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Abstract: Allopurinol is used in the treatment of gout, leishmaniasis, renal stone formation and in prophylaxis of
hyperuricemia and its compilations associated with radiation therapy. Allopurinol is associated with multiple side
effects in certain cases which include glomerulonephritis, nephritis, elevated hepatic enzymes, hepatic necrosis,
leucopoenia, purpura and allergic diseases. Little researches showed that a steep dose-response relationship exists
between allopurinol and its side effects. Some of these researches on the microcapsulation of allopurinol, which can
reduce its side effects to a great extend. The aim of the present study was to investigate and compare the effects of
sustained release microcapsule, no uric allopurinol and pure allopurinol on the kidney and liver of adult male albino
rats. The present study was conducted on 40 adult male albino rats of Sprague-Dawley strain (from Assiut
University animal house). The rats were randomly classified into four groups (ten rats each). The control group, rats
of which were left in animal house without any treatment and received vehicle only. The three treated groups
received three different forms of allopurinol at dose 25 mg/kg of body weight daily for 14 consecutive days. Group
IT (the sustained release allopurinol microcapsule group) rats of which were given the allopurinol microcapsule
suspension which proved sustained release. Group III (the No-Uric group) rats of which were given no-uric
suspension. Group VI (the pure allopurinol group) rats of which were given pure allopurinol suspension. Both
kidneys and liver of the four groups were removed from the animals and processed for routine histological and
electron microscopic examination. Kidney and liver of group II (the sustained release allopurinol microcapsule
group)is more or less similar to the control group. In group III (the No-Uric group) and group IV (the pure
allopurinol group) the glomerular space is significantly dilated, the proximal convoluted tubules are significantly
reduced in their epithelial height and areas of hemorrhage observed between the tubules and deposits inside the loop
of Henle. The electron microscopic picture of the glomeruli shows partial thickening of the glomerular basement
membrane, disturbed capillary endothelium, irregularity of the minor processes of the podocytes and areas of
glomerular sclerosis. The proximal and distal convoluted tubules shows cytoplasmic vaculation, cytoplasmic dense
bodies, degenerated mitochondria and decrease basal enfolding. The proximal convoluted tubules shows destruction
of the microvilli. The liver of group III (the No-Uric group) and group IV (the pure allopurinol group) shows areas
of hemorrhage both in the central part of the hepatic lobule and on the peripheral part. The electron microscopic
picture of the hepatocytes show vaculated cytoplasm, necrotic changes and the cord pattern is disturbed. The
electron microscopic picture of the hepatocytes show marked reduction of the cytoplasmic organelles, degenerative
changes in the mitochondria and little amount of rough endoplasmic reticulum. The nucleus is shrunken, little
chromatin material and the nuclear membrane is irregular. Conclusion: the sustained release microcapsule
allopurinol may lead to prolonged activity with avoidance of renal and hepatic side effects of frequent
administration of allopurinol. These results may have clinical significance in the prevention of some side effects of
allopurinol on kidney and liver.
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1. Introduction known as allopurinol hypersensitivity syndrome (Liu

Allopurinol is a xanthine oxidase inhibitor used et al., 2008; Teo et al., 2011 and Biagioni et al.,
widely in treatment of gout, leishmaniasis, renal 2012). But this syndrome is rare (Arabi et al., 1996;
stones and compilations associated with radiation El-Gibaly, 1998 and Horiuchi et al., 2000). Several
therapy (Martindale, 1999; Tausche et al., 2008 and studies in the past two decades have suggested that
Aldaba-Muruato et al., 2012). Allopurinol is widely elevated serum uric acid levels are associated with
used and generally well-tolerated (Dawson et al., cardiovascular diseases (Viazzi et al., 2006; Lippi et
2009 and Woo et al., 2012). However, in certain al., 2008; Neogi et al., 2011 and Krishnan et al.,
cases it may have toxic effects, such as vasculitis, 2011). Simultaneous reduction in uric acid levels by
toxic epidermal necrolysis, eosinophilia, hepatitis, allopurinol might contribute to the reduction in its

reduced renal function and bone marrow suppression,
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side effects (Stocker & Keaney, 2004; Glantzounis et

al., 2005 and Puddu et al., 2012].

