedure. The average
stability constant was (K) = 2.987 x 10" L* mol™
where [K = (1-0) /4 &’ C*; 0= (Am — Ay) / An]®".
The apparent stability constant in method B was
calculated by comparing the absorbance of a
solution containing stoichiometric amount of
AMX and procain(3.665 x 10* M) (As) with that
of a solution containing a five-fold excess of
procain reagent (A,,) and according to analytical
procedure. The average stability constant was (K
)=1.093 x 10° L mol” where [K = (1-a)/0’C; a
=(Am— Ay / An 1°? In order,

1.6
1.4 Aa
F N
2SN
z - K =
= 17 I %
==
£ o8| & \
2 _ B N e——e——ldethode s
= o6 = i
- /.\ \—-—MethodeE
.4 P - %
= =~ %
0.2 \\\
o] ; = ;
O 0.5 1 1.5
Mole AMIN /Mole AMIX+Niole
Diazotized reagents

(Figure.-6):Continuous variation plot

assess the possible analytical applications of the
proposed method. The effects of some common
excipients, such as magnesium stearate, lactose,
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talc, starch and poly vinyl pirrolidone (PVP) were
studied by analyzing synthetic sample solutions
containing 4 pg mL' of AMX and excess

Iraqi Journal of Science. Vol 53.No 4.2012.Pp713-723

amounts (25-fold excess) of each excipient, none
of these substances
interfered seriously (Table -1)

Table(1): Determination of 4 pg ml” of AMX in the presence of excipients

Method A Method B
Excipient Conc. of Eeel.,* Rec., Conc. of Era,
AMX.4ug % % AMX.4ug % Rec.,
-1 -1 -1
100 pg ml ml ml 9
Found Found
Starch 4.028 0.700 | 100.700 3.914 -2.150 97.850
Mg-stearate 3.945 | -1.375 98.625 3.935 -1.625 98.375
Lactose 3917 | -2.075 97.925 3.892 -2.700 97.300
PVP 4.055 | 1.375 101.375 3.914 -2.150 97.850
Talc 3.945 | -1.375 98.625 3.957 -1.075 98.925
E.... = Relative error
Analytical characteristics of spectrophoto 06 -
metric method ' A
For the proposed methods, a calibration graph, 05 - ¥=00362x+ 0,047’25//-/
were obtained by the procedures described g Ri= 099@3?;/
previously and a series of standard solutions was g 0T N
analyzed in triplicate to test the linearity (Figure.- 2 g3 - B - 0036644 00116
7). The molar absorptivity (g), the Sandell’s a y 4 A2 - (1 0081
sensitivity (S), the slope (a) and the intercept (b) 2 02 - ) /4 it
were determined and are included in (Table -2). - '
The accuracy and precision of the proposed vl g ohiethod A
methods were tested by analyzing five replicate n ¥ o
of AMX by proposed spectrophotometric c . o Wiethodb
methods  for three different concentrations of v 2 1 2
AMX. The values of relative standard deviation Conc. of AMX (ppm)
RSD% and relative error E,,% are summarized in

the same table. These values indicated the high
accuracy and precision of the proposed methods.
The limit of detection (LOD) was determined by
taking the ratio of the standard deviation (SD) of
the blank

with respect to water and the slope of the
calibration curve multiplied by the factor three®?

(Figure-7): Calibration graph of AMX

Pharmaceutical application

The proposed methods were applied successfully
to the analysis of different pharmaceutical
preparations (capsules and injections) containing
AMX and the results are summarized in Table (3).
For all preparations examined, the assay results of
the proposed methods were in good agreement
with the declared content. The results in (table-4)

AR
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are in accordance with those obtained by the
official spectrophotometric method ©" using
imidazole-mercury ~reagent®” as being in
pharmaceutical Samarra. Statistical analysis®?,and
by applying F-test and t- test, at 95% confidence
level. The calculated values for F(4.668, 2.93) and
t (0.419,0.57) for method A and B respectively did
not exceed the critical values of F44 = 9.605 and t
= 2.306 (n1+n2-2=8).These confirming that there
are no significant differences  between the
proposed methods with the official method with

respect to precision and accuracy in the
determination of AMX in pharmaceutical
preparations.

