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Three simple methods are described for the determination of amoxicillin (AMX) in bulk drug and dosage forms using iodate-iodide
mixture reagent. These methods employed the well-known analytical reaction between iodate-iodide mixture in the presence of
acid solution. The iodide oxidized by iodate to iodine in an amount equivalent to the -COOH group present in amoxicillin (AMX)
and the liberated iodine determined by titrimetry and spectrophotometry. In the titrimetric method (method A), the liberated iodine
was reacted with a measured excess of thiosulphate and the residual thiosulphate was determined by titration with a standard iodine
solution using starch indicator, the method was applicable over 2 — 16 mg of AMX. In the second and third methods, the absorbance
of the liberated iodine was measured at 370 nm (method B) and also iodine was reacted with starch and starch-iodine complex was
measured at 570 nm (method C). In spectrophotometric methods (B and C), Beer’s law was obeyed over the concentration range of
5-50and 5 - 60 ug mL"' AMX with a molar absorptivity values of 5.55x10° L mol"!' cm™ and 4.76x10° L mol"!' cm™ for the method
A and method B, respectively. The limits of detection (LOD) and quantification (LOQ) were calculated for method B and method
C. The proposed methods were found to yield reliable results when applied to bulk drug and dosage forms analysis, and hence they
can be applied in quality control laboratories.
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INTRODUCTION

Amoxicillin (AMX) is chemically known as [(6R)-6-(0-p-
hydroxyphenyl-D-glycyl-amino)-penicillanic acid] (Figure 1) is
abroad spectrum antibiotic belonging to the synthetic penicillins
which are widely used in therapy, and has the molecular formula
C,H,,N;O,S. Its molecular weight is 365.41. It was synthesized by
Nayler and Smith.!
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Figure 1. The chemical structure of amoxicillin (AMX)

The British Pharmacopoeia and the United States Pharmacopoeia
have described spectrophotometric and titrimetric methods for the
analysis of AMX in bulk drug and in the common dosage forms,
respectively.?? The drug is also official in Indian Pharmacopoeia.*
AMX is used for the treatment of common bacterial infections both
in humans and animals.’ AMX is one of the most common antibiotics
prescribed for children. It is on the World Health Organization
(WHO)’s List of Essential Medicines. They are normally the
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only penicillins added to feedstuffs at the maximum level of
500 mg kg

Many methods have been developed to determine amoxicillin
in bulk and dosage forms. Various methods for the determination
of AMX have been reviewed by Flory.” Analytical methods for
determination of penicillins in general and AMX, in particular, have
also been reviewed by Llena et al® Recently, Gupta ef al.’ have
published a review article focusing on various methods available to
the determination of AMX in bulk and dosage forms.

A literature survey regarding the quantitative analysis of AMX
revealed that there are six reports on the titrimetric determination
of AMX.!0-15

AMX in pharmaceuticals has been assayed by a host of
other techniques and include, visible spectrophotometry,'®* UV-
spectrophotometry,*** kinetic spectrophotometry,*“° fluorimetry,*'*>
flow injection analysis (FIA) with chemiluminescence detection,*#*
near infrared (IR) reflectance spectroscopy,® plasma resonance
spectroscopy,*® resonance Rayleigh scattering spectrometry,*’
voltammetry,*-5> HPLC>% and LC-MS/MS.%

From the survey presented above, we found that most titrimetric
and spectrophotometric methods reported for AMX are not simple
and straightforward requiring a scrupulously anhydrous medium, pre-
hydrolysis step at elevated temperature, rigid optimum conditions,
liquid-liquid extraction step and/or too many reagents. Further,
although diverse titrants and chromogenic agents were used to
develop assay methods for AMX, iodate-iodide mixture do not seem
to have been used before. Using the reagent (iodate-iodide mixture),
the authors have succeeded in developing new titrimetric and two
spectrophotometric methods for the determination of AMX in bulk
and dosage forms.
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EXPERIMENTAL
Apparatus

A Systronic model 166 digital spectrophotometer (Systronic
Ahmedabad, Gujarat, India) with matched 1 cm quartz cells was used
for absorbance measurements.

