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Abstract: In most families, medicines are stored for various reasons, including treating chronic or severe
ailments. Therapeutic effectiveness of medicines can be affected by prolonged storage. This study evaluated the in-
home usage and storage of paracetamol (PCM) oral suspension during consumption among Aden city mothers. A
cross-sectional study was conducted during four months (January to April 2019) using the distributed questionnaire.
Mothers who had no children were excluded. The survey included 430 mothers. About 305 (70.9%) mothers stored
PCM suspension in the refrigerator, and 260 (60.5%) kept it in the outer carton. Nearly 194 (45.1%) mothers store
liquid PCM until it expires, while 23.7% regard the physical features of medicine. Over 208 (65.1%) mothers used
the manufacturer’s tools to withdraw the doses, however, 33 (7.7%) said syringes are easier to use. The study also
found that although 242 (56.3%) users received medicine from a physician, 194 (45.1%) mothers did not get
instructions on how to receive it from the practitioner. Only 97 mothers (22.6%) used PCM as an antipyretic and
analgesic. Mothers are key persons in a household. However, they lack the knowledge of a common medicine used
at home, such as PCM. Yemeni mothers’ knowledge and practice about the usage and storage of PCM suspensions
were concerned. Public education and awareness programs are important for enhancing the rational use of
medicines.
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1. Introduction

Any effective drug substance must have a high level
of stability. While pharmaceutical molecules, like other
chemicals, break down over time, drug product stability
is more than just chemical breakdown. Any aspect of a
drug product is changes in physical, chemical, or
biopharmaceutical qualities could be classed as
instability. Medicines must be stored properly to ensure
their efficiency, potency, and physical integrity [1].

The manufacturing and storage environments of
pharmaceutical items can significantly impact their
guality. Some monographs give specific instructions on
preserving a medicine (for example, the temperature or
humidity). Such instructions apply unless the medicine
label specifies different storage settings based on
stability tests. Medicine must be protected from
moisture, freezing, severe heat, and, if necessary, light
during shipping and distribution if no particular
guidelines or limitations are stated on the labeling [2].

The United States Pharmacopeia has defined
various temperature labeling terminology [3]:

v Freezer: A place in which the temperature is
maintained thermostatically between — 20°C and —
10°C.

v Cold: Any temperature not exceeding 8°C. A
refrigerator is a cold place where the temperature is
maintained between 2°C and 8°C.

v" Cool: Any temperature between 8°C and 15°C.

v Room temperature: The temperature prevailing in
a working area.

v/ Warm: Any temperature between 30° C and 40°C.

v" Excessive Heat: Any temperature above 40°C.

v Dry place: A place that does not exceed 40%
average relative humidity at 20° C or the equivalent
water vapor pressure at other temperatures.

Liquid dosage forms are important pharmaceutical
preparations that include active and non-active drug
ingredients (excipients). They are most commonly
found in multi-unit containers. Liquid formulations are
complicated and prone to physical, chemical, and
stability issues because of the additional adjuncts such
as sweetening, flavoring, suspending, stabilizing, and
preserving agents [4]. Orally delivered suspensions are
among the most likely products to get contaminated
with microorganisms after consumption [5].

PCM is among the most popular and most
commonly used analgesic and antipyretic drugs
worldwide. It is commonly available as an over-the-
counter medication in various dosage forms such as
solutions,  suspensions, tablets, capsules, and

suppositories. PCM suspension is available as a ready -
to use (not required reconstitution) multiple-unit [6].
PAP is the most significant impurity in PCM, and it
can occur during storage or the manufacture of the drug
[7-9]. PAP is a recognized nephrotoxic metabolite of
PCM that is seen in the urine. The nephrotoxicity of
PAP has been reported in animal studies [10].
Additionally, it was found that PAP, could cause acute
hepatotoxicity in mice [11]. Thus, the quantity of 4-AP
must be strictly controlled [12].

According to the product literature Summary of
Product Characteristics [13], PCM suspension must be
saved below 25°C, the bottle should be kept in the
outer carton to protect from light, and preserved liquid
medicines should have a 6-month in-use shelf-life.
However, a local decision could be made to reduce this
to 3-months for internal liquids [14].

