www.ijpsonline.com

India, New Delhi, India, for Senior Research Fellowship
to BDK and financial support under network project
(SPECS CSC0135). The authors are also thankful for
help and cooperation rendered by team members of the
Central instrumentation facility and analytical section of
the CSMCRI.

REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.

Lin FH, Lee YH, Jian CH, Wong JM, Shieh MJ, Wang CY. A study of
purified montmorillonite intercalated with 5-fluorouracil as drug carrier.
Biomaterials 2002;23:1981-7.
Baek M, Choy JH, Choi SJ. Montmorillonite intercalated with
glutathione for antioxidant delivery: Synthesis, characterization, and
bioavailability evaluation. Int J Pharm 2012;425:29-34.
Madurai SL, Joseph SW, Mandal AB, Tsibouklis J, Reddy BSR.
Intestine-specific, oral delivery of captopril/montmorillonite:
Formulation and release kinetics. Nanoscale Res Lett 2011;6:1-8.
Kevadiya BD, Joshi GV, Bajaj HC. Layered bionanocomposites as
carrier for procainamide. Int J Pharm 2010;388:280-6.
Feng SS, Mei L, Anitha P, Gan CW, Zhou W. Poly(lactide)–vitamin
E derivative/montmorillonite nanoparticle formulations for the oral
delivery of Docetaxel. Biomaterials 2009;30:3297-306.
Vaiana CA, Leonard MK, Drummy LF, Singh KM, Bubulya A, Vaia
RA, et al. Epidermal growth factor: Layered silicate nanocomposites
for tissue regeneration. Biomacromolecules 2011;12:3139-46.
Mieszawska AJ, Llamas JG, Vaiana CA, Kadakia MP, Naik RR, Kaplan
DL. Clay enriched silk biomaterials for bone formation. Acta Biomater
2011;7:3036-41.
Barral S, Villa-Garcı MA, Rendueles M, Dıaz M. Interactions between
whey proteins and kaolinite surfaces. Acta Mater 2008;56:2784-90.
Lin JJ, Wei JC, Juang TY, Tsai WC. Preparation of protein-silicate
hybrids from polyamine intercalation of layered montmorillonite.

Langmuir 2007;23:1995-9.
10. Friebele E, Shimoyama A, Ponnamperuma C. Adsorption of protein and
non-protein amino acids on a clay mineral: A possible role of selection
in chemical evolution. J Mol Evol 1980;16:269-78.
11. Violante A, De Cristofaro A, Rat MA, Gianfreda L. Physicochemical
properties of protein-smectite And protein-al (oH) x-smectite complexes.
Clay Miner 1995;30:325-36.
12. Choy JH, Kwak SY, Park JS, Jeong YJ, Portier J. Intercalative
anohybrids of nucleoside monophosphates and dna in layered metal
hydroxide. J Am Chem Soc 1999;121:1399-400.
13. Lin FH, Chen CH, Cheng WT, Kuo Tzang-Fu. Modified montmorillonite
as vector for gene delivery. Biomaterials 2006;27:3333-8.
14. Depan D, Kumar AP, Singh RP. Cell proliferation and controlled drug
release studies of monohybrids based on chitosan-g-lactic acid and
Montmorillonite. Acta Biomater 2009;5:93-100.
15. Ambre AH, Katti DR, Katti KS. Nanoclay based composite scaffolds
for bone tissue engineering applications. J Nanotech Eng Med
2010;031013:1-9.
16. Katti KS, Ambre AH, Peterka N, Katti DR. Use of unnatural amino
acids for design of novel organomodified clays as components of
nanocomposite biomaterials. Phil Trans R Soc A 2010;368:1963-80.
17. Choi SJ, Choi GE, Oh JM, Oh YJ, Park MC, Choy JH. Anticancer drug
encapsulated in inorganic lattice can overcome drug resistance. J Mater
Chem 2010;20:9463-9.
18. Dong Y, Feng SS. Poly (D, L-lactide-co-glycolide)/Montmorillonite
nanoparticles for oral delivery of anticancer drugs. Biomaterials
2005;26:6068-76.
19. Sintov A, Levy RJ. Polymeric drug delivery of enzymatically
degradable pendant agents: Peptidyl-linked procainamide model system
studies. Int J Pharm 1997;146:55-62.
Accepted 25 September 2013
Revised 19 September 2013
Received 16 December 2012
Indian J Pharm Sci 2013;75(6):722-726

