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O ABSTRACT 0O

Stability is an essential factor of quality, safety and efficacy of a drug
product. The objective of this study was to investigate the effect of moisture and
temperature on paracetamoltablets (500 mg) marketed in Syria. Three commercial brands
(A, B, C) were examined.Tablets were exposed to different storage conditions
(RH=75%& 40°C) , (RH=75%& 25°C), (RH=60%& 40°C), (RH=60%& 25°C) for 6
months and storage on shelf for 12 months. Changes in physicochemical properties of
tablets were determined by hardness, friability tests and assay the content. High
humidity and temperature (RH=75%& 40°C) decreased in hardness and content of
paracetamol tablets( less than 90%) and increased in friability (more than 1%) in all
studied brands. Second condition also caused the same results, but less than the first
condition because of normal temperature. The effect of temperature on stability is less than
moisture as we saw in the third condition (RH=60%& 40°C).physicochemical properties
of tablets remainedwithout changes when stored in (RH=60%& 25°C) condition. The
storage of tablets on shelf caused changes in hardness , friability, and content of tablets
according to climatic changes during the year.

Key words: moisture, temperature, paracetamol, physicochemical properties, storage,
stability.

" Associate Professor,Faculty of Pharmacy, Department of Pharmaceutical Chemistry and Quality
Control, Tishreen University, Syrian Arab Republic,

547




2017 (4) 23d) (39) Alaall Lnuall aglel) Abades _ Apalad) cilahally Gigadl ¢y 3 daaly dlaa
Tishreen University Journal for Research and Scientific Studies - Health Sciences Series Vol. (39) No. (4) 2017

Lloasly Al aileadl Los 1o dyglly Bl ags il
Lgu & Bgall (fa 500) Jgalisald) Gal By

" suaie Aalud | gisal)
(2017 8 /27 & ,aill g3 2017 / 7/ 13 glay) &)
0 uedilO

Al A s Caad) 13 (e Cangd) o 5 Sl il dllads dadl sasad bl Jale o dglil
g (8 Aligedt w (A (e 500) Jsabisahll) Gl e 5hall Aasag dash)l

Gush) a)35) ¢(Rusie A2 40 Bhas 175 = dush) da)d) (C B (A) dylad Gilial EDE (asd
25 5las 160 = dushy day3) o(dasie 4353 40 )has 760 = sk A)) o(Ausie 4302 25 By 175 =
e 12 52d Gyl e iaally el 6 saal (dysie 4a)

casll ahlasly bl ahlasl Gob oo oabBU AibaSaidll pailadl) & chsdl) sl
csaall jands

el (ssinas bl (st Aa3 40 BhasT5 = dushy Aapd) Bhall Aaps Dllall Dgla)l Cocall
chel g ad) dpal Glual) s & (4] e iST) cosll LUEN 8 @by (790 ce ) Jsebipa, L
oAl OIS Akl Bhall Aand Gae ISV T8l e BB oSy el Gy ihally dsha)ll e (SED dayal)
(Rasie 232 40 Bhas 760 = digh) Aay) Bl Laydl) b sa LS dusha)l (e J8 Z5LEN e 5yal) da

25 3has 160 = dush) A9 A s ve St (5 pabBU LilaSedl pailadl) cud,
(Arsie A0

Cibill By Qe (gginas ccsdilly dludl) 8 st Cian Bl e calial) a3 s
aad A 4al)

LAl ‘u.a_a)aﬂ\ ‘4:\31:\.«...\5‘9.}).\5” uailiadll ‘d}q\.\:\ubu\ (B)baj\ iay M.I}}a)“ : 3.,33\33.41‘ Silalsl)

VA g —ABIN — i Arals —Aasall A0S — a0 lose M

548




Tishreen University Journal. Health Sciences Series 2017 (4) 2221l (39) alaall dinall alall @ (apis daals dase

Introduction

Drug stability means the ability of the pharmaceutical dosage form to maintain
the physical, chemical, therapeutic and microbial properties during the time of storage and
usage by thepatient [1-3].There are many factors affecting on the drug stability such as [4-
8]

@ temperature:high temperature accelerate oxidation, reduction and hydrolysis
reaction which lead to drug degradation.

