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Abstract
Background and Objective : Diabetes is a risk factor for cognitive dysfunction. Diabetes associated with impairment of insulin signaling
and oxidative stress pathway in the brain. This study aimed to evaluate the neuroprotective role of vitamin D3 against diabetic induced
memory dysfunction in rats of Alzheimer’s disease. Materials and Methods: Type 3 diabetes were induced by a high-fat diet plus
streptozotocin in Wistar rats. Diabetic rats were divided into six subgroups, positive control (non-treated), vitamin D3 groups (100,500
and 1000  IU/kg/day), vitamin D3 plus rivastigmine and rivastigmine monotherapy. Treatment started after the onset of hyperglycemia
for 4   months.   Novel   object   recognition   test   was   used   to  assess  cognitive  after  treatment  followed  by  estimation of insulin,
beta-amyloid-42, malondialdehyde, glutathione and superoxide dismutase level in the hippocampus by ELIZA kits. Results: Vitamin D3
significantly alleviated cognitive deficits (p<0.001) in novel object recognition test and further resulted in marked elevation (p<0.001)
in hippocampal insulin level, which in turn reduced the accumulation of beta-amyloid-42 (p<0.01) as well as attenuated of oxidative stress
via significantly elevated of glutathione level and marked reduction of malondialdehyde and superoxide dismutase level compared to
positive control. Conclusion: These  findings  suggested  that  vitamin  D3  treatment  could  alleviate  cognitive  deficit  associated  with
type 3 diabetes due to its anti-oxidative and anti-diabetic potential.
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INTRODUCTION

Alzheimer disease (AD) is a chronic  neurodegenerative
disease  featured  by  progressive  loss  of memory capacity
and cognitive function required daily for activities
performance1. The  neuropathological  features  of  AD  are
deposition   of  $-amyloid as senile plaque and aggregation of
tau protein to form neurofibrillary tangles2. Unfortunately, to
date, there is no precise statistics on the prevalence of AD in
Saudi Arabia. Saudi  Alzheimer's Disease Association estimated
that there are at  least 50,000 patients in the Kingdom
living with AD, most of them are women3.

Many  studies  reported  that the risk for AD developing
is increased  by  50-75%  in  diabetic  patients compared to
non-diabetic one4-6. Moreover, based on "ADPR" study by
mayo clinic, 80% of AD patients suffer from T2DM or impaired
fasting blood glucose7. Multiple studies suggested that AD is
linked to impairment of insulin signaling pathway and glucose
metabolism cascade in the brain and this theory caused some
researchers to indicate to Alzheimer disease as type 3 diabetes
or condition of brain resistance to insulin8.

Insulin signaling is essential for regulations of numerous
neuronal functions such as; synaptic activities, cognitive
abilities, learning and memory. Moreover, insulin prevents
intracellular A$ deposition via elevates A$ extracellular 
secretion  and inhibits GSK-3$ phosphorylation to block tau
protein aggregation. Thus,  recent studies concluded that
brain insulin resistance (IR) lead to AD9,10. Also, diabetes and IR
induce oxidative stress and decrease antioxidant defenses11.
The impact of reactive oxygen species (ROS) on the
development of AD confirmed by recent studies12. 

Vitamin D is a well-known steroid hormone which plays
an important role in controlling bone levels of calcium,
phosphorus and overall mineralization. Vitamin D deficiency
defined by the American Association of clinical
endocrinologists  as  25  (hydroxy)  vitamin  D  level less than
20 ng mLG1 and insufficiency of vitamin D as 25-(hydroxyl)
vitamin D level between 2-29 ng mLG1. Etgen et al.13

concluded that patients whose have vitamin D deficiency
have a twofold increase in risk for the impairment of cognitive
function. Recently, one study conducted in an animal by
Latimer et al.14 resulted that the vitamin D for long term use
may inhibit a cognitive decline in elder rats. There is several
evidence supporting the antioxidant activity of vitamin D3 in
the oxidative stress diabetes15,16. The results in some
experimental studies implied that vitamin D3 administration
in diabetic mice helps to diminish the ROS formation by the
suppression  of  the  gene  expression  of  NADPH  oxidase17,18.

