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A specific spectrophotometric method for the determination of ampicillin
in pharmaceutical preparations has 'been described (Smith et a!, 1967). This
is based on the copper facilitated formation of the stable acid degradation products.
Angelucci and Baldieri (1971) utilised this method for assay of ampicillin in biolo-
gical fluids. Their results were reproducible and were in good -agreement with
those obtained from microbiological assay (plate diffusion test: Sarcina lutea).
We have adopted this method for determination of ampicillin from human serum
and compared it with microbiological assay (zone inhibition: Bacillus cereus).
Also, we have carried out a bioavailability study with five proprietary brands of
ampicillin.

MATERIALS AND METHODS

Pure ampicillin (as trihydrate, for use as standard) was obtained from the
Beecham Laboratories, England, as a dry substance and solutions made as required.
Different proprietary brands of ampicillin for test (Penbritin, Pentrexyl, Omnipen,
Ampicillin (Marco) and Semicillin) were obtained either commercially or as gifts
in the form of capsules. These were arbitarily given code names AB,C,D, and
E at random. All other chemicals used were of analytical reagent grade.

Preparation of citrate buffer containing copper sulphate

Citrate buffer was prepared by mixing citric acid (46.4 ml. of 0.1 M) and
disodium hydrogen phosphate (53.6 ml. of 0.2 M) and the pH adjusted to 5.2.
From this, 1.5 ml. was discarded and replaced by 1.5 ml. of 0.393% copper sulphate
penta hydrate solution. This gave citrate buffer containing copper (15 (Lg/ml).
The mixing was done immediately before use.

Administration of ampicillin to volunteers

Six healthy adult male volunteers free from any apparent illness and not
taking any medication for two weeks were selected after complete medical exa-
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mination. They were administered 2 g (eight capsules of 250 mg each) ampi-
cillin (one brand at a time) by mouth one hour after breakfast and all feeds
withheld for one hour afterwards. Blood was collected from the antecubital vein

at 3 and 6 hrs. and allowed to clot. The serum was separated and stored at-20°C
until analysis. The procedure was repeated with a different brand of ampicillin
using the same volunteers after an interval of two weeks.
Analytical procedure

Two mi. serum was taken in a centrifuge tube containing 4 mJ. absolute
alcohol. After thorough mixing and centrifuging for 10 min. at 4000 rpm., clear
supernatant (2 ml.) was transferred in a test tube, and 8 ml. of citrate buffer con-
taining copper added to it. This was !TIixedthoroughly. An aliquot of 5 ml. was
taken in a separate test tube and incubated at 75°C for 30 min. with agitation at
120 strokes per min. After this, the samples were cooled in ice. Finally they were
read at 320 m(Join a DU sp~ctrophotometer (Beckman). The residual non-incu-
bated fraction of the buffer-added supernatant was used as blank. The actual
concentration of ampicillin was estimated by consuhing a previously constructed
standard curve using different concentrations of pure ampicillin.

Microbiological procedure

Ampicillin was determined microbiologically using Bacillus cereus ATCC
as test organism. Standardisation of spore suspension of the organisms was done
as described in British Pharmacopoeia (1968). Test design (two and two) sugges-
ted by Kavanagh (1963) was followed and standard antibiotic medium (No J.
Difco) was used. Ampicillin (standard) in doses of 5 and 20 (Jog/mlwere emplo-
yed and test serum diluted when necessary. After overnight incubation, the zones
of inhibition were recorded. Calculation of concentration of antibiotic was carried

out according to Grove and Randall (1955).

RESULTS

The, age. height, weight and body surface area of the volunteers are recorded
in Table-I. They were very carefully selected to reduce the individual variations.

Table-II shows the concentration of ampicillin detected by spectrophotomet-
ric and microbiological methods from same samples of human serUm obtained
from volunteers administered different doses (0.5 to 2 g) of the drug. The results
obtained by the two methods were comparable.

The serum concentrations of ampicillin (determined by spectrophotomet-
ric method) after a single oral dose of 2 g (from coded brands. A, B, C. D and
E) at 3 and 6 hrs. are shown in Table-III. Considerable variations were observed

~t 3 hr., when serum concentration ranged from 10.66 to 5.00 (Jog/mi. with the
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different brands. At 6 hr., the serum concentration with the different brands of
ampicillin showed much less variation. At this time the concentration ranged
from 4.66 to 4.00 !Lg/ml. (Table-III).

TABLE-I

Age, height, weight and body surface area of the volunteers who took part in the
bioavailability studies.

Concentration of ampicillin detected by spectrophotometric and microbiological
assays from same samples of human serum after oral administration to volunteers
in doses varying from 0.5 to 2g.

