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ABSTRACT

Background: The poor solubility of drugs is one of the most important limitations in
formulating drugs into suitable dosage forms. In addition, the mechanical properties are the main
obstacles in formulating tablet dosage form by direct compression method.

Aim of this research: To investigate the possible improvement in mechanical properties,
solubility performance, and tableting properties of drug-drug co-crystals of paracetamol and
naproxen.

Methods: The pre-compression parameters (Angle of repose, Carr’s index, and Hausner’s ratio)
of the three paracetamol/naproxen co-crystals were investigated. Moreover, the solubility of the
co-crystals was tested as well. In addition, the three paracetamol/naproxen co-crystals were
formulated as oral tablets by direct compression method using microcrystalline cellulose and
magnesium stearate. The prepared co-crystals were compressed into tablet dosage forms and the
dissolution profiles were monitored.
Results: The results showed an enhancement in flowability and compressibility of the prepared
co-crystals when compared with paracetamol or naproxen alone. The poor tableting properties of
prepared paracetamol tablets were very clear and they are in opposite to the co-crystals prepared
tablets, which met all the pharmacopeial requirements. The in vitro dissolution study was
conducted to compare the dissolution profiles of the prepared co-crystals tablets with marketed
paracetamol tablets (Piodol®) and marketed naproxen tablets (Napron®). The dissolution profile
of (1 to 2) co-crystal prepared tablets showed a superior dissolution rate with more than 50 % of
the paracetamol drug dissolved within the first 5 minutes of dissolution rate. The dissolution
study resulted in a better dissolution of the prepared paracetamol/naproxen tablets due to the co-
crystal formation.
Conclusion: It could be concluded that the prepared paracetamol/naproxen co-crystals represent
a promising way for improving flowability and compression properties, enabling the formulation
of the co-crystals as oral tablets by direct compression method with a clear enhancement in the
dissolution rate.
Keywords: Co-crystal, paracetamol, naproxen, Carr’s index, dissolution rate.
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Introduction

he oral route represents the most
T common route for drug

administration and oral tablets are
considered the most popular dosage forms
due to patient preferences, safety,
convenience, stability, and low
manufacturing costs (1,2). Only a few
numbers  of  active  pharmaceutical
ingredients (APIs) could be formulated
directly as a tablet, the most important
properties of APIs to make them suitable
candidates to formulate as oral tablets are
mechanical properties and solubility.

Mechanical properties of drugs are
related mainly to powder flowability and
compressibility. In tablets manufacturing,
powder flowability and compressibility are
two critical characteristics of powder that
determine the suitable type of excipients and
tableting process (3). Poor flowable and/or
poor compressible drugs could not be
formulated as oral tablets directly by the
direct compression process. The alternative
method should be used like dry and wet
granulation processes. Otherwise,
manipulation of drug powder by using a
different solid forms like co-crystal
formation or by the addition of a large

amount of free flowable excipients to
improve the drug micrometric properties (4).

Paracetamol or acetaminophen is a
famous antipyretic and analgesic drug.
Paracetamol is found in three different
forms: 1, Il, and . Form | (monoclinic
form) is the most commonly used form in
pharmaceutical preparations. It is crystal in
nature, thermodynamically stable but known
by its poor tableting properties (5).
Preparation of paracetamol as tablets by
direct compression revealed capping and
lamination of tablets due to poor flowability,
compressibility, and plastic deformity of
paracetamol  (6). Various techniques
exploited to  enhance  paracetamol
mechanical properties: Some researchers
focus on the production of paracetamol in its
second form (Orthorhombic) because this
form has good solubility and mechanical
properties. The obstacles against the use of
form Il paracetamol are the difficult process
of production with the possibility of
oxidation, a phase transition to form | and
the yield product will be a mixture of both
forms (I and Il) (5). One of the methods
used for the production of form Il involves
the use of form | paracetamol co-crystal as a
template in aqueous solution by cooling
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crystallization of paracetamol in water with
oxalic acid or maleic acid leading to the
formation of co-crystal with lattice structure
similar to form Il packing pattern (7). Other
techniques depend on alteration in crystals
shape of form | such as using polymer
excipients like chitosan (8) or specific
plasticity deforming binder like polyvinyl
pyrrolidone (PVP) (6). Using the new
process of excipients addition called Co-
processing (9) and changes in crystal
structure by the production of paracetamol
as co-crystal exhibited an improvement in
mechanical properties of paracetamol, which
allowed its formulation as tablets by direct
compression.  Paracetamol-caffeine  co-
crystals were prepared by Latif et al using 4
different methods (solvent evaporation, anti-
solvent addition, dry and liquid assisted
grinding) with distinct solvent mixtures.
They illustrated how such co-crystals could
improve intrinsic  dissolution rate and
compression behavior. After that, they
formulated paracetamol co-crystals as oral
tablets by direct compression and they
demonstrated the improved characteristics of
co-crystal with enhanced bioavailability in
sheep (10).

