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The aim of this study was to evaluate the effects of co-administration 
of melatonin and magnesium on BCL-2 and Bax expression in the 
Hippocampus of streptozotocin-induced Type 1 diabetic Wistar rats. To 
achieve this aim sixty-four Wistar rats were used in the study. Streptozotocin 
(STZ) was used to induce chemical type 1 diabetes mellitus (T1DM) after 
two weeks acclimatization period in fifty-eight Wistar rats. Fifty-three rats 
were diabetic and fourty-eight diabetic rats were randomly distributed in 
eight groups and six normal normoglycaemic rats were used as control.  
The animals were  assigned into nine groups as follows, Normal control 
group (NC), Diabetic control (DC) group, Melatonin Low dose group of 
10 mg/kgb (MLD), Magnesium low dose group of 240 mg/kgbw (MgLD), 
Melatonin and magnesium combined low dose group of 10mg/kgbw + 
240mg/kgbw (MMgLD), Melatonin high dose group of 20mg/kgbw (MHD), 
Magnesium high dose group of 480mg/kgbw (MgHD), Melatonin and 
magnesium high dose combined group of 20mg/kgbw + 480mg/kgbw 
(MMgHD) and Insulin at 500mg/kgbw group (IN). Melatonin and insulin 
were administered through intraperitoneal injections (IP) while magnesium 
was by oral administration. The control groups were given placebo and 
all group treatment was for twenty-one days. At the end of the study, the 
animals were aestheticized and euthanized to harvest the brain organ. The 
harvested organs were weighed and their relative weight recorded. They 
were fixed in neutral buffered formaldehyde (NBF). The Brain tissues were 
evaluated using BCL-2 mouse polyclonal antibodies to evaluate the level of 
neuroprotection of hippocampal neurocytes by melatonin and magnesium 
co-administration. The immunohistochemical test showed that melatonin 
and magnesium co-administration at low doses increased neuroprotection 
of hippocampal neurocytes by upregulation of BCL-2 protein and down 
regulation of Bax proteins.

Reports published by the World Health Organization (WHO) states that 
diabetes mellitus (DM) is a common disease with a global prevalence 
estimated to be 9% among adults aged 18+ years and above [1]. Population-
based studies of neuropathy in persons with diabetes indicate that 
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neuropathy is a common complication of insulin-dependent 
diabetes mellitus (IDDM) and non-insulin- dependent diabetes 
mellitus (NIDDM), with 60%-70% of patients affected with the 
disease [2]. Subclinical neuropathy is much more common 
than clinical neuropathy. Distal symmetrical polyneuropathy 
is the most common type of neuropathy, followed by carpal 
tunnel syndrome, mono neuropathies, and autonomic 
neuropathy [1].

Behavioral and cognitive changes associated with type 1 
diabetes mellitus (T1DM) have gained worldwide attention. 
Concerns about the deleterious effects of T1DM on the central 
nervous system have grown with the increasing incidence 
of T1DM in children [3]. Many studies have clearly shown 
cognitive and behavioral changes in type 1 diabetic rats 
and humans, which are evident in elevated levels of anxiety, 
depression, and slowing of mental speed and flexibility [4 
6]. Earlier published Reports on diabetes-induced behavioral 
and cognitive changes are related to several factors and 
that diabetic complications and reduced central serotonin 
(5-hydroxytryptamine, 5-HT) synthesis and metabolism are 
thought to underlie behavioral and cognitive dysfunctions in 
patients with T1DM [7,8]. It has become evident that insulin 
and C-peptide deficiencies, including perturbations of their 
signaling cascades, leads to cerebral dysmetabolism and 
interference with the regulation of neurotropic factors and 
their receptors. Ultimately, this cascade of events leads to 
neuronal loss, causing profound deficits in behavioral and 
cognitive functions [9]. However, the specific mechanisms 
underlying these changes and whether they relate to the 
duration of diabetes are unknown. Although the magnitude of 
most of these cognitive decrements is relatively modest, even 
moderate behavioural and cognitive changes can potentially 
hamper the day-to-day activities of a diabetic child and an 
adult. These cognitive decrements may present problems in 
more demanding situations, and critically, can have a negative 
impact on the quality of life [9].  