Iraqi Journal of Science. Vol 53.No 4.2012.Pp713-723

Conclusions

The proposed methods were found to be very
simple, rapid, low cost, and fairly selective than
some of the reported methods. They had an
advantage of being accurate, did not require the
removal of excipients, any chemical sample
pretreatment, temperature control, pH control,
solvent extraction step, and expensive reagents and
solvents. The proposed method was applied to the
analysis of AMX in capsules and injections ,and
can be used for the routine analysis of commercial
formulations instead of the tedious official method

(Table -2): Analytical parameters of spectrophotometric method

Parameters Method A Method B
Amax (am) 435 450
Linearity range, pg ml” 0.4-10 0.4-14
Molar absorbtivity (L mol’ cm™) 1.914 x 10* 2.544 x 10*
Sandell’s sensitivity(ug ml™) 21.912 x 107 16.486 x 10~

Regression equation

Y=10.0366X+0.0119

Y=0.0362X+0.0472

Linearity (1) 0.9990 0.9997
Limit of detection (pug ml)’ 0.1877 0.1916
Relative standard deviation (RSD%)* 1.079 1.180
Average of recovery% 99.811 99.434
Er1 % -0.189 -0.566
Stability (hr.) 2 2
Molar ratio (D:R) 1:2 1:1
Color Yellow Yellow
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(Table-3): Application of the proposed methods for determination of AMX in pharmaceutical preparations

Method A Method B
Pharmaceutica Conc. of AMX, Eel Rec., RSD Conc. of AMX, Ere Rec., RSD
1 preparation pg ml! % % % pg ml! % % %
Present Found Present Found
%

Amoline(inject | 4.000 4.046 1.150 101.150 | 0.873 | 4.000 3979 | -0.525 | 99.475 0.884
ion  500mg) | 6.000 6.044 | 0.733 100.733 | 0.779 | 6,000 5977 | -0.383 | 99.617 0.314
Oubari-

pharma-Syria

Amoxicillin(in | 4.000 3.963 | -0.925 | 99.075 1.225 | 4.000 4.041 1.025 101.025 | 0.711
jection 500mg) | 6.000 5975 | -0417 | 99.583 0.417 | 6.000 6.068 1.133 101.133 | 0.692
Pan  pharma-

France

Amoxicillin(ca | 4.000 3.981 -0.475 | 99.525 1.080 | 4.000 3959 | -1.025 | 98.975 0.513
psule 500mg) | 6.000 5.950 | -0.833 | 99.167 0.341 6.000 5908 | -1.533 | 98.467 0.389
Ajanta-

Limited-India

Amoxicillin(ca | 4.000 4.028 | 0.700 100.700 | 0.827 | 4.000 4.050 1.250 101.250 | 0.647
psule 500mg) | 6.000 6.000 | 0.000 100.000 | 0.536 | 6.000 5954 | -0.766 | 99.233 0.546
SDI-Iraq

*Average of four determinations

(Table-4):Comparison of the proposed methods with official method for determination of pharmaceutical
preparations of AMX.

Pharmaceutical preparation Recovery, %

Proposed method (A) | Proposed method (B) | Official method®"
Pure AMX 100.000 100.000 100.000
Amoline(injection)/Syria 100.942 99.546 102.500
Amoxicillin(injection)/France 99.329 101.079 101.000
Amoxicillin(capsule)-India 99.346 98.721 98.000
Amoxicillin(capsule)-Iraq 100.350 100.242 99.000

References

[1]JRemers, W.Aand Delagado JN. 1998.editors.
Wilson and Gisfold’s." textbook on organic
medicinal and pharmaceutical chemistry".
10th ed. Philadelphia, New York:

Lippincott -Raven Publishers;. p. 274-290.

[2] The United States Pharmacopeia 30. 2007.
National Formulary 25. US Pharmacopeial
Convntion,Rockville, MD.p115.

