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Abstract 
In present study, three new spectrophotometric methods, original UV spectrophotometry, 

first and second order derivative UV spectrophotometry, were developed for the determination of 
amoxicillin in pharmaceutical preparations. In original UV spectrophotometry, absorbances were 
measured at 247.0 nm in the zero order UV spectra of the solution of amoxicillin in 0.1N NaOH in the 
range of 220 - 350 nm. In first derivative UV spectrophotometry, dA/dX values were measured at 255.8 
nm in the first derivative UV spectra of the solution of amoxicillin in 0. IN NaOH in the range of 220 -
320 nm (Ak= 2 nm). In second derivative UV spectrophotometry a^A/dl2 values were measured at 
249.2 nm in the second derivative UV spectra of the solution of amoxicillin in 0. IN NaOH in the range 
of 220 - 320 nm (AX= 4 nm). Linearity range was found as 3.2 - 48.0 /ug/mL in all three methods. Mean 
recoveries and the relative standard deviations of the methods were found as 99.67 % and 1.20 % in 
original UV spectrophotometry at 247.0 nm, 99.04 % and 1.76 % in first derivative UV 
spectrophotometry at 255.8 nm and, 99.43% and 2.34 % in second derivative UV spectrophotometry 
at 249.2 nm respectively. Three spectrophotometric methods developed were successfully applied to 8 
tablets, 2 oral suspensions and 1 lyophilized powder formulation commercially available in Turkish 
drug market. All the results were compared statistically with those obtained by using the methods 
indicated in USP XXIII 
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Amoksisilin'in farmasotik preparatlarda spektrofotometrik miktar tayini 

Bu qalismada, amoksisilin'in farmasotik preparatlarda miktar tayini iqin uq yeni spektrofotometrik 
yontem, orijinal UV spektrofotometri, birinci ve ikinci turev spektrofotometri, gelistirilmistir. Orijinal 
UV spektrofotometride absorbans degerleri, amoksisilin in 0. IN NaOH iqerisindeki qozeltilerinin 220-
350 nm araligindaki UV spektrumlannda 247.0 nm de dlqulmustiir. Birinci turevUV 
spektrofotometride, dA/dX degerleri, amoksisilin in 0. IN NaOH iqerisindeki qozeltilerinin 220-320 nm 
araligindaki birinci turev UV spektrumlannda (AX= 2 nm) 255.8 nm de dlqulmustiir. Ikinci turev UV 
spektrofotometride ^A/dX2 degerleri amoksisilin in 0. IN NaOH iqerisindeki qozeltilerinin 220-320 nm 
araligindaki ikinci turev UV spektrumlannda (AX= 4 nm) 255.8 nm de dlqulmustiir. (Qalismada dogrusal 
qalisma araligi her uq yontem iqin de 3.2 - 48.0 /ug/mL olarak bulunmustur. Yontemlerdeki ortalama 
geri kazanim ve bagil standart sapma degerleri sirasiyla orijinal UV spektrofotometride 247.0 nm de % 
99.67 ve % 1.20, birinci turev UV spektrofotometride,255.8 nm de % 99.04 ve % 1.74 ve, ikinci turev 
UV spektrofotometride249.2 nm de % 99.43 ve % 2.35 olarak bulunmustur. Gelistirilen uq yontem 
Turkiye ilaq piyasasinda bulunan 8 adet tablet, 2 adet oral suspansiyon ve bir adet liyofilize toz 
formulasyonuna basariyla uygulanmistir. Elde edilen turn sonuqlar USP XXII de belirtilen yontemlerle 
elde edilenlerle istatistiksel olarak karsilastinlmistir. 

Anahtar kelimeler: Amoksisilin, Spektrofotometri, Miktar Tayini, Farmasotik Preparat 
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INTRODUCTION 

Amoxicillin (Figure 1) is a moderate-spectrum (3-lactam antibiotic used to treat 
bacterial infections caused by susceptible microorganisms. Amoxicillin is an antibiotic active 
against a wide range of Gram-positive, and a limited range of Gram-negative organisms. 
Amoxicillin acts by inhibiting the synthesis of bacterial cell walls. It inhibits cross-linkage 
between the linear peptidoglycan polymer chains that make up a major component of the cell 
wall of Gram-positive bacteria. It is usually the drug of choice within the class because it is 
better absorbed, following oral administration, than other beta-lactam antibiotics. Amoxicillin is 
susceptible to degradation by (3-lactamase-producing bacteria, and so may be given with 
clavulanic acid to decrease its susceptibility. 