Melatonin is a circulating neuro-hormone secreted 
predominantly at night. It is important in conveying the 
daily cycle of light and darkness to the body, thus regulating 
circadian rhythms. In addition to its’ regulatory role, melatonin 
has antioxidative capacity, immunomodulatory potency, and 
also appears to be protective against certain types of cancers 
[10]. Type 1 diabetes mellitus is a T cell-mediated autoimmune 
disease characterized by excess inflammation, independent 
of adiposity and glycemic control. Melatonin has also been 
demonstrated to have hypoglycemic effect, pancreatic Beta 

cells regeneration and up regulation of intracellular antioxidant 
(GPx, SOD and CAT) and reduction in intracellular free radicals 
generated Malondialdehyde (MDA) in Streptozotocin (STZ) 
induced diabetes in wistar rats [11]. 

Magnesium (Mg) is an electrolyte of chief physiological 
importance in the body, being the most abundant divalent 
intracellular cation in the cells, the second most abundant 
cellular ion next to potassium and the fourth cation in general 
in the human body [12]. Type 2 diabetes mellitus (T2DM) is 
often accompanied by alteration of Mg status. An increased 
prevalence of Mg deficits has been identified in diabetes 
mellitus patients, especially in those with poorly controlled 
glycemic profiles, with longer duration of the disease and with 
the presence of micro and macrovascular chronic complication 
[13].

Magnesium deficiency may also be a factor implicated in 
diabetes mellitus complications. It was found that there is a 
relationship between ionic changes and echocardiographic 
indices alterations.  Further observation is a significant 
association of reduced cellular Mg with cardiac hypertrophy 
in diabetes mellitus patients [14,15].

The occurrence of type 1 diabetes mellitus is increasing at 
3-5% per year worldwide [16] and this increase cannot be 
accounted for by known genetic factors. It is well known 
that both oxidative stress, inflammatory activity and 
neurodegeneration with cognitive decrement play crucial 
roles in the pathogenesis of T1DM.

Little information is available on the different patterns of 
type 1 diabetes progression following diagnosis. The research 
aims to study the upregulation of BCL-2 and down regulation 
of Bax using immunohistochemical stains (antibody) in 
the Hippocampus of STZ-induced type 1 Diabetic rat’s 
administered melatonin and magnesium.

The following materials were used in the study, Plastic 
Cages, Spectrophotometer auto analyzer, blood sample 
containers, organ sample containers, Centrifuge, Temperature 
controlled refrigerator, Microwave oven, water bath, humidity 
chamber, Leica Auto processor, Leica Auto Stainer, Leica 
DM750, Camera ICC50 E, AmScope D200 digital camera, MRC 
spectrophotometer.

Melatonin M5250-1G (Sigma Aldrich USA), Magnesium 

Melatonin, Magnesium and Diabetes Mellitus

MATERIALS AND METHODS

Materials

Bioactive Compounds And Drugs Used In The Study Were
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(Randox, USA) Streptozotocin SP0130 (Sigma Aldrich, USA), 
BCL-2 Antibody (Bioss, USA) and Bax Antibody (Bioss USA) 
were used in the study.

Sixty-four Male wistar rats weighing of 120–150g, were 
purchased from the Faculty of Pharmaceutical Sciences Animal 
House of the Ahmadu Bello University, Zaria and selected for 
the study. The rats were maintained on a day and night cycle 
at room temperatures and have free access to food (Standard 
feeds, standard rat pellets) and water. All experiments were 
performed between 08:00 and 12 hours daily.

Type 1 diabetes mellitus (T1DM) was induced after two weeks 
acclimatization period; baseline blood glucose was performed 
for all test animals. This was done to ensure that the animals 
were all normoglycaemic to remove. Fifty-Eight male wistar 
rats were randomly selected and given a single dose of intra 
peritoneal injection of streptozotocin, (STZ) (Sigma, Aldrich, 
USA), at 55mg/kg body weight in citrate buffer (0.1M, pH 
4.5). The solution (STZ in citrate buffer) was used within 5 
minutes to induce chemical diabetes in the wistar rats after an 
overnight fast for twelve hours.