George et al. 2006 showed that a steep dose-
response relationship exists between allopurinol and
its effects on endothelial dysfunction in patients with
chronic heart failure.

Limited work has been reported on the different
forms of allopurinol, which can reduce the side
effects of the drug to a great extend (Spiegl & Abd-
El-Fatah, 1977 and El-Gibaly et al., 2003).

Various techniques of sustained release
microcapsulation can be employed for the production
of multiparticulated sustained-released polymeric
drug delivery system (Deasy, 1984 and Arshady,
1989). The oil-in-water meltable disperse-phase
encapsulation method has been reported to be simple
and useful in the preparation of beeswax matrix
microspheres loaded with appropriate drugs without
using harmful organic solvents (Bodmeier et al.,
1992; Adeyeye and Price, 1994; Giannola et al., 1995
and Uddin et al., 2001).

Aim of the Work:

The aim of the present work is to investigate and

compare the effects of different forms of allopurinol

in adult male albino rat's kidney and liver.

2. Material and Methods

The present study was conducted on 40 adult
male albino rats of Sprague-Dawley strain (from
Assiut University animal house). Rats were selected
for age (2-3 months) and weight (150-200 grams).
They were put at constant normal temperature with
the natural light dark cycle. Manipulations
throughout test were carried out by the same person.
The rats were fed a standard diet of commercial rat
chow and tap water and left to acclimatize to
environment for two weeks prior to inclusion in the
experiment. All experiments were performed during
the same time of day, between 10 am and Ipm to
avoid variations due to diurnal rhythms.

The rats were randomly classified into four
groups (ten rats each) and received the tested
compound by gastric intubation (in 0.1 M NaHCO;
containing 0.02% of Tween 80, PH7.4). All
treatments were administered into rats following 12
hours of fasting. All the materials used in this study
were of analytical reagent grade and were used as
received.

Group I: control group, rats of which was left in
animal house without any treatment and
received vehicle only.

Group II: the sustained release allopurinol
microcapsular group, rats of which was
given the allopurinol  microcapsule
suspension (mean size 120 um) (1 gm / 20
ml) at dose 25 mg/kg of body weight daily
for 14 consecutive days.
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Group III: the no-uric group, rats of which was given
No Uric 100 mg tablet in the form of
suspension by mouth (100 mg/12 ml) at dose
25 mg/kg of body weight daily for 14
consecutive days.

Group IV: the pure allopurinol group, rats of which
was given pure allopurinol suspension (8
mg/ ml) at dose 25 mg/kg of body weight
daily for 14 consecutive days.

Preparation of allopurinol loaded microparticle

formulations:

Microparticle formulations are produced using
the modified emulsion encapsulation procedure
adopted (Vilivalam and Adeyeye, 1994). The
microparticles formulations were prepared by melting
the wax components (4g), unless otherwise specified,
consisting of beeswax and wax modifiers. This
constitutes the organic or oil phase. The drug was
dispersed in the respective molten wax (in a 1:4 drug
to wax ratio) under continuous stirring using a
magnetic stirrer (J.P. Selecta, s.a., Spain) until a
homogeneous blend was attained. This mixture was
then poured into 100 ml of the encapsulation
dispersant (PF-68: 0.25g) solution (aqueous phase)
with constant stirring using a mechanical stirrer
(Wheaton Instrument, Millville, NJ, USA) at a
predetermined speed of 400 rpm to form an oil-in-
water emulsion. During the emulsification step (1
min), the temperature of the aqueous phase was kept
slightly higher (~5°C) than the highest melting point
of any of the oil phase. The molten mass upon
dispersion in the aqueous medium formed a spherical
oily particle, which solidified enveloping the drug
upon rapid cooling of the emulsion using chilled
water (4 °C). The resultant microparticles were then
filtered extensively washed with deionized water and
air dried at room temperature for 48hrs.

