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Abstract
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Abstract:

Modern societies have promoted the intake of high-calorie diets and sedentary lifestyles, causing
the abnormal function of biological clock and accelerated body weight gain which increase the risk
to develop metabolic syndrome. Chronic hyperglycemia is a primary factor in the pathophysiology
of diabetes. The present study aimed to investigate the effect of high-fat diet (HFD)-fed and
streptozotocin (STZ)-induced hyperglycemia condition and to examine the effect of melatonin on
the adult hippocampal neurogenesis. In HFD-fed and STZ-treated rats, the reduction of
neurogenesis in the hippocampus was observed as shown by the reduction of nestin, doublecortin
(DCX) and B-III tubulin immunoreactivities. Likewise, the reduction of ionotropic glutamate receptor
(NR2A) and synaptic proteins, synaptophysin, PSD-95 expression were detected whereas, the level
of GFAP was increased in the hippocampus of HFD-fed and STZ-treated rats. Melatonin
administration significantly increased the level of neurogenesis markers, glutamate receptor and
synaptic proteins whereas significantly decreased the GFAP proteins expression in the HFD-fed
and STZ-treated rats compared to that observed in the vehicle-injected HFD-fed and STZ-treated
rats. Moreover, melatonin improved the decreases of melatonin receptors (MT1 and MT2) and
insulin receptor-B, including p-IR-B and p-ERK, its downstream signaling, that occurred in the
hippocampus of HFD-fed and STZ-treated rats. Therefore, the results suggest that melatonin
ameliorates the decrease of neurogenesis and synaptic formation, and prevents the astrocytic
activity which may also be involved in the protection of insulin signaling impairment via melatonin

receptor and protect the damage of insulin receptors under the hyperglycemia condition.
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2. Executive summary

The modern society lifestyle, including shift work, nocturnal activity, and late-night dietary
which commonly present in our daily life causing accelerated body weight gain in both children
and adults. Currently, both industrialized nations and developing countries are experiencing an
increase in the rate of metabolic syndrome, which is comprised of several metabolic
abnormalities, including central obesity, dyslipidemia, fatty liver, hyperglycemia and
hypertension. This syndrome has become a major public health worldwide. More than 2.1 billion
people around the world suffers from the diseases associated with metabolic syndrome such as,
cardiovascular disease, various types of cancer, diabetes and also promote the age-related
disease as neurodegeneration that reduce both human lifespan and quality of life.

Chronic hyperglycemia is a primary factor in the pathophysiology of Type 2 diabetes
mellitus (T2DM). T2DM is becoming increasingly which associated with obesity and aging in our
modern society. Hyperglycemia contribute the development of insulin resistance and beta cell
dysfunction, both of which, in turn, exacerbate hyperglycemia which is linked to the development
of many chronic diseases. Several lines of evidence suggest that brain is a target organ in type
2 diabetes (Awad et al., 2004; Greenwood and Winocur, 2005; Messier, 2005; Winocur and
Greenwood, 2005). Very high blood glucose concentration cause structural changes in the brain
and is associated with cognitive impairment and dementia. Numerous studies report changes in
cognitive functioning and brain structure in patients with diabetes relative to controls (Desrocher
and Rovet, 2004; Greenwood and Winocur, 2005). Several lines of evidence mostly implicate a
role of insulin and glucose metabolism on risk of developing neurodegenerative condition, in
particular the loss of cognitive function those related to Alzheimer's disease (AD). However, the
exact mechanisms underpinning the association between high blood glucose level and cognitive
impairment are unclear. In addition, there are evidences suggest that molecular clock component
play an important role on the learning and memory function of the brain. The alteration or
disruption the circadian rhythm such as poor quality of sleep and also aging are effect neuronal
structure and function in regions that support cognition. Also, epigenetic mechanisms, specifically
the role of clock genes in the modification of chromatin to influence gene regulation, also
represent an exciting new overlay to regulation of the clock to the age-related disease in
metabolic syndrome. Therefore, more research to elucidate the mechanism of cognitive
impairment associated with type 2 diabetes may reveal us the potential approaches to
understand and gain more knowledge which can help us for the further treatment and prevention

of the disease.



Within the hippocampus, changes in the strength of synapses and neurogenesis are
critical in certain types of learning and memory. Regulation of synaptic connectivity extends
beyond changes in the number and strength of synapses to the de novo addition of new neurons
in adulthood (Leuner et al., 2006). Data from studies of animal models suggest that impairments
of both hippocampal synaptic plasticity associated with impairment of long-term potentiation
(LTP) and adult neurogenesis in diabetes are believed to be a cellular mechanism of cognitive
deficits (Kamal et al., 1999). Diabetes and high-fat fed rodents also show lower rates of adult
neurogenesis (Zhang et al.,, 2008), whereas exercise, dietary restriction, and melatonin can
enhance synaptic plasticity and adult neurogenesis in hippocampus (Lee et al., 2002; van Praag
et al.,, 1999). Therefore, promoting neurogenesis is the one key target for treatment brain
impairment. Previous report have been shown that melatonin (Mel), an indoleamine hormone
secreted by the pineal gland, which is a powerful free radical scavenger agent, a lipophilic
antioxidant, and neuroprotective agent (Reiter, 1996) can promote proliferation and
differentiation of neural stem cell obtained from subventricular and subgranular zone of
hippocampus (Sotthibundhu et al., 2010; Tocharus et al., 2014; Yoo et al., 2012a). Moreover,
the change in melatonin level was observed in a model of metabolic diseases (Peschke et al.,
2007). Melatonin treatment ameliorates metabolic changes associated with obesity in rats fed a
high fat diet (HFD) (Agil et al., 2011; Rios-Lugo et al., 2010). In addition, the effect of melatonin
on the improvement of the insulin signaling pathway was found in the hypothalamus, skeletal
muscle, liver of old obese rat (Zanuto et al., 2013). These results reveal the role of melatonin
related to the metabolic regulation.

The present study show that in HFD-fed+STZ-treated rats, the reduction of
neurogenesis in the hippocampus was observed as shown by the decreasing of proteins
expression related to neurogenesis such as nestin, DCX and B-III tubulin. These results suggest
the loss of these marker proteins expression in hyperglycemia animals may represents the loss
of function or number of neural stem cells including mature neurons in hippocampus. We also
showed a significant downregulation of synaptic proteins expression, synaptophysin and PSD-
95. Synaptophysin, an abundant presynaptic protein and PSD-95, a scaffolding protein enriched
in post-synaptic densities, in the hippocampus of HFD+STZ-induced hyperglycemia rats. The
alteration of pre- and postsynaptic protein expression indicated the abnormality of synaptic
function in hippocampal neurons under hyperglycemia condition. Additionally, we found that
HFD-fed+STZ-treated rats showed an obvious increase in GFAP level in the hippocampus.
Changes in glial activity caused the neuronal cell death or caused the disturbance of the brain

functions. Hyperglycemia condition also enhance the proliferation and activation of microglial



that induced the increasing of cell death signaling molecules such as caspase-3 level in the rat
brain.

Interestingly, we found that the melatonin administration significantly increased the level
of neuronal markers during neurogenesis and synaptic proteins expression while decreased the
astrocytic protein in the hippocampal of the HFD+STZ-treated rats compared with the vehicle-
injected HFD+STZ-treated rats. The administration of melatonin prevents an increase in oxidative
stress and nitric oxide levels in blood plasma and several tissues during diabetes and also
modulates neuroinflammation and oxidative stress via NF-kappa B and Nrf2 cascade. Then,
melatonin ameliorates the decrease of neurogenesis and synaptic formation of hyperglycemia
rat hippocampus by attenuating the oxidative stress induced hippocampal cell damage. The
results also demonstrated that in hippocampus of diabetic-like rats, melatonin treatment also
improved the reduction of IR-B, the phosphorylation levels of IR-B and of their downstream
proteins related with proliferative pathway such as p-ERK which might be associated with
neurogenesis. In this study, we found that rats treated by the HFD and low dose of STZ which
showed markedly increased of their blood glucose level, was exhibited the low level of melatonin
receptors both MT1 and MT2 in the hippocampus. The melatonin treatment could enhance the
expression of hippocampal MT1 and MT2 protein levels in HFD-fed and STZ-treated rats. Our
data suggest that dysregulation of the insulin signaling pathway during diabetes may provide a
convergent mechanism of impaired neurogenesis and synaptic proteins dysfunction in
hippocampus, while melatonin can reverse these negative effects. Moreover, melatonin also
rescues the reduction of the melatonin receptors in the hippocampus of HFD-fed and STZ
induced hyperglycemia rats in order to improve or reduce the pathogenesis of diabetes.

In addition, we observed that high blood glucose condition in our animal’s model affected
the level of clock gene and Sirt1 expression in the rat hippocampus. The treatment of melatonin
could attenuate the level of Period2 and also Sirt1 expression. Therefore the molecular clock
genes may one of the potential cause or response to development of hippocampus function
impairment in diabetic and melatonin treatment may help to modulate the severe of the disease.
However, further study to understand the mechanism related to the function of these clock
component on the diabetes and memory formation still are necessary.

In summary, our experiments showed that HFD-fed+STZ treatment resulted in a reduction
in proliferation of new neurons, and an increase in the expression of an astrocyte marker. HFD-
fed+STZ treatment led to the reduction of crucially functional synaptic proteins and melatonin
receptors. Also the alteration in the insulin receptor and its downstream signaling protein related

proliferative pathway was observed in the hippocampus of HFD-fed+STZ treatment animals.



Moreover, HFD-fed+STZ treatment also altered the level of clock genes and sirtuin gene.
Furthermore, these HFD-fed+STZ treatment-induced alterations in hippocampal rats were
attenuated by melatonin administration. These results reveal us the potential approaches to
understand and gain more knowledge which can help us for the further treatment and prevention

of the disease.

3. Objective

The present study aimed to investigate the effects of melatonin on the alteration of
physiological parameters, neurogenesis, astrogliosis, synaptic function, and investigate the
related mechanism for these changes in the hippocampus of HFD-fed and streptozotocin (STZ)

induced hyperglycemia rat.

4. Research methodology
4.1. Animal and experimental design

6 week old male Wistar rats weighing 200 g were purchased from the National Laboratory
Animal Center of Mahidol University, Thailand. The experimental protocol was performed in
accordance with experimental protocols approved by the Laboratory Animal Care and Use
Committee of Mahidol University (COA. NO. MB-ACUC 2013/003). Rats were housed under a
12h light:12h dark cycle with lights on from 6 am (Zeitgeber time (ZT) 0) at constant temperature.
Animals were allowed to accommodate to laboratory conditions for at least 1 week which food
and water were available ad libitum. After accommodation, rats will be divided into normal diet
control (NFD) and high fat diet groups (HFD). The normal diet control group was fed with
standard laboratory chow containing 4-6% energy from fat through the experiment for 7 weeks.
The high fat diet group was fed by high energy diet (57% energy from fat, Table 1) for 5 weeks
and then was injected intraperitoneally with streptozotocin (STZ) (40 mg/kg body weight, Sigma,
USA) (Wu et al., 2011) dissolved in normal saline and used within 15 minutes. The normal diet
control group was injected with a vehicle. The body weight was monitored weekly during dietary
manipulation. The blood and urine glucose level was monitored by a test strip before and after
the vehicle or STZ injection. The rats with the fasting glucose level of 2300 mg/dl were
considered diabetic and selected for studies. For the melatonin treatment, the high fat diet group
was divided into 2 subgroups. One subgroup (HFD+STZ+Mel) was injected subcutaneously with
melatonin (10 mg/kg body weight) dissolved in 0.05 % absolute ethanol once daily at ZT5 for 4
weeks stared at 2 weeks before and after STZ-treatment. While for another high fat diet subgroup

(HFD+STZ) and the normal diet control were treated in the same procedure with vehicle at the
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same time. Six rats per each group were used. Animals were sacrificed and brains were
immediately removed, and the specific tissues areas related to cognitive function, hippocampus,
were dissected under a stereo dissecting microscope at 4 °C. The tissues will be stored at -80

°C until use.

