
Indian Journal of Novel Drug Delivery 9(2), Apr-Jun, 2017, 82-95 

82 

 

 

 

 

 
 

Indian Journal of Novel Drug Delivery 
IJNDD 

 

An Official Publication of 
Karnataka Education and 

Scientific Society 

Research Article 

Design and Evaluation of Melt-extrusion Matrices using Tronated Micro-

fine Celluloses (TMFCs) Hydrogel Derived from Gmelina arborea for the 

Delivery of Acetaminophen 
AKPA PA, KENECHUKWU FC*, ADIKWU MU AND OKORE VC 
Drug Delivery and Nanomedicines Research Unit, Department of Pharmaceutics, Faculty of Pharmaceutical Sciences, University of 
Nigeria, Nsukka 410001, Enugu State, Nigeria 

A R T I C L E   D E T A I L S  A B S T R A C T  
 

Article history: 

Received on 14 February 2017 
Modified on 15 June 2017 
Accepted on 21 June 2017 
 

 
 

This aim of this study was to produce pharmaceutical grade microfine cellulose 
from alpha- cellulose derived from sawdust of the tropical tree Gmelina arborea, 
using trona (sodium sesquicarbonate), a known depolymerization agent, evaluate 
the physicochemical properties of the resulting cellulose and develop melt-
extrusion matrices containing acetaminophen using the cellulose. Alpha–cellulose 
was extracted from sawdust and treated with various concentrations of trona (0.1, 
1, 2, 5, 10, 15 and 20 %) to produce tronated microfine cellulose - TMFC. The 
physicochemical properties of TMFC was determined and compared with Avicel PH 
101 (Microcrystalline cellulose, MCC), a standard cellulose. TMFC was then used to 
prepare melt-extrusion matrices of acetaminophen. Some physicochemical 
properties of the matrices were determined. Drug dissolution from the melt-
extrusion matrices was evaluated in 0.1N HCl (pH 1.2). Results indicate that the 
physicochemical properties of the α–cellulose were comparable to MCC. Rf values 
revealed no drug-excipient incompatibility between acetaminophen and TMFC.  
The physicochemical tests on TMFC showed that these matrices are of sufficiently 
high mechanical strength and that they had relatively high uniformity in both 
weight and dimensions. Release studies showed that although TMFC compared 
favorably with MCC, TCMC slightly increased cumulative drug released from the 
matrices compared with non-tronated cellulose and achieved sustained release of 
acetaminophen in the stomach environment (pH 1.2). This study has shown that 
TMFC prepared from sawdust Gmelina arborea could be used along with paraffin 
wax in the development of melt-extrusion matrices which could be employed to 
achieve sustained and targeted delivery of acetaminophen in the stomach 
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INTRODUCTION 
The need for development of appropriate 
carriers for drug delivery has been a concern for 
bio-medical and pharmaceutical scientists.  
Researches into strategies to chemically and/or 
physically modify the structures of natural 
polysaccharides and, consequently, their 
physicochemical properties are gaining 
increasing interest [1-3]. The importance of 
polymer modification has increased in recent 
years, particularly because it shows 
enhancement of the mechanical properties of the 
final product, among other benefits [4, 5]. The 
properties of the final material such as 
biodegradation rate, adhesion to biological  
 

substrates, drug solubility inside the polymer 
matrix, can therefore be modified and tailored to 
specific applications [6]. A combination of 
judiciously selected natural or synthetic 
polymers and other agents (modifiers) has been 
found to be useful in controlled release  and 
targeted DDS of a large variety of drugs, tissue 
engineering, biomedical applications and cancer 
therapy [4, 5, 7]. Characterization techniques used 
to establish or standardize the potential 
applications of modified polymers include 
structural elucidation, physicochemical, 
rheological, toxicity and compatibility studies [8-

10]. These techniques would enable the 
establishment of the suitability of generated 
product thereof in the formulation of various 
dosage forms of drugs [8-10]. 
 

Gmelina arborea, a medium-sized deciduous tree 
up to 40 m tall and 140 cm in diameter [11], is 
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relatively abundant in Nigeria and some other 
tropical countries, where it is grown either in 
plantations or ornamentally in private and public 
places. It can withstand dryness for 6 - 7 months, 
requires an annual rainfall of 750 - 5000 mm [12] 
and has been screened for bio-oil production [13]. 
In Nigeria, Gmelina is commonly used for 
furniture making and as building materials for 
temporary wood structures as it is considered 
soft wood in building industry while in 
agronomy, it is considered a hard wood. This 
could be attributed to the fact that it belonged to 
deciduous plant family. And because of its 
present use, it constitutes large percentage of 
wastes (sawdust) accruing from the wood 
industry [13]. This study was devoted to the 
extraction, purification and tronation of cellulose 
from the agricultural waste product (sawdust) 
for pharmaceutical application in sustaining the 
delivery of acetaminophen, an analgesic and 
antipyretic drug. 
 

Cellulose, a tasteless, odorless, white crystalline 
material of linear polysaccharide consistency of 
several D-glucose units linked together by ß, 1-4 
glycosidic bond [14], is the most abundant natural 
polymer which is used as such or its derivatives 
in a number of applications, including in paper, 
packaging or lacquer technologies [15]. It is 
biodegradable due to acid hydrolysis at high 
temperature and through enzymatic processes 
[16, 17] and is obtainable from renewable sources, 
and, thus acceptable from the environmental 
point of view. Today, cellulose has 
revolutionalized tableting technology because of 
its unique compressibility and carrying capacity. 
It exhibits excellent property as excipient for 
solid dosage form as it compacts well under 
minimum compression pressure. It is also safe 
and physiological inert [18]. However to reach the 
required application properties, cellulose has to 
be modified, mostly by a reaction of hydroxyl 
groups leading to cellulose esters and ethers [19, 

20]. It could also be modified by grafting other 
materials unto cellulose [21] or by tronation 
(cross-linking with sodium sesquicarbonate). 
 

Many strategies are available for the design and 
development of modified-release drug delivery 
formulations. Conventional oral dosage forms 
often produce fluctuations of drug plasma level 
that either exceed safe therapeutic level or 
quickly fall below the minimum effective level; 
this effect is usually totally dependent on the 
particular agent’s biologic half-life, frequency of 
administration, and especially the release rate 
[22]. Melt Extrusion, the process of embedding 

drug in a polymeric carrier [23] or the process of 
converting a raw material into a product of 
uniform shape and density by forcing it through 
a die under controlled conditions [24], is an 
efficient technology for producing solid 
molecular dispersions with considerable 
advantages over solvent-based processes such as 
spray drying and co-precipitation. This 
technology can provide sustained, modified, and 
targeted drug delivery [25]. In recent years, hot 
melt extrusion (HME) is being explored in the 
pharmaceutical field because it offers several 
advantages over traditional processing methods 
[26]. HME may be used to disperse drugs in a 
given matrix at the molecular level, thus forming 
solid solutions, and this approach is commonly 
used for delivery of poorly soluble drugs because 
of its role in increasing the dissolution, 
absorption, and therapeutic efficacy of drugs. 
Also, in the case of transdermal drug delivery 
systems, at least part of the incorporated drug 
must be in solution since only drug in solution 
diffuses from the polymeric patch and is 
available for absorption [27, 28]. 
 