Effect of Hydrophilic Diluents on the Release Profile of
Griseofulvin from Tablet Formulations
O. N. C. UMEH*, J. C. AZEGBA AND S. I. OFOEFULE

Departments of Pharmaceutical Technology and Industrial Pharmacy, University of Nigeria, Nsukka-410 001, Enugu
state, Nigeria

Umeh, et al.: Effect of Hydrophilic Diluents on Griseofulvin Release
Studies have shown that when compressing drugs with low aqueous solubility, the solubility of diluents selected is
very crucial as it influences the disintegration, dissolution and bioavailability of such drugs. Based on these reports,
the present study was undertaken to investigate the effect of some commonly used hydrophilic tablet diluents
(lactose, sucrose, mannitol and dextrose) on the in vitro release properties of griseofulvin from compressed tablets.
Griseofulvin granules and tablets were prepared using the wet granulation method. Tablet properties evaluated as
a function of the diluents used include, hardness, friability, dissolution profile and dissolution efficiency at 60 min.
Results obtained indicated variability in griseofulvin release in the presence of the diluents. The relative enhanced
dissolution effects of the four hydrophilic diluents is in the order of dextrose>sucrose>lactose>mannitol. All the
griseofulvin tablet batches produced exhibited a better drug release (in terms of rate and extent of release) than a
*Address for correspondence
E-mail: ogochukwuonugha@yahoo.com
726

Indian Journal of Pharmaceutical Sciences

November - December 2013

www.ijpsonline.com

commercially available tablet sample of griseofulvin (Fulcin®). The results of the dissolution efficiency (DE60min)
are 91.7, 83.5, 48.7, 35.3 and 15.6% for dextrose, sucrose, lactose, mannitol and fulcin®, respectively. The overall
results indicated that dextrose or sucrose can be utilised to improve the in vitro release profile and hence in vivo
bioavailability of griseofulvin from compressed tablets.
Key words: Griseofulvin, hydrophilic diluent, lactose, sucrose, mannitol, dextrose, dissolution efficiency

Potential bioavailability problems are prevalent with
extremely hydrophobic drugs (aqueous solubility less
than 0.1 mg/ml at 37°) due to erratic or incomplete
drug absorption from the gastrointestinal (GIT)[1]. The
rate limiting step in the process of drug absorption
for such poorly soluble drugs is dissolution. In vitro
dissolution is often applied to predict the in vivo
product’s performance especially in cases of poorly
soluble drugs and extended release formulations [2].
Studies have shown that when rapidly soluble
(hydrophilic) substances are used as diluents (e.g.
lactose and sucrose) in tablet formulations it leads
to rapid disintegration and thus dissolution of the
tablet[3].
Griseofulvin is a potent antibiotic fungistatic
drug that inhibits fungal cell mitosis by causing
disruption of the mitotic spindle structure, thereby
arresting the metaphase of cell division [4,5]. It is
administered orally in the treatment of dermatophyte
and ringworm infections of the scalp, hair, nails
and skin[4]. It is an essential drug in less developed
countries and especially Nigeria where diseases
and lack of elementary healthcare are the major
medical concern. However, bioavailability problems
due to solubility difficulties of griseofulvin have
proved a set back to the use of the drug. For years,
various efforts have been devised to combat this
difficulty and to improve the dissolution profile of
griseofulvin. Griseofulvin has been successfully
mixed with nontoxic, water soluble polymers
such as polyvinylpyrrolidone or hydroxypropyl
cellulose and spray-dried before treatment with
a wetting agent such as sodium lauryl sulphate
(SLS) or benzalkonium chloride[6,7]. Size reduction
of the powder molecules (ultramicronisation) [3,7]
and variations in certain formulation methods
has also been employed [3] . In the present work
the comparative performance of four hydrophilic
diluents (lactose, sucrose, mannitol and dextrose)
on the release profile of griseofulvin tablets
was investigated and compared with the release
performance of a commercial sample, Fulcin®.
November - December 2013