Table 1. Detail of high fat diet

Nutrient name ag/kg Energy (kcal/kg diet) Energy ratio
Protein 330.00 1,320 26.54
Carbohydrate 198.70 795 15.51
Fat 340.00 3,060 57.95
Total 1000.00 5,175 100.00

4.2. Study the profile of mRNA level of expression of clock gene and related clock controlled
gene by Real-time PCR

Total RNAs from the brain tissue was extracted using TRIzol reagent (Invitrogen Life
Technologies, Carlsbad, CA, USA) according to the manufacturer's protocol. The RNA quality
and concentration was determined using nanodrop UV spectrophotometer. Then RNAs were
reverse transcribed to cDNA by using the High Capacity cDNA Reverse Transcriptase Kit
(Applied Biosystems, Foster City, CA, USA) under the condition that was showed in Table 2.
Specific primers and TagMan probes use to analyze the mRNA expression of hippocampal clock
gene (Per1, Per2, Bmal1 and Rev-erbQ) and Sirt1 was ordered from Applied Biosystems (assay
detail showed in Table 3). The rat beta-actin (Actb), an endogenous control gene, was used to
normalize the differences in sample RNA content. Real-time PCR will be performed according
to the protocol described previously (Wongchitrat et al., 2013). All studied gene reactions were
performed duplicate in separate well of each samples. PCR reactions were run on the CFX96
real-time PCR (Bio-rad, USA). The relative mRNA expression will be achieved with Bio-rad CFX

manager software (Bio-rad, USA) by performing the comparative Ct method.

Table 2. Detail of condition for cDNA synthesis

Step 1 Step 2 Step 3 Step 4
Temperature 25°C 37 °C 85 °C 4 °C
Time 10 min 120 min 5 sec 00




Table 3. Detail of used TagMan assay

Interrogated Sequence Ampli-
Exon
Translated Protein con
Gene name Assay no. Ref. Sequence Boundary
Length
Pert Rn01496753_g1 NM_001034125.1 NP_001029297.1 12-13 142
Per2 Rn01427704_m1 NM_031678.1 NP_113866.1 22 -23 100
Bmal1 Mm01269616_m1 NM_007489.3 NP_031515.1 9-10 100
Rev-erbO! Rn01460659_g1 NM_145775.2 NP_665718.2 2-3 123
Sirt1 Rn01428096_m1 rCT60587.0 rCP41658.0 5-6 65
Actb PN 4352931E NM_031144.2 NP_112406.1 4-5 91

4.3. Study the profile of protein level of expression of clock gene and related clock controlled
gene by western blot analysis

Hippocampus was homogenized in RIPA lysis buffer containing 150 mM NaCl, 50 mM
Tris-base, 1 mM phenyl methanesulfonyl fluoride (PMSF), 1 mM EDTA, 1% Triton X-100, 0.5%
sodium deoxycholate, 0.1% SDS, 1% protease inhibitor and 1% phosphatase inhibitor, and
homogenized by sonicator for 10 s twice. The homogenization mixtures were centrifuged at
12,000 x g for 15 min at 4 °C, and the supernatant was collected and used for western blots
analysis. Protein concentration was determined by Bradford protein assay (Bio-Rad Laboratories,
Hercules, CA, USA) using bovine serum albumin (BSA) as a protein standard.

The protein samples were mixed with 2X loading buffer (125 mM Tris—HCI, pH 8.5, 2%
SDS, 20% glycerol, 2.5% mercaptoethanol and 2.5% bromophenol blue) and boiled at 95 oC
for 5 min. The equal amount of protein sample were loaded onto 12-15% polyacrylamide gel to
perform SDS—-PAGE electrophoresis and transferred onto PVDF membranes (Amersham
Biosciences, Piscataway, NJ, USA). The transfer efficiency was observed by Ponceau-S red
solution. Then, the membranes were washed out by distilled water (DW) until the red color of
Ponceau-S red disappeared. The blots were blocked with blocking buffer (5% non-fat milk in
tris-buffered saline (TBS) containing 0.1% Tween-20, TBST) for 1 h at room temperature and
then incubated overnight at 4 °C with the following antibodies; goat polyclonal antibody against
doublecortin (DCX) (1:1,000), mouse monoclonal antibody against nestin (1:1,000), mouse
monoclonal antibody against |3-III Tubulin (1:1,000), rabbit polyclonal against anti-GFAP
(1:1,000), mouse monoclonal antibody against synaptophysin (1:10,000), mouse monoclonal

antibody against PSD-95 (1:10,000), rabbit anti NR2A (1:1000), mouse anti NR2B (1:1000),



rabbit polyclonal anti-insulin receptor (IR) Q-subunit (1:1,000), mouse monoclonal antibody
against IR-B (1:1,000), rabbit monoclonal anti-p-IRB (1:1,000), mouse monoclonal antibody
against ERK1/2 (1:1,000), mouse monoclonal antibody against p-ERK1/2 (1:1,000), rabbit
polyclonal antibody against MT1 (1:500), rabbit polyclonal antibody against MT2 (1:500), rabbit
monoclonal antibody against BMAL1 (1:2,000), rabbit polyclonal antibody against PER1
(1:2,000), rabbit polyclonal antibody against PER2 (1:1,000), Goat polyclonal antibody against
REV-ERBQL (1:1,000), mouse polyclonal antibody against SIRT1 (1:1,000), and mouse
monoclonal antibody against actin (1:10,000). On the next day, the membranes were washed
three times with TBST for 5 min before incubated with the following secondary antibodies; rabbit
anti-goat IgG HRP linked for DCX (1:20,000), REV-ERBQ (1:60,000) anti-rabbit IgG HRP-linked
for GFAP (1:5,000 in 5%NFM), insulin receptor (Ql-subunit) (1:5,000), p-IRB (1:5,000 in 3%
BSA), MT1 (1:1,000), MT2 (1:1,000 in 3% BSA), BMAL1 (1:10,000), PER1 (1:20,000), PER2
(1:20,000) and anti-mouse IgG HRP-linked for nestin (1:2,000), B-Ill-tubulin (1:5,000),
synaptophysin (1:10,000), PSD95 (1:10,000), insulin receptor (B-subunit) (1:5,000 in 5% NFM),
ERK1/2 (1:5,000), p-ERK1/2 (1:2,000), SIRT1 (1:5,000) and actin (1:20,000), for 1.30 hr at room
temperature. Finally membranes were washed thrice and visualized enhanced
chemiluminescence using ECL Prime™ and exposed on X-ray film (Kodak, Rochester, NY,
USA). The immunoblot bands were quantified by measuring the density of each band with the

Scion image software (National Institutes of Health, Bethesda, MD, USA).

4.4. Statistical analysis

STATISTICA10 statistical software (StatSoft, Tulsa, OK, USA) was used for data analysis.
The level of expression of studied genes are presented as means + SEM from at least four to
six animals per each study groups. The data were first analyzed by one-way analysis of variance
(ANOVA) and, subsequently, by Least Significant Difference (LSD) post hoc test, if necessary.

P < 0.05 was considered as statistically significant.

5. Results
5.1. Body weight and blood glucose level

Rat body weight and glucose level at the end of experiment were shown in figure1 and 2,
respectively. There was no significant difference in both parameters between studied groups at
the start of the experiment and the urine glucose test with strips were negative. The weight of
rats was gained with age increase without any significant difference between groups after 5

weeks of dietary feeding. However, the body weight and glucose level in HFD-treated groups
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were significantly changed 3 days after STZ injection. At the end of experiment, the body weight
in HFD+STZ-treated group (365.74 + 6.74 g) was significantly decreased compared with the
NFD-treated group (394.87 + 5.18 g) (P < 0.05, Fig.1). The glucose levels in HFD+STZ-treated
rats (378.6 + 20.79 mg/dl) were significantly higher than those in control rats (99.8 + 1.46 mg/dl)
(P < 0.05, Fig.2). HFD+STZ-treated rats exhibited 3-fold increase of fasting blood glucose level
as compare to NFD-treated group and urine test with strips were also positive. In addition, those
HFD+STZ-treated rats displayed the symptoms of polyphagia, polyuria and polydipsia as
compared to NFD-treated rats by observation. The feeding of HFD and injection of STZ also
induce hepatic pathology as compared to control group (Fig.3, 4). The results showed that high
fat diet together with single low dose of STZ induced the change of blood glucose in animals.
After 4 weeks of melatonin administration, the slight decrease in fasting blood glucose
levels observed in HFD+STZ+Mel-treated rats compare to HFD+STZ treated group (Fig.2).
However, the change was not statistically significant. The body weight did not alter by melatonin

treatment in HFD+STZ-treated rats.
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Fig.1 Body weight of animals after HFD fed + STZ injection and melatonin treatment. Parameters
were determined at the end of the experiments. Data represented as mean + SEM. * P < 0.05

denotes significant difference compared with the NFD-fed rats (control).



400 1

Reaaaaa M —
S
3 S
)] R
g e
S SR
) S
100 A * 3-@.@.
S
S
- S

control HFD+STZ HFD+STZ+Mel

Fig.2 Fasting blood glucose level of animal 3 days after HFD fed + STZ injection and 4 week of
melatonin treatment. Parameters were determined at the end of the experiments. Data
represented as mean + SEM. * P < 0.05 denotes significant difference compared with the NFD-

fed rats (control).

Control

Fig.3 High fat diet (HFD) and low dose STZ treatment induced hepatic pathology in liver after 5

weeks of feeding in HFD rats as compared to normal fat diet fed rats (control)
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Control

HFD

Fig.4 Liver autopsy tissue and liver histology by hematoxylin-eosin stain (H&E) staining of normal
fat diet fed (upper panel) and high fat diet fed animals (lower panel). Liver steatosis, which is
accumulation of triglycerides in hepatic cells, visualized as clear vesicles (arrow) in the liver of

HFD group.
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5.2. Hippocampal neurogenesis and astrocytic activity

In order to determine whether HFD+STZ-induced hyperglycemia influenced
neurogenesis, the markers of neural stem cells; nestin, migrating immature neuron; DCX, and
mature neuron; B-III Tubulin were examined (Fig. 5). HFD-fed+STZ-induced hyperglycemia
showed significant reduced of nestin level to 49.49 + 2.11% (P < 0.05, Fig. 5A) and also revealed
decrease of DCX level to 71.05 + 6.00% (P < 0.05, Fig. 5B) as well as B-III Tubulin level to
60.72 £ 7.90% (P < 0.05, Fig. 5C) in HFD+STZ-treated group when compared with NFD-treated
group. This indicated the decrease of hippocampal neurogenesis was occurred during the HFD-
fed+STZ treatments. In HFD+STZ+Mel-treated group, the levels of nestin, DCX and B-III Tubulin
expression were increased to 94.11 £ 1.54% (P < 0.05), 96.58 + 6.19% (P < 0.05), and 91.96
1 3.50% (P < 0.05), respectively when compared with HFD+STZ-treated group. This suggested
that melatonin treatment restored the HFD-fed+STZ-induced decrease of neurogenesis in
hippocampus.