Until recent era trona has been used in food and 
meat industries but, recently, they are being 
explored for their other pharmaceutical 
applications. In an attempt to verify the use of 
tronated microfine cellulose (TMFC) as 
polymeric matrix in dosage forms, this research 
work was initiated. This work was conceived 
with the sole purpose of transforming the huge 
heaps of sawdust, which constitutes waste 
product in our environment, into a useful 
pharmaceutical raw material. The research was 
based on the hypothesis that trona (sodium 
sesquicarbonate) could be able to attack the link 
between the adjacent glucose moieties in the 
cellulose molecule (C1-C4) [14-21]. Cellulose fibres 
are highly flexible owing to the partial 
amorphous character of cellulose. The dual 
nature of cellulose, that is, its 
crystalline/amorphous nature explains why it 
was posited that sections of the amorphous part 
could be attacked by trona which is a widely 
established depolymerization agent. The scope of 
present work is to establish microfine cellulose 
from Gmelina arborea as a pharmaceutical grade 
excipient, against the commercially used one’s 
like MCC (Avicel), modify the cellulose using 
trona as an artificial chapron for improved utility 
in drug delivery, adopting melt extrusion 
technology. For this purpose, paracetamol which 
is analgesic and antipyretic drug [29] and paraffin 
wax which is an established matrix-forming 
material [30] were selected as a model drug. 
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Sawdust 
                                                                                                                                         

Milling 
                                                          

Dignification 
10 % w/v NaOH at 70 °C for 30 minutes 

                                                                        

Bleaching 
0.4 % sodium hypochlorite at 70 °C for 3 hours 

                                                                  

         Wash with water until neutral to litmus 
 

          Removal of acid soluble impurities 
             0.1N HCl at 70 °C for 3 hours 

 

 

           Removal of β-  and  γ-celluloses 
          17.5 % NaOH at 70 C for 1 hour 

 

 

          Milling of oven-dried α-cellulose 

Figure 1: Extraction of cellulose from sawdust. 

Thus the objectives of this study were to produce 
pharmaceutical grade microfine cellulose from 
the   α- cellulose derived from sawdust of the 
tropical tree Gmelina arborea (Family 
Verbenaceae), using trona as an artificial 
chapron, evaluate the physicochemical 
properties of the tronated microfine celluloses 
(TMFC) compared with  Avicel PH101 
(Microcrystalline cellulose, MCC), a standard 
cellulose powder, and  to develop melt-extrusion 
matrices using TMFC and paraffin wax for 
controlled delivery of acetaminophen.  
 
MATERIALS AND METHODS 

Materials 

The materials used include microcrystalline 
cellulose, Avicel PH101 (FMC Corporation, USA), 
sodium hydroxide, sulphuric acid, hydrochloric 
acid and acetic acid (BDH, Germany), calcium 
hypochlorite (Reckitts and Coleman, India). All 
other chemicals and reagents were analytical 
grades and were used without further 

purification. Trona (sodium sesquicarbonate) 
was processed in the Pharmacy Practice 
Laboratory, Department of Pharmaceutics, 
University of Nigeria, Nsukka. 
 
Extraction of α–cellulose from sawdust 

Sawdust of Gmelina arborea was collected from 
Timber Shade Market Nsukka, Nigeria, milled 
using a hammer mill and then subjected to the 
sequential treatment steps of the classical soda 
process of wood pulp purification as depicted in 
Figure 1 to yield high purity α–cellulose. 
 
Tronation of α-cellulose 

The α–cellulose obtained above was treated with 
1.0 and 5.0 %w/v of trona for 4 and 6 hours at 50 
°C and 40 °C respectively. The samples obtained 
were coded TMFC-1 and TMFC-2 respectively as 
shown in Table 1. In each case, 20 g of the α–
cellulose powder was placed in a 200 ml 
volumetric flask and 50 ml of trona solution was 
added. The volumetric flask was then placed on a 

Wash 

 Wash 
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thermo-regulated hot plate (Model: EV14, 
Gerhardt Bonn, Germany). The dispersion in the 
volumetric flask was then stirred with a Teflon-
coated magnetic stirrer at a rate of 50 rpm. Heat 
was applied and sustained at a pre-determined 
temperature after which the tronated 
microcrystalline cellulose (TMFC) was Qiltered off 
and washed with deionized water until the 
washing water was neutral to litmus paper. The 
Qinal material was then collected and dried at 60  ͦ 
C for 4 h in an oven (Gallenkamp OV 880, 
England). 
 
Percentage yield of α-cellulose 

The amount of purified α–cellulose extracted 
from the sawdust was related to the quantity of 
the starting material and the percentage yield 
calculated using equation 1. 
 

����� �%	 =  
����� �� ���� �����������

����� �� ����� �������
 � 100          

                                                                        …… (1) 

Characterization of cellulose powders 

Particle size analysis 

A small quantity of α-cellulose was placed on a 
microscope slide and few drops of glycerine 
added. The resulting smear was then carefully 
covered with a cover slip, mounted on a 
photomicroscope (Leica W-6 330-Wetzlar 1, 
Germany), viewed at a magnification of x100 and 
the photomicrographs taken using a motican 
camera mounted on the microscope. The 
particles viewed were classified into large, 
medium and small sized particles. The average 
number of particles in each group was noted. The 
dimensions of one of the large particles were 
then determined by counting the number of 
divisions of the slide occupied by the particles in 
each case and relating it to the actual dimensions 
of the particle. The actual particle size in 
micrometer was ascertained by multiplying the 
number of divisions obtained by 0.01 mm since 
each internal division corresponds to 0.01 mm. 
 
Table 1: Cellulose powder samples studied 

Sample name Remarks 

Avicel 
PH101(MCC) 

Standard 

α-cellulose Untronated 

TMFC-1 Cellulose treated with 1 % trona 
solution for 4 h at 50 °C 

TMFC-2 Cellulose treated with 5 % trona 
solution for 6 h at 40 °C 

 
 

It is noteworthy that the particle size of only the 
α-cellulose powder was studied because it 
served as the mother material for the production 
of the tronated microfine cellulose powders. 
 
Solubility determination 

Approximately 100 mg quantity of each sample 
of the cellulose powders was placed in a test tube 
containing each of the test solvents (cold water, 
hot water, 0.1M HCl, 0.1M NaOH, 
tetrahydrofuran and methanol). The powder-
solvent mixtures were then agitated and 
carefully observed for any sign of dissolution. 
After the preliminary study, a 4 %w/v dispersion 
of each of the cellulose powders in distilled 
water was made and subsequently poured into 
50 ml volumetric flasks. These dispersions were 
shaken vigorously and allowed to stand for 24 h. 
These dispersions were filtered and a 25 ml 
volume of the filtrate was evaporated to dryness 
in a pre-weighed dry glass crucible. The weight 
of the residue reflects the amount of cellulose 
dissolved in 100 ml of water. 
 
Compressibility 

A 1 g quantity of each cellulose powder was 
compressed on a Manesty F3 tableting machine 
at a compressional setting of 45 units. The 
hardness of each of the compacts produced was 
then determined using a Monsanto hardness 
tester immediately after compression and after 
24 h allowing for elastic recovery. 
 
