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Abstract: Elucidation  of  progesterone effect on the prefrontal cortex of a streptozotocin-induced diabetic
Wistar  rats  via  comparison  of  changes  in theoxidative stress, cyto-architecture of the prefrontal cortex of
rats,  levels  of  glucose  and on the dosages of progesterone administered intra-peritoneal. Streptozotocin
(STZ, 30mg/kg/b.w) double dosages were injected to mimic diabetes by degenerating beta cells within third to
seventh days in adult male rats. There are eight rats per group and treatments included (STZ, received two
doses of 30mg/kg/b.w Streptozotocin; STZ+LDP treatment received 30 mg/kg/b.w Streptozotocin and low dose
progesterone (LDP, 4 mg/kg/b.w/day); STZ+HDP treatment received 30 mg/kg/b.w Streptozotocin and high
dose progesterone (HDP, 8 mg/kg/b.w/day); LDP received 4 mg/kg/b.w/day progesterone; and HDP received
8 mg/kg/b.w/day progesterone while the control (CTR) and STZ treatments received no progesterone. In the
study, blood glucose level increased in the diabetic animals in comparison with normal animals. Metabolically
and histologically, comprising between diabetic and untreated rats showed that Streptozotocin caused
degeneration in astrocytes and induced experimental diabetes while progesterone dosage induced ameliorative
effect. In conclusion, progesterone protects and keeps the neurons in the brain, likewise proved that
streptozotocin have a neurodegenerative effect.
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INTRODUCTION In addition to being generally acknowledged as a

Primates are unique among mammals in possessing a has been implicated in some of the most common and
region of prefrontal cortex with a well-developed internal devastating neurological and psychiatric disorders,
granular layer. This region is commonly implicated in including age-related cognitive decline, attention-deficit
higher cognitive functions [1]. The prefrontal  cortex hyperactivity disorder, Parkinson's disease, Huntington's
(PFC) is one of the key cortical structures to monitor the disease, Wernicke-Korsakoff syndrome, unipolar
internal state of the organism and to initiate behavioural depression and schizophrenia [4-9].
outputs accordingly. The PFC is implicated in many Streptozotocin (STZ) injection impairs cognitive
regulatory processes, including cognitive functions, function by the activities of dysfunction of glucose
attention, drive and  motivation,  decision  making  and metabolism in the brain as well as suppressing the
working memory [2, 3]. activation   of   essential  enzymes    to    produce  insulin

substrate of higher cognitive function, prefrontal cortex
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resistance and corresponding processes by selectively conflicting thoughts, determine good and bad, better and
reducing the autophosphorylation process of the insulin best, same and different, future consequences of current
receptor [10]. Decreased glucose and energy metabolism activities, working toward a defined goal, prediction of
has been reported with STZ and has been found to induce outcomes, expectation based on actions and social
diabetes mellitus. It affects the dendritic morphology in "control" (the ability to suppress urges that, if not
the limbic structures, such as prefrontal cortex, occipital suppressed, could lead to socially unacceptable
cortex and hippocampus, which are implicated in cognitive outcomes) [26]. The PFC has also been associated with
disorders [11, 12]. other functions like planning complex cognitive

The 2-deoxy-2-(3-(methyl-3-nitrosoureido)- behaviour, personality expression, decision making and
Dglucopyranose)  (STZ)  is  a betacytotoxic substance moderating social behaviour [27].
that has been implicated to cause diabetes mellitus type The dorsolateral prefrontal cortex (DLPFC) is an area
(1 and 2) in rats and mice experiment for decades [13, 14]. in the prefrontal cortex lying in the middle frontal gyrus,
Some of these neurological disorders have been around the principal sulcus (lateral to the Brodmann’s
characterised in diabetic patient and diabetes is area 9 and 46) of the brain of humans and primates,
characterized by a constant stage of hyperglycemia, therefore DLPFC is not just an anatomical structure in the
which  if  not well managed leads to severe damage to brain but a functional region that undergoes a prolonged
several systems in the animals or humans body [15], period of maturation which lasts until adulthood [28, 29].
includes the pancreas, retina and central nervous system The DLPFC is connected to various regions of the brain
(CNS). Report says diabetes cause several brain including the orbitofrontal cortex, hippocampus, primary
conditions such as cerebral ischemia, macrovascular and secondary areas of the neocortex, basal ganglia and
disease, micro-angiopathy, cognitive decline and brain thalamus [30]. The primary function of the DLPFC is
atrophy [16]. Diabetes was characterized by increased executive function, though not exclusively because all
lipid peroxidation, altered glutathione redox status, complex mental activity requires the additional cortical
exacerbated levels of reactive oxygen species (ROS) and and subcortical circuits with which the DLPFC is
mitochondrial dysfunction [17]. connected. The executive functioning includes working

