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ABSTRACT 
This study was aimed at assessing the suitability of the three grades of Prosochit® for enhanced oral delivery of 
artemether. The three grades of this novel excipient (PC201, PC101, and PC102) were used as binders (wet granulation) 
at concentrations equivalent to 2% w/w prosopis gum (PRG) for the formulation of artemether granules, and the flow 
properties of the granules were determined. The granules were, thereafter, tableted at compaction pressure of 30 
KN, and the tablets evaluated for mechanical strength, disintegration and dissolution. The granules had fair-to-good 
flow before the addition of flow activators. Four tablet formulations were prepared. Tablet crushing strength (CS) 
was not significantly different, but the friability (FR) of tablet containing PRG was significantly higher than those 
containing Prosochit®. Disintegration times (DTs) were 67.44, 62.99, 52.16, and 37.89 minutes for tablets containing 
PRG, PC201, PC101, and PC102, respectively, and the percent drug release at 1 hour was in the inverse order PRG 
< PC201 < PC101 < PC102. Prosochit® is comparable to PRG in terms of the flowability properties of artemether 
granules and the tablet strength. It is a better agent compared to PRG for delivering artemether, and the grade PC102 
offers the best delivery of the drug evidencing that the enhancement of dissolution rate depends on the proportion of 
chitosan in the new excipient.

INTRODUCTION
The adoption of artemisinin-based combination therapy 

(ACT) by the World Health Organization as the first line treatment 
for uncomplicated malaria has resulted in increased use of 
artemisinins (Chen, 2014). In ACT, an artemisinin is combined 
with one or two other drugs for the treatment of malaria. Compared 
to the use of a single agent, ACT provides a better treatment 
outcome, reduces the chance of development of drug resistance, 
and reduces disease transmission (Pousibet-Puerto et al., 2016).

Solubility and permeability are the two major 
physicochemical properties determining bioavailability of 
drugs (Ashford, 2018). All artemisinins have good permeability 
(Rosenthal, 2004). The major difference in their physicochemical 
properties is solubility. For instance, the parent compound 
artemisinin has poor solubility; artemether is lipid-soluble 

and poorly water-soluble, while artesunate is water-soluble 
(International Pharmacopoeia, 2006; Rosenthal, 2004).

The low oral bioavailability of artemether (35.0%–
43.2%) is due to its poor water-solubility (Laxmi et al., 2015; 
Tayade and Nagarsenker, 2010). The previous work on the oral 
delivery of the drug using acacia gum, cashew gum, and prosopis 
gum (PRG) showed that the PRG caused delayed drug release but 
enhanced permeation compared to acacia gum, a known standard 
gum (Olorunsola et al., 2017). Like other drugs having dissolution 
rate-limited absorption, enhancement of dissolution of artemether 
from tablet is a way of improving the bioavailability of the drug 
(Strandgarden et al., 1999).

Prosochit® is a derivative of two biopolymers (PRG and 
crab shell chitosan). It is presently available in three grades as 
Prosochit® 201 (PC201), Prosochit® 101 (PC101), and Prosochit® 
102 (PC102) (Olorunsola, 2017). Chitosan, which is one of the 
polymers used for developing Prosochit®, is known to enhance 
tablet disintegration and drug dissolution (Ritthidej et al., 1994; 
Sinha et al., 2004). Hence, its combination with PRG for developing 
Prosochit® for use in delivering artemether could enhance the 
delivery of the drug.
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Dissolution enhancement is one of the methods of 
improving bioavailability of poorly-soluble drugs (Sinha et al., 
2004). This work is aimed at assessing the suitability of the three 
grades of Prosochit® for enhanced oral delivery of artemether.

MATERIALS AND METHODS

Materials
The materials used include: PRG extracted from the 

seeds of Prosopis africana; Prosochit® 201, Prosochit® 101, and 
Prosochit® 102 developed as described in NG Patent 2016/00355 
(Olorunsola, 2017). Other materials used are: artemether powder 
(Afrab Chem. Ltd., Lagos, Nigeria), lactose monohydrate 
(Surechem Products Ltd., England), maize starch B.P. and talc 
(BDH Chemicals, Poole, England), and magnesium stearate 
(Riedel-De Haen, Germany).

