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Objective(s): Cyclic AMP (adenosine monophosphate) response element-binding protein (CREB) and
Brain-derived neurotrophic factor (BDNF) are reported to broadly involve in learning capacity and
memory. BDNF exerts its functions via tropomyosin receptor kinase B (TrkB). BDNF transcription
is regulated by stimulating CREB phosphorylation. The CREB-TrkB-BDNF pathway is reported to
be affected by diabetes, which may contribute to its cognitive deficits. This study was conducted to
investigate the effect of vitamin D supplementation on the hippocampal fraction of this pathway in an
animal model of type-1 diabetes mellitus (T1DM).

Materials and Methods: Thirty-six adult male Sprague-Dawley rats were randomly divided into 4
groups as follows: Group 1: normal healthy rats (n=8); group 2: normal healthy rats receiving sesame oil
supplementation as placebo (n=8); Group 3: diabetic rats receiving sesame oil (n=10); and Group 4: diabetic
rats treated with 4300 IU/kg/week vitamin D dissolved in sesame oil (n=10). Diabetes was induced by
intraperitoneal (IP) injection of streptozotocin. Blood and hippocampal samples were acquired at the end of
the experiment. RNA was extracted from the hippocampus, and real-time PCR (polymerase chain reaction)
was performed for BDNF and TrkB gene expression.

Results: Administration of vitamin D (4300 IU/kg/week) in a T1DM animal model increased CREB
phosphorylation in the hippocampus, but the serum and hippocampal BDNF levels and TrkB and
BDNF gene expression did not change significantly.

Conclusion: Vitamin D increased hippocampal CREB phosphorylation in a T1IDM animal model. Our
findings showed that vitamin D might be protective against central nervous system complications in
diabetes. However, future studies are warranted.
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Introduction

the normal oxidant-antioxidant balance, resulting in

Diabetes mellitus (DM) is a multi-systemic chronic
disorder characterized by persistent high blood glucose
levels. In fact, insulin cannot perform its main roles
because of defects in insulin secretion, action, or both
(1). The prevalence of DM as one of the most prevalent
endocrine disordersis rising all over the world (2). Based
on the World Health Organization reports, the global
prevalence of DM will reach more than 3.6% by 2030 (3).
Long-term hyperglycemia could lead to several chronic
end-organ complications in the eyes, kidneys, and brain
(4, 5). Diabetes and chronic hyperglycemia may result in
central nervous system (CNS) complications. The exact
mechanism causing cortical and cerebellar dysfunction
is not elucidated yet, but brain cells are reported
to be vulnerable to oxidative stress (6). Prolonged
hyperglycemia in a pro-inflammatory setting disturbs

oxidative stress and injury in diabetes (7, 8).

Cyclic AMP (adenosine monophosphate) response
element-binding protein (CREB) is reported to widely
involve inlearning capacity and memory (9). Its activated
form, phosphorylated CREB (pCREB), plays significant
roles in hippocampal neurogenesis, neuroprotection,
and neuronal differentiation (9). Brain-derived
neurotrophic factor (BDNF) is a major neurotrophic
factor synthesized by neurons in the frontal cortex and
hippocampus of rodents (10). BDNF is also involved in
neuronal development, synaptogenesis, learning, and
memory (9). It supports the survival of cholinergic and
dopaminergic neurons (10). BDNF exerts its functions
via activation of a specific receptor, i.e., tropomyosin
receptor kinase B (TrkB) (11). BDNF transcription
is regulated by stimulating CREB phosphorylation
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(12). BDNE, TrkB, and its downstream target CREB
are reported to be involved in depression, as well
(13). Both BDNF and CREB, through anti-apoptotic
family members, lead to neuronal survival (14).
Several studies found that oxidative stress decreases
antioxidant enzymes and BDNF levels and impairs
the mitochondrial function (12). CREB expression is
also decreased following an increase in ROS and other
inflammatory insults. In diabetes, hyperglycemia,
advanced glycation end-products (AGE), lipids, and
chemokines all increase the intracellular oxidant
load (15). CREB has been recognized as an important
transcriptional factor for preserving an effective glucose
sensing, insulin secretion, insulin gene transcription,
and B-cell survival. CREB activates the transcription of
target genes in B-cells in response to different stimuli,
including glucose, incretin hormones, and growth
factors. These activation mechanisms, including a
diverse spectrum of protein kinases and their cofactors,
allow CREB to modulate the expression of crucial genes
such as insulin or insulin receptor substrate (16). On
the other hand, decreased pCREB is identified as one
of the main reasons for cognitive decline in diabetes,
maybe through decreased insulin levels (17, 18). Several
studies have investigated the association between BDNF
and diabetes in experimental and clinical diabetes (19).
Low BDNF levels are reported in diabetic humans and
mice (19). According to published reports, it seems
that diabetes decreases BDNF levels by increasing
oxidative stress or by other independent mechanisms
of oxidative stress. Therefore, restoration of the redox
state in diabetes may restore low BDNF levels, which
can prevent complications associated with diabetes and
the development of neurodegenerative diseases (19).

