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ABSTRACT
Introduction: The region of Cornu Ammonis 1 (CA1) in
hippocampus has an obvious role in alteration of short-term
memory to long-term. Proteins, as a crucial aspect of the cells,
are involved in the structure and function of hippocampus.
Aim: To study the effects of High Protein Diet (HPD) on CA1 and
learning defect in rats.
Materials and Methods: In this experimental study, 20 Wistar
male rats were divided into two groups by random samplling:
the groups of control (normal diet including 14% protein was
used) and HPD (35% protein). Animals in HPD group were
daily fed HPD for 10 months. Body weight was measured.
Transcardiac perfusion procedure was applied for tissue
fixation. Passive avoidance learning of animals was examined
by shuttle-box apparatus technique. The number of dendritic

spines was investigated by Golgi staining protocol. Also, Cresyl
Violet staining was used to determine the number of neurons in
the hippocampal area of CA1. Kolmogorov-Smirnov test was
applied to confirm the normal distribution of data and t-test was
used for determination of differences among the groups. SPSS
version 16 was used for data analyses.
Results: The Passive Avoidance Learning of the HPD rats was
significantly higher compared to the control group (p-value
<0.05). HPD increased the body weight, the number of neuronal
dendritic spines and neurons in comparison to the control group
(p-value <0.05).
Conclusion: It can be concluded that the administration of
HPD has useful effects on the structure and function of the
hippocampal region of CA1 in male rats.
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INTRODUCTION
Proper nutrition is considered to have constructive functional and
structural effects on brain. As a fact, brain has its own life cycle in
physiological, biochemical and anatomical evolution [1]. The daily
required protein in childhood is 1.2 gm/kg body weights and 1016% of daily body calorie is obtained from the proteins [2]. Protein
deficiency may affect the chemical structure of brain neurons and
even behaviour [3]. There are a lot of unanswered questions regarding
how improper diet can develop neurological and psychological
disorders [4].
The relationship between a perfect diet and appropriate evolution
of the brain, specifically in children, has always been discussed
[5]. The natural evolution of different brain regions starts from the
neonatal period until after birth and includes numerous brain cells,
migration and organisation of neurons [6]. Development of neuritis
includes the formation of dendrites and axons fibres depending on
the nature of the stimulus received by the brain and the quality of an
appropriate diet [7]. The structure of myelin, glial cells, and neurons
are rich in protein; therefore, an appropriate diet, specifically full of
proteins, is required for the evolution of different brain regions [8].
The biosynthesis of brain proteins depends on the efficient and
consistent intake of amino acids. Furthermore, proteins are
necessary for supplying the required energy for metabolism and
synthesis of neurotransmitters in the brain [9]. A hippocampus
with its internal structure plays a vital role in long-term memory
formation, and its function is associated with a stimulation reward
system [10]. The hippocampus as a part of the limbic system is
essential in the formation of different types of learning and memory
[11]. CA1 area, with a vigorous role in changing short-term memory
to long-term, belongs to the hippocampus [12]. The published
results of Kinzig KP et al., indicated that due to low protein diet
in rats, the malformation in the hypothalamus nucleus occurs [13].
With regard to the importance of protein in brain evolution, very little
knowledge is currently known about the impacts of HPD on learning
and changes in CA1 region neurons. Thus, the current study was
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designed to investigate the impacts of HPD on neurons changes of
the CA1 region and the level of learning in rats.