Progesterone been implicated in brain functions, memory, cognitive process, planning, inhibition and
where  it  was  synthesized  and  secreted  by nerve abstract reasoning [31, 32]. The DLPFC is also very much
tissues,  active  in both   neuro-protective  and involved in motor planning, organization and regulation
regenerative potentials on the damaged neurons [18, 19]. due to the association with the basal ganglia and motor
Progesterone acts a neuro-protectant by suppressing areas of the brain [31].
neural cell apoptosis, promoting nerve growth and The ventrolateral prefrontal cortex (VLPFC) is located
relieving inflammatory swelling [20], while acting as on the inferior frontal gyrus, bounded by the inferior
neuro-regeneration by increasing the concentration of frontal sulcus superiorly and the lateral sulcus inferiorly.
macrophages and microglia at injured sites [21] thus, The VLPFC is attributed to Brodmann's area 47, 45 and 44
increasing  the  circulation of endothelia progenitor cells [33, 34]. The whole right VLPFC is active during motor
in the brain [22]. Progesterone has been stated to reduce inhibition, where it activates to stop or to override the
the concentration of oxygen free radicals [23], therefore it motor activity in the cortex [35]. The right posterior
might be able to contribute to neurogenesis. It’s an VLPFC (BA 44) is active during the updating of action
endogenous steroid produced in the ovary and schwann plans. The right middle VLPFC (BA 45) is responding to
cell (neurosteroid) and it is a metabolic intermediate in the decision uncertainty (presumably in right-handed
production of other endogenous steroid and being individuals) [35].
responsible in regulation of pregnancy and menstrual The ventromedial prefrontal cortex (VMPFC) is
cycle, likewise neurogenesis might result out of located in the frontal lobe at the bottom of the cerebral
progesterone [24]. hemispheres. The VMPFC is interconnected with the

The prefrontal cortex (PFC), which covers the most tegmental area, amygdala, cingulate gyrus, temporal lobe,
frontal part of the mammalian brain contains Brodmann the olfactory system the hippocampal formation and the
areas 9, 10, 11, 12, 46 and 47 and the basic activity of this thalamus. The VMPFC though does not have a
brain region was considered to be the orchestration of universally agreed demarcation; it is associated with
thoughts and actions in accordance with internal goals Brodmann area 10, 14, 25 and 32, as well as portions of
such as executive function [25]. Executive function relates Brodmann area 11, 12 and 13 [36]. The VMPFC is
to abilities of an individual to differentiate among implicated in processing risk and fear and also plays a role
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in the inhibition of emotional responses and in the Glucometer was used to measure the blood glucose level
process of personal and social decision making [34, 37]. across the groups before and doing (the third and
These sides of the prefrontal cortex of the brain have an seventh day after the administration of 30 mg/kg
implicit effect on age-like related measure [34]. streptozotocin) the experiment. The final measurement

