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Summary

Five samples of ampicillin capsules with a label claim of
250mg were purchased from different dispensing points in a
small town in Nigeria. The pharmaceutical quality of the
products and a sample from a batch produced by a local
manufacturer was cvaluated and five of the capsule samples
were employed in an in vivo bioavailability study. Three of
the five capsule samples from dispensing points were found
to be of lower quality than the officially prescribed standards
of pharmaceutical quality. The quality lapses observed were
sufficient to bring about determinable differences in biological
availability. The results demonstrate that ampicillin capsules
of sub-standard chemical quality are being dispensed within
the study sources from authorised and unauthorised sources
and that this may have biological, clinical and epidemiological
consequences.

Résumé

Cinq specimens d’ampicellin en capsule avec un lebelle
suppose etre de 250mg avaient été acheté dans differentes
pharmacil dans une petite ville du’Nigeria. La qualite
pharmaceutique de ces produits et un specimen provenant
d’un batch produit locallement etait evaluc et les cinq capsules
avaient été utilisé pour une ctude de bio avalabilité in vitro.
Tros de ces cinq capsules des differentes pharmacies etaient
de qualité inferieur que la qualite standard prescript par les
pharmacies. Le lapse de qualite observe etait suffosante
pour apporter des differences significatives dans la
disponibilite biologique. Les resultats montrent que les
ampicilin cn capsule sont de qualité chimque sous standard
ct sont vendus dans la region on question par des pharmacies
officiclles et des boutiques et ceci pourrait avoir des
consequences biologiques, cliniques et epidemiologiques.

Introduction

Antibiotics are available in Nigeria and other developing
countries with or without prescription from diverse sources
[1-4]. This has led to a situation in which their misusc is
contributing to the selection and spread of resistant bacteria
in these countrics at a rate that far exceeds that scen in
industralised nations where their use is more controlled 2,
3). The possibility that undesirable consequences of antibiotic
use will occur increases when products of poor quality are
dispensed without the cognisance of the prescriber. This is
because such antibiotic preparations, by promoting sub-
inhibitory concentrations in biological fluids, may in addition
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to permitting therapeutic failure encourage the selection of
resistant strains during therapy [S]. In addition, products
that arc incompletely absorbed provide suitable conditions
for selection of resistant strains in the gut and may cause
gastrointestinal side cffects.

The current trend in biopharmaceutic research is
toward newer antibiotics which are relatively uncompromised
by the growing spread of acquired antibiotic resistance. These
drugs are however too expensive for the majority of Third
World residents who depend on cheap broad spectrum older
agents for the first line management of infections [6].
Furthermore, the older drugs are produced by a wider range
of manufacturers in both developing and devcloped countries
and so there is a greater likelihood of products of inferior
bioavailability being dispensed, especially in developing
countries where bioavailability tests are not always required
before distribution.

In a study designed to evaluate the bioavailability
of tetracycline from capsules dispensed in Ile-Ife, a semi-
urban town in Nigeria, it was demonstrated that the products
sampled were chemically and biopharmaceutically below the
standards expected from the products [3). The poor quality
seen with the products suggested that it was likely that quality
lapses made some contribution to the high rates of tetracycline
resistance prevalent among isolates within the area.
Ampicillin, another agent to which resistance is common, is
particularly vulnerable to quality lapses because the drug is
heat and moisture labile and previous Nigerian workers have
recorded the existence of chemically substandard ampicillin
capsules on the Nigerian market (7, 8]. Furthermore,
ampicillin, which is incompletely absorbed from the gut and
has a very short half life is prone to bioavailability problems
[9]. Although a few carlier studies have failed to detect
biocquivalence in commercial capsule formulations of
ampicillin [10-12], a number of such surveys have revealed
that some or all test samples produce blood or urine levels
significantly below what is scen with the innovator’s product
or other reference standards [13-15]. Food and other
substances, many of which are peculiar to developing
countrics and have not been exhaustively evaluated, affect
the absorption of ampicillin and related drugs. A recent report
describing the negative effects of chewing ‘Khat’, a traditional
stimulant on the bioavailability of ampicillin and the related
drug, amoxycillin serves to highlight the problem [16].