(b) pH: acidic and alkaline pH influence the rate of decomposition of most
drugs.

(©) Moisture: Water catalyses chemical reactions as oxidation, hydrolysis and

reduction reaction and promotes microbial growth.
(d) Light: affects drug stability through its energy or thermal effect which lead
to oxidation

(e) Pharmaceutical dosage forms: solid dosage forms are more stable than
liquid dosage forms for presence of water.
)] Concentration: rate of drug degradation is constant for the solutions

of the same drug with different concentration. So, ratio of degraded part to total amount
of drug in diluted solution is bigger than of concentrated solution.

) Drug incompatibility: reactions between components of pharmaceutical
dosage forms itself or between these components and cover of the container .
(h) Oxygen: exposure of drug formulations to oxygen affects their stability.

The objective of stability study is to determine the shelf life, namely the time
period of storage at aspecified condition within which the drugproduct still meets its
established specifications.Stability is an essential factor of quality, safetyand efficacy of
a drug product. A drug product, which is not of sufficient stability, can result inchanges in
physical (like hardness, dissolution rate, phase separation etc) as well as chemical
characteristics (formation of high riskdecomposition substances).

The Chemical stability of drug is of great importance since it becomes less
effective as it undergoes degradation. Also drug decomposition may yield toxic
byproducts that are harmful to the patient. Microbiological instability of a sterile drug

product could also be hazardous. Stability evaluation of drug substance or drug
product is the key to drug quality as it determines the efficacy of any drug or
dosage form. Stability assessment of drug products and drug substancesare mandated by
regulatory agencies across theglobe. In fact, stability-testing issues are responsible
for a number of audit findings by regulatory agencies. Stability testing problems are
regularly cited in warning letters and sometimes results in costly product recall.
Stability testing provides evidence that the quality of drug substance or drug
productchanges with time under the influence of variousenvironmental conditions such
as temperature, relative humidity etc. The stability study consists of a series of tests in
order to obtain an assurance of stability of a drug product, namely maintenance of the
drug product packed in it specified packaging material and stored in the established
storage condition within the determined time period [9-13].

Paracetamol and acetaminophen are commonly used names for drug that is
chemically derived from N-acetyl-para-aminophenol (Figure 1). It is considered the most
popular drug in the world and accessible without a prescription. The main use of
paracetamol is analgesic and antipyretic. It was discovered since about 100 years ago, but
until now the mechanism that it affects in the body is unknown. Its pharmacological
effects similarly to NSAIDs, but it doesn’t have any anti-inflammatory activity [14]. The
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absorption of paracetamol occurs quickly from the Gastrointestinal tract and reaches to its
peak plasma after about 30 minutes from oral doses. The distribution happens into most
body tissues. Paracetamol is excreted in the urine after the metabolism in the liver by
cytochrome p450. The elimination half-life is about 2 hours. Paracetamol traverses the
placenta and exhibits in breast milk [15-16].Paracetamol is available in many dosage forms
like as tablets, syrups, suppositories, injections, oral drops.

" _OH

H:C~ N
. H

Figurel: structure of paracetamol

The present work is based on a study of the effect storage conditions ( temperature
and humidity) on the physiochemical stability of different brands of paracetamoltablets
(500 mg) marketed in Syria.

Material and methods

Three commercial brands (A, B, C,) of paracetamol were randomly selected.
Paracetamol tablets brands having label strength of 500 mg were purchased from registered
pharmacies in Lattakia, Syria. All tests wereperformed within product expiration dates.
The reagents used were sodium chloride, sodium bromide, sodium hydroxide and Freshly
distilled water was used throughout the work.

Storage conditions

paracetamol tablets to be tested were subjected to storage conditions as shown in
table(1).samples were withdrawn within periods of time and evaluated for physical and
chemical stability.