A non-steroidal anti-inflammatory
drug (NSAID), naproxen is known for its
poor flowing properties besides the poor
water solubility. Vikas G. Rajurkar et al. try
to resolve these two problems that affected
on naproxen formulation as oral tablets by
using co-crystallization techniques. They
prepared naproxen as co-crystals with two
coformers (Urea and Thiourea) by using the
solvent evaporation technique. They
approved that these co-crystals could
enhance flowability and compressibility of
naproxen besides the improvement that
occurred in aqueous solubility which was
reflected by the higher dissolution rate of
co-crystals in comparison with naproxen
alone. The angle of repose changed from 46
for naproxen to about 28 and 27 for
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naproxen co-crystals with urea and thiourea,
respectively. Carr’s Index of naproxen was
25% compared with 8% for naproxen/urea
co-crystal and about 11% for
naproxen/thiourea co-crystal (11).

The co-crystals consist of a
stoichiometric ratio of two or more
components joined together by hydrogen
bonds in most cases. Pharmaceutical co-
crystal is formed when one of the co-crystal
components at least, is API. The co-
crystallization technique approved its unique
ability to resolve more than one obstacle
faced drug’s formulation like poor
flowability, compression ability, dissolution,
and tableting properties. The good co-crystal
properties offer an opportunity to produce a
combinational drug dosage form by easy and
low-cost process (12).

This research aims to conduct a pre-
compression  study to measure the
flowability —and  compressibility  of
previously prepared paracetamol/naproxen
co-crystals by solvent-evaporation
techniques in three ratios and to formulate
these co-crystals as oral tablets by the direct
compression process. After that, evaluation
of the prepared tablets and conducting in
vitro dissolution study to compare the
dissolution rate of prepared co-crystals
tablets with the marketed products such as
paracetamol tablet (Piodol®).

Materials and Methods
Materials

Paracetamol and naproxen were
obtained as free samples from Pioneer
company for pharmaceutical industry in Al-
Sulaymaniyah city/lraq. Microcrystalline
cellulose was from JRS pharm, U.S.A while
magnesium stearate was from Prachin
Chemicals, India.  Absolute ethanol,
potassium  dihydrogen phosphate and
sodium hydroxide were purchased from
Scharlau, Spain.
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Methods
1. Preparation of paracetamol/naproxen
co-crystals

Paracetamol/naproxen  co-crystals

have been prepared in three ratios (1 to 1, 2
to 1, and 1 to 2) successfully by solvent-
evaporation process, using absolute ethanol
as a solvent. All co-crystals preparation and
characterization methods, in addition to
solubility study, have been discussed in
details in a very recent work (the article is
submitted to the Iragi journal of
pharmaceutical sciences).

2. Evaluation of powder pre-compression
parameters: flowability and
compressibility

Flowability and  compressibility
study was conducted by measuring of the
angle repose, bulk density, tapped density,
Carr’s Index, and Hausner’s ratio of the
prepared co-crystals and their pure parent
drugs.

a. Angle of repose 0°:

The angle of repose is related to the
resistance to flow and the frictional force
between the powder particles. It was
determined by the fixed funnel method and
it was calculated using this equation (13):

h
tan & =—
T

Where 6° is angle of repose, h is the
height of the powder cone and r is the radius
of the powder cone.

b. Bulk density and tapped density:
Bulk density is the ratio of powder
weight in gram to the volume of the
graduated cylinder occupied by that powder
without tapping, as illustrated in the
following equation (14).
weight of powder in g

Bulk density =

volume of untapped powder in ml
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The tapped density was measured by
weighing the sample and pouring it carefully
in a clean, dry graduated cylinder. After that,
the powder will be tapped for 500 taps at a
rate of tapping 300 taps/min by Sotax
apparatus (TD1), U.S.A. After the apparatus
was stopped, the volume of the sample was
recorded and the following equation was
applied (15):

weight of powder in g

Tapped density =

c. Carr’s Index and Hausner’s ratio:
Carr’s Index is an index of powder
flow rate and it is called compressibility
index, while Hausner’s ratio is related to
inter-particle friction. Both of them are
calculated depending on the measurement of
bulk and tapped densities using the
following equations (13):
(tapped — bulk )densities

Carr’s Index = - x 100
tapped density

. tapped density
Hausner’sratio = ———
bulk density

3. The tableting process of co-crystals
and pure paracetamol:

Direct compression is the simplest
method for tablet production. The prepared
co-crystals and pure paracetamol powder
were formulated as oral tablets by direct
compression technique using manual tablet
pressing Manesty Machines LTD, England.
The powder of pure paracetamol or either
ratio of co-crystal was mixed with 60%
microcrystalline cellulose PH102 (avicel)
for 5-10 minutes. Then 1%, magnesium
stearate was added as a lubricant and mixed
for 1-2 minutes (10).

