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. Materials and Methods: We randomly divided animals into 5 groups: D-galactose,
Article info: . control, and curcumin 1, curcumin 2, and curcumin 3 groups. D-galactose (300 mg/kg) was
Received: 11 Aug 2019 intraperitoneally injected into the D-galactose group for 6 weeks. D-galactose and doses of

25, 50, and 100 mg of curcumin were administrated, respectively, to the curcumin groups
1-3 every day for 14 days. After 6 weeks, the mice’s brains were stained with toluidine blue
after tissue passage. Then, the mean dark neuron volume density in each unit of the tissue
was assessed using stereological formulas. The obtained data were analyzed by Aanlysis of
Variance (ANOVA) in SPSS.
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Results: Compared with the control group, the average number of dark neurons in the hippocampus

significantly increased following the administration of D-galactose (P=0.001). The average dark
neurons frequency in the hippocampus significantly decreased in the 50 and 100 mg/kg curcumin-
treated groups (P=0.001 for both) compared to that of the D-galactose treated animals.
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Ageing, Hippocampus, . reduced the number of dark neurons in the hippocampus of the aging mice. It seems that
Neuron . curcumin decreases dark neurons via the reduction of apoptosis. Also, curcumin is a powerful

antioxidant and affects the level of antioxidant status in the brain.
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Introduction

tudies have shown that the appearance of
dark neurons is one of the most prominent
neuronal damage in diseases of the nervous
system, such as epilepsy and ischemia [1-
3]. These neurons are basophilic, pyknotic,
with wrinkled cytoplasm and have high tis-
sue staining ability and dense and irregular chromatin [4, 5].

Curcumin is one of the turmeric compounds extracted
from the roots of Curcuma longa of the Zingiberaceae
family. This compound is a polyphenolic substance of
formula C21H2006, with a molecular weight of 386.376
g/mol. Curcumin is a diarylheptanoid and belongs to the
group of curcuminoids. They are natural phenols re-
sponsible for turmeric’s yellow color (Figure 1) [6, 7].
Curcumin is one of the most commonly used dyes in
the food industry and products such as jelly, soups, ice
cream, dairy, confectionery, cereals, and meat [8]. Cur-
cumin has been approved by the FDA and has not shown
any side effects (up to 6000 mg/d intake) [7].

Curcumin exhibits antioxidant, anti-mutagenic, anti-
inflammatory, and antinociceptive activities. It is also
used for the prevention of cancer and diabetes. Besides,
it has a protective effect on neurodegenerative diseases,
multiple sclerosis, and Alzheimer disease [9, 10]. The
results of a study showed that curcumin administration
for 6 to 24 months increased the levels of superoxide
dismutase and glutathione peroxidase antioxidant en-
zymes. Also, pigment densities decreased lipofuscin in
the cortex, cerebellum, and hippocampus compared with
the control group [11].

Kumar et al. evaluated the effectiveness of curcumin
for cellular senescence caused by D-galactose using a
water maze. The results showed that curcumin has the
therapeutic potential against premature senescence in-
duced by D-galactose in mice and improves behavioral,
motor, and antioxidant ability [12].

Another study investigated the administration of cur-
cumin on the life span, oxidative stress, and apoptosis in
the brain of transgenic Parkinsonian models. Curcumin
was added to the diet at doses of 25, 50, and 100 pumol.
There was a difference in the reduction of oxidative
stress and apoptosis and Parkinson symptoms as well as
in the longevity of curcumin-treated flies [13]. Kanter et
al. reported the positive effects of curcumin administra-
tion on reducing cell apoptosis and oxidative stress in
diabetic mice [14].
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In another study in 2019, the protective action of cur-
cumin against oxidative stress conditions in rats was re-
ported because of its antioxidant ability to quench free
radicals and chelating metals as well as the regeneration
of endogenous antioxidant [15].

D-galactose is a 6-carbon sugar with a group of al-
dehydes found naturally in the body. The byproducts
of the reaction between D-galactose and galactokinase
and galactose-1-phosphate uridylyltransferase enzymes
would be free radicals at high concentrations. The aging
model induced by D-galactose administration has been
accepted as a model that causes mitochondrial dysfunc-
tion, neurotoxicity, dysfunctional immune responses,
and memory loss in animals [16].