Densification behavior 

A 10 g quantity of each cellulose powder was 
poured into a 100 ml measuring cylinder and 
bulk volume was measured. The cylinder was 
subsequently tapped 50 times from a constant 
height of 10 cm, the new powder volume was 
noted and tapping continued for up to 500 taps 
until there was no further change in the packed 
(tapped) volume. The ratios of the mass to 
packed volume, porosity, tapped and bulk 
densities were calculated. 
 
Swelling volume 

Locally fabricated graduated tubes of 20 ml 
volume (degree of graduation 0.1 ml) were used 
for this study. A 500 mg quantity of each 
cellulose powder previously weighed out by 
means of the Sauter electronic balance was 
added to 10 ml of distilled water, suspended and 
fixed in a test tube rack. The powder volume was 
determined after 60 min and then at hourly 
intervals until a constant volume was attained. 
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Moisture content determination 

A 5 mg quantity of each powder sample was 
weighed out and placed in a porcelain dish of 
known weight. The dish was then placed in an 
oven (Gallenkamp OV880, England) maintained 
at 80 °C for 3 h. At the end of the heating period, 
the dish was removed and cooled in a dessicator 
containing silica gel. The porcelain dish was 
weighed, re-heated at 80 °C for a further 1 h, 
cooled and re-weighed. The heat-cool cycle 
followed by weighing was continued until there 
was no further detectable change in weight. The 
loss in weight corresponding to the moisture 
content was determined using equation 2. 
 

"#�$%&'� �%	 =  
(��� ) �����

*��)�� ���� �� ������
 � 100         

                                                                      ………. (2)  
 

Equilibrium moisture determination 

A 5 g quantity each of the various cellulose 
powders was placed in a glass beaker and 
transferred to a relative humidity chamber 
containing sulphuric acid solutions for 
maintaining 35, 65, 75, and 100 % RH [31]. After 
equilibrium, the samples were left in the relative 
humidity chambers for 24 h after which moisture 
contents of the samples were measured using the 
method outlined above (in the preceding 
subsection). This gave an indication of the 
equilibrium moisture content of the samples. 
 
Determination of particle true density 

The true density (ρt) was determined using a 50 
ml pycnometer with n-hexane serving as the 
displacement fluid. The pycnometer was 
weighed empty using an electronic balance 
(Sauter, Germany) and its weight was recorded 
as W1. It was then filled with n-hexane and re-
weighed giving a weight, W2. The difference in 
weight was recorded as W3. A 1g quantity of the 
cellulose powder was placed in the empty 
pycnometer, which was then filled with n-
hexane. This set-up was then covered and placed 
in a water bath maintained at 40 °C for 5 min to 
drive off entrapped air. The pycnometer was 
then weighed after allowing it to cool for 15 min 
to give a weight, W4. The true density of each 
sample was then calculated by using equation 3. 
 

+��,/.�	 =
�/ 0 �1

23 ��45�/5�1��6	
        …… (3) 

 

Where +�  is the true density 
 

 

Determination of browning and charring 

temperatures 

These tests were carried out using standard 
procedure [32]. A 100 mg quantity of each 
cellulose powders was put into a capillary tube, 
which had been previously sealed at one end. 
The tube was then inserted into the heating 
chamber of a melting point apparatus 
(Electrothermal® Fisher Instruments Inc., USA). 
An enclosed thermometer was used to monitor 
the temperature changes during the course of the 
study. The browning temperature was taken to 
be the temperature at which each of the powders 
under examination underwent a chromogenic 
transformation to brown while the charring 
temperature is the temperature at which the 
powders charred; that is turned completely 
black. 
 

Determination of ash value 

A 1 g quantity of each powder was placed in a 
dry weighed porcelain dish which was then put 
in a heating chamber (Heraeus H. Jurgens and Co. 
Model M110, Germany) maintained at 500 °C for 
2 h. At the end of the heating period, the 
porcelain dish was cooled and re-weighed. The 
two-step cycle of heating and cooling was 
continued intermittently until there was no 
further detectable change in weight of the 
residue. The ash value was calculated from the 
weight of the residue and the original weight of 
powder. The water soluble ash was also 
determined. 
 

Determination of pH of slurry 

A 2 %w/v aqueous suspension of each of the 
cellulose powders was prepared in distilled 
water and the pH determined using a digital pH 
meter (Electronic Machines Ltd., UK Model 7065, 
England), after 24 h of storage. 
 

Elemental analysis 

A 100 mg quantity of each of the cellulose 
powders was subjected to elemental analysis to 
detect trace amounts of some elements following 
standard methods [33, 34]. 
 

Qualitative test for α-cellulose  
The test sample was 50 %w/v slurry of α–
cellulose prepared and hydrolysed with 72 % 
H2SO4 for 3 h at room temperature. A 5 ml 
volume of distilled water was then added and the 
mixture heated on a hot plate (Gerhardt, Model 
14, Bonn, Germany) at 100 °C for 2 h. The 
mixture was then neutralized with 5 ml of 2.0M 
NaOH and subsequently tested with Fehlings 
solutions A and B for the presence of reducing 
sugars. 
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Test for cellulose 

A standard method [35] was employed for this 
test. The underlying principle of this test is that 
alpha-cellulose has to be determined in 
extractive free, lignin-free wood. This test was 
performed on the holocellulose left after the 
delignification and bleaching of sawdust pulp. 
Sawdust powder weighing 2 g was passed 
through a 250 µm sieve (Gallenkamp, England) 
and placed in a tarred crucible which was then 
dried in the oven for 3 h at 80  °C (Gallenkamp 
Model 880, England). At the end of the heating 
period, the crucible was cooled in a silica gel 
filled dessicator. Heating and cooling was 
continued intermittently until a constant weight 
was attained. This weight which indicates the 
percentage moisture content was then recorded 
and used to calculate the percentage of moisture-
free wood. 
 

The specimen of air dry wood (holocellulose) 
was transferred into a 250 ml beaker provided 
with a cover plate. A 25 ml volume of 12.5 % 
NaOH solution was poured into a 50 ml beaker 
and maintained at 20 °C. A 10 ml volume of this 
solution was added to the holocellulose in the 
250 ml beaker also maintained at 20 °C. The 
sawdust sample was then manipulated with a 
glass rod to ensure that the specimen thoroughly 
soaks up the NaOH solution. The sample was 
then manipulated with the glass rod after 2 min. 
Then 5 min after the addition of the first 10 ml 
portion of 17.5 % NaOH solution, 5 ml was added 
after 15 min and the sample stirred. The crucible 
was then allowed to stand for 30 min at 20 °C. 
After 45 min of caustic treatment, 33 ml of 
distilled water was added to get 8.3% NaOH. The 
cellulose was then filtered into a tarred alkali 
resistant glass crucible and 15 ml of acetic acid 
(10 % solution) poured into the crucible at room 
temperature. The set-up was allowed to stand for 
5 min to soak up the acid. The crucible was 
washed with distilled water repeatedly until the 
cellulose was free of acid as indicated by a 
neutral pH. The crucible was then dried with a 
piece of cloth and placed overnight in an oven 
maintained at 80 °C. The crucible was then 
removed from the oven and weighed. The 
percentage of alpha-cellulose was determined 
using equation 4. 
 