4. Evaluation of prepared tablets:

Evaluation of the prepared tablets
was performed by using procedure and
limiting range of each test as mentioned in
U.S.Pharmacopoeia.

volume of tapped powder in ml
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4.1 Weight of tablet and weight variation:

The quantity of powder fills into the
die of the tableting machine will determine
the weight of that tablet. The weight
variation test was run by random selection
of twenty tablets and calculate their average
weight. After that, each individual tablet's
weight was compared with the average
weight (16). The requirement of the test was
met if no more than two individual tablet
weights deviate from the average weight by
more than the pharmacopeial percentage and
no one individual tablet weight deviates by
more than twice the percentage (the
maximum allowed difference percent is 10%
if the average tablet’s weight is < 130 mg,
while if the average tablet’s weight is
between 130 mg and 324mg, the allowed
percent will be 7.5% ) (14).

4.2 Tablets thickness:

The thickness of the tablet is related
to the weight of each tablet and the
compression forces applied to the powder by
the tableting machine (17). Tablet thickness
was measured by Micrometer caliper
(Ditron, China) and the result is expressed in
millimeters (mm).

4.3 Hardness (tablet Crushing strength):
The hardness of the tablet is the
force required to break the tablet in long-
axis direction (18). Hardness test was
performed by selection of ten tablets
randomly and record the power required to
break them by using a tablet hardness tester
(YD-1, LPMIE, China) (19). The hardness
was measured in Newton (N) (Newton
=0.102 kg). The accepted hardness for oral
tablet is usually between 4-12 Kg (20).

4.4 Friability:

Friability test is measuring the
tendency of tablets to resist abrasion and
weight loss that occurred during packaging,
handling, and transport (20).

Friability test was performed by
using a tablet friability tester (CS-3, China)
which consists of two drums. Random ten
tablets have been weighed and placed in
each drum. The friability tester was run for
100 revolutions at a rate of 25 rpm. At the
end of the revolutions, the tablets were
dedusted and weighed again (21). The
friability percentage for most oral tablets
was considered to be accepted if it was not
more than 1% (22). Friability percentage
was calculated using the following equation:

(initial weight- final weight)

Friability % = initial weight
4.5 Disintegration time:

The disintegration is the first change
that occurred to the tablet inside the body.
Disintegration time could be defined as the
time required for the tablet to be
disintegrated and converted into small
particles. It was measured by a
disintegration tester (BJ-2, China). The
temperature of the apparatus was set at
37.5°C. A randomly selected tablet was
placed in each basket tubes, covered with a
disc and the basket will immerse in a 900ml
beaker filled with distilled water. The
disintegration apparatus will operate and the
basket will start moving up and down. The
time required for the tablets to break up and
disappear from the basket is represented the
disintegration time (19). According to
British Pharmacopoeia, the conventional
uncoated tablet should be disintegrated
within 15 minutes (23).

5. Tablet in vitro dissolution study:

Dissolution rate is the rate at which
the drug being to dissolve in the surrounding
liquid before being absorbed and reach
systemic circulation. The dissolution rate is
considered as the rate-limiting step for the
bioavailability of drugs that have low
solubility (20).

X 100
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The dissolution study was performed
by using a type Il paddle apparatus (Copely
apparatus, U.K.) which consists of six
vessels, each vessel is filled with 900 ml
phosphate buffer (pH= 74 + 1) as
dissolution media (24,25). The temperature
was set to be 37 + 0.5°C and the paddle
rotating speed was 50 rpm (26). A single
tablet was immersed in each vessel and a 5
ml sample was drawn at different time
intervals (5, 10, 15, 30 min) for paracetamol.
In the case of naproxen, an additional
sample was withdrawn after 45 min and
each  withdrawn sample had been
replenished by 5 ml of fresh dissolution
media to keep the total volume of media in
each vessel equal to 900 ml (27). Each
withdrawn sample was filtered by a 0.45 pum
membrane filter, suitably diluted, and
analyzed by Shimadzu uv-
spectrophotometer at 242 nm and 331 nm
wavelengths for measuring paracetamol and
naproxen, respectively. The dissolution
study requirements will be achieved if not
less than 80% of the drug was dissolved
within 30 minutes for paracetamol and 45
minutes for naproxen (14,23).

The dissolution media consisted of
phosphate buffer (pH= 7.4) and it was
prepared (26) as follows:

a) 13.608 gram of potassium dihydrogen
phosphate was dissolved in distilled water
and after complete dissolution, the volume
was made up to 1000 ml.

b) 6.804 gram of sodium hydroxide was
dissolved in distilled water and after
complete dissolution, the volume was made
up to 1000 ml.

