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Abstract

Background: In-use stability refers to products in multi-dose containers that are at risk of losing their contents because of

repetitive opening and closure.

Objectives: To determine the duration that multi-dose paracetamol (PCM) oral suspension may be used after the first dosage

has been removed without affecting the product’s integrity.

Method: Original PCM samples (Panadol®) were chosen and stored in six different storage conditions that represent in-home

storage conditions. The study was designed to simulate as closely as possible a real usage of the multi-dose container products for
in-use stability assessment. Visual inspection and a pH meter were used to track the change in colour and pH values respectively.
The stability was assessed using the UV spectroscopic method. The HPLC method was used to determine the presence of PCM
impurities.

Results: The odor of all samples appeared to be acidic strawberry at the end of the study however, the pH values of all samples
remained within the USP acceptable limit. Samples stored under refrigeration and kept within the outer carton experienced the
least degradation. Calculated T90% was about 5.3 months in the most stable storage condition (condition A) and just (3.45 months)
in the least stable one (condition F). PCM impurity, p-aminophenol (PAP), appeared in amounts exceeding the allowable BP limits

(0.1%) in all samples except condition A.

Conclusion: The maximum in-use shelf life of the original brand PCM suspension was 5.5 months hence the use of PCM after

that should be avoided.
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Introduction

Challenges with formulation and stability are encountered more
with liquid dosage forms than solid products. Liquid dosage forms
are essential pharmaceutical products that involve a mixture of ac-
tive drug components and nondrug components (excipients). They
are generally available in the multiple-unit container. The nature
of liquid formulations in terms of added adjuncts such as sweeten-
ing, flavouring, suspending, and preserving agents makes the liquid

formula a complex one that is very prone to physical, chemical, and

microbiological instability. Moreover, the expiry date may be dra-
matically shortened after opening the bottle of drugs depending on
storage and handling. So, drugs in the liquid form generally tend
to have much shorter shelf lives than solid formulations [1]. Orally
administered suspensions are among the preparations that are at
the greatest risk of microbial contamination during consumption
because of improper storage conditions, unhygienic handling, or
repeated opening and closing [2]. Suspensions are categorized ac-
cording to how they are made; oral suspensions are ready-to-use
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and do not require reconstitution at the time of dispensing and for
oral suspensions, dried granules are supplied for suspension in fil-
tered water [3]. Human medicinal product in-use stability testing
relates to medicines in multi-dose containers that pose a danger to
their contents owing to repeated opening and shutting. The goal of
in-use stability testing is to determine if a multi-dose product may
be used for an extended length of time while maintaining quality
within an acceptable standard once the container is opened [4].

N-acetyl-para-aminophenol (PCM) is one of the most widely
prescribed and used analgesics and antipyretics in the world. The
medicine is widely accessible over the counter in a variety of dose
forms, including solutions, suspensions, pills, capsules, and sup-
positories. Even small levels of undesirable substances can have an
impact on the efficacy and safety of medicinal medicines The main
impurity of PCM is P-aminophenol (PAP) substance and occurs in
it because of both synthesis and degradation during storage [5-8].
PAP is a known neurotoxic [8] and can cause acute hepatotoxici-
ty in mice [9]. The United State Pharmacopeia (USP) and British
Pharmacopeia (BP) [10,11] set a maximum of 0.005% w/w of PAP
in PCM substances (50ppm). This may vary depending on dosage
forms and formulations. According to a monograph of PCM suspen-
sion in BP, PAP is limited to 0.1% [7]. In the literature, there have
been few prior studies that examine and assess the in-use stability
of PCM suspension and its impurities until now [12-16].

High-performance liquid chromatography (HPLC) is the most
modern method used for the quantitative determination of PCM
and separation of its impurities [17-19] but the fulltime availability
of this instrument is restricted in the quality control laboratory -
Aden. For this reason, UV-spectrophotometer was effectively used
for the estimation of the PCM content in PCM suspension while
HPLC was used for quantities determination of paracetamol’s im-
purities only. Since there is no study on the use of the UV method to
estimate the PCM over interval periods, the UV method was validat-
ed according to the guidelines based on the International Council
for Harmonization of Technical Requirements for Pharmaceuticals
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for Human Use (ICH) for the validation of analytical procedures
[20]. This study aimed to estimate the maximum in-use shelf life
and evaluate the impact of in-home storage circumstances on the
physicochemical parameters of the original brand of PCM oral sus-
pension maintained under varied storage conditions for several

months.

Materials and Methods
Chemicals

PCM standard (99.5% purity, Globella Pharma, India), PAP stan-
dard (= 98% purity, Sigma-Aldrich, Italy).

Sodium hydroxide, methanol HPLC grade (99.8% purity),
disodium hydrogen orthophosphate, sodium dihydrogen ortho-
phosphate, tetrabutylammonium hydroxide. cellulose filter paper,
0.45pum pore size (Millipore, Bangalore), and distilled water.