"vOJl H H 

H N < ^ 3 
NH 2 \ ^ H ^ / ^ C H 3 

COOH 

Figure 1. Amoxicillin 

In previous studies; the determination of amoxicillin in pharmaceutical preparations 
containing only amoxicillin was made by using several methods including spectrophotometry 
(1-8), HPLC (9-11), spectrofluorimetry (12), flow-injection analysis (13-18), voltammetry and 
polarography (19,20) and titrimetry (21). Determination of amoxicillin in the presence of 
sulbactam sodium, clavulanic acid, fluxacilline and metronidazole was realized by using HPLC 
(22-28), TLC (29), CE (30) and chemometry (31). However, no information concerning with 
the determination of amoxicillin in pharmaceutical preparations by using classical UV 
spectrophotometry and derivative UV spectrophotometric methods could be seen in the 
literatures. 

EXPERIMENTAL 

Apparatus 
Shimadzu 1601 PC double beam spectrophotometer with a fixed slit width (2 nm) 

connected to a computer loaded with Shimadzu UVPC was used for all the 
spectrophotometric measurements. 

Materials 
Amoxicillin trihydrate was kindly donated by BILIM Pharm.Ind., Turkey and used without 

further purification. 
All the materials used in the spectrophotometric analysis were of analytical reagent grade. 

2 



TurkJ. Pharm. Sci. 5 (1) 1-16, 2008 

Commercial pharmaceutical preparations assayed 

Commercial name 
Content Batch no. Firm 

a) Tablets: 

Alfoxil 

Amoksina 

Atoksilin 

Demoksil 

Largopen 

Moksilin 

Remoxil 

Topramoxin 

500 mg Amoxicillin 
trihydrate 

500 mg Amoxicillin 
trihydrate 

500 mg Amoxicillin 
trihydrate 

500 mg Amoxicillin 
trihydrate 

500 mg Amoxicillin 
trihydrate 

500 mg Amoxicillin 
trihydrate 

500 mg Amoxicillin 
trihydrate 

500 mg Amoxicillin 
trihydrate 

6083550 

7C05E 

798 

213461 

7176001A 

9055589 

606002 

1216 

ABFAR 

MUSTAFA NEVZAT 

ATABAY 

DEVA 

BiLIM 

ILSAN-iLTAS 

I.E.ULAGAY 

TOPRAK 

b) Oral suspensions: 

Alfoxil 

Largopen 

125 mg/ 5 mL 
Amoxicillin trihydrate 

125 mg/ 5 mL 
Amoxicillin trihydrate 

7020587 

007 

ABFAR 

BILIM 

c) Flakon 

Alfoxil 1 g / 4 mL 

Amoxicillin trihydrate 

7010364 ABFAR 
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Standard solutions 
Standard solutions of amoxicillin trihydrate (500 mg / 250 mL) were prepared in 0.1 M 

NaOH for spectrophotometric methods. 

Sample preparation 
Tablets: The content of 20 tablets were accurately weighed and powdered in a mortar. An 

amount of mass equivalent to one tablet was weighed in 100 mL volumetric flask and diluted to 
volume with 0.1N NaOH. After 45 min of mechanically shaking and 15 min of standing in the 
dark the solution was filtered through 4.5 um milipore filter. Portion of the initial 5 mL was 
discarded and 1 ml of filtered solution was put into a 250 ml volumetric flask and the volume 
was completed to 250 mL with the same solvent. Final solution was used for the determinations. 

Oral suspensions: 5 mL of suspension was put into 50 mL volumetric flask and diluted to 
volume with 0.1N NaOH. This solution was filtered through 4.5 um milipore filter and 2 mL of 
the filtrat was put into 250 ml volumetric flask and the volume was completed to 250 mL with 
0.1N NaOH. Final solution was used for the determinations. 

Lyophilizedpowders: 4 mL of distilled water was injected into the flacon. After well stirring, 
1 mL of the clear solution was put into 50 mL volumetric flask and diluted to volume with 0. IN 
NaOH. 1 mL of this solution was put into 250 ml volumetric flask and the volume was 
completed to the mark with 0. IN NaOH. Final solution was used for the determinations. 