Table(1): storage conditions

Storage conditions Storage period
Moisture (RH%) Temperature(°C)
755 40+2 6 months
755 2512 6 months
6015 40+2 6 months
60+5 25+2 6 months
Storage on shelf 12 months

Physical stability

Physical stability was evaluated through hardness , friability, and weight variation
tests:

a- Hardness test:Sample tablets (10) of each brand were taken, a tablet was
placed between the spindle of the Erwerka hardness tester machine and pressure was
applied by turning the knurled knot just sufficiently to hold the tablet inposition. The
pressure was then increased as uniformly as possible until the tablet broke and the pressure
required to break the tablet was then read off the machine and recorded.

b- Friability test: Sample tablets (20) of each brand were weighed together
before transferring them to the Roche friabilator. The friabilator was adjusted to 25 rpm for
4 minutes. After that, the tablets were taken and cleaned from dust and weighed again. By
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using this formula % of Friability = [(Wi — Wf)/ Wi] x 100 was calculated. The loss should
be less than 1% according to BP.

Chemical stability

chemical stability was evaluated through assay the content of the stored tablets:

a- Calibration curve of paracetamolin sodium hydroxide 0.1N at 257 nm:
A standard curve was created for paracetamol using pure drug powder diluted to 5 known
concentrations (range between 0.12 and 0.3 mg/100ml). These standard curves were
established to verify accurate analysis of the drug.

b- Assay the content: 10 tablets were taken from each brand. Each tablet was
crushed and dissolved separately using a combination of manual agitation and sonication
techniques in 100 ml of distilled water. Then the samples were mixed well before filtration
through a membrane filter. The samples of each solution were assayed for drug
concentration using spectrophotometer at 257 nm. The drug content was quantified by
calculating the concentrationsfrom the absorbance readings obtained through UV
analysis.Several measures were calculated in order to assess the amount and
acceptability of variations in drug content. The measured drug content expressed as a
percent of label claim was calculated for each tablet then the average of the content
percentage for 10 tablets was calculated . The average should be in the range of 90-110%
forparacetamol(proxy USP specification for drugcontent.

Results and discussion

A-Calibration curve of paracetamolin sodium hydroxide 0.1N at 257 nm

Alinear relationship between the absorbance and the concentration of paracetamolin
sodium hydroxide at 257 nm in the concentration range of 0.12-0.3mg/100ml is observed.
The regression equation is Y= 2.6515X-0.0104 and the correlation coefficients (r) of the
linear regression of the calibration curves is 0.9998.

B- Storage in (RH=75%&40°C)

This study reviews the effect of moisture and temperature on paracetamol(500 mg)
tablets. It was stated that the amount of moisture adsorbed by drugs or excipients and
increased in temperature influences hardness, friability and content. These changes may
alter bioavailability, and therapeutic efficacy, even though the drug potency. The influence
of relative humidity and temperature depends on its chemical affinity for tablet and nature
of excipient or additive.

High (relative humidity 75% and temperature 40°C) decrease in tablets hardness for
all studied brands after 3 days of storage and hardness reached to values less than 3 kp
after (three, two, one) months for brands(A, B, C) respectively, as shown in table (2). Also
this conditions affected on the friability of tablets and the values of friability in all brands
exceeded BP specifications 1% after one month for (A &B) brands and after one week for
brand C.

The content of tablets in all studied brands was decreased after 3 days from storage
and reached to values less than 90% (USP specifications for drug content) after (three ,
two) months for A &B brands and after two weeks for brand C. This happened because of
the degradation ofparacetamoland the content reached to low values (50.08, 48.87,

35.55) for (A, B, C) brands ,respectively,at the end of storage period.
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Table(2): The results of storage in (RH=75%&40°C) condition.
Hardness(kp) Friability (%) Content (%)
Time
A B C A B C A B C

Fresh 7.12 6.56 5.87 0.76 0.65 0.91 97.11 95.77 91.11

3days 6.85 6.31 5.61 0.79 0.71 0.93 97.09 95.07 90.91
1 week 6.23 6.05 5.09 0.81 0.77 0.98 96.97 94.56 90.68
2weeks 6.09 5901 4.77 0.85 0.82 1.13 96.86 94.01 90.31
3 weeks 5.83 5.61 4.61 0.92 0.89 1.32 96.73 93.22 89.13
1 month 553 5.03 3.05 0.97 0.95 1.46 95.13 92.87 87.09
2months | 4.11 3.11 2.78 1.95 1.34 1.97 92.12 90.13 84.36
3 months 3.09 1.98 1.92 2.23 2.09 2.44 90.34 86.44 80.19
4months 2.12 1.02 0.97 2.97 2.98 3.09 80.87 78.31 71.06
5months 1.08 0.43 0.31 3.11 3.86 3.97 69.54 65.08 54.65
6 months 0.87 0.12 0.11 3.78 4.56 4.55 50.08 48.87 35.55