In most families, medicines are stored for various
reasons, including emergency usage and treatment of
chronic or severe ailments. These medications are
either prescribed by doctors or purchased over the
counter at local pharmacies [15]. Most people do not
consider how liquid medications are stored or how long
they last, other than keeping them out of the reach of
youngsters. Depending on the expiration date, they may
keep pharmaceuticals for extended periods after
opening the bottle. Because of easy access and
improper storage, drug storage at home is a risk factor
for irrational drug use. If the storage instructions are
not followed, the drug’s stability may be compromised,
resulting in an ineffective medication.

Formulation and stability issues are more common
with liquid medication than solid dosage forms. As a
result, drugs in liquid form often have a significantly
shorter shelf life than solid preparations [16].
Furthermore, the shelf life of a container relies on
storage and care once it is opened. During storage,
adverse effects owing to the production of small
degradation products have been recorded [17].

Several studies have examined the storage patterns
of several drugs [15-16, 18-20]. However, to our
knowledge, none have mainly addressed PCM oral
suspension usage and storage patterns in homes after
the bottles have been opened. Therefore, this study
aimed to determine how mothers used PCM oral
suspension and how they stored it while they were
using it. The findings of this study will raise awareness
of the necessity of appropriate liquid pharmaceutical
use and storage and reduce pediatric risk of side effects
by degradation of products formed during storage.
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2. Materials and Methods

2.1. Study Design

A cross-sectional study was conducted to evaluate
the in-home usage and storage conditions of PCM oral
suspension in Aden city. The study was carried out
over four months (January to April 2019) (Figure 1).

[ The studv was camed out among mothers m Aden ]

—— A mother with no children
was excluded.

[ The survey included 430 Aden city mothers ]

[ The distributed questionnaire was employed ]

—— [ Clarifications were made ]

when necessary
I Data collection l

[ Analysis and Interpretation of Results ]

Fig. 1 Flowchart of the research methodology

2.2. Study Population
The study was conducted among mothers in Aden
city. The mothers who had no children were excluded.

2.3. Sampling Technique and Sample Size

A probability sampling technique was used. A
simple random sampling was performed to select the
participants of this study. The sample size was
calculated as per a 95% confidence level and a 5%
error margin. Out of 222832 females 15-60 years old
on the list of population 2017 obtained from the Health
Office of Aden, we estimated a sample size of 383
according to the Raosoft sample size calculator [21].
Another 20% was added to the sample to become 425
participants in case of missing data. For the study, 430
participants were involved in the survey.

2.4. Data Collection Tools

This study was performed using a distributed
questionnaire. Four academics assessed the survey
items and were asked to remark on the face research
instrument, including the appropriateness and context
of the evaluated activities, to ensure the questionnaire
validity. Their opinions and suggestions were
considered before being put into the final edition of the
guestionnaire.

The participants were given the appropriate
questionnaires to fill. These were collected after
completion or, where necessary, were given out to have
them the next or some other day. When clarifications
were necessary, they were made. After that, the
questionnaires were collated, and the data were coded,
and checked for completeness.

2.5. Data Analysis
Statistical Package for the Social Sciences, SPSS

version 26 (IBM Corp. Released 2019. IBM SPSS
Statistics for Windows, Version 26.0. Armonk, NY:
IBM Corp) was used to enter and evaluate the data
collected from the questionnaire. All variables were
subjected to a descriptive analysis. Frequencies and
percentages were used to summarize categorical
variables.

2.6. Ethics Consideration

The Ethics Research Committee of the University of
Aden, Faculty of Medicine and Health Sciences,
approved the study procedure. After discussing the
research’s aims, importance, and advantages and the
study’s voluntary involvement, all participants who
were willing to engage in the study gave their written
informed permission. They were told that all
information obtained would be confidential and used
solely for research reasons.

3. Results

3.1. Socio-Demographic Characteristics of the Study
Population

All the participants were female (100%). Regarding
participants’ level of education, the majority were high
school graduates (n = 233, 54.2%). The socio-
demographic characteristics are displayed in Table 1.