Number of sample

1
2
3
4
5.
6.

Concentration (!L9/ml)
(Spectrophotometric assay)

11.00
8.00
7.50
6.50
2.50
2.00

Concentration (p.g/ml)
(Microbiological assay)

12.90
6.40
8.10
4.30
1.90
2.30

TABLE-III

Concentration of ampicillin in serum of human volunteers at 3 and 6 hrs. after oral
administration of 2 g of ampicillin from different proprietary brands (A.B,C,O and E)
in capsule form. The results represent'mean:f:SO of six volunteers.

Ampicillin brand (Code)

A
B
C
o
E

Concentration
3 hr.

10.66:f:2.16
8.66:f:0.75
6.83:f:1.-33
5.90:f:0.60
5.00:f:1.46

(!Lg/ml)
6 hr.

4.66:f:0.83
4.33:f:1.10
4.50:f:0.50
4.12:f:0.66
4.00:f:0.50
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Volunteer Age (years) Height Weight Body surface
(em) (kg) Area (m2)

A.M. 32 1.80 54 1.67
SA 29 173 46 1.53
A.S. 40 157 46 1.43
MA 31 170 50 1.57
N.!. 35 166 60 '.65
K.A. 48 168 61 1.67

TABLE-II
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DISCUSSION

Several methods have been described for determination of semisynthetic
penicillins (Bundgaard and liver, 1972). The spectrophotometric method used
for determination of ampicillin in the present study was developed by Smith et al.
(1967). It requires the presence of intact antibiotic molecule for determination.
The authors considered this to be a specific methcd for determination of ampicillin
and specified the optimum conditions (pH, temperature, time of heating and wave
length of measurement). Angelucci and Baldieri (1971) used this method for assay-
ing ampicillin in chicken blood, bile and urine and obtained reproducible results
which were in good agreement with microbiological assay. The adaptation of
this method to human serum in the present investigation showed comparable
results with microbiological assay (Table-II). The method is simple and large
number of samples can be assayed in a short time.

A basic principle of drug absorption is that absorption takes place after a
drug is in solution. When solid drug particles are in the gastrointestinal tract,
an essentially statu rated solution of the drug builds up very quickly on the surfaces

of the particles and in the liquid immediately surrounding them. The drug passes
through the diffusion la¥ers (dissolution process) and through the gastrointestinal
contents to the lipid sieve barrier where absorption takes place. The dissolution
of a drug is dependent on various factors, such as, surface area, solubility in di-
ffusion layer, crystal form and state of hydration. It has been observed that anhy-
drous ampicillin is more soluble and has a faster dissolution rate than the trihy-
drate (Cadwallader, 1973).

The dosage form of a drug can greatly influence the therapeutic effective-

ness of its active ingredient (Wagner, 1968). Capsules have been used for many
years and have always been thought of as a reliable dosage form. Recent expe-
riences have, however, indicated that hard gelatin capsules might not be as reliable
a dosage form as it was once considered; erratic dissolution and unreliable bioavai-

lability have been observed (Cadwallader, 1973). Although gelatin capsules
usually readily dissolve in gastric fluids, their erratic behaviour might be due to

floatation of the capsules in the stomach or a coating of mucus enveloping
the dosage forms. The ingredients of gelatin capsules mu~t be carefully selected
and controlled so that the capsules do not harden and become less soluble.

The variations in the serum concentration of ampicillin (bioavailability) ob-
tained in the present study with capsules of different coded brands (A, B, C, D, or E)
of the drug at 3 hr., (Table-III) might be due to a difference in the onset and/or
maintenance of the processes of dissolution and absoprption in vivo. The some-
what similar but lower (than at 3 hr.) serum concentration with all the brands of
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the drug at 6 hr. (Table-III) indicate that by this time the dissolution and absorp-
tion were complete in all cases. The difference in the characteristics of the
different brands, if there was any, was cleared up. The precise time of peak level
with each brand of the drug could not however, be ascertained.

Clinically ampicillin is administered orally every 6 hr. to maintain an effective
minimum therapeutic blood concentration of 0.2 to 5 p.g/ml. depending on the
severity and nature of infection (Blacow and Wade, 1972). The present investi-
gation suggests that comparable blood concentration of ampicillin may be achie-
ved around 6 hr. by oral administration of anyone of the different brands (AB,C,D,
or E) of the drug, and as such, the brands may be exchangeable.

SUMMARY

1. Spectrophotometric determination of ampicillin showed comparable results
with microbiological assay. . .

2. A bioavailability study with five brands of ampicillin revealed variations in the
serum concentration at 3 hr. but showed somewhat similar concentrations at
6 hr. The results have been discussed.
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