Since curcumin is a potent natural antioxidant and free
radical scavenger, we decided to determine the effects
of curcumin on dense hippocampal neurons of mice af-
ter inducing D-galactose aging (oxidative damage of the
brain).

Materials and Methods
Study Animals

This research was an experimental study conducted
on 40 adult male BALB/c mice. The Ethics Commit-
tee of Mashhad University of Medical Sciences ap-
proved the study protocol (Ethical Code: IR.MUMS.
fm.REC.1396.466). The mice were housed in the Ani-
mal Laboratory of Mashhad University of Medical Sci-
ences under a controlled 12/12 h light/dark cycle at 22°
c. The animals were given standard food pellets and wa-
ter ad libitum. All procedures were performed according
to the ‘Care and Use of Laboratory Animals’ prepared by
Mashhad University.

Experimental treatment

We randomly divided animals into 5 groups: D-galac-
tose, control, and curcumin 1, curcumin 2, and curcumin
3 groups. About 300 mg/kg of D-galactose was admin-
istered intraperitoneally to the D-galactose group for

Figure 1. The chemical structure of curcumin [6] PBR
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6 weeks, whereas no treatment was considered for the
control group. The curcumin at doses of 25, 50, and 100
mg were administrated to curcumin groups from 1-3, re-
spectively, for 14 days [14, 17].

Histopathological analysis

After 42 days, the mice were anesthetized by ether.
Then, using scissors and sterile forceps, their brains were
extracted and embedded in 10% formalin. After 72 hours,
alcohol dehydration, xylene clearance, and paraffin im-
pregnation were performed. Next, the sections were pre-
pared from the tissues and stained with toluidine blue 1%.
To make the staining solution, 1 g of toluidine blue pow-
der was dissolved in 100 mL of alcohol 70% and placed
in the refrigerator. Then, 25 mL of the dye was dissolved
in 250 mL of NaCl and distilled water and passed through
filter paper. Then, 5 sections of each brain were ran-
domly selected and photographed by a computer-camera.
Frames were used to count cells. This frame consists of
two permitted sides and two forbidden sides. Those cells
were counted that were in the frame and did not contact
forbidden sides. Finally, dark neurons frequency per unit
was computed, according to the Equation 1 [18].

Figure 2. Coronal sections of the hippocampus in different groups

Staining;: Toluidine blue (Lens 40)

Dark neurons are marked with an arrow
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LNA= = ep

, where NA refers to the density of dark neurons per
unit area, Y Q is the sum of the calculated cells, a/f refers
to the area of the counting frame, and ) P denotes the
sum of the approved frames hit the cross-section.

2.4. Statistical analysis

The obtained data were analyzed by analysis of vari-
ance (ANOVA) and Tukey post hoc test in SPSS. The
data were represented by Mean+SD deviation.

3. Results
Histological findings

Figure 2 displays images of hippocampal tissue sec-
tions of the different groups. The average dark neuron
frequency in the D-galactose group was 61.41+2.35
cells/mm?, and in the control group, it was 29.03+2.27
cells/mm? (Figure 3).

A. Control group; B. D-galactose group; C: Curcumin group 25 mg/kg; D: Curcumin group 50 mg/kg and E: Curcumin group 100 mg/kg

The arrow shows dark neurons.
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Figure 3. Comparison of mean dark neurons in the hippocampus of mice
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Mean number of dark neuron in mm2

Control D-galactose

25 mg/kg curcumin 50 mg/kg curcumin 100 mg/kg curcumin

Experimental groups
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* Significant difference from the control group based on the ANOVA and Tukey post hoc test results.

# Significant difference from the D-galactose treated animals based on the ANOVA and Tukey post hoc test results.

Statistical analysis showed that the administration of D-
galactose significantly increased the mean number of dark
hippocampal neurons compared with the control group
(P=0.001). In addition, curcumin treatment reduced the
damage, and there was a significant reduction in the mean
number of dark hippocampal neurons compared with the
D-galactose group in the 50 mg/kg (P=0.001) and 100
mg/kg (P=0.001) treated groups (Figure 3).