To determine the effect of HFD+STZ-induced hyperglycemia on the astrocytic activity
referring to inflammation in the brain, quantitative GFAP immnoreactivity was evaluated. Western
blot analysis showed significant increase in GFAP to 147.6 £ 4.54% (P < 0.05; Fig. 5D) in
HFD+STZ-treated group when compared with NFD-treated group. Melatonin supplement could
significantly decrease level of GFAP to 112.5 + 4.66% (P < 0.05; Fig. 5D) when compared with
HFD+STZ-treated rats.
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Fig.5 Effect of melatonin on hippocampal neurogenesis and astrogliosis in HFD-fed and STZ-
induced rats. 10mg/kg melatonin treatment attenuated a reduction of A) nestin: neural stem cell
B) DCX: immature neurons and C) B-III Tubulin: mature neurons whereas decreased D) GFAP
in the HFD+STZ-treated rats. The western immunoreactive bands are shown above each graph
and the band densities were normalized with actin. Their ratios were calculated as percentage
of the respective value of NFD-fed control group. Data represented as mean + SEM. * denotes
significant difference compared with the NFD-fed rats (control) and # denotes significant

difference compared with HFD+STZ-induced rats at P < 0.05
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5.3. Hippocampal NMDA receptor subunits and structural synaptic proteins

Several lines of evidence have documented that the deterioration of memory
performance in diabetes is primarily related to synaptic dysfunction, degeneration and also
plasticity, which are regulated at pre-synaptic site by modulating the release of neurotransmitter
molecules and post-synaptic site by modulating the amount, types, or properties of
neurotransmitter receptors and their interactions with post synaptic scaffold protein. Thus, we
investigated if HFD+STZ-treated rats display alterations of pre- and post-synaptic proteins in the
rat hippocampus, including synaptophysin, synaptic protein integrating the vesicular release
machinery as a presynaptic marker and PSD-95 as postsynaptic markers. Western blot analysis
showed significantly decreased of the synaptophysin level to 61.73 + 7.38% (P < 0.05; Fig.6A)
and PSD-95 level to 47.41 2.67% (P < 0.05; Fig. 6B) in HFD+STZ-treated group when compared
with the NFD-fed group, which indicated the occurrence of pre- and post-synaptic disturbance
in hippocampus of hyperglycemia induced by HFD+STZ treatment. In HFD+STZ+Mel-treated
group, synaptophysin level was increased to 97.95 + 3.03% (P < 0.05; Fig.6A) similar to PSD-
95 level was increased to 69.61 =+ 2.85% (P < 0.05; Fig.6B). This showed that melatonin
modulated the effect of HFD+STZ-induced decrease of synaptic modulation in hippocampus.

To further ascertain that the reduction of PSD-95 induced by HFD+STZ-treatment
associated with the expression of ionotropic glutamate receptors, N-methyl-D-aspartate (NMDA)
receptors, we investigated the alterations of NR2A and NR2B which are the subtype of GIuN2
and the key factor regulating this receptor mobility, protein-protein interaction and also post-
synaptic membrane trafficking. Immunoreactivity for the NR2A subunit of NMDA receptor
complex was dramatically reduced to 43.99 + 3.64% (P < 0.05; Fig.6C) in HFD+STZ-treated
group when compared with the NFD-fed group, whereas immunoreactivity for the NR2B subunit
was unaffected (Fig.6D). Interestingly, melatonin treatment significantly inhibited the reduction
of NR2A level and reversed to 86.45 + 5.94% (P < 0.05; Fig.6C) when compared with HFD+STZ-
treated rats. This indicated that melatonin treatment restored the HFD-fed+STZ-induced

decrease of synaptogenesis in hippocampus.
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Fig.6 Effect of melatonin on hippocampal synaptic proteins and NMDA receptors in HFD-fed and
STZ-induced rats. 10mg/kg melatonin treatment attenuated a reduction of A) synaptophysin:
presynaptic marker protein B) PSD-95: postsynaptic marker protein C) NMDA receptor, NR2A
subunit but no effect on D) NR2B subunit in the HFD+STZ-treated rats. The western
immunoreactive bands are shown above each graph and the band densities were normalized
with actin. Their ratios were calculated as percentage of the respective value of NFD-fed control
group. Data represented as mean + SEM. * denotes significant difference compared with the

NFD-fed rats and * denotes significant difference compared with HFD+STZ-induced rats at P <

0.05
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5.4. IR/Erk signaling in hippocampus

Brain insulin signaling plays important roles in the regulation of neuronal proliferation,
survival and synaptogenesis as well as in learning and memory. Defective insulin signaling is
contributed to decrease in cognitive ability and also development of dementia. Therefore, we
investigated if HFD+STZ-treated rats display alterations of proteins related IR/ERK pathway in
the rat hippocampus such as IR-Q(, IR-B, p-IR-B, ERK and p-ERK. In HFD+STZ-induced
hyperglycemia rats showed significantly reduced of IR-B level to 49.58 + 6.04% (P < 0.05; Fig.
7B) and also revealed significantly decreased of p-IR-B level to 47.28 £ 1.41% (P < 0.05, Fig.
7C) as well as p-ERK level to 41.53% 4.78% (P < 0.05; Fig. 7D) when compared with NFD-
treated group. After melatonin administration, IR-B, p-IR-B and p-ERK levels in HFD+STZ+Mel-
treated rats were increased to 73.55 + 8.45% (P < 0.05; Fig. 7B), 84.98 + 4.65% (P < 0.05; Fig.
7C) and 83.73 £ 5.09% (P < 0.05; Fig. 7D), respectively. On the other hand, IR-Q level (Fig.
7A) was not showed any significant different between groups. Therefore, HFD together with STZ
treatment altered the insulin signaling pathway and melatonin was able to attenuate the

decreased of IR-B, p-IR-B, and p-ERK level in hippocampus.

16



A B

IR o S, as——— 05 k0a IR e — 0 kDo
Actin GEEEEED N W i D acin (D D WS -0
150n 150,
& E 10404 e i FLicic
- <3
B g
s e &3
=2 s ~ £ 501
il N
Control HED+STZ HFD+STZ +Mel Control HFD*STZ HFD+STZ+Mal
Treatment Treatment
C D

piRf . e S— 95 kDA PERK 12 S B e M/4ZKDa
Buctin A e A A7 kD
) ERK 17 S S S 44200

1507 150
% E 1004 § £ E 1004
<t & ‘5‘
o ¥ o
g3 Es
a8 sl % af 504

0 . [ s
Cantrol HFD+STZ HFD+STZ+Mal Contral  HFD+STZ HFD+STZ+Mal
Treatment Treatrment

Fig.7 Effect of melatonin on hippocampal insulin signaling proteins in HFD-fed and STZ-induced
rats. 10mg/kg melatonin treatment attenuated the alteration of A) IR-Q, B) IR-[3, C) p-IR-B, D)
p-ERK protein levels in the HFD+STZ-treated rats. The western immunoreactive bands are
shown above each graph and the band densities were normalized with actin. Their ratios were
calculated as percentage of the respective value of NFD-fed control group. Data represented as
mean + SEM. * denotes significant difference compared with the NFD-fed rats and * denotes

significant difference compared with HFD+STZ-induced rats at P < 0.05
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5.5. Hippocampal melatonin receptor

Melatonin receptors, MT1 and MT2 levels were examined due to the action pathway of
melatonin to the hippocampus. HFD+STZ-treatment significant decreased the MT1 level to 58.47
+ 1.83% (P < 0.05; Fig.8A) as well as MT2 level to 57.46 + 1.75% (P < 0.05, Fig. 8B) in
HFD+STZ-treated group when compared with NFD-treated group. In HFD+STZ+Mel-treated
group, MT1 level was increased to 89.28 + 3.63% (P < 0.05; Fig 8A) and MT2 level to 90.32 +
2.89% (P < 0.05; Fig. 8B). Then, administration of melatonin reversed the reduction of metatonin

receptors expression by HFD-fed and STZ-induced hyperglycemia.
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Fig.8 Effect of melatonin on hippocampal melatonin receptors in HFD-fed and STZ-induced rats.
10mg/kg melatonin treatment attenuated a reduction of A) MT1 B) MT2 protein in the HFD+STZ-
treated rats. The western immunoreactive bands are shown above each graph and the band
densities were normalized with actin. Their ratios were calculated as percentage of the respective
value of NFD-fed control group. Data represented as mean = SEM. * denotes significant
difference compared with the NFD-fed rats and * denotes significant difference compared with

HFD+STZ-induced rats at P < 0.05
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5.6. Clock gene mRNA expression in rat hippocampus

First of all we study the daily rhythm of expression of studied clock genes. The results
showed that all four genes; Per1, Per2, Bmal1 and Rev-erb alpha expressed with significant the
daily variation which Per1, Per2 and Rev-erb alpha display a diurnal pattern whereas Bmal1

display a nocturnal pattern (P < 0.05, Fig. 9).
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Fig.9 Daily variation of clock genes mRNA expression in the rat hippocampus under LD12:12.
Values represent as relative abundance (mean + SEM from 3 - 6 animals for each group) after
normalization to actin. *P < 0.05 showed a statistically significant difference between day and

night timepoint.
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5.7. Effect of melatonin on clock gene expression in the high fat diet fed and streptozotocin-
induced hyperglycemia rats.

