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ABSTRACT

Sequel to health hazards and overall product spoilage, microbiologically related non-sterile products recalls
abound. Thus, Pharmaceutical products must satisfy standard microbiological quality test before they are
considered fit for their intended use. The aim of this study was to evaluate pharmaceutical and microbiological
qualities as well as the prevalence and resistance patterns of objectionable microorganisms in antacid suspensions
commonly sold in retail outlets in Port Harcourt Metropolis. Thirteen (13) brands of antacid suspensions were
subjected to pharmaceutical and microbiological examinations using standard conventional techniques. The pH
values of all the samples analyzed were in the alkaline range (7.43 — 9.45), while the sedimentation volume values
ranged from 0.54 — 0.96. Though samples screened were uncontaminated with fungi however, objectionable
organisms Escherichia coli (30.77 %) and Klebsiella pneumoniae (7.69 %) were predominant. The individual
organism exhibited different patterns of resistance across the antibiotics tested. The study emphasizes the need to
maintain good standards by adhering to Good Manufacturing Practice as a way of eliminating undesirable
microorganism from products.
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INTRODUCTION urinary alkalinisation and chronic renal failure as a

At the beginning of the 21st century, microbial dietary phosphate binder.

contamination of non-sterile products became one of the
major reasons for product recalls and production
shutdowns.™ This is no doubt because the presence of
certain microorganisms in non-sterile pharmaceutical
products adversely affects the therapeutic activity of the
product and can put the health of the patient at risk.”! As
the microbiological quality of these products reaches the
threshold, routine assessment of bacteria and fungi
populating within these drugs is required to ensure
consumer safety.”®! Antacids, a non-sterile formulations
in suspension or tablet dosage forms, are a group of
medicines used for rapid relief of mild or sporadic
symptoms.' Their primary effect on the stomach is due
to neutralization of gastric hydrochloric acid, promotion
of mucosal defense mechanism and inhibition of the
proteolytic enzyme pepsin.**) Commonly used, over the
counter antacids contain sodium bicarbonate, calcium
carbonate, magnesium hydroxide, aluminum hydroxide
and other excipients.’! They are indicated in the
treatment of duodenal and gastric ulcers, stress gastritis,
gastro-oesophageal reflux disease (GERD), pancreatic
insufficiency, non-ulcer dyspepsia, bile acid mediated
diarrhoea, biliary reflux, constipation, osteoporosis,

In view of heavy commercial availability and
affordability of antacids in Nigeria, its microbiological
safety is of an important public health concern. Presence
of objectionable organisms not only make them unsafe,
but capable of changing the chemical, physical and
organoleptic properties of the products and/or degrade
the active ingredients.””? It has been reported that some
non-sterile  preparations show microbial counts
exceeding the USP acceptable limits and are found to
contain objectionable organisms. These microbiological
product qualities were influenced by change in pH,
failure in the quality control process of raw material and
product.®™! Udeze et al. reported the non-conformity of
some brands of antacids assessed in llorin, Nigeria.l*"
while Emejuru M.C et al revealed fungal and bacterial
contaminants in more than 65 % of the total samples
tested.™™ The organisms isolated were identified to be
Lactobacillus  fermenti,  Staphylococcus  aureus,
Staphylococcus epidermidis, Corynebacterium spp,
Enterococcus spp and Streptococcus spp, Proteus,
Klebsiella, Pseudomonas, Mucor and Aspergillus.*® In
this study, we assessed the microbial quality of various
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brands of antacid suspensions sold in Port Harcourt,
possible presence of objectionable microorganisms and
their susceptibility to commonly prescribed antibiotics.

MATERIALS AND METHOD

Culture Media

The media used in this study includes, Sabouraud
Dextrose Agar, Plate count Agar, MacConkey Agar,
Nutrient Agar, Cetrimide agar, Muller Hinton Agar
(Titan Biotech Ltd India). The media were reconstituted
according to manufacturer’s speciﬁcation.[le'ls]

Antimicrobial Agents

The antimicrobial agents used were commercially
prepared antibiotic disc from Abtek Biologicals Ltd,;
(Lot/Batch Number: RC09/P)

Antacid sample

Thirteen (13) brands of antacid suspension were
randomly purchased from approved Pharmacies within
Port Harcourt Metropolis, South-south Nigeria. Label
information (batch numbers, manufacturing and expiry
dates, National Agency for Food and Drug
Administration and Control (NAFDAC) Registration
Number were recorded and samples were transported to
Pharmaceutical Microbiology laboratory, University of
Port Harcourt for evaluation.