Instruments

Ultra-violet (UV) spectroscopy: Scinco, model S-3100, Korean
with software Lab Pro plus and 1cm quartz cell. High-performance
liquid chromatography (HPLC): JASCO, model LC-Net II/ADC. UV/
VIS detector, model U.V-2070 plus. Quaternary gradient pump
model P4-2089 plus. Colum oven model Co-2065 plus. ChromNav
chromatography data software provided with the system. Ultrason-
ic bath (RoHS, model JP-031, China), electronic balance (RADWAG,
model AS 220.B, Poland), pH meter (Adwa, model AD8000, Roma-
nia), vacuum pump (Jenway, model 8515, Engeland), and digital hy-
gro-thermometer (Nimomed, SH-101, China. Accuracy: +1C, +5%
RH).

Samples Collection and Distribution

Over the course of 18 weeks, eighteen samples of PCM oral
suspension (125mg/mL) from the same batch were chosen and
utilized in this investigation. It’s available as a ready-to-use sus-
pension, which means it doesn’t need to be reconstituted. Table 1
shows the information about the samples (Table 1).

Table 1: Samples information about the original brand of PCM suspension.

Name of Sample Strength of Samples

Manuf. Date Expired Date Date of Opening

Panadol (original) 120mg/mL

Mar-16 Mar-19 Apr-18

These samples were stored in six distinct storage conditions to
reflect the various in-home storage area in the city of Aden (Table
2). Using a digital hygro-thermometer, the temperature (T) and
relative humidity (RH) of the different storage conditions were re-
corded daily to analyze the temperature of the different storage cir-

cumstances during the research period. To simulate the true condi-
tion of use, 0.5mL was taken from each sample of PCM suspension
after the initial opening, according to their dose and frequency (six
hours for three days and as needed).

Table 2: The six different storage conditions that represent the different in-home storage conditions.
Definition Storage Condition
Refrigerated and kept within the outer carton. A
Refrigerated and kept without the outer carton. B
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Stored in a room with an air conditioner and kept within the outer carton C
Stored in a room with an air conditioner and kept without the outer carton D
Stored in a cupboard at room temperature and kept within the outer carton. E
Stored in a cupboard at room temperature and kept without the outer carton F

Stability Study
Physical stability study:

a. Organoleptic and appearance inspection: Each sam-
ple’s colour, taste, and Odors were assessed at zero time and then
again during the interval time of the stability study.

b. pH test: The sample was put into a beaker, and the pH
meter’s electrode was immersed in it, with the result recorded at
zero time. During the interval period of stability evaluation, the pH
test was repeated.

Chemical Stability Study

Estimation of drug content using the UV method: Drug
content was estimated at zero time and then every two weeks after

the initial opening of the container.

Determination of the wavelength of maximum absorption:
0.12g of PCM standard was carefully weighed and diluted in a
volumetric flask (200mL) with 50mL of NaOH (0.1M), followed by
distilled water to the volume. One mL of the dilute solution was
placed into a volumetric flask (100mL) containing 10mL of 0.1M
NaOH and filled to the volume with distilled water to get a solution
with a concentration of 6ug/mL. The solution was scanned in UV-
vis range between 200 and 400nm [21, 22].

Calibration method: 0.01g of PCM standard was carefully
weighed and diluted in 100mL of NaOH (0.1M) to make a standard
stock solution. This produced a 100pg/mL stock solution. After that,
dilutions with 0.1M NaOH were used to achieve concentrations of 1,
2,3,4,5,6,7,8,and 9ug/mL of PCM standard [22].

Preparation of the sample for the UV method: 5mL of
PCM suspension were transferred to a volumetric flask (200mL)
containing 50mL of 0.1M NaOH, diluted with 100 millilitres of
water, shaken for 15 minutes using an ultrasonic bath, and finished
to the final volume with distal water. To generate a solution with
a concentration of 6pg/mL, onemL of the diluted solution was
transferred to a volumetric flask (100mL) containing 10mL of 0.1M
NaOH and filled to the final volume with distilled water [21,22].
The absorbance was determined using a 10mL the same sodium
hydroxide solution and 90mL of distilled water as a blank. The
readings were taken three times. The concentration of PCM was
determined using the calibration curve’s regression equation.

Validation of the UV spectroscopy method: The UV method
was validated using the following parameters in accordance with
the ICH Guidelines [20]. For linearity, PCM standard solutions

at nine concentrations (1-9ug/mL) were used to assess the UV
method’s linearity in triplicates. On the nine concentrations,
regression analysis was used to produce the calibration equation
and correlation coefficients. The Limit of Detection (LOD) is the
lowest concentration of a substance that can be detected while
the lowest concentration of a substance that can be measured
with sufficient precision and accuracy is known as the limit of
quantitation (LOQ). Using the standard deviation of the response
and the slope of the calibration curve, the LOD and LOQ for PCM
were determined from the linearity data.:

LOD = 330 (1)
S
100
LOO =—2 (2)
Q S

where S is the slope of the calibration curve and o is the stan-
dard deviation of response.

The method’s accuracy was verified by spiking a known quan-
tity of standard into a previously tested sample (6pg/mL) in tripli-
cate at three distinct concentration levels (80-120 percent) of the
target concentration (a recovery study). The equation was used to
compute the percentages of recovery [23].

