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INTRODUCTION

T    he current research-based pharmaceutical industry 
has demonstrated a decline return on investment 
from research and development over the last few 

years (1). As a result, it may be deemed appropriate to 
invest in the current commercial products. Post-market 
assessment includes all activities conducted, such as the 
quality, therapeutic effectiveness and safety, to obtain 
more data after the product has been released to the 
market (2). One of the imperative indicators of product 
quality is in vitro testing of dissolution rate. Dissolution 
cannot be ruled out from the assessment of newly 
developed formulations in addition to commercially 
available products to ensure product efficiency. Although 
no clear data correlate dissolution to absorption and 

bioavailability (1), many authors claim that the rate of 
drug release impacts bioavailability and could enhance 
the  pharmacological  response  in  a short  period  of  time 
(3).  

Quality control testing is a set of routine analytical 
experiments that are conducted in order to maintain 
batch to batch variation and eventually protect the end 
user (3, 4). In vitro dissolution testing is an imperious 
indicator of official product monographs (5). This test 
is designed mainly for quality control purposes and it 
remains unclear whether in vivo outcomes could be 
anticipated through it (5). In order to approach the in vivo 
outcomes, Markopoulos et al. explained the selection of 
the appropriate level of simulation of the in vivo media 
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and conditions for performance assessment of orally 
administered drug products in vitro (6). The authors 
classified the dissolution media into four levels, from 
level 0 (physiologically irrelevant, but with variations 
in pH), to level III (the most complex containing many 
components such as proteins and enzymes). Regardless 
of the complexity of the dissolution media in those levels, 
pH is a key element in assessing dissolution (6). Dressman 
et al revealed that the change in pH could dramatically 
affect the solubility of drugs, which, in turn, can affect the 
oral bioavailability (7).

Paracetamol (acetaminophen) is a widely available, over-
the-counter drug. It is dispensed worldwide under many 
brand names, dosage forms, and strengths. Paracetamol 
is a weak acid with a pKa of 9.5. Paracetamol solubility 
is estimated  to be 23.7 mg/mL at 37 °C. In its highest 
available strength, i.e., 500 mg, the dose to solubility ratio 
is 21 mL. This value is less than 250 mL, the minimum for 
an active pharmaceutical ingredient (API) to be highly 
soluble, as defined by the Biopharmaceutics Classification 
System (BCS) guidance (8). The BCS classifies APIs 
according to their solubility and permeability. BSC is 
considered a waiver tool for predicating bioequivalence 
studies (8, 9).

The compendial requirements for paracetamol dis-
solution  according  to  the USP state that it is conducted 
in 900 mL of  phosphate  buffer (pH 5.8), using  USP type 
II (paddle) apparatus at 50 rpm, with ultraviolet (UV) 
measurement at 243 nm. At  least  80% of the labeled 
drug amount must be dissolved in the first 30 min (10). 
Although dynamic mechanical thermal analysis (DMTA) 
is not an official requirement in quality control testing, 
it could be a valuable tool in relation to drug release 
and mechanical properties (11, 12). DMTA involves the 
application of an external force while measuring the 
resulting deformation of the solid material. It is perhaps 
the most easily accessible, rapid, and nondestructive 
way of quantifying the rheological and mechanical 
properties of materials. Therefore, the application of 
DMTA for the characterization of drug delivery systems 
has gained greater attention (13). Thus, this is the first 
reported DMTA measurement of commercially available 
paracetamol products in Jordan utilized to detect glass 
transition temperature (Tg).

The main purpose of this study was to compare the 
results of dissolution, disintegration, weight variation, 
assay, and Tg with post-marketing quality control tests 
of five commercial paracetamol products in Jordan. This 
study also investigated the variation between dissolution 

and disintegration profiles at different pH values referring 
to compendial (pH 5.8) and non-compendial (pH 1.2) 
conditions.

METHODS AND MATERIALS
Five commercially available paracetamol (aceta-
minophen)  products  (500 mg)  were  tested.  The 
products were encrypted  as  product  1  tablet  (Julphar 
Gulf  Pharmaceutical Industries, UAE), product 2 round 
tablet (The Arab Pharmaceutical Manufacturing Co. 
Ltd., Jordan), product 3 caplet (GlaxoSmithKline, UK), 
product 4 (GlaxoSmithKline, UK), and product 5 round 
tablet (Jordan Sweden (JOSWE) Medical and Sterilization 
Company, Jordan). Potassium dihydrogen phosphate, 
sodium hydroxide, and hydrochloric acid were obtained 
from Sigma-Aldrich (St Louis, MO, USA). All materials were 
of analytical grade or higher and were used as received 
without further purification.