Histological Methods:

Liver and kidney were removed from animals
and fixed in 10% formaldehyde, dehydrated in
ascending grades of alcohol, and then after embedded
in paraffin wax. Serial sections (10 um) thickness
were prepared and stained with Haematoxylin and
Eosin stain and others by Van Gisson stain, then
examined by light microscopy (Drury & Willington,
1980 and Bancroft & Stevens, 1982).

Other specimens of the kidney and liver were
prepared for electron microscopic study according to
(Griffith ef al., 1973). The specimens were fixed in
2.5% gluteraldehyde for 2 hours. Then washed 3
times (5 minutes each) in phosphate buffer and were
postfixed in 1% osmium tetroxide for 2 hours, then
washed 3 times (5 minutes each) in phosphate buffer.

The specimens were dehydrated in ascending
grades of ethyl alcohol: 50%, 60%, 70%, 80 %,90 %
and in absolute alcohol (two changes, 30 minutes
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each), then in propylene oxide (two changes, 30
minutes each). They were ultimately immersed in a
propylene-epon mixture (1:1) for 24 hours.

The specimens were embedded in plastic
capsules containing epon and left to polymerize in an
incubator at 60 °C for 3 days. The ultrathin sections
were stained with 1% uranyl acetate and 1% lead
citrate and examined by transmission electron
microscope.

Morphometric Methods:

The glumerular diameter, glumerular space and
the tubular epithelial thickness (of the proximal
convoluted tubules) were measured by using a scale
slide and Lucida lens. Five slides from each animal
were used for these measurements. The slides were
chosen from mid area of the kidney and the hilum
was taken as a guide for this site. The equation used
was: Magnification = Image length | Natural length.

Statistical analysis of the data was done using
student t-test and the data expressed in mean and
stander deviation.

3. Results
Kidney Results

The structure of the kidney of the rats received
the microcapsular allopurinol preparation is more or
less similar to the control group both by
Haematoxylin and Eosin stain (fig. 1,2, 9&10) and
also by Van Gisson stain (fig. 5,6, 13&14). The
glomeruli are surrounded by proximal and distal
convoluted tubules. The glomerular capillaries have
darkly-stained nuclei. The glomerular capsule is
surrounded by the glomerular space that lined
externally by flat darkly stained nuclei. The afferent
arteriole is adherent to one pool of the glomerulus.
The proximal convoluted tubules stained more deeply
relative to the distal tubules and have an obvious
brush border. The proximal convoluted tubules tend
to be larger in diameter and more irregular than those
of distal convoluted tubules. The distal convoluted
tubules are paler and the nuclei of their cells appear
more regularly arranged (fig. 1 & 2). The glomerular
capillaries are composed of condensed capillary tuft
with deeply stained nuclei and deeply stained
cytoplasm. The parietal part of glomerular capsule
show flat darkly stained nuclei (fig. 1 & 2).

The glumeruli of the rats received no-uric and
pure allopurinol show significant dilatation of their

glomerular space (fig. 3& 4 and tab. 1) on comparing
with the control rats. They also show significant
reduction in their size (figs 3& 4 and tab. 1) on
comparing with the control rats.

The proximal convoluted tubules of the rats
received no-uric and pure allopurinol show
significant reduction. epithelial thickness on
comparing with the control rats (fig. 3&4 and tab. 1),
and areas of hemorrhage (fig. 7, 8, 11 & 12) in
between them. Casts inside the loop of Henle (fig.
15&16) also observed.

The electron microscopic picture of the renal
glomeruli of the rats received no-uric and pure
allopurinol show partial thickening of the glomerular
basement membrane, disturbed capillary
endothelium, irregularity of the minor processes of
the podocytes and areas of glomerular sclerosis (figs.
27 and 28) comparing with the control animals (fig.
25). The electron microscopic picture of the renal
glomeruli of the rats received the sustained release
microcapsular preparation (fig. 26) is more or less
similar to the control group (fig. 25).

The electron microscopic picture of the
proximal convoluted tubules of the rats received no-
uric (fig. 31) and pure allopurinol (fig. 32) show
vaculated cytoplasm, cytoplasmic dense bodies,
bizarre shape mitochondria, secondary lysosomes,
partial loss of the apical microvilli and decrease basal
infolding. The nucleus is shrunken and the nuclear
membrane is irregular comparing with the control
animals (fig. 29). The electron microscopic picture of
the proximal convoluted tubules of the rats received
the sustained release microcapsular preparation (fig.
30) is more or less similar to the control group.