Pharmaceutical and organoleptic Assessment

All the samples were evaluated at the time of purchase.
Prior to evaluation, they were properly inspected by
checking their cap, seal, label and then disinfecting the
caps and neck of the both bottles with 70% alcohol
before and after opening. The colour, taste, and smell of
each antacid sample were examined using the
appropriate sense organ. The pH and sedimentation rate
of the samples were performed in triplicate and the
average data recorded for each sample.

pH determination

The pH of different antacid brands was determined using
the Jenway UK pH meter, 3501 model. After effective
agitation of antacid sample, an aliquot was dispensed
into a test tube and the electrode part of the pH meter
was dipped into it until the reading became stable. This
was done in duplicate and average determination taken.

Sedimentation volume determination
Each antacid sample was adequately agitated, and 50 mL
aseptically transferred from each bottle into 50 ml
measuring cylinder and left undisturbed. Observations
were made for twenty-eight days and the sedimentation
volume calculated using the formula:

F= Vu

Sya creeeeeeeeeseessess Equation 1)

Where V, = Ultimate volume of sediment
V, = Original volume of suspension.
F = Sedimentation volume

Microbiological Evaluation

Test sample preparation

Test samples were vigorously agitated and six (6), 10-
fold serial dilution of each test suspension was prepared
by diluting 1 ml volume into 9 ml of diluent.

Microbial enumeration and isolation

Total viable aerobic count for the enumeration and
isolation of microorganisms were performed using
spread plate technique on Plate count agar (PCA),
Sabouraud dextrose agar (SDA) and MacConkey agar
(MA) respectively as previously described.?*?  The
PCA and MA plates were incubated at 37 °C for 24
hours while SDA plates at 25 °C for 5 days.
Uninoculated plates containing only the sterile media
were used as blank to compare the different samples.
After the incubation period, discrete colonies were
counted using a colony counter and the total aerobic
counts expressed as cfu/mL. The characteristic colonies
were further purified and identified by their cultural,
morphological ~ and  biochemical  characteristics
previously described.!*® Pure isolates were inoculated on
agar slants and stored at 4 °C for future use.

Antibiotic Susceptibility Testing

Bacterial isolates were tested for their susceptibility to
the commonly used antibiotics following the modified
Kirby-Bauer disc diffusion method as recommended by
the Clinical Laboratory Standards Institute (CLSI) using
standardized inoculums in Muller Hinton agar.[* The
commercially prepared antibiotic discs contained the
following antibiotics: ceftriaxone 30 pg, cloxacillin 5 pug,
ofloxacin 5 pg, erythromycin 5 pg, gentamicin 10 pg,
cefuroxime 30 Mg, ceftazidime 30 Mg,
amoxicillin/clavulanate 20/10 pg, nitrofurantoin 300 ug,
ampicillinl0 pg and ciprofloxacin 5 pg placed
equidistance to each other. Uninoculated plates
containing only the media and antibiotic disc were used
as blank to compare the different samples. The plates
were incubated in an inverted position at 37 °C for 24
hours and the diameters of the zones of growth inhibition
around each of the antibiotic disks were measured to the
nearest millimeter.

RESULTS AND DISCUSSION

Organoleptic properties

The organoleptic properties (colour, odour and taste) of
samples analysed are presented in Fig. 1. All samples
had a minty taste and odour (92.31 %) except product C5
with strawberry to taste and odour (7.69 %). Three
colours identified varied from pink (53.85 %), white
(38.46 %) to pale yellow (7.69 %). Use of colourants and
flavourants as product excipients may have contributed
to the colour and odour differences. However, these
excipients are capable of supporting microbial growth
and proliferation if not properly processed during
manufacturing.
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Fig. 1: Organoleptic properties of antacid samples.