Sample Collection
The label claim for all five products was 500 mg of 
paracetamol per tablet. The labeled shelf life of all the 
products was 3 years from the date of manufacturing, 
and samples were taken for the evaluation 2 years prior 
to the labeled expiry date.

Weight Variation
Twenty tablets of each product were weighed individually, 
and the mean weight of each product and the percentage 
deviation from the mean value were calculated.

Assay
Paracetamol tablets (n = 20) were weighed individually 
and ground. Powdered paracetamol (mass equivalent 
to 0.15 g of each product) was dissolved in 50 mL of 0.1 
M NaOH and transferred to a 250-mL volumetric flask. 
The volume was then completed to 250 mL with distilled 
water. The flask was then shaken vigorously for 15 min 
and the solution was filtered. Then, 10 mL of filtrate was 
diluted to 100 mL by distilled water. After that, 10 mL of 
the resulting solution was transferred into a flask where 
10 mL of 0.1 M NaOH was added. The resultant mixture 
was then diluted to 50 mL with distilled water and mixed 
thoroughly by shaking. The absorbance of the resulting 
solution was measured at 243 nm using a UV-1800  
spectrophotometer (Shimadzu, Japan) (10).

Disintegration Test
The disintegration time of the tablets was determined 
in two different media, phosphate buffer pH 5.8 and 
hydrochloric acid (HCl) pH 1.2, in a QC-21 Disintegration 
Tester (Teledyne Hanson Research, USA). Tablets were 
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placed on the wire mesh just above the surface of the 
media in the tube. The tubes were placed in 800 mL 
of media at 37 ± 0.5 °C. The time taken for each tablet 
to disintegrate and all the granules to go through the 
wire mesh was recorded. Results were expressed as an 
average of six determinations (14). 

Dissolution Test
Commercially available paracetamol (500-mg), 
immediate-release dosage forms of each product (n = 6 
for each) were immersed in 900 mL of pre-warmed media 
at 37 °C (HCl pH 1.2 and phosphate buffer pH 5.8) in USP 
type II paddle apparatus (Dissolution Tester SR6, Teledyne 
Hanson Research, USA) at 50 rpm. At predetermined 
time intervals (15, 30, 45, and 60 min), aliquots were 
withdrawn and replaced with fresh pre-warmed media to 
maintain a constant volume throughout the experiment. 
The mass of paracetamol released was analyzed using 
UV spectroscopy at 243 nm and was calculated with 
reference to a previously constructed calibration curve 
in each release medium (R2 > 0.99). The percentage of 
released drug was then plotted against time (10).

Dynamic Mechanical Thermal Analysis
For a material, the storage modulus (E') is the elastic 
modulus and the loss modulus (E") is the viscous modulus. 
The tangent of the loss angle, tan δ, is the ratio of the 
viscous  modulus to the  elastic modulus: Tan δ = loss 
modulus (E")/storage modulus (E').

The Tg value of the powdered tablets was determined 
using a Dynamic Mechanical Analyzer (Q800 DMA, 
Instruments, Inc., USA). Tablets (n = 3) were ground, and 
the powder was transferred to a rectangular tray. The 
temperature scan was performed  at  a  heating  rate  of  
3 °C/min in the range of 0–180 °C. Measurement of E' and 
E" for calculation of tan δ was carried out at 1 Hz. The Tg 
value was detected from the peak maximum of tan δ (12). 

Statistical Analysis
The independent sample t-test was employed to compare 
the dissolution rates for each product in HCl (pH = 1.2) 
against phosphate buffer (pH = 5.8) at each time point. 
A factorial analysis of variance (ANOVA), which included 
drug and pH as independent variables and dissolution 
rate at each time point as the dependent variable, was 
used to compare the dissolution rates between the 
different products at different pH values, followed by post 
hoc analysis. Differences in dissolution rates between 
different time points were calculated for each test and 
repeated measures of ANOVA was conducted, which 
included drug and pH as independent variables; post 

hoc analysis was also conducted. A p value less than 0.05 
was considered significant. SPSS 23 (IBM, USA) was used 
to conduct the statistical analysis. Pearson’s correlation 
(r) was used to measure the correlation between Tg and 
dissolution rate at each time point. 