The electron microscopic picture of the distal
convoluted tubules of the rats received no-uric (fig.
35) and pure allopurinol (fig. 36) show vaculated
cytoplasm, less cytoplasmic organelles, cytoplasmic
dense bodies, degenerated mitochondria and decrease
basal infolding. The nucleus is shrunken and the
nuclear membrane is irregular comparing to the
control animals (fig. 33). The electron microscopic
picture of the distal convoluted tubules of the rats
received the sustained release microcapsular
preparation (fig. 34) is more or less similar to the
control group.

Table (1):- The mean values of the glumerular diameter, glomerular space and tubular epithelial height (of the
proximal convoluted tubules) of the control group compared with that of the sustained release microcapsule group,

no-uric group and pure allopurinol group.

Control (C) | Micro-capsule (M) No-uric (N) Pure-drug (P) CvM CvN CvP
Glomerular Diameter 50.7u +1.9 49.51+1.8 46.0u +2.1 45.60+2.8 0.1" 0.001™ | 0.004™
Glomerular space 11.1p+1.6 11.7041.2 12.50+1.3 12.5u+1.3 0.09™ 0.03" 0.04"
Epithelial height 11.7p +1.2 11491 +1.0 10.1p +0.9 10.1p +1.4 0.6™ 0.01° 0.03"
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Liver Results

In the control group the liver cords arranged in
rays around the central vein. The central vein is lined
by healthy flattened endothelial cell and is
surrounded by healthy liver cell cords (figs. 17&21).

The histological picture of the rats received
sustained release microcapsules preparation is more
or less similar to the control group both by
Haematoxylin and Eosin stain (fig. 18) and by Van
Gisson stain (fig. 22).

The histological picture of the rats received no-
uric and pure allopurinol show areas of hemorrhage
between the cords near to the central vein. The
central veins are dilated, liver cords are of disturbed

pattern. The hepatocytes are vaculated with necrotic
changes (figs. 19, 20, 23&24).

The electron microscopic picture of the
hepatocytes of the rats received no-uric (fig. 39) and
pure allopurinol (fig.40) show marked reduction of
the cytoplasmic organelles, destructive mitochondria
and little amount of the endoplasmic reticulum. The
nucleus is shrunken, little chromatin material and the
nuclear membrane is irregular comparing to the
control animals (fig. 37). The electron microscopic
picture of the hepatocytes of the rats received the
microcapsular preparation (fig. 38) is more or less
similar to the control group.

Fig. (1) shows: glomerulus (G), proximal convoluted tubules (P), distal convoluted tubules (D), glomerular
capillaries (*), glomerular space (BS) and afferent arteriole (A) of control albino rat kidney. (Hx&E X 400)
Fig. (2) shows: glomerulus (G), proximal convoluted tubules (P), distal convoluted tubules (D), glomerular
capillaries (*), afferent arteriole (A) and glomerular space (BS) of albino rat kidney receiving sustained
release microcapsules preparation of allopurinol. (Hx&E X 400)
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Fig. (3) shows: glomerulus (G), proximal convoluted tubules (P), distal convoluted tubules (D), glomerular
capillaries (*), glomerular space (BS) of albino rat kidney receiving no-uric preparation. (Hx&E X 400)

Fig. (4) shows: glomerulus (G), proximal convoluted tubules (P), distal convoluted tubules (D) and glomerular
space (BS) of albino rat kidney receiving pure allopurinol preparation. The glomerular capillaries (*) are

lined by more compact cells relative to the control with deeply-stained nuclei and cytoplasm.
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Fig. (5) shows: glomerulus (G), the proximal convoluted tubules (P), distal convoluted tubules (D), collecting
tubules (C) and glomerular space (BS) of control albino rat. (Van Gisson X 400)