The two solutions were mixed
together  vigorously; to ensure the
homogenous mixing and the final pH was
adjusted by using a sensitive pH meter (Eco
Tester pH2®, India).

A dissolution study was conducted to
compare the dissolution of prepared co-
crystals tablets with the marketed products
of the company that supplied the active
ingredients (Pioneer company): paracetamol
(Piodol® 500 mg) and naproxen (Napron®
250 mg) oral tablets.

In order to evaluate the dissolution
profile of prepared co-crystal tablets, Q5
value (which is the percentage of dissolved
drugs within the first five minutes of
dissolution test) and similarity factors study
were conducted to compare the dissolution
profile of prepared tablets with the
dissolution profile of reference tablets
(Piodol® and Napron®). Similarity factor (f2)
was calculated by using the following rule:

-0.5
14 (1/n) Z (R, —T,) l x 100}

t=1n

fa =50 xlog{

Where f> is similarity factor, n is the
number of sample points, R' is the
dissolution percent of prepared tablets at
time t, and T'is the dissolution percent of
reference tablets at time t.

The dissolution profile of the
prepared tablets is considered to be similar
to reference tablets if the similarity factor is
between 50 and 100 (f2 > 50) (28).

6. Statistical analysis:

In this study, all data are expressed
as (mean * standard deviation). Statistical
analysis is performed by using the ANOVA
test with Tukey after-test. The difference is
considered statistically significant if the P-
value is < 0.05 and if the P-value is > 0.05,
the difference will be considered statistically
non-significant.
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Results and Discussion

1. Evaluation of powder pre-compression
parameters: flowability and
compressibility

The angle of repose is used to
measure powder flowability. In poor
flowable powder, the particles stick or
adhere to each other and resist movement
through a fixed-height funnel into a flat
surface and this gives a small radius cone
and large 6° angle and vice versa (29).

In addition to flowability, powder
compressibility could be measured by the
calculation of the percentage differences
between tapped and bulk densities through
Carr’s index or by the calculation of the
ratio of the tapped to the bulk densities
which is called Hausner’s ratio.

Paracetamol is known for its poor
flowability and poor compressibility.
Paracetamol angle of repose is usually more
than 40, and this indicates passible powder
that may hang up (30). The measured pure
paracetamol angle of repose was 44.073
while Carr’s index and Hausner’s ratio were
25.068% and 1.33, respectively.

Naproxen is also known by its poor

flowability. The high cohesiveness tendency
of naproxen powders made them have low
inter-particulate friction and it should be
agitated through handling (11). The
naproxen observed angle of repose was
around 47 while Carr’s index and Hausner’s
ratios were 27.058% and  1.373,
respectively.

All the prepared co-crystals (N1, N2,
and N3), showed excellent flowability as
their angle of repose were 29, 24, and 30,
respectively, as shown in Table 1.

Compressibility or Carr’s index was
excellent for N1 and N2, as they were 7.7
and 7.9 %, respectively. N3 co-crystal
Carr’s index was good, as it was equal to
13.66%. Hausner’s ratio is another indicator
of flowability and is in parallel to Carr’s
index. Both co-crystals (N1 and N2)
exhibited excellent behavior in comparison
to good flowability in the case of N3.

However, all the prepared co-crystals
demonstrated a clear enhancement and
improvement in flowability and

compressibility when compared with the
paracetamol alone or naproxen alone, which
exhibited poor flowability and
compressibility.

Table (1): The pre-compression measurements of paracetamol, naproxen and their co-
crystals N1, N2 and N3; All values are expressed as mean + SD, n = 3.

44.073+£0.594 | 0.324+0.008 | 0.433+0.019 | 25.068+1.419 1.33+0.025
Paracetamol | . qqiple passible passible

47.192+0.476 | 0.306+0.017 | 0.421+0.04 | 27.058+3.177 1.373+0.058
Naproxen poor poor poor

29.421+0.289 | 0.208+£0.007 | 0.225+0.006 | 7.732+0.704 1.084+0.008
N1 co-crystal excellent excellent excellent

24.284+0.202 | 0.261+£0.006 | 0.283+0.004 | 7.91+0.033 1.083+0.039
N2 co-crystal | excellent excellent excellent

30.324+0.522 | 0.089+0.009 | 0.103£0.01 | 13.664+1.032 1.157+0.013
N3 co-crystal

excellent good good
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The volume of untapped powder
gave indication about powder flowability.
The good flowable powder tends to occupy
the smallest possible volume due to the
rapid arrangement of particles with the
lowest inter-particulate spaces. This is the
opposite to the poor flowable powder that
tends to occupy larger apparent volume due
to the presence of many spaces between
particles (30).