Ammount found <100%
Ammount Added 3)

%Recovery =

Repeatability and intermediate precision experiments were
used to confirm the method’s precision. Six repeated samples of
PCM standard solutions at 6pug/mL were performed throughout one
day under identical conditions to establish the method’s repeatabil-
ity (intra-day precision). The intermediate precision (inter-day)
was determined by testing standard PCM solutions at three distinct
concentrations of 3, 6, and 9ug/mL three times a day for three con-
secutive days. The relative standard deviation was used to repre-
sent the results for each type of precision (%RSD).

Study of drug’s Kkinetics: The % content of PCM in each sample
was converted to the proper concentration terms needed to create
line graphs for zero, first, and second orders to analyze the kinetics
of PCM breakdown in the samples. Plotting the concentration terms
versus time yielded the line graphs. The product’s shelf life was
determined to be T90%, which is the time it takes PCM to lose 10%
of its initial concentration. The reaction order was used to compute
the shelf life [24].
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PCM relates substance assay using HPLC method: PAP
was analyzed using the BP 2013 HPLC method for PCM-related
compound testing [11], with some adjustments to the column
size, flow rate, and injected volume. PAP concentration in PCM
suspension was calculated at zero-day, 8, and 18 weeks after the
bottle was first opened.

a. Chromatographic condition: Reverse-phase chromatog-
raphy with isocratic elution at a flow rate of 1.0mL/min was used
to produce chromatographic separation. Chromatographic analysis
was carried out on a 15 x 0.45cm, 5pm particle size octadecyl-silica
(C18) column. The mobile phase was made up of a 1:3 combination
of methanol and orthophosphate. A UV-Detector with a wavelength
of 245 nm was used to monitor the eluent. The column was kept at
room temperature, and the sample solution and mobile phase were
injected using a manual injector with a 20uL loop. Prior to use, the
mobile phase was filtered with a Millipore 0.45pm membrane filter
and degassed with an ultrasonic bath.

b. Preparation of the mobile phase: 1.15g of 40 % w/v
tetrabutylammonium hydroxide solution in 250mL of methanol.
375mL of 0.05M disodium hydrogen orthophosphate and 375mL
of 0.05M dihydrogen orthophosphate were combined, filtered
through a 0.45um millipore filter before use, and degassed for 15
minutes in an ultrasonic bath.

c. Preparation of the standard solution of PCM: A stock
solution (0.1%w/v) was prepared by dissolving 0.025g of PCM
standard in 25mL of the mobile phase. 0.3mL of the standard stock
solution was transferred to a 100mL volumetric flask and diluted to
volume with the mobile phase (0.0003% w/v).

d. Preparation of the standard solution of PAP: 0.025g of
PAP standard was accurately weighed and put into a 25 volumetric
flask. After adding 20mL of mobile phase, the solution was soni-
cated for 5 min before being filled up with mobile phase to make
a stock solution (0.1%w/v). Transferring 0.3mL of the stock solu-
tions into a 100mL volumetric flask and diluting to volume with
mobile phase (0.0003% w/v) yielded the working solution.

Results

Storage Conditions

Copy@ Adel AM Saeed

e. Preparation of the solution with mixed standards:
Transferred 0.3mL of each standard stock solution of PCM and PAP
into 100mL volumetric flask and diluted to volume with mobile
phase (0.0003 %w/v).

f. Preparation of calibration curve of PAP: From the
working standard solution of PAP (0.0003 %w/v), serial dilutions
of 0.09, 0.12, 0.24, 0.36, 0.48, 0.6, 0.72, 0.84, 0.96, 1.08, and 1.2ug/
mL were prepared by taking 0.75, 1, 2, 3,4, 5,6, 7, 8,9, and 10mL
of solution respectively and made up to 25mL with mobile phase
for calibration study in triplicate. The responses were measured as
peak areas and the calibration curve was constructed by plotting
the mean peak area against the corresponding drug concentration.

g. Preparation of the samples for the HPLC method:
12.5mL of PCM suspension (120mg/5mL) was dissolved in 4mL of
mobile phase, then diluted to 100mL with mobile phase and soni-
cated for 15min. One mL of this solution was diluted to 25mL with
the mobile phase to produce a 0.012 %w/v solution (120 pg/mL).
A 0.45 pm Millipore filter paper was used to filter the fluid. The lin-
ear equation of the PAP calibration curve was used to calculate the
concentration of PAP in samples. The following formula was used to
compute the percentage of PAP:

X x100%

120 ﬂg/
mL (4

where X is the concentration of PAP (ug/mL) obtained from the

Y%PAP =

linear equation and 120 pg/mL is the final concentration of PCM
solution for the HPLC method.

Statistical Data

Data were analyzed using Statistical Package for the Social Sci-
ences (SPSS, version 23). One-way repeated-measures analysis of
variance (ANOVA) was used to determine the significance of differ-
ences related to storage conditions. Differences were considered
significant at P-values < 0.05.

Table 3: Temperature and relative humidity record of storage conditions.