RESULTS
Assay, Disintegration, and Glass Transition
Table 1 demonstrates  the  assay  of  the tested 
formulations. The USP states that  acetaminophen 
(paracetamol) tablets should contain not less than 
90.0% and not more than 110.0% of the labeled amount. 
All tablets had an assay that was compliant with the 
requirements except for product 1, which showed an assay 
of 87.85%. Considering the disintegration results of the 
tested formulations; one-way ANOVA showed significant 
difference in the disintegration profile and was pH 
dependent. As shown in Table 1, product 1 demonstrated 
the longest time of disintegration, which took 30.85 ± 
0.17 min for disintegration at pH 1.2 followed by product 
2 which took 2.94 ± 0.07 min. Products 4 and 5 showed 
similar disintegration (p = 0.782), followed by product 3, 
which demonstrated the shortest disintegration time at 
1.51 ± 0.05 min. On the other hand, at pH 5.8, products 
3, 4, and 5 demonstrated similar  disintegration  times,  (p 
> 0.05), which were less than 2.17 min. Product 2 had a 
disintegration time of 5.92 ± 0.11 min, and product 1 had 
the longest time for disintegration (19.96 ± 0.07 min). 

Formulation Assay (%)

Time to 
disintegrate 

at pH 1.2 
(min)

Time to 
disintegrate 

at pH 5.8 
(min)

Weight 
variation (g)

Product 1   87.85 30.85 ± 0.17 19.96 ± 0.07 0.676 ± 0.002

Product 2   97.28 2.94 ± 0.07 5.92 ± 0.11 0.599 ± 0.003

Product 3 101.45 1.51 ± 0.05 2.17 ± 0.03 0.551 ± 0.002

Product 4 103.03 2.42 ± 0.03 1.98 ± 0.02 0.556 ± 0.002

Product 5   98.07 2.36 ± 0.03 2.02 ± 0.02 0.579 ± 0.001

The Tg values (n = 3 at least) are presented in Table 2. The 
DMTA studies showed that product 4 exhibited a Tg of 
23.13 ± 2.46 °C, which was statistically significantly higher 
than product 1 and 2 (p = 0.016 and 0.01, respectively) 
and was similar to products 3 and 5 (p > 0.101 and  
0.230, respectively). Tg of product 3 was similar to all 
formulations (p > 0.05 in all cases).

Table 1. Disintegration Time for Selected Paracetamol 
(Acetaminophen) Products (500 mg) 
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Formulation Tg (°C)

Product 1 19.13 ± 0.47

Product 2 18.82 ± 0.77

Product 3 20.32 ± 0.35

Product 4 23.13 ± 2.46

Product 5 20.59 ± 2.12

Dissolution Studies
The dissolution profiles of paracetamol are shown in 
Figures 1 (pH 1.2) and 2 (pH 5.8). At pH 1.2, slower drug 
release at the early stages (15 min) of the experiment was 
observed for product 2. Product 1 showed slower release 
than product 3 and 5 at the same time point. At 30 min, 
all formulations exhibited release patterns that exceeded 
80% and were statistically similar. The drug release profile 
at pH 1.2 for the tested products revealed significantly 
lower values when compared to their corresponding 
time points at pH 5.8 (p < 0.05 in all cases). For example, 
product 2 at pH 1.2 released 57.9% ± 4.1% after 15 min 
(Fig. 1), which was statistically significantly lower than pH 
5.8 (77.76% ±  6.43%; p = 0.000) at the same time point 
(Fig. 2).

At pH 5.8, the release of product 2 was statistically 
significantly lower compared to all other tested products 
at the 15-min time point (p < 0.05). Likewise, at the 15-min 
time point, product 1 showed significantly lower release 
than products 3, 4, and 5 (p < 0.05), with a value of 91.0% ± 
2.0%. At 30 min, the percentage of drug released reached 
80% or more in all formulations, which is consistent with 
the compendial requirements.

