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Stability And Surrogate Markers Of Antimicrobial Activity Of Ampicillin
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ABSTRACT

Physical and chemical stability of ampicillin after reconstitution in drinking water was
investigated under the effect of heat at three conditions (30, 40 and 50 °C) for 8 hours.
Appearance of drug solution not changed from zero time and up to 8 hours after reconstitution,
while pH of the drug solution was increased from 7.21 at zero time to 7.80, 8.45 and 8.25 for
three conditions respectively. Assay of ampicillin at zero time was 99.45 % and still stable for 2
hours after reconstruction (99.22, 99.11 and 99.13 %), while at 4, 6, and 8 hours, the degradation
of ampicillin was recorded with final concentrations of 86.27, 86.36 and 86.19% for the three
storage conditions (30, 40 and 50°C) at 8 hours respectively. After single oral administration of
ampicillin before (25 mg/ kg.bwt.) and after heat stress at 50°C and storage for 8 hours

(equivalent to 21.67 mg/ kgbwt) in clinically healthy chickens,

Pharmacokinetic /

pharmacodynamic integration index was 5.06 and 4.65 hours respectively.

INTRODUCTION

A medicinal product is designed to possess
certain desirable properties of which the
following are of major importance. When the
product is administered by the specified route,
the active constituent should achieve the
required rate and extent of bioavailability. The
product itself should be efficacious, safe, and
acceptable; it should be convenient in use and
stable. The stability of a product relates to
various reactions that may change the original
properties of the preparation after reconstitution
and storage. Other criteria of stability are the
effects of such changes on the fitness of the
product for use as a medicine (I).

In this trial, ampicillin was used as a module
to study the stability of antibiotics after
reconstitution in drinking water. Ampicillin is a
broad spectrum penicillin derivative used for
treating respiratory, gastrointestinal, urinary and
skin bacterial infections. It is 4-8 times more
active against gram-negative bacteria and 50
times more resistant to gastric pH than
penicillin-G, but is sensitive to beta-lactamase
(2,3). On the other hand, several factors affect
the fate of drugs in animals (4) and these include
species differences (5).

The objective of the present study was to
investigate the stability of ampicillin after
reconstitution in drinking water with exposure to

heat stress for a definite time and then to
determine the comparative surrogate markers
(Pharmacokinetic /pharmacodynamic integration
index) of antimicrobial activity of ampicillin
following oral administration in chickens before
and after treatment.

MATERIAL AND METHODS

Ampicillin 20% (VETWIC-Egypt) water
soluble powder was used for both; in vitro study
(stability) and in vivo study (pharmacokinetic).

In vitro study
Samples preparation

Ampicillin was reconstituted in tape water
(pH 6.8 and conductivity 368 pus) at
recommended dose (1-1.5gmy/liter) on fifteen
bottles (one liter capacity) and stored in three
conditions at 30, 40 and 50 °C (five bottles/ -
incubator) for 8 hours. After reconstitution of the
drug 50 ml was taken from each bottle at 0, 2, 4,

6 and 8 hours for physical evaluation and drug
assay.

Physical analysis

Physical analysis was carried depending on
appearance and pH of drug solution (6).

Drug assay

Concentration of ampicillin was determined
in drug solutions by microbiological assay
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method (7) using Micrococcus Luteus ATCC
9341 (BD, USA) as a standard test organism.
The sensitivity of detection of ampicillin was
005 pg/ml and correlation coefficient (2) of
linearity of standard curve was 0.99.

2.0n vivo study

Twenty chickens; 1.75-2.0 kg b.wt. and 35
days old were divided into two equal groups
(each of 10). The first group was administered
ampicillin intracrop using specific stomach tube
at a rate of 25 mg/kg.b.wt. as a control group
and the second group was administered
ampicillin after reconstitution in drinking water
and storage for 8 hours at 50°C (equivalent to
21.67 mg/ kg.bwt.).