Griseofulvin® used in this study is a free gift from
Evans medical PLC, Nigeria. Lactose, sucrose,
mannitol and dextrose were obtained from EGA
chemicals, Germany, while maize starch was obtained
from May and Baker, England. All the other reagents
used are of Analar grade.
Four batches of griseofulvin tablets each containing
one of the hydrophilic diluents (lactose, sucrose,
mannitol and dextrose) were prepared using the wet
granulation method according to the composition
presented in Table 1. Griseofulvin powder, maize
starch and either of the hydophilic diluents (lactose,
sucrose, mannitol and dextrose) were mixed in a
specimen bottle for 10 min. A 5% w/w gelatin was
dispersed in distilled water to produce a mucillage.
The mucillage was incorporated into the powder
mixture in a mortar, titurated using a pestle to form
a homogenous damp mass and the damp mass was
screened through a 1.7 mm stainless steel sieve. The
screened granules were dried in an oven at 60° for 24
h, rescreened through a 1.00 mm stainless steel sieve
and stored in well closed specimen amber coloured
bottles.
Prior to compression, all four granule batches were
lubricated with 1% magnesium stearate. Lubricated
granules were compressed into tablets in a BMI
Manesty single punch tabletting machine fitted with
9.5 mm flat faced punches. Compression pressure
TABLE 1: FORMULA FOR PREPARING FOUR BATCHES
OF GRISEOFULVIN TABLETS
Ingredients
Griseofulvin powder (mg)
Maize starch (mg)
Gelatin (mg)
Lactose (mg) q.s.to 500mg
Sucrose (mg) q.s to 500mg
Mannitol (mg) q.s to 500mg
Dextrose (mg) q.s to 500mg
Magnesium stearate (mg)

I
100
50
25
320
‑
‑
‑
5

Batches
II
III
100
100
50
50
25
25
‑
‑
320
‑
‑
320
‑
‑
5
5

IV
100
50
25
‑
‑
‑
320
5

Four batches of griseofulvin tablets each containing one of the hydrophilic
diluents (lactose, sucrose, mannitol and dextrose) were prepared using the wet
granulation method and 60 tablets were produced for each batch
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was maintained at 282.5 MPa and 60 tablets were
produced for each batch. Tablet weights ranged from
475 to 546 mg. Prepared tablets were evaluated for
hardness, friability and assay of active ingredients
using standard methods[8,9].
The dissolution profile of griseofulvin in each tablet
batch was assessed using the USP XXI apparatus
2 (paddle method). The Erweka DT dissolution
apparatus fitted with a paddle that rotated at 100
rpm was used. The dissolution media consisted
of deionised water containing 540 mg% SLS
maintained at 37±1°. A tablet from each batch was
placed in a basket (mesh size 325 mm) immersed
and firmly suspended half way into the dissolution
media. A 5 ml sampling at predetermined time
intervals was followed by fresh equivalent volume
replacement with the dissolution media maintained
at the same temperature. Each withdrawn sample
was analysed spectrophometrically at 296 nm using
a UV 2102 spectrophometer. The concentration of
griseofulvin released over time was calculated from
the Beer’s calibration plot. The percentage amount
of griseofulvin released for each batch was plotted
against time. The dissolution profile data were
fitted into the dissolution efficiency (DE) equation
proposed by Khan and Rhodes [10] as shown in
equation 1.
t

ò Qdt ´ 100 …1, where Q is the percentage of
DE =
0

Q max .t
drug dissolved at time, t and Qmax is the maximum
amount of drug released. The time taken for 50%
of griseofulvin to be released from each batch was
estimated from the dissolution profile curve. The DEs
were calculated at t equal to 60 min. Values plotted
are a mean of two replicate determinations.
All values are expressed as mean±SD (standard
deviation). Comparisons of all the data obtained
from the dissolution study were made using one-way
analysis of variance (ANOVA) with SPSS version 15.
Statistical significance of the corresponding P value
was tested at 5% confidence level ( P <0.05) in all
cases.
The presence of the diluents had variable effects on
the hardness and friability of the tablets (Table 2).
According to some published works, uncoated
tablets with hardness of ≥4 kgf are considered
adequate for handling and transportation[8,9]. From
728