The small difference between tapped
and bulk densities indicates the good
flowability and compactibility properties of
the studied powder making its particles run
through the cylinder rapidly, giving compact
cake with the lowest inter-particulate spaces
before tapping, and this is what occurs in co-
crystals (29).

The difference between the tapped
and bulk densities in the three co-crystals
(N1, N2 and N3) was around 0.018, which
indicates excellent flowable co-crystals in
comparison with their drugs components;
paracetamol and naproxen in which the
difference  between tapped and bulk
densities equal to 0.109, and 0.115,
respectively.

The improvement that occurs in poor
micrometric properties of the paracetamol
and naproxen, when they are formulated as
co-crystals, has been attributed to the
bonding area that introduces an active flat
slip plane with lower interlayer interaction
energy which enhances the compression
properties by facilitating plastic deformity
(31,32). The improvement in flowability
characteristics could be attributed to crystal
habit of the formed co-crystal which is
related to the external crystal shape (33).

2. Tableting process of prepared co-
crystal and pure paracetamol:

The manufacturing of tablets through
the direct compression method is preferred
upon other methods, however, due to
paracetamol properties, it is not feasible to
produce paracetamol with this method. The

Vol.18, No.1, 2021

direct compression method was used for the
formulation of either the prepared co-
crystals or pure paracetamol powder as oral
tablets. The excipients added in the
formulation are microcrystalline cellulose
PH102 (avicel) and magnesium stearate.

Microcrystalline  cellulose  was
chosen because it is the most common direct
compression excipient due to its binder
activity, self- disintegration effect, and its
requirement for a little amount of lubrication
as it has a low friction coefficient (34).
Magnesium stearate is one of the most
common tablet lubricant agents that is used
to decrease friction and facilitate tablet
ejection. Lubricant agent is used in low
percentage (0.05%-0.1%) and mixed for
short time to prevent its effect on dissolution
rate due to its hydrophobicity (35).

The tablet pressing machine was a
single punch machine, operated by hand.
The properties of the tablet formed by such
tableting machine are depended only on the
fed powder properties, because the
compression  pressure could not be
monitored closely, unlike rotatory multiple
punch machines in which the tablet weight,
thickness, and hardness are closely
monitored (36).

The three prepared co-crystals N1,
N2, and N3 were successfully manufactured
as oral tablets by direct compression method
using manual tablet press. In spite of using
the same excipients percentage, order of
addition, and time of mixing, the
manufacturing of tablets of paracetamol
powder through direct compression method
failed in production of tablets with
acceptable properties. The produced tablets
suffered from very low formulation
performance (hand pressing of the formed
tablet leading to break it back into powder).
The poor mechanical properties of pure
paracetamol render it impossible to be
compressed into acceptable tablets by a
direct single punch tableting machine
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without modification (29).

3. Evaluation of tablets:

All the prepared tablets of the co-
crystals (N1 (1to 1), N2 (2 to 1), and N3 (1
to 2) paracetamol/naproxen co-crystals)) and
the prepared paracetamol tablets were
evaluated by different tablet evaluation tests.
Pure paracetamol tablets were fragile tablets,
and some of the tablet evaluation tests were
not applicable to them due to the tablet poor
quality.

3.1 Weight of tablet and weight variation:

The weight of the tablet is affected
by two main factors: the size of the die and
the amount of powder filled in the die which
is affected by powder flowability (37).

The same tableting machine, which
is a single punch tableting machine, was
used in the production of paracetamol and
paracetamol: naproxen co-crystal tablets.
However, the average weight of the tablets
was different.

The average tablet weight of 20
random tablets for paracetamol was
(112+3.656 mg) in comparison with
(141.65+3.249 mg), (141.15+£3.313 mg) and

(140.95+5.385 mg) for N1, N2, and N3
tablets, respectively, as shown in Table 2.
The low average weight of the paracetamol
tablet, despite the compression by the same
tableting machine, might be attributed to the
poor compressibility of paracetamol powder
and poor flowability, which leads to
incomplete die filling and low weight tablets
(38). The difference in tablets weight
between paracetamol prepared tablets and
co-crystals tablets is considered statistically
significant (p-value < 0.05).

According to the weight of tablets,
the accepted percentage of weight variation
was 10% for paracetamol tablets, as the
average tablet weight was less than 130 mg,
while the three different co-crystals tablet’s
weight variation percentage was 7.5%
according to USP pharmacopeia limits (14).

Although the tablets that have been
prepared from poor flowable powder which
is known by it is weight variations (38),
paracetamol tablets weight were located
within the accepted variation percentage due
to low tablets average weight that made the
variation limits range-wide (x 10%).

Table (2): Evaluation tests of paracetamol tablets and co-crystals (N1, N2, and N3) tablets;

All values are expressed as mean + SD.

