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ABSTRACT

Hydrophilic colloids generally possess mild to moderate surface activity. The solubilizing properties of cashew
gum (CSG) in paracetamol liquid preparation were investigated in this study. Solubilities of paracetamol in
purified water and in 0.25, 0.50, 0.75, 1.00, 1.50 and 2.00 %¥/v CSG dispersions were determined. Solubilities of
the drug in 1.00 %"/v gum dispersion at 30, 40, 50, 60 and 70 °C and at pH range of 1 to 8 were also
determined. The impact of Tween® 80 (T80) as a co-solubilizer was equally determined. Similar parameters were
obtained for dispersions of acacia gum (ACG) for comparison at equivalent concentrations. Paracetamol had
solubility of 22.4 g/L in 1.00 %*/v CSG and 20.0 g/L in same concentration of ACG. Increase in temperature had
greater effect on drug solubilization in acacia gum dispersion. Solubilities of paracetamol in dispersions of the
two gums were comparable between pH of 1 and 5. At higher pH, solubility in dispersion of ACG was higher than
in CSG. Solubility of the drug in dispersion containing 0.02 %%/v Tween® 80 and 1.00 %*/v CSG was 52.0 g/L
while it was 30.4 g/L in dispersion containing 0.02 %"/v Tween® 80 and 1.00 %"/v ACG. This study has shown
that 1.00 %w/v CSG dispersion has higher solubilizing power compared to same concentration of ACG at room
temperature. Cashew gum dispersion at this concentration can be used to prepare 112mg/5ml (maximum
concentration) paracetamol solution while a dispersion containing 1.00 %"/v CSG and 0.02 %"/v Tween® 80 is
suitable for preparing 250mg/5ml paracetamol solution.
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INTRODUCTION
properties similar to gum arabic which is obtained

Solubilizing agents promote the breaking of the
intermolecular bonds of the solute, the separation of
the molecules of the solvent and the interaction
between the solute and solvent molecules [1]. They
are required for the formulation of poorly soluble
medicaments. There is a high demand for natural
solubilizing agents since they are less costly, non-
toxic and freely available. Gum arabic is used as a
solubilizing agent and coating agent in panned
confectionery such as chocolate pebbles [2]. The
increasing need for solubilizing agents has led to
the assessment of other tree gums. Evaluation of
cashew gum for solubilizing ability is therefore a
step in the right direction.

Cashew plantations abound in Nigeria and the tree
produces a lot of gum [3]. Gum from exudates of
this plant has physical, chemical and rheological

from Acacia senegal. The gum is used largely in
industrial application as a binder/adhesive for
books, envelopes, labels, stamps and posters. It is
used as an additive in the production of chewing
gum because of its thickening power. In the food
industry, it is used as a jelling agent for canned
food. It is also used as a stabilizer for fruit juices, as
well as in preparing salad dressings and making
cashew wines [4]. In the pharmaceutical industry, it
is used as an agglutinant for capsules and pills. It is
also used as binder in tablets [5]. Other possible
uses are as an emulsifying agent, suspending agent
and solubilizing agent. Earlier characterization of the
gum by Olorunsola et al. [6] showed that it
possesses mild to moderate surface activity and
may be investigated for solubilizing activity.
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Paracetamol, chemically named n-acetyl-para-
aminophenol, is widely used as over-the-counter
analgesic for pain and fever relief [7]. It has
antipyretic and analgesic properties comparable to
those of aspirin and other NSAIDS but its peripheral
anti-inflammatory activity is limited by a number of
factors. However, peripheral anti-inflammatory
activity comparable to NSAIDS has been observed
in some circumstances [8].

Paracetamol is only sparingly soluble in cold water
having solubility of 1.43g/100ml. The solubility in
water is highly dependent on temperature and the
solubility in hot water is 5g/100ml [9]. Being only
sparingly soluble in water, paracetamol is commonly
formulated as syrup containing propylene glycol for
paediatric use. The propylene glycol functions as its
solubilizing agent [9]. Drugs administered in form of
solutions are more readily absorbed compared to
those administered as suspensions which need to
dissolve before absorption. Also, solid dosage forms
have to disintegrate into granules before they
dissolve and become available for absorption.
Hence, drug formulation as solution is highly desired
to ensure fast onset and rate of absorption [10].

High cost and importation problem (from United
States, China and India) are associated with
obtaining propylene glycol, the commonly used
solvent for paracetamol [2]. Hence, there is a need
for relatively cheaper and more readily available
means of solubilization. The aim of this research
therefore, is to evaluate the solubilizing properties of
cashew gum in paracetamol liquid preparation.

Materials and Method

Materials

The materials used were: paracetamol powder (May
and Baker, Nigeria), acacia gum (BDH Chemicals,
England), Tween® 80 (Merck, Germany) and
cashew gum (extracted from exudates of
Anacardium occidentale L. which was identified by a
taxonomist at Department of Biological Sciences of
University of Abuja, Abuja, Nigeria and given
Voucher Number UNIABUJA 150).