Materials and methods

Capsule samples

Seventy ampicillin capsules were purchased from cach of
five different dispensing points in Ile-Ife, a small town in
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Table 1: Capsule samples employed in the study

Sample Source  Place of Manufacture ; m t?at
e time of study)
Al Indigenous manufacturer Lagos, Nigeria 2
A2 Roadsidestall I . *
A3 Community pharmacy ~ Nigena 30
A4  Roadsidestall I India .
AS  Patentmedicinestall ~ Germany 2%
A6 Hospitalphamacy  Germany o

* Information not available from source

Weight uniformity test

The method described in the British Pharmacopoeia [17]
was used. Twenty intact capsules were randomly selected
from each sample and weighed individually. The ditference
between the weight of 20 intact capsules and their empty
shells was recorded as the capsule content weight. For each
sample, the deviation of the weight of the contents of each
capsule from the mean capsule weight was computed.

Antibiotic assay

Capsule samples were assayed by a paper-disc diffusion
microbiological assay employing Staphylococcus aureus
NCTC 6571 as test organism. Commercially available
standard ampicillin discs (PDM, AB Biodisk, Sweden) were
usc(.l and the test medium was PDM antibiotic susceptibility
testing medium (AB Biodisk, Sweden).

Dissolution tests

The British Pharmacopocia dissolution apparatus I (for
tablcts. and capsules [17] was used, operating at 100
revolutions per minute. The dissolution medium was 0.1M
HCI and the test was conducted at 37C. Five mL sam.plcs

;v;n; withdrawn from the dissolution medijum after 5,10, 15
, 30, 45 and 60 minutes, each time being rcplac,cd " h
SmL of 0.1M Hc). The samples %

Wh were filtered through,

mea‘;lu’:;n:t ;23] pler paper and their absorbance wgas

iy calclLrlr;-l zh; concentration of ampicillin in each
¢d from a Beer.],

from standarq solutions of ampicillin i ambert plot prepared

kanra

B{'oaval:;b;f"}’ri';j);mdmt volunteers aged 22-29 years ang
En&h:‘ i':‘g betyw cen 62 and 70 kg took part in the study, They
:]/Icl:,avc written informed (fonsent at the start <?f the Stufiy‘
The subjects who had no hlst?ry of @al, t.ncpauc or @dm
disease were subjected to physical examination by a physician
and were deemed to be healthy. F}xnhcnnore, none har_i shown
sensitivity to beta-lactam antibiotics and t.hcy had not ingested
any antimicrobials in the month Pmd“fg t!“’ study. They
were all instructed to abstain from all medications and alcoho]
during the study.

The five test capsule samples and a reference solution
(aqueous ampicillin sodium solution mnwg the cf;uivalcm
of 250mg base) were administered to fhe eight subjects ‘as a
single blind, randomized crossover design [18]. The subjects
fasted overnight before and threc hours after drug
administration. Each subject received one capsule with 60mL
of water (or 20mL of solution) and 3 hours after dosing, the
subjects ate breakfast consisting of 300g of white bread, 5g
of margarine, one hard boiled egg and one cup of black tea
with sugar. Subjects remained ambulatory for at least 10
hours after dosing. An interval of 48 hours was given after
urine collection before the next dosing.

There is documented evidence for the correlation
between blood and urinary data for ampicillin in man [19]
and therefore, the latter, which can be obtained non-invasively
was employed in the generation of biopharmaceutic
parameters. Urine was collected just before and then 2,4, 6,
8, 12 and up to 24 hours after drug administration. The
volume and pH of each sample were measured immediately.
Above 5 mL aliquots were sterilized by passing through
bacteria-proof membrane filters and immediately frozen in
sterile capped glass test tubes until analyzed within the space
of 2 weeks. The ampicillin content of urine specimens was
determined by the paper-disc diffusion microbiological assay
used (o analyse the capsule samples.