Materials

Pure amoxicillin: Pharmaceutical grade AMX (anhydrous)
(99.9% pure) was received from Astrazeneca, Bangalore, India, as
gift, and was used as received. Perssmox tablets (Polaris Health Care,
India) and bigmex capsules (Astra Zeneca, Bangalore, India) both
containing 250 mg AMX, were purchased from local drugstores.

Chemicals and Reagents

Spectroscopic grade organic solvents (Merck, Mumbai, India)
were used in the study. Doubly distilled water and analytical reagent
grade chemicals were used.

Potassium iodate solution: A saturated solution was prepared
by stirring approximately 25 g potassium iodate KIO; (Merck Ltd.,
Mumbai, India) in a beaker containing 100 mL water for 1 hour, then
the solution was filtered using quantitative filter paper. Potassium
iodide: A saturated solution of potassium iodide (Merck Ltd.,
Mumbeai, India) was prepared just before use in order to prevent
atmospheric oxidation to iodine. A 2% KI solution was prepared
by dissolving 800 mg of the chemical in 40 mL of water for use in
preparation of iodine solution. Sodium thiosulphate (0.01 M): This
solution was prepared by dissolving about 1.0 g chemical (S.D. Fine
Chem., Mumbai, India) in 1 L water. lodine solution (S mM): A5 g
of iodate-free KI was placed in 25-30 mL of water in stoppered
calibrated flask of 500 mL. About 0.63 g of resublimed iodine was
placed in the 500 mL flask containing concentrated potassium iodide
solution by means of a small dry funnel and mixed well in the cold
condition until iodine was dissolved. Allowed the solution to acquire
room temperature, and made up to mark with water in a 500 mL
calibrated flask and standardized as usual.® Saturated borax: it was
prepared by dissolving 30 g of borax (S.D. Fine Chem., Mumbai,
India) in 100 mL water and stirred with the help of magnetic stirrer
for 20 minutes, and then the solution was filtered (pH between 8
and 9). Starch indicator (1%): This was prepared by adding a paste
of 1 g starch in water to 100 mL boiling water, boiled for 1 min,
and cooled.

Standard drug solution

A stock standard solution equivalent to 2 mg mL"' AMX was
prepared by dissolving 500 mg of pure drug in water with the
aid of heat and diluted to 250 mL in a calibrated flask with water
and used in titrimetry (method A). The stock solution was diluted
appropriately to get a working concentration of 200 g mL! with
water for spectrophotometric methods.

Assay procedures

Method A (Titrimetry)

A 10 mL aliquot of pure AMX solution containing 2-16 mg of
AMX was taken in an Erlenmeyer flask. Four milliliters each of
saturated solution of KIO; and KI, and 10 mL of 0.01 M sodium
thiosulphate (accurately measured) were added and the flask was let
for 15 min with occasional swirling. Then, the unreacted thiosulphate
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was titrated against a 5 mM standard iodine solution after adding
1 mL of starch indicator to a blue colour endpoint. The amount of
AMX in the measured aliquot was calculated.

Method B (Spectrophotometry where 1, is measured)

Aliquots (0.25-2.5 mL) of 200 pg mL"' AMX solution were
transferred into a series of 10 mL calibrated flasks by means of a micro
burette and diluted to 2.5 mL with water. To each flask, one milliliter
of each KIO, and KI were added, flasks are stoppered, content mixed
and let stand for 15 min. Then, 1 mL of saturated borax was added
and made up to the mark with water. The absorbance of each solution
was measured at 370 nm against the reagent blank

Method C (Spectrophotometry where 1,-starch complex is
measured)

Volumes in the range 0.25-3.0 mL of 200 ug mL"' AMX were
taken in a series of 10 mL calibrated flasks and the volume brought to
3.0 mL with water. To each flask, 2 mL each of KIO; and KI solutions
were added, flasks were stoppered and content mixed. The flasks
were let stand for 15 min. Then, 1 mL of each saturated borax and
starch indicator were added to each flask and made up to the mark
with water. The absorbance of each flask was measured at 570 nm
against the reagent blank.