Determination of solubility of paracetamol in
gum solution

Samples (50 ml) of different gum concentrations (0,
0.25, 0.50, 0.75, 1.0, 1.50 and 2.0 %"/v) were
prepared. Each preparation was transferred into a
beaker and sufficient quantity of paracetamol was
added until it became super-saturated. The resulting
preparation was stirred for 10 min using a magnetic
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stirrer (Gallenkamp, United Kingdom). Thereafter,
10 ml of preparation was taken, filtered and the
absorbance was taken at 257 nm using an
ultraviolet spectrophotometer (UNICO Shanghai
Instrument, China) to obtain the solubility. The
readings were taken in friplicates. A graph of
concentration of paracetamol (g/L) against gum
concentration was plotted for cashew gum and
acacia gum.

Effect of temperature on solubilization of
Paracetamol

Super-saturated solution (100 ml) of paracetamol in
1 %%/ gum solution was prepared in a 250 ml
capacity beaker. The beaker with an inserted
thermometer was heated over a water bath. A 10 ml
sample was taken at 30 °C, 40 °C, 50 °C, 60 °C and
70 °C. Each sample was immediately filtered hot
and the absorbance was taken at 257 nm using an
ultraviolet spectrophotometer (UNICO Shanghai
Instrument, China) to obtain the solubility. Readings
were taken in triplicates. A graph of concentration of
paracetamol (g/L) against temperature was taken
for cashew gum solution and acacia gum solution.

Effect of pH on solubility of paracetamol

Eight units each of 100 ml super-saturated solution
of paracetamol in distilled water, in 1 %%/v cashew
gum and in 1 %"/v acacia gum were prepared. The
pH of the members of each series was made to be
in the range of 1-8 using 1 N hydrochloric acid and 1
N sodium hydroxide. Each preparation was stirred
for 10 min with a magnetic stirrer (Gallenkamp,
United Kingdom) and 10 ml was immediately
withdrawn, filtered and analyzed as described
before. A graph of concentration of paracetamol
against pH was plotted for cashew gum solution and
acacia gum solution.

Effect of gum and Tween® 80 as co-solubilizers

Paracetamol solutions were prepared based on the
formula in Table 1. The calculated quantity of the
gum and sufficient amount of paracetamol were
weighed and transferred into the mortar. They were
triturated together. A 50 ml volume of water and 20
mg of Tween® 80 (expressed in volume) were
measured, transferred to the mortar and all the
ingredients were ftriturated together. The volume
was then made to 100 ml with water. Each
preparation was stirred for 10 min using magnetic
stirrer (Gallenkamp, United Kingdom) and 10 ml
was immediately taken, filtered and analyzed. The



graph of concentration of paracetamol against co-
solubilizer was plotted as a histogram.
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Table 1: Formula of solutions with gum and Tween® 80 as co-solubilizers

Batches

Ingredients T80 ACG CSG ACG+T80 CSG+T80
Cashew gum (%"/v) - - 1.00 - 1.00
Acacia gum (%"/v) - 1.00 - 1.00 -
Tween® 80 (%"/v) 0.02 - - 0.02 0.02
Paracetamol Qs Qs Qs Qs Qs
Water to 100 ml 100 ml 100 ml 100 ml 100 ml
25 -
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Figure 1: Graph of solubility of paracetamol versus gum concentration

RESULTS

The plot of solubility of paracetamol versus gum
concentration is illustrated in Figure 1. The solubility
of the drug remained constant from 0 to 0.25 %v/v
gum concentration for acacia gum after which it
continued to increase with increase in gum
concentration up to 2 %"/v. For cashew gum, the
solubility of the drug remained constant from 0 to
0.5 %"/Iv after which it started to increase. Maximum
solubility was observed at 1 %"“/v gum and the
solubility ~ remained constant beyond  this
concentration.

The effect of temperature on solubility of
paracetamol in 1 %%v gum concentration is
illustrated in Figure 2. There was a gradual increase
in solubility as temperature increased. The solubility
of paracetamol in cashew gum was higher at
temperatures 30, 40 and 50°C while it was higher in
acacia gum solutions at temperatures above 50 °C.

The comparative effects of pH on the solubilization
of paracetamol in 1 %"/v cashew gum and acacia
gum are shown in Figure 3. Generally, the solubility
of paracetamol in gum solution increased with pH.
The two polymers have comparable solubilizing
properties at pH of 1 to 5. At higher pH, the
solubilizing power of acacia gum was higher.