The cumulative excretion of ampicllin by the subjects
in 24 hours was determined. Relative bioavailability was
determined by comparing the mean cumulative amounts of
antibiotic excreted in urine after each of the capsule samples
with what was obtained after administration of the solution.
The percentage unabsorbed at different time points was
calculated from urinary data by the method of Nelson (1960)
[20]. The absorption rate constants were computed by linear
regression analysis, being the semilogarithm plot of the
percentage unabsorbed versus time. Statistical analysis of
data was carried out by Analysis of variance and the
Wilcoxon’s signed rank test at 95% confidence intervals [21]

Results
One of the cq

psule samples tested did not comply with thé
BP requirem

ents for uniformity of weight. The range of
capsule fill weight for this sample was 321.3 to 434.2mg. Al
the chcr capsule samples fulfilled this PharmacopoCial
requ.lrcmcnt, although samples A2 and A3 did not meet the
samples h;j ! 107:5 of label content and both c{;psulc

y Mean capsule contents below the minimum
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permissible amount [17]). As evident from Table 2, the other
samples, cven though the mean capsule content was within
the stipulated brackets, the lower fiducial assay limit
frequently was outside this range, so that cven these samples
could not be said to have fulfilled the minimum requirement.
In the cvaluation of the results of this assay however,

Table 3: Analysis of variance

Source Sum of Degroes of Mean Observed  p=0.05
of v quared freed square Fvalue
feviati Seviati

Cumulative amount of ampicillin excreted in urine (mg)

Among subjects  8,658.63 7 1,23695 184 NS
allowance was made for the fact t oce
; hat the assay procedure Amongaapsule 317582 S 63516 094 NS
used was not the official Pharmacopocial assay. samples
Residual 2354497 35 67271
Table 2: Propertics of ¢
pe U e Total 3537942 47
Sample Weight Ampicillin Relative Absorption Absorption rate constant of ampicilln (hr')
code vanation content broavailability rate constant
test Among subjects 0.525 b 0075 050 NS
(BP 1988) (Mean% of (%)  Wilcoxon (hr-1)
250mg + SD) test (Mean  SD) Among cepsule 0600 5 0138 09 NS
Al Pass 9367+481 960 NS 064 £027 }
Residual 5230 35 0.149
A2 Pass 88.79+ 305 ™36 NS 045 £021
Total M5 4
A3 Pass 8394+ 6.19 6743 s 061 +026
A4 Fail 9394+ 6.62 ND  ND ND . ' g
Analysis of variance of the cumulative amount of
AS Pass 9693+ 822 8361 NS 056 + 037 amplcn]lm excreted in urine by the volunteers as well as the
A6 Pass 99.64+ 563 724 NS 047 + 027 absorption rate did not reveal significant differences in these
Reference paramcters between the capsule samples or lh<.= subjc.:cts.(”l'ablc
soution  ND 100 100 081 + 065 3). However, as noted in Table 2, analysis of individual

NS = Not significant; S = significant at P< 0.05

The BP 1988 does not require ampicillin capsules to comply
with a dissolution assay. The results of the test in this study
decmonstrated that there was some variation in the
performance of the different capsule samples as shown in
Figure 1.

N Py it

Fig 1: Dissolution profiles of ampicillin capsule samples.

Considerable lag was observed in the dissolution of all
samples except Al and A3. Particularly noteworthy was the
fact that one of the capsule samples, A2, consistently left an
undissociated mass at the end of cach dissolution test.
Microbiological assay revealed that ampicillin content of the
mass was 12.76 + 2.22%.

results by the Wilcoxon signed rank test demonstrated that
the bioavailability of sample A3, as computed from
cumulative urinary excretion of ampicillin was significantly
below what was obtained with the solution. There was some
correlation between cumulative excretion and chemical content
of the capsules (P < 0.10). Although correlation between
cumulative excretion and dissolution parameters did not reach
statistical significance, therc was significant correlation
between the amount of drug dissolved at all sampling times
in the dissolution test and the absorption rate constant (P <
0.05).