Tablet formulation
The three grades of Prosochit® were used as binders at 

concentrations equivalent to 2.0% w/w PRG for the preparation of 
granules for tablets of weight 275 mg containing 20 mg artemether. 
The binders were used as 2% PRG, 3% PC201, 4% PC101, and 6% 
PC102 to ensure incorporation of 2% PRG in all the formulations, 
and 0%, 1%, 2%, and 4% chitosan in (Formulations) I, II, III and 
IV, respectively. Calculations were made for batch sizes of 13.75 g 
(50 tablets) as shown in Table 1.

The weighed quantities of artemether (the drug), maize 
starch B.P. (disintegrant), and lactose (diluent) were dry-mixed 
in a mortar mixing bowl for 5 minutes and then moistened with 
mucilage of the binder (PRG, PC201, PC101, or PC102). The 
damp mass was screened through a 2.0-mm size sieve, air-dried for 
3 hours, and then dried in a hot air oven (Gallenkamp, Germany) 
at 60°C for 1 hour. The dried granules were screened through a 
1.0-mm size sieve (Olorunsola et al., 2017).

Determination of granule micromeritics
Ten grams sample of granules was placed in a 25 ml 

capacity measuring cylinder and the bulk volume was taken. The 
cylinder containing the granules was tapped 100 times after which 
the volume was retaken. The bulk density (BD) and tapped density 
(TD) were calculated as the ratio of mass of the granules to the 
corresponding volume.

The Hausner’s ratio (HR) and Carr’s index (CI) of the 
granules were calculated using the equations below (Aulton, 
2018):

HR =
TD

BD
 � (1)

−
×CI =

TD BD

TD
100%  � (2)

Tableting
The required amounts of talc and magnesium stearate 

(as presented in Table 1) were separately weighed and gently 
blended with the dried granules. Tablets of targeted weight 275 
mg (containing 20 mg artemether) were formed from the resulting 
mix by compaction at a pressure of 30 KN using a single punch 
tableting machine (Erweka, Germany) fitted with 8.0-mm punches.

Evaluation of tablet quality
The tablets were kept for a period of 24 hours to allow 

for stress relaxation before they were subjected to quality control 
tests (Alebiowu and Itiola, 2003). The tablets were subjected to 
CS determination (Monsanto hardness tester, Laboratory Tree 
Co., India), FR test (Roche frabilator, Erweka, Germany), and 
disintegration test (Disintegration tester ZT3, Erweka, Germany) 
using the conventional methods (Salih and Niff, 2016).

Different concentrations of artemether (0.05%, 0.10%, 
0.15%, 0.20%, and 0.25% w/v) were prepared in 1.0-mol.l−1 
ethanolic hydrochloric acid (International Pharmacopoeia, 2006) 
and the absorbance was taken at 210 nm (Debra et al., 2016). This 
was used to get the Beer–Lambert’s plot for artemether. The plot 
was subsequently used for determining the percent drug release 
from tablets.

Tablet dissolution test was carried out using U.S.P. 
dissolution apparatus (Panomex Inc., India). One tablet was 
placed inside the dry basket of the apparatus and lowered inside 
the glass containing 900 ml of 0.1-mol.l−1 hydrochloric acid 
thermostatically maintained at 37.0°C ± 0.5°C. The apparatus was 
set to a rotational speed of 100 rpm for 1 hour. Samples (10-ml 
volumes) were taken at 10-minute intervals with subsequent 
replacement with equal volume of the 0.1-mol.l−1 hydrochloric 
acid. Each withdrawn sample was filtered and the absorbance 

Table 1. Tablet formulation for 50 units.