Month Temp./RH(Mean)
A Refrigerator In-room With Air Conditioner In Cupboard at Room Temp.
April 9.57°C / 63.96 RH 26.23°C/64.19 RH 31.12°C/ 68.50 RH
May 12.07°C/ 75.55 RH 26.48°C/52.95 RH 31.05°C/65.83 RH
June 15.72°C/ 81.35 RH 29.02°C/ 53.56 RH 33.24°C/59.14 RH
July 15.59°C/ 74.30 RH 29.37°C/ 50.59RH 32.67°C/59.63 RH
August 15.12°C/71.37 RH 29.28°C/ 55.31RH 32.18°C/57.92 RH
Range 9.57 -15.72°C/ 26.23-29.37°C/ 31.05-33.24°C/
63.96-81.35 RH 50.59-64.19 RH 57.92-68.50 RH
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Table 3 shows the results of temperature and humidity ob-

servations under various storage conditions. The range of tem-

Physical Stability Study

Copy@ Adel AM Saeed

The colour and taste of the samples did not change during stor-

peratures/relative humidity in the refrigerator during the period
of study (April -August) was 9.57-15.72°C/ 63.96-81.35RH while
in the room with air-conditioning, the range was 26.23-29.37°C

age, although the odor of all samples seemed to be acidic strawber-

ry after the 12th week (Table 4). Particle aggregation appears in all

samples at the end of the study period.

/50.59-64.19 RH. In the cupboard at room temperature, the range
was 31.05-33.24°C /57.92-68.50 RH (Table 3).

Table 4: The organoleptic and appearance inspection of PCM samples stored under various storage conditions.

Conditions
Time (wWk) Parameter
Within Outer Carton Without Outer Carton
A C E B D E
Color Pink Pink Pink Pink Pink Pink
Taste Sweet Sweet Sweet Sweet Sweet Sweet
Odor Acidic straw Acidic straw- Acidic straw- Acidic strawberry | Acidic strawberry Acidic straw-
berry berry berry berry
pH 4.82+0.01 4.82+0.01 4.81+£0.01 4.83+0.01 4.82+0.01 4.81+0.02
Color Pink Pink Pink Pink Pink Pink
Taste Sweet Sweet Sweet Sweet Sweet Sweet
Odor Acidic straw Acidic straw- Acidic straw Acidic strawberry | Acidic strawberry Acidic straw-
berry berry berry berry
pH 4.68+0.01 4.68+0.03 4.67+0.01 4.69+0.03 4.67+0.01 4.67+0.02
Color Pink Pink Pink Pink Pink Pink
Taste Sweet Sweet Sweet Sweet Sweet Sweet
12 1 . . . . ] . .
odor Acidic straw Acidic straw: Acidic straw Acidic strawberry | Acidic strawberry Acidic straw
berry berry berry berry
pH 4.66+0.02 4.65+0.02 4.64+0.02 4.66+0.03 4.64+0.03 4.64+0.03
Color Pink Pink Pink Pink Pink Pink
Taste Sweet Sweet Sweet Sweet Sweet Sweet
18 . ] . . . _ . .
odor Acidic straw Acidic straw- Acidic straw Acidic strawberry | Acidic- strawberry Acidy straw-
berry berry berry berry
pH 4.65+0.01 4.63+0.01 4.61+0.03 4.64+0.02 4.62+0.01 4.61+0.02

Chemical Stability Study

A, of standard PCM: The study of the spectrum revealed that PCM shows a well-defined A___at 257nm using 0.1MN_OH, (Figure 1).
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Figure 1:

UV spectrum of 5ug/mL PCM in standard solution.
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Calibration curve of standard PCM: The calibration curve linear (eq. 5) in concentrations ranging from 1 to 9ug/mL and the
was done in triplicate by plotting absorbance vs. different correlation coefficient (R?) was 0.9998.

concentrations of standard PCM. The result (Figure 2, Table 5) is y=0.0752x + 0.0183 5)

Calibration curve of paracetamol
0.8
.7 i
LB B o
0.5

0.4 v = 0075 %+ 0L01R3
0.3 e R’ = 0,9998

Absornance
A
+

0. —

Q.1 *
o0
1] 2 4 & 8 10

Concentration (ug/mil )

Figure 2: Calibration curve of pure PCM.

Table 5: Parameters of calibration curve of paracetamol.

Parameter Value

Ao 257nm

Slope 0.0752
Intercept 0.0183
Correlation coefficient 0.9998
Standard deviation 0.0025

Table 6: Assay test results for PCM samples kept within the outer carton under various storage conditions.
Concentration Mean (wt/V %) * SD, (n=3) *
Time (week)

Condition A Condition C Condition E
0 99.66 +1.45 99.66+0.91 99.55+1.05
2 99.06 +1.64 98.63 £1.91 98.02+0.77
4 98.36 +1.88 97.66 £2.06 96.30 +£1.59
6 97.55 +0.14 96.40 +0.71 95.01 +0.75
8 96.61 +0.12 95.57 +1.18 93.83 £0.40
10 95.71 £1.03 94.51 +0.79 92.80 £3.95
12 94.50 +0.37 93.22 +0.57 91.85 +1.32
14 93.46 +0.67 92.21 +0.26 90.83 £0.90
16 92.51 +0.32 91.25 +0.41 90.03 £1.08
18 91.41+1.41 89.88 £1.66 88.90 £0.30

P-value 0.026 0.006 0.005

Note*: Wight to volume percent mean (three times repetition) + standard deviation.