7�'8�9%:,� ; − 8���&�#$� =
 �/

 �4
 � 100   ….. (4) 

 

Where W2 is the weight of oven dry cellulose 
residue and W1 is the weight of the original oven-
dry sawdust samples. 

Drug-excipient compatibility studies 

Thin layer chromatography (TLC) was used to 
assess the presence or absence of degradation 
products of 50:50 mixtures of model drugs and 
the cellulose powder following their exposure to 
thermal stress. Mixtures of acetominophen and 
cellulose powders in the ratio of 50:50 were 
made and put into neutral glass tubes. The set-up 
was then stored for 3 days at 75 °C in an oven 
(Gallenkamp Model 110, England). At the end of 
the storage period, the chromatographic analysis 
for degradation products was carried out. The 
development reagents were chosen based on 
their demonstrated ability to serve as carriers for 
acetaminophen [36] as follows: acetaminophen- 
n-butanol:glacial acetic acid:water (100:22:53). 
Thin layer chromatographic plates measuring 20 
x10 cm were coated with a thin-layer of silica gel 
(660 BDH), and activated by heating in an oven 
(Gallenkamp Model 880, England) at 100 ͦC for 1 
h. After activation, 100 mg samples of the drug-
excipient combinations were suspended in 
distilled water and used to spot the plates using a 
micropipette. Suspension of acetaminophen was 
also used to spot the plates so as to act as 
reference standard. The plates were 
subsequently placed in chromatographic tanks 
containing previously prepared development 
reagents. The plates were removed from the 
tanks as soon as the solvent front reached the 15 
cm mark. The plates were then dried and 
carefully scrutinized to identify the locations of 
the spots of the various samples. The Rf values of 
the samples were then calculated and used as 
determinants of drug-excipient incompatibility. 
 
Preparation of waxy matrices 

The matrix moulding unit (MMU) (diagram not 
shown) used for the preparation of the matrices 
was developed in the Department of Mechanical 
Engineering, University of Nigeria, Nsukka. It 
consists of a piece of rectangular Perpex glass 
sheet having dimensions 12 x 4 cm. The glass 
sheet has disc-shaped holes drilled into it to a 
depth of 3 mm and having a diameter of 12 mm. 
The device is fitted into a polyvinyl chloride 
(PVC) plastic holder. The plastic material of the 
matrix moulding device confers many 
advantages such as high tensile strength and a 
light weight. Furthermore, the device has the 
added advantages of being very portable and 
from the economic perspective, the cost of 
production is not prohibitive. The MMU is 
designed to allow for the production of matrices 
in a single in-line process after a prior mixing 
stage wherein the components of the desired 
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matrix are combined in a suitable vessel such as 
a porcelain dish or a beaker of sufficient volume. 
This device can be employed in the production of 
matrices with a wide variety of drug-excipient 
combinations. 
 

The matrix forming material was put in a 20 ml 
beaker placed on a hot plate (Gerhardt, Model 
14, Bonn, Germany) maintained at 50 °C. After 
melting the matrix material, the desired quantity 
of acetaminophen and channeling agent as 
shown in Table 1 were incorporated into the 
melt, followed by rapid trituration with a 
stainless steel spatula. The resulting mixture was 
carefully poured into the disc moulds in the 
MMU, which had been hitherto lubricated with 
glycerine. The MMU was kept in a refrigerator 
(Thermocool T400, China) for 25 min to allow 
the melt-drug-channeling agent mixture to 
solidify. At the end of this cooling period, the 
MMU was removed from the refrigerator and the 
matrices carefully extruded from the discs mould 
and stored in a dessicator filled with silica gel. 
 
Characterization of matrices 

Weight uniformity 

Twenty matrices were weighed on a Sauter 
electronic balance and the mean determined. 
 
Friability 

This was determined using a Roche friabilitor 
(Erweka, Type TAR). Three batches of six 
matrices were put in the friabilator and 
subjected to a speed of 25 rpm for 4 min. The 
percentage loss in weight was then calculated. 
 
Drug content of the discs  

Three discs of a particular formulation were 
selected at random and placed in a 250 ml 
conical flask. The flask was then placed in a hot 
plate (Gerhardt, Model E14 and Bonn, Germany) 
maintained at 50 °C. The three discs were melted 
by gentle heating. Then, 20 ml of acetone was 
added to the melt-solution to dissolve the fat and 
100 ml of 0.1N HCl added followed by rapid 
agitation. The flask was allowed to stand for 6 h. 
Next, the contents of the flask were then poured 
into a separating funnel and allowed to stand for 
another 2 h. Then 5 ml sample of the aqueous 
phase was pipette into 100 ml volumetric flask, 
the volume made to 100 ml with 0.1N HCl and 
the absorbance of the resulting solution 
measured at 245 nm for acetaminophen content. 
 

 

 

Drug distribution in discs 

The test was conducted in order to ascertain the 
degree of uniformity of drug distribution in the 
discs. Three discs were cut into four equal parts 
and the drug content of any three of these pieces 
which were randomly selected was determined. 
Each of the pieces selected was weighed 
separately and placed in a 250 ml-separating 
funnel. A 20 ml volume of acetone was added and 
the funnel shaken until all the fat dissolved. The 
set-up was allowed to stand for 6 h after which 
50 ml of 0.1N HCl was added to dissolve the 
acetaminophen. The funnel was then left 
standing with intermittent shaking for 12 h. A 
10ml volume of the aqueous phase was collected 
and assayed for drug content at 245 nm 
wavelength using the Pye-Unicam SP6 450 UV-
Vis spectrophotometer. 
 
In vitro drug release studies 

Drug dissolution from the melt-extrusion 
matrices was performed using USP XXII rotating 
paddle apparatus (Erweka, Germany). Beer’s plot 
for acetominophen at different concentrations 
was made at a wavelength of 245 nm in 0.1N HCl 
(pH 1.2). The dissolution medium consisted of 
900 ml of freshly prepared 0.1N HCl (pH 1.2) 
maintained at 37 ± 1ºC. The matrices were 
securely tied with a thermo-resistant thread and 
then immersed in the dissolution medium under 
agitation provided by the paddle at 100 rpm. At 
predetermined time intervals, 5 ml portions of 
the dissolution medium were withdrawn, filtered 
and analyzed spectrophotometrically (Unico 
2102 PC UV/Vis Spectrophotometer, USA) at 245 
nm. For each sample withdrawn, an equivalent 
volume (5 ml) of 0.1N HCl maintained at the 
same temperature was added to the contents of 
the dissolution medium to maintain sink 
condition throughout the release period. The 
amount of drug released at each time interval 
was determined with reference to the standard 
Beer’s plot for acetominophen in 0.1N HCl. Three 
replicate release studies were carried out in each 
case. 
 