Vitamin D (cholecalciferol) is a fat-soluble vitamin
with a well-known role in calcium metabolism as well as
insulin secretion and synthesis (20). Vitamin D receptors
(VDR) are identified in different areas of the brain, like
the prefrontal cortex, hippocampus, thalamus, and
hypothalamus. Vitamin D3 may protect the structure
and integrity of the neurons through detoxification
pathways and neurotrophin synthesis (21). Besides
its antioxidant effects, increased BDNF and CREB
expression levels are reported in experimental studies
of the brain function (21, 22).

This study was conducted to investigate the possible
neuroprotective effects of vitamin D in an animal model
of type-1 DM with distinct concerns regarding its
possible mechanism of action through the CREB-trkB-
BDNF pathway in the hippocampus.

Materials and Methods

Experimental animals

Thirty-six adult male Sprague-Dawley rats weighing
150-250 g were purchased from the Central Animal
House, School of Pharmacology, Tehran University of
Medical Sciences (TUMS), Tehran, Iran. All experimental
animals were kept in standard cages under approved
conditions, including an environmental temperature
of 22+2 °C and humidity of 55-65% with a 12-hr light-
dark cycle. All animals had ad libitum access to a usual
animal diet (Pars Dam Co, Tehran, Iran) and tap water.
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The animals were housed in separate cages in groups
of four. All experimental procedures were in accordance
with the standards of animal care approved by the
Institutional Animal Care and Use Committee of TUMS
(ethics code 28826/103/01/94).

Induction of type-1 diabetes model

In the present study, type-1 diabetes was induced
by an intraperitoneal (IP) injection of streptozotocin
(STZ) (50 mg/kg) (Sigma-Aldrich Co. St Louis, MO, USA).
The rats were fasting overnight before induction, and a
single-dose of STZ dissolved in 0.1 M cold sterile sodium
citrate buffer (PH: 4.5) was injected to all animals
except the control rats. The development of T1IDM was
evaluated by fasting blood sugar (FBS) measurements.
For this purpose, blood samples obtained from the
tail veins were tested for FBS 72 hr after STZ injection
by a glucometer (Bionime GM300, Swiss Design,
Berneck, Switzerland). FBS levels of more than 250
mg/dl were considered diabetic. Other animals with no
diabetes induction were excluded from the following
experiments. Rats in the healthy control group received
1 ml sterile citrate buffer alone through an IP injection.

Study design

After two weeks of adaptation, the rats were divided
into the following groups using a block randomization
method:

. Group I (n= 8): Normal Control (NC) rats (1 ml
sodium citrate through IP injection)

. Group II (n= 8): NC rats receiving sesame oil
(SO) (1 ml sodium citrate and 0.5 ml sesame oil through
IP injection)

. Group III (n=10) : DM rats treated with SO (0.5
ml sesame oil through IP injection)

. Group 4 (n=10): DM rats treated with vitamin D
(4300 IU/rat/week vitamin D (Osveh Co., Iran) dissolved
in 0.5 ml sesame oil through IP injection)

All groups were treated with sesame oil or vitamin
D for 4 weeks. In diabetic groups, two rats died during
the study period; therefore, the analysis was performed
for 32 rats. Twenty hours before the last food intake,
the animals were kept fasting overnight. All rats were
sacrificed after anesthetization by IP injection of ketamine
(50 mg/kg) and xylazine (30 mg/kg). Blood samples were
collected by heart puncture. The samples were promptly
transferred to centrifuge tubes and centrifuged at 3500
rpm for 20 min. Serum samples were kept at -70 °C until
biochemical analysis. Bodyweight and food intake were
recorded weekly during the experiment.