A standard graph was established by plotting the measured
absorbance values versus the concentration values of AMX, and the
concentration of the unknown was computed using the regression
equation derived from the Beer’s law data.

Procedure for tablets/capsules

Twenty tablets or content of 20 capsules were weighed accurately
and ground into a fine powder separately. An accurately weighed
amount of the powdered tablet or capsule equivalent to 200 mg of
AMX was transferred into a 100 mL beaker and dissolved in 50 mL of
water with the aid of heat. After cooling, the content was transferred
quantitatively to a 100 mL calibrated flask and diluted to the mark
with water and mixed well and filtered using a Whatman No. 42 filter
paper. An aliquot (5 mL) of the filtrate (2 mg mL"' AMX) was used
for method A, and the filtrate was diluted to 200 ug mL"' AMX and
used for the assay by method B and method C as described above.

Procedure for placebo blank and synthetic mixture

A placebo blank containing starch (40 mg), acacia (30 mg),
sodium citrate (35 mg), hydroxyl cellulose (40 mg), magnesium
stearate (45 mg), talc (35 mg) and sodium alginate (35 mg) was
prepared by uniform mixing. A 100 mg of the placebo blank was
accurately weighed and its solution prepared as described under
procedure for tablets/capsules, and then subjected to analysis
following the assay procedures.

To 50 mg of the placebo blank prepared, 100 mg of AMX was
added and mixed well and transferred to a 50 mL calibrated flask
and its extract was prepared as described under procedure for tablets/
capsules, and then subjected to analysis by following the procedures
described above.

RESULTS AND DISCUSSION

The acidic property of AMX (-COOH) served to release iodine
from the iodate-iodide mixture solution and allowed the determination
of AMX drug using titrimetric and spectrophotometric techniques.
Iodide present is oxidized by iodate in an amount equivalent to the
—COOH and the liberated iodine is determined. In titrimetric method,
the released iodine was treated with a measured excess of thiosulphate
and the unreacted thiosulphate was titrated with a standard iodine
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solution and the end point was detected visually using a starch
indicator. In spectrophotometric methods, AMX was determined by
two different colour reactions and involve the measurement of the
absorbance of either the liberated iodine at 370 nm or the iodine-
starch complex at 570 nm.

Method development

In the titrimetric method (method A), the reaction between AMX
and the iodate-iodide mixture reagent was tested by reacting 2-16
mg pure AMX with a measured excess of iodate-iodide mixture
reagent (Eq. 1) followed by the addition of a known excess of sodium
thiosulphate to determine the released iodine (Eq. 2). For the range
(2-16 mg) of the drug studied in 10 mL solution, 5.0 mL each of
saturated solutions of iodate and iodide were found adequate. The
reaction was found to be complete and quantitative when the reaction
mixture was allowed to stand for 15 min and any delay in the back
titration with a standard iodine solution up to 30 min had no effect
on the reaction stoichiometry for the range studied.

Then unreacted Na,S,0, was titrated against a standard iodine
solution using starch as indicator to a blue colour end point (Eq. 3).%
The releasing of iodine was not rapid enough to allow direct titration
with thiosulphate. Hence, the indirect titrimetric method was followed.

105 + 5T + 6H* (AMX-COOH) — 31, + 3H,0 (1)

Before the end point:
I, + 2Na,S,0; (excess) — 2Nal + Na,S,0, + unreacted Na,S,0; (2)

After the end point:
I, + Starch — Appearance of the blue color 3)

In method B and method C, the absorbance of either liberated
iodine (method B) or starch-iodine complex (method C) was measured
at 370 nm or 570 nm (Figure 2 and Figure 3).
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Figure 2. Absorption spectrum of method B: iodine released (20 \g mL"' AMX)

In both the methods, the reaction was relatively fast in the
beginning but, iodine continued to be liberated even after 15 min.
The reaction was stopped after most iodine was liberated during the
first 15 min by adding the saturated borax solution to the reaction
mixture. The absorbance was remained constant for 30 and 40 min
in method B and method C, respectively.