Next, we examined mRNA and protein level of expression of the core clock components
in positive loop; Bmal1 (Fig. 10), negative loop; Per1 (Fig. 11) and Per2 (Fig. 12) and auxiliary
loop; Rev-erb alpha (Fig. 13) to see whether HFD-fed and STZ induced high blood glucose
affected the level of genes expression. The results showed that all studied clock genes were
expressed in the rat hippocampus of all groups. HFD-fed and STZ injection had different effect
on clock genes mRNA levels. The comparison of mRNA level showed a statistically significant
difference between NFD control and HFD+STZ groups for Per2, Bmal1 and Rev-erbQ but not
for Per1. HFD+STZ treatment obviously increased Per2 and Bmal1 mRNA levels while slightly
decreased the level of Rev-erbd mRNA expression. Melatonin injection for 4 weeks had
significant ability to attenuate the effect of HFD-fed+STZ treatment on the mRNA level of Per2

(P < 0.05). However, melatonin had no specific effect on other clock gene.
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Fig.10 Levels of Bmal1 (A) mRNA were analyzed by real-time PCR and (B) protein were
analyzed by western blot in the hippocampus of high fat diet fed (HFD) and streptozotocin (STZ)-
induced hyperglycemia rats undergoing melatonin (Mel) treatment for 4 weeks. Values represent
as relative abundance (mean + SEM from 3 - 6 animals for each group) after normalization to
actin. * P < 0.05 compared to rat injected with saline as the controls at the same time points. #

P < 0.05 compared with the HFD+STZ group at the same time points.
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Fig.11 Levels of Per1 (A) mRNA were analyzed by real-time PCR and (B) protein were analyzed
by western blot in the hippocampus of high fat diet fed (HFD) and streptozotocin (STZ)-induced
hyperglycemia rats undergoing melatonin (Mel) treatment for 4 weeks. Values represent as
relative abundance (mean + SEM from 3 - 6 animals for each group) after normalization to actin.
* P < 0.05 compared to rat injected with saline as the controls at the same time points. # P <

0.05 compared with the HFD+STZ group at the same time points.
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Fig.12 Levels of Per2 (A) mRNA were analyzed by real-time PCR and (B) protein were analyzed
by western blot in the hippocampus of high fat diet fed (HFD) and streptozotocin (STZ)-induced
hyperglycemia rats undergoing melatonin (Mel) treatment for 4 weeks. Values represent as
relative abundance (mean + SEM from 3 - 6 animals for each group) after normalization to actin.
* P < 0.05 compared to rat injected with saline as the controls at the same time points. # P <

0.05 compared with the HFD+STZ group at the same time points.
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Fig.13 Levels of Rev-erb0 (A) mRNA were analyzed by real-time PCR and (B) protein were
analyzed by western blot in the hippocampus of high fat diet fed (HFD) and streptozotocin (STZ)-
induced hyperglycemia rats undergoing melatonin (Mel) treatment for 4 weeks. Values represent

as relative abundance (mean + SEM from 3 - 6 animals for each group) after normalization to

actin.
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5.8. Effect of melatonin on Sirtuin1 gene expression in the high fat diet fed and streptozotocin-
induced hyperglycemia rats.

In order to study the regulation of epigenetic mechanism on the circadian clock
component under high blood glucose condition of diabetic in the brain. We examined the
alteration of Sirt7 mRNA level in the hippocampus of the hyperglycemic rats (Fig. 14). The
results showed that high blood glucose significantly elevated Sirt1 expression in HFD+STZ
treated rats as compare to normal control rats (P < 0.05). The melatonin treatment attenuated

the level of Sirt1 expression to the normal level of expression (P < 0.05).
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Fig.14 Levels of Sirt1 (A) mRNA were analyzed by real-time PCR and (B) protein were analyzed
by western blot in the hippocampus of high fat diet fed (HFD) and streptozotocin (STZ)-induced
hyperglycemia rats undergoing melatonin (Mel) treatment for 4 weeks. Values represent as
relative abundance (mean + SEM from 3 - 6 animals for each group) after normalization to actin.
* P < 0.05 compared to rat injected with saline as the controls at the same time points. # P <

0.05 compared with the HFD+STZ group at the same time points.
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6. Conclusion and Discussion

We found that the HFD-fed together with, a low dose, STZ-injected rats were shown
diabetic-like appearance which is comparable to previous study (Hu et al., 2013; Miao et al.,
2015). The presence of over peritoneal fat in HFD rats due to excess fat consumption could
constitute a source of oxidation leading to hyperinsulinemia, a typical feature of insulin resistance
(Belfiore and lannello, 1998). Further, in induced diabetic models, most of the animals requires
relatively high dose of STZ (>50 mg/kg) (Lenzen, 2008). However, high dose of STZ usually
give dramatic increase mortality rate (Ventura-Sobrevilla et al., 2011). On the contrary, too low
dose of STZ (25 mg/kg) did not successful produce hyperglycemia (Srinivasan et al 2005). For
this model, we used the combination of HFD-fed and low dose of STZ (40 mg/kg) which gave
an effective result in hyperglycemia in harmony with prior study (Hu et al., 2013). High
concentration of glucose increase the production of oxidative stress under chronic inflammation
can overcome antioxidant defenses leading to intense oxidative stress (Esposito et al., 2002).
Both in vivo and in vitro studies demonstrated that high glucose levels affect the production of
pineal melatonin (Amaral et al., 2014; Peschke et al., 2008; Srinivasan et al., 2005). The
alteration of melatonin synthesis influences the important role played by melatonin as a powerful
antioxidant and in the control of sleep and biological rhythms and energy homeostasis including
glucose metabolism and insulin secretion. Hippocampal neurogenesis and synaptic plasticity
seems to be sensitive to many pathogenic and treatment factors that are assorted with the
comorbidity between diabetes and impaired memory (Ho et al., 2013). In this study, we showed
that melatonin attenuated the reduction in proliferation of hippocampal neurons and synaptic
plasticity and help to decreased astrocytic activity that induced by HFD-fed+STZ treatment.

Hippocampal neurons in adult mammals are vulnerable to an abnormal glycemia. A
chronic high blood glucose levels in an experimental model of diabetes showed the reduction of
cognitive dysfunction and hippocampal changes (Alvarez et al., 2009; Kerti et al., 2013). Rat
with severe hyperglycemia showed the low weight of brain tissue and severity of brain damage
and apoptosis especially hippocampus (Tayman et al., 2014). In HFD-fed+STZ-treated rats, the
reduction of neurogenesis in the hippocampus was observed as shown by the decreasing of
proteins expression related to neurogenesis. Nestin is an intermediate filament protein marker
of neural stem cell (Gilyarov, 2008; Park et al., 2010). The reduction of nestin expression in
hippocampus in the HFD-fed+STZ-treated rats agree with the previous reports in cardiac (El-
Helou et al., 2009) and vascular smooth muscle (Tardif et al., 2014) of diabetic rodent models.
The level of DCX, a microtubule-associated protein marker of migrating or immature neuron,

decreased in HFD-fed+STZ-treated rats which is similar as the results found in the dentate gyrus
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of mice that treated with HFD (Hamilton et al., 2011; Yoo et al., 2012b) We also examined the
level of B-III tubulin protein level as a marker of mature neuron and the results showed that
there was a reduction of B-III tubulin expression in HFD-fed+STZ-treated animals. These results
suggest the loss of these marker proteins expression in hyperglycemia animals may represents
the loss of function or number of neural stem cells including mature neurons in hippocampus.
Many reports showed in animal models of diabetes that were established by STZ and/or HFD
significantly decreased Ki67 (Balu and Lucki, 2009; Hwang et al., 2008; Revsin et al., 2009;
Stranahan et al., 2008) BDNF protein level (Yoo et al., 2011; Yoo et al., 2014) and Brdu positive
cell in hippocampus (Beauquis et al., 2006; Lindqvist et al., 2006; Saravia et al., 2004). Moreover,
the study in the neural stem cells (NSCs) also showed that exposure to the high glucose altered
the epigenetic mechanisms in NSCs (Shyamasundar et al., 2013) and altered expression of
genes that involved in cell-cycle progression and cell-fate specification during neurulation phase
of brain formation in embryo (Fu et al., 2006). Together, these indicate that hyperglycemia can
contribute to the impairment of adult hippocampal neurogenesis by inducing many protein
dysregulations that involve in cell proliferation, progenitor survival and neuronal differentiation in
the hippocampus.

We also showed a significant downregulation of synaptic proteins expression,
synaptophysin and PSD-95. Synaptophysin, an abundant presynaptic protein and PSD-95, a
scaffolding protein enriched in post-synaptic densities, in the hippocampus of HFD+STZ-induced
hyperglycemia rats corresponded to previous studies in STZ-induced diabetes (Duarte et al.,
2009; Hou et al., 2012; Wang et al., 2014) and HFD-fed animals (Arnold et al., 2014; Najem et
al., 2014). It has been shown that dysregulation of synaptic formation induce memory impairment
by interference the process of neurotransmission in hippocampus (Trudeau et al., 2004). As
synaptophysin is a constituent of neurotransmitter-containing presynaptic vesicle membranes,
the augmentation of this synaptic protein may reflect an increase in neurotransmission leading
to improved memory (Edelmann et al., 1995). Apart from PSD-95 immunoreactivity, these HFD-
fed+STZ-treated animals also showed a decrease in this synaptic protein. This present results
agree with Amold and colleagues who showed that HFD produced brain insulin resistance
related to a reduction of hippocampal PSD-95 immunostaining in mice (Arnold et al., 2014).
PSD-95 is a cytoskeletal elements adhering to the postsynaptic membrane and serving as
scaffold for surface neurotransmitter receptors to promote synaptic efficiency (Delint-Ramirez et
al., 2008). Therefore, the decrease in PSD-95 indicates that the strength of synapse may
aggravate by distorted clustering of N-methyl-D-aspartate receptor (NMDAR), an ionotropic

glutamate receptor. It has been extensively affirmed that NMDAR signaling in the hippocampus
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is considerable for encoding the connections between particular events and specific spatial
locations within a cognitive map (Simoes et al., 2007). A study using a streptozotocin treated
showed that tyrosine dependent phosphorylation of the NR2A/B subunits of the NMDA receptor
and CAMKII were reduced and its association to the NMDA receptor complex were impaired in
hyperglycemic rats compared with age-matched controls (Gardoni et al., 2002). In this study, we
founded that HFD-fed+STZ treatment decreased the expression of NR2A consistent with Delibas
et al who found that STZ-diabetes resulted in increased lipid peroxidation and exhibited the
reduction of NR2A concentrations (Delibas et al., 2004). NMDARs are good substrates for
CAMKII and Src protein kinase (Tezuka et al., 1999).

In neurogenesis aspect, there has evidence showed that in the adult mouse dentate
gyrus, the stimulation of the NMDA receptor leads to suppress the expression of both nestin
and proliferating cell nuclear antigen (PCNA). Li et al. reported that NR2B-containing NMDARs
play a positive role in regulating NSPC proliferation by using a selective NR2B antagonist to
prevent the NMDA-induced increase in cell proliferation (Li et al., 2011). Nevertheless, a study
by Hu et al. showed that NR2B-containing NMDA receptors negatively regulate neurogenesis
and spatial memory (Hu et al., 2008). Moreover, a study in NR2A knockout mice (GIuN2A-/-)
by using golgi staining revealed the deficits in the dendritic growth in maturing dentate granule
neurons (Kannangara et al., 2014). In addition, a study of Watanabe et al. concluded that the
NR2A receptor subunit promotes cell proliferation by accelerating cell cycling (Watanabe et al.,
2008). Therefore, the alterations of pre/postsynaptic and NR2A protein expression indicated the
abnormality of synaptic structures which may influence the efficiency of glutamate transmission
and cell proliferation in hippocampal neurons under hyperglycemia condition.