Fig. (6) shows: glomerulus (G), proximal convoluted tubules (P), distal convoluted tubules (D), glomerular
capillaries (*), glomerular space (BS), afferent arteriole (A) of albino rat kidney receiving sustained release

microcapsule preparation.(Van Gisson X 400)
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Fig. (7) shows: areas of hemorrhage (#) in between the proximal (P) and distal (D) convoluted tubules of albino rat
kidney receiving no-uric preparation. (Van Gisson X 400)

Fig. (8) shows: the areas of hemorrhage (#) in between the proximal (P) and distal (D) convoluted tubules of the

kidney of albino rat receiving pure allopurinol preparation. (Van Gisson X 400)
3 = u # " ]
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Fig. (9) shows: ascending loop of Henle (H1) lined by squamous epithelium and descending loop (H2) lined by

columnar epithelium of control albino rat kidney. (Hx&E X 400)
Fig. (10) shows: the ascending loop of Henle (H1) and the descending loop (H2) of albino rat kidney receiving
sustained release microcapsule preparation. (Hx&E X 400)
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Fig. (11) shows: ascendlng loop of Henle (Hl) descending loop (H2) and areas of hemorrhage (#) in between of

albino rat kidney receiving no-uric preparation. (Hx&E X 400)
Fig. (12) shows: the ascending loop of Henle (H1), the descending loop (H2) and areas of hemorrhage (#) in albino
rat kidney receiving pure allopurlnol preparation. (Hx&E X 400)

Fig. (13) shows the ascendmg loop of Henle (Hl) and the descendlng loop (H2) of control albmo rat kidney.(Van

Gisson X 400)
Fig. (14) shows: the ascending loop of Henle (H1) and the descending loop (H2) of albino rat kidney receiving

sustained release microcapsule preparation. (Van Gisson X 400)

Fig. (15) shows: collections () inside the ascending (Hl) and the descendmg 1oop (H2) of albino rat kidney

receiving no-uric preparation. (Van Gisson X 400)
Fig. (16) shows: areas of hemorrhage (#) in between the ascending loop of Henle (H1) and the descending loop (H2)
of albino rat kidney receiving pure allopurinol preparation. (Van Gisson X 400)
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Fig. (17) shows: central vein (B) surrounded by liver cell cords (C) in part of hepatic lobule of control albino rat
liver.  (Hx&E X 400)

Fig. (18) shows: central vein (B) surrounded by healthy liver cell cords (C) in part of hepatic lobule of albino rat

liver receiving sustained release microcapsule preparation. (Hx&E X 400)
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Fig. (19) shows: dilated central vein (B) lined by interrupted endothelium, areas of hemorrhage between the
disrupted liver cell cords (C) in part of hepatic lobule of albino rat liver receiving no-uric preparation.
(Hx&E X 400)

Fig. (20) shows: areas of hemorrhage between the disrupted liver cell cords (C) and dilated central vein (B) lined by
interrupted endothelium (>) in part of hepatic lobule of albino rat liver receiving pure allopurinol
preparation. (Hx&E X 400)
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Fig. (21) shows: central vein (B) surrounded by healthy liver cell cords (C) in part of hepatic lobule of control albino
rat liver. (Van Gisson X 100)

Fig. (22) shows: central vein (B) surrounded by healthy liver cell cords (C) in part of hepatic lobule of albino rat
liver receiving sustained release microcapsule preparation. (Van Gisson X 400)
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hepatic lobule of albino rat liver receiving no-uric preparation. (Van Gisson X 400)
Fig. (24) shows: central vein (B) with interrupted endothelium and disrupted cords (C) in part of hepatic lobule of
albino rat liver receiving pure allopurinol preparation. (Van Gisson X 400).