Although the impact of vitamin D3 on diabetes and
cognitive decline have been independently reported, the
possible  beneficial  effect  of  vitamin  D3  on   type  2 
diabetic-associated cognitive decline in rats marked by brain
insulin resistance has not yet been evaluated19. 

The current study aimed to evaluate the beneficial role of
vitamin D3 against a model of type 3 diabetic induced
memory dysfunction in rats. Furthermore, the underlying
mechanism involving suppressing insulin resistance and
oxidative stress pathway were also investigated.

MATERIALS  AND  METHODS

Experimental location and duration: This study was carried
out in the labs of the King Fahd Center for Medical Research
(KFCMR), King Abdul Aziz University (KAU), Jeddah, Saudi
Arabia from January-May, 2018.

Ethical  statement: All procedures applied in the current
study were strictly conducted according to the ethical
guidelines of medical ethics committee of the King Abdul-Aziz
University (KAU). The animal protocol was approved by the
research ethics committee at KAU (Approval number 488-17).

Chemicals and reagents: Streptozotocin and rivastigmine
were obtained from Sigma Aldrich (CO., Saint Louis, MO, USA)
as a white powder. Oral drops of cholecalciferol (Vitamin D3
4500 IU mLG1, Novartis International AG, Basel, Switzerland)
was used in this study. Rat ELISA kits for measurement of
insulin, Beta-Amyloid peptide (A$), malondialdehyde (MDA),
glutathione (GSH) and superoxide dismutase (SOD) were
purchased from MyBiosource, Inc. (Southern California, San
Diego, USA.

Drugs doses and preparations: Streptozotocin (STZ) was
freshly   prepared  before use within 10 min by dissolving in
0.1 M sodium citrate buffer (pH to 4.5) and used
intraperitoneally at a dose20 of 40 mg kgG1 b.wt., Rivastigmine
was prepared daily in sterile water and orally administered  in 
a dose21 of 1 mg/kg/day. Three graded doses of vitamin D3;
100,500 and 1000 IU/kg/day  were  selected and  given 
orally22.  High-fat  diet  (HFD) was  prepared by using saturated
animal fat (beef tallow) to form 40% kcal of total daily
fatintake20.

Animal  and  housing:  Eighty  four  male   albino   rats,  aged
6-9    weeks   of    average    weight±SD   (208 g±8.63)  were
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purchased from the experimental animal unit of King Fahd
Center for Medical Research (KFCMR), KAU and housed in
standard animal laboratory conditions; temperature ranged
between  24-26EC,  relative  humidity  was  between 50-70%
and a 12 h light/dark cycle. All animals were allowed to one
week to acclimatize in animal housing conditions before being
used for the experiment. All rats were fed with a regular diet
and drinking water during the adapting period. 

Experimental design: Rats were divided into regular diet
group (negative control, n = 12) and high fat diet (HFD) group
(n = 72). Type 3 diabetic was induced one month later of HFD
feeding, all 72 rats in HFD group intraperitoneally injected
after 12 h of fasting with previously prepared streptozotocin
(40 mg kgG1) followed by overnight administration of oral 5%
glucose solution to prevent the hypoglycemic shock. Three
days after streptozotocin administration, a rat with blood
glucose levels  >200 mg dLG1 measured by a glucometer
(Accu-Chek,  Roche, Basel, Switzerland) was considered
diabetic rat and selected for this study23. All 84 rats grouped
into 7 groups:

C Group I:  Negative  control rats: Injected with citrate
buffer (pH 4.5) (1 mL kgG1, i.p.)

