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EFFECT OF D-GALACTOSE ON LIPOFUSCINOGENESIS IN THE
BRAIN OF FEMALE ALBINO MICE
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Abstract: Lipofuscin granules accumulate in post mitotic cells during ageing and affect the
normalcell functions. The accumulation of lipofuscin granules is directly correlated with oxidative
stress.The purposeof this investigation wasto study the effect of D-galactose on lipofuscinogenesis
in various regions (cerebral cortex, hippocampus, corpora quadrigemina and cerebellum) of
brain. The female albino mice were divided into two groups: 1) sham injected control group and
2) experimental group which were treated with subcutaneous injections of 5% D-galactose (0.5
ml per day) for fifteen days. Histochemical study of lipofuscin granules and biochemical estimation
of fluorescence were carried out, which showed increased accumulation of lipofuscin granules
and highly significant increase in fluorescence in various regions of brain, which indicates the
Lipofuscinogenic effect D-galactose in the nerve cells.
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INTRODUCTION

Lipofuscin is a yellowish brown auto-fluorescent
pigment that accumulates in the cytoplasm of
varieties of post mitotic cells during ageing [1-8]. The
accumulation of the lipofuscin granules is the result
of deterioration caused due to oxidative stress. The
increased production of free radicals results in
formation of lipid peroxides [9-12], oxidation of
proteins [13-16] and damage to DNA [17,18]. The
damaged lipids and proteins are regularly sequestered
to the lysosomes for degradation [19] but due to
oxidative modification become indigestible, hence
accumulate as lipofuscin granules [4,5,20,21]. These
granules can not be removed from the post mitotic
cells by exocytosis [4,5], therefore, accumulate in
the cells that results the injury and affects the cellular
metabolism.

There are reports that low dose of reducing sugar
like D-galactose when injected subcutaneously result
in the formation of advanced glycation end products
which cause increased lipid peroxidation and
decreased antioxidant enzymes [22-25], which are

the hallmarks of oxidative stress. In the present
investigation attempts were made to unravel the
effect of D-galactose on accumulation of lipofuscin
granules in various regions of brain of female albino
mice.

MATERIALS AND METHODS

Female Swiss albino mice (Mus musculus) of age
six months were used in the present investigation.
The animals were reared in aluminium cages of
dimensions 260 mm × 200 mm × 140 mm in groups
of three animals/cage, in the Departmental animal
house(Approved by CPCSEA) at a constant
temperature of 29oC to 30oC with a light-dark cycle
of 12/12 hours. Theywere suppliedwith pelletedmice
food (Sagar Feed Center, Kolhapur) and drinking
water ad libitum.

The animals were divided into two groups containing
6 animals in each group. The first group was
considered as control and injectedwith 0.5mlsterile
water/day inthe neck for 15 days. The second group
was injected with 5% aqueous solution of D-
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Fig. A Cerebal cortex control mice
Fig. B Cerebral cortex of D-galactose treated mice
Fig. C Hippocampus of control mice
Fig. D Hippocampus of D galactose treated mice
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Fig. E Corpora quadrigemina of control mice
Fig. F Corpora quadrigemina of D galactose treated mice
Fig. G Cerebellum of Control mice
Fig. H Cerebellum of D galactose treated mice
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Tabl e 1: Effect of D-galact ose on Fluorescent p roduct
(expressed in µg/mg protein) in various regions of
brain of female albino mice (represented as M ean +
SD of six animals). P < 0.001 is highly significant

galactose 0.5ml/day in the neck for 15 days and
considered as experimental group.All the injections
were subcutaneous.
The animals were sacrificed after 24 hours of
completion of the treatment by cervical dislocation.
The schedule of the treatment was decided in such
a way that on the day of sacrifice the animals must
be in diestrous, since it is the most prolonged phase
of the estrous cycle with less hormonal variations.

Histochemical study of lipofuscin granules: For
histochemical study the brain was longitudinally cut
into two equal halves and fixed in 10% neutral
buffered formalin for 24 hours at 4oC. The tissue
was washed under running tap water for 24 hours,
dehydrated through alcoholgrades, cleared in xylene
and embedded in paraffin. 5ì thick sections were
cut on the rotary microtome and stained by Ziehl-
Neelsen Carbol fuchsin method [26]

B ioche mical e xtraction of lipofus cin and
measurement of fluorescence : Fluorescence was
measured as per Dillard and Tappel method [27].
The separated cerebralcortex, hippocampus, corpora
quadrigemina and cerebellum were homogenized in
a reaction mixture containing 75mM potassium
phosphate buffer (pH7.04), 1mMascorbic acid, 1mm
FeCl3 and 0.001ml chlorotetracycline. The lipofuscingranules were extracted by adding 1ml of reaction
mixture in 6 mlof chloroform:methanol mixture (2:1
v/v). The fluorescence was mea sured with
photofluorometer calibratedwith quinine sulfate. 1µg
of quinine sulfate /ml of 0.1N H2SO4were used as astandard and 0.1N H2SO4was used as a blank.

RESULTS

The histochemical study shows an increased

accumulation of lipofuscin granules in all regions of
the brain ofD-galactose treated group. The increased
lipofuscincan clearly be seen in cerebral cortex (Fig.
B), hippocampus (Fig. D), corpora quadrigemina
(Fig. F) and cerebellum (Fig. H) as compared to
control (compare figures A,C,E,G with figures
B,D,F,H). The results of biochemical estimation,
presented in table 1, are also supportive to that of
histochemical observations. Study shows highly
significant increase (P<0.001) in fluorescence in all
the regions of brain of D-galactose treated mice as
compared tocontrolmice. Over all 3 to 6 fold increase
of fluorescence is recordedindifferent regions of brain.

DISCUSSION

It is evident from the data that the observed increase
in lipofuscin granules and the fluorescence is due to
the effect of D-galactose. The later is a reducing
sugar and irreversibly interacts with free amino
groups of proteins, aldehyde and ketone to produce
advanced glycation end products [28,29]. Glycated
proteins produce fifty fold more free radicals than
non glycated proteins [30]. The superoxide radicals,
produced in the process, reactwithhydrogen peroxide
to generate hydroxyl radicals that increase oxidative
stress which is one of the causal factors in the
accumulation of lipofuscin granules [2,3,31]. The
glycated proteins are resistant to lysosomal
degradation [29,32]. Thus glycation of macromole-
cules consequences in the increased production of
free radicals and accumulation of indigested waste
in the lysosomes that causes an in increase in
lipofuscin granules in various regions of brain of D-
galactose treated animals. Beside this, the cells have
a limited capacity to produce lysosomalenzymes [33,
34]. A number of investigators have reported a
reduction in lysosomal enzymes due to free radical
attack causing the inefficiency of the lysosomes [3,
34-36]. The accumulationof damagedwaste material
autophagocytosed by the lysosomes on one hand, and
reduced lysosomal efficiency on the other hand,
consequence into the accumulation of lipofuscin
granules in nerve cells leading to an increased
oxidative stress in D-galactose treated mice.
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Organ
Sham injected
Control group

D galactose
treated group

Statistical
significance
t value

Cerebral cortex 0.44 + 0.02 1.29 + 0.08 25.75
(p<0.001)

Hippocampus 0.32 + 0.002 1.16 + 0.11 18.09
(p<0.001)

Corpora
quadrigemina 0.15 + 0.001 0.99 + 0.034 61.07

(p<0.001)
Cerebellum 0.32 + 0.002 1.55 + 0.17 17.71

(p<0.001)
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