Fig. (25): an electron micrograph of the cell body of the podocyte (P) of the renal glomerular capillary and its major
process (M) of control albino rat kidney. (Uranyl acetate and lead citrate X 5800)

Fig. (26):- An electron micrograph of the renal glomerular capillary of rat received microcapsular preparation
showing an area of partial thickening of the basement membrane (arrow) and regular minor processes of
podocytes (arrow heads). (Uranyl acetate and lead citrate X 4800)
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Fig. (27):- An electron micrograph of the renal glomerular capillary of rat received no-uric preparation showing
partial thickening of the basement membrane (arrow) and disrupted capillary endothelium (>). (Uranyl
acetate and lead citrate X 7200)

Fig. (28):- An electron micrograph of the renal glomerular capillary of rat received pure allopurinol preparation
showing partial thickening of the basement membrane (arrow), disrupted capillary endothelium (black
arrow heads) and irrigular minor processes of podocytes (white arrow heads). The asterisk (*) points to an
area of sclerosis. (Uranyl acetate and lead citrate X 7200)
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Fig. (29):- An electron micrograph of the proximal convoluted tubule cell of control albino rat kidney shows the open-face
nucleus (N) with well defined nuclear membrane and basement membrane (B). The cytoplasm contains large
number of normal mitochondria (arrow) and regular microvilli (M). (Uranyl acetate and lead citrate X 4800)

Fig. (30):- An electron micrograph of the proximal convoluted tubule cell of rat received microcapsular preparation
showing rounded nucleus (N) with abundant nuclear sap and well defined nuclear membrane. The cytoplasm
contains large number of elongated mitochondria (arrow) and regular apical microvilli (M). (Uranyl acetate and
lead citrate X 4800)
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Fig. (31):- An electron micrograph of the proximal convoluted tubule cell of rat received no-uric preparation showing
rounded nucleus (N) with abundant nuclear sap and well defined nuclear membrane. The cytoplasm contains
large number of bizarre shaped mitochondria (arrow), wide cytoplasmic spaces (*), electron dense bodies (<)
and partial loss of apical microvilli (M). (Uranyl acetate and lead citrate X 4800)

Fig. (32):- An electron micrograph of the proximal convoluted tubule cell of rat received pure allopurinol preparation
showing rounded small nucleus (N) with abundant nuclear sap and well defined nuclear membrane. The
cytoplasm contains large number of bizarre shaped mitochondria (arrow), wide cytoplasmic spaces (*),
secondary lysosomes () and partia

rounded nucleus (N) with well defined nuclear membrane and abundant nuclear sap. The cell border is well
defined (black arrow heads). The cytoplasm contains regular mitochondria (arrow) inside regular basal enfolding
(white arrow heads). (Uranyl acetate and lead citrate X 2900)

Fig. (34):- An electron micrograph of the cell lining of the distal convoluted tubule of rat received microcapsular
preparation showing rounded nucleus (N) with well defined nuclear membrane and abundant nuclear sap. The
cytoplasm contains normal mitochondria (arrow) inside regular basal enfolding (white arrow heads) and
cytoplasmic spaces (*) . (Uranyl acetate and lead citrate X 7200)

1108



Life Science Journal 2012;9(3) http://www.lifesciencesite.com

% & 35 B

Fig. (35):- An electron micrograph of the distal convoluted tubule cell of rat received no-uric preparation showing nucleus
(N) with abundant nuclear sap. The cytoplasm contains damaged mitochondria (arrow) and cytoplasmic spaces
(*). (Uranyl acetate and lead citrate X 7200)

Fig. (36):- An electron micrograph of the distal convoluted tubule cell of rat received pure allopurinol preparation showing
swollen degenerated mitochondria (arrow) and luminal cytoplasmic debris (arrow heads). (Uranyl acetate and
lead citrate X 80
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Fig. (37):- An electron micrograph of hepatocyte of control albino rat liver. the nucleus (N) with prominent eccentric
nucleolus (*) and well defined nuclear membrane. The cytoplasm contains large number of normal mitochondria
(M), free ribosomes and rough endoplasmic reticulum (*). (Uranyl acetate and lead citrate X 4800)

Fig. (38):- An electron micrograph of hepatocyte of albino rat liver receiving sustained release microcapsules preparation
of allopurinol. The nucleus (N) with prominent eccentric nucleolus (*) and well defined nuclear membrane. The

cytoplasm contains large number of normal mitochondria (M), free ribosomes and rough endoplasmic reticulum
(). (Uranyl acetate and lead citrate X 4800)
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Fig. (39):- An electron micrograph of hepatocyte of albino rat liver receiving no-uric preparation of allopurinol. the
nucleus (N) is shrunken with clomping of the chromatin on the inner nuclear membrane. The cytoplasm contains
little amount of degenerated mitochondria (M), wide cytoplasmic spaces (*) and little rough endoplasmic
reticulum (*). (Uranyl acetate and lead citrate X 10000)

