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Abstract

A liquid chromatographic method for the analysis of ampicillin was examined in a collaborative study involving
seven laboratories, The method included an isocratic part, which is used in the assay. The isocratic part is similar to
the assay method for ampicillin of the US Pharmacopeia XXIII Revision. When the isocratic part is combined with
gradient elution, the method is suitable for purity control. Six samples of ampicillin (anhydrous, trihydrate and
sodium salt) with varying purity were analysed. The main component and related substances were determined. An
analysis of variance proved the absence of consistent laboratory bias. The laboratory—sample interaction was
significant. Estimates of the repeatability and reproducibility of the method, expressed as standard deviations of the
result of the determination of ampicillin, were calculated to be about 0.9 and 1.1 respectively.
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1. Introduction

Previously, the selectivity of four isocratic lig-
uid chromatographic (LC) methods which were
described for the assay of ampicillin was exam-
ined [1]. It was observed that the USP assay
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method [2] with acetic acid (1.0 M)- potassium
dihydrogenphosphate (1.0 M)-acetonitrile—water
{1:10:80:909, v/v/v/v) as the mobile phase repro-
ducibly gave good selectivity on different sta-
tionary phases. It was also suggested that
cefradine may be used in the resolution test in-
stead of caffeine, which was prescribed in the
USP method. Based on the adapted USP
method, a gradient elution method was devel-
oped, which was shown to be suitable as a re-
lated substances test [1]. Indeed, it was possible
to elute oligomers and other more strongly re-
tained impurities by increasing the acetonitrile
content of the mobile phase to 40% with linear
gradient elution over 30 min which started im-
mediately after the elution of the main peak. In
this interlaboratory study, the applicability of
the method for assay and purity testing of
ampicillin was examined in seven laboratories. A
sample of anhydrous ampicillin proposed as a
Chemical Reference Substance (CRS) to the Eu-
ropean Pharmacopoeia (Ph. Eur.) was incorpo-
rated in the study as one of the samples. The
results of this interlaboratory study will be used
not only 1o examine the suitability of the
method but also to assign a content to the
CRS.

2. Experimental
2.1. Samples and reagents

Six ampicillin samples, including two anhy-
drous samples (1 and 2), two trihydrates (3 and
4} and two sodium salts (5 and 6), of different
origin were used. Sample 1 was the proposed
CRS to which a provisional content of 98% was
assigned for the purpose of this study. An anhy-
drous ampicillin was chosen as the proposed
CRS since this is the most stable form. The two
sodium salts were manufactured by different
procedures. Sample 6 was obtained by freeze-
drying and sample 5 was obtained by crystalliza-
tion. Cefradine CRS of the Ph. Eur. was used in
the resolution test.

Solvents and reagents were of Ph. Eur. quality
[3]. Two mobile phases were used. Mabile phase

A was acetic acid (2 M)-potassium dihydrogen-
phosphate (0.2 M)-acetonitrile—water (0.5:50:50:
up to 1000, v/v/v/v) and mobile phase B was a
mixture of the same components in different
proportions (0.5:50:400: up to 1000, v/v/v/v).
The pH of the mobile phases was not adjusted.

Samples were prepared with mobile phase A
as the solvent at the following concentrations:
for assay, anhydrous ampicillin 27, ampicillin
trihydrate 31 and ampicillin sodium 29 mg per
50 ml; and for purity testing, anhydrous ampi-
cillin 27, ampicillin trihydrate 31 and ampicillin
sodium 29 mg per 10 ml. The resolution test
solution was prepared by mixing 5.0 ml of ce-
fradine CRS solution (2 mg per 50 ml) with 5.0
ml of ampicillin solution (sample 1, 27 mg per
50 ml).

2.2. Materials and methods

The equipment consisted of a solvent-delivery
systemn capable of developing gradient elution
with a flow rate of 1.0 ml min—', a fixed-loop
injector with a loop of about 50 ul, a UV de-
tector set at 254 nm and an integrator allowing
peak-area measurements. Different brands of C,;
stationary phases of 5 um particle size were
used and all columns measured 25 x 0.46 cm i.d.
The laboratories were free to chose the brand.
Table 1 lists the columns used. The column used
in laboratory 1 was laboratory-packed and alil
other columns were prepacked. The column
temperature was ambient.