MATERIALS AND METHODS
Experimental animals: The present experimental study was carried
out in the Anatomy Department of the Kermanshah University of
Medical Faculty from May 2018 to December 2018. Thirty male
(Wistar rats despite the sensitivity of female mice, the presence
of female sex hormones and their increase and decrease during
the study can affect the results, therefore, male rats were used
in this study) 220-240 gm and eight-week-old (were prepared
from the Pasteur Institute and transferred to the animal house in
medical school. The rats were kept under standard conditions
(12 hour/12 hour light/dark cycle and 22±2°C with a relative
humidity of 50±5%), in special cages and on a straw bed. Water
and standard food were freely available to the animals including
plate and treated municipal water. The research confirmed to the
Ethical and Human Principles of Research and was approved by the
Ethics Committee (ethics certificate No. 97497).
Grouping and diet: A total of 20 male animals were separated by
random samplling (Initially, the number of animals in each group
was 15 (a total 30 rats) and during the study 5 rats died in each
group. In the control group, a normal diet including 14% protein
was used. In HPD group high protein including 35% of protein was
used. The required protein-rich food for both groups was provided
from Pars Animal Food Company in Tehran, Iran. The feeding was
followed for 10 months. The required food was 5-6 gm daily per
100 gm of the weight of rat. The diet contained 500 gm total milk
protein per kg of food. Total milk protein is a mixture of casein
(85%) and other milk proteins (albumins and globulins). These other
milk proteins constitute a direct source of limiting sulfur amino
acids. In HPD diet, protein was added at the expense of an energy
equivalent amount of sucrose and starch. Base energy in both
diets was similar. In the first group with normal diet, base energy
was 2531 kcal, and in the second group with HPD, base energy
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was 2534 kcal. Energy-to-protein ratio in the first group was 145
and 317 in the second group [14,15].
Weight of animals: The body weight was measured using a
microbalance sensitive up to 0.1 mg (Precisa 125A; Switzerland) [16].
Transcardiac perfusion: Rats were injected with a mixture of
Xylazine (10 mg/kg) and Ketamine (70 mg/kg) to induce general
anaesthesia. The thoracic cage was cut anteriorly and the left
ventricular apex was observed. Aorta was detected and fixed with
a 1 mm glassy cannula inside the lumen. The left ventricle was
dissected to reach the cannula in the ascending aorta, and then
the descending aorta was clamped just superior to the diaphragm.
Normal saline was injected into the cannula. The pericardium and
the right ventricle were cut. The left ventricle pathway was dissected
and the ascending aorta was connected to a plastic tube by the
glassy cannula and descending aorta was clamped right above
the diaphragm. The cannula linked to the saline solution was
implanted into the aorta through an incision in the left ventricle.
The pericardium and the right ventricle were cut. The left ventricle
pathway was dissected and the ascending aorta was connected
to a plastic tube by the glassy cannula and descending aorta was
clamped right above the diaphragm. The cannula linked to the
saline solution was implanted into the aorta through an incision
in the left ventricle. The descending aorta was clamped and after
brain washing, the solution was discharged through the incision
made in the right atrium. Formalin 5% and buffer phosphate 7%
were infiltrated into the brain by a cannula and the brain was fixed
in 15 min. After perfusion, the brains were dissected and stored in
a similar perfusion solution for 3 days [11].
Shuttle box method: The Passive-Avoidance Learning ability
of rats was assessed by the means of a shuttle-box device. The
device contained two isolated compartments (20×30×20 cm3)
dividing through a guillotine entrance from which. When it is open,
the rats could cross through that. The floor and the walls of one
of the compartments were white and for another one was black.
The base of both rooms had parallel metal bars through which
electrical stimulation with favourite time and voltage could be
transmitted to animals’ feet via an attached stimulator. Passiveavoidance learning was assessed in three phases based on usual
technique [10].
Cresyl violet method: Cresyl Violet staining was used to
determine the number of living cells in the hippocampus CA1
region. For this purpose, six mice in each group was decapitated
and five histological sections were prepared from every rat.
Subsequently, 5 µm cuts were obtained using microtome, tissue
processing performed, and the left hemispheres were stained
using Cresyl Violet staining technique. In brief, the slips were
stable again (10 minutes) in 4% paraformaldehyde solution. Slide
was immersed in 70% (5 minutes) and 100% (15 minutes) ethanol
and in xylene for 20 minutes. They were then immersed back
through the ethanol descent concentrations. They were stained
for 5 minutes in filtered Cresyl Violet solution, and then washed in
distilled water. The slides were then dehydrated again in ethanol.
They were located in xylene for another 10 minutes and then cover
slipped. After photo preparation, the number of cells was counted
in one square millimetre. The round cells stained with Cresyl Violet
with no peak nose were considered as living cells [11].
Dendritic spines: The dendritic thorns were counted via an optical
microscopic examination and software of Motic and Image tool IT
(version 3). In the Golgi-stained slides, the neurons which entirely
stained as the position of cell bodies in the central part of the tissue
slices take distance from the surrounding stained neurons and they
constituted the inclusion criteria. The dendritic tree of pyramidal
neurons was demonstrated through a Camera Lucida at 400X
magnification and the dendritic exclusion order from the cell body
was used for counting the dendritic pieces [11].
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Golgi method: The Golgi method was used to observe the neuron
dendrites in the hippocampus CA1 region. This method was applied
using potassium dichromate followed by silver nitrate. After brain
fixation, the tissue blocks were suspended inside 3% potassium
dichromate solution in a dark environment for 48 hours. After washing
the blocks in 0.75% silver nitrogen, they were suspended in the solution
for three days. The washing of the tissues was carried out in 1% silver
nitrate solution. Now the tissue is ready for processing, dehydration,
cleansing and embedding. The histological slides with a thickness of
5 µm were prepared for staining and morphological examination [12].