RESULTS 

Original UV spectrophotometry 
There are two maxima (247.0 and 289.8 nm) in zero-order UV spectra of the solution of 

amoxicillin trihydrate (AMO) in 0.1N NaOH in the range of 220-320 nm (Figure 2). The 
determination of AMO can be realized by measuring the absorbances at these wavelengths and 
using the calibration curve prepared by plotting the absorbances versus ten different 
concentrations of standard substance. Linearity range according to the Beer's law was found as 
3.4 - 48.0 ug/mL in the method. LOQ was 3.4 ug/mL and LOD was calculated as 1.0 ug/mL 
by using the following equation; 3.3 SD/m (SD=Standard deviation, m=slope). Regression 
parameters were shown in Table 1. Recoveries and relative standard deviations were calculated 
by using standard solutions and the results were illustrated in Table 2. 
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Figure 2. UV spectrum of the 36 ug/mL solution of AMO in 0.1 NNaOH . 

First derivative UVspectrophotometry 
There are two maxima (238.4 and 282.0 nm) and one minimum (255.8 nm) in the first 

derivative spectra of the solution of AMO in 0.1N NaOH in the range of 220-320 nm (Figure 
3). Different AX values were tested and AA= 2 nm was found optimal in the method. The 
determination of amoxicillin can be realized by measuring the dA/dA, values at 238.4, 282.0 , 
and, 255.8 nm and using the calibration curve prepared by plotting the dA/dA, values versus ten 
doses of standard substance. Linearity range according to the Beer's law was found as 3.4 - 48.0 \xg/mL 
in the method. LOQ was 3.4 \xg/mL and LOD was calculated as 1.0 \xg/mL by using the following 
equation; 3.3 SD/m (Regression parameters were shown in Table 1). Recoveries and relative standard 
deviations were calculated by using standard solutions and the results were illustrated in Table 3. 

Figure 3. First derivative spectra of the solution of a) 8 ug /mL, b) 16 ug /mL , 
c) 28 ug/mL AMO in 0.1 N NaOH (AA = 2 nm) (Scaling factor = 5). 
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Figure 4. Second derivative spectra of the solution of a) 8 ug /mL, b) 16 ug /mL , 
c) 28 ug/mL AMO in 0.1 N NaOH (AX = 4 nm) (Scaling factor = 10). 

Second derivative UV spectrophotometry 
There are two maxima (249.2 and 298.4 nm) and one minima (264.0 nm) in the second 

derivative spectra of the solution of AMO in 0.1N NaOH in the range of 220-320 nm (Figure 
4). Different AX values were tested and AX= 4 nm was found optimal in the method. The 
determination of amoxicillin 
can be realized by measuring the d2A/dA,2 values at the wavelengths mentioned above and using 
the calibration curve prepared by plotting the d2A/dA,2 values versus ten doses of standard 
substance. Linearity range according to the Beer's law was found as 3.4 - 48.0 ug/mL in the 
method. LOQ was 3.4 ug/mL and LOD was calculated as 1.0 ug/mL by using the following 
equation; 3.3 SD/m Regression parameters were shown in Table 1. Recoveries and relative 
standard deviations were calculated by using standard solutions and the results were illustrated 
in Table 4. 

Selectivity 
According to official validation guidelines, in cases where it is impossible to obtain 

samples of all drug product components, it may be acceptable to add known quantities of the 
analyte to the drug product for determining recovery. For this reason, in order to know whether 
the excipients in the pharmaceutical preparation show any interference with the analysis, the 
recovery test was done by the standard addition method by adding known amounts of AMO at 
three different concentrations corresponding to 10, 25 and 50 % of the label claims. Each 
solution was prepared in triplicate and the methods were applied. According to the recoveries 
obtained for the amount of the added AMO (99.5 - 100.7 % for all the formulations selected) 
when applied three methods at selected wavelengths 
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Table 1. Regression parameters of the analytical methods 

Yontemler 

original UV 
spectrophotometry 

Co) 
First derivative 

spectrophotometry 

(2D) 
Second derivative 

spectrophotometry 

X(nm) 