For the assay, isocratic elution was used with
a mobile phase ratic A:B of 85:15. The compo-
sition of the isocratic mobile phase was adjusted
in order to have a capacity factor of 1.7-2.6 for
ampicillin and a resolution between ampicillin
and cefradine of at least 3. For the related sub-
stances test, isocratic elution combined with gra-
dient elution was used as follows: after isocratic
elution of the ampicillin peak with a mobile
phase ratic A:B as used in the assay, linear gra-
dient elution was started to reach a mobile
phase ratio A:B of 0:100 over a period of 30
min; this ratio was held for 15 min, then the
column was equilibrated with a mobile phase
ratio A:B of 85:15 for 15 min.
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Table 3
Mean values (Yo w/w) for the content of ampicillin®
Laboratory Column Sample
s2 53 54 85 S6
1 a 96.59 (0.6) 82.89 (0.9) 83.09 (1.0) 96.19 (0.4) 89.61 (0.4)
2 b 97.02 (0.8) 83.52 (0.3) 82.61 (0.3) 95.97 (0.9) 89.82 (1.0Y
3 c 96.41 (0.3) 82.81 (0.4) B3.15 (0.6) 96.09 (0.4) 90.93 (1.6)
4 d 93.93 (0.4) 82.60 (1.9) 82.59 (0.6) 95.14 (1.0) 89.70 (1.1)
5 e 96.99 (0.3) 81.49 (0.6) 81.35 (1.9 94.07 (2.1) 838.93 (1.8)
6 f 96.77 (0.5) 83.74 (1.0) 83.53 (1.0) 93.98 (1.3) 91.22 (0.8)
7 g $6.42 (1.0) 83.79 (0.7) 83.14 (0.7 96.02 (0.5) 90.55 (0.2)
Mean of means 96.30 (1.1) 82.97 (1.0) 82.78 (0.8) 95.35 (1.OY 90.11 (0.9)
# RSD values (%) are given in parentheses.
Table 4
Analysis of variance
Source of variance Sum of squares Degrees of freedom Mean square Variance ratio
Between laboratories (L) 29.73 6 495 L/LS =292
F 0.95(6,24) = 2.51
F0.99(6,24)=3.74
Laboratory-sample interaction (LS) 40.79 24 1.70 L8/8=2.25
F 0.99(24,70) = 2.07
Between replicates (S) 52.82 70 0.75

3. Results and discussion

One column was used in each of the seven
laboratories. General information about the
columns, composition of the isocratic mobile
phase and results of performance checks carried
out by each laboratory is given in Table 1. The
calculation of the chromatographic parameters
was carried out according to the Ph. Eur. [4]. the
capacity factor, k', symmetry factor, §, and theo-
retical plate number, n, were calculated for the
ampicillin peak. After six consecutive injections
the relative standard deviation (RSD) was calcu-
lated for the area of the ampicillin peak and for
its retention time. The correlation coefficient r was
calculated for a calibration curve determined in
the range corresponding to 70-130% of the
amount prescribed for the assay. The intercept
was not significant compared with the standard
error estimate (S, ,) except in laboratory 2, where
the intercept was 2.3% of the area compared with
100%, and in laboratory 6, where the intercept

was 3.5% of the area compared with 100%.

Samples were analysed three times, using inde-
pendently prepared solutions. Individual results
for the main component, expressed as % (w/w)
ampicillin or sodium ampiciilin, are listed in Table
2. Results for sample | are not reported since this
was used as the reference substance. Means and
RSD values are given in Table 3.

In order to analyse further the results obtained
for the main component, a number of statistical
calculations were performed following described
procedures [5,6]. The ranked mean values were
examined for outlying laboratories and also for
outlying mean vlaues by using Dixon’s criterion
[5]- No laboratory was excluded. For one mean
(laboratory 4, sample 2) the limit was slightly
exceeded at the 1% level. Nevertheless, all the
results were used in further calculations.