TABLE 2: SOME TABLET PROPERTIES OF THE
GRISEOFULVIN BATCHES
Diluents

Lactose
Sucrose
Mannitol
Dextrose
Fulcin®

Hardness
(kgf)*
9.0±1.9
4.2±0.8
6.6±1.6
5.8±1.0
5.4±0.0

Parameters
Friability*
Assay (%)*
0.12±0.01
0.45±0.03
0.15±0.01
0.34±0.02
0.41±0.03

100.9±0.00
106.0±0.04
100.1±0.00
99.3±0.02
90.0±0.03

DE60
(%)
48.7
83.5
35.3
91.7
15.6

T50%
(min)
29.30
6.16
45.14
8.15
0.00

*The values are expressed as mean±standard deviations The values represent
the means±standard deviations for 10 tablets per batch. Statistical significance
between the batches were measured using one‑way ANOVA with SPSS version 15

the results (Table 2), all the tablet batches are
considered adequate in terms of hardness. The
results for friability, also indicate that all the batches
were within the acceptable limit of ˂1% [8,9]. The
assay results of the batches ranged from 90.0
to 100.9% (Table 2). All the batches except the
commercial sample (Fulcin ®) had released up to
70% of griseofulvin within 45 min. There was a
decrease in T50 (time taken for 50% of the drug to
be released) as the DE increased. Batch D containing
dextrose as diluent, had the highest DE while the
commercial griseofulvin (Fulcin ®) tablets had the
least DE of 15.6%. A graphical representation of the
dissolution profiles of the griseofulvin tablet batches
are shown in fig. 1. Dextrose and sucrose enhanced
the release of griseofulvin from the tablets than
lactose and mannitol.
Overall, there was a statistically significant increase
( P ˂0.05) in the dissolution rate of griseofulvin in
the presence of all the four hydrophilic diluents. It is
evident from the release of griseofulvin from Fulcin®
tablets, that the presence of SLS, a surfactant did
not result in enhanced solubilisation and/or release
of griseofulvin. For the test formulations, enhanced
release of griseofulvin could be attributed to the
combined effects of the hydrophilic diluents in the
formulation and the surfactant (SLS) in the dissolution
media. This result is consistent with earlier reports
that SLS possesses good solubilising capacity at
relatively low concentrations and could enhance
the dissolution of poorly water soluble drugs [11-15].
Investigations have also demonstrated that the
presence of surfactants influences tablet disintegration
and produces finer dispersion of disintegrated particles
with correspondingly larger surface area for drug
dissolution [12-16]. Conflicting observations on the
usefulness of surfactants such as SLS and PEG 4000
in enhancing GIT absorption of drugs have been
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Fig. 1: Release profiles of griseofulvin from the formulated and
commercial Samples
The percentage concentration of griseofulvin released from
the lactose (─♦─), sucrose (─■─), mannitol (─▲─) and dextrose
(─×─) formulations were compared with that of fulcin® (─ж─), a
commercially available sample. There was a significant increase
(P<0.05) in the amount of griseofulvin released from the batches
containing the four hydrophilic diluents than from the Fulcin ®
tablets.

reported[17,18]. Enhancement as well as inhibition of the
GIT absorption and pharmacological activity of drugs
have been observed when surfactants were added to
drug formulations[17]. It has been stated that when the
effect of incorporated surfactants in a formulation
results in retardation of drug release, a special type of
complexation reaction between the drug and surfactant
may have taken place leading to aggregation of the
surfactant molecules (micelles)[17,18]. Surfactant exert
a two phase effect, which is concentration dependent.
Below the critical micelle concentration (CMC),
release/absorption of drugs may be enhanced due to
a better contact of drug with the dissolution medium
in vitro or absorbing membrane in vivo[19]. It has been
observed that above the CMC, a portion of the drug
molecules may become entrapped in micelles and as
such, unavailable for absorption in vivo or release in
vitro[19]. The release/absorption retarding effect usually
predominate at higher surfactant concentrations
because a larger fraction of the drug is bound to
micelles [19]. The phenomenon of micellization at
relatively high concentrations (540 mg%) might
be considered responsible for the poor release of
griseofulvin from the fulcin tablets.
The overall results indicated the usefulness of
dextrose and sucrose as effective hydrophilic
diluents that can be employed to improve the in
vitro release profile and hence in vivo bioavailability
of griseofulvin from compressed tablets. Lactose
and mannitol may not be recommended as the first
choice of diluents in the formulation of griseofulvin
tablets.
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