Hippocampus sample preparation

Hippocampus samples were taken from all rats for
measuring the total protein of phosphorylated CREB,
BDNEF, and trkB messenger ribonucleic acid (mRNA)
expression. Fifty milligrams of hippocampus samples
were diluted in 10 ng phosphate-buffered saline (PBS)
(PH=7.4) and then homogenized by a homogenizer. The
samples were centrifuged at 2000-3000 RPM for 20
min and the supernatants were collected carefully for
measuring the total protein of phosphorylated CREB,
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Table 1. The sequences of primers used for real-time PCR reactions

Primer Sequence (5> 37)

TrkB Forward 5’- TGACGAGTTTGTCCAGGAGA -3’

Hippocampus Reverse 5’- TTGCTGCTCTCATTGAGGC -3’

BDNF Forward 5’-GGACATATCCATGACCAGAAAGA-3’

Hippocampus Reverse 5’-GGCAACAAACCACAACATTATCG-3’
Forward 5’-CATTCTTCCACCTTTGATGCTG-3’

GAPDH Reverse 5’-TGGTCCAGGGTTTCTTACTCC-3’

BDNF: Brain-derived neurotrophic factor; TrkB: tropomyosin receptor kinase B (TrkB); GAPDH: glyceraldehyde 3-phosphate dehydrogenase

BDNF, and trkB mRNA expression. All samples were
kept at -80 °C.

Biochemical measurements:

FBS was measured by an enzymatic method and
glucose oxidase method (Pars Azmoon kit, Iran). Serum
vitamin D was measured using a commercial ELISA kit
(Immunodiagnosticsystems (IDS) CO, London,UK) and
expressed as ng/ml. Hemoglobin Alc (HbA1C) was
measured before serum separation by an auto-analyzer
usingacommercial kit (BT-1500, Biotecnica Instruments,
[taly). The circulating insulin level was evaluated by an
ELISA kit (Mercodia Corporation, Uppsala, Sweden). This
kit had an assay sensitivity of 1 mIU/ml. Intra-assay and
inter-assay coefficient of variation (CV) were 2.1% and
6.5%, respectively. The total protein of phosphorylated
CREB in the hippocampus was measured by an ELISA
kit (Mercodia, Uppsala, Sweden). Serum BDNF was also
measured by the ELISA method (Mercodia, Uppsala,
Sweden), and the results are presented as ng/ml.

RNA extraction and real-time PCR gene expression
quantification

The extraction of cytoplasmic RNA from prepared
tissue samples was performed using the RiboEx
isolation kit (QIAGEN, Lilden, Germany) according to
the manufacturer’s protocol. The sequences of primers
used for real-time PCR reactions are presented in Table
1. The quality and the quantity of the extracted RNA
were evaluated by a NanoDrop spectrophotometer
(Thermo Fisher Scientific, San Jose, CA, USA). cDNA was
synthesized using the QuantiTect Reverse Transcription
Kit (Takara-Clontech, Tokyo, Japan). Quantitative real-
time PCR was performed using the SYBR Premix Ex Taq

II (Takara-Clontech, Tokyo, Japan). The gene expression
changes compared to the housekeeping glyceraldehyde
3-phosphate dehydrogenase (GAPDH) gene were
measured by the 22 method (23).

Statistical analysis

The data are expressed as meanzstandard deviation
(SD). The Kolmogorov-Smirnov test was applied to
check the normality of the data. One-way analysis of
covariance (ANCOVA) followed by the Bonferroni post
hoc test was used for data analysis. All analyses were
adjusted for weight and food intake. P-values less than
0.05 were considered significant. SPSS version 17.01
(SPSSInc., Chicago, USA) was used for statistical analysis.

Effects of vitamin D supplementation on body weight,
food intake, glycemic indices, and serum vitamin D
level

After induction of diabetes, body weight decreased
in the diabetic control group compared to the healthy
control group (P-value>0.05) (Table 2). However,
vitamin D supplementation in T1DM-induced rats
did not change body weight significantly compared to
diabetic controls; however, the weight of the DM-Vit D
group remained significantly lower than the healthy
control group (P-value<0.05).