Table 1 Socio-demographic characteristics of the study population
Characteristics No. respondents (N = 430) %

Gender

Female 430 100
Age

15-29y 182 423
30-39y 179 41.6
>40y 69 16
Education

Non-educated 14 3.3
Primary educated 51 11.9
Secondary educated 132 30.7
Graduate educated 233 54.2
Area of residence

Al-Manssora 154 35.8
AlShikh-Othman 56 13.0
Khormaksar 55 12.8
Kerater 67 15.6
Al-Muala’a 31 7.2
Al-Buraika 52 12.1
Al-Memdara 3 0.7
Al-Tawahi 12 2.8

3.2. PCM Storages Patterns at Homes during
Consumption

The frequencies of mothers and storage patterns of
PCM suspensions in homes are illustrated in Table 2. A
high percentage of mothers (70.9%, n = 305)
mentioned keeping the liquid medicine in the
refrigerator. About 14.7% (n = 63) said they kept them
in a room with air-conditioning, while 10.7% kept them
as recommended in the patient information leaflet.
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Only 3.7% (n = 16) kept the medicine in any place. The
mothers who kept PCM suspension after the first use in
the outer carton were 60.5% (n = 260), while 37.0% (n
= 159) kept it without the outer carton.

The liquid medicine was stored after the first
opening till expired date as expressed by 45.1% (n =
194) of mothers, 31.2% (n = 134) stored the medicine
until finishing the bottle, and 23.7% (n = 102)
according to the physical properties of medicine (Table
2).

Table 2 Patterns of PCM suspension storage in homes
Characteristics Frequency %

Some mothers who keep the PCM suspension after the
first opening

1. In refrigerator 305 70.9
2. In the air conditioning room 63 14.7
3. At a temperature recorded on 46 10.7
the bottle of the drug

4. any place 16 3.7
Storing the PCM suspension after the first use

1. Within outer carton 260 60.5
2. Without outer carton 159 37.0
3. Sometimes in the outer carton 11 2.6

and others without the carton
Storing the PCM suspension after the first opening for

the following:

1. The expired date 194 45.1
2. Finishing the bottle 134 31.2
3. According to the physical 102 23.7

properties of the product

3.3. Usage Patterns of PCM in Homes during
Consumption

Various tools were used to withdraw the liquid
medicine dose (table 3). Most mothers (n = 280, 65.1%)
used manufacturer's tool (dosing spoon or dosing cup),
(n = 111, 25.8% used any available spoon (e.g., spoon
food), (n = 33, 7.7%) used a syringe and only (n = 6,
1.4%) reported that they used any tool.

It is important to investigate who advised the
participants to use PCM. This study showed that about
56.3% (n = 242) of the mothers received the drug by
prescription (after a suggestion from their physician),
(n = 91, 21.2%) without prescription, while (n = 97,
22.6%) were according to the pharmacist’s selection.
Nearly 54.9% (n = 236) of all mothers received advice
from the prescriber or dispenser about how to save the
medicine, while 45.1% (n = 194) did not. Most of the
mothers (n = 256, 59.5%) used PCM as an antipyretic
(for fever) and 15.1% (n = 65) as an analgesic only
while 22.6% (n = 97) used it as an antipyretic or
analgesic.

Table 3 Usage patterns of PCM in homes during consumption
Characteristics Frequency %
Tools used for withdrawing the dose of PCM suspension

1. Use of manufacturer's tool (dosing 280 65.1
spoon or dosing cup)

2. Use of any available spoon 111 25.8
3. Syringe 33 7.7

4. Other (any tool) 6 14

Continuation of Table 3
Way to obtain the medicine

1. Prescription 242 56.3
2. Without prescription 91 21.2
3. Pharmacist 97 22.6

Advice from prescriber or dispenser about saving the
medicine

1.Yes 236 54.9
2.No 194 45.1
Reasons for the use of a PCM suspension by mothers

1. Antipyretic 256 59.5
2. Analgesic 65 15.1
3. Antipyretic and analgesic 97 22.6
4. Other uses 12 2.8

4. Discussion

The current study was the first in Aden-city to
assess the usage and storage of PCM oral suspension
during consumption by mothers at home. The finding
points to inadequate information about the expiry time
of PCM liquid medications after the first opening of the
bottles, as well as the risks of long-term storage
adverse effects.