Statistical analysis  

All experiments were performed in replicates for 
validity of statistical analysis. Results were 
expressed as mean ± SD. ANOVA and Student’s t-
test were performed on the data sets generated 
using SPSS. Differences were considered 
significant for p < 0.05. 
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Table 2: Formulation compositions and some physicochemical properties of matrices 

Batch  

Code 

Acetomino 

phen 

(% w/w) 

Paraffin 

wax 

(%w/w) 

Channelli

ng 

agent 

(%w/w) 

Rf 

Value of 

cellulose 

Mean weight 

(mg±SD)  

Friability 

(%) 

Drug 

Content 

(%) 

Higuchi 

   r2  

value  

A1 25 50 25 0.73±0.09 400.10±2.70 0.16 98.46±1.20 0.9464 

A2 25 62 13 0.73±0.09 401.39±6.23 0.22 91.30±0.83 0.9211 

A3 25 69 6 0.73±0.09 399.78±3.56 0.28 95.27±2.24 0.9088 

A4 25 75 0 0.73±0.09 400.90±2.21 0.45 89.52±1.72 0.9950 

B1 25 50 25 0.72±0.12 402.82±4.97 0.18 90.08±0.95 0.8997 

B2 25 62 13 0.72±0.12 401.45±8.06 0.27 92.45±3.56 0.9613 

B3 25 69 6 0.72±0.12 398.70±5.04 0.38 90.89±1.67 0.9123 

B4 25 75 0 0.72±0.12 400.61±9.22 0.44 93.47±2.38 0.9900 

C1 25 50 25 0.71±0.10 402.33±2.55 0.14 91.99±1.99 0.9897 

C2 25 62 13 0.71±0.10 400.77±3.11 0.26 89.43±3.10 0.9993 

C3 25 69 6 0.71±0.10 401.44±1.88 0.29 96.78±3.34 0.9556 

C4 25 75 0 0.71±0.10 400.66±5.49 0.42 94.56±2.11 0.9085 

D1 25 50 25 0.72±0.14 402.90±4.76 0.14 90.22±1.19 0.9458 

D2 25 62 13 0.72±0.14 400.22±8.00 0.25 93.76±2.38 0.9901 

D3 25 69 6 0.72±0.14 401.34±9.22 0.28 96.91±4.00 0.9433 

D4 25 75 0 0.72±0.14 400.56±7.17 0.47 97.55±2.85 0.9466 

Where A1-A4, B1-B4, C1-C4, and D1-D4 are acetominophen-loaded paraffin wax-based matrices formulated with Avicel PH101, α-

cellulose, TMFC-1 and TMFC-2 respectively as channeling agents; r2= coefficient of determination 

 
RESULTS AND DISCUSSION 

The yield (%) of α–cellulose was 11.17 %. The 
low yield could be attributed to loss of 
substantial amounts of the starting material in 
the course of purification to α–cellulose. Some of 
the α–cellulose was degraded to β– and γ–
celluloses which are usually removed by caustic 
treatment with 17.5 % NaOH. It has been 
reported that the major loss in the pulping 
process was that occasioned by the dissolving of 
lignin, hemi-cellulose and other extractive 
materials from the wood [37, 38]. Approximately 
one half of the weight of wood was lost when it 
was converted into pulp by a chemical process. 
Photomicrographs of the cellulose powders 
revealed the typical highly convoluted 
morphology of cellulose (not shown). There was 
insignificant difference in morphology between 
the standard powder Avicel PH 101 (MCC) and 
the tronated microfine celluloses (TMFCs). The 
average particle size range determined for α–
cellulose was 50 - 100 nm which corresponds to 
established standards [39]. 
 

Results revealed that the celluloses were 
insoluble in cold water, hot water, 0.1M HCl, 0.1 
NaOH, tetrahydrofuran and methanol. This is in 
agreement with the fact that cellulose is 
practically insoluble in water and most organic 
solvents [40]. 

These results (Table 3) reveal that the cellulose 
powders are readily compressible at the 
compressional force (45 units) studied. The 
compacts produced are of sufficient mechanical 
strength. There was a drop in hardness after 
allowing compacts to stay overnight to allow for 
elastic recovery. This could be attributed to the 
uptake of moisture from the environment which 
led to the weakening of the rigidity of the 
intermolecular bonds in the compact culminating 
in the observed decrease in hardness. The 
comparatively lower values of hardness obtained 
with the recompressed compacts could be linked 
to the breakdown of the structure of the cellulose 
following the application of compressional force. 
Several studies of the compression properties of 
microfine cellulose have revealed that it 
undergoes stress relief deformation by several 
mechanisms [18-21,41]. 
 

Table 3: Hardness values (after compression at a 
setting of 45 units) 

Sample Immediately After 

24 h 

Reworking 

MMCC- (Avicel 
PH101) 

16 14 12 

α-cellulose 8 6 5 

TMFC-1 13 11 9 

TMFC-2 12 10 9 
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Table 4: Some physicochemical properties of the cellulose powders 

Powder property Sample name 

α-cellulose MCC TMFC 1 TMFC2 

Bulk volume (ml) 4.24 ± 0.05 3.50 ± 0.011 4.52 ± 0.04 4.57 ± 0.015 

Bulk density (g/cm3) 0.235 ± 0.06 0.285± 0.002 0.272 ± 0.14 0.278 ± 0.009 

Trues density(g/cm3) 1.54 ± 0.012 1.56 ± 0.012 1.53 ± 0.009 1.573 ± 0.024 

Water content (%) 4.60 ± 0.022 4.89 ± 0.07 4.85 ± 0.081 4.83 ± 0.052 

Ash value (%) 

Total ash 

Water-soluble ash 

 

3.25 

1.52 

 

3.54 

1.55 

 

3.60 

1.54 

 

3.58 

1.53 

pH of slurry 6.25 5.64 8.02 8.59 

Browning temperature (⁰) 260 262 222 223 

Charring temperature (⁰) 263 263 224 227 

Swelling volume (mg/ml) 6.35 4.41 6.10 5.89 

Relative increase in weight (%) 27.0 24.0 21.0 27.2 

 
Results of the study of the densification behavior 
of the cellulose powders and other 
physicochemical tests are shown in Table 4. The 
results revealed that insignificant differences 
existed between the densification behavior of the 
TMFC samples and standard MCC. Alpha–
cellulose showed a higher bulk volume which 
could be attributed to the fact that it was 
composed of more amorphous material than the 
microcrystalline cellulose samples, consistent 
with previous studies [18-21, 41]. By implication, α–
cellulose is less crystalline than the other sample 
powders. Furthermore, as shown in Table 4, all 
the cellulose powders swelled appreciably in 
water, a phenomenon that can be traced to 
hydrogen bonding between the interacting water 
and cellulose molecules. Also, MCC showed the 
lowest equilibrium moisture content while α–
cellulose showed the highest. The tronated 
microfine cellulose powders showed 
intermediate values.   
 

The hydrolysed cellulose sample gave a brick red 
precipitate with Fehling’s solution A and B thus 
confirming the presence of a reducing sugar, 
particularly glucose, in the sample [42]. 
 

The samples studied were found to contain 12.68 
% alpha-cellulose which is a rather poor 
proportion. The test however reaffirms the 
proposition that alpha-cellulose was truly 
extracted from sawdust. 
 

Results of the elemental analysis are shown in 
Table 5. These results indicate that the α–
cellulose sample employed in this study contains 
trace amounts of calcium, magnesium, sodium 
and potassium. 
 