Blood sampling

After drug administration, blood samples
were withdrawn from wing vein in sterile tubes
prior and at 0.25, 0.5, 1, 2, 3,4, 5 & 7 hours
after drug dosing. Sera were separated and kept
at -20°C till drug analysis.

Drug assay

Concentration of ampicillin was determined
in serum by microbiological assay method (7)
using Micrococcus Luteus ATCC 9341 (BD,
USA) as a standard test organism. The
sensitivity of detection of ampicillin was 0.05
pg/ml and correlation coefficient (r2) of linearity
of standard curve was 0.99.

Minimum inhibitory concentration (MIC)

Minimum inhibitory concentration (MIC) of
ampicillin against E.Coli O157:H7 (BD, USA)
was performed wusing agar plate diffusion
technique (8).

Data analysis

The results were displayed as mean+SE and
Student (#) test at p<0.05 was used (9)
Pharmacokinetic data was performed using
serum concentration-time profile (16,11).

RESULTS AND DISCUSSION

Stability studies of drugs before and after
reconstitution have an important role on the
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assessment of efficacy and acceptability of
drugs, whereas, the drugs must be kept under a
special conditions to protect its active
ingredients from rapid degradation. There are a
five types of stability of drugs must put in our
consideration to judge the fitness of any drugs;
chemical, physical, microbiological, therapeutic
and toxicological stability (I12). However,
chemical degradation of active ingredients
resulted in reduction or loss of potency or
production of undesirable metabolites (which
may be toxic) as chemical degradation of
tetracyclines which converted to
epianhydrotetracycline, while, degradation of an
excipient cause problems of physical or
microbiological stability (13).

According to International Conference on
Harmonization (ICH) and Food & Drugs
Administration (FDA) countries allover the
world were classified into four zones, in each
zone the drugs must be kept within a definite
limits of temperature and relative humidity%.
Egypt was located in Mediterranean zone; the
typical storage conditions are 25+2 °C for
temperature and 65x5% for relative humidity
(14) and recently, the typical storage conditions
become 30+2 °C for temperature and 70+5% for
relative humidity % (I5).

In this study, physical and chemical data of
ampicillin after reconstitution in drinking water
and storage for 8 hours under heat stress (30, 40
and 50 °C) was represented in Table 1 and
Figure 1.

Physical (appearance and pH) stability of
ampicillin after reconstitution in drinking
water and storage for 8 hours under heat stress
(30, 40 and 50 °C) indicated that, the
appearance of drug solution is not changed
from zero time and up to 8 hours of storage
and the pH of this solution was increased from
7.21 at zero time to 7.80, 8.45 and 8.25 at
three conditions for 8 hours without significant
changes, but give an evidence of drug
degradation.
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Table 1. Physical and chemical specifications of ampicillin after reconstitution in drinking
water and storage for 8 hours under heat stress (30, 40 and 50 °C).

Storage conditions

Time 30°C 40°C 50 °C
(hour)  Color of o, Color of Color of R
solution pH Assay% solution pH Assay% solution pH Assay%
721 99.45 721 99.45 721 9945
0 Clear 053 1092 Cla 541 920 Sl 407 1091
732 99.22 733 99.11 739 99.13
2 Conform oo g4 Conform _os  Lgqp Comform . 7he 1036
744  96.54 745  95.49 760 9530
4 Conform 507  igg Comform 571 Lgp3 Comform o560 1058
761  90.68 800 9093 805  90.69
6 Conform 41y  1g3p Comform 450 Loqp Comform 07 1024
780  86.27 845  86.36 825  86.19
8 Conform 453 495 Conform 506  +og0 COMOrM o011 1007
Rate constant
of degradation
G bom2to +0.01 -0.024 - +002  -0.023 - +0.02 -0023
8 hours
Acceptance limit of assay % : 90% - 110

Ampuslin Cancentratian

[
Ampicilin Concentrtion %

Time fow)

ifperpie 3t 30 MK wer Lim igligoe: Lini

Time fhoun

T o 140 oo niippots L

Tima houe

ifiernpie a1 50 cgire s Liniliigeger L

Figure 1. Assay % of ampicillin at 0, 2, 4, 6 and 8 hours after reconstitution in tape water
and storage under heat stress at 30, 40 and 50 °C.