Estimation of drug content: (Tables 6, 7) show the results within and outside the outer carton, respectively. The results indi-
of the assay test as mean percentage concentration versus time of cated that at the start of the study, all samples kept under varied
sampling of PCM stored under various storage conditions and kept  storage settings passed the assay content test (B.P, 95 %-105%).
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Following that, during the study, all samples showed a decrease
in their percentage concentrations at different rates. As shown
in (Table 7) below, PCM samples stored in conditions A and C re-
tained 90% of their label concentration (T90%) for 18 weeks, but
those stored in conditions E exhibited more than 10% degrada-

Copy@ Adel AM Saeed

tion during the same period. PCM samples stored under condition
B maintained 90% of their label concentration for 18 weeks, but
those under conditions D and F showed more than 10% degrada-
tion at weeks 18 and 14 respectively as shown in (Table 7).

Table 7: Assay results for PCM samples stored under various storage conditions and kept without outer carton.
Concentration Mean (wt/V %) * SD, (n=3)
Time (week)

Condition B Condition D Condition F
0 99.66+1.52 99.37+2.72 99.65+2.08
2 98.74+1.44 98.15+£1.95 97.41+1.32
4 97.70£2.09 96.68+0.87 95.23%#1.31
6 96.65+3.57 95.56+1.46 93.85+0.30
8 95.64+1.35 94.50+1.57 92.20+1.64
10 94.70+0.51 93.34+0.74 90.88+1.40
12 93.45+0.66 91.93+0.82 89.80+1.46
14 92.53+1.34 90.62+0.31 88.98+2.82
16 91.54+1.74 89.61+0.65 88.45+1.45
18 90.03+£1.43 88.88+1.44 87.55+0.96

P-value 0.024 0.005 0.004

Even though the degradation rates were minor across the re-
search period (Figure 3), these small changes were statistically
significant. The significance of differences in the influence of tem-
perature and light conditions on the rates of degradation of PCM
samples was determined using a one-way repeated-measures ANO-
VA. P-values less than 0.05 were considered significant. There were
significantly different results of rate degradation of PCM samples in
each storage condition. Samples stored under condition A had the

largest P-value and less degradation rate. The decrease in P-value
indicates a strong significance difference from results obtained un-
der other conditions. (Figure 3) shows the percentage breakdown
of PCM samples under various storage conditions. The figure shows
that samples stored in condition A have the lowest amount of deg-
radation (8.28%), while those stored in condition F have the most
degradation (12.14 %).

W within carton B without carton
14.00 17 14

E 1200 1 10.70
= 9.66 9g1 19%°
| 10.00 1 B.28
m
E 8.00
2 600 -
® 400 -

2.00

0.00

Refrigrator Room with air Inside cupboard wath
conditioner 100m temperature
Figure 3: Percentage degradation of PCM samples under various storage condition studies.

Study of the Drug’s Kinetics:

The concentrations of PCM in the suspensions were altered to

concentration terms that fulfilled zero order, first order, and second
order rates of reaction for the kinetics study of PCM breakdown in
the samples (Table 8).
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The concentration terms were plotted against the correspond-
ing assay periods to generate a line graph for a specific order of
the reaction. This was done for zero, first and second orders for all
samples stored under all six storage conditions. The correlation co-
efficient (R?) and the slope, k, which is the reaction rate constant,
were calculated for each line graph drawn for all orders of reac-
tion (Table 9). The R? indicates the degree of correlation between

the y-axis and the x-axis values. The greater the correlation and the

Copy@ Adel AM Saeed

more linear the graph, the higher the R% On the other hand, the low-
er the R? the lower the relationship and the less linear the graph
appears [25]. The reaction order graph for each sample for all the
storage conditions that gave the highest values for R? (i.e., the most
linear graphs) was chosen to give the order of degradation of the
PCM sample. Conversely, the smaller the R? the smaller the correla-
tion and the less linear the graph [26].