Additionally, we found that HFD-fed+STZ-treated rats showed an obvious increase in
GFAP level in the hippocampus. This result was corresponded with the previous report in STZ-
induced diabetes animals (Amin et al., 2013; Baydas et al., 2003; Coleman et al., 2004). The
study in diabetes rats showed the association of the increasing in GFAP expression was related
to the phenotypic changes and increased astrocytic number (Nagayach et al., 2014a).
Hyperglycemia condition also enhance the proliferation and activation of microglial that induced
the increasing of cell death signaling molecules such as caspase-3 level in the rat brain
(Nagayach et al., 2014b). Changes in glial activity caused the neuronal cell death or caused the
disturbance of the brain functions such a cognitive function and motor function (Amin et al.,
2013; Nagayach et al., 2014a; Nagayach et al., 2014b). Therefore, these results suggest that
HFD and STZ induced hyperglycemia causes decreased neurogenesis and synapse function

while increased astrocyte activity in the hippocampus.
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Melatonin has been found to promote learning and memory function. Our previous study
found that melatonin could prevent the dexamethasone- induced reduction in neurogenesis and
impairment of spatial memory in adult mice (Ruksee et al., 2014) and also modulated the
expression of Ki67, DCX, NR2A/B, and CaMKIl in adult rat hippocampal progenitor cells induced
by methamphetamine (Ekthuwapranee et al., 2015). In the present study, we found that the
melatonin administration significantly increased the level of neuronal markers during
neurogenesis and also synaptic proteins expression while decreased the astrocytic protein in
the hippocampal of the HFD+STZ-treated rats compared with the vehicle-injected HFD+STZ-
treated rats. The administration of melatonin prevents an increase in oxidative stress and nitric
oxide levels in blood plasma and several tissues during diabetes (Korkmaz et al., 2012; Reiter
et al., 2009; Sudnikovich et al., 2007) and also modulates neuroinflammation and oxidative
stress via NF-kappa B and Nrf2 cascade (Negi et al., 2011; Permpoonputtana and Govitrapong,
2013). It has been reported that melatonin induced an increase in the number of BrdU/DCX-cell
populations in hippocampus. This implied that melatonin induced survival of newly generated
neurons by affecting intermediate DCX-expressing stages of adult neurogenesis (Ramirez-
Rodriguez et al., 2009). Furthermore, cell viability, differentiation of neural stem cells and BDNF
were increased by melatonin (Kong et al., 2008). Our previous studies (Sotthibundhu et al.,
2010; Tocharus et al., 2014) exhibited that melatonin directly promoted neural stem cell
proliferation via melatonin receptor and improve hippocampal synaptophysin, PSD-95, and
NMDA receptor such as NR2A/B under both normal and abnormal conditions (Dilek et al., 2010;
Juan et al., 2014; Kaewsuk et al., 2009; Sutcu et al., 2006; Zhou et al., 2011). Therefore, we
propose that down-regulation of neurogenesis and synaptic formation, and up-regulation of
astrocytic activity implied to occurring inflammation in rat hippocampus would be the effect of
hyperglycemia. Melatonin could be beneficial for a therapeutic approach in diabetic patients by
attenuating the oxidative stress induced hippocampal cell damage and promoting proliferation.

Recently, the brain insulin/insulin receptors system is obtaining major attention in
regulation of brain functions. Insulin receptors are distributed in the brain regions such as
hippocampus, hypothalamus and olfactory bulb. The presence of IR in the hippocampus
suggests its functional involvement in cognition (Kim and Feldman, 2012). The disturbances of
the insulin signaling pathway have revealed new perspective on the link between cognitive
impairment associated AD and HFD/STZ-induced diabetes (Agrawal et al., 2011; Blazquez et
al.,, 2014; Havrankova et al., 1979; Schioth et al., 2012). The present results demonstrated that

in hippocampus of hyperglycemia rats, melatonin treatment also improved the reduction of IR-

B, the phosphorylation levels of IR-B and of their downstream protein activation related with
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proliferative pathway such as phosphorylated extracellular signal-regulated kinase-1/2 (p-
ERK1/2), which might be associated with neurogenesis (De Fea and Roth, 1997; McNeill et al.,
2008; Murray and Holmes, 2011; Pearson et al., 2001; Skolnik et al., 1993). Activation of the
insulin receptor-Shc (Src homology collagen peptide)-ERK pathway activates gene expressions
by upregulation CREB (cAMP response element-binding protein-cellular transcription factor)
phosphorylation that are required for cell and synapse growth, and for cell repair and
maintenance. Our results are consistent with previous study in obese rats, which demonstrated
that melatonin improve insulin sensitivity in hypothalamus, liver, skeletal muscle, and epididymal
adipose tissue (Zanuto et al., 2013). The number of signaling molecules have been implicated
in learning and memory functions in different species, such as ERK activity, the important one
of downstream insulin signaling protein, is involved in learning and memory (Selcher et al., 1999;
Zhao et al., 2004). Moreover, Hwang et al. discovered that ERK2 activation induced mitogenic
signaling that promoted the translocation of p21 from the nucleus to the cytoplasm, causing cell
cycle progression and proliferation (Hwang et al., 2009). It has been suggested that ERK
mediates changes factor for neurogenesis and in the long-term storage of information in the
brain, a process that requires participation of gene regulation and expression (Samuels et al.,
2008; Shioda et al., 2009; Yan et al., 2007).

Several evidence suggested a physiopathological relationship between the lacked or
reduced melatonin level and their receptors exhibited in the diabetes which could be improved
by melatonin supplementation (She et al., 2014). Melatonin transmits their actions mediate the
specific high-affinity G protein-coupled receptors known as melatonin receptor 1 (MT1) and
melatonin receptor 2 (MT2) (Reppert et al., 1994), which found to express in many area of the
brain include hippocampus (Mazzucchelli et al., 1996). Melatonin administration increased insulin
sensitivity and glucose tolerance in animals fed with either high fat or high sucrose diet (Kitagawa
et al., 2012). Recent reports in diabetes model showed that melatonin acts through MT1 and
MT2 receptors to activate hypothalamic Akt/PKB, protein kinase B and suppress hepatic
gluconeogenesis in rats (Faria et al., 2013) and inhibit insulin release of pancreatic B cells
(Karamitri et al., 2013). In addition, use of luzindole, a melatonin antagonist can block some of
the metabolic actions of melatonin (Srinivasan et al., 2013). In this study, we found that rats
treated by the HFD and low dose of STZ which showed the markedly increased of their blood
glucose level, was exhibited the low level of melatonin receptors both MT1 and MT2 in the
hippocampus. The study in the melatonin receptor knockout mice showed the alteration of
melatonin level that affect the change in several parameters such as body weight, blood glucose

level, insulin level which induced the diabetes condition (Bazwinsky-Wutschke et al., 2014;
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Contreras-Alcantara et al., 2010). In addition, the genetic studies in patients also demonstrate
the association of melatonin receptor genes polymorphism in the diabetes especially the
variation in MT2 (Nagorny and Lyssenko, 2012; Zhang et al., 2014).

More interestingly, not only the signal transduction pathway of melatonin, but also a
potential cross-talk between melatonin and insulin has been reported. Recently, Gabriel et al.
show that melatonin induces a rapid MT1/MT2 membrane receptor-dependent tyrosine
phosphorylation and activation of the insulin receptor B-subunit tyrosine kinase (IR) and
downstream AKT serine phosphorylation and ERK phosphorylation, respectively, in the rat
hypothalamic suprachiasmatic region (Anhe et al., 2004) similar to our study. Then, the loss of
melatonin receptor signaling might affect the insulin secretion or function and increased the risk
to develop diabetes associated with abnormal brain. In this study, we first report that melatonin
treatment could enhance the expression of hippocampal MT1 and MT2 protein levels in HFD-
fed and STZ-treated rats. Our data imply that dysreguration of the insulin signaling pathway
during diabetes may provide a convergent mechanism of hippocampal impaired neurogenesis
and synaptic proteins, and melatonin can reverse these negative effects. Moreover, melatonin
also rescues the reduction of the melatonin receptors in the hippocampus of HFD-fed and STZ
induced hyperglycemia rats to improve the transmission of the action of melatonin to reduce the
pathogenesis of diabetes.

Additionally, high concentration of glucose in blood circulation alters different gene
expressions in many organs including the brain. It can cause the change in brain function such
as cognitive function of the hippocampus. Several reports have suggested the association of the
impairment of the molecular clock function to the development of cognitive impairment in
diabetic. However, the precise underlying mechanisms remain unknown. In the present study
we investigated the effects of melatonin on clock gene expression in hippocampus of HFD-fed
and STZ induced hyperglycemia rats. The results showed that hyperglycemia condition affected
both the mRNA and protein level of clock genes; Per2, Bmal1 and Rev-erb alpha expression in
the hippocampus of hyperglycemia rats compared to that observed in the vehicle-injected group.
Melatonin treatment could attenuate the level of Per2 expression in the hippocampus of HFD-
fed and STZ induced hyperglycemia rats. Therefore, hyperglycemia disrupts the molecular clock
genes expression that may lead to the circadian physiological changes of hippocampal functions
and melatonin treatment could help to modulate the abnormality, therefore the mechanism still

need to elucidate by more research in the future.
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7.1 Invited researcher
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The characterization of the clock of the mammalian retina.

CNRS UPR 3212 Institut des Neurosciences Cellulaires et Intégratives

(INCI), Deépartement Neurobiologie des Rythmes, Centre de

Neurochimie, Université de Strasbourg

5 rue Blaise Pascal 67084 Strasbourg France

May 2015-June 2015

Dr. Marie-Paule Felder-Schmittbuhl

Chargée de recherche CNRS
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A letter from the principal investigator of host laboratory (page 40)
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Marie-Paule FELDER-SCHMITTBUHL
Chargée de recherche CNRS

Tél - 0388456644
Fax: 0383456654

Iél. : felder@neurochem u-strasbg fr

&

INCI

Institut des Neurosciences
Cellulaires et Integratives
UPR 3212

5 rue Blaise Pascal
F-67084 Strasbourg cedex 03

http:fiinci.u-strasbg fr

Sous la tutelle du

Strasbourg, june 27th 2015

To whom it may concem,

Dr Prapimpun WONGCHITRAT has spent 2 months in 2015 (May and
June) in our laboratory at the Institute for Cellular and Integrative Neurosciences
in Strasbourg as an invited researcher. For this visit, she was also awarded a
‘visiting grant” from the Intemational Society for Neurochemistry. During her stay
she took part in our project to characterize circadian clock mechanisms in the
distinct cell types of the retina. She more particularly analysed retina cones by
using the Nir-/- mice, a mutant in which the retina rods are converted into cones.
She used laser capture microdissection to isolate photoreceptor layers from their
retinas at distinct time points of the 24h cycle and extracted mRNA to finally
analyse kinetics of clock gene expression by gPCR. We have been fruitfully
collaborating with Dr Wongchitrat for several years: she is an excellent scientist
with very good technical and conceptual skills, always eager to learn new
technigues, whenever necessary for her project. She is also a very kind person,
with whom it has been agreeable to interact, whatever the context. The topic she
has been developing here this year is rather close to the projects she is
conducting at Mahidol University in Thailand and | can tell that our interaction is
mutually beneficial. | strongly hope that we will be able to maintain this
collaboration in the future.

M e Y ldiy.