247.0 

289.8 

238.4 

255.8 

282.0 

249.2 

264.0 

298.4 

m 

0.0275 

0.0057 

0.0054 

-0.0073 

0.0006 

-0.0025 

0.001 

-0.0004 

n 

-0.01 

-0.0184 

0.0119 

-0.0025 

0.0002 

-0.0027 

0.0008 

0.00004 

r 

0.9998 

0.9997 

0.9998 

0.9998 

0.9960 

0.9989 

0.9970 

0.9979 

Working 
range 

(ug/mL) 

3.2-48 

3.2-48 

3.2-48 

3.2-48 

3.2-48 

3.2-48 

3.2-48 

3.2-48 

m = slope, n = intercept, y = mx + n, r = correlation coefficient. 

Table 2. Validation parameters in classical UV spectrophotometry using standard 
solutions of amoxicillin trihydrate in 0.1 N NaOH 

No 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

n = 1 0 

247.0 nm 
Added 
Ug/mL 

6.4 
6.4 
6.4 

24.0 
24.0 
24.0 
40.0 
40.0 
40.0 
40.0 

Found 
Ug/mL 

6.40 
6.25 
6.28 

24.00 
24.11 
23.85 
40.57 
40.44 
39.67 
39.76 

X 
SD 

RSD 

Recovery 
% 

100.00 
97.66 
98.13 
100.00 
100.45 
99.37 
101.43 
101.10 
99.18 
99.40 
99.67 
1.19 

% 1.20 

289.8 nm 
Found 
Ug/mL 

6.81 
6.39 
6.23 

23.82 
24.05 
23.76 
41.20 
40.62 
39.54 
40.12 

Recovery 
% 

106.40 
99.84 
97.34 
99.29 
100.20 
99.00 
103.00 
101.56 
98.85 
100.29 
100.57 
2.56 

% 2.55 
X= mean, SD= standard deviation, RSD= relative standard deviation 
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Table 3. Validation parameters in first derivative UV spectrophotometric method using 
standard solutions of amoxicillin trihydrate in 0.1 N NaOH 

1 

2 
3 
4 
5 
6 

7 
8 
9 

10 
n= 10 

Added 
ug/mL 

6.4 

6.4 

6.4 
24.0 
24.0 
24.0 

40.0 
40.0 
40.0 
40.0 

238.4 nm 
Found 
Hg/mL 

5.96 

6.31 

6.39 
23.99 
23.64 
23.72 

39.71 
40.35 
39.46 
39.37 

X 
SD 

RSD 

Recovery 
% 

93.13 

98.59 
99.84 
99.95 
98.50 

98.84 
99.27 
100.87 
98.66 

98.42 
98.61 
2.08 

%2.11 

255.8 nm 
Found 
Hg/mL 

6.16 

6.23 

6.19 
24.27 
23.94 
24.01 

40.02 
40.41 
39.80 
39.44 

Recovery 
% 

96.25 

97.34 
96.71 
101.13 
99.74 

100.04 
100.05 
101.03 
99.49 

98.60 
99.04 
1.74 

% 1.76 

282.0 nm 
Found 
Hg/mL 

5.87 

6.33 
6.20 

21.25 
2.00 

22.99 
37.62 
38.52 
38.00 

37.22 

Recovery 
% 

91.72 

98.90 
96.87 
88.54 
91.67 

95.79 
94.05 
96.30 
95.00 

93.05 
94.19 
3.03 

%3.22 
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Table 4. Validation parameters in second derivative UV spectrophotometric method 
using standard solutions of amoxicillin trihydrate in 0.1 N NaOH 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

