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Abstract

Objective: Fever is the most common reason for the presentation of children in the outpatient
department. Paracetamol is marketed in different formulations for ease of administration to the
paediatric population. These include syrups, dispersible tablets and rectal inserts. Dispersible
tablets disintegrate rapidly in liquid and are subsequently taken orally, providing another oral
formulation. We determined if there is a difference in the antipyretic efficacy of the syrup and the
dispersible formulation of paracetamol, thereby prompting the development of the latter (anoth-
er oral formulation) for use in children.

Methods: A randomised, controlled, double-blind intervention of a single dose of both formu-
lations was given to febrile children, and their temperatures were documented twice in
30-minute intervals. Temperature changes were compared statistically.

Results: The mean temperatures at recruitment were 38.2 +0.5°C and 38.3 £ 0.6°C for the
dispersible and syrup group, respectively. There was no significant difference between the tem-
perature changes at T2 (30 minutes) and T3 (60 minutes) between the two study arms. However,
the temperature was significantly different at T (baseline), T2 and T3 within the dispersible and
Syrup groups.

Conclusion: The decreasing trend in temperature was similar in both groups. Both preparations
produced statistically similar antipyretic effects with no reported adverse drug reaction.
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Introduction

Fever is the most common reason for pre-
sentation in the outpatient department for
children. It is defined as the regulation of
body temperature at an increased level.' It
is usually a symptom of an underlying pro-
cess and rarely harmful on its own. Fever is
defined as a core temperature greater than
37.5°C for clinical and research purposes.*>

The treatment of fever has been a subject
of controversy over the past decades.®'”
However, treatment is advocated to relieve
the discomfort associated with fever. Fever
can be relieved manually (sponging) and by
using pyretic drugs.

Acetaminophen, also known as paracet-
amol, is an effective drug for the reduction
of fever and is typically not associated with
side effects. However, the response of fever
to paracetamol is not useful to determine
the cause of the fever.'!

Paracetamol is available in different for-
mulations. These include syrups, dispersible
tablets and rectal inserts. Dispersible para-
cetamol is a formulation recently intro-
duced into the market as an alternative to
the other forms. Dispersible tablets disinte-
grate rapidly in liquid and are subsequently
taken orally, thereby providing another
oral formulation of the medication similar
to syrup.

The researchers in this study aimed to
compare the antipyretic efficacy of two
oral paracetamol formulations (syrup and
dispersible) and determine if there is a dif-
ference between them. Our findings
prompted the development of a second
recently introduced dispersible (oral) form
of the medication for children. We also

monitored any possible side effects of the
drugs.

Methods and materials

This was a spontaneous study not promot-
ed by industry. This investigator-blind,
randomised, parallel-group, multiple-arm,
comparative, single-dose trial was per-
formed at the Paediatrics Department of a
secondary health facility in Enugu
Metropolis. Ethical approval was obtained
from the Health Research Ethical Board of
the University of Nigeria Teaching Hospital
Ituku-Ozalla Nigeria, and written informed
consent was obtained from the caregivers of
the study participants prior to enrolment.
Enugu is the largest city in South East
Nigeria, and this is the largest secondary
health facility in the city of Enugu. The
study participants included children from
different ethnicities in Nigeria because the
health facility is located close to the settle-
ment of non-indigenes of the state. The par-
ticipating children were all from the lower
socioeconomic class. The inclusion criteria
were children of either sex between 6
months and 12 years of age with a tympanic
temperature of greater than 37.5°C.
Patients were excluded if they had
received any antipyretic drug in the previ-
ous 6 hours, had any severe or life-
threatening infections, had a circulatory
collapse, active bleeding or organ failure,
showed features of immunosuppression or
were on any medication that would inter-
fere with the study. Participants were with-
drawn if an adverse effect was observed
during the study or because of voluntary
withdrawal by the guardian or caregiver.
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The study participants were randomly
distributed into two groups. Group A
received a single dose of paracetamol
syrup (Emzor Pharmaceuticals, Lagos,
Nigeria) at 15mg/kg, and group B received
a single dose of dispersible paracetamol
(Sinolax 125; Nemel Pharmaceuticals,
Enugu, Nigeria) at 15mg/kg. The tympanic
temperature was measured in intervals of 30
minutes for 1 hour. The calculated mini-
mum sample size was 20 patients in each
treatment group, with the power set at 0.8.