DISCUSSION
Paracetamol (BCS Class III, high solubility, low 
permeability) is an over-the-counter antipyretic and 
analgesic therapeutic agent, it is a white crystalline 
powder that is sparingly soluble in water. Paracetamol 
has a melting range from 169–172 °C (15). Its peak 
plasma concentration is achieved within 0.17–1.2 h (16). 
This study focuses on the variation between different 
paracetamol (500 mg) immediate-release dosage forms 
regarding assay, disintegration, and dissolution. Also, it 
introduces the measurement of Tg through using DMTA, 
which is one of the most sensitive tools for detecting Tg 
(17, 18). 

Disintegration and Dissolution
Disintegration is the break down process of tablets into 
smaller particles and is the first step towards dissolution. 
Dissolution is a crucial quality control parameter that is 
necessary to limit batch to batch variation and ensure 
reproducible bioavailability (3, 19). Subsequently, rapid 
dissolution will likely suggest a faster absorption and 
bioavailability (3). The compendial requirements for 
immediate-release paracetamol tablets state that release 
is tolerated if not less than 80% of the labeled amount 
is dissolved within 30 min (10). The release profile of 
five commercially available products employed in this 
study show that this requirement was met and that all 
formulations demonstrated similar release patterns. 
Yet, earlier time points are significantly different 
between the first determined time points (15 min) when 
compared to the late stages (45 and 60 min). This could 
be due to the effect of excipients like superdisintegrants 
and disintegrants. Superdisintegrants are crosslinked 
polymers  that   swell   when  being  in  contact  with  
water (20).

Table 2. Glass Transition Temperature (Tg) for Selected 
Paracetamol (Acetaminophen) Products (500 mg) 

Figure 1.  Drug release profiles of selected paracetamol (acetaminophen) 
products (500 mg) in 900 mL of hydrochloric acid at pH 1.2 with USP 
apparatus II at 50 rpm, 37 °C. 
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Figure 2.  Drug release profile of selected paracetamol (acetaminophen) 
products (500 mg) in 900 mL of phosphate buffer at pH 5.8 with USP 
apparatus II at 50 rpm, 37 °C.
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The type of media is known to have an effect on drug 
release and dissolution (21). The determination of 
an in vitro dissolution test that accurately predicts in 
vivo behaviour dissolution is therefore essential. The 
compendial USP testing of paracetamol dissolution 
states that the release is tested at pH 5.8. Paracetamol 
is a weak acid; accordingly, it would be expected to have 
a faster release at pH 5.8 than at pH 1.2. Nevertheless, 
the stomach has an acidic pH and drug release is reported 
to be tested at pH 1.2 in published literature to mimic 
the in vivo conditions (22). The results showed a slower 
dissolution rate at pH 1.2 for all products, which suggests 
that manufacturers may run parallel dissolution testing; 
one at the compendial stated pH in the USP and another 
pH that could be related to the in vivo conditions. 

The standard disintegration time for USP uncoated 
tablet must be as low as 5 min, and the majority of the 
tablets have a maximum disintegration time of 30 min 
(23). The disintegration time could be reflected on the 
release results, especially in the early stages. For example, 
disintegration time was longer in the case of products 1 
and 2 compared to the other formulations. And, Product 
2 showed significantly lower release at 15 min compared 
to all other formulations (Figs. 1 and 2). Though, in a study 
conducted by Afifi and colleagues, the disintegration of 
product 5 was found to be 18 min, which is almost nine 
times higher than the disintegration time in our study 
(2.02 ± 0.02 min at pH 5.8 and 2.36 ± 0.03 min at pH 1.2) 
(24). This finding creates a huge gap that needs to be 
addressed; many reasons may lead to this difference, 
such as the time at which drugs were collected from the 
market or the storage conditions and humidity. In the 
same study conducted on product 2, disintegration was 
found to be 3.4 min, which is similar  to our findings (2.94 
± 0.07 min at pH 1.2 and 5.92 ± 0.11 min at pH 5.8) (24). 