Four days after streptozotocin was used to induce diabetes 
mellitus, blood was collected from the tail vein following an 
overnight fast [17 20]. Fasting blood sugar (FBS) was measured 
with a standard glucometer (Optimum, Germany). The day that 
hyperglycaemia above 200mg/dl (11 mmol/l) was confirmed 
was considered to be diabetic day one. Rats with fasting 
blood glucose levels lower than 200 mg/dL (11mmol/L) were 
excluded from the study.

Anti-BCL-2 polyclonal antibody (Bioss antibodies-bs-4563R) 
was applied for the study of anti-apoptotic activity in neuronal 
cells for neuroprotection by melatonin and magnesium in 
diabetic treated animals. 

The brain tissue section was fixed in neutral buffered 
formaldehyde and embedded in paraffin wax. Antigen 
retrieval was by citrate buffer (0.1M, pH 6.0) and was placed 
in boiling bath for 40 minutes. Endogenous peroxidase was 
blocked by 3% hydrogen peroxide for seven minutes.

It was further incubated with unconjugated polyclonal Bcl-
2 antibody (bs-4563R), Bioss Antibodies Massachusetts USA, 
in 1: 400 dilutions for 20 minutes. It was later labeled with 
Mouse/Rabbit Horseradish enzyme (DB Biotech, Slovakia) for 
30 minutes. DAB was for 10 minutes (C-0010) and later stained 
with haematoxylin for nuclear contrast.

Anti Bax polyclonal antibody (bs-0127R) was used to study the 
level of apoptosis in diabetic control, melatonin, magnesium 
and insulin treated groups, antibody from Bioss antibodies 
(Massachusetts USA) in the cerebral cortex of all animals.

The brain tissue was fixed in normal buffered formaldehyde 
and embedded in paraffin wax: antigen retrieval was by citrate 
buffer (0.1M, pH 6.0) and was placed in boiling water bath 
for 90 minutes. Endogenous peroxidase was blocked by 3% 
hydrogen peroxide for 30 minutes and later blocked using 
buffer (normal goat serum, C-0005) AT 37°C for 20 minutes.

It was further incubated with Rabbits/Mouse Anti-Bax 
Polyclonal Antibody, unconjugated with (bs-0127R) from 
Bioss Antibodies Massachusetts USA at 1: 400 dilutions for 20 
minutes. It was later conjugated to the secondary antibody 
(SP-0023) and DAB staining for 10 minutes (C-0010) and later 
stained with hematoxylin for nuclear contrast [21].

Groups Treatment

NC Normal control + Normal saline (orwally)

DC Diabetic control + Normal saline (orally)

M Diabetic + Melatonin (10mg/kgbw), (IP)

Mg Diabetic + Magnesium (240mg/kgbw), (Orally)

MMgLD Diabetic + Melatonin (10mg/kgbw) (IP) + Magnesium 
(240mg/kgbw), (orally)

MHD Diabetic + Melatonin(20mg/kgbw) (IP)

MgHD Diabetic + Magnesium (480mg/kgbw) (orally))

MMgHD Diabetic + Melatonin(20mg/kgbw) (IP) + Magnesium 
(480mg/kgbw), (orally)

IN Diabetic + Insulin (500mg/kgbw), (IP)

In the figure 1A, photomicrograph section of normal control 

Source of Animals and Management

METHODOLOGY

Induction of Type 1 Diabetes Mellitus

Hyper Glycaemia Screening and Confirmation of T1DM

Anti-Bcl-2 Polyclonal Antibody  

METHODS

Anti Bax Polyclonal Antibody

Method

RESULTS 

Neuroprotection using BCL-2 Polyclonal Antibody (IHC)