C  Group II:  Non-treated T3D rats-positive control
C Group III, Group IV and Group V: These  were T3D rats

received oral Vitamin D3 100, 500 and 1000 IU kgG1,
respectively once daily

C Group VI: T3D rats received oral 500 IU kgG1 of Vitamin D3
once daily plus rivastigmine 1 mg/kg/day

C Group VII:  T3D     rats      received      oral     rivastigmine
 1 mg/kg/day. The treatment period lasted for sixteen

Assessments of cognitive function by novel object
recognition (NOR) test: In NOR test, if memory is working
normally, the rat will explore the novel object for a longer time
compared to the familiar object. In contrast, if the exploration
time for a familiar and novel object is similar, this indicates a
memory deficit24. In the current study, each rat was exposed
to a cage with two identical objects for 3 min  then returned
to its home cage (training phase). After 15 min inter-trial
interval, the rat explored the cage in the presence of one
familiar object and a novel object for 3 min (testing phase).
The time spent for exploring each object in the testing phase
was recorded. Exploration was defined as directly attending
the object with the head while licking, sniffing or touching the
object with its nose. The  discrimination  index  (DI)  data  was

analyzed by calculating a discrimination index (DI) for each rat,
which was expressed as24,25:

Exploration of a novel object (EN)
An exploration of a familer object (EF)DI

EN+EF




Hippocampus  preparation and biochemical analysis: All rats
were fasted overnight and euthanized by gentle decapitation
under diethyl ether anesthesia. The rat hippocampus was
immediately dissected, placed on ice, washed in cold 0.9%
normal saline and weighed. Rat hippocampus subsequently
homogenized in sodium phosphate buffer (pH 6.9) with a
glass homogenizer on the ice and the homogenate
centrifuged at 5,000 g. The clear supernatant  obtained  was 
used   to   estimate   the   hippocampal   levels   of  insulin,
Beta-Amyloid peptide (A$), malondialdehyde (MDA),
glutathione (GSH) and Superoxide Dismutase (SOD) levels by 
quantification  ELIZA  kits., following the company’s
recommended protocol26. 

Statistical analysis: Statistical analysis was performed using
SPSS  (Statistical  package  of  social  sciences  version 23).
One-way analysis of variance (ANOVA) and two-way analysis
of  variance  (ANOVA)  followed  by Tukey HSD post hoc test
for multiple comparisons. The p<0.05 was considered 
significant.

RESULTS 

Effect on discrimination index using the novel object
recognition test: The results from Fig. 1 revealed that oral
administration of vit. D3 doses 100, 500 and 1000 IU/kg/day,
combined vitamin D3 and rivastigmine and rivastigmine alone
have alleviated the acute decline in memory function that
occurred in non-treated diabetic rats with a dose-dependent
significant increase in discrimination index (p<0.001).
Moreover, the discrimination index in all vitamin D3 treated
groups was significantly increased (p<0.05) compared with
rivastigmine  group.

Effect on A$-42 level in hippocampal tissues: $-amyloid
peptide   (A$-42)   exhibited   twofold   higher   in   non-treated
diabetic   rats    compared   with    the    negative     control
group     (14.60±0.58    vs.     6.20±0.42    pg   mLG1,  Fig. 2).
This  over expression  was  significantly   decreased   by 
chronic administration  of  vit.  D3  doses   (100,   500   and 
1000  IU/kg/day)  and  vit.  D3  plus rivastigmine, respectively 
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Fig. 1: Effect of vitamin D3 versus rivastigmine on
discrimination index by novel object recognition test
***p<0.001 compared with positive control group values, $p<0.05
$$p<0.01 compared with rivastigmine group values, by one-way ANOVA
and Tukey  HSD  post  hoc  test.  Data expressed as  the   mean±SEM; 
n = 10 rats