Chemical stability (assay) of ampicillin
after reconstitution in drinking water and
storage for 8 hours under heat stress (30, 40
and 50°C) indicated that, assay of drug at zero
time was 99.45% and still stable for 2 hours
after reconstruction (99.22, 99.11 and 99.13%)
for the three storage conditions. At 4,6, and 8
hours of reconstitution the degradation of

ampicillin was recorded with constant rate of -
0.024, -0.023 and -0.023 and final
concentrations of 86.27, 86.36 and 86.19 %
at 8 hours for the three storage conditions (30,
40 and 50°C) which fall out acceptance limit
of specification (90-110%) (16) without
significant changes between the three storage
conditions and indicated that, degradation of
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ampicillin after reconstitution in drinking
water is time dependent not heat dependent.

Mean serum concentration-time profile
following single oral administration of
ampicillin before (25 mg/ kg.bwt.) and after
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heat stress (50°C) and storage for 8 hours
(equivalent to 21.67 mg/ kg.bwt.) in clinically
healthy chickens was depicted in Figure 2,
while, pharmacodynamic / pharmacokinetic
parameters were shown in Table 2.

Table 2. Pharmacokinetic/pharmacodynamic parameters of ampicillin following single oral
administration of (25 mg/ kg.bwt.) and after heat stress at 50°C for 8 hours
(equivalent to 21.67 mg/ kg.bwt.) in clinically healthy chickens (n=10).

. Ampicillin
Parameters Unite . .
at 0 time at 8 hours
Pharmacokinetic '
Cmax pg.ml™ 0.90+0.12 0.77+0:20
tmax min. 0.75+0.10 0.75+0.09
AUCo-0 ug/mlh 2.41+0.12 2.06+0.13
Pharmacodynamic :
MIC (E.Coli) ug/ml 0.125
Pharmacokinetic/pharmacodynamic
integration
T>MIC - 5.06+0.35 4.65+0.32
10 1 f gy
| i e
< - pw
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Figure 2. Mean serum concentration-time profile following single oral administration of
ampicillin (25 mg/ kg.bwt.) and after heat stress,at 50 °C for 8 hours (equivalent
to 21.67 mg/ kg.bwt.) in clinically healthy chickens (n=10).
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The aim of beta-lactam therapy is to keep the
antibiotic plasma concentration above the
minimum inhibitory concentration (MIC) at
which bacteria are inhibited from growth (17).

After single oral administration of ampicillin
before (25 mg/ kg.bwt.) and after heat stress at
50°C and storage for 8 hours (equivalent to
21.67 mg/ kgbwt) in clinically healthy
chickens, peak serum concentrations (Cmax)
was 0.90 and 0.77ug /ml at maximum time at
which the drug reach maximum concentration
(tmax) of 1 hours and area under serum drug
concentration curve (AUCo-0) of 2.41 and 2.06
pg.ml™.h respectively.

Time of drug  concentration iIn
serum>minimum  inhibitory concentration (T>
MIC) is the best phamacokinetic/
pharmacodynamic integration index as a
surrogate markers of antimicrobial activity for a
concentration-independent drug as ampicillin
and this index is required for clinical cure
depending on the host defense or pathogen (11).

Our results indicated that, time of dmug
concentration (T} in serum before (25 mg/
kg.bwt.) and after heat stress at 50°C and storage
for 8 hours (equivalent to 21.67mg/ kg.bwt.) in
serum of clinically healthy chickens overcome
the minimum inhibitory concentration (MIC) of
E.Coli (= 0.125 pg/ml) for 5.06 and 4.65 hours,
respectively as a surrogate markers of
antimicrobial activity

(T>MIC) with no statistically difference.
Finally, we concluded that, ampicillin was stable
under the effect of temperature at 30, 40 and 50
°C and acceptable for medicinal use for 6 hours
after drug reconstruction in drinking water.
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