n= 10 

Added 
ug/mL 

6.4 

6.4 

6.4 

24.0 

24.0 

24.0 

40.0 

40.0 

40.0 

40.0 

249.2 nm 
Found 
Hg/mL 

6.29 

6.12 

6.50 

23.69 

24.18 

23.72 

40.74 

40.13 

40.92 

38.43 
X 

SD 
RSD 

Recovery 
% 

98.28 

95.62 

101.56 

98.70 

100.75 

98.83 

101.86 

100.33 

102.30 

96.08 
99.43 
2.34 

% 2.35 

264.0 nm 
Found 
ug/mL 

6.40 

6.82 

6.76 

22.87 

22.80 

22.20 

36.00 

39.11 

40.20 

40.17 

Recovery 
% 

100.00 

106.56 

105.62 

95.29 

95.00 

92.50 

90.00 

97.78 

100.50 

100.42 
98.37 
5.34 

%5.43 

298.4 nm 
Found 
ug/mL 

6.16 

6.19 

6.08 

23.63 

22.65 

22.50 

36.26 

36.22 

37.60 

39.50 

Recovery 
% 

96.25 

96.69 

95.00 

98.45 

94.38 

93.75 

90.15 

90.55 

94.00 

98.75 
94.55 
2.83 

% 2.98 

(at 247.0 nm in original UV spectrophotometry, at 255.8 nm in first derivative UV 
spectrophotometry and at 249.2 nm in second derivative spectrophotometry) it was concluded 
that there was no interference from the ingredients placed in the formulations. 

Accuracy and Precision 
Accuracy in the methods was determined by the recovery studies using standard 

solutions of AMO. In original UV spectrophotometry: the mean recoveries were found as 
99.67 and 100.57 % at 247.0 and 289.8 nm respectively. Relative standard deviations at these 
wavelengths were found as 1.20 and 2.55 % respectively (Table 2). In first derivative UV 
spectrophotometric method; the mean recoveries were found as 98.61, 99.04 and 94.19% at 
238.4, 255.8 and 282.0 nm respectively. Relative standard deviations at these wavelengths were 
found as 2.08, 1.76 and 3.22 % respectively (Table 3). In second derivative UV 
spectrophotometric method; the mean recoveries were found as 99.43, 98.37 and 94.55 % at 
249.2, 264.0 and 298.4 nm respectively. Relative standard deviations at these wavelengths were 
found as 2.34, 5.34 and 2.98 % (Table 4). 
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Robustness 
Robustness was tested by changing the concentration of NaOH. No significant difference 

was observed for 0.05 - 0.15 N NaOH range. We selected 0.1N NaOH for the methods 
proposed. 

Solution Stability 
Solution of AMO in 0. IN NaOH is stable for 8 hours at room temperature. 

Analysis of Pharmaceutical Preparations 
Developed three methods were applied to the determination of AMO in pharmaceutical 

preparations selected, 8 tablets, 2 oral suspensions and 1 flakon. Each pharmaceutical 
preparation was analyzed by performing ten independent determinations. In application, 247.0 
nm in original UV spectrophotometry, 255.8 nm in first derivative spectrophotometry and 249.2 
nm in second derivative spectrophotometry were selected by their lowest RSD values in the 
validation studies, Table 2-4. Satisfactory results were obtained for AMO and were found to be 
in agreement with the label claims (Table 5). The results obtained by the developed methods 
were compared with the official methods (HPLC, USP XXIII) statistically by using Student's t 
test and no significant difference was observed between them by the fact that t values calculated 
were lower than that of tabulated (theoretical) values for P = 0.05 level (Table 6). In USP 
XXIII, two HPLC methods were proposed for tablets and oral suspensions but there was no 
method indicated for the flakon formulations. So, we used HPLC method in USP XXIII 
indicated for oral suspensions for the determination of AMO in flakon formulation. 
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Table 5. Assay results of commercial formulations for AMO. 

N. Methods 

Pharmaceotfcal 
preparations^^ 

Alfoxil ® 
500 mg Tablet 

Amoksina® 
500 mg Tablet 

Atoksilin® 
500 mg Tablet 

Demoksil® 
500 mg Tablet 

Largopen® 
500 mg Tablet 

Moksilin® 
500 mg Tablet 

Remoksil 
500 mg Tablet 

Topramoxin® 
500 mg Tablet 

Alfoxil® 
1000 mg 
lyophilized 
powder 

Alfoxil® 
125 mg / 5ml 
Suspension 

LARGOPEN® 
125 mg / 5ml 
Suspension 

Mean (mg) + SD 
(% RSD) 

498.03 ± 14.58 
(% 2.93) 

485.19 ± 12.28 
(% 2.53) 

490.90 ± 13.95 
(%2.84) 

500.34 ± 16.74 
(%3.34) 

491.25 ±8.42 
(% 1.71) 

484.48 ± 15.93 
(%3.29) 

487.30 ±3.94 
(%0.81) 

493.59 ± 15.38 
(%3.12) 