Table 5: Results of elemental analysis of α–
cellulose 

Element Percent occurrence 

Calcium 0.001 

Magnesium 0.016 

Sodium 0.050 

Potassium 0.007 

 
The results of the TLC studies revealed Rf values 
shown in Table 1. These values indicate the 
ratios of the distance moved by the samples of 
the 50:50 drug-cellulose powder mixture, with 
respect to the solvent front. It is pertinent to 
point out that absence of other spots on the 
chromatographic plate indicates that no 
degradation products were formed. 
Furthermore, close inspection of the Rf values 
revealed that they are within a range of ±0.03 of 
each other. This observation further validates the 
ascertion that there was no drug-excipient 
incompactibility between the test drugs and the 
sample cellulose powders [36]. 
 

Some physicochemical properties of the matrices 
are shown in Table 1. The results reveal that 
these matrices are of sufficient high mechanical 
strength (as shown by the low friability values) 
and that they have relatively high uniformity in 
weight. The percentage drug contents of the 
waxy matrix drug delivery systems were also 
presented and the result showed high drug 
content in the matrices. By implication, 
acetaminophen was properly entrapped by the 
waxy matrices, consistent with earlier reports on 
waxy drug delivery systems [43, 44]. 
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The in vitro drug release profiles of all batches of 
the waxy drug delivery systems are shown in 
Figures 2 - 5. The drug release profiles constitute 
an invaluable tool for the understanding of the 
specific features of drug release from the matrix 
devices [45]. The drug release studies in this work 
were conducted for 7 h. Drug release from the 
matrix drug delivery systems occurs principally 
from the two planar surfaces as well as the 
annular surface of the discs [46]. 
 

The in vitro drug release studies revealed that, in 
general, drug release was retarded by the matrix 
forming material (paraffin wax). The 
topographies of the pore network in the discs at 
the end of the drug release studies are identical. 
The results indicate that the cellulose powders 
which are incorporated in the matrices with a 
view to functioning as channeling agents 
enhanced the release of the drugs from the 
matrices. It was obvious from Figures 2-5 that 
drug release in the presence of channeling agent 
was higher than in its absence (a situation 
represented by the blank sample in which no 
cellulose was included). Also, in all cases, the 
extent of drug release tended to increase with an 
increase in the concentration of the channeling 
agent.  
 

The effect of the matrix materials could be 
ascribed to differences in the physicochemical 
properties of the surfaces between the discs. For 
example, different contact angles between the 
release medium and the disc surface may 
occasion dissimilar rates of medium influx into 
the pore network in the disc culminating in 
different drug release rates. This has earlier been 
demonstrated with dika fat and 
hydroxypropylmethylcellulose matrices [47, 48]. It 
is noteworthy that the mere presence or creation 
of pores does not necessarily guarantee release. 
The chemical nature of the surface (including its 
hydrophilicity or hydrophobicity) influences 
drug release [49, 50]. 
 

As stated earlier, drug release from matrix 
devices is greatly influenced by the 
hydrophobicity of the matrix forming material. 
Normally, it will take a long time for the release 
medium to penetrate a highly hydrophobic 
material to the extent of reaching the core to 
leach out the incorporated drug. The delay in the 
release of drug from the matrices would be 
reduced by the presence of channeling agents in 
the hydrophobic matrix which facilitates the 
uptake of the release medium by their 
channeling action. In the case of cellulose 

powders, the channeling action is mediated 
through a swelling process which translates to a 
wicking action facilitating the uptake of release 
medium [35]. 
 

The relatively higher rate of release of 
acetaminophen could be traced to its slightly 
alkaline pH which will engender a high release 
rate from the matrix into the release medium 
which is itself acidic [29]. The effect of the 
channeling agents on drug release from the waxy 
matrices was investigated in terms of variations 
in the concentration of the channeling agent on 
the release rate of the waxy matrices. Increase in 
the content of cellulose powders at a constant 
drug concentration in all the waxy matrices led 
to a marked increase in the release rates of the 
drug. The cellulose powders brought about an 
earlier onset of matrix erosion, consistent with 
previous reports on matrix drug delivery 
systems [51]. The matrices gave pits on leaching 
and the higher the concentration of cellulose 
powder incorporated into the waxy matrices the 
greater the porosity of the matrices. There was 
also an increase in the volume fraction accessible 
(VFA), which determines the rate and extent of 
drug release from inert matrices [52]. The increase 
in matrix porosity or volume fraction accessible 
enhanced the diffusion of the external 
dissolution medium into the matrix. There was a 
marked increase in release rate of the 
incorporated drug with increase in release rate 
of the incorporated drug with increased 
percentage of channeling agent. This is in line 
with similar reported study [53]. 
 

It is discernible from Figures 2 - 5 that the 
tronated microfine cellulose samples brought 
about a slight increase in the extent of drug 
release from the matrices, which could be 
attributed to the fact that trona caused a slight 
modification in the surface of cellulose by virtue 
of its hygroscopic properties [54] and this 
concomitantly translated to an increase in the 
swelling volume of cellulose. The cumulative 
effect of this increase in swelling volume was the 
slightly higher porosity of tronated microfine 
cellulose (TMFC) which resulted to a higher 
cumulative drug released from the waxy 
matrices. 
 

Acetaminophen is a slightly alkaline drug having 
a pKa of 9.5 at 25 °C [29]. It is expected to have a 
high solubility in acidic solutions and neutral 
solutions and this explains the higher values of 
cumulative drug released from waxy matrices in 
0.1 N HCl (pH 1.2). 
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Batches A1-A4 are acetaminophen-loaded matrices containing 

50 and 25, 62 and 13, 69 and 6, 75 and 0 %w/w of paraffin 

wax and MCC respectively. 
 

Figure 2: Release profiles of acetaminophen from 
paraffin wax matrices containing various 
concentrations of MCC. 
 
 

Batches C1-C4 are acetaminophen-loaded matrices containing 

50 and 25, 62 and 13, 69 and 6, 75 and 0 %w/w of paraffin 

wax and TMFC-1, respectively. 
 

Figure 4: Release profiles of acetaminophen from 
paraffin wax matrices containing various 
concentrations of TMFC-1  
 
 
The results of the in vitro drug release study 
were fitted into Higuchi kinetic model 
(cumulative percent released versus square root 
of time). The kinetic model that best fits the 
dissolution data was evaluated by comparing the 
regression coefficient (r2) values obtained from 
the plot of the Higuchi square root model, and 
the result is shown in Table 2. The 
indicates that Higuchi kinetic model can be used 
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paraffin wax matrices containing various 

Batches B1-B4 are acetaminophen

50 and 25, 62 and 13, 69 and 6, 75 and 0 %w/w of paraffin 

wax and α-cellulose, respectively. 
 

Figure 3: Release profiles of acetaminophen from 
paraffin wax matrices containing various 
concentrations of α-cellulose.
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Batches D1-D4 are acetaminophen

50 and 25, 62 and 13, 69 and 6, 75 and 0 %w/w of paraffin 

wax and TMFC-2, respectively. 
 