Table 8: Rates of reaction values for PCM suspension under the various storage conditions.
Storage Condition Kept Within the Outer Carton
A C E
Time (week)
Zero or- First Second order 1/ Zero First order | Second or- Zero or- | Firstorder | Second order
order In order
der conc. conc. In conc. der 1/conc. | der conc. In conc. 1/conc.
conc. conc.
0 99.66 4.6018 0.01003 99.66 4.6018 0.01003 99.55 4.6007 0.01005
2 99.06 4.5957 0.01009 98.63 4.5914 0.01014 98.02 4.5852 0.0102
4 98.36 4.5886 0.01017 97.66 45815 0.01024 96.3 4.5675 0.01038
6 97.55 4.5804 0.01025 96.4 4.5685 0.01037 95.01 4.554 0.01053
8 96.61 4.5707 0.01035 95.57 4.5599 0.01046 93.83 4.5415 0.01066
10 95.71 4.5613 0.01045 94.51 4.5487 0.01058 92.8 4.5304 0.01078
12 94.5 4.5486 0.01058 93.23 45351 0.01073 91.85 4.5202 0.01089
14 93.46 4.5375 0.0107 92.21 4.5241 0.01084 90.83 4.509 0.01101
16 92.51 4.5273 0.01081 91.25 45136 0.01096 90.03 4.5001 0.01111
18 91.41 4.5154 0.01094 89.88 4.4985 0.01113 88.9 4.4875 0.01125
Storage Conditions Kept Without Outer Carton
B D F
Time (week)
Zero or- First Second order 1/ Zero First order | Second or- Zero or- | Firstorder | Second order
order In order
der conc. conc. In conc. der 1/conc. | der conc. In conc. 1/conc.
conc. conc.
0 99.66 4.6018 0.010034 99.37 4.5989 0.01006 99.65 4.6017 0.01004
2 98.74 4.5925 0.010128 98.15 4.5865 0.01019 97.41 4.5789 0.01027
4 97.7 4.5819 0.010235 96.68 45714 0.01034 95.23 4.5563 0.0105
6 96.65 45711 0.010347 95.56 4.5598 0.01046 93.85 4.5417 0.01066
8 95.65 4.5607 0.010455 94.5 4.5486 0.01058 92.2 4.524 0.01085
10 94.7 4.5507 0.01056 93.34 4.5362 0.01071 90.88 4.5095 0.011
12 93.45 4.5374 0.010701 91.93 4.521 0.01088 89.8 4.4976 0.01114
14 92.53 4.5275 0.010807 90.62 4.5067 0.01104 88.98 4.4884 0.01124
16 91.54 4.5168 0.010924 89.61 4.4955 0.01116 88.45 4.4824 0.01131
18 90.03 4.5001 0.011107 88.88 4.4873 0.01125 87.55 4.4722 0.01142
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Table 9: Data obtained from the reaction order graph for oral PCM suspension stored under the various storage conditions.

Reaction Orders

Storage Conditions Zero-order First-order Second-order T90% (week)
R? k R? kK’ R? Kk”
Samples Kept with Outer Carton Under the Various Storage Conditions
(A) 0.9928 0.4686 0.991 0.0049 0.9889 0.00005 21.27
() 0.9988 0.5379 0.998 0.0057 0.9968 0.00006 18.53
(E) 0.9875 0.5747 0.9908 0.0061 0.9934 0.00007 17.32
Samples Kept without Outer Carton Under the Various Storage Conditions
(B) 0.9981 0.5257 0.9969 0.0055 0.9954 0.00006 18.4
(D) 0.9973 0.5956 0.9979 0.0063 0.9981 0.00007 15.81
(R 0.9602 0.6556 0.9666 0.0071 0.9724 0.00008 13.8

Degradation of PCM samples kept within their outer carton
(conditions A, C, and E) generally followed a zero-order pathway
because the highest R? values were seen for zero-order except for
samples stored under condition E which followed a second-order
pathway since it generally gave the highest R? for the second or-
der. Hence comparing the zero-order rate constant (k) values for
the three storage conditions in (Table 9), it was observed that the
k value for storage condition A was the least, followed by that for
condition C while storage in condition E gave the highest value. The
higher the value of k, the faster the degradation and the least stable
the product whereas a small value of k means a slow rate of degra-
dation hence a stable product.

On the other hand, degradation of PCM kept without their outer
carton (conditions B, D, and F) was via a second-order pathway be-
cause it gave the highest R?values except for sample storage under
condition B followed the zero-order pathway. Comparing the sec-
ond-order rate constant values for the three storage conditions in
(Table 9) shows that, the k value for storage under condition B was

the least, followed by that for condition D while storage in condi-

tion F gave the highest value. Shelf life was estimated from k values
associated with the best fitted zero-order equation for PCM suspen-
sions kept within their outer carton and the second-order equation
for PCM suspensions kept without their outer carton.

Validation

The UV method exhibited a linear response to PCM in the
concentration range of 1-9ug/mL, with a correlation value (R?) of
0.9998 (Figure 2). Using the relative standard deviation of the re-
sponse and the slope of the calibration curve, the limit of detection
and the limit of quantitation were derived from the linearity data.
LOD and LOQ values of PCM were found to be 0.109ug /mL and
0.332pg/mL respectively. Low LOD and LOQ indicate a good sensi-
tivity of the proposed method. The PCM was recovered in the range
0f99.79 to 100.00 % for various concentrations as shown in (Table
11). The recovery study indicates that the method is accurate for
the quantitative estimation of PCM suspension during interval pe-
riods since the statistical results were within the acceptance range
(100+2%).

Table 11: Results of accuracy studies (n=3).
Assay | Amount taken from sample | Amount added to stan- | Total drug recovered Amount found of % Re- Criteria
level % (ng/mL) dard (pg/mL) (ng/mL) standard (pg/mL) covery
80 6 4.8 10.79 4.79 99.79
100 6 6 12 6 100 100+2%
120 6 7.2 13.19 7.19 99.86

The precision of the method was verified by repeatability (in-
tra-day precision), and intermediate (inter-day precision). A typical
statistical method was used to evaluate the results, which included
the computation of SD and RSD. (Tables 12, 13) show the precision

results, indicating that the method was precise.