[3] Mu™noz de la Pe™na, A; Acedo-Valenzuela,
M.I; Espinosa-Mansilla, A; Sanchez-Maqueda,
R. 2002. Stopped-flow fluorimetric
determination of amoxyecillin andclavulanic
acid by partial least-squares multivariate
calibration. Talanta,56: 635— 642.

[4] Xiaofeng, X and Zhenghua, S. 2006.
Ultrasensitive determination of amoxicillin
using chemiluminescence with flow injection
analysis.Spectroscopy,20:37-43.

[5] Sun, Y; Tang, Y; Yao, H and Li, Y. 2005.
Flow injection chemiluminescence analysis of

some penicillins by their sensitizing effect on
the potassium permanganate-glyoxal
reaction. Anal Sci, 21:457-460.

[6] Li, Y; Tang, Y; Yao, H and Fu, J. 2003.
Determination of ampicillin and amoxicillin by
flow injection chemiluminescence method
based on their enhancing effects on the
luminal-periodate reaction. Luminescence,16:
313-317.

[7] Alexandru, 1.C; Mihaela, B.D; Mehaela, C.C
and Andrei, F.D. 2011. Determination of

AR



Al-Uzri

amoxicillin, ampicillin and pencillin G using a

flow injection analysis method with

chemiluminescence detection. Rev. Roum.

Chim,56:247-254.

[8] Uslu, B and Biryol, 1. 1999. Voltammetric

determination of amoxicillin using a poly
(N-vinyl imidazole) modified carbon paste
electrode. J Pharm. Biomed. Anal,20: 591—
598.

[9] Daniela, P.S; Marcio, F.B and Maria, V.B.Z.
2008. Voltametric sensor for amoxicillin
determination in human urine using
Polyglutamic  acid/glutaraldehyde  film.
Sensors And Actuators B:Chemical,133:398-
403.

[10]Fouladgar,M; Hadjmohammadi, M.R;
Khalilzadeh, M.A; Biparva, P; Teymoori, N
and Beitollah, H. 2011. Voltametric
determination of amoxicillin at the
electrochemical sensor ferrocenedicarboxylic
acid multi wall carbon nanotubes paste
electrode. Int. J.  Electrochem.Sci.,6:1355-
1366.

[11] Quanmin, L and Zhanjun, Y. 2006. Study of

spectrophotometric determination of
amoxicillin using sodium 1,2-
naphthoquinone-4-sulfonate as the chemical
derivative chromogenic reagent. Anal. Lett.
39:763-775.

[12] AL-Abachi, M.Q; Haddi, H and AL-

Abachi, A.M. 2005. Spectrophotometric
determination of amoxicillin by reaction with
N,N-dimethyl-p-phenylenediamine and
potassium hexacyanoferrate(I1l). Anal. Chim.
Acta ,554:184-9

[13] Ahmed,A.S; Rahman, N and Islam, F. 2004.

Spectrophotometric determination of
ampicillin,amoxicillin,carbenicillin using
folin ciocalteu phenol reagent.
Anal. Chem.,59:119-123.

[14] Singh, D.K and Maheshwari, G. 2010.
Spectrophotometric determination of
penicillins in pure and pharmaceutical

formulations using folin-ciocalteu reagent.
Drug test. and Anal.,2:503-500.

[15] Unal, K; Palabiyik, .M; Karacan E and
Onur, F. 2008. Spectrophotometric
determination of amoxicillin in
pharmaceutical formulations.

Turk.J Pharm.Sci.,5:1-6.

[16] Mahmoud, I.M ; Rafat, N.M; Monzer, A;
Naser, E.S; Rafik, H.S and Akila, S.A. 2008.
An indirect atomic absorption spectrometric

AR

Iraqi Journal of Science. Vol 53.No 4.2012.Pp713-723

determination of ciprofloxacin, amoxicillin
and diclofenac sodium in pharmaceutical
formulations. J. of Serb. Chem. Soc.,73: 569-
576.