MATERIALS AND METHODS the administration of progesterone. Rats with a glucose

Animal Grouping: The procedure and experiment were diabetic.
done in the University of Ilorin Animal holding and was
in-line with the National Institute of Health (NIH) Animal Sacrifice and Sample Collection: At the end of
guidelines on the use of animals in experiment research. the experiment, some (four rats per group) animals were
Forty eight male Wistar rats (Rattusnovergicus) of two anaesthetized with intermuscular injection of 20 mg/kg of
weeks old were procured and were kept in different ketamine, skin excised and transcardially perfused with
wooden cages with wire gauze roofs. The rats were saline and subsequently with 4% paraformaldehyde in
acclimatized under the light and dark cycle at room 0.1M phosphate, four rats were cervical dislocated in
temperature   (37°C)    and   fed   on   high   fat  diet order to collect blood sample cardially for biochemical
(Veritus  Livestock  Feeds, Tanke, Ilorin) and distilled analysis. The brains were removed and the prefrontal
water  throughout  the  duration  of  three  months  until cortex was excised from the brain and put into 4%
the  animal  weight  was  within  the  range of 150-250g. paraformaldehyde fixative for subsequent histological
The streptozotocin was purchased at sigma and (haematoxylin and eosin stain) analysis and 30% sucrose
progesterone injection was purchased from a reputable solution for biochemical assay.
government pharmacy (Aromokeye pharmacy) in Ilorin,
Nigeria. The Wistar rats were grouped based on their Estimation of Malondialdehyde (MDA) and Glutathione
weights and starved overnight before administrating their Peroxidase (GPx) and Histological Staining:
treatments. This was carried out in the experimental Malondialdehyde (MDA) was estimated by the
facility house of the Faculty of Clinical Science, thiobarbituric  acid  test  [38].  Gpx  activity was
University of Ilorin, Kwara State. The animals were determined through Mishra and Fridovich method [39].
equally allotted into six groups. Prefrontal lobes of rats’ brains were fixed in 4%

Group 1: Control (CTR) received 2 ml of normal saline paraformaldehyde and processed for paraffin embedding.
for 14 days; Group 2low dose progesterone: LDP received Paraffin  sections  (5 µ)  were  stained with cresyl fast
4 mg/kg/day  progesterone intra peritoneal for seven violet [40] to study the morphology of the prefrontal
days;  Group  3 high  dose  progesterone:  HDP received neurons.
8 mg/kg/day progesterone intra peritoneal for seven days;
Group 4 streptozotocin: STZ received double doses of Statistical Analysis: Data collected were analysed using
0.1M citrate buffer containing 30mg/kg streptozotocin in Microsoft Excel and one-way analysis of variance
oil vehicle of pH 4.5; (ANOVA) followed by Tukey’s (HSD) multiple

Group 5: STZ+LDP received double dose of 0.1M comparison test with the aid of SPSS Version 20. Data
citrate buffer containing 30mg/kg streptozotocin in oil were presented as means ± SEM (standard error of mean)
vehicle of pH 4.5 on Day 1 and Day7 followed by the P value less than 0.05 (P<0.05) was considered statistically
administration of 4mg/kg of progesterone for another significant.
seven days; Group 6: STZ+HDP received double doses of
0.1M citrate buffer containing 30mg/kg streptozotocin RESULTS
(Strone-50) in oil vehicle of pH 4.5 on Day 1 and Day 7
followed by administration of 8mg/kg of progesterone for Blood Glucose Level: Streptozotocin (STZ) administration
another seven days. to animals in groups STZ, STZ+LDP and STZ+HDP

The groups that received 30mg/kg streptozotocin showed statistical insignificant (P>0.0.05) by an increase
were starved overnight before their first dose in the blood glucose compared to animals that were not
administration and the second dose was given to them the exposed to streptozotocin. On the other hand,
second day making it two days single dose termed progesterone reduced the blood glucose levels
(double doses) of 30 mg/kg/b.w. streptozotocin. significantly in animals exposed to streptozotocin

The body weight of the Wistar rats were measured compared to those received STZ, STZ+LDP and
before and during experiment period (three weeks). STZ+HDP (Figure 1).

was done one day before sacrificing the animal and after

concentration exceeding 150 mg/dL were considered
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Fig. 1: Lines Graph showing the blood glucose levels across all groups before and after administration of streptozotocin
and after administration of progesterone

Fig. 2: Graph showing glutathione Peroxidase Fig. 3: Mean malondialdehyde levels with error bars groups
Fig. 3 *- P<0.05 statistical significant difference compared to control animals (CTR). µ- P<0.05 statistical significant
difference compared to animals exposed to streptozotocin (STZ)