Since PCM is one of the most popular and most
commonly used analgesics and antipyretic drugs
worldwide, the knowledge of the various storage
conditions for individual medicine products and the
need to provide such optimal storage conditions is of
prime importance. According to product literature [13],
and a patient information leaflet [22], the suggested
storage temperature for PCM suspension is below 25°C
(cool location), and the container should be kept in the
outer carton. However, Aden has a major problem with
power outages, which cause the temperature to
fluctuate. Furthermore, Aden has a hot desert climate
according to the Koppen-Geiger climate classification
system [23].

In this study, most mothers kept PCM suspensions
in the refrigerator’s outer cartons. Even though the
refrigerator is a cold environment with a temperature
range of 2° to 8° [3], it has become an alternate and
adequate storage condition for the medicine since the
intended storage temperature for PCM suspension was
not feasible with the Aden climate. The time it takes to
keep the liquid medicine after it has been opened is an
important concern. The findings showed that most
mothers keep the PCM suspension after the initial
opening until the expiration date. However, liquid
formulations are complicated and prone to physical,
chemical, and microbiological instability since they
include additional adjuncts such as sweetening,
flavoring, suspending, and preservation agents [24].
Moreover, the expiry date may be dramatically
shortened after opening the bottle of drugs due to
improper storage conditions, unhygienic handling, or
repeated opening and closing depending on storage and
handling [16]. For preserved liquid medications, a 3-6-
month in-use shelf-life is often recommended [14].

The dosing cups were the most used method for
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measuring the doses in this study. These findings are
similar to [19], which showed that droppers and dosing
cups were the most commonly used devices in the
home for measuring liquid medications. However, this
study also found that syringes were more likely to
measure an acceptable dose compared to a dosing cup.
The dosage errors might be created by the confusion
between teaspoons and tablespoons or by assuming that
the whole dispensing cup represented the correct dose
[25]. Furthermore, dosing syringes rather than cups
may result in fewer dosage mistakes [26]. PCM is an
over-the-counter medicine; therefore, prescriptions are
not required. However, most mothers in this study
acquired the drug via prescription (after a physician’s
recommendation). These findings differed from [27],
who found that nearly half of those who received drugs
did not receive them from a medical professional.
During children’s illnesses, the mothers commonly
provide PCM medication. PCM is one of the world’s
most widely prescribed and used analgesics and
antipyretics. The findings of this study are comparable
to those of [28], who found that the most common
reason for prescribing the drug was to treat fever;
however, analgesic effects of treating headaches and
earaches were also indicated.

Considering those mentioned above, purchasing
medicinal products packed in small quantities is
advisable to avoid long-term storage. Additionally,
they must mark the date of opening on the bottle of
the medicine. To enhance the survey’s results, further
practical work is needed to evaluate the stability of
liquid medications stored after being consumed for a
long time at home.

5. Conclusion

Yemeni mothers’ knowledge and practice about the
usage and storage of PCM suspensions are concerning.
Mothers kept the PCM suspension for longer periods
after opening the bottle as they were interested in the
expiration date. The intended storage temperature could
not be achieved in the Aden climate. Most mothers
kept them in the outer carton. Many mothers used the
manufacturer’s tools to withdraw the doses. Almost
half of the mothers did not get instructions on how to
take it from the practitioner. Public education and
awareness programs are important for enhancing the
safe and rational use of medicines.

Even though the study has raised important issues
with PCM, it has a few limitations. This study was
performed in only one city. If the study had been
conducted in diverse geographical locations of the
country, the results would have been more significant
and applicable to the country. The study was also
restricted because it only assessed one type of liquid
medicine. However, because PCM is one of the most
widely prescribed over-the-counter medications, used
as an analgesic and antipyretic worldwide, the current
findings may provide general guidelines for the use and

storage of other liquid medications leading to more
well-designed and larger studies on the topic.

This study has offered significant findings for
relevant parties to consider regarding how liquid
medicines should be stored at home during use to avoid
pediatric adverse reactions. The finding will also raise
awareness of mothers’ safety issues related to
medication use and storage in the home.
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