[17] Babazade, A.G. 2011. Comparative study of
quantitative determination of amoxicillin in
capsules by mercurimetry and liquid
chromatography. Pharm. Chem. J.,10:1-4.

[18] Anderson, K.L; Lyman, R.L; Moats, W.A;
Hansen, A.P and Rushing, J.E. 2002.
Comparison of microbial receptor assay and
liquid chromatography for determination of
pencillin G and amoxicillin in milk powder.
J.AOAC Int.,85:546-550.

[19]Srisom, P; Liawruangrath, B, Liawruangrath
S. 2007. Micellar liquid chromatography
determination of pencillins in
pharmaceuticals. Chromatogr.,65: 687-693.

[20] Wen, A; Hang, T; Chen, S; Wang, Z; Ding,
L; Tiam, Y; Zhang, M and Xu, X. 2008.
Simultaneous determination of amoxicillin
and ambroxol in human plasma by LC-
MS/MS: Validation and application to
pharmacokinetic study. J. of Pharm. and
Biomed. Anal.,48: 829-834.

[21]Pajchel, G; Pawlowski, K and Tyski, S. 2002.
CE versus LC for simultaneous determination
of amoxicillin / clavulamic acid and
ampicillin/sulbactam  in  pharmaceutical
formulations for injections. J.Pharm. Biomed.
Anal. ,29:75-81.

[22]0liva, D.C; Velez, K.T and Vazquez, A.L.R.

2011. Simultaneous determination  of
bromhexine and amoxicillin in
pharmaceutical formulations by capillary

electrophoresis. J. Mex. Chem. Soc.,55: 79-
83.

[23] Elshafie, F.S; Gadkariem, E.A;, Alrashood,
K.A; Alkhamees, H.A and Elobeid, H.A.
1996. Colorimetric method for the
determination of ampicillin and amoxicillin.
Anal. Lett., 29:381-393.

[24] Rao, G.R and Mohan, K.R. 1982.
Colorimetric method for estimation of
amoxicillin and the dosage form. Ind. Drugs,
19:326-337.

[25] Yoon, K.H; Lee, S.Y; Kim, W; Park, J.S and

Kim, H.J. 2004. Simultaneous determination

of amoxicillin and clavulanic acid in human

plasma by HPLC-ESI mass spectrometry. J.

Chromatogr.B, , 813:121-127.

Hoizey, G; Lamiabl,e D; Frances, C;

Trenque, T; Kaltenbach, M; Denis, J and

[26]



Al-Uzri Iraqi Journal of Science. Vol 53.No 4.2012.Pp713-723

Millart, H. 2002. Simultaneous determination
of amoxicillin and clavulanic acid in human
plasma by HPLC with U.V detection. J. of
Pharm. and Biomed. Anal.,30: 661-666.

[27]Foroutan, S.M; Zarghi, A; Shafaati, A;
Khoddam, A and Movahed, H. 2007.
Simultaneous determination of amoxicillin
and clavulanic acid in human plasma by
isocratic reversed-phase HPLC using UV
detection. J. of  Pharm. and Biomed.
Anal.45:531-534.

[28]AL-Abachi, M.Q and Haddi, H.2009. Flow
injection spectrophotometric determination of
amoxicillin in pharmaceutical samples by
coupling with diazotized p- nitroaniline. /raqi
J. Mark. Rec. Cons. Protection,1:105-112.

[29]Sueny, K.B.F; Valdinete, L.S; Alberto, N.A;
Maria, C.B.S; Boaventura, F.R and Ana,
P.S.P. 2011. A multicommuted flow analysis
method for the photometric determination of
amoxicillin in pharmaceutical formulations
using a diazo  coupling  reaction.
J.Braz.Chem.Soc., 22:279-285.

[30]JAl-Abachi, M..Q and Al-Ghabsha, T.S. 1983
Fundamentals of Analytical Chemistry. Press
of Mosul Univesity, Mousl,.

[31]British pharmacopoeia, H.M. Stationary
office, London 1993.

[32]Sanders DH, Murph AF. 1976 "Statistics".
Mec.Graw-Hill, New York

YYY