Marie-Paule Felder-Schmittbuhl, HDR

Associé 3
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7.2 Guess speaker

Topic: High fat diet and brain aging

Host: muﬂszqu%ﬂmiﬂi:ﬁ‘hﬂmaaQ"L@T%“m;u an1 8 ndsERInInedaas
1389 “Melatonin and other factors as the potentially useful agents in
attenuating brain aging and neurodegeneration and enhancing
neurogenesis’” ™ #addszgy  A107  amtudiInmaaasluiana
NANINYIRBURAAR A7 TN 29 LNBBW 2558

Reference person: Prof. Dr. Piyarat Govitrapong

Head of Research center of Neurosciences, Mahidol University

Email: piyarat.gov@mabhidol.ac.th

7.3 International conference

1)

2)

The 12" Biennial meeting of the Asian Pacific Society for Neurochemistry (APSN)
Kaoshiun, Taiwan, 23-26 August 2014

Presentation type: Poster (2 posters)

The 18" Thai Neuroscience Society (TNS) Conference 2014 & 2" Joint CU-NIPS
Symposium “Frontier in Neuroscience Research” Bangkok, Thailand, 21-23 December
2014

Presentation type: Poster (1 related poster and other 3 posters)

7.4 National conference

1)

d’]uﬂix‘glﬁﬁ’m’]iﬂix’fﬁ’]ﬁ‘ﬂadéﬂ@ﬁbﬂu ]N1 ﬁﬁﬂﬂﬂiz&ﬁﬂaﬂﬂﬁﬂ’lﬁ@]g Léa\‘l “Melatonin
and other factors as the potentially useful agents in attenuating brain aging and
neurodegeneration and enhancing neurogenesis” th ﬁaaﬂsmjw A107 &anUwEIINeN
ma@]ﬁmaqa NAINLIRLNRAS AIREN i'wﬁ 29 LUB8U 2558

Presentation type: Oral (15 min)

Title: Effect of melatonin on clock gene expression in hippocampus of high fat diet and

streptozotocin-induced high blood glucose rat

41



8. Output

8.1 International Journal Publication

1)

Melatonin regulates aging and neurodegeneration through energy metabolism,
epigenetics, autophagy and circadian rhythm pathways. Jenwitheesuk A, Nopparat C,

Mukda S, Wongchitrat P, Govitrapong P. Int J Mol Sci. 2014;15(9):16848-84. (attachment
1)

2) Effects of melatonin on hippocampal neurogenesis alteration in high-fat diet-fed and
streptozotocin-treated rats. (manuscript to be submitted on July 2015) (attachment 2)
8.2 Others

8.2.1 Proceeding

1)

Effects of high-fat diet and low-dose streptozotocin injection-induced changes in rat
hippocampal synaptic proteins Lansubsakul N, Wongchitrat P, Mukda S, Govitrapong P.
The 18th Thai Neuroscience Society (TNS) Conference 2014 & 2nd Joint CU-NIPS
Symposium “Frontier in Neuroscience Research” Bangkok, Thailand, 21-23 December

2014 (attachment 3)

8.2.2 Abstract (International conference)

1)

2)

The circadian rhythm of sirtuin mRNA expression in the rat brain. Wongchitrat P,
Govitrapong P, Prachayasittikul V.
Journal of Neurochemistry (2014), 130 Suppl. 1, p50 (page 45)

Effect of melatonin on the expression of clock genes in the hippocampus of high-fat diet
fed and streptozotocin induced diabetic rats. Mukda S, Wongchitrat P, Suwanjang W,
Lansabsakul N, Govitrapong P.

Journal of Neurochemistry 2014, 130 (Suppl. 1), p73-74 (page 46-47)
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The circadian rhythm of sirtuin mRNA expression in the rat brain

P. Wongchitrat1, P. Govitrapongz, V. Prachayasittikul3

'Mahidol University, Faculty of Medical Technology, Center for Innovation Development and
Technology Transfer, Thailand

“Mahidol University, Institute of Molecular Biosciences, Research Center for Neuroscience,
Thailand

*Mahidol University, Faculty of Medical Technology, Department of Clinical Microbiology and
Applied Technology, Thailand

Sirtuins belong to the third class of deacetylase enzymes, which are dependent on NAD+ for
their activity that is associated with variety of mechanism in mammals. Sirtuins expressed in
several tissues and organs involved in systemic metabolism have been clearly reported.
However, the studies of sirtuins in the brain, where is the central of nervous system are remain
unknown. The aim of this study was to examine the pattern of Sirtuin mRNA expression in the
rat hippocampus and striatum which are related to many of neurodegenerative diseases. Rat
brains were dissected and daily profile of Sirt7 and Sirt2 mRNA levels were analyzed using
semi-quantitative RT-PCR. Results showed that Sirt7 and Sirt2 were expressed in a different
pattern of each specific brain areas. Sirt1 mRNA level displayed a circadian rhythm of expression
only in the striatum but not in hippocampus. The highest level of Sirt1 expression was occurred
during night time. The diurnal rhythm of Sirt2 mRNA expression was found only in hippocampus
which peaked at ZT3. These results indicate that the rhythm of Sirtuin may play an important
role in circadian rhythms of physiological processes in the specific brain area.

Acknowledgement: TRF (MRG5680016) & Mahidol University
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Effect of melatonin on the expression of clock genes in the hippocampus of high-fat diet
fed and streptozotocininduced diabetic rats

S. Mukda', P. Wongchitratz, W. Suwanjangz, N. Lansabsakul’, P. Govitrapong1

"Mahidol University, Institute of Molecular Biosciences, Research Center for Neuroscience,
Salaya Campus, Nakornpathom, Thailand

*Mahidol University, Faculty of Medical Technology, Center for Innovation Development and

Technology Transfer, Salaya Campus, Nakornpathom, Thailand

The circadian clock is an endogenous system that acts as an internal time-keeping device,
generates approximately 24-hour oscillations in physiology and behavior known as circadian
rhythms. An important function of the circadian clock is to synchronize different metabolic
processes in an organism including energy metabolism, sleep-wake cycles, hormone secretion,
and cardiac function. Recent evidence have demonstrated that the dysfunction of the circadian
clock is associated with the development of several pathological conditions including diabetes.
Moreover, there is evidence that a functional clock exists in many parts in the brain including
the hippocampus. Therefore, this study aims to investigate the effect of streptozotocin (STZ)-
induced diabetes on the clock genes expression in the rat hippocampus, as well as to investigate
whether the exogenous melatonin, a major entraining signal for the circadian systems, can
restore the expression of clock genes. Our results show that exogenous melatonin provides a
protective effect against an alteration of clock genes in the hippocampus of STZ-induced diabetic
rats. These data demonstrate the important of circadian clock impairment associated with
diabetes which may provide new insights and treatment targets for this disease.

Acknowledgement: TRF (MRG5680016) & Mahidol University
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POSTER PRESENTATIGNS

P01-14

Learning induces sonic hedgehog signaling in the
amygdala which promotes neurogenesis and long-term
memory formation

H. C. Hung

National Cheng Kung University, Institute of Basic Medical
Science, Tainan, Taiwan

It is known that neurogenesis occurs throughout the life mostly in
the subgranular zone (SGZ) of the hippocampus and the subven-
tricular zone (SVZ) of the lateral ventricle. Here we investigated
whether neurogenesis occurred in the amygdala and its function in
fear memory formation. Mice were injected intraperitoneally with 5-
bromo-2’-deoxyuridine (BrdU) 2 h before receiving 15 tone—
footshock pairings. The number of BrdU*/DCX* and BrdU*/NeuN*
cells was significantly higher in the conditioned mice suggesting
that association of tone with footshock induced neurogenesis. To
determine the relationship between neurogenesis and memory
formation, mice were given cell proliferation inhibitor methylaz-
oxymethanol acetate (MAM). MAM markedly reduced neurogen-
esis and impaired fear memory formation. Similarly, intra-amygdala
infusion of cytosine arabinoside (Ara-C) which interferes with DNA
synthesis decreased freezing responses. Sonic hedgehog (Shh), its
receptor patchedl (Ptcl) and transcription factor Glil protein levels
increased at 1 day and returned to baseline at 7 days after fear
conditioning. Immunohistochemistry confirmed that Shh* cells
increased after conditioning. Chronic infusion of cyclopamine
(Shh antagonist) through an osmotic pump into amygdala reduced
the number BrdU*/DCX™* cells and decreased freezing responses.
Silencing Shh gene expression with small hairpin interfering RNA
(shRNA) by means of a lentivirus expression system or with a
retrovirus vector encoding Skh shRNA (Retro-Shh-shRNA) which
allowed us to knockdown Shh specifically in the mitotic neurons
reduced the number of BrdU*/NeuN" cells and decreased freezing
responses. Taken together, these results suggest that fear learning
induces Shh signaling activation in the amygdala which promotes
neurogenesis and long-term memory formation.

P0O1-15

TRIPS6 regulates the maintenance of postnatal mouse
neural stem cells

M. Y. Li", Y. J. Lai', C. Y. Yang", K. H. Huang', J. C. Tsai', T. W.
Wang ™

!National Taiwan Normal University, Department of Life Science,
Taipei, Taiwan

2National Yang-Ming University, Brain Research Center, Taipei,
Taiwan

Postnatal neurogenesis persists throughout life in the subventricular
zone (SVZ)-olfactory bulb pathway in mammals. Extrinsic or
intrinsic factors have been revealed to regulate properties of neural
stem cells (NSCs). Thyroid hormone receptor interacting protein 6
(TRIP6) belongs to zyxin family of LIM proteins, which interact
with various proteins to mediate cellular functions. However, the
role of TRIP6 in NSCs is still unknown. By performing double
immunofluorescence staining, we found that TRIP6 was expressed
by Sox2-positive NSCs in postnatal mouse SVZ. To study the
function of TRIP6 in NSCs, we performed overexpression exper-
iments with neurospheres derived from postnatal day 7 SVZ. We
found that TRIP6 increased the sphere size and proliferation of
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NSCs. To test whether TRIP6 regulates multi-potency in NSCs, we
overexpressed and knocked down TRIP6 in NSCs cultured in
differentiation condition and found that TRIP6 inhibited NSC
differentiation. To further investigate the mechanism of TRIP6 in
NSCs, we performed luciferase assay and found that TRIP6
activated Notch signalling, a pathway required for NSC self-
renewal. In conclusion, our data suggest that TRIP6 regulates
postnatal NSC maintenance. Taken together, our results suggest that
TRIP6 regulates NSC maintenance in the postnatal mammalian
SVZ.
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The circadian rhythm of sirtuin mRNA expression in the
rat brain

P. Wongchitrat', P. Govitrapeng?, V. Prachayasittikul®

! Mahidol University, Faculty of Medical Technology, Center for
Innovation Development and Technology Transfer, Thailand
2Mahidol University, Institute of Molecular Biosciences, Research
Center for Neuroscience, Thailand

3 Muhidol University, Faculty of Medical Technology, Department of
Clinical Microbiology and Applied Technology, Thailand

Sirtuins belong to the third class of deacetylase enzymes, which are
dependent on NAD+ for their activityt that is associated with variety
of mechanism in mammals. Sirtuins expressed in several tissues and
organs involved in systemic metabolism have been clearly reported.
However, the studies of sirtuins in the brain, where is the central of
nervous system are remain unknown. The aim of this study was to
examine the pattern of Sirtuin mRNA expression in the rat
hippocampus and striatum which are related to many of neurode-
generative diseases. Rat brains were disected and daily profile of
Sirtl and Sirt2 mRNA levels were analyzed using semi-quantitative
RT-PCR. Results showed that Sirt/ and Sirt2 were expressed in a
different pattern of each specific brain areas. Sirt/mRNA level
displayed a circadian thythm of expression only in the striatum but
not in hippocampus. The highest level of Sirt! expression was
occurred during night time. The diurnal rhythm of Sirz2 mRNA
expression was found only in hippocampus which peaked at ZT3.
These results indicate that the rhythm of Sirtuin may play an
important role in circadian thythms of physiological processes in the
specific brain area. [Acknowledgement: TRF(MRG5680016) &
Mahidol University]
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In utero analysis of miR-3099 role in the development and
function of the mouse brain