Fig. 4(a&b):Graph showing the animal body weight difference across all groups. P<0.05 and Graph showing the animal
body weight across all groups before and after administration of streptozotocin and after administration of
progesterone. P<0.05



Global J. Pharmacol., 14 (1): 08-16, 2020

12

Fig. 3: Photomicrograph showing the pyramidal cells of the granular layer (GL) of the prefrontal cortex of adult male
Wistar rats (Haematoxylin and Eosin stain x 400)

Biochemical Assay: Glutathione peroxidase level was aid in neural protection in traumatic brain injury [20].
reduced in animals exposed to streptozotocin, though not Studies suggested that progesterone increase the
statistically significant (P>0.0.05) compared to control and concentration of circulating endothelia progenitor cells
in animals given different doses of progesterone. responsible for neural regeneration and vascular
Malondialdehyde  level  increased  significantly (P<0.05) remodelling play a role in the regeneration of injured
in animals exposed to streptozotocin, compared to CTR neurons in the brain therefore circulating endothelial
and in animals given different doses of progesterone. progenitor cells are major actors in the remodelling
However, the malondialdehyde (MDA) levels were process. Progesterone protect the neuron by decreasing
reduced in animals treated with different doses of cellular apoptosis, cerebral edema and inhibits
progesterone with and without streptozotocin and CTR. inflammation, thus promoting neuro-protective effects in

Body Weight: Body weight before administration showed was further studied in the rat models using STZ, a
insignificant differences, whereas there were significant neurotoxin which acts or affects the prefrontal cortex and
differences (50.76±0.4921) after administration of STZ and limbic system. The mechanism of action by which it exerts
STZ+ PROG across the groups when compared. Values its effect is not well understood. This study also
are presented as Mean ± SEM,  P<0.05 (Figure 4). investigated the histological and histochemical patterns

Cyto-Architectural Result: CONTROL (CTR), LDP and rats; the protection and regeneration progesterone might
HDP shows location of neuron with the intact nucleus cause to these cells and the neuronal instability and the
(white arrow), this indicates normal cyto-architecture of oxidative stress caused by STZ and progesterone.
the prefrontal cortex of adult male Wistar rats while the The weights of the rats that took only normal saline
STZ, STZ+LDP and STZ+HDP shows location of increased along the weeks of administration, the weights
abnormal normal neuron (yellow arrow); showing of the rats that collected double dose of STZ alone
extrusion of the nucleus from the neuronal cytoplasm increased in the first two weeks of administration and later
which implies the process of apoptosis. decrease in the third weeks. The rats that collected only

DISCUSSION administration, while the rats that collected STZ start

Investigation of the histological structure of the of administration and reduction in weight was noticed in
prefrontal  cortex,  serum malondialdehyde and the second week and remained the same through period
glutathione peroxidase levels of the rats; showed that of the administration. The weights of the rats that
streptozotocin and progesterone implicit neuronal collected low dosage progesterone (LDP) had weight
instability and oxidative stress and progesterone is increment along the weeks of administration while the rats
responsible for the protection and regeneration of cells. that collected high dosage progesterone (HDP) had a
Progesterone is known to influence neurons survival and constant weight throughout the administration period.