Sedimentation volume

The result of sedimentation volume obtained from this
study is shown in Table 1. The value ranged from 0.54 -
0.96 occurring in 35.7 % of samples, while 64.3 % did
not show sedimentation after 28 days. According to
Okoye and Lawal,’”® sedimentation volume is a quality
assessment tool which provides information about the
physical stability of pharmaceutical products. It is
desirable that sedimentation volume of suspensions
should fall between “0” and “1” in a scale of “0” to “1”
and from the result; none of the samples had a
sedimentation volume of less than 0.5. High volume of
clear supernatants is sometimes inferred as a sign of poor
product quality.!

Table 1: Sedimentation volume for each sample
within 28days.

Sample Sedimentation Volume (Days)
Code 0-3 7 14 21 28
C1 0 0 0 0 0
c2 0 0 0 0 0

C3 0 0 0.98 0.96 0.94
C4 0 0 0 0 0
C5 0 0 0 0 0
c6 0.60 | 054 | 0.54 0.54 0.54
c7 0 0 0 0 0
C8 0 0 0.98 0.96 0.96
C9 0 0 0 0 0

C10 0 0 0 0 0

C11 0.74 | 064 | 0.64 0.62 0.62

C12 0 0 0 0 0

C13 0 0 0.82 0.82 0.82
pH

The result of the pH experiment is presented in Fig. 2.
Product C6 was the most alkaline with a pH of
approximately 9.45, while product C5 was the least with
pH of about 7.43. As an important parameter in this
study, it predicts the ability of the product to neutralize
or reduce gastric hyperacidity and bringing succor to the
user. As shown, the pH values of all the products were in

the alkaline range. This result is in agreement with
previous report stating that the product contains
magnesium hydroxide.?!

pH

Vil (el
ST wvalne:s
'

Fig. 2: pH of individual samples.

Microbiological Evaluation

All samples evaluated were contaminated with bacteria.
Total viable cell counts of the tested antacid samples
ranged between 1.1 x 10%fu/mL and 8.0 x 10*cfu/mL
(Table 2). A 92.3 % of the samples tested were within
the acceptable bacterial count limit of 1.0 x 10° cfu/mL
for non-sterile dosage forms except sample C1 with 8.0 x
10%cfu/mL While 71 % of samples evaluated showed no
evidence of objectionable bacterial growth, there was a
100 % Escherichia coli contamination present in the
30.77 % samples contaminated with objectionable
bacteria (Fig. 3). The microbiological quality of antacid
suspension samples studied seems to agree with the
report by Sheikh et al. indicating that sterility is not
necessarily a requirement in the official compendia for
oral pharmaceutical dosage forms. The presence of
microorganisms is worrisome because of the ability of
these contaminant microorganisms to become pathogenic
causing diseases such as vomiting, nausea, stomach
cramps and gastrointestinal distress. Escherichia coli, an
indicator of faecal contamination inhabit the respiratory,
intestinal and urogenital tract of human and has been
linked to toxin production within the human body that
causes severe bloody diarrhea, abdominal cramps and
hemolytic uremic syndrome in geriatrics and paediatrics.
(41 Klebsiella pneumoniae though contaminated with
few of the samples tested (7.69 %) is a major public
health concern (Fig. 3). It is opportunistic pathogen
leading to nosocomial infections in the urinary tract,
respiratory tract, lung, wound sites and septicaemia. Its
occurrence has become more worrisome due to the
emergence of extended-spectrum B-lactamases (ESBLS)
and carbapenemase-producing strains.>?*! Generally,
presence of even a low level of pathogenic
microorganisms, can lead to ineffective products,
changes in their physical characteristics, cracking of
emulsions, thinning of creams and fermentation of
syrups and suspensions.”) The great majority of the
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microbiological contamination for non-sterile products
could be attributed to the quality of raw materials, water
to poor practices during product manufacturing and
storage.”) As a requirement therefore, operators would
have to follow specific good manufacturing practices
(GMP) such as raw material testing, equipment
sterilization, appropriate gowning including training of
personnel to ensure product safety. From this study, it
could be suggested that contamination may have
occurred during manufacturing, packaging, and/or during
storage.

Table 2: Total viable cell counts of bacteria.

Sample code | Bacteria Cell Count (cfu/mL)
Cl 8.0 x 107
c2 5.0 x 10°
c3 5.2 x 10°
c4 8.0 x 10!
C5 1.2 x 10°
C6 4.0x 10°
c7 8.0 x 10!
c8 4.0x 10°
C9 1.1x 10°
C10 1.6 x 10°
cl11 5.0 x 10!
C12 1.1x 10°
C13 1.1x 10°

E only, 3077

Fig. 3: Prevalence of objectionable bacteria in antacid
brands.