STATISTICAL ANALYSIS
Kolmogorov-Smirnov test was first conducted to confirm the
data compliance for normal distribution. Then t-test was used for
statistical analysis and determination of differences between the
groups. SPSS version 16 was used for data analysis. The obtained
results were expressed as mean±standard error and p-value <0.05
was considered statistically significant.

RESULTS
Body weight: HPD showed that the mean of the animal’s
weight increased compared to the control group (p-value <0.05)
[Table/Fig-1].
Active-avoidance learning ability: The outcomes of the shuttlebox apparatus showed active-avoidance learning. The ability of
HPD group was significantly increased compared to the control
group (p-value <0.05) [Table/Fig-1].
Factors

Control

HPD

Mean of rats weight (g)

220±20

270±10*

Learning ability (s)

425.5±15.70

275±4.19*

Mean number of neuron (%)

18.33±0.60

28.19±0.30*

Mean number of dendritic spines (%)

14.66±0.24

27.13±0.16*

[Table/Fig-1]: Different weight of animals and active-avoidance learning ability
between treatment groups.
Data were presented as mean±standard deviation; *p<0.01 compared to the control group;
HPD: High protein diet

Neuron numbers: The results of neuron counting in the hippocampal
region CA1 showed a significant increase in HPD group compared
to the control group (p-value <0.05) [Table/Fig-2a,b].

[Table/Fig-2]: Microscopic images of the mean number of neuron in CA1 region
of male rats in different groups (5 μM thick sections, Cresyl Violet staining, at X100
magnification). Micrograph of the CA1 section in the control group (a), the normal
number of neurons; Micrograph of the CA1 section in HPD diet group (b), rise in the
number of neurons cells can be seen.

Dendritic spines: The mean number of neuronal dendritic spines
showed a significant increase between the control and HPD group
(p-value <0.05) [Table/Fig-1,3a,b].

DISCUSSION
The present study investigated the impacts of HPD on neurons
changes available in hippocampus region and amount of learning in
rats. The results of this study indicated that HPD increased the total
weight of the rats significantly. Since some sources of energy and
calorie supply in the body are provided by proteins, but a rise in the
amount of received calories is considered to be one of the reasons
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[Table/Fig-3]: Microscopic images of the mean neuronal dendritic spines in
hippocampal region CA1 in different groups (Five-micron thick sections, Golgi
staining, magnification X100). Micrographs of the CA1 section in the control group
(a), normal structure. Micrograph of the hippocampal region CA1 section in HPD
group (b), increased number of dendritic spines.