Discussion
The pharmaccutical quality of most of the capsule samples
was below the standards permitted by the British
Pharmacopoeia 1988 [17]. The weight variation seen with
sample A4 was so wide that no capsule could be considered
to be truly representative of the batch. Clinically, this could
bring about a significant fluctuation in dose and
pharmaceutically, no test carricd out on capsules from this
sample could be regarded as reliable. As the sample was
purchased from a roadside stall of the type where different
batches, brands and occasionally drugs arc often stored mixed
together in a single container, it is not unlikely that the defect
originated at the dispensing point. All the capsules were
identical in appearance and no sub-batches could be
distinguished, therefore, the sample was not employed in
further tests.

The failure of two samples to comply with the BP
1988 content requirement was a further lapse in quality
detected during the study that could have clinical
consequences. Previous reports of amino-penicillins, which
did not comply with pharmacopocial requirements being
marketed in Nigeria, have been documented and the current
study demonstrates that the condition has remained unchanged
[7, 8]. The capsule content for Al, a freshly prepared batch
obtained directly from the manufacturers was 93.7% of label
claim, barely above the BP1988 minimum limit of 92.5% and



I N Oke
50

indeed the assay range “t"’:
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ic if it is stored at ambIc
the product [22] pamoularlz; rlt; ;t::‘ ded periods. The adverse

ture and humidity fc : ‘
Lc;?lgf:uences of the release of borderline products by

manufacturers’ are likely to be augmented by inap.proprizttf
post manufacture handling by distributors and dispensers

i further loss of content by dctcn'omtlon_. .
ﬂmmngﬁ.ll':hough the BP 1988 does not require dlSSOIUl’I,(?;ﬂ
tests for ampicillin capsules, the USP 1985 monogmph [23]
requires such a test and these tests are often carried ot{t as
part of a complete quality assurance protocol. One of the
test samples in this study consistently produccd an
undissociated mass during the test in which was trapped 2
substantial portion of the drug. Compact masses of this
nature are known to form when there is too much powder in
the shell or if the formulation is stored under excessively
humid conditions [24]. With respect to pharmaceutical
quality therefore, only samples Al, AS and A6 could be said
to be acceptable. The samples, which were found to be of
poor pharmaceutical quality, in addition to capsules purchased
from road-side and patent medicine stalls, included the sample
from a community pharmacy. Similar observations were
made for tetracycline capsules in a previous study. As noted
by Chidomere (1991)[25], even though they have specialized
training, pharmacists in developing countries often lack access
to quality control facilitics. Since they often obtain their
drugs from the same dubious sources as unauthorized
distributors, purchasing drugs from authorized sources
tp}lrg\ridcs no assurance of quality as has been demonstrated in

case.

Statistical analysis by the Wilcoxon test
demonstrated that one of the capsule samples (A3) produced
a bioavail.ablc amount significantly below what was seen with
the solution . This sample also had the lowest ampicillin
content of all the samples. Although absorption from
solutions is not hampered by formulation factors that
affect availability from capsule formulati the f: T
this sample was the only one that gave Oﬂfi "c t'am i
less than did the solution Suggcslsglhat r_:S.U i ; lginlﬁcanlly
other products in this respect. It is intcrcs:is e i
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suggest that dissolution mﬂy‘bc a dclcrmi.nanl factor in the
absorption rate of the drug from ‘formulatlons‘

The samples that failed the BP 1988 assay
requirement showcq t‘hc lowest rclatiye bioavailability.
Above the BP 1988 limit hOWf:vcr. c'hcmlcal content was ng
indicator of bioavailability- 'I‘l is pertinent (o note that all the
Japses in biological availability that were seen in l!lis study
could be attributed to poor pharmaceutical quality. The
significant difference in the extent of ab59mnon seen with
sample A3 was likely to have been duc‘to its low content of
active drug while the decreased absorption rate from sample
A2 could be attributed to its poor dissolution profiles. As
both shortfalls could be detected employing in vitro tests
prescribed in official compendia, there is no excuse for the
dispensing of such products.