Table 1: Experimental groupings, treatment, route of administration and durations. 
Wistar rats were randomly divided into the following groups of six rats in each as 
shown in the table. NC (control), DC (Diabetic control), MLD (Melatonin low dose), 
MgLD (Magnesium low dose), MMgLD (Melatonin and magnesium low dose), 
MgHD (Magnesium high dose), MHD (Melatonin high dose), MgHD (Magnesium 
high dose), MMgHD (Melatonin and Magnesium high dose), IN (Insulin). n = 6 rats 
per group, melatonin route of administration = intraperitoneal, Magnesium = oral,
Insulin = intraperitoneal, Treatment duration = once daily for 21 days.
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rats (NC Group) showing normal BCL-2 expression in the 
neuronal cells and tissues of the hippocampus. While in figure 
1B photomicrograph section of Diabetic control rats (DC 
group) with no BCL-2 expression in the neuronal cells and 
tissues of the hippocampus. There is pyknosis and increase in 
pericellular spaces in the neuronal cells signifying cell death. 
Microglial cells are enlarged.

In the figure 1C, photomicrograph of a section of the brain 
tissue of STZ induced diabetic rats treated with melatonin at 
10 mg/kgbw (MLD Group), showing BCL-2 positive expression 
in the hippocampus pyramidal and neuronal cells in area 
CA3 reversing apoptosis. In figure 1D, photomicrograph of a 
section of brain tissue of STZ induced diabetes treated with 
magnesium at 240 mg/kgbw (MgLD group), showing no BCL-2 
expression in the hippocampus pyramidal and neuronal cells 
in the molecular layer, hence apoptosis as shown in cellular 
pyknosis and enlargement of microglial cells.

In figure 1E, photomicrograph of a section of brain tissue 
of STZ induced diabetes rats (MMgLD group) treated with 
melatonin (10 mg/kgbw) and magnesium treated (240 mg/
kgbw) showing BCL-2 positive expression in the hippocampus 
pyramidal layer in area CA1 and hence reversing apoptosis.

In figure 1F, photomicrograph of a section of brain tissue of 
STZ induced Diabetic rats treated with melatonin (20 mg/
kgbw) (MHD Group), showing +2 BCL-2 expression in the 
pyramidal layer, molecular layer and pleomorphic layer of the 
CA3 areas of the hippocampus. There is decrease in pyknosis 
and pericellular spaces in the neuronal cells signifying less 
apoptosis and neuroprotection (red arrows) and pyramidal 
cell degeneration. In figure 1F, Photomicrograph of a section 
of brain tissue (molecular layer of the hippocampus) showing 
mild membrane and cytoplasmic BCL-2 expression in MgHD 
group treated with (480 mg/kgbw) in STZ induced diabetic 
wistar rats. In figure 1G, photomicrograph of a section of brain 
tissue of STZ induced diabetes rats (molecular layer of the 
hippocampus) showing mild membrane and cytoplasmic BCL-
2 expression in MMgHD treated with melatonin (20 mg/kgbw) 
and magnesium (480 mg/kgbw) in STZ induced diabetic 
wistar rats. In figure 1H, photomicrograph of a section of brain 
tissue (molecular layer of the hippocampus) showing mild 
membrane and cytoplasmic BCL-2 expression with pyknosis 
and more glial cells expansion in IN Group treated with Insulin 
(500mg/kgbw) in STZ induced diabetic wistar rats.

Figure 1A: Photomicrograph of a section of brain tissue in normal control rats 
(NC Group), showing +3 positive BCL-2 expression in the neuronal cells of the 
hippocampus. Leica DM750 Camera ICC50 E, (IHC: BCL-2 x400).

Figure1B: Photomicrograph of a section of diabetic control rats showing very low 
positive BCL-2 expression in the neuronal cells and neurocytes of the hippocampus. 
There is pyknosis and increased pericellular spaces (black arrows) in the neuronal 
cells signifying cell death. Microglial cells are enlarged. Leica DM750 Camera ICC50 
E, (IHC: BCL-2 x400).

Figure 1C: Photomicrograph of a section melatonin treated (10 mg/kgbw) 
STZ induced diabetic wistar rats, showing BCL-2 +2 positive expression in the 
hippocampus pyramidal and neuronal cells in area CA3 reversing apoptosis.  Leica 
DM750 Camera ICC50 E, IHC: BCL-2 x400.
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DM750 Camera ICC50 E, (IHC: BCL-2 x400).