for weight gain in rats [17]. The intracellular amino acids switch to
structural and functional proteins while other additional amino acids
undergo metabolism to release energy or store as adipose tissue
[18]. It is believed that the reduced amount of proteins has critical
importance in creation of malformation of different parts of the body
and also in the regeneration of cell and tissue [19]. According to a
study, when the body receives a high amount of protein, a specific
percentage of proteins do not break down to amino acids leading
to the weight gain of rats [20]. The published results of Shiell AW et
al., are consistent with the results of the present survey indicating
that HPD in pregnancy causes severe weight gain of rat newborn
[21]. This growth in body fat due to a HPD can be partially explained
by a 19% rise in energy intake [22]. The finding of this research
together with previous studies of Jean C et al., in animals show that
an increase in protein intake is more satiating than carbohydrate
and fat on a weight-to-weight basis [23].
The results of the current study showed that the number of
neurons and dendritic spines increased significantly in HPD group
in comparison with the control group. The results may indicate a
reduction of the apoptosis process and neurodegeneration by
administration of HPD [24]. The results of Mattson MP et al., were
consistent with findings of the present study show that the HPD
could protect the cells in the brain by increased protein accumulation
in the membrane and increase the cell size [25].
It seems that long-term HPD prevention will induce oxidative stress
status. The production of free radicals such as superoxide and
hydroxyl radicals will occur, which can cause cell damage [26].
Generated free radicals following oxidative stress may have the
potential to damage the cellular compositions including proteins,
lipids, and DNA [27]. The results of this experimental survey are in
line with the Andrade JP et al., results which confirm the decrement
effect of LD in the volume and number of neurons exist in the
subclavian area [28]. It has been proved that the main factor in
the process of synaptic transmission is related to the dendritic
thorns. For this reason, the cause of many brain diseases returns
to a change in morphology and dendritic thorn density [12]. HPD
can grow the length and the number of dendritic spines in Nucleus
Accumbens by affecting the neurotrophic factors in the Striatum
[29]. A study by Dabydeen L et al., showed that HPD could increase
the length and density of synaptic thorns; that is consistent with
the results of the present study [30]. The results may indicate the
ability of control in apoptosis and neurodegeneration processes by
administering of HPD compared to the normal diet [31]. HPD in long
term usage prevents the reactive oxygen species activity and lipid
peroxidation and has the potential to destroy the oxidative stress
compared to normal protein diet [32]. It seems that HPD decreases
the expression of Cyclin B1 and Bax protein (involved in cell cycle
and apoptosis) [33]. Although the precise biological mechanism
behind the HPD-induced neurotic improvement is unclear, the
psychopharmacological and sedative activity of HPD can help to
describe the improvement of CA1 dendritic compared to the normal
diet which is in line with the results of Sarfert KS et al., [34].
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The reduction of protein can destroy the dendritic thorns in postsynaptic cell of hippocampus region by β2-nAChRs deactivation [35].
Moreover, the protein deficiency can reduce the number of thorns
by two processes, deactivation of α4β2-nAChRs in the pre-synaptic
membrane and disruption in release of glutamate neurotransmitters
[36]. It appears that the protein deficiency which induces the cellular
destruction in CA1 region is related to amplified expression apoptosis
and cell cycle markers such as Cyclin B1 which can interfere with
neuronal death [37]. HPD in long-term administration inhibits the
lipid peroxidation of quinolinic acid and control the production of
cyanide-induced superoxide [33]. HPD can increase the effects of
antioxidant enzymes such as catalase and superoxide dismutase
and reduce ROS production compared to the normal protein diet
[38]. HPD can prevent the stimulation of nitrite oxide receptors in the
brain and decrease the release of glutamate and NMDA activation.
The activation of NMDA may increase the formation of nitrite oxide
in the brain cortex [39]. Administration of HPD could inhibit nitrite
oxide production [40].
The results of the current study showed that the HPD have
useful effects on the learning ability as indicated by the activeavoidance test. Growth in the learning ability has been reported
by clinical studies in adults with HPD [41]. Beneficial results of this
study achieved in long-term HPD consumption including a rise in
amount of learning in the rats created by a rise in the number of
neurons and their dendrites which consequently increased the
density of synapses in CA1 regions of hippocampus [42]. Proteins
are one of the main factors in neurotransmitters production.
So, its deficiency can cause serious disorder in the function of
synapses in hippocampus [43]. Reyes-Castro LA et al., reported
that the increase in the amount of protein in daily diet improved
the spatial memory which is in line with the results of the current
study [44]. According to the current data, administration of HPD
significantly improved learning deficits compared to the normal
diet. Frankincense is known as an effective anti-inflammatory
agent. Calcium is the main stimulus for freeing neurotransmitters,
so it plays a vital role in the synaptic facilitation [45]. It has been
shown that the HPD cause displacement of calcium. This plays
a role in the synaptic enhancement in hippocampus [11]. Also,
can be assumed that HPD advances spatial memory through
affecting the metabolism of arachidonic acid compared to the
LD diets [46].

limitation
The present study has certain limitations; authors did not study in
detail about the mechanism of HPD on the CA1 region There were
death of some animals due to long timeline (10 months) of this study.
Hence prospective studies should be taken for detailed association
of the molecular interaction between HPD and CA1 region.

CONCLUSION
HPD has useful effects on the CA1 region. HPD may increase the
learning ability and has progressive effects on animals. As a result,
HPD leads to a growth in the learning ability through CA1 tissue rise
and increasing the number of neurons, and dendritic spines.
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