rat’s brain [20]. In this research, the effect of progesterone

of the prefrontal cortex cells in the untreated and treated

progesterone increased in weight along the weeks of

followed by progesterone increase in weight after a week
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The glutathione level reduced in animals exposed to The neuron exposure to neurotoxin has been implicated in
streptozotocin  (STZ),  though  not statistically significant pyknotic nuclei as a result of DNA fragmentation and
(P>0.0.05) compared to control (CTR) and animals given chromatin condensation that affects the morphology and
different doses of progesterone groups (LDP and HDP). integrity of the cytoplasm of a neuron [43, 44]. Pyramidal
The glutathione peroxidase level of the streptozotocin neurons, are found in forebrain structures such as the
group was not statistically different compared to control cerebral cortex, hippocampus and amygdala, they are also
and the progesterone groups. Neurodegenerative known as pyramidal cells. The basal dendrites emerge
progressively leads to ataxia and dementia, mitochondria from the base and the apical dendrites from the apex of the
(Mt) dysfunctions, excitotoxicity and apoptosis of the pyramidal  cell  body [45]. These are excitatory cell types
neurons; redox metal catalyzedoxidative stress and free of the cortical playingan advanced cognitive functional
radical  generation  which play critical role in regulating role. The perikaryon nucleus of pyramidal neurons house
redox reactions in-vivo contributing to reactive nitrogen the genes, consisting of DNA which contains the cell
species (RNS) and reactive oxygen species (ROS). history (the basic information to manufacture all the
Oxidative stress arises due to disturbed equilibrium proteins characteristic of that cell). The nucleus
between pro-oxidant/antioxidant homeostasis that further synthesizes RNA from DNA and moves it through its
takes part in generation of ROS and free radicals which are pores  to  the  cytoplasm in-line with protein synthesis.
potentially toxic for neuronal cells. Enzymatic antioxidants The degenerative changes observed in this study as a
are exogenous or endogenous molecules that act against result of exposure to streptozotocin, underlie the ability of
any form of oxidative stress. They neutralize ROS and streptozotocin to initiate cellular apoptosis and cause
other kinds of free radicals produced as consequence of damage to the pyramidal neurons of the prefrontal cortex
oxygen species (OS). of rats. This is in line with the studies of Baykara, et al.

The activities of Malondialdehyde level increased [43],  Akinola, et al. [44],  Alrefaie  and  Alhayani  [45],
significantly (*P<0.05) in animals exposed to Kolb and Nonneman [46], which suggested extensive
streptozotocin (STZ), compared to control (CTR) and damage to the pyramidal neurons of the prefrontal cortex
animals given different doses of progesterone groups of rats after exposure to streptozotocin. Data indicate that
(LDP and HDP); but the malondialdehyde (MDA) level progesterone has multiple non-reproductive functions in
reduced in animals exposed to streptozotocin and treated the central nervous system to regulate cognition, mood,
with different doses of progesterone groups (STZ+LDP inflammation, mitochondrial function, neurogenesis and
and STZ+HDP), most significantly in animals exposed to regeneration, myelination and recovery from traumatic
streptozotocin and group treated with high dose of brain injury [47]. The recovery and protection noticed in
progesterone (STZ+HDP). Malondialdehyde activity in the pyramidal cells of the rat’s prefrontal cortex were as a
the Prefrontal cortex of Adult Male Wistar Rats involves result of the influence of progesterone given after the
a free radical chain reaction mechanism terminated either Streptozotocin in the experimental groups. And in the
by the counter-effects of antioxidants or the production sectional tropical region these correspond with the
of mutagenic or carcinogenic reactive aldehydes such as findings  of  Li, et al.  [20],  Carroll, et al. [48], Stein [49],
malondialdehyde, while the resulting chain reaction makes He, Hoffman and Stein [50].
lipid peroxidation more damaging due to increased
oxidative stress and it has been duly implicated in most CONCLUSION
neurodegenerative diseases [41]. Lipid peroxidation
results from oxidative degradation of lipids and involves This study suggests that intra-peritoneal
the movement of electrons from the lipid cell membrane by administration of progesterone can protect the cyto-
free radicals resulting in cellular damage [42]. architecture of prefrontal cortex cells against the process

The pyramidal neurons of the groups that received of apoptosis induced by streptozotocin and progesterone
progesterone alone (LDP and HDP), have their cytoplasm proved to have the ability to protect the prefrontal cortex,
intact while groups that received streptozotocin followed therefore progesterone play protective and restorative
by progesterone (STZ+LDP and STZ+HDP), revealed role on cyto-architecture of some pyramidal cells in
some of the nuclei extruded and many intact in the regions of the prefrontal cortex of adult male Wistar rats,
cytoplasm  of  the  pyramidal  neurons while the STZ when  administered  alone  and after STZ respectively.
group have majority of its nuclei extruded it membrane. And limitation is prone to dosages of progesterone.
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