Antibiotic susceptibility testing

The isolates E. coli and K. pneumoniae were tested for
their susceptibility to commonly used antibiotics and the
results of inhibition zones measured in millimeter are
presented in Fig. 4 and 5.

F. colf
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Fig 4: Antibiotic susceptibility test for Escherichia
coli.
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Fig. 5: Antibiotic susceptibility test for Klebsiella
pneumonia.

From the result obtained, Staphylococcus Spp was
resistant to the five antibiotics (erythromycin, augmentin,
ceftazidine, ceftriaxone and cefuroxime) used except
ofloxacin and gentamycin and this makes them
extensively drug resistant.?! Previous studies showed
that B-lactamase producing S. aureus had the highest
percentage susceptibility to erythromycin, as against the
result obtained in this study.”® One of the major
mechanisms of resistance to B-lactams is the expression
of the enzymes, beta-lactamases such as penicillinase
and cephalosporinase.*!

There were obvious differences in terms of how
Escherichia coli (although isolated from different antacid
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samples) responded to the same antimicrobial agent. In
general, Escherichia coli was resistant to majorly the
cephalosporins and penicillins, but susceptible to
fluoroquinolones, macrolides and nitrofurans. Looking at
the individual samples, the results indicate that E. coli
isolated from 20 % of the total examined were resistant
to all the antibiotics and susceptible to two or fewer
classes of antibiotics used. The same organism isolated
from 60 % of the samples tested showed resistance to at
least one antibiotic in three or more classes of the
antibiotics used. Results from 20 % of the total sample
showed resistance to all the classes of antibiotic used.
This means that the E. coli is extensively drug resistant,
multidrug resistant and pan-drug resistant to the
antibiotic tested.?"*3! and in agreement with the
previous studies on antimicrobial-resistance of E. coli
isolated from children in Shahid Sadoughi hospital of
Yazd by Ayatollahi et al.*? showing varying response to
the antibiotics tested. With respect to Klebsiella
pneumoniae, resistant was recorded against ceftazidime,
cefuroxime, ampicillin and Augmentin, but was
susceptible to nitrofurantoin, gentamicin, ciprofloxacin
and ofloxacin. This means that the isolate is multidrug
resistant. The resistant pattern recorded in this study may
be attributed to several factors including the misuse and
overuse of these antimicrobials in our setting, the
acquisition of resistance through mutations in some of
their genes when they are exposed to an antibiotic.!*
Previous report indicates that this resistance, natural or
acquired, can spread to other bacterial species since
bacteria can easily exchange genetic material from one to
another, even if they are from different species.**3*!

The diameter of the zone of inhibition is related to the
susceptibility of the isolate and to the rate of diffusion of
the drug through the agar medium as previously
reported.”®>*®! Susceptibility to at least one agent in three
or more antimicrobial categories was considered as being
multidrug resistant (MDR). Non-susceptibility to at least
one agent in all but two or fewer antimicrobial categories
was considered as being extensively drug resistance
(XDR). Non-susceptibility to all agents in all the
antimicrobial categories was considered as being pan-
drug resistance (PDR).E"%

CONCLUSION

Microbiological contamination of non-sterile
pharmaceutical liquid products has long been a major
concern when discussing public health risks and drug
efficacy. The study provided information on the
microbial quality and resistant patterns of some antacid
suspensions marketed in Port Harcourt Metropolis in
order to help in management of real-life cases of health
problems precipitated from consumption of contaminated
antacid suspensions. The different brands of antacid
suspensions  studied, revealed the presence of
objectionable organisms with Escherichia coli being the
most prevalent followed by Klebsiella pneumoniae. The
organisms showed different patterns of resistance
ranging from Extensive drug resistance to Pan-drug

resistance. One of the most important areas in
pharmaceutical process control is the development of
systems to control the number, survival, and proliferation
of microorganisms during manufacturing of non-sterile
and sterile pharmaceutical products. Therefore, there is
the need to maintain good standards by adhering to Good
Manufacturing Practice as a way of eliminating
undesirable microorganism from products.
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