Table 2 shows the food intake, FBS, HbAlc, glycated
albumin, serum insulin, and serum vitamin D of all
experimental groups before and after intervention.
Induction of diabetes led to a significant increase in
FBS and HbA1C compared to the healthy control group
(P-value<0.05). After the intervention, the results
showed that administration of vitamin D did not change
the FBS level compared to the DM group; however,

Table 2. Glycemic indices, food intake, body weight, serum vitamin D, and serum BDNF in different experimental groups of Sprague-Dawley rats

Variable NC NC+ SO DM DM+ Vit D Pvalue
Initial Weight (g) 239.4+1.01 241.2+1.64 241.53+2.04 240.14+6.5 0.59
Final weight (g) 248.7+£1.009 249.6£0.90 215.97+51.70ab 217+25.292ab 0.04
Food intake (g/day) 25.02+0.02 24.66+1.29 31.17+3.643b 29.86+1.23 b <0.001
FBS (mg/dl) 58.12+8.45 50.62+2.66 349.50+32.252b 320.62+52.49 ab <0.001
HbA1lc (%) 4.09+0.70 3.92+0.83 8.92+0.642b 7.02+0.51 abe <0.001
Insulin 2.30+0.50 2.25+0.50 1.16+0.942b 1.01+0.492b <0.001
Glycosylated Albumin 20.24+1.69 18.58+6.94 16.85+4.82 20.03+4.23 0.51
Serum Vit D (ng/ml) 28.98+3.44 26.67+4.30 27.60+6.5 40.74+2.16 2bc <0.001
Serum BDNF 1.02+0.15 1.11+0.08 0.95+0.34 0.88+0.18 0.18

Results are expressed as mean+SD, one-way ANOVA, and post hoc Bonferroni test. DM: diabetes mellitus, FBS: fasting blood sugar, BDNF: brain-
derived neurotrophic factor, NC: normal control, SO: sesame oil. a P<0.05 compared with the control group, b P<0.05 compared with the control

group with sesame oil. ¢ P<0.05 compared with the diabetic control group
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Figure 1. Total hippocampal BDNF protein in different experimental
groups of rats. Results are expressed as mean+SD, one-way ANOVA,
and post hoc Bonferroni test. There were no significant differences
between groups. DM: diabetes mellitus, NC: normal control; SO:
sesame oil; BDNF: brain-derived neurotrophic factor

HbA1C decreased significantly in comparison with the
DM group. T1DM induction also decreased the serum
insulin level in the DM group compared to the control
group. Vitamin D administration did not change serum
insulin in diabetic mice compared to the DM control
group. Glycated albumin did not change significantly
among experimental groups (P-value>0.05). Food intake
was not significantly different between experimental
groups at the beginning of the study as well (P-value
>0.05). Induction of diabetes significantly increased
food intake in the DM group, which did not change
after administration of vitamin D; however, food intake
was significantly higher in the DM group compared to
the control group (P-value<0.05). Therefore, vitamin
D supplementation in diabetic rats did not affect food
intake significantly. As anticipated, administration of
vitamin D in diabetic rats increased the serum level of
vitamin D significantly compared to healthy and diabetic
control groups (P-value<0.05).

Effects of vitamin D administration on serum BDNF

As outlined in Table 2, induction of diabetes
using STZ did not change serum BDNF significantly.
Furthermore, administration of vitamin D for 4 weeks
did not significantly change this variable in diabetic rats
(P-value>0.05).

Effects of vitamin D administration on hippocampus
total protein of phosphorylated CREB and BDNF

Total hippocampal BDNF protein did not change after
induction of diabetes (2.38+0.75 ng/mg), and differences
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Figure 2. Hippocampal phosphorylated CREB in different

experimental groups of rats. Results are expressed as mean+SD, one-
way ANOVA, and post hoc Bonferroni test. DM: diabetes mellitus,
NC: normal control, SO: sesame oil; CREB: cAMP-response-element
binding protein a P<0.05 compared with the control group, b P<0.05
compared with the control group with sesame oil. ¢ P<0.05 compared
with the diabetic control group

were not significant compared to the healthy control
group (3.14+0.91 ng/mg). Administration of vitamin
D after induction of diabetes also did not change total
hippocampal BDNF protein (2.79£1.35 ng/mg) (P-value
>0.05) (Figure 1). However, induction of diabetes
significantly decreased hippocampal phosphorylated
CREB. In addition, administration of vitamin D in diabetic
rats significantly increased hippocampal phosphorylated
CREB in VitD + DM group compared to the diabetic (DM)
and healthy control groups (P-value <0.05) (Figure 2).