The possible reaction pathways for the formation of coloured
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Figure 3. Absorption spectrum of method C: iodine-starch complex
(20 ug mL' AMX)

species in method B (Eq. 4) and in method C (Eq. 5) are presented
below:

105 + 5T + 6H* (AMX-COOH) — 31, + 3H,0 (@)
(iodine measured at 370 nm)
(Method B)
I, + Starch — [, - starch complex %)

(iodine-starch complex
measured at 570 nm)
(Method C)

Method validation

After optimizing the experimental variables for maximum product
formation the proposed methods were validated according to the
current ICH® guidelines.

Linearity, LOD and LOQ

Under the experimental optimum conditions, the titrimetric
method was applicable for 2-16 mg AMX range and slightly
irregular stoichiometries were observed beyond these limits. In
spectrophotometric methods, under the optimum conditions, a linear
relation was found between absorbance and concentration of AMX
in the ranges given in Table 1. The limits of detection (LOD) Eq.
6 and limits of quantification (LOQ) Eq. 7 values were calculated
according to the equations:

338

LOD = blank (6)
b
10 S,

LOQ _ bblank (7)

where S, is the standard deviation of replicate (n=7) blank
absorbance, and b is the slope of the calibration curve. The sensitivity
and regression parameters of methods B and C are compiled in
Table 1.

Accuracy and precision

The intra-day and inter-day accuracy and precision were assessed
by subjecting the pure drug solution to replicate analysis at three
different concentrations in seven replicates during the same day
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Table 1. Sensitivity and regression parameters of spectrophotometric methods

Parameter Method B Method C
Az I 370 570
Colour stability, min. 30 40
Linear range, pg mL! 5-50 5-60
Molar absorptivity (¢), L mol" cm' 5.55%10? 4.76x10°
Sandell’s sensitivity”, ug cm? 0.0658 0.0767
Limit of detection (LOD), ug mL"! 0.23 0.09
Limit of quantification (LOQ), pg mL"! 0.70 0.29
Regression equation, Y™

Intercept (a) 0.014 -0.0296
Slope (b) 0.0162 0.0153
Standard deviation of a (S,) 0.0998 0.0998
Standard deviation of b (S,) 0.00193 0.00173
Regression coefficient (r) 0.9982 0.9997

*Limit of determination as the weight in ug mL™! of the solution, which
corresponds to an absorbance of A = 0.001 measured in a cuvette of cross-
sectional area 1 cm? and 1 = 1 cm. **Y=a+bX, where Y is the absorbance,
X concentration in pg mL™, a intercept and b slope.

(intra-day precision) and five consecutive days (inter-day precision).
The precision expressed as percentage relative standard deviation
(%RSD) and accuracy expressed as percentage relative error (%RE)
and these values are summarized in Table 2. The results indicate
adequate accuracy and precision of the proposed methods.

Table 2. Results of intra-day and inter-day accuracy and precision study
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Selectivity

This was investigated by observing the effect of co-formulated
substances present in tablets by performing placebo blank and
synthetic mixture analyses. When the placebo blank was analyzed
by the proposed methods, the measured responses were equal
to that generated by the blanks. Application of the methods to
synthetic mixture analysis yielded 98.55 + 0.86, 101.54 = 1.33
and 102.5 + 1.74 recoveries of AMX by method A, method B and
method C, respectively. This suggested the non-interference of tablet/
capsule additives and excipients.