There have been reports of ‘counterfeit” drugs being
placed on the market in Nigeria and other Third World
markets. It is unlikely that any of the substandard samples
detected in this study fall into this category since they all
contained significant proportions of the active ingredient. If
it is to be presumed that all products met the minimum
standard requirements when they were placed on the market
by manufacturers, the results of this study suggest that these
minimum standards are not sufficiently stringent to ensure
the quality of the product is maintained throughout its shelf
life when such a product is likely to be dispensed at points
such as those sampled in this study. This is because the
deleterious post-manufacturing handling that drugs are often
subjected to in the tropical climate of Nigeria and other
developing countries, makes it possible that heat- and moisture-
labile drugs like ampicillin will deteriorate significantly before
expiration. When products, such as sample Al, leave
manufacturers premises barely fulfilling the minimum
standards required to be present at use, it becomes even more
likely that products at dispensing points will fail to meet
these criteria. Even more worrisome is the fact that the
progucts still had over two years of permitted shelf life,
during which further breakdown could oceur.

The mishandling of drugs by distributors makes it
even more likely that drugs will deteriorate before
x‘:‘;’]mlﬁzz The matter is not helped by the fact that a
mCdiCil:coandnstnl;ufprs (such as those in cl_mrge of. patent
antibiotics andr (;a :ldc plesli authon:wd to.(i.1§pcns€
their correct sto e l-mOWIedg? am.i special facilitics &
R i dragc. This rcsults_m‘mlxgd batches (such as
dcm,onmrabl(g: fmg recall totally impossible fiHoweVep, 88
Fre rom sample A3, purchasing the drug from an
ST cxcum? 8IVes no assurance of quality. Furthermore,
e o th gyl i L
the pmspcct'i"‘lzn‘lj;d *}_ prescription or even inquired aSl “;
Bielaeil ¢ for the large amount of capsul¢
dcmons:rr;(cgnCIUSiPn’ the results of this study have
ampicillin cca t}}a; b‘°Pharmaccuﬁca!ly infcr.ior Sepcs =
authorised andp i » bcmg. rou.tmcly'dls.p censed g8
town. The sh ““?‘uthovsed. pombrane nggqm SUb-ur.ba:
Aot s ortfalls in biological aval!ablhty that wer
of e Sha study were apparently a direct cormqu‘?"""t
of inappropri tccunca] quality that could have been the res

S ale crsz czc handling of the drugs during dlstnbll“o;‘c'
Bl wc"’i‘ssc?}l:mces of sugh actions include thcraptl?l‘fn
situation of anit 1'c cxgccrbahoq of the already HPPSI: 5
recommended th (t’;)corcsmtmcc within the study arca. e
into cognisance ‘:h th manufacturers and distributors

¢ possibility of degradation of this &”
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similar drugs and take preventive measures to ensurc that
drugs of a acceptable quality are dispensed to patients. There
is also need for regulatory control of the distribution process
and monitoring of products at the dispensing point.

Acknowledgments
We thank the International Program in the Chemical Sciences

for generous material assistance and Dr. C.P. Babalola for
helpful discussions.

References

1. Montefiore D, Rotimi VO, Adeyemi-Doro FA: The

problem of bacterial resistance to antibiotics among

strains isolated from hospital patients in Lagos
and Ibadan, Nigeria. Journal of Antimicrobial

Chemotherapy 1989; 23(4):641.

Calva J: Antibiotic use in a periurban community

in Mexico: a houschold and drugstore survey. Soc

Sci Med. 1996; 42(8):1121.

3. Okeke I, Lamikanra A: Quality and bioavailability
of tetracycline capsules in a Nigerian semi-urban
community. International Journal of Antimicrobial
Agents. 1995; 5:245.

4. Goel-PK, Ross-Degnan D, McLaughlin TJ,
Soumerai SB: Influence of location and staff
knowledge on quality of retail pharmacy
prescribing for childhood diarrhea in Kenya. Int J
Qual Health Care. 1996; 8(6):519.