Figure 1D: Photomicrograph of a section of magnesium treated at 240 mg/kgbw 
STZ induced diabetic wistar rats (MLD Group), showing very mild BCL-2 expression 
in the hippocampus pyramidal and neuronal cells in the molecular layer, hence 
few apoptosis cells are shown in nuclear pyknosis (red arrows) and enlargement 
of microglial cells (yellow arrows). Leica DM750 camera ICC50 E, (IHC: BCL-2 x400).

Figure 1E: Photomicrograph of a section of melatonin treated (10 mg/kgbw) and 
magnesium treated (240 mg/kgbw) of STZ induced diabetic wistar rats showing 
strong BCL-2 +3 positive expression in the hippocampus pyramidal layer. Pyramidal 
and neuronal cells (black arrows) in area CA1 and hence reversing apoptosis. Leica 
DM750 Camera ICC50 E, (IHC: BCL-2 x400).

Figure 1F: Photomicrograph of a section of STZ induced Diabetic rats treated with 
melatonin (20 mg/kgbw) (MHD Group), showing positive +2 BCL-2 expression in the 
pyramidal layer (CA3 Area), molecular and pleomorphic layers of the hippocampus. 
There is pyramidal cells neuroprotection (red arrows) and few pyknotic cells (black 
arrows) and increase in pericellular spaces (black arrows) in the neuronal cells. Leica 

Figure 1G: Photomicrograph of a section of STZ induced Diabetic rats treated with 
480 mg/kgbw) MgHD Group, showing +2 BCL-2 expression in the pyramidal layer 
(CA1 Area), molecular layer and pleomorphic layers of the hippocampus. (Black 
arrows), few pericellular spaces (yellow arrows), and pyramidal cell Leica DM750 
Camera ICC50 E, ((yellow arrow), IHC: BCL-2 x400).

Figure 1H: Photomicrograph of a section of brain tissue (molecular layer of the 
hippocampus) showing mild membrane and cytoplasmic BCL-2 +2 positive 
expression in MMgHD group treated with melatonin (20 mg/kgbw) and magnesium 
(480mg/kgbw) in STZ induced diabetic wistar rats. Leica DM 750, ICC50 E, (IHC: BCL-
2 Antibody + Hematoxylin x400).

Figure 1I: Photomicrograph of a section of brain tissue (molecular layer of the 
hippocampus) showing +1 mild membrane and cytoplasmic BCL-2 expression 
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with pyknosis and more glial cells expansion in IN group treated with Insulin (2IU) 
in STZ-induced diabetic wistar rats. Leica DM 750, ICC50 E, (IHC: BCL-2 Antibody + 
Hematoxylin x400).

In figure 2A, photomicrograph section of the dentate gyrus 
of the hippocampus in Normal Control Group (NC Group) 
administered oral normal saline showing negative Bax 
expression in the neuronal cells (black arrows). This signifies 
no apoptotic expression in normal control brain tissues. Mild 
but not significant Bax expression was obtained in figure 2C 
photomicrograph section (MLD Group) of the brain tissues 
of STZ induced diabetic wistar rats treated with melatonin 
(10 mg/kgbw) showing no significant nuclear membrane 
positive Bax expression (black arrows) in the Dentate Gyrus 
of the hippocampus, figure 2E, Photomicrograph section of 
Brain tissue from STZ induced diabetic wistar rats (MMgLD 
Group) co-administered melatonin (10 mg/kgbw) and 
magnesium treated (240 mg/kgbw) showing no significant 
Bax nuclear membrane expression (red arrows) in CA1 area of 

the Hippocampus and in figure 2F photomicrograph section 
from brain tissues of STZ induced diabetic wistar rats (MHD 
Group) treated with melatonin (20 mg/kgbw) showing no 
significant nuclear membrane positive Bax expression (black 
arrows) in the Dentate Gyrus of the hippocampus. Figure 
2B, photomicrograph section of diabetic control group (DC 
Group) of STZ induced diabetic rats showing very significant 
(p < 0.05) Bax positive nuclear membrane expressions (black 
arrows) in the hippocampus CA1 area and in the cerebral 
cortex of wistar rats. Similar results were obtained from 
(MgLD Group) magnesium treated STZ induced diabetic rats 
at 240 mg/kgbw (Figure 2D) and magnesium treated STZ 
induced diabetes rats at 480 mg/kgbw, MgHD Group figure 
2G and in figure 2H (MMgHD group) the combined dose of 
melatonin and magnesium at 20 mg/kgbw and 480 mg/kgbw 
respectively to STZ induced diabetic rats. Figure 2I (IN Group) 
insulin treated at 500mg/kgbw also showed mild decrease 
in Bax cytoplasmic expression in neurocytes of STZ induced 
diabetic rat but was not significant.