There was a significant difference in the average dark
neurons rate in the 25 and 50 mg/kg curcumin groups
(P=0.001 for both) compared to that of the control group.
Furthermore, we observed a significant difference in the
average dark neurons frequency following treatment
with 100 mg/kg curcumin compared with the animals
treated with 25 and 50 mg/kg (P=0.001 for both). There
was a significant difference in the average dark neurons
rate in the 25 mg/kg curcumin group (P=0.001) com-
pared with that of the 50 mg/kg curcumin group.

Discussion

Curcumin is an antioxidant chemical derived from Cur-
cuma longa (turmeric or Curcuma). It can react directly
with reactive species and upregulates many cytoprotec-
tive and antioxidant proteins [19]. Based on our findings,
in comparison to the control group, D-galactose admin-
istration significantly enhanced the average dark hip-
pocampal neurons frequency. However, treatment with
curcumin (50 and 100 mg/kg) significantly reduced the
dark neurons rate.

Many studies have shown that nutrition has an impact
on brain structure and function. In a study, the adminis-
tration of thymoquinone (black seed active ingredient)
increased the number and size of hippocampal pyramidal
neurons compared with the control group [20]. Dietary
trace elements such as zinc and copper are important for
the structure of chemical intermediates, energy metabo-
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lism, and enhancing the brain’s antioxidant defense [21].
Fatty acids have receptors on the nuclei of brain cells,
thereby affecting gene transcription and expression [22].

In another study, curcumin administration reduced
the risk of Alzheimer disease. Furthermore, curcumin
administration for 6-24 months increased the level of
antioxidant enzymes and decreased the density of aging
pigment (lipofuscin) in the brain, cerebellum, and hip-
pocampal cortex compared with the control group [11].
Antioxidant and anti-inflammatory properties of tur-
meric are effective in the improvement and prevention
of cellular damage in patients with Alzheimer. Research-
ers believe that the positive effect of turmeric on the im-
mune system is a significant factor in the reduction of
B-amyloid plaques [10].

Additionally, Kumar et al. evaluated the effectiveness
of curcumin for cellular senescence caused by D-galac-
tose using a water maze. The rats were divided into 3
groups (curcumin, D-galactose, and galantamine) and
evaluated by behavioral and motor tests. The results
showed that curcumin had positive effects against early
D-galactose-induced aging and improved behavioral,
motor, and antioxidant potency [12].

Siddique et al. also investigated the effect of curcumin
on the life span, activity pattern, oxidative stress, and
apoptosis in the brain of transgenic Parkinsonian model
Drosophila. Curcumin was administered at doses of 25,
50, and 100 pumol for 24 days. Significant dose-related
differences were reported in the reduction of oxidative
stress, Parkinson, and apoptotic symptoms, as well as in
the longevity of curcumin-treated flies [13]. According
to Siddique’s study, the antioxidant dose was also impor-
tant in the present study so that the best effect was ob-
served at 100 mg/kg. As other studies have mentioned,
the dose of antioxidants is very important [13].
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In 2012, Kanter et al. investigated the effect of cur-
cumin on the reduction of testicular injury, cell apop-
tosis, and oxidative stress in diabetic mice. Rats in the
treatment group received curcumin once daily for 8
weeks. Their results showed that curcumin treatment
significantly reduced high levels of malondialdehyde
and increased superoxide dismutase and glutathione per-
oxidase in testicular tissue. In curcumin-treated rats, a
significant decrease in apoptosis and increased expres-
sion of cell nuclear antigen was observed in testicular tis-
sue [14]. According to the present study, curcumin treat-
ment, especially at 100 mg/kg dose, markedly reduces
dark hippocampal neurons in old mice. There is not any
positive control group in this study, like the agents that
their anti-aging effects have been proven before, that was
a weakness of this study. In addition, there is no negative
control (only the solvent group).

To the best of our knowledge, no study has been pub-
lished so far on the effects of curcumin on the hippo-
campal tissue of the aging model. In addition, the oxida-
tive stress levels of hippocampal tissue were examined,
which suggests for future studies. Also, it is suggested
that the effects of administration of curcumin be studied
on the cortex of different areas of the brain and cerebel-

lum using toluidine blue or cresyl violet staining.

Treatment with 100 mg/kg of curcumin reduced the num-
ber of dark neurons in the hippocampus of the aging mice.
It seems that curcumin decreases dark neurons by reducing
apoptosis. Also, curcumin is a powerful antioxidant and af-
fects the level of antioxidant status in the brain.
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