Fig. (40):- An electron micrograph of hepatocyte of albino rat liver receiving pure allopurinol. the nucleus (N) is shrunken
devoid of nucleolus. The cytoplasm contains little amount of degenerated mitochondria (M), little rough
endoplasmic reticulum (") and wide cytoplasmic spaces (*). (Uranyl acetate and lead citrate X 4800)
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4. Discussion

The present study was conducted on adult male
albino rats. Males have been chosen in this study to
avoid the hormonal changes, which may be faced in
females and may affect the results (Hamada, 1979;
Messow et al., 1980 and Yabuki et al., 1999).

Liver and kidney have been chosen in this study
because they are target organs for drug toxicity
(Nakatani et al., 2000 and Saraste & Pulkki, 2000).

The liver is a specialized organ in terms of its
metabolic, synthetic and detoxifying function
(Nakatani ef al., 2000 and Saraste & Pulkki, 2000).
Liver and kidney are the primary target for a variety
of noxious agents inducing inflammation, necrosis
and fibrosis (Meki et al., 2001; Yabuki et al., 2003
and Ishibashi et al., 2009).

Side effects of allopurinol in the present study
are more pronounced in the kidney and liver of pure
allopurinol treated rats and to a less extent in the
kidney and liver of no-uric treated rats. The glumeruli
of the rats received no-uric and pure allopurinol show
significant reduction in their size on comparing to the
control rats and also show significant dilatation of
their glomerular space. More over significant
reduction in epithelial thickness of proximal
convoluted tubules with areas of hemorrhage in
between them also recorded. George et al. 2006
showed that a steep dose-response relationship exists
between allopurinol and its effects on endothelial
dysfunction in patients with chronic heart failure.
High-dose allopurinol will result in high plasma
concentration of the drug and so more side effects.
The slowly released microcapsular preparation
maintain a suitable level of the drug for a long period
of time so minimize the side effects (El-Gibaly and
Abdel-Gaphar, 2005).

The liver in the present study showed areas of
hemorrhage between the hepatic cords. These
findings are in accordance with that reported by Tam
and Carroll (1989), El-Gibaly and Abdel-Gaphar
(2005) and Fagugli et al. (2008) and Lindh (2009).
Tam and Carroll (1989) through autopsy reported
fatal allopurinol hepatic toxicity in human in the form
of central necrosis. Pereira et al. (1998) and El-
Gibaly and Abdel-Gaphar (2005) reported that free
allopurinol-treated rats showed marked hydropic
degeneration of the hepatocytes at the periphery of
the hepatic lobules. Besides, the hepatocytes in the
center of the lobules underwent necrotic changes.

In this study allopurinol sustained release
capsular formula shows the least significant side
effects compared with the control group both on the
kidney and liver. These findings are similar to that
reported on the liver by El-Gibaly and Abdel-Gaphar
(2005). They found that the liver of sustained release
formula group was more or less normal.

1110

As mentioned before the liver of microcapsule
group is more or less normal. These findings
considered by El-Gibaly and Abdel-Gaphar (2005)
due to the modification in the dissolution rate of
allopurinol and also control of the in vivo release by
microcapsule preparation, so that prolonged
absorption properties with a lower allopurinol
concentration are maintained in blood over a long
time. This may result in increasing the antigout
efficiency of allopurinol and minimizing its
dangerous effects on liver and other organs.

It is known that the pattern of release of active
agent from microparticles depends on the particle
size of the core material (Gence et al., 1998). Higher
burst release and release rate constants from this
preparation were thus expected due to larger surface
area and the decreased diffusion path length and wall
thickness of the preparation (El-Gibaly and Abdel-
Gaphar, 2005). The spherical matrix model for a
heterogenous matrix can best be used to describe the
overall release pattern of a dissolved drug from a
spherical microcapsule form (Lewis ef al., 1998).
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