Figure 5: Release profiles of acetaminophen from 
paraffin wax matrices containing various 
concentrations of TMFC-2. 
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of time). The kinetic model that best fits the 
dissolution data was evaluated by comparing the 

) values obtained from 
the plot of the Higuchi square root model, and 
the result is shown in Table 2. The result 
indicates that Higuchi kinetic model can be used 

to explain the release profile of the 
acetaminophen from the waxy matrices. In other 
words, a comparative evaluation of the r
that the release profile followed predominantly 
Higuchi’s model. This implies that the 
mechanism of drug release involved diffusion, 
wherein the dissolution fluid penetrates the 
shell, dissolves the core and leaks out through 
the interstitial channels or pores 
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to explain the release profile of the 
acetaminophen from the waxy matrices. In other 
words, a comparative evaluation of the r2 shows 
that the release profile followed predominantly 

is implies that the 
mechanism of drug release involved diffusion, 
wherein the dissolution fluid penetrates the 
shell, dissolves the core and leaks out through 
the interstitial channels or pores [55, 56]. Thus, the 
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overall release depended on the rate at which 
dissolution fluid penetrated the wall of the waxy 
matrices, the rate at which drug dissolved in the 
dissolution medium and the rate at which the 
dissolved drug leaked out and dispersed from 
the surface [57]. 
 
CONCLUSIONS 

This study has demonstrated that α–cellulose 
could be extracted from sawdust obtained from a 
tropical tree with yields of up to 11 % of the total 
sawdust. The physicochemical properties of the 
α–cellulose were comparable to Avicel, a 
standard cellulose. Furthermore, when the α–
cellulose that was extracted was treated with 
various concentrations of trona (sodium 
sesquicarboante)- a locally available salt,  it gave 
tronated microfine cellulose (TMFC), a novel 
grade of cellulose, with better physicochemical 
properties than cellulose. The cellulose produced 
was employed as a channeling agent in the 
preparation of waxy matrix drug delivery 
systems using dika fat (paraffin wax) as matrix 
forming material for the delivery of 
acetaminophen. The results obtained from the 
release studies showed that the tronated 
microfine cellulose compared well with the 
standard microfine cellulose in its channeling 
effect in waxy matrices. These findings indicate 
that the matrix forming material at three 
concentration levels (50, 62 and 69 %) ensured 
controlled release of acetaminophen from the 
matrices. 
 
REFERENCES 

[1] Tonnesen HH, Karlsen J. Alginate in drug 
delivery systems. Drug Dev Ind Pharm. 
2002; 28: 621–630. 

[2] Holte O, Onsøyen E, Myrvold R, Karlsen J. 
Sustained release of water-soluble drug 
from directly compressed alginate tablets. 
Eur J Pharm Sci. 2003; 20: 403–407.  

[3] Eftaiha AF, Qinna N, Rashid IS, Al Remawi 
MM, Al Shami MR, Arafat TA,  Badwan AA. 
Bioadhesive controlled metronidazole 
release matrix based on chitosan and 
xanthan. Mar Drugs. 2010; 8: 1716-1720. 

[4] Laurienzo P. Marine polysaccharides in 
pharmaceutical applications: An overview. 
Mar Drugs. 2010; 8: 2435-2441. 

[5] Banerjee S, Ray S, Maiti S, Sen KK, 
Bhattacharyya UK, Kaity S, Ghosh A. 
Interpenetrating polymer network (IPN): A 
novel biomaterial. Int J Appl Pharm. 2010; 
2: 28-34. 

 

[6] Isiklan N. Controlled release of insecticide 
carbaryl from sodium alginate, sodium 
alginate/gelatin, and sodium 
alginate/sodium carboxymethyl cellulose 
blend beads cross-linked with 
glutaraldehyde. J Appl Polym Sci. 2006; 99: 
1312-1315. 

[7] Patil S, Jadge DR. Cross-linking of 
polysaccharides: Methods and applications. 
Pharmainfo.net 2008; 6: 1-2. 

[8] Moin A, Shivakumar HG. Formulation of 
sustained-release diltiazem matrix tablets 
using hydrophilic gum blends. Trop J 
Pharm Res. 2010; 9: 283-291. 

[9] Umekar MJ, Yeole PG. Characterization and 
evaluation of natural copal gum-resin as 
film forming material. Int J Green Pharm. 
2008; 2: 37- 42. 

[10] [10] Jani GK, Shah DP, Prajapati VD, Jain VC. 
Gums and mucilages: versatile excipients 
for pharmaceutical formulations. Asian J 
Pharm Sci. 2009; 4: 308-312. 

[11] Janseen M. Trees commonly cultivated in 
Southern Asia: Illustrated Field Guide. 2nd 
Edn. FAO Regional Office for Asia and the 
Pacific, Bangkok, Thailand, 1995, p. 229. 

[12] Hossain MK. Gmelina arborea: A popular 
plantation species in the tropics. FACT 
Sheet. FACT 99-05. A Quick Guide to 
Multipurpose Trees from around the World 
September, 1999.  

[13] Okoroigwe E, Li Z, Stuecken T, Saffron C, 
Onyegegbu S. Pyrolysis of Gmelina arborea 

wood for bio-oil/bio-char production: 
physical and chemical characterization of 
products. J Appl Sci. 2012; 12: 369-374. 

[14] Slavin JL, Braver PM, Marlett JA. Neutral 
detergent fiber, hemcellulose and cellulose 
digestibility in human subjects. The J Nutr. 
1981; 111: 287-297.  

[15] Young R. Cellulose structure modification 
and hydrolysis. New York; Wiley, 1986.  

[16] Cross CF, Bevan EG. Cellulose, and outline 
of the chemistry of the structural elements 
of plants. Longmans, Green & Company, 
London, 1990. 

[17] Gennaro A.  Necessitates in: Remington – 
The science & Practice of pharmacy, 
Gennaro, A. (ed.), Lippincott, Williams & 
Wilkins, U.S.A., 1983.  

[18] Oyeniyi YJ, Itiola OA. The physicochemical 
characteristic of microcrystalline cellulose, 
derived from sawdust, agricultural waste 
products.  Int J Pharm Pharm Sci. 2011; 4: 
197-200. 

 



Kenechukwu FC et al. / Indian Journal of Novel Drug Delivery 9(2), Apr-Jun, 2017, 82-95 

 94

[19] Edgar KJ, Buchanan CM, Debenham JS, 
Rundquist PA, Seiler BD, Shelton MC. 
Advances in cellulose ester performance 
and application. Prog Polym Sci. 2001; 26: 
1605–1688. 

[20] Heinze T, Liebert T. Unconventional 
methods in cellulose functionalization. 
Prog Polym Sci. 2001; 26: 1689–1762. 

[21] Routray C, Tosh B. Controlled grafting of 
MMA onto cellulose and cellulose acetate. 
Cellulose. 2012; 19: 2115–2139. 

[22] Soppimath KS, Kulkarni AR, Aminabhavi 
TM. Chemically modified polyacrylamide-
guar gum based cross-linked anionic 
microgels as pH-sensitive drug delivery 
systems: preparation and characterization. 
J Control Rel. 2001; 75: 331–345. 