C- Storage in (RH=75%&25°C)
In this condition the relative humidity is high while the temperature is normal. The

high humidity also decrease in tablets hardness for all studied brands and hardness reached
to values less than 3 kp after (four, two, one) months for brands(A, B, C) respectively, as
shown in table (3). Also this conditions affected on the friability of tablets and the values
of friability in all brands exceeded BP specifications 1% after 3 weeks for (A &B) brands
and after 3 days for brand C.

The content of tablets in all studied brands was decreased after 2weeks from storage

and reached to values less than 90% (USP specifications for drug content) after (three,
two, one) months for (A, B, C) brands, respectively. This happened because of the
degradation of paracetamoland the content reached to low values (54.34, 50.81, 40.19)
for (A, B, C) brands,respectively,at the end of storage period. The effect of this condition is
low comparison with the above condition because of normal temperature in this condition.

Table(3): The results of storage in (RH=75%&25°C) condition.

T Hardness (kp) Friability (%) Content (%)
ime
A B C A B C A B C
Fresh 7.12 6.56 5.87 0.76 0.65 0.91 97.11 95.77 91.11
3days 7.05 6.11 5.15 0.81 0.82 0.97 97.09 95.16 91.01
1 week 6.94 5.89 4.85 0.86 0.88 1.11 96.87 94.89 90.89
2weeks 6.75 5.55 4.23 0.91 0.95 1.34 96.54 94.45 90.77
3 week 6.35 5.31 3.89 0.97 0.99 1.51 96.13 94.34 90.55
1 month 6.21 4.86 3.05 1.12 1.21 1.89 95.45 93.91 90.11
2 months | 5.05 3.05 2.78 1.78 1.97 2.19 93.32 90.03 86.24
3months | 4.14 2.76 1.67 2.13 2.33 2.54 91.92 87.33 81.59
4months 3.04 1.88 0.98 2.88 2.98 3.11 83.76 80.28 74.24
5months 1.78 1.03 0.21 3.12 3.76 3.98 70.12 68.12 56.33
6 months | 1.22 0.45 0.11 4.12 4.56 4.71 54.34 50.81 40.19
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D- Storage in (RH=60%&40°C)

In this condition the temperature while the relative humidity is normal. The high
temperature also decrease in tablets hardness for all studied brands and hardness reached to
values less than 3 kpafter (five, four, three) months for brands(A, B, C) respectively as
shown in table (4). Also this condition affected on the friability of tablets and the values of
friability friability in all brands exceeded BP specifications 1% after (three, two) months
for (A &B) brands,respectively, and after two weeks for brand C.

The content of tablets in all studied brands was decreased and reached to values less
than 90% (USP specifications for drug content) after(4, 3,2)months for (A, B, C)
brands,respectively. This happened because of the degradation of paracetamol. The effect
of this condition is low comparison with the above condition (RH=75%&25°C) , so we can
say that the effect of humidity on paracetamoltablets stability is larger than temperature.

Table(4): The results of storage in (RH=60%&40°C) condition.