The difference in paracetamol release profiles of 
the different  products could  be attributed to their 
composition and the method of manufacture (25–27). 
Immediate-release formulations usually contain variable 
excipients, such as diluent, glidant, antiadherent, 
disintegrant, superdisintegrants, and inorganic materials 
such as sodium bicarbonate. Table 3 lists the main 
ingredients of commercially available products, and Table 
4 lists the main ingredients in the coating layer of products 
3 and 4 . Notably, as Table 4 signifies, the coating layer did 
not affect the release pattern, as it is only employed to 
mask the taste.

The variation of the components of each product could 
explain the differences in paracetamol release profiles. 

The method of manufacture may also influence the 
in vitro dissolution patterns. In addition, differences 
in composition can sometimes affect the extent of 
absorption, which has been previously reported (4). For 
example, product 4 contains sodium bicarbonate, which 
may initiate an acid-base reaction in the acidic stomach 
and release carbon dioxide, thus mimicking effervescent 
tablets, which could be related to the observed fast 
drug release from the dosage form (28). Product 4 
attributes its fast effect to increased gastric emptying, 
initiated by the presence of sodium bicarbonate (29). 
A clinical investigation was conducted by Grattan et 
al on paracetamol commercial tablets in a five-way 
crossover study (28). The authors concluded that sodium 
bicarbonate increased the rate of absorption compared 
to other formulations and that the higher ratio led to a 
further increase in absorption rate (28).

Product 3 contains crospovidone, a superdisintegrant 
that is hygroscopic in nature (30, 31). In addition, product 
3 contains alginic acid, a common disintegrant (32). 
Superdisintegrants exert their action by swelling, and 
the subsequent outward or radial, pressure generated 
leads to bursting or accelerated water absorption, 
ultimately promoting disintegration. Clearly, the effect of 
superdisintegrants was dominant in the early drug release 
seen in this study (31). Furthermore, the type of excipients 
appears to play an important parameter in the release. 
For example, the presence of the superdisintegrants in 
products 3 and 4 may have surpassed the influence of Tg, 
where a high Tg was not relevant to the rate of dissolution. 
Considering that product 2 had similar Tg to product 1, 
3, and 5, it did not exhibit a similar release profile. This 
could be attributed to the lack of superdisintegrants and 
sodium bicarbonate.

Product 2 did not include any superdisintegrants, which 
may explain why it showed lower release at both pH levels 
at the early stage compared to the tested formulations. 
Pregelatinized starch is present in different products, 
such as products 2, 3, and 4. It is a modified starch 
prepared from potato starch and is used as disintegrant 
in dispersible tablets due to its superior swelling capacity 
(33). Product 2 also contains stearic acid, a lipid that 
could be responsible for the delay in the release. A similar 
observation was reported by Afifi and colleagues, where 
the authors described the variation of in vitro dissolution 
of each tablet to be within the prescribed limit, but product 
2 showed slower dissolution rate at the early stages of the 
experiment compared to the other formulations (24). 
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Function Product 1 Product 2 Product 3 Product 4

Fillers Maize starch (37)
Magnesium stearate (38–40)

Maize starch (37) Magnesium stearate (38) Maize starch (37) 
Magnesium stearate fillers (38)
Microcrystaline cellulose (41)

Diluents Maize starch (37) Maize starch (37) Calcium carbonate tablet (25) Maize starch (37) 
Microcrystaline cellulose (41)

Disintegrants Maize starch (38–40) - Colloidal anhydrous silica (25) -

Binder Povidone (42)
Gelatin powder (25)

Polyvidone
(enhances dissolution of 
poorly soluble drugs (25))
Hypromellose (43)

Calcium carbonate tablet (25)
Crospovidone (42)
Povidone (K-25) (42)

Povidone (42)

Preservatives Methyl and propyl paraben (5) Potassium sorbate (25) Sodium propyl 
parahydroxybenzoate (44)

Potassium sorbate (25)

Solubilizing Agent Glycerol (25) - - -

Lubricant and/or 
Antiadherent

Magnesium stearate (25)
Talc (purified) (25)

Purified talc (25)
Stearic acid (25)

Magnesium stearate (25)
Colloidal anhydrous silica 
glidant (25)

-

Compression 
Enhancement

- Starch pregelatinised (41) Pregelatinised starch (41) Starch pregelatinised (41)

Humectant - Triacetin (25) - -

Plasticizer - Triacetin (43) - -

Stabilizing Agent - - Alginic acid (25) Microcrystaline cellulose (45)