W. H. Siew"? P. 8. Cheah'®, S. Abdullah?, K. H. Ling'?
!Universiti Putra Malaysia, Faculty of Medicine and Health
Sciences, Genetics Medicine Research Centre, NeuroBiology and
Genetics Group, UPM Serdang, Malaysia

2Universiti Putra Malaysia, Faculty of Medicine and Health
Sciences, Department Obstetrics and Gynaecology, UPM Serdang,
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3Universiti Putra Malaysia, Faculty of Medicine and Health
Sciences, Department Human Anatomy, UPM Serdang, Malaysia

MicroRNAs (miRNAs) are small non-coding RNAs about 18-24
nucleotides long that are emerging as key regulator of post-
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have been reported that many herbal extracts and natural products
possessing antioxidant activity could accelerate recovery after nerve
injury by enhancing antioxidant enzymes and reducing tissue
damage induced by free radicals. The efficacy of therapeutic
strategies for diabetic neuropathy is still not in satisfaction level.
Recently, it has been reported that substances delivery via
transdermal patch can decrease first pass effect giving rise to the
decreased therapeutic dose and decreased side effects. Therefore,
this study aimed to develop and to evaluate the effect of the health
product on functional recovery of the diabetic neuropathy. In this
study, Quercetin and Tomato extract were developed as health
products as transdermal patch with electrospinning technique and
determined enhancing effect on functional recovery of diabetic
neuropathy and determined the possible mechanism of transdermal
patch. Male Wistar rats were induced diabetes mellitus and crushing
the right sciatic nerve. Quercetin-loaded and Tomato-extract-loaded
transdermal patches at concentrations of 5, 10 and 15% with the
sized of 1x1 cm once daily at the area which the nerve crush injury
was performed for 21 days. The evaluation of nerve function was
performed using foot withdrawal reflex, De Medinacelli method
every 3 days throughout 21-day study period. The results revealed
that 5% Quercetin-loaded and 10% Tomato extract-loaded trans-
dermal patches could enhance the functional recovery of lesion
nerve. The underlying mechanism of Quercetin-loaded transdermal
patch might occur partly via the decreased oxidative stress whereas
Tomato extract-loaded transdermal patch might occur via other
mechanisms. Therefore, the current data demonstrates the potential
as novel health products against diabetic neuropathy.

P03-21

Biochemical, histological and proteomic characterization
of contusion and pericontusion during traumatic brain
injury

G. Harish', M. Anita, P. Nupur®, N. P. Vinuth?, T. S. Keshava
Prasad”, S. K. Shankar?, M. M. Srinivas Bharath’

Department of Newrochemistry, National Institute of Mental Health
and Neuro Sciences (NIMHANS), Bangalore, India

2Department of Neuropathology, National Institute of Mental
Health and Neuro Sciences (NIMHANS), Bangalore, India
3Department of Newrosurgery, National Institute of Mental Health
and Neuro Sciences (NIMHANS), Bangalore, India

Institute of Bioinformatics, Whitefield, Bangalore, India

Traumatic brain injury (TBI} involves pathologically distinct regions
of injury called Contusion (injured tissue) and pericontusion
(surrounding contused tissue). These regions could be implicated
in secondary injury events following injury. We sought to charac-
terize the injured tissue to elucidate the secondary injury pathways.
Contusion (r = 20) and pericontusion (r = 16} tissues obtained
from autopsy and from TBI patients undergoing craniotomy. Age
matched pathologically normal frontal cortex tissues which were
farthest from the site of injury served as controls. Assays for
oxidative stress and antioxidant function; immunohistochemistry for
GFAP, phosphorylated Neurofilament, ubiquitin and tau; and LC-
MS based proteomics followed by bioinformatic analysis was carried
out. Study demonstrated extensive oxidative damage evidenced by
altered redox markers consistent decrease of antioxidant enzymes
such as SOD and GSH metabolic enzymes and ATP depletion in the
contused tissues. Total GSH was significantly decreased both in the
synaptosomal and mitochondrial fractions both in contusion and
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pericontusion. Oxidative stress markers such as lipid peroxides, and
protein carbonyls were elevated in the contusion. Histological
evaluation showed significant demyelination and increased dystro-
phic neurons in pericontusion. Astrogliosis was prominent in
contusion compared to pericontusion. Microglial activation as seen
by Ibal + cells, oedema and axotomy was more in pericontusion
compared to contusion. Functional annotation of proteomics data
showed down-regulation of synaptic proteins and up-regulation of
inflammatory proteins in contusion. Pericontusion showed down-
regulation of structural/cytoskeletal proteins and up-regulation of
negative cell regulation proteins. We believe that the current data
gives insight into the pathology related to secondary damage and
subsequently helps in understand the dynamics of injury.

P03-22
Cathepsin C and Cystatin F gene interaction during

demyelination
J. Li*%, W. Wisessmith™2, T. Shimizu?, K. Tanaka®, K. Ikenaka®

! Graduate University for Advanced Studies, School of Life Science,
Department of Physiological Sciences, Okazaki City, Japan
2National Institute for Physiological Sciences, Division of
Neurobiology and Bioinformatics

Cystatin F, a papain-like lysosomal cysteine proteinase inhibitor,
and its main substrate, Cathepsin C, have been demonstrated to be
crucial factors in demyelinating diseases. It is found that the
expression of Cathepsin C and Cystatin F are profoundly elevated
and matched with ongoing demyelination/remyelination. However,
their accurate functional role in demyelinating diseases is still
unclear. To clarify their function in the pathological process of
demyelination, we used a spontaneous chronic demyelination mouse
model, named heterozygous PLP transgenic 4e (PLP*’") mice.
Meanwhile, Flexible Accelerated —STOP-Tetracycline Operator
Knockin (FAST) system is applied to up or down regulate Cathepsin
C or Cystatin F gene expression. In situ hybridization revealed that
in PLP**" mice conditional knock down of Cystatin F gene in
microglia lead to the down regulation of Cathepsin C mRNA levels.
On the contrary, Cathepsin C gene expression is enhanced by up
regulating Cystatin F. It means that Cathepsin C gene and Cystatin F
gene interact with each other through some unknown mechanism
during demyelination. It has important significance to clarify this
mechanism for understanding their function in this disorder. Further
study is needed to estimate the possible pathway and substrate of
Cystatin F that influences Cathepsin C gene expression.

P03-23

Effect of melatonin on the expression of clock genes in
the hippocampus of high-fat diet fed and streptozotocin-
induced diabetic rats

S. Mukda', P. Wongchitrat?, W. Suwanjang? N. Lansahsakul®, P.
Govitrapeng”

!Mahidol University, Institute of Molecular Biosciences, Research
Center for Neuroscience, Salaya Campus, Nakornpathom, Thailand
2Mahidol University, Faculty of Medical Technology, Center for
Innovation Development and Technology Transfer, Salaya Campus,
Nakornpathom, Thailand

The circadian clock is an endogenous system that acts as an internal
time-keeping device, generates approximately 24-hour oscillations
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in physiology and behavior known as circadian rthythms. An
important function of the circadian clock is to synchronize different
metabolic processes in an organism including energy metabolism,
sleep-wake cycles, hormone secretion, and cardiac function. Recent
evidence have demonstrated that the dysfunction of the circadian
clock is associated with the development of several pathological
conditions including diabetes. Moreover, there is evidence that a
functional clock exists in many parts in the brain including the
hippocampus. Therefore, this study aims to investigate the effect of
streptozotocin (8TZ)-induced diabetes on the clock genes expres-
sion in the rat hippocampus, as well as to investigate whether the
exogenous melatonin, a major entraining signal for the circadian
systems, can restore the expression of clock genes. Our results show
that exogenous melatonin provides a protective effect against an
alteration of clock genes in the hippocampus of STZ-induced
diabetic rats. These data demonstrate the important of circadian
clock impairment associated with diabetes which may provide new
insights and treatment targets for this disease.

P03-24

Aging and antioxidants modulate amyloid beta
metabolism, memory function and survival in rats:
implications in the pathogenesis of Alzheimer's disease
M. Sinha™2, A Bir', A. Banerjee’, S. Chakrabarti’

!nstitute of Post-graduate Medical Education & Research,
Department of Biochemistry, Kolkata, India

2Linknfiping University, Department of Clinical and Experimental
Medicine, Linkdping, Sweden

In aging brain varied forms of behavioural and biochemical deficits
take place which show many commonalties with Alzheimer’s
disease (AD) such as increased amyloid beta peptide deposition,
mitochondrial dysfunctions, pro-inflammatory reactions and oxida-
tive stress. The aged brain is a useful tool to investigate altered
metabolism of amyloid beta peptide that may have implications in
the pathogenesis of AD. In the present study, we have shown a
significant increase in the amyloid precursor protein (APP) level in
the brain cortex of aged rats (22-24 months) without a correspond-
ing increase in the level of APP mRNA. Moreover, the activity of
secretase is elevated (65%) and that of neprilysin diminished (48%)
in brain cortex of aged rats compared to that in young rats
(4-6 months). All these changes lead to a markedly increased
accumulation of AP42 in brain cortical tissue of aged rats. Long-
term dietary supplementation of rats with c-tocopherol, N-acetyl-
cysteine and o-lipoic acid has been carried out from 18 months
onwards daily till the sacrifice of the animals by 22-24 months. The
antioxidant supplementation attenuates all the age-related alterations
in amyloid beta metabolism. Further, a significant impairment of
spatial learning and memory and survival has been observed in aged
rats concomitant with altered brain metabolism of amyloid beta
peptide, and the same dietary antioxidant supplementation of aged
rats strikingly prevented the former phenomenon. The results
indicate the therapeutic potential of this antioxidant combination
in ameliorating the amyloid beta load in AD brain.
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Effect of d-amphetamine on dopaminergic neurons of
substantia nigra and expression of tyrosine hydroxylase
in the striatum, nucleus accumbens and prefrontal cortex
of d-amphetamine treated Wistar rat

8. Kairala, S. Shah

BP Koirala Institute of Health Sciences, Department of Anatomy,
Nepal

Dopaminergic neurons of the midbrain are the main source of
dopamine in the mammalian central nervous system. Dopamine is a
chemical messenger active in mesolimbic and mesocortical reward
pathways. Dopamine is manufactured in nerve cell bodies in the
ventral tegmental area (VTA) and is released in the nucleus
accumbens and the prefrontal cortex. To compare dopaminergic
neurons of substantia nigra and level of tyrosine hydroxylase (TH)
in the striatum, pre- frontal cortex and nucleus accumbens of D-
Amphetamine treated wistar mice. 15 wistar rat were injected
subcutaneously with amphetamine 10 mg/Kg body weight till
7 days while the controls groups (15 wistar rat) were injected with
normal saline in the same dose. On day 7 both the groups were
deeply anesthetized, perfused with a fixative of 4% paraformalde-
hyde in 0.1 sodium phosphate buffer (PBS), PH 7.4. Tissue
sectioning was done followed by immunohistochemical (IHC)
staining. One way-aNova test and post hoc Tests was applied.
Decreased level of tyrosine hydroxylase was present in striatum,
nucleus accumbens and pre-frontal cortex. The percentage of
tyrosine hydroxylase in all these 3 areas were highly significant
(p < 0.001). D-AMPH affects the neuronal cell morphology and
decreases expression level of TH. Degeneration of dopaminergic
neurons and damaged synaptic connection in substantia nigra, was
observed leading to a reduction of stratial dopamine levels. Animal
models of Parkinson’s disease, Schizophrenia, Alzheimer’s disease,
introverted personalities, Aftention deficit hyperactivity disorder
(ADHD) can be designed for the further clinical experiments.
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Role of caspase-3 in development of neuronal plasticity
and memory in rats subjected to prenatal hypoxia