Study procedures

The age, sex, weight, treatment received and
detailed history of the participating children
were documented in a coded case record
form. The study participants who fulfilled
the inclusion were temporarily admitted.
The participants were randomly assigned
to groups A or B by the blinded investigator
using random computer-generated sequen-
ces. After generation of the random sequen-
ces, these were written down, placed in a
box with a pinhole and handed over to
the research assistant/study nurse. The
recruited participants were then asked to
select a paper. The medication (syrup or
dispersible) was given by the nurses depend-
ing on what was written on the paper
picked by the participant. The baseline tem-
perature (T1) of each participant was sub-
sequently measured by the researchers and
handed over to the participant, who gave it
back to the study nurse (in a different
room) for documentation. In this way, the
investigators were blinded to the interven-
tion that each participant was given. The
tympanic temperature was measured using
a  tympanic infra-red  thermometer
Thermoval@  Duo scan (Hartmann
Heidenheim, Germany). The measurement
for the ear mode was from 32.0°C to
42.2°C with a measurement accuracy of
£0.2°C in accordance with European
Standard EN 12470-5. Appropriate doses

based on weight using 15 mg/kg of the para-
cetamol syrup and dispersible paracetamol
were administered. Drugs were adminis-
tered as a single oral dose. The dispersible
tablets (125mg) were dissolved in SmL of
table water for every tablet to simulate the
syrup concentration of 120 mg/5SmL. The
children (from either study group) who
requested water after receiving the medica-
tion were given a maximum of 100 mL. The
dose of the study drug was repeated for any
child who vomited the medication within
30 minutes of the drug administration.
The tympanic temperature was recorded in
30 minutes intervals (T2 and T3) for
60 minutes post-intervention. At each
point during the study, temperature read-
ings were recorded three times, and an aver-
age of the readings was documented.

The primary endpoint for efficacy was
the reduction in the tympanic temperature
from the baseline temperature to 1 hour
after drug administration.

The secondary endpoints were the per
cent reduction in temperature from baseline
to 30 minutes post-intervention, proportion
of afebrile children at 30 minutes post-dose
and any adverse drug events during the 1-
hour period. The phone numbers of the
researchers were given to the study partic-
ipants in case any adverse event occurred
after the study.

Statistical analysis

Data were analysed using IBM SPSS
Statistics for Windows, Version 20 (IBM
Corp., Armonk, NY, USA) and presented
in tables. Comparisons of mean tempera-
tures were performed using a Student’s t-
test, and comparisons of the proportion of
participants with fever were performed
using the Chi-square test. The Duncan mul-
tiple range comparison test was used to
assess whether the difference between the
mean temperatures of both study arms
was significant. All statistical tests were
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two-tailed with significance determined by
reference to the 5% level.

Results

The study enrolled 74 participants between
September and December 2018. Fifty-two
participants eventually completed the
study (Figure 1). The majority were within
the age range of 1 to 4 years (Table 1). Only
one child vomited his medication, which was
readministered after 20 minutes. Three
patients refused to take their syrups and
eventually withdrew from the study. Nine
patients did not complete the study because
their caregivers had to leave the facility
before the study was completed (Figure 1).

The mean baseline temperature of the
study participants at recruitment was
38.2+0.5°C in the dispersible arm and
38.34+0.6°C in the syrup group. The mean
temperature for each of the study arms at
different times during the study is shown in
Table 2.

There was no significant difference in
temperature at baseline, time T1 and time
T2 between the dispersible and syrup drug
groups. However, the temperature was sig-
nificantly different across times T1, T2 and
T3 within the dispersible group (F=6.018,
P=0.004). Similarly, the temperature was
significantly different across times T1, T2
and T3 within the syrup group (F=5.018,
P=0.009). The Duncan multiple compari-
son test indicated that the significant differ-
ence found within the groups was not
between T1 and T2 but between T1 and T3.

There was no significant difference between
the changes in temperature at times T2 and T3
between the two study arms (Table 3).

There were no observed or reported side
effects from the medication. At T2, dispers-
ible paracetamol produced a temperature
decrease of less than 0.5°C in 70% of the
participants in the treatment group. This
was similar to the syrup treatment group,
in which 64% of the participants showed
a temperature decrease of less than 0.5°C.

Enrollment

Screened for eligibility (n= 84 ) ‘

| « Did not meet inclusion criteria (n=14 )

Excluded (n=20)

+ Declined (n=6)

Randomized (n=64 )

l Allocation l

[§

J

Dispersible intervention (n=31)
+ Received intervention (n=31)

Follow-Up

Syrup intervention (33 )

+ Received intervention (n=30)

+ Did not receive (children refused to drink)
(n=3)

Discontinued observation (caregiver left study
facility) (n=4)

)
l Analysis

Analysed (n=27)

Figure |. Flow chart of the study.

Discontinued intervention (caregiver left study
facility) (n=5)

Analysed (n=25)
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Table |. Age demographics of participants.

Paracetamol formulation

Dispersible Syrup Total

Age group < year 5 (18.50%) Il (44.00%) 16 (30.80%)

|4 years 16 (59.30%) 9 (36.00%) 25 (48.10%)

>4 years 6 (22.20%) 5 (20.00%) I (21.20%)
Table 2. Comparison of mean temperatures within and between groups.

Paracetamol formulation
Time Dispersible, n Syrup, n t P value
Tl *38.20 £ 0.46 *38.324+0.58 0.861 0.393
T2 *37.97 £ 1.10 *38.02+ 1.07 0.139 0.890
T3 37.55+0.20 37.66 £0.45 1.136 0.261
F 6.018 5.018
P value 0.004 0.009

T1, baseline temperature; T2, 30 minutes; T3, 60 minutes.

*Duncan Multiple comparison test indicating means not significantly different.