Immunohistochemical Diabetic Neuropathy Studies of 
Apoptosis in Hippocampal Neurocytes Using Bax 

Figure 2A: Photomicrograph of a section of the dentate gyrus of the hippocampus 
in Normal control Group (NC group) administered oral normal saline showing 
negative Bax reaction in the neuronal cells (black arrows). This signifies no apoptotic 
expression in the brain tissues. Leica DM 750, ICC50 E, Bax x400.

Figure 2B: Photomicrograph of a section of diabetic Control (Group 2) of STZ 
induced diabetes showing very significant (p < 0.05) +3 Bax positive membrane 
expressions (brown stains-black arrows) in the hippocampus CA1 Area and in the 
cerebral cortex of wistar rats, Leica DM 750 ICC50 E x400.

Figure 2C: Photomicrograph of a section of the brain tissues of STZ induced 
diabetic wistar rats treated with melatonin (10 mg/kgbw) showing membranous 
+1 positive Bax expression (black arrows) in the dentate Gyrus of the hippocampus 
neurocytes, Leica DM 750 ICC50 E, IHC: Bax antibody x400.
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Figure 2D: Photomicrograph of a section of Brain tissue from STZ induced 
diabetic wistar rats (MgLD group) and treated with magnesium at 240 mg/kgbw). 
The section showed +2 positive Bax cytoplasmic and membrane expression (red 
arrows) in CA3 area of the Hippocampus, Leica DM 750 ICC50 E, IHC: Bax, x400.

Figure 2E: Photomicrograph of a section of brain tissue from STZ induced diabetic 
wistar rats (MMgLD Group) and treated with melatonin (10 mg/kgbw) and 
magnesium treated (240 mg/kgbw) showing +1 positive Bax expression in brain 
neurocytes (red arrows) in CA1 area of the Hippocampus, Leica DM 750 ICC50 E, 
IHC: Bax, x400.

Figure 2F: Photomicrograph of a section of the brain tissues of STZ induced 
diabetic wistar rats (MHD Group) treated with melatonin (20 mg/kgbw). The section 
showed no significant cytoplasmic membrane positive Bax expression (+1) (black 
arrows) in the Dentate Gyrus of the hippocampus, Leica DM 750 ICC50 E, Bax x400.

Figure 2G: Photomicrograph of a section of brain tissue from STZ induced diabetic 
wistar rats (MgHD) treated with magnesium treated (480 mg/kgbw). The section 
showed +2 positive Bax expression (black arrows) in CA3 area of the hippocampus, 
Leica DM 750 ICC50 E, IHC: Bax, x400.

Figure 2H: Photomicrograph of a section of brain tissue from STZ induced diabetic 
wistar rats (MMgHD), magnesium treated (480 mg/kgbw) and melatonin treated 
(20mg/kgbw) showing significant +2 positive Bax expression (black arrows) in CA1 
area of the Hippocampus, Leica DM 750 ICC50 E, IHC: Bax, x400.