112+3.656
Paracetamol

3.743+0.046 | 8.02+1.641

6.566+1.538| 10.605+0.856

141.65+3.249 | 3.8+0.120
N1 co-crystal

94.61+8.917 | 0.855+0.001| 30.27+1.061

N2 co-crystal

141.15+3.313 | 4.402+0.039

69.81+5.795 | 0.568+0.008| 31.85+1.626

N3 co-crystal

140.95+5.385 | 3.907+0.128

93.04+6.660 | 0.633+0.102| 17.785+0.078
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3.2 Tablets thickness:

Tablet thickness is the function of
the amount of material filled into the die
cavity, compression characteristics of this
material and the compression forces applied
to them (39). The compression forces were
fixed for all prepared tablets.

In spite of the differences average
weight of paracetamol prepared tablets in
relative to the prepared co-crystals tablets
N1, there was a non-significant variation in
average  tablets  thickness  between
paracetamol prepared tablets (3.743+0.046
mm) and N1 co-crystal tablets (3.8+0.120
mm) as the p-value is more than 0.05.

A statistically significant difference
in tablets thickness was observed when the
paracetamol prepared tablets are compared
with N2 and N3 co-crystal tablets. N2
tablets thickness was equal to (4.402+0.039
mm) while N3 co-crystal tablets average
thickness was (3.907+£0.128 mm) (p-value is
<0.05).

The prepared paracetamol tablets had
a lower average weight, despite that their

average thickness was comparable to N1
tablets thickness. This is due to the poor
compressibility of paracetamol powder,
which made them occupy a larger apparent
volume in the die during compression. This
leads to decreasing the tablet weight and
hardness despite the comparable thickness to
the tablets of good compressible powder
(40).

3.3 Hardness (tablet Crushing strength):

The hardness of a conventional oral
tablet depends on the size of the tablet as the
large size tablet usually had a higher
hardness than the smaller one. The accepted
hardness value ranges from 4 to 12 Kg (
39.216-117.647 N) (20).

A paracetamol prepared tablet
exhibited a hardness average of (8.02+1.641
N) as demonstrated in Figure 1, which is
very low and lower than the USP limits.
This means that this prepared paracetamol
compact cannot be considered a
conventional tablet due to its inability to
withstand handling.
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Figure (1): Hardness test of the prepared paracetamol tablets and co-
crystals (N1, N2 and N3) tablets.

All of the three prepared co-crystals
tablets have hardness strength within the
acceptable range, as shown in Table 2 and
Figure 1, and they showed statistically
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significant differences from paracetamol
tablets (p-value < 0.05).

Although the same compression
forces and the same type and percentage of
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excipient (60% avicel) were used to prepare
all tablets in this study, the paracetamol
tablets had a lower crushing strength. This
might be due to two reasons:

The first reason was poor powder
flowability, which leads to incomplete die
filling and low tablet weight. As the amount
of material filled into the die increases the
tablet hardness increase as long as the
compression applied forces are constant.

The second reason could be
attributed to the low tableting and
compression properties of paracetamol,
which made the elastic recovery higher than
plastic deformity (change in powder
structure by applying pressure). So, the
tendency of paracetamol particles to return
to powder state upon low crushing forces is
very high. Elastic recovery is the amount of
stored energy upon compression, and this
energy tends to release when the
compression forces are removed, leading to
the formation of a weak tablet with a high

probability of capping and chipping (41).

The three types of the prepared
paracetamol/naproxen co-crystals tablets
showed a high crushing strength. This is due
to the very good tableting properties of the
prepared co-crystals which came from the
excellent flowability and compression
characteristic. The bond formation between
paracetamol and naproxen in co-crystals acts
like a slip plane. Upon compression, these
planes will slip over each other at a lower
energy barrier and increase the plasticity of
the formed tablet (42).

3.4 Friability:

The three prepared co-crystals tablets
(N1, N2, and N3) have an accepted friability
percentage and are within the accepted limit
(less than 1%). As demonstrated in Figure
(2), the average friability percentage for
them was (0.855£0.001) % for N1,
(0.568+0.008) % for N2, and (0.633+0.102)
% for N3.

Tablet friability
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Figure (2): Friability test of the prepared paracetamol tablets and co-
crystals (N1, N2 and N3) tablets.

Paracetamol prepared tablets failed
in the friability test, not only because of the
unaccepted percentage (6.566+1.538) %
which was above the limits but also due to
breaking and chipping that occurred to the
tablets during the friability test and this
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indicated the tablets fragility and
unsuitability for further processing or
customer usage. Paracetamol tablet friability
exhibited statistically significant differences
from the prepared co-crystals tablets (p-
value < 0.05).