N. N. Nalivaeva'2, N. M. Dubrovskaya®, D. S. Vasilev', D. 1.
Koziova ', S. A. Plesneva’, D. L. Tikhonravev®, N. L. Tumanava',
A. J. Tumner?, 1. A. Zhuravin'

LM, Sechenov Institute of Evolutionary Physiology and
Biochemistry, RAS, St. Petersburg, Russia

2 University of Leeds, School of Molecular and Cellular Biology,
Leeds, United Kingdom

Caspases (in particular, caspase-3) play an important role in cellular
processes underlying brain development, normal cell functioning
and apoptosis. Increased caspase activity in pre- and postsynaptic
terminals leads to proteolysis of synapse-associated proteins,
including cytoskeleton and receptors, and disruption of synaptic
activity. As such, inhibition of caspases is considered as a tool for
prevention and compensation of various synaptic pathologies. The
brain of rats subjected to prenatal hypoxia (E14, O, 7%, 3 h) is
characterised by an increased number of caspase-3-positive neuro-
nes and higher activity of this enzyme in the neocortex and
hippocampus in the period of intensive synaptogenesis (P20-30})
compared to controls. Subsequently, in later life (P30-0) these
animals have a reduced number of synaptopodin-positive dendritic
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~ Summary

Sirtuins belongs to the third class of deacetylase
enzymes, which are dependent on NAD+ for their activity.
Sirtuin activity is associated with a variety of mechanisms in
mammal such as gene repression, metabolic control, apoptosis
and cell survival, DNA repair, neuroprotection and healthy
aging. Sirtuins expressed in several tissues and organs
involved in systemic metabolism have been clearly reported.
However, the studies of Sirtuins in the brain, where is the
central of nervous system are remain unknown.

The aim of this study was to examine the normal pattern
of Sirtuin (Sirf) mRNA expression in the rat hippocampus
and striatum which are the brain areas related to many
neurodegenerative diseases.

Experimental designs and results
Wistar rats were sacrificed at four different time points

along 24 hours. Brains were rapidly removed and hippocampus
and striatum were dissected and stored in -80 °C until
processing. Sirtland SirtZ mRNA levels were analyzed using
semi-quantitative reverse transcription-polymerase chain
reaction (RT-PCR) to obtain a daily profile.

Results showed that Sirt! and SirtZ were expressed in
different patterns of each specific brain area. In this study,
Sirt1 mRNA level displayed the variation of its expression
during the day or circadian rhythm only in the striatum but
not in hippocampus. The highest level of Sirt1expression was
occurred during night time (ZT21). The diurnal rhythm of
Sirt2 mRNA expression was found only in hippocampus which
its level was peaked at ZT3.

Conclusion
Sirt1 [_x_‘ L
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Aging 1
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The rhythm of Sirtuins expression may play an important role
on circadian rhythm of physiological processes in the specific
brain areas. The disruption by internal and external cues can

cause of the alteration of circadian rhythms which may leads
to the development of neurodegenerative diseases.

Results

Hippocampus

Figure 1. Dailmrofile of Sirtuin mRNA expression in the rat
hippocampus. ite and black bars represent light and dark
phases, respectively. Values are means + SEM, with n = 4 for each
time point. *p < 0.05 was considered as statistically significant.

Striatum

Figure 2. Daily profile of Sirtuin mRNA expression in the rat
striatum. White and black bars represent light and dark phases,
respectively. Values are means + SEM, with n = 4 for each time
point. *p < 0.05 was considered as statistically significant.
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INTRODUCTION

The circadian clock is an endogenous system that
acts as an internal time-keeping device, generates
approximately 24-hour oscillations in physioclogy and
behavior known as circadian rhythms (Figure 1). An
important function of the circadian clock is to
synchronize different metabolic processes in an
organism including energy metabolism, sleep-wake
cycles, hormone secretion, and cardiac function, all of
which exhibit daily oscillations.

Figure 1: The master clock in mammals located in the
suprachiasmatic nucleus {SCN) in the hypothalamus
(Froy 0., 2011).

The molecular machinery that regulates circadian
rhythms consists of a set of genes, known as “clock”
genes. The products of “clock” gene regulate the
oscillation in gene expression, in protein modifications
and hormone secretion, which is primary formed by the
transcription-translation feedback loop (Figure 2).
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Figure 2: Feedback loop in the core circadian oscillator and
the interaction (Modified from Vieira E., 2014).

Recent evidence suggest that the disruption of
circadian rhythms on the molecular clock is pivotal in
several clinical and pathological conditions including
sleep disorders, cancer, depression, inflammation, and
the metabolic syndrome.
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Figure 3: A role for disruption of the molecular clock in
diabetes (Modified from Prasai et al 2008).

1. EFFECTS OF MELATONIN ON THE BODY WEIGHT AND FASTING BLOOD GLUCOSE LEVELS IN HIGH-FAT
DIET-FED AND LOW-DOSE STREPTOZOTOCIN-TREATED RATS

Experimental
Procedures

HFD-Fed for 6 weeks

{10 mg/kg, i.p.) for 5 weeks
i
STZ (40 mg/kg, i.p.}

Rats were subcutaneously injected
with either 10 mg/kg melatonin or
normal saline once daily for 6 weeks,

Body Weight

Body weight (g)

Week

No significant differences in body
weight between HFD+STZ rats and
melatonin-treated HFD+STZ rats.

Fasting Blood Glucose
Levels

Glucose (mg/dl)

Control HFD4STZ HFD+STZ
+MEL

Melatonin-treated HFD+STZ rats
trend to have lower levels of
fasting blood gluccse levels than

after 1 week feeding with HFD.
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This study aims to investigate the effect of
streptozotocin (STZ)-induced diabetes on the clock genes
expression in the rat hippocampus, as well as to
investigate whether the exogenous melatonin, a major
entraining signal for the circadian systems, can restore
the expression of clock genes.

Our results show that exogenous melatonin
provides a protective effect against an alteration of clock
genes in the hippocampus of STZ-induced diabetic rats.
These data demonstrate the important of circadian clock
impairment associated with diabetes which may provide
new insights and treatment targets for this disease.
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the HFD+STZ rats.

2. EFFECTS OF MELATONIN ON INSULIN RECEPTOR AND CIRCADIAN GENES LEVELS IN HIPPOCAMPUS OF
HFD-FED AND STREPTOZOTOCIN-TREATED RATS
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_
i Recent evidence has shown an association between diabetes mellitus (DM) and impairments in learning and memory. However, the mechanisms by
which cognitive abilities are impaired in diabetes have not been clearly established. The hippocampus plays an important role in spatial learing and memory. :
Several studies in rodents demonstrate that learning tasks enhance synaptic formation in hippocampus. The aim of this study was therefore to determine the :
effect of diabetes on synaptic proteins expression in hippocampus of an animal model of high-fat diet (HFD) and streptozotocin (STZ)-induced diabetes. We :
measured the immunoreactivities of presynaptic protein synaptophysin and postsynaptic density protein-95 (PSD-95) as the indicator of synaptic efficiency. :

HFD and STZ-induced diabetes produced a dramatic decrease in both synaptophysin and PSD-95 in the rat hippocampus as compared to controls. Therefore,
the alteration in synaptic proteins expression in a rat model of diabetes may play a potential role in the cognitive impairment in DM. H

INTRODUCTION

As a result of HFD and sedentary lifestyles, the
number of people suffering from DM has
increased each year.  Previous reports

Effect of HFD and low-dose STZ on the blood glucose level and liver necropsy of male
Wistar rats

demonstrate that DM is one of the causes of the o
memory impairment. Rats rendered diabetes by .
treatment with a high dose STZ, the pancreatic 8- e .
cell toxin to induce hyperglycemia, show impaired &
performance in tests of spatial learning and ;|
memory ability similar to HFD-fed rats. Learning s

8 20

and memory disorders suggest the occurrence of
the dysregulation of the hippocampal synapse
formation process detected by pre- and post-
synaptic protein markers, synaptophysin and
PSD-95. The synaptotoxicity is an early feature of
other conditions related to memory impairment.
Thus, the synaptotoxicity has been proposed to
be an initial feature resulting from different
insidious brain insults include the diabetes. The
objective of this present study was to investigate
the effect of diabetes on synaptic protein
expression in hippocampus of an animal model of
HFD and STZ - induced diabetes as a method
developed by Srinivasan’s group (Srinivasan et al
2005).

NFD HFD+STZ

Control HFDesTZ

The feeding of HFD and injection of STZ induce the significant increase in fasting blood glucose and
hepatic pathology as compared to control group.

Effect of HFD and low-dose STZ-induced diabetes on synaptophysin, PSD-95 and insulin
receptor in the rat hippocampus
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HFD-Fed for 6 weeks

HFD and injection of STZ induce the significant decrease in both synaptic proteins and insulin

p receptor as compared to control group.
STZ (40 mgikg, i.p.)

: Western blot analysis
: Overall, the present study demonstrates that treatment with HFD and low-dose STZ can

induce diabetic rats and also shows the obvious decrease in immunoreactivities of synaptophysin as :
well as PSD-85 in hippocampus. Our finding from this experiment opens a window for concomitant :
evaluation of synaptic efficiency and diabetic condition. Synaptophysin level was decreased by HFD
and STZ treatment in the hippocampal rats indicates that the process of neurotransmitter releasing
from glutamatergic presynaptic neuron may be interfered. The decrease in PSD-95 indicates that the

ael

At 7" week, animals ——

Wb - e - strength of synapse may aggravate by distorted clustering of glutamatergic NMDA receptors
romovod Ineransdetection imaging (Delint-Ramirez et al., 2008). However, relationships among synaptophysin, PSD-85 levels, diabetes

and memory are not straightforward and need to further elucidate.

REFERENCES

Delint-Ramirez |, Salcedo-Tello P, Bermudez-Rattoni F. 2008. Spatial memory formation induces recruitment of NMDA receptor
and PSD-95 to synaptic lipid rafts. Journal of neurochemistry 106: 1658-68

= Srinivasan K, Viswanad B, Asrat L, Kaul C, Ramarao P. 2005a. Combination of high-fat diet-fed and low-dose streptozotocin-
treated rat: a model for type 2 diabetes and pharmacological screening. Pharmacological Research 52: 313-20

Rsssasaseanns - S S :

CKNOWLEDGEMENTS

This study was supported by Fund No. MRG 5680016 to PW and No. DPG 5780001 to PG from the Thailand Research Fund and a Mahidol University Research Grant.

¢ Primary antibodies:
- mouse anti-synaptophysin (1:20,000)
- mouse anti-PSD-95 (1:20,000)

: - mouse anti-actin (1:10,000)

: Secondary antibodies: anti-mouse |gG HRP-linked
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