Fig. 2: Effect   of   vitamin D3  versus  rivastigmine  on amyloid-
beta level in the hippocampal brain tissue by ELIZA
#p>0.05, **p<0.01, ***p<0.001 compared with positive control group
values; $$p<0.01, $$$p<0.001 compared with rivastigmine group  values;
by one-way ANOVA  and Tukey HSD post hoc test. Data expressed as
the mean±SEM; n = 10 rats

Fig. 3: Effect of vitaminD3 versus rivastigmine on insulin level
in  the  hippocampal  brain  tissue  by  ELIZA
#p>0.05, ***p<0.001 compared with positive control group values;
$$$p<0.001 compared with rivastigmine  group  values  by one-way 
ANOVA and Tukey HSD post hoc test. Data expressed as the
mean±SEM; n = 10 rats

versus  positive control while a non-significant reduction of
A$-42 level was obtained by administration of rivastigmine
alone (p>0.05) as compare to positive control.

Effect on hippocampal insulin level: The results in Fig. 3
showed that hippocampal insulin level was significantly
decreased in non-treated diabetic rats compared to negative
control (2.52±0.23 vs. 12.26±0.88 µLG1). Also, chronic
administration     of    vitamin   D3   doses   (100,   500   and
1000 IU/kg/day) and vitamin D3 plus rivastigmine produced a
significant dose-dependent elevation of insulin level
compared to non-treated diabetic rats.

Effect on oxidative stress markers in hippocampal tissues:
The development of oxidative stress in diabetic rats was
confirmed by increased of MDA level (0.96±0.02 nmol mLG1),
SOD  level  (104.40±2.66 ng mLG1) and  reduced of GSH level
(4.34±0.46 µ mLG1) compared  to  the   negative  control
(MDA; 0.77±0.07 nmol  mLG1, SOD;  66.60±7.71 ng  mLG1, 
GSH; 10.42±0.49 µ mLG1) as shown in Table 1.

DISCUSSION

The present  work  showed  that  administration of
vitamin D3 produced a significant  enhancement of cognitive
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Table 1: Effect of Vitamin D3 on MDA, SOD  and GSH levels in hippocampal tissue of diabetic-induced Alzheimer in rats
Groups MDA (nmol mLG1) SOD (ng mLG1) GSH (µ mLG1)
Diabetic group
Negative control (non-treated) 0.77± 0.07 66.60±7.71 10.42±0.49
Positive control (non-treated) 0.96± 0.02 104.40±2.66 4.34±0.46
Vit. D3 (100 IU/kg/day) 0.47±0.07***+ 69.60±5.82**+ 7.08±0.36*$$$

Vit. D3 (500 IU/kg/day) 0.55±0.03***+ 72.60±6.31**+ 7.86±0.39**$$

Vit. D3 (1000 IU/kg/day) 0.33± 0.14***+ 74.00±6.96**+ 9.20±0.53***+

Vit. D3 500 IU/kg/day (+Rivastigmine (1 mg/kg/day) 0.40± 0.06***+ 72.40±3.16**+ 11.34±0.76***+

Rivastigmine (1 mg/kg/day) 0.40± 0.04** 72.00±2.83** 10.82±0.60***
Values are expressed as the mean±SEM;  n = 10 rats. Data were analyzed by one -way ANOVA followed by Tukey HSD post hoc test. +p>0.05, *p<0.05, **p<0.01,
***p<0.001 compared with positive control; +p>0.05, $$p<0.01, $$$p<0.001 compared with rivastigmine group, MDA: Malondialdehyde, SOD: Superoxide dismutase,
GSH: Glutathione

function by the significant increase of DI in vitamin D3 doses 
(100, 500  and 1000  IU/kg/day) combined treatment of
vitamin  D3  and  rivastigmine  and  rivastigmine 
monotherapy versus  positive  control.  This  finding  illustrated 
the  crucial role   of   vitamin   D3   in   the  enhancement  of 
hippocampus-dependent  learning and memory. In
accordance  to  the  present  results,  Latimer  et al.14 reported
the  superiority of a high vitamin D diet over low vitamin D
diet (1,000 and 100 IU kgG1, respectively) in markedly
enhancing of MWM escape performance.