Figure 2I: Photomicrograph of a section of Brain tissue from STZ induced diabetic 
wistar rats (IN Group) treated with insulin (2IU) showing +2 positive Bax expression 
(black arrows) in CA3 area of the Hippocampus, Leica DM 750, ICC50 E, and IHC: 
Bax, x400.
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The hippocampus is one of the rare areas of the brain that 
exhibit neurogenesis. The new neurons created by the 
hippocampus are important for memory and learning and 
required brain-derived neurotropic factors (BNDF). BCL-2 
is an antiapoptotic protein that suppresses apoptosis. It is 
localized mainly in the mitochondrial membrane and plays an 
important role in protecting tissues from apoptotic cell death 
[22,23]. In the cerebral cortex and especially the hippocampus, 
the neurocytes in the control group showed positive 
membranous and cytoplasmic BCL-2 expression as opposed 
to the negative neurocytes BCL-2 expression in the diabetic 
control untreated group. The treated melatonin at low and high 
doses shows neuroprotection in positive BCL-2 expression. 
Positive membranous and cytoplasmic BCL-2 expression was 
also observed in the melatonin and magnesium combined 
group. Mild insignificant BCL-2 expression was observed in 
magnesium treatment group at low and high doses and when 
combined with melatonin at high dose. Insulin treated group 
showed mild neuroprotection in BCL-2 expression. These 
present observations are consistent with Zang YC, et al. [24] 
who reported that “hyperglycaemia could induce oxidative 
stress in the hippocampus, and works by Contreras-Alcantara 
S, et al. [25] also showed that hyperglycaemia also could results 
to apoptosis of hippocampal synapses and neuronal loss as 
observed in the diabetic control group where the above was 
observed.

Apoptosis is a genetically controlled process that occurs both 
in normal and pathological conditions, [26].  Tang D, et al. 
[27], showed that there are two apoptotic pathways, which 
are intrinsic and extrinsic pathways. The extrinsic pathway 
involves cell surface receptors, while the intrinsic pathway 
utilizing mitochondria [27]. Apoptosis plays a major role 
in the development of the central nervous system. Several 
physiological death signals as well as pathological intracellular 
damage signals triggers the genetically programmed 
pathway of apoptosis [28]. Some genes regulating the 
pathway of apoptosis such as bax and bcl-x, promotes 
apoptosis, whereas others such as bcl-2 and ced-9 regulates 
antiapoptotic pathways. It is the balance of these genes in 
individual neurons that ultimately results in either cell survival 
or apoptosis [29]. Thus, in this study, we were able to correlates 
bax positive cytoplasmic and membranous expressions in the 
diabetic control group where there was significantly high bax 
expression in the neurocytes of the hippocampus and cerebral 
cortex. This was due to significantly high hyperglycemic index 
which negatively affects the intracellular antioxidants (SOD 

and CAT), increased neurobehavioral and memory deficits and 
a significantly increase in apoptosis shown as significantly high 
positive bax expression in diabetic control group hippocampus 
and cortical neurocytes. The melatonin treatment at low and 
high doses and when combined with magnesium showed 
significant negative bax expression in the neurocytes of the 
hippocampus and cerebral cortical cells similar to the normal 
control group. Melatonin regulates glucose homeostasis 
according to reports by Owino S, et al. [30] and that it inhibits 
apoptosis mediators MHS Pathways and promotes pro-survival 
BCL-2 Protein expression that down regulates Bax activities. 
These results are consistent with meta-analysis reviews on 
subtle cognitive deficits in pediatrics by Gudieri P, et al.  [31] 
and in adults by Brands AM, et al. [32] population with type 
1 diabetes. Basic intelligence, psychomotor processing speed, 
mental flexibility and attention are specific skills noted to 
be permanently reduced in children with type 1 diabetes 
[33]. Further reports collaborated the debilitating effects of 
diabetes stating that children with type 1 diabetes before the 
onset of five years of age have permanent neurocognitive 
impairments with age matched peers and siblings [34]. Hence, 
supporting our result neurocognitive deficits and memory 
is associated with type 1 diabetes and that melatonin and 
magnesium attenuates these deficits and cause neurogenesis 
which further enhanced memory and behavior in STZ induced 
type 1 diabetic rats.

Melatonin and magnesium co-administration to streptozotocin 
induced type 1 diabetic wistar rats upregulates BCL-2 proteins 
expression showing evidence of neuroprotection of the 
hippocampal neurocytes and the down regulation of Bax 
protein expression decreasing neurocytes apoptosis. Thus, our 
research affirmed the antioxidant nature of the two bioactive 
agents (melatonin and magnesium) synergistically working 
to attenuate the neuropathological changes associated with 
diabetes mellitus as evidenced in this experimental model 
study in wistar rats.
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