Estimation of the Presence of Impurities (PAP) in the PCM
Samples Using HPLC Method pap’s calibration curve was estab-

lished by plotting peak area versus concentrations of PAP. The re-
sult was linear (R? = 0.9994) and described by the following equa-
tions:

y =24961x-1153.3 (6)

where y is the peak area and x is the concentration in ug/mL.
The calibration curve of PAP is given in Figure 4. The values of LOD
and LOQ were observed to be low, and it indicated good sensitiv-

American Journal of Biomedical Science & Research



Am ] Biomed Sci & Res

ity of the HPLC method. This determination measures the small-
est concentration of PAP that can be detected (LOD) or quantified
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(LOQ). Parameters of the calibration curve of PAP are in (Figure 4),
(Table 14).
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Calibration curve of p-aminophenocl

y = 24961x - 1153.3
R*=0.95994

0
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Figure 4: Calibration curve of PAP standard.

Table 14: Parameters of calibration curve of PAP.

Table 12: Result of repeatability precision studies.
Parameters PAP Standard
Slope 24961
No. of the Sample Set Intraday Assay %
Intercept -1153.3
1 99.91 R? 0.9994
2 100.16 SD (o) 143.63
3 99.84 LOD 0.019ug/mL
4 99.58 LOQ 0.058pg/mL
5 99.91 . . . .
The retention time (RT) of PCM and PAP standards during esti-
6 100.04 mation of the presence of PAP in PCM samples stored under various
Mean 99.91 storage conditions over 18 weeks are given in (Table 15).
S.D 0.196
Table 15: The RT of PCM and PAP standards.
0,
RS.D% 0.2 Time (week) RT (min)
PAP standard PCM standard
Table 13: Result of intermediate precision in three consecutive days.
0 2.542 3.875
8 2.142 2.858
Mean % (n=3)
18 2.542 3.875
Day
3pg/mL 6pg/mL 9pg/mL Chromatogram of mixed standards solution at the zero time
was shown in (Figure 5). The chromatogram showed two peaks,
1 50.07+0.03 9926+0.34 14941059 one corresponds to PAP with RT 2.542 min, and the second peak
correspond to PCM with RT 3.875 min. The resolution factor be-
9 50.05£0.10 99.76+0.26 149.2440.05 tween PCM and PAP peaks was 6.142. The BP monograph of PCM
suspension [11] states that the resolution factor between peaks of
3 50.16+0.10 99.71+0.29 149.17+0.10 standards is at least 4. The separation of the two standards depends
on their polarity, the more polar p-aminophenol standard elutes
Mean % 501 99.58 149.27 first then the PCM standard. The Retention Time (RT) for parac-
1, PAP, i luti i h
SD 0.06 0.28 0.13 etamol, PAP, and mixed standards solution was determined at eac
time of sample analysis. The RT is no fixed property of a component
RSD% 0.12 0.28 0.08 in chromatogram therefore, it was inconstant and vary during the

interval of study for both standards [27], (Figures 5).
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Figure 5: Chromatogram of the mixed standard; PAP at 2.542 min and PCM at 3.875min.

PCM relates substance assay for samples stored under various
storage conditions from zero time to week 18 are summarized in
Table 16. At zero time, no peak corresponding to PAP was shown in
the chromatogram of the related substances at this time for all sam-
ples. After the 8™ and 18" weeks, there were peaks corresponding
to PAP in the chromatogram for all samples except samples stored
under conditions. PAP content in PCM has been restricted by the
USP and BP [10,11]. PAP is limited to 0.1% in the BP [11] PCM sus-
pension monograph. 0.1 % represented 0.12g/mL in this investi-
gation.

In the case of samples stored within the outer carton, the find-
ings in (Table 16) revealed that no PAP was found at zero time for
all samples. PAP was identified in all samples in quantities exceed-
ing the allowed BP limits at weeks 8 and 18, excluding those stored
under condition A. No PAP was discovered at zero time for all sam-
ples that were stored without the carton. PAP was found in all sam-
ples in the 8" week. It was 0.07% in samples stored in condition
B, which was less than the BP limit, 0.10 % in samples stored in
condition D, and more than the limit in samples stored in condition
F (0.40 %). PAP was detected in all samples more than the allowed
BP limits in week 18.

Table 16: PCM relates substance assay for samples stored under various storage conditions.
Time (week) SSHBPIE Sttizlr'lage ot RT of PAP Average Peak Area | Conc. (ng/mL) % PAP % Criteria
Within the Outer Carton

A ND - - -

0 C ND -- -- --
E ND - - -
A ND -- -- --

8 C 2.175 4739 0.24 0.2 <0.1 (0.12pg/mL)
E 2.15 2273 0.14 0.11
A ND - - -

18 C 2.583 6106 0.29 0.24
E 2.575 3967 0.21 0.17

Without Outer Carton

B ND - - -

0 D ND -- -- --
F ND - - -
B 2.15 819 0.08 0.07

8 D 2.125 1853 0.12 0.1 <0.1 (0.12pg/mL)
F 2.175 10744 0.48 0.4
B 2.575 5839 0.28 0.23

18 D 2.592 12889 0.56 0.47
F 2.583 22977 0.97 0.81

ND=Not Detected
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The content of PAP as a percentage in PCM samples stored un-
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er carton is shown in (Figures 6,7), respectively.

der various storage conditions and kept within and without the out-
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Figure 6: The content of PAP as a percentage in PCM samples stored under various storage conditions; A, B and C.
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Figure 7: The content of PAP as a percentage in PCM samples stored under various storage conditions; B, D, and F.