Hippocampal insulin resistance (IR) is confirmed to be
correlated with brain A$ deposition; IR leads to increase of A$
deposition intracellular and extracellular which to considered
the hallmark of AD27,28.

In the current study, hippocampal level of insulin level
was significantly increased while the A$-42 level significantly
decreased after chronic administration of vit. D3 compared
with non-treated diabetic rats. In accordance with this work,
in previous studied, it was found that the administration of
intranasal insulin for healthy humans and AD patients
elevated cognitive performance29,30. Also, it was observed that
the vitamin D active form increase the efflux of A$ out of the
brain leading to enhancement of A$ cerebral clearance31.
Regarding to A$ and insulin, present findings are reflecting the
beneficial role of vitamin D3 in the improvement of insulin
production and subsequently increased clearance of A$-42
and this may explained the neuroprotective role of vitamin D.
Oxidative stress has a pivotal role in the pathogenesis of
diabetes complications as excessive production of ROS during
diabetic conditions contributed to the relatively reduced
capability of the natural antioxidant systems leading to the
neuronal apoptosis then AD32. Further confirmatory evidence
was reported which supported  the antioxidant activity of
vitamin D3 in the oxidative stress diabetes33.

In the  present study, chronic administration of vitamin D3
doses (100, 500 and 1000 IU/kg/day) and combined vit. D3
plus rivastigmine significantly decreased MDA level .These
findings proved that vit. D3 has  strong  antioxidant  properties

in  the  brain  tissues. These results are in agreement with
those of Alatawi et al.34, who reported that vitamin D and
calcium had a significantly reduced plasma level of MDA in
STZ-induced diabetic rats. Furthermore, the current study
demonstrated a significant elevation of GSH levels in vitamin
D3 treated diabetic rats. It appeared that the effect of vitamin
D3 on GSH could be at two levels-either through increasing
the biosynthesis of GSH or by inhibiting its utilization by
reducing oxidative stress. Previous literature also showed a
significant correlation between plasma GSH level in type 2
diabetic patients and plasma level of vitamin D35. It was also
reported that vitamin D3 has an antioxidant effect as a result
of an increase in hepatic GSH amounts in rats36. 

The activity of SOD is not fully understood in STZ-induced
DM, variable responses to DM have been noted in brain 
tissues with observations of either unchanged, increased or
decreased37-39. These results indicated that the antioxidant
activity of SOD varies between tissue types and the severity of
DM at various stages may be a major contributing factor. In
the present study, diabetic rats treated with different vitamin
D3 doses (100, 500 AND 1000 IU/kg/day), vitamin D3
combined  with  rivastigmine  and  rivastigmine  monotherapy
showed a significant decrease in the activity of SOD (p<0.01)
compared with non-treated diabetic rats. In current work,
vitamin D3 restored the SOD towards the control values.
Inconsistent with current study Jang et al.40 reported a
significant   increase   in   the  activity  of SOD (by+57 %) in
non-treated diabetic rats compared with normal healthy rats.
So  it  was  suggested  that  vitamin D3 decrease in the need
for activation  of antioxidant defense of SOD due to its
antioxidant activity. 

CONCLUSION

It is concluded that Vitamin D3 considered a potential
pharmacological agent for the management of cognitive
dysfunction  in  T3DM  and  it was also attenuated the
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oxidative stress by reducing the malondialdehyde and
superoxide dismutase level and increasing the glutathione
level compared to positive control.

SIGNIFICANCE STATEMENT

This study discovered the beneficial role of  vitamin D3 for
cognition deficits linked to diabetes via improving antioxidant,
reducing insulin resistance as well as substantially abolishing
A$ accumulation. This study will help the researcher to
uncover the critical areas of diabetes and cognitive deficits
that many researchers were not able to explore. 
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