The effects of gum solutions and Tween® 80 as co-
solubilizers are illustrated in Figure 4. A solution of 1
%"/lv cashew gum and 1 %"/\v acacia gum have
comparable solubilizing power as 0.02 %"/v Tween®
80. The combination of Tween® 80 with cashew
gum solution had higher solubilizing power
compared to its combination with acacia gum.
Solubility of paracetamol in 0.02 %"/v Tween® 80 —
1 %"/v cashew gum was 52 g/L while it was 34.2g/L
in 0.02 %"/v Tween® 80 — 1 %"/v acacia gum.
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Figure 2: Graph of solubility of paracetamol in 1 %*/v gum solution versus temperature
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Figure 3: Graph of solubility of paracetamol in 1 %"/v gum solution versus pH
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Figure 4: Plot of solubility of paracetamol versus co-solubilizers
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DISCUSSION

The plot of drug solubility versus gum concentration
(Figure 1) showed a unique concentration for each
of the two gums. The concentrations were 0.25 %"/v
for ACG and 0.50 %"/v for CSG. Every surfactant is
characterized by the unique concentration termed
its critical micelle concentration (CMC). This is the
concentration above which aggregates of colloidal
dimensions (micelles) are formed [11]. Above the
CMC of a surfactant, a poorly soluble substance
becomes solubilized as observed with paracetamol
in dispersions of ACG and CSG (Figure 1). The
CMC was taken as the concentration of gum
solution above which solubility of the drug increased
with increase in the gum concentration. Hence,
cashew gum has a higher CMC compared to acacia
gum. The concentration of the acacia gum above
which solubilization of paracetamol was observed
corresponds with the CMC of Acacia tortuosa gum
reported by Munoz et al. [12] showing that the drug
solubilization could be by micellar mechanism.
Natural gums are known to possess mild to
moderate surface activity [6].

The solubility of paracetamol in 1 %"/v cashew gum
concentration is comparable to that of 2 %"/v of
acacia gum. Therefore, concentration of cashew
gum at 1 %"/v can be used for the formulation of
paracetamol to achieve the same solubilization as
twice concentration of acacia gum. It might be more
economical to use cashew gum for liquid
paracetamol formulations. Cashew plants are
abundantly available in the tropical region of the
world [3].

As the solubility of paracetamol in cashew gum was
higher at temperatures 30, 40 and 50 °C, there is
increased dissolution and solubility of the drug in
cashew gum solution compared to that of acacia
gum at room temperature. In contrast, solubility of
paracetamol was higher in acacia gum solutions at
temperatures above 50 °C. Hence, temperature has
greater effect on dissolution of paracetamol in
acacia gum solution. However, care must be taken
in enhancing the drug solubility with increase in
temperature because the formulation will be stored
at room temperature and there could be issue of
crystallization [13].

Generally, the solubility of paracetamol in gum
solution increased with pH. The two polymers have
comparable solubilizing properties at pH of 1 to 5. At
higher pH, the solubilizing power of acacia gum was
higher. The implication of this is that at higher pH
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(above 5), acacia is better for use to enable better
solubilization of the sparingly soluble drug.

The combination of Tween® 80 with cashew gum
solution had higher solubilizing power compared to
its combination with acacia gum. Hence,
enhancement of solubility by Tween® 80 is higher
when used with cashew gum solution. Inclusion of a
surfactant such as Tween® 80 is one of the methods
of improving solubility of a poorly soluble drug [14].
Surfactants are especially useful for this purpose
when they are present in quantities above their
critical micelle concentrations [15]. The critical
micelle concentration of Tween® 80 is 0.001 %"/v
[16].  The solubility of paracetamol in 0.02 %%/v
Tween® 80 — 1 %YV cashew gum as 52 g/L is
equivalent to 260 mg / 5ml; and the drug can
conveniently be formulated in the 0.02 %"/v Tween®
80 - 1%, v cashew gum solution at any
concentration below 52 g/L (5.2 g/100ml).

The solubility of paracetamol in ethanol is
14.39/100ml, chloroform is 2g/100ml, glycol is
2.59/100ml and propylene glycol is 11.1g/100ml [9].
Therefore, its solubility in 0.02 %"/v Tween® 80 - 1
%"/v cashew gum solution was twice that of glycol
and half that of propylene glycol.

CONCLUSION

A 1 %"/ solution of cashew gum has better
solubilizing power compared to same concentration
of acacia gum at room temperature. At lower
temperatures (< 50 °C), 1 %v/v cashew gum has
better solubilizing power compared to same
concentration of acacia gum. At elevated
temperatures, acacia gum has better solubilizing
property. The two polymers have comparable
solubilizing power at lower pH (1-5) while acacia
gum has better solubilizing power at higher pH.
Tween® 80 has a better influence on solubilizing
ability of cashew gum. A combination of 1.00 %v/v
CSG and 0.02 %"v Tween® 80 is suitable for
preparing 250mg/5ml  (5g/100ml) paracetamol
solution.
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