Irq J Pharm

Vol.18, No.1, 2021

3. 5 Disintegration time:

The disintegration time is affected by
many factors, some of which are related to
drug and excipients properties like the type
of drug molecule and the binder
concentration. Other factors are related to
the tableting process like compression force,
which has a direct effect on tablet thickness,
hardness, and friability. The tablet should be
disintegrated into small particles before the
dissolution process and for some oral tables,
disintegration is the rate-limiting step for
absorption and bioavailability (41). The
accepted disintegrated time for conventional
oral tablet is less than 15 minutes.

The prepared paracetamol tablets
have the lowest disintegration time with an
average of (10.605+0.856) seconds as

illustrated in  Figure 3. The rapid
disintegration rate of paracetamol could be
occurred due to the high friability and low
hardness of the tablets which indicates the
low binding forces between particles and the
high porosity degree that made the tablet
disintegrate into small particles very rapidly
(43). Disintegration time of paracetamol
prepared tablet was shown a statistically
significant difference from N1, N2 and N3
co-crystals tablets (p-value < 0.05).

N1 and N2 co-crystals tablets had a
nearly similar disintegration time with
(30.27£1.061) and (31.85+1.626) seconds
for N1 and N2 tablets, respectively. Both
disintegration times are within the accepted
limits, and there is no significant variation
between them (p-value >0.05).

Disintegration time
4
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Figure (3): Disintegration time of the prepared paracetamol tablets
and co-crystals (N1, N2, and N3) tablets.

N3(1 to 2) paracetamol: naproxen
co-crystal tablets had a remarkable rapid
disintegration time which was
(17.785+0.078) seconds. These rapid
disintegration tablets was achieved in spite
of a relatively high tablet hardness as
recorded in Table 2. It also showed
statistically ~ significant  differences in
disintegration time from paracetamol tablets,
N1, and N2 co-crystals tablets (p-value <
0.05).

Rapid disintegration of co-crystal
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tablets was reported in many types of
research. In accordance with our results, 5-
Fluorocytosine co-crystal tablets prepared
by Perumalla et al that contain avicel, 1%
colloidal silica, and magnesium stearate.
The disintegration time in this tablet was
less than 50 seconds (44). It is worthy to
mention that although the huge number of
researches on co-crystals, there is no similar
work conducted on the preparation of
paracetamol/naproxen co-crystal.
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4. Tablet in vitro dissolution study:

The in vitro dissolution test was
used to compare the dissolution profile of
N1, N2, and N3 co-crystals prepared tablets
with the dissolution of paracetamol and
naproxen oral tablets (Piodol® and Napron®,

respectively) of an lIragi drug company
called  Pioneer.  The  pharmacopeia
dissolution limits state that not less than 80
% of the drug should be dissolved within 30
minutes for paracetamol and within 45
minutes for naproxen (21).
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Figure (4): The average percent of dissolved paracetamol drug from N1, N2, N3
and Piodol® tablets.

Paracetamol dissolution rates for N1,
N2, N3, and Piodol® tablets are represented
in Figure 4. The difference in dissolution
rate between co-crystals prepared tablets and
Piodol® was clear in the first 5 minutes (Q5)
of the dissolution study. The dissolution
percentage of paracetamol from N3 tablets
was (56.16 % £5.0927) in comparison with
(32.26 %+4.938) for Piodol®. N1 and N2 co-
crystal tablets had a comparable dissolution
percent of around 44.5 %. The three co-
crystals prepared tablets had a statistically
significant increase in drug-dissolution
percent from Piodol® tablets in the first five
minutes (p-value < 0.05).

At the end of 30 minutes, the percent
of dissolution was more than 90 % for each
tablets formula (N1, N2, N3 and Piodol®
tablets). Although, N3 co-crystal prepared
tablets had the highest average of drug
dissolution ~ with  (99.04%+2.958) of
paracetamol drug had been dissolved within
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30 minutes, it did not give statistically
significant differences from Piodol® or other
co-crystals prepared tablets (p-value >0.05).

The results of overall in vitro
dissolution study of the prepared co-crystals
tablets in comparison with Piodol® exhibited
a comparable rate of dissolution between N1
and N2 co-crystals tablets with Piodol®
because in both cases, the similarity factors
are larger than 50, as demonstrated in Table
3. In fact, although N1 and N2 tablets
showed similarity with Piodol® tablets, N1
and N2 are better, as they were prepared by
direct compression method while Piodol®
tablets were prepared by wet granulation
method. It is known that tablets prepared by
wet granulation method have better
dissolution than tablets prepared by direct
compression method.