Discussion

In most households, medicines are kept for various purposes
including emergency use and treatment of chronic or acute illness-
es. These medicines are either prescribed by health professionals
or obtained over the counter in the communities [28]. Medicines
can expire/deteriorate rapidly on improper storage decreasing
their effectiveness and also produces toxic substances. Appropriate
storage of medicines is necessary to confirm their effectiveness and
potency along with physical integrity.

In this study, the temperature in all storage settings was greater
than that recommended by USP [10] and the humidity in the refrig-
erator was higher. This might be due to Aden’s hot desert climate,
which is classified as BWh according to the Kdppen-Geiger climate
classification system. Throughout the year, it is hot and humid [29].
Furthermore, Aden has a major problem with power interruptions,

which causes the temperature of the refrigerator to fluctuate be-

tween 9.57-15.72°C, surpassing the USP definition of refrigerator
temperature (2-8°C).

The pH findings for samples in all storage conditions were
within the USP [10] acceptability limit (4-6.9) at the beginning and
throughout the duration, as shown in Table 4. The results revealed
that samples stored under condition A changed by just 0.17 from
zero time, which was the smallest shift compared to samples stored
under other conditions. The pH reduction may be due to by-prod-
ucts of microbial contamination (e.g. lactic acid which make vinegar
fermentation) that causes a change in the pH of liquid drug prepa-
rations [30]. Moreover, PCM degrades slowly forming a mixture of
contaminants, such as p-aminophenol and acetic acid which may
respond to the reduction in pH values [31] and this may indicate
further change may occur under improper storage conditions. The
suspensions were judged to be stable if the components maintained
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at least 90% of the label concentrations. It was generally observed
that samples stored under refrigeration (conditions A and B) ex-
perienced the least degradation, followed by those stored at the
room with air-conditioner (conditions C and D) while the samples
kept in a cupboard at room temperature (conditions E and F) were
the least stable. This study supports the findings of Abdelazim et
al. [13] who found that PCM maintained at varying temperatures
(8°C, 30°C, 40°C, and sunlight) showed minimal variations in PCM
concentration over four weeks. The stability of PCM pediatric oral
suspension in simulated in-home storage settings at temperatures
ranging from (30°C/65RH) simulating room temperature revealed
that as the storage time grew, degradations began to occur [32].

The evidence in Figure 3 was that the PCM samples were affect-
ed by changes in light conditions. Samples kept within the outer
carton (conditions A, C, and E) had the smallest degradation than
those kept without the outer carton (conditions B, D and F). Pho-
todegradation of PCM has been reported by [33,34]. They stated
that PCM is photoresist to sunlight and UV irradiation in dry form.
However, the Summary of product characteristics and patient infor-
mation leaflet of PCM advises protecting the container of PCM from
light and keeping it in the outer carton since the nature of liquid
formulations in terms of added adjuncts such as sweetening, fla-
vouring, suspending, stabilizing, and preserving agents makes the
liquid formula a complex one that is very prone to physical, chem-
ical and microbiological instability [4,35].The shelf life of the un-
opened container of original PCM samples used in this study was
36 months (from 3/2016 to 3/2019) as mentioned in Table 1. This
study started in April 2018, which means the remaining shelf life
was 11 months from the beginning of the study. However, the re-
sults of this study showed that the maximum estimated shelf life of
the PCM samples stored under condition A was about 21.27 weeks
(5.3 months) only from the start of the study. The values of T90%,
clearly ensure the role of temperature changes and light on the deg-
radation rates of the drug.

The recent work was intended to determine the content of PAP
in PCM pediatric oral suspension samples stored under simulated
in-home storage conditions for 18 weeks and results showed that
as the storage period increased, degradations start to take place.
PAP may be formed by hydrolysis during the storage of preparation
[36,37]. Adverse effects due to the formation of minor degradation
products during storage have been reported [38]. It was reported
that PAP may cause nephrotoxicity and teratogenicity; therefore, its
amount should be strictly controlled [7].

Conclusion

In-use stability testing was developed to mimic how a complet-
ed pharmaceutical product would be used in the reality. The stabil-
ity of PCM suspension (120mg/5mL) decreases with time. Samples
kept within the outer carton (conditions A, C and E) generally had

Copy@ Adel AM Saeed

the smallest degradation. The refrigerator is an appropriate stor-
age condition for keeping the medicine in Aden city. PAP started to
appear in most samples as the storage duration prolonged, and in
concentrations that exceeded the allowable BP limits (0.1%).
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