An analysis of variance was carried out in order
to investigate for consistent laboratory bias or
significant laboratory—sample interaction [6]. The
results are listed in Table 4. There is no significant
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Fig. 1. Typical chromatogram of sample 6. AM = ampicillin.

between—laboratory variance at the 1% level
but at the 5% level the limit is exceeded. The
laboratory-sample interaction variance is sig-

nificant at the 1% level. This means that the
analytical method will show greater variation
when carried out by different laboratories than
within one laboratory, but no consistent labora-
tory bias exists. Estimates of the repeatability
of the LC method (within-laboratory variance)
and of the reproducibility (between-laboratory
variance) were calculated [5]. The standard de-
viations thus obtained were 0.9 and 1.1, respec-
tively. Compared with the content of ampicillin,
both values are low and satisfactory for a LC
method.

After performance of the gradient elution for
each sample, the content of impurities was cal-
culated by comparison with a 1:100 dilution of
the reference solution. Participants were asked
to report the retention time and percentage
amount of each impurity. Impurities smaller
than 0.05% were not reported. A typical chro-
matogram is shown in Fig. 1.

Table 5
Sum of impurities for each sample®
Laboratory Sample

1 2 3 4 5 6
1 1.49 (5) 2.58 (5) 1.82 (5 1.76 (6) 227 (9 7.48 (10)
2 1.35 (5) 2.56 (5) 2.09 (&) 1.60 (9) 2.01 (12) 788 (12)
5 1.34 (3) 247 (3) 1.74 (2) 1.27 (5) 1.54 (6) 10.05 (10)
6 1.60 (4) 289 (7 2.16 (6) 2.40 (12) 2.09 (10} 8.51 (12)
7 1.40 (4) 2.34 (3) 1.88 (5) 1.65 (6) 1.70 (7) 8.39 (10}
Mean 1.44 2.57 1.94 1.74 1.92 8.46
RSD (%) 7.5 19 9.1 24 15 11

* The results from five laboratories were used. The number of impurities is given in parentheses,

Table 6
Compasition of the ampicillin sample®

Sample LC: ampicillin LC: impurities Water content® Total

1 98.28 1.44 0.28 100.0

2 96.57 2.57 0.59 99.73
3 83.21 1.94 13.44 98.59
4 83.02 1.74 13.13 97.8%
5 95.62 1.92 Q.66 98.20
6 90.37 8.46 0.58 99.41

* The content of 98.28% is assigned to sample 1.

® Water was determined by Karl Fischer titration; for samples 2—6 the water content was determined only in laboratory 7.
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Two laboratories (3 and 4) had problems with
the integration of small peaks on the slope of the
gradient; the area was clearly overestimated and
therefore their results were rejected. It was also
observed that the retention times of the impurities
varied with the different laboratory conditions
and therefore it was not possible to identify all the
corresponding peaks and to calculate a mean
value and RSD for each peak separately. Table 3
reports for five laboratories the sum of impurities
for each sample and the mean. After each value
the total number of impurities is given in paren-
theses. For ampicillin (anhydrous and trihydrate),
no single impurity exceeded a value of 2.0% (w/
w). For ampicillin sodium sample 5, no single
impurity exceeded a value of 1.0% (w/w), but for
the freeze-dried sample 6, one single impurity,
corresponding to the ampicillin dimer, reached a
value of 3.9% (w/w), another reached a value of
4.0% (w/w), whereas the others did not exceed
0.9% (wiw).

Using these results and results for the water
content, obtained by Karl Fischer titration fol-
lowing the Ph. Eur. [7], it was possible to calculate
a value of 98.28% for the content of the proposed
CRS. With this value, the contents of samples
2-6 were calculated from LC results. Table 6
reports these results together with the LC results
for impurities and water content. The total values
show that LC combined with water content ex-

plains about 98% or more of the total mass of
these samples. The water content of samples 26
was determined in one laboratory only, owing to
lack of sample.

4. Conclusion

The LC method is suitable not only for the
assay of ampicillin but also for the related sub-
stances test.
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