Hardness (kp) Friability (%) Content (%)
Time
A B C A B C A B C
Fresh 7.12 6.56 5.87 0.76 0.65 0.91 97.11 95.77 91.11
3days 7.11 6.51 5.77 0.78 0.69 0.93 97.11 95.75 91.09
1 week 7.02 6.45 5.61 0.79 0.72 0.97 97.05 95.70 91.04
2weeks 6.95 6.34 5.33 0.83 0.79 0.99 96.95 95.45 90.91
3 weeks 6.75 6.06 5.19 0.86 0.86 1.13 96.79 95.12 90.73
1 month 6.67 5.91 4.94 0.91 0.97 1.58 96.63 94.96 90.55
2 months | 6.13 5.11 3.91 0.99 1.64 1.98 94.88 92.92 90.01
3 months | 5.22 4.09 3.08 1.23 2.15 2.33 92.96 90.08 86.33
4months 4.33 3.11 2.13 1.93 3.09 2.92 90.11 84.32 80.21
5months 3.02 2.01 1.09 2.78 3.88 3.95 77.54 73.66 62.09
6 months | 1.95 1.12 0.67 3.12 411 4.53 63.89 55.98 57.14
E- Storage in (RH=60%&25°C)
This condition is the idealism condition for storage.hardness was decreased at the
end of the storage, but still above 3 kp for all studied brands as shown in table (5). Also
the values of friability in all brands didn’t exceed BP specifications 1%. The content of
paracetamolin tablets of all studied brands remained above 90% (USP specifications for
drug content) during all the storage period.
Table(5): The results of storage in (RH=60%&25°C) condition.
Hardness (kp) Friability (%) Content (%)
Time
A B C A B C A B C
Fresh 7.12 6.56 5.87 0.76 0.65 0.91 97.11 95.77 91.11
3days 7.12 6.56 5.87 0.76 0.65 0.91 97.11 95.77 91.11
1 week 7.12 6.56 5.87 0.76 0.65 0.91 97.11 95.77 91.11
2weeks 7.10 6.56 5.86 0.76 0.65 0.91 97.11 95.77 91.11
3 weeks 6.99 6.55 5.86 0.76 0.65 0.91 97.11 95.77 91.11
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1 month 6.97 6.54 5.86 0.77 0.65 0.91 97.11 95.77 91.11
2 months 6.95 6.54 5.82 0.77 0.65 0.93 97.09 95.75 91.09
3 months 6.93 6.48 5.79 0.78 0.65 0.93 97.09 95.75 91.09
4months 6.91 6.35 5.75 0.78 0.67 0.93 97.08 95.75 91.08
5months 6.85 6.21 5.61 0.78 0.67 0.93 97.08 95.73 91.08
6 months 6.77 6.08 5.55 0.78 0.67 0.93 97.08 95.75 91.08

f- Storage on shelf

In this condition the tablets exposed to different values of relative humidity and
temperature according to climatic conditions across 12 months. Hardness of tablets was
decreased in all studied brands and reached to values less than 3 kpafter (11, 10, 9) as
shown in table (6). The friability of tablets in (A, B) brands exceeded BP specifications 1%
after (10, 9, 8) months for (A, B,C) brands, respectively.

The content of tablets in all studied brands was decreased to values less than 90%
(USP specifications for drug content) after (11, 9, 6) months for (A, B,C) brands,
respectively.

Table(6): The results of storage on shelf.

Hardness (kp) Friability (%) Content (%)
Time
A B C A B C A B C
Fresh 7.12 6.56 5.87 0.76 0.65 0.91 97.11 95.77 91.11
1month 7.05 6.51 5.84 0.76 0.67 0.91 97.11 95.77 91.11
2 months 6.91 6.33 5.78 0.78 0.71 0.92 97.02 95.24 91.05
3 months 6.76 6.07 5.66 0.81 0.75 0.93 96.87 95.05 90.94
4months 6.23 5.86 5.49 0.84 0.81 0.93 95.78 94.57 90.33
5 months 6.08 5.45 4.98 0.87 0.85 0.95 94.88 93.81 90.12
6 months 5.56 5.12 4.13 0.91 0.89 0.97 94.11 92.15 90.02
7 months 5.29 4.87 3.95 0.92 0.93 0.97 93.75 91.33 85.09
8months 5.02 461 3.56 0.94 0.96 0.99 92.91 90.93 81.22
9months 4.23 4.11 3.02 0.98 0.99 1.11 92.01 90.06 77.89
10 months 3.87 3.08 2.51 1.11 1.12 1.23 91.66 87.22 72.55
11months 3.03 2.19 1.98 1.21 1.24 1.52 90.07 84.67 68.98
12months 2.04 1.98 1.11 1.43 1.52 2.02 85.33 80.55 63.23
Conclusion

From this work we can report that paracetamoltablets, when stored in inappropriate
storage conditionespecially in coastal area weather of Syria that usually is in high humidity
which cause acceleration changes on the physical and chemical properties leading to less
effective drug.
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