5. Lipsitch M and Levin BR: The population
dynamics of antimicrobial chemotherapy.
Anumicrobial Agents and Chemotherapy. 1997,
41(2):363.

6. Mulholland EK, Falade AG, Corrah PT, Omosigho
C, N’jai P, Giadom B, Adegbola RA, Tschéippeler
H, Todd J and Greenwood BM: A randomized
trial of chloramphenicol vs. trimethoprim-
sulphamethoxazole for the treatment of
malnourished children with community acquired
pneumonia. Pediatric Infectious Discase Journal.
1995:14(11):959.

7. Esezebo E and Aloba D: An evaluation of some
commercial brands of ampicillin capsules available
in Nigeria. Nigerian Journal of Pharmacy. 1981,
12:308.

8. Agom JK, Akanni AO and Dawodu TO: Quality
of ampicillin/cloxacillin preparations on the
Nigerian market. Nigerian Journal of Pharmacy.
1990; 21:36.

9. Azarnoff DL and Huffman DH: Therapeutic
implications of bioavailability. Annual Review of
Pharmacology and Toxicology. 1976;16:53.

10. Mayersohn M and Endrenyi L: Relative
bioavailability of commercial ampicillin
formulations in man. Canadian Medical Association
Journal. 1973;109:989.

o

11;

12.

18:

14.

15.

16.

17.

18.

19.

20.

21

Andrade L, Oritz S, Firmani F and Cid E:
Biodiponsibilit¢ de trois produits commerciaux
d’ampicilline. Annals Pharmaceutiques de
Frangaises. 1978; 36:639.
Hamilton-Miller JMT and Brumfitt W: The
bioavailability of four different commercial brands
of ampicillin compared to that of talampicillin.
Journal of Antimicrobial Chemotherapy. 1979
5:699. .
Macleod C, Rabin H, Ruedy J, Caron M, Zarowny
D and Davies RO: Comparative bioavailability of
threc brands of ampicillin. Canadian Mecdical
Association Journal. 1972; 107:203.
Bolme P, Dahistrom B, Diding NA, Flink O and
Paalzow L: Ampicillin: comparision of
bioavailability and pharmacokinetics after orla and
intravenous administration of three brands.
European Journal of Clinical Pharmacology.
1976;10:237.
Ogunbona FA, Akanni AO: Comparative
bioavailability studies on some brands of ampicillin
capsules. Pharmazie. 1985; 40(7):479.
Attef O, Ali A, Ali H: Effect of Khat chewing on
the biovailability of ampicillin and amoxyeillin.
Journal of Antimicrobial Chemotherapy 39:523,
1997.
British Pharmacopocial Commission T: British
Pharmacopocia. London, The Pharamaceutical
Press, 1988.
Finney DJ: Statisitcs for mathematicians: an
introduction. . Edinbugh and London, Oliver and
Boyd, 1968; p 124.
Jusko WJ and Lewis GP: Comparison of ampicillin
and hetacillin pharmacokinetics in man. Journal of
Pharmaceutical Sciences. 1973; 62:69.
Nelson E: Urinary excretion kinetics for cvaluation
of drug absorption Ill: Method for calculation of
absorption rate and application to tetracycine
absorption in humans. Journal of the American
Pharmaceutical Association (Scientific Edition)
1960; 49:437.
Wilcoxon F: Individual comparisions by ranking
methods. Biomedical bulletin. 1945;1:80.
Boulton: Computation of in-house quality control
limits for pharmaceutical dosage forms based on
product variability. Journal of Pharmaceutical
Sciences. 1983; 72:405.
United States Pharamcopeial Convention T: United
States Pharamcopeia. Maryland, 1985.
Sandell E: Pharmaceutics galenical pharmacy.
Stockholm, Bocktryckeri AB Thule, 1968; 272.
Chidomere EC: Drug regulation in African
countries. Buffalo Grove, IL, U.S.A., Interpharm
Press Inc., 1991.