Pharmaceutical Formulations

ingredient I II III IV

Artemether 1.00 g (7.3%) 1.00 g (7.3%) 1.00 g (7.3%) 1.00 g (7.3%)

Maize starch B.P. 1.38 g (10.0%) 1.38 g (10.0%) 1.38 g (10.0%) 1.38 g (10.0%)

Lactose monohydrate 10.81 g (78.6%) 10.68 g (77.7%) 10.54 g (76.6%) 10.26 g (74.6%)

PRG 0.28 g (2.0%) - - -

PC201 - 0.41 g (3.0%) - -

PC101 - - 0.55 g (4.0%) -

PC102 - - - 0.83 g (6.0%)

Talc 0.21 g (1.5%) 0.21 g (1.5%) 0.21 g (1.5%) 0.21 g (1.5%)

Magnesium stearate 0.07 g (0.5%) 0.07 g (0.5%) 0.07 g (0.5%) 0.07 g (0.5%)

Total weight to 13.75 g 13.75 g 13.75 g 13.75 g
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was taken at 210 nm (Remington et al., 2006) using an ultraviolet 
spectrophotometer (UNICO Shanghai Instrument, China). The 
cumulative percent drug release was determined with reference to 
the Beer–Lambert’s plot and a graph of cumulative percent drug 
released was plotted against time.

Data analysis
Data (X ± standard error of mean—SEM) were analyzed 

by applying one-way analysis of variance followed by Turkey–
Kramer multiple comparison test using GraphPad Instat-3 
software; p-values less than 0.05 were taken as significant.

RESULTS AND DISCUSSION

Granule micromeritics
The micromeritics of the different granules are shown 

in Table 2. There was no significant difference in the BD of the 
granules and it ranged from 0.53 to 0.55 g/cm3. Similarly, there 
was no significant difference in the TD of the granules and it 
ranged from 0.62 to 0.64 g/cm3. The HR ranged from 1.16 to 1.19, 
while the CI ranged from 14.06% to 15.88%. 

BD is directly related to particle packing. Hence, the 
packing of the different granules is not significantly different. The 
insignificant difference in the BD and the insignificant difference 
in the TD of the granules imply similarity in the consolidation 
process of the different granules (Aulton, 2018).

According to Aulton (2018), HR from 1.12 to 1.18 
(equivalent to CI from 11% to 15%) indicates good flow, while HR 
from 1.19 to 1.25 (equivalent to CI from 16% to 20%) indicates fair 
flow. Even though there was no statistically significant difference 
in the HR and in the CI of the granules, the flow patterns of the 
granules are different. Based on the two parameters (HR and CI), 
granules containing PRG (Formulation I) and PC102 (Formulation 
IV) are characterized by good flow, while those containing PC201 
(Formulation II) and PC101 (Formulation III) are characterized by 
fair flow. To ensure good flow of all the granules during tableting, 
magnesium stearate (anti-adherent) and talc (glidant) were added 
to the granules of all the formulations before compression.

Tablet properties
Some tablet properties are shown in Table 3, while the 

dissolution profile is shown in Figure 1. There was no significant 
difference in the CS of the tablets, but the FR of tablets containing 
PRG was significantly higher than those containing Prosochit®.

The DT of tablets was in the order: Formulation I > 
Formulation II > Formulation III > Formulation IV, while the % drug 
release at 1 hour was in the inverse order. The dissolution profile 
showed two-staged dissolution for all the formulations. Stage one 
spanned the first 20 minutes, while stage two started from time 20 
minutes through time 60 minutes for all the preparations in study.

The CS and FR of all the formulations are within the 
acceptable ranges. A CS of 4–7 kgf and FR of <1% are expected 
for tablets to pass tests for the strength (Remington et al., 2006). 
The CS is a measure of the tablet strength, while FR is a measure 
of the weakness. Both parameters are taken into consideration as 
measures of the mechanical properties of the tablets.

All the formulations failed the test for DT for immediate 
release tablets. A DT less than 15 minutes is required for 
immediate release tablets (United States Pharmacopoeia, 2008). 
The long DTs correlate with the high binding strength of PRG 
already reported by Attama et al. (2000). Tablet disintegration is 
the initial step of drug release from tablets. During disintegration, 
a tablet in the presence of fluid is broken into aggregates. In some 
instances, some polymers bring forth gelling of tablet rather than 
disintegration causing delayed or extended drug release. Both PRG 
and chitosan have this tendency, especially at high concentrations 
(Attama et al., 2000; Sonia and Sharma, 2011). This is the reason 
Prosochit® was used at low concentrations in this work.