Table 3. Comparison of changes from baseline temperatures between dispersible and syrup drug groups.

Paracetamol formulation

Dispersible Syrup
Time Change from baseline mean (%) Change from baseline mean (%) T P value
T2 0.23°C (0.6) 0.31°C (0.8) 0.320 0.750
T3 0.65°C (1.7) 0.67°C (1.7) 0.096 0.924

T2, 30 minutes; T3, 60 minutes.

At time T2, the dispersible group showed
a decrease in temperature by 0.6% (mean,
0.23°C) compared with 0.8% (mean,
0.31°C) in the syrup group, and the result
was not significantly different. Similarly, at
time T3, there was no statistically signifi-
cant difference in temperature in the dis-
persible group [decreased by 1.7% (mean,
0.65°C)] compared with the control group
[decreased by 1.7% (mean, 0.67°C)] (Table
3). Although most patients still had fever
after 60 minutes (Table 4), there was a
decreasing trend in the proportion of
patients with fever.

Discussion

The development of drug formulations for
children is a complex process requiring an
understanding of the interplay between fac-
tors, such as age, taste preferences and care-
giver convenience. Paracetamol is a widely
used analgesic and antipyretic in the paedi-
atric population. Many forms are available
in the market, the choice of which is deter-
mined by the dose required, state of the
patient and ease of administration. The
oral route is the most preferred across all
age groups.'?
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Table 4. Comparison of the number of febrile participants in each arm of the study.

Paracetamol formulation

Dispersible, n (%) Syrup, n (%) b P value
TI
Fever (>37.5°C) 27 (100.0) 25 (100.0) NA NA
No fever 0 (0.0 0 (0.0)
T2
Fever (>37.5°C) 18 (66.7) 18 (72.0) 0.173 0.677
No fever 9 (33.3) 7 (28.0)
T3
Fever (>37.5°C) 25 (92.6) 23 (92.0) 0.006 0.936
No fever 2 (7.4) 2 (8.0)

T1, baseline temperature; T2, 30 minutes; T3, 60 minutes.

NA = Not Applicable.

This study showed that the children still
had fever 1 hour after the intervention in
both study arms, although their mean tem-
peratures exhibited a decreasing trend. This
is not unexpected because of the duration of
the study. The peak plasma concentration
of paracetamol occurs between 30 minutes
to 2 hours, and the peak effect is observed
between 1 to 3 hours. Therefore, more time
was likely needed to observe the antipyretic
effect of each medication. The comparative
study by Karbasi et al.'’ that investigated
the antipyretic efficacy of oral and rectal
paracetamol documented fever in both
arms of the study up to three hours after
the intervention, although there was a sig-
nificant decrease in the degree of fever.

There was no statistically significant dif-
ference between the two groups at 30
minutes or 1 hour after the intervention.
No studies have compared the efficacy of
dispersible tablets and syrups of paraceta-
mol in children. However, identical effica-
cies of equal doses of rectal and oral
paracetamol have been documented previ-
ously by several studies.'* !¢ Fathi et al.!”
compared the bioavailability of dispersible,
capsule and tablet formulations of paracet-
amol and noted significant differences
between them after 1 hour of ingestion,

with dispersible paracetamol having the
highest bioavailability. Because this study
was conducted among adults, syrup was
not included.

Dispersible tablets, sprinkles, powders
and other modalities were developed to
achieve increased drug stability compared
with liquid forms.'® 2 These are manufac-
tured in the solid state and remain in this
form until use. This may have triggered the
development of dispersible paracetamol.

The choice of formulation between syrup
and dispersible paracetamol is dependent
on the convenience of the caregiver and
acceptability of the brand (flavour, colour)
but not efficacy because this study demon-
strated equal efficacy. Additionally, most
antipyretics have other associated effects,
such as analgesia, which can also affect a
caregiver’s decision to use the product
even in the absence of fever. However, the
use of paracetamol for the treatment of
pain in children has been reported to be
often  underdosed.’’  Similarly, fever
phobia is a well-documented global phe-
nomenon, and this has been associated
with the pattern of antipyretic use by both
caregivers and health workers.?>>*

The study participants were given newly
opened syrup formulations, and further
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studies may be required to demonstrate sus-
tained efficacy over the time that the drug is
being used. This is because of the possible
effects of temperature, humidity and light
on the opened syrup formulation. Syrups
may lose flavour, change state or even pre-
cipitate. Similarly, tablets (dispersible inclu-
sive) may disintegrate, harden or have
altered dissolution times if exposed over-
time before use.

The duration of the study was a limita-
tion. This was mainly because the partici-
pants were outpatients who ended up not
staying for the initially proposed duration
of 4 hours, as they needed to leave and start
their prescribed medications. This develop-
ment limited the observation of the temper-
ature changes in the study participants.

Conclusion

The antipyretic efficacy of dispersible para-
cetamol and paracetamol syrup in paediat-
ric patients was compared. The decreasing
trend in temperature was similar in both
groups. Both preparations produced statis-
tically similar antipyretic effects with no
reported adverse drug reaction.
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