Effects of vitamin D supplementation on BDNF and
TrkB gene expression in hippocampus tissue

Real-time polymerase chain reaction (PCR) revealed
that TrkB gene expression did not change in the
hippocampal tissue of DM rats after induction of DM
compared to the normal control group (Table 3).
Administration of vitamin D after DM induction did
not lead to significant changes in TrkB gene expression
compared to the diabetic control group, either. In
addition, there were no significant differences in the
TrkB gene expression compared to GAPDH between
DM + Vit D and healthy control groups. BDNF gene
expression in the hippocampus tissue did not change
after DM induction in the DM group, either. Vitamin D
supplementation in the DM + Vit D group did not change
the BDNF gene expression in the hippocampus tissue
compared to the diabetic control group (DM group)
(Table 3).

Table 3. Hippocampal concentration of phosphorylated CREB and BDNF total protein and gene expression of trkB and BDNF in different

experimental groups of rats

Variable NC NC+ SO DM DM+ VitD P-value
Phospho-CREB (ng/mg) 24.48+2.39 31.22+5.1 16.79+ 5.9 39.01+8.182 <0.001
trkB expression (2 4¢t) 0.052+0.023 0.116+0.119 0.078+0.118 0.042+0.035 0.32
BDNF expression (2 4¢t) 0.023+0.017 0.014+0.009 0.008+0.007 0.009+0.005 0.28

Results are expressed as mean+SD, one-way ANOVA, and post hoc Bonferroni test. DM: diabetes mellitus, NC: normal control, SO: sesame oil; BDNF:
brain-derived neurotrophic factor; TrkB: Tropomyosin receptor kinase B; CREB: cAMP-response-element binding protein, a P<0.05 compared with
the control group, b P<0.05 compared with the control group with sesame oil. ¢ P<0.05 compared with the diabetic control group

120

Iran ] Basic Med Sci, Vol. 23, No. 1, Jan 2020



Vitamin D and CREB-TrkB-BDNF pathway in diabetes

1J7"MS

Nadimi et al.

Our results showed that after induction of diabetes,
FBS, and HbA1C increased, and serum insulin decreased
significantly, but glycosylated albumin and serum BDNF
did not change significantly. Among factors evaluated
in the hippocampus, only phosphorylated pCREB
decreased significantly while the gene expression of
BDNF and TrkB and total BDNF protein did not change.
Administration of vitamin D only improved serum
vitamin D and recovered pCREB. HbAlc improved
partially, while FBS and insulin did not change
significantly; other variables remained non-significant
following the intervention in rats.

Several studies found an association between DM
and cognitive impairment, Alzheimer’s disease, and
depression (24). The high incidence of cognitive
impairment in DM has raised a great deal of concern.
Although the underlying mechanism is not fully
understood, hippocampal neuroplasticity and neuro-
genesis are reported to be sensitive to many pathogenic
and stress factors (25). Decreased dendritic branching,
hippocampal apoptosis, and reduced hippocampal
volume are frequently observed in diabetic patients
and diabetic animals (25). Previous studies found that
DM-related neurological complications could be due to
reduced BDNF concentrations in the CNS (26). BDNF is
a major neurotrophic factor (10) involved in neuronal
development, synaptogenesis, learning, and memory
(9). The actions of BDNF are modulated by its specific
receptor, TrkB, which in turn, phosphorylates and
activates the transcription factor CREB. pCREB enhances
the transcription of many genes, including BDNF itself.
Both BDNF and CREB, through the mediation of anti-
apoptotic family members, lead to neuronal survival
(14). BDNF is mainly produced in the hippocampus
and can pass through the brain-blood-barrier (27).
The association between BDNF and diabetes has been
investigated in experimental and clinical diabetes (19),
and low BDNF serum levels have been reported in
diabetic humans and mice (19). Furthermore, low BDNF
is associated with cognitive impairment in DM patients
(28). The expression of CREB and blood levels of BDNF
decrease by oxidative stress and overproduction of
reactive oxygen species (ROS) and other inflammatory
insults (12). Hyperglycemia, AGEs, lipid peroxidation,
and chemokines all increase the intracellular oxidant
load, which can decrease the BDNF blood level in situ.
(15). Our results showed that neither BDNF serum level
or hippocampal gene expression changed after DM
induction. It should be noted that a previous study found
that in the RINSF cell line, only 40 nM of STZ decreased
the BDNF expression while STZ at a concentration of 20
nM did not change BDNF gene expression (29); therefore,
the exact dose of STZ that can decrease BDNF expression
has not been identified yet. In this study, we found that
phosphorylated CREB decreased significantly following
DM induction. In line with our findings, previous studies
reported similar results indicating that STZ induction
significantly lowered pCREB (30, 31). Decreased pCREB
has been recognized as one of the main reasons for
cognitive decline in diabetes. The exact mechanism
is not fully understood, but decreased insulin level is
suggested as insulin could increase pCREB via MAPK
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signaling (17, 18). The results of this study showed that
the serum level of insulin decreased significantly after
T1DM induction.