The disintegrant and dissolution-enabling properties of 
the binding agents are in the order: PRG < PC201 < PC101 < 
PC102. Formulations I, II, III, and IV contain equivalents of 0%, 
1%, 2%, and 4% chitosan, respectively. Therefore, there is a direct 
relationship between the release properties of the formulations and 
the proportion of chitosan in the binding agents.

The dissolution profile shows that there were two 
stages of dissolution for each of the formulations. Stage one with 
greater slope shows that there was an initial fast dissolution rate 
up to time 20 minutes. Beyond time 20 minutes, there was a 
slower dissolution rate as revealed by the reduced slope of the 
plots. Since both PRG and chitosan have swelling and gelling 
tendencies, the initial fast dissolution rate can be explained 
as drug release from the surface of the tablet while the slower 

Table 2. Micromeritics of granules obtained using different binder agents.

Formulation BD (g/cm3) TD (g/cm3) HR CI (%)

I (with PRG) 0.53 ± 0.00 0.62 ± 0.00 1.17 ± 0.02 14.52 ± 1.78

II (with PC201) 0.53 ± 0.00 0.63 ± 0.01 1.19 ± 0.01 15.87 ± 0.93

III (with PC101) 0.53 ± 0.00 0.63 ± 0.01 1.19 ± 0.01 15.88 ± 0.89

IV (with PC102) 0.55 ± 0.00 0.64 ± 0.00 1.16 ± 0.01 14.06 ± 0.52

n = 5 ± SEM.

Table 3. Tablet properties.

Formulation CS (kgf) FR (%) DT (minute)

n = 5 ± SEM n = 3 ± SEM n = 6 ± SEM

I (with PRG) 4.60 ± 0.22 0.80 ± 0.18 67.44 ± 2.54

II (with PC201) 4.50 ± 0.31 0.61 ± 0.04 62.99 ± 0.13

III (with PC101) 4.40 ± 0.09 0.51 ± 0.00 52.16 ± 0.01

IV (with PC102) 4.50 ± 0.20 0.52 ± 0.00 37.89 ± 0.06

Figure 1. Plot of cumulative percent drug release versus time.
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dissolution rate corresponds to drug release from the swollen 
gelling mass (Chavanpatil et al., 2005). This observation is 
different from drug release from chloroquine tablets formulated 
with corn and yam starches in which there was an initial slow 
dissolution rate (during tablet disintegration) then a faster 
dissolution rate (after tablet disintegration) followed by a decline 
in the drug release (Adetunji et al., 2006).

Tablets containing PRG and PC201 failed dissolution 
test, while those containing PC101 and PC102 passed the test. 
A minimum of 75% drug should be released within 1 hour for 
immediate release tablets (United States Pharmacopoeia, 2008). The 
good drug dissolution from tablets containing PC101 and PC102 can 
be linked to the presence of appropriate amount of chitosan in the 
excipients as chitosan is known to enhance drug delivery (Ritthidej 
et al., 1994; Sinha et al., 2004; Sonia and Sharma, 2011). There was 
an inverse relationship between the DT of tablet and the percent 
dissolved drug in 1 hour. Prosochit® 102 brought forth the best drug 
delivery, its formulation being characterized by the lowest DT and 
the highest cumulative percent drug release at 1 hour.

The suitability of Prosochit® in enhancing oral delivery of 
artemether is in consonance with the work of Ngwuluka et al. (2015) 
which showed that combination of two polymers is often superior to 
the individual ingredient. Previous work showed that PRG caused 
delayed release of artemether but enhanced permeation compared 
to acacia gum (Olorunsola et al., 2017), whereas dissolution is the 
rate-limiting step for the absorption of the drug (Rosenthal, 2004). 
This work has shown that Prosochit® 102 (Formulation IV) is able 
to enhance the dissolution rate of artemether in comparison with 
PRG (Formulation I) probably due to the amount of chitosan in the 
6.0% binder concentration used to compose the artemether tablet.

CONCLUSION
The flow properties of artemether granules and the 

mechanical strength of the tablets formulated with Prosochit® are 
comparable with those of PRG. The use of the new excipient was 
able to increase the oral delivery of the artemether. It is a better 
agent compared to PRG for delivering artemether, and the grade 
Prosochit® 102 offers the best delivery of the drug according to the 
formulations studied.
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