979.77 ±35.48 
(%3.62) 

120.85 ±4.30 
(%3.56) 

122.22 ±3.31 
(% 2.70) 

2D 
Mean (mg) + SD 

(% RSD) 

497.14 ± 19.81 
(%3.98) 

486.52 ± 16.98 
(%3.49) 

503.49 ±22.60 
(% 4.49) 

497.61 ±20.28 
(% 4.08) 

496.18 ±20.19 
(% 4.07) 

479.33 ±25.87 
(%5.40) 

491.64 ± 19.65 
(%3.99) 

478.37 ± 18.98 
(%3.97) 

994.60 ± 13.08 
(%1.31) 

120.51 ±4.22 
(%3.50) 

122.93 ±3.62 
( % 2.95) 

Original UV 
Spectr. 

Mean(mg) + SD 
(% RSD) 

499.28 ± 16.75 
(%3.36) 

470.74 ±5.86 
(%1.24) 

485.3 ±2.57 
(%0.53) 

500.20 ± 15.17 
(%3.03) 

487.13 ± 13.74 
(% 2.82) 

484.9 ±4.06 
(% 0.84) 

486.30 ±9.67 
(% 1.99) 

487.13 ±22.87 
(% 4.70) 

974.58 ±4.83 
(% 0.50) 

120.25 ± 1.44 
(% 1.20) 

120.48 ±0.40 
(% 0.33) 

****HPLC 

Mean (mg) + SD 
(% RSD) 

499.84 ± 1.84 
(%0.37) 

470.30 ± 1.63 
(% 0.35) 

489.23 ± 1.61 
(%0.33) 

499.84 ±2.57 
(%0.51) 

487.17± 1.86 
(% 0.38) 

488.66 ±2.89 
(% 0.59) 

486.45 ± 1.95 
(%0.40) 

487.73 ±0.83 
(%0.17) 

978.06 ± 1.52 
(%0.16) 

121.89± 1.69 
(% 1.39) 

120.65 ±0.37 
(%0.31) 

Mean of ten replicates 
** SD = Standard deviation, 

*** RSD = Relative Standard deviation 
****Official method (USP xxiii) 
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Table 6. Calculated t values when compared the results with those obtained by official 
methods (USP XXIII) 

Pharmaceutical 
preparations . 
Alfoxil ® 
500 Mg 
Tablet 
Amoksina® 
500 Mg 
Tablet 

Atoksilin® 
500 Mg 
Tablet 

Demoksil® 
500 Mg 
Tablet 

Largopen® 
500 Mg 
Tablet 

Moksilin® 
500 Mg 
Tablet 

Remoksil 
500 Mg 
Tablet 

Topramoxin® 
500 Mg 
Tablet 

Alfoxil® 
1000 Mg 
Flakon 

Alfoxil® 
125mg/5ml 
Suspension 

Largopen® 
125mg/5ml 
Suspension 

Original UV - *HPLC 

0.08 

0.18 

1.72 

0.63 

0.01 

1.01 

0.04 

0.06 

1.88 

2.02 

1.72 

*D - *HPLC 

0.30 

1.65 

0.34 

0.14 

1.16 

0.63 

0.51 

0.92 

0.60 

0.62 

1.30 

2D - *HPLC 

0.95 

0.96 

0.29 

1.51 

0.96 

0.64 

0.41 

0.74 

0.13 

0.22 

2.10 

tabulated value of t is 2.26 for P = 0.05 
"Official method (USP xxni) 
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CONCLUSION 

Three methods, original UV spectrophotometry and, first and second derivative UV 
spectrophotometry, were developed and they were succesfully applied to the determination of 
AMO in 11 different formulations after their optimization and validation. Proposed methods 
are original and very simple methods for the determination of AMO in pharmaceutical 
preparations. These methods were found accurate and precise and, applicable for the routine 
analysis of the formulations. Good agreement was achieved in the assay results of 
pharmaceutical preparations, tablets, oral suspensions and flakons, widely used in Turkey, for 
three spectrophotometric methods proposed in the text. So, these methods can be apply 
accurately and precisely for the analysis of AMO in the pharmaceutical preparations mentioned 
above without prior separation procedure in place of HPLC methods (official methods) which 
are tedious, time consuming and expensive methods. 
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