Vitamin D deficiency has been identified as one of
the main risk factors for dementia. In addition, diabetic
neuropathy is reported to be associated with vitamin D
deficiency (32, 33). Different antioxidant compounds
have been investigated for their possible favorable
effects on the BDNF level in diabetes. An interaction
between curcumin and dopaminergic receptors,
CREB, and phospholipase C is proposed, which can
decrease the cortical and cerebellar dysfunction in DM.
Therefore, curcumin is suggested as a protective agent
against CNS complications in diabetes (6). According to
one study, curcumin decreases the oxidative state and
restores BDNF levels in DM (34). Other flavonoids like
naringenin and tea polyphenols are reported to possess
protective effects against oxidative stress-triggered
cognitive impairment through up-regulating the protein
kinase B(AKT)/CREB/BDNF signaling pathway (12).
Administration of vitamin D significantly increased
phosphorylated CREB in the hippocampus of T1DM
rats. However, BDNF expression, hippocampal TrkB
protein, and hippocampal BDNF protein did not change
significantly after vitamin D administration. Other
in vitro studies have reported that phosphorylated
CREB increases significantly after treatment with
vitamin D in the muscle cell line. The effect of vitamin
D supplementation on BDNF protein and BDNF gene
expression was inconsistent. Co-administration of
vitamin D with a high-fat diet in rats increases the
BDNF level in the hippocampus; however, blood levels
decreased following the intervention (35, 36). In
another in vivo study, blood BDNF decreased following
aerobic exercise and vitamin D supplementation in
ovariectomized rats (37). Treatment of neural stem
cells with vitamin D increases BDNF gene expression
(38). However, in a Parkinson animal model, calcitriol
administration did not change the BDNF level in the
hippocampal nuclei (39). In a brain stroke model,
vitamin D did not change the BDNF gene expression
in brain cortical cells (40). Other in vitro studies also
showed that despite increased neurotrophin (NT)-4
and NT3 gene expression, BDNF gene expression did
not change following vitamin D administration (41).
In this study, we investigated the effect of vitamin D
administration on the hippocampal CREB-TrkB-BDNF
pathway in T1DM rats for the first time.

VDR and alpha-1-hydroxylase activate vitamin D
to its activated form in different areas of the CNS,
especially the hippocampus. Vitamin D3 may protect
the structure and integrity of neurons through
detoxification pathways and neurotrophin synthesis
(21). Other pathways, including inducible nitric oxide
synthase (iNOS), neurotrophin 3 (NT3), and nerve
growth factor (NGF), also have neuroprotective effects
(42, 43). Different molecular pathways like MAPK and
protein kinase A (PKA) are reported to phosphorylate
and activate CREB. Vitamin D acts through binding to
VDR. VDR in situ results in MAPK activation, which can
increase CREB phosphorylation leading to enhanced
TrkB and BDNF gene expression (44, 45).

Our study had some limitations that should be
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acknowledged. First, the duration of our study was
short, which could be the reason why not all factors
changed after the intervention. In addition, it seems that
investigating the effect of vitamin D administration on
post-translation measurements could be helpful, for
example, through applying the Western-blot method.
Another limitation was the single dose of vitamin, as
dose-escalating studies may be more helpful. It seems
that another group, i.e., healthy rats receiving vitamin D
dissolved in sesame oil, could help find out whether or
not the present inconsistency is T1DM specific. Future
studies should address these limitations.

Conclusion

The results showed that vitamin D restores
hippocampal pCREB in diabetic rats while other
components of this pathway, including BDNF and
TrkB, did not change after the intervention. Although
protective agents that affect CNS complications and
cognitive impairment in DM are not fully understood,
but our findings showed that vitamin D be a promising
agent for protection against CNS complications in
diabetes.
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