Anticaking Agent - - Colloidal anhydrous silica (25) -

Enhances Absorption, 
Gastric Emptying

- - - Sodium bicarbonate (16)

Polishing Agent - - - Carnauba wax (25)

Function Product 3 Product 4

Film Forming Agent Opadry white (43) Opadry II Y-22-7719 white: titanium dioxide (46)

Tablet smoothing Opadry white (36) Opadry II Y-22-7719 white: titanium dioxide (46)

Tablet Polish Carnauba wax (39, 40) -

Preservatives Parahydroxybenzoates (sodium methyl) (47)
Sodium ethyl parahydroxybenzoate (43)
Parahydroxybenzoate (47)

-

Taste Masking Carnauba wax (39, 40) -

Film Coating HPMC 2910/Hypromellose 3cp (43)
Macrogols (hydrophilic polish) (43)

Macrogols (hydrophilic polish)
Polyethylene glycol (hydrophilic polish) (43)
Hypromellose (24)
Polydextrose (43)
Titanium dioxide as white pigment (43)

Plasticizer - Triacetin (43)
Glycerol triacetate (43)

Polishing Agent Carnauba wax (25) Carnauba wax (25)

Table 3. Composition and Function of Selected Paracetamol (Acetaminophen) Products (500 mg) 

Table 4. Ingredients of Coated Layer in Paracetamol (Acetaminophen) Products 3 and 4 (500 mg) 
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Dynamic  Mechanical  Thermal  Analysis
Tg is an important parameter in polymer sciences (13). 
It is a concept that is demonstrated by both crystalline 
and amorphous forms and is defined as the temperature 
at which the material transfers from its glassy state to 
its rubbery state (34). Paracetamol has a Tg of around 
22.63 °C (35). In this study, the release was studied for 
tablets containing a considerably high amount of the 
drug (500 mg), and the assay results were consistent 
with compendial requirements (Table 1). In this way, the 
small ratio of the additives is expected to have a minimal 
influence on Tg, as the results implied. For a poorly 
compressible, high-dose drug such as paracetamol, 
it is expected that the additives are used to facilitate 
compressibility in modest amounts (36). As a result, the 
effect of polymers and plasticizers would not be expected 
to significantly minimize Tg because they were added in 
small amounts, and it was expected that lower Tg would 
indicate a rubbery matrix and subsequent enhanced 
release (i.e., lower Tg would probably indicate a faster 
release) (12). There was no strong correlation found 
between the Tg and the release profile of the examined 
materials in this study.

In summary, we performed a comparison between 
the dissolution profiles of five commercially available 
paracetamol products. Results indicate that compendial 
requirements are satisfied in the tested formulations. 
Nevertheless, the early release stages were not similar 
for product 2, which showed low release at 15 min. 
Moreover, the release at the non-compendial pH 1.2 
showed significantly lower release for all formulations. In 
light of those results, the question is whether or not this 
variation in release would affect the extent of absorption 
at a certain point, since the drug must be in solution 
to complete the known biopharmaceutical process of 
absorption, distribution metabolism, and elimination. In 
other perspectives, would the design of drug affect its 
release pattern, and would the early stages of release 
affect the bioavailability? This acquired knowledge may 
be employed to define target product quality, develop 
a product, and design a manufacturing method. In this 
way, this investigation could be a suitable indicator of the 
significance of the design, because certain formulations 
did not exhibit similar release at early stages despite their 
fulfillment of the compendial requirements. 

CONCLUSION
This study was conducted on commercially available 
paracetamol tablets. Paracetamol is a weak acid and 
is expected to have a slow release at low pH. Although 
the release of all tested products met the compendial 

requirements, our results showed that pH significantly 
affected dissolution rate, which questions the reliability of 
the USP compendial testing alone. Assay, disintegration, 
and dissolution testing at pH 5.8  were compatible with 
the compendial requirements. Tg did not influence the 
pattern of dissolution rate, probably due to the high 
drug:polymer excipients ratio, which minimizes the 
effect of polymer relaxation. This study of commercially 
available products highlights the importance of post-
market evaluation of finished products. Special attention 
must be paid to dissolution testing, even for immediate-
release formulations, while keeping in mind the quality 
and expected efficacy of the finished product in order to 
increase the return in the market. 
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