N3 co-crystal tablets showed
dissimilar dissolution profile from Piodol®,
as the similarity factor value was less than
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50. The dissimilarity between N3 and
Piodol® indicated the better dissolution of
N3 tablets (45). The reasons for this rapid
releasing rate, especially at the first 5
minutes of dissolution study, could be
attributed to the short disintegration time
that made the N3 tablet converted rapidly

into small particles which exhibit a large
effective surface area to promote a rapid
dissolution rate. The other reasons for the
high dissolution rate of N3 tablets were due
to the co-crystallinity of the prepared tablets
that exhibited a high dissolution rate with an
increase in solubility at 7.4 pH (46).

Table (3): The similarity factor values between Piodol®, N1,
N2, and N3 tablets.

N1 with Piodol® 51.228
N2 with Piodol® 58.111
N3 with Piodol® 44,799
N1 with N2 75.568

Naproxen in general had a lower
dissolution rate than paracetamol and had a
pH-dependent solubility. The co-crystals
prepared tablets (N1, N2, and N3 tablets)
had a higher percent of naproxen drug-

dissolution in all co-crystals types in the first
15 minutes in opposite to Napron® tablets in
which the dissolution of naproxen drug was
slow as represented in Figure 5.
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Figure (5): The average percent of dissolved naproxen drug from N1, N2,
N3 and Napron®tablets.

In the first 5 minutes (Q5), N2
tablets exhibited the highest dissolution rate
(34.02 %+3.551) while Napron® tablets had
the lowest rate with only (12.79 %+3.565).
The Q5 of N1 and N3 tablets were
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comparable to each other with (28.99
%=+4.62) and (25.64 %+1.606), respectively.
The three co-crystals prepared tablets
showed a statistically significant difference
in naproxen dissolution in comparison to
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Napron® tablets; higher dissolution than
Napron® tablets in the first five minutes (p-
value < 0.05).

The results of the overall in vitro
dissolution study of the prepared co-crystals

Vol.18, No.1, 2021

tablets in comparison with Napron®

demonstrate a comparable rate of dissolution
between Napron® and N3 prepared co-
crystal tablets because the similarity factor is
larger than 50, as demonstrated in Table 4.

Table (4): The similarity factor values between Napron®,
N1, N2, and N3 tablets.

N1 with Napron® 47.674
N2 with Napron® 36.287
N3 with Napron® 51.656
N1 with N3 76.891

The N1 and the N2 co-crystal
prepared  tablets  showed  dissimilar
dissolution profiles from Napron®, as their
similarity factor values were less than 50.
The dissimilarity between N1, N2, and
Napron® indicated the better dissolution of
the prepared co-crystals tablets. The most
similar dissolution profile was between N1
and N3, as the similarity factor value was
equal to 76.981.

The better dissolution profile of
prepared co-crystals could be related to their
crystalline nature that indicates lower
melting points of the co-crystals in
comparison with paracetamol and naproxen.

The Spring-Parachute effect was
obvious in the dissolution study of
paracetamol from the N3 tablet. The rate of
paracetamol dissolution from N3 tablet was
very rapid in the first 5 minutes of the
dissolution study as demonstrated in Figure
4 and the percentage of the dissolved drugs
exceeded 55%, and this represented the
Spring effect. After that, the increase in the
percentage of drug dissolution did not
proceed in the same manner due to the reach
of the metastable zone which indicated the
presence of the Parachute effect (48).

The variation in dissolution profile
among co-crystals tablets in dissolution
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study indicates, remarkably, the presence of
different co-crystal types that have different
particle sizes and shapes, which leads to
exhibit different solubility and dissolution
profiles (10).

Conclusions
The study of the compressibility and
flowability demonstrated excellent

improvement in flowability and mechanical
properties in N1, N2, and N3 paracetamol:
naproxen co-crystals in spite of the poor
flowability characteristic of their two
components paracetamol and naproxen. This
indicates the ability of co-crystal to convert
poor flowable drugs into free flowable
formulas in a simple way. The direct
compression method was used successfully
in the manufacturing of N1, N2, and N3 co-
crystals as conventional oral tablets. This
success, when compared with the inability to
convert  paracetamol powder into
paracetamol tablets by direct compression
method, approved the capability of the three
prepared co-crystals to enhance the tableting
properties of the paracetamol and naproxen.
The N3 co-crystals tablets showed a very
rapid disintegration time with an accepted
hardness and friability. N3 tablets
demonstrated  high  dissolution  when
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compared with the Piodol® tablets. N1 and
N2 prepared co-crystals tablets exhibited a
higher percentage of dissolution than the
marketed naproxen drug (Napron®).

To summarize, the new formulation of
paracetamol and naproxen as co-crystals
could be considered as a feasible alternative
to the conventional paracetamol and
naproxen oral tablets by virtue of their
ability to improve the solubility, flowability,
and dissolution of paracetamol and naproxen
through their co-crystallinity effects. These
co-crystals could be easily formulated into
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