Application to tablets and capsule analysis

The proposed methods were applied to the determination of
two brands of tablets and capsule containing AMX. The results
of the assay are shown in Table 3 and in good agreement with the
label claim and with those obtained using the official USP method.?
Statistical analysis of the results obtained applying Student’s 7-test
and variance-ratio F-test showed that all the calculated 7- and F-values
are less than the tabulated 7- and F-values. These results revealed that
no significant difference in the performance of the proposed methods
and the official method, with respect to accuracy and precision.®’

Accuracy by recovery experiment

To ascertain the accuracy of the proposed methods, recovery
experiment via standard-addition procedure was performed.
Pre-analyzed tablet powder was spiked with pure AMX at three
levels and the total was found by applying the proposed methods.
Each determination was done in triplicate. The results of this study
presented in Table 4 and demonstrate that the proposed methods are
not affected by the co-formulated substances in the tablets.

Intra-day accuracy and precision (n=7)

Inter-day accuracy and precision (n=5)

Method PAMX taken *AMX found® RSD? REf *AMX found RSD? RE*
% % % %

4.0 3.95 1.02 1.26 3.93 1.54 1.76

A 8.0 7.89 1.76 1.38 7.81 2.58 2.38
12.0 11.89 0.95 0.92 11.78 1.29 1.82

15 14.83 1.69 1.14 14.78 2.46 1.47

B 30 29.71 1.44 0.97 29.65 1.74 1.17
45 44.43 1.88 1.27 44.14 2.85 1.93

15 14.79 1.54 1.41 14.71 1.49 1.94

C 30 29.69 0.97 1.05 29.63 2.13 1.24
45 44,72 1.29 0.63 44.69 1.81 0.69

*mg in method A and pug mL"' in methods B and C; *Mean value of 7 determinations; "Relative standard deviation (%); “Relative error (%)

Table 3. Results of analysis of formulations by the proposed methods

Found* (Percent of label claim+SD)

Formulation analyzed Label claim

Official USP method

Proposed methods

Method A Method B Method C

95.95+1.85 98.86+1.72 96.23+1.96
Perssmox Tablets 250 mg per tablet 97.45+1.73 t=132 =129 t=1.04
F=1.14 F=1.01 F=128

101.51+1.82 103.6+2.02 100.7+2.16
Bigmex capsules 250 mg per capsule 102.8+1.35 t= 127 t=0.74 t= 1.84
F= 182 F=1224 F= 256

*Mean value of five determinations. At the 95% confidence level, tabulated 7-value is 2.77 and F-value is 6.39.
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Table 4. Results of recovery study via standard addition procedure

Quim. Nova

*Pure AMX recovered®

Method Formulation studied *AMX in Tablet *Pure AMX added Total found
Percent+SD
4.8 2.5 7.16 98.10+1.52
Method A Perssmox tablets 4.8 5.0 9.48 96.76+1.85
4.8 7.5 12.5 101.6x2.16
14.83 7.5 21.61 96.76+2.26
Method B Perssmox tablets 14.83 15 29.92 100.3+1.98
14.83 22.5 37.93 101.7x1.58
19.25 10 27.70 94.71+1.85
Method C Perssmox tablets 19.25 20 37.82 96.36£1.66
19.25 30 48.59 98.66+2.36

*mg in method A and pg mL"in methods B and C; “Mean value of three determinations.

CONCLUSIONS

This article devoted to develop new analytical methods for
titrimetric and spectrophotometric assay of AMX in pharmaceuticals
using of iodate-iodide mixture. The titrimetric method is simple to
perform compared to reported methods, which requires non-aqueous
medium, per-hydrolysis step at elevated temperature, commercially
available oxidant and drastic experimental conditions. The method
is applicable over a wide range permitting determination of AMX
at different levels. Similar advantages can be claimed where to
spectrophotometric methods, which employ a single and simple
chromogenic agent in contrast to multi-step reactions/multiple
reagents employed in many previously reported methods. The
proposed methods does not depend on the use of liquid-liquid
extraction step or organic solvent. Sensitivity parameters of
the proposed methods are comparable to those offered by the
published methods. However, some of the published methods
have some disadvantages such as longer contact time and elevated
temperature.
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