[23] Andrews GT, Gavin PJ, David S, Osama AM, 
Daniel NM, Mark S. Hot melt extrusion: An 
emerging drug delivery technology. Pharm 
Technol Eur. 2009; 21: 24-27. 

[24] Choksi R, Zia H. Hot-melt extrusion 
technique: A Review. Iranian J Pharm Res. 
2004; 3: 3-16. 

[25] Repka MA, Battu SK, Upadhye SB, Tumma 
S, Crowley MM, Zhang F. Pharmaceutical 
application of hot-melt extrusion: Part-II. 
Drug Dev Ind Pharm. 2007; 33: 1043-1057. 

[26] Charlie M. Continuous mixing of solid 
dosage forms via Hot-melt extrusion. 
Pharm Technol. 2008; 32: 76-86. 

[27] Prodduturi S, Urman KL, Otaigbe JU, Repka 
MA. Stabilization of hot-melt extrusion 
formulations containing solid solutions 
using polymer blends. AAPS PharmSciTech. 
2007; 8: E1-E10. 

[28] [28] Singhal S, Lohar VK, Arora V. Hot melt 
extrusion technique. WebmedCentral 
Pharm Sci. 2011; 2: 1-20. 

[29] Marcos L, Kalyana P, Fernando JM. Method 
to study the effect of blend flowability on 
the homogeneity of acetaminophen. Drug 
Dev Ind Pharm. 2013; 39: 252–258. 

[30] Nilesh S, Tannu JW, Vamshi KR, Himanshu 
SG, Michael JP, Ivan CG, Rajendra R. 
Paraffin-wax-coated plates as matrix-
assisted laser desorption/ionization 
sample support for high-throughput 
identification of proteins by peptide mass 
fingerprinting. Analytic Biochem. 2004; 
327: 222–232. 

[31] Hughens RE, Hurley RJ, Jones PR. The 
retention of ascorbic acid by guinea pig 
tissues. Brit J Nutr. 1971; 26: 433-438. 

[32] American Standards for testing of 
materials. Annual Book, 1973. 

[33] Tobyn MJ, McCarthy GP, Staniforth JN, Edge 
S. Physicochemical comparison between 
microcrystalline cellulose and silicified 
microcrystalline cellulose. Int J Pharm. 
1998; 169: 183-194. 

[34] Mehra DK, West KP, Wiggins JO. Co-
processed microcrystalline cellulose and 
calcium carbonate composition and its 
preparation. United States Patents, 1987: 
4744987. 

[35] Shangraw RF. Compressed tablets by direct 
compression. In: Pharmaceutical dosage 
forms: tablets. Liebermann L, Schwartz JB 
(eds.), Marcel Dekker Inc., New York, 1989, 
pp.195-246. 

[36] Macek K. Pharmaceutical applications of 
Thin layer chromatography and Paper 
chromatography, Elsevier publishing 
company, Amsterdam, 1972: 499-505.  

[37] Letcher CS. “Waxes” in Encyclopaedia of 
Chemical Technology, Graston M, Eckroth 
E. (eds.), John Wiley & Sons, 1985; 24: 446 
– 481.  

[38] Pesonen T, Paronen R. Evaluation of a new 
cellulose material as a binding agent for the 
direct compression of tablets. In: 
Pharmaceutical Technology, Rubinstein, M. 
H. (ed.), Elis Horwood Ltd., Chinchester, 
1987; 1: 110-112. 

[39] Anon EC. Handbook of pharmaceutical 
excipients, The Pharmaceutical press, 
1994, 2nd Edition, pp.123-125. 

[40] Morawetz H. Macromolecules in solution, 
John Wiley and Sons Inc., Sydney, 1974, 2nd 
Edition, pp.7-14. 

[41] Akande OF, Rubinstein MH, Rowe PH, Ford 
JL. Effect of compression speeds on the 
compaction properties of a 1:1 
paracetamol-microcrystalline cellulose 
mixture by single compression and by 
combination of compression and main 
compression. Int J Pharm. 1997; 157: 127-
136.  

[42] Davidson AE. Carbohydrate Chemistry. 
Hort Ronehart & Winston Inc., New York, 
1967, p.108. 

[43] Gonzalez-Rodriguez ML, Fernando-Herves 
MJ, Carballo J, Rabasco AM. Design and 
evaluation on a new central core matrix 
tablet. Int J Pharm. 1997; 146: 175-180. 

[44] Okore VC, Adikwu MU. Release of 
aminophylline from compressed 
homogeneous matrices containing dika fat: 
Some considerations of the in vitro 

mechanism. Pharmakeftiki. 1990; 6: 129-
132. 



Kenechukwu FC et al. / Indian Journal of Novel Drug Delivery 9(2), Apr-Jun, 2017, 82-95 

 95

[45] Adikwu MU. Sustained release 
formulations of some antimalarial drugs by 
microencapsulation with ethylcellulose. M. 
Pharm. Dissertation, University of Nigeria, 
Nsukka (1989). 

[46] Sprockel OS, Mahua S, Shivanand P. A melt-
extrusion process for manufacturing melt-
extrusion matrix drug delivery systems. Int 
J Pharm. 1997; 155: 191-199. 

[47] Okore, V. C. Some aspects of the application 
of dika fat in drug delivery systems, PhD 
Thesis, University of Nigeria, Nsukka 
(1997). 

[48] Ford JL, Rubinsein ML, Hogan JE. 
Propranolol hydrochloride and 
aminophylline release from matrix tablets 
containing hydroxypropylmethylcellulose. 
Int J Pharm. 1985; 24: 223-234. 

[49] Siegel RA, Langer R. Mechanistic studies of 
macromolecular drug release from 
microporous polymers. J Control Rel. 1990; 
14: 153-157. 

[50] Leuenberger H, Bonny JD, Kolb M. 
Percolation effects in matrix-type 
controlled release drug-release system. Int 
J Pharm. 1995; 115: 217-221. 

[51] Prapaitrakul W, Spockel L, Shivanand P. 
Release of chlorpheniramine maleate from 
fatty-acid ester matrix discs prepared by 
melt-extrusion. J Pharm Pharmacol. 1990; 
43: 337-381. 

[52] Leuenberger H, Rohera BD, Hass C. 
Percolation theory – a novel approach to 
solid dosage form design. Int J Pharm. 
1987; 38: 109-115. 

[53] Goodhart FW, McCoy RH, Ninger FC. 
Release of a water soluble drug from a 
waxy matrix timed-release tablet. J Pharm 
Sci. 1974; 63: 1748-1751. 

[54] Akintonwa DAA. The wizardry of 
biochemistry. In: Proceedings on the 
Nigeria Academy of Science. 1991; 3: 92-
95. 

[55] Schwartz JB, Simonelli AP, Higuchi WI. 
Drug release from waxy matrices: Analysis 
of data with first order kinetics and 
diffusion controlled model. J Pharm Sci. 
1968; 57: 274-278. 

[56] Higuchi T. Mechanism of sustained release 
medication: Theoretical analysis of rate of 
release of solid drugs dispersed in solid 
matrices. J Pharm Sci. 1963; 52: 1145-
1149.  

 

[57] Singh MN. Microencapsulation: A 
promising technique for controlled drug 
delivery. Res Pharm Sci. 2010; 5: 65-77. 

 


