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Abstract

Background: The hippocampus is responsible for memory. A diet full of antioxidants improves brain damage and cognitive func-
tion. Regard the antioxidant effects of zingiber officinalis (ginger) and its flavonoids components.
Objectives: The aim of this study was to evaluate the effect of the extract of ginger on memory by using hippocampus tissue of the
male offspring of rats.
Materials andMethods: In this study, 60 rats, 15 males and 45 females, were used. We separated pregnant female rats from males
on the first day of pregnancy (determined by vaginal plug), and during days 16 - 18 of pregnancy, via intraperitoneal injection, three
groups received hydroalcoholic extract of ginger, with low (200 mg/kg bw), medium (400 mg/kg bw), and high (800 mg/kg bw)
concentration doses. The control group did not receive anything, and the sham group received normal saline during these days.
Then at day 50, the males offspring in each group were sacrificed, their brains were removed, and the hippocampus sections were
prepared for microscopic studies. Data was analyzed by SPSS 20 and by using one-way ANOVA and then a Tukey post-test (P < 0.05
considered as the significance level).
Results: This research showed that the number and thickness of pyramidal and granular layers of the CA1 and dentate gyrus areas
of the hippocampus had increased in male offspring according to the increase in the ginger extract dose.
Conclusions: It seems as though ginger extract, which contains compounds such as gingerols, shogaols, and zingerone, can affect
memory ability in rats through these compounds’ antioxidant properties by affecting embryonic acetylcholine content and place
cells.

Keywords: Ginger, Memory, Offspring, Male Rats, Hippocampus

1. Background

The ability to remember is one of the clear features of
humans and is a necessity for survival and living normally.
An increase in the number of memory disorders during ag-
ing has created an incentive to research and discover new
medications that boost memory and prevent disorders (1).

Memory involves extensive changes in the structure
and functions of the nervous system, mainly exclusive
to the synapses involved in the pathways of messages
and information in the sensory nervous system. Struc-
tural changes occur, including changes in the number of
synapses, changes in the extent of the postsynaptic mem-
brane at contact, and physiological changes, including
changes in the ionic conductivity of the presynaptic and
postsynaptic membranes (2).

Several structures are involved in the brain at different
stages of memory. Studies show that during the reading
of a text (or the encoding), most of the left hemisphere of

the brain is engaged, while during recall and the remem-
bering of information, most of the right hemisphere of the
brain is activated. As well, a part of the brain called the hip-
pocampus has an effect only on long-term memory but not
on short-term memory; the majority of researchers in the
field of neuroscience believe that the processes associated
with short-term memory occur in the frontal area of the
brain (3).

A diet full of antioxidants improves brain damage and
enhances cognitive function (4), and recent studies have
demonstrated that ginger produces both antioxidant ac-
tivity and neuron-protection activity (5, 6).

Ginger is found in almost half the medicinal combi-
nations of Asian countries (7). The results of studies of
plant medicinals with respect to forgetfulness showed that
ginger has a mutual efficiency on the cyclooxygenase en-
zyme, and it is effective with respect to memory loss and
Alzheimer’s disease (8).

Ginger is effective in treating diseases such as
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Alzheimer’s disease, irritable bowel syndrome, motion
sickness, morning sickness, indigestion, anorexia, joint
diseases, and diseases of the upper respiratory tract (9, 10).
It is also an analgesic, (11) an antivirus, (12) an antimigraine
remedy, (13) and a bile secretion regulator, (11) and it has
positive inotropic (14) and antitumor effects (15).

It also appears that ginger prevents the synthesis of
prostaglandin E2 and thromboxane B2 and affects sero-
tonin receptors (16).

2. Objectives

Some mothers consume ginger during pregnancy in
order to relieve nausea and vomiting, but no research has
yet been conducted with respect to consumption of ginger
during pregnancy and its relation to memory. Thus, the
purpose of this study was to investigate the effect of em-
bryonic ginger on memory in mature male rats.

3. Materials andMethods

3.1. Preparing the Extract

First, 1 kg fresh Zingiber officinalis. L was prepared by
an expert botanist. Then the sample was grated and dried
at room temperature and converted into dried powder by
a mechanical grinder. Of the dried ginger powder, 36 g
was macerated in 80% ethanol for 72 hours. The resulting
mix was filtered by filter paper, and the filtrate was concen-
trated using a rotary evaporator at an optimum tempera-
ture of 40 - 50°C (17).

3.2. Animals and Experimental Groups

This experimental study used 45 adult female rats and
15 adult male Wistar rats, with an average weight of 220 -
200 g, aged 8 - 9 weeks. They were kept at 20 ± 2°C in a
12-hour light/12-hour dark cycle and humidity of 50 to 55%,
with free access to water and special feed. After two weeks
in these conditions, three female rats were placed in a cage
for one night with one male rat. A visible vaginal plug the
following morning represented the first day of mating and
determined the first gestational day (GD0).

Thirty pregnant female rats were randomly divided
into five groups. According to the test method, from
the 16th day (GD16) until the 18th day (GD18) of preg-
nancy (the period during which the hippocampus is de-
veloped), three of the groups received different intraperi-
toneal doses of ginger extract at 10 a.m. The concentra-
tions of the doses were low (200 mg/kg bw), medium (400
mg/kg bw), and high (800 mg/kg bw); meanwhile, the con-
trol group did not receive any injection, and the sham
group received normal distilled water (18, 19). All of the

groups were allowed to pass the course of pregnancy, and
the mature infants were born after 21 days. Then at day 50,
the male offspring in each group were sacrificed.

3.3. Histological Studies and Preparation of Tissue Dissection

In order to study potential changes in the hippocam-
pus tissue of the rats, the brain tissues were separated and
histological studies were conducted by microscopic ob-
servations. After removal of the brain from the body, the
brains were kept in a 10% formalin solution for 48 hours.

After 24 hours in the formalin solution, the samples
were brought out of solution and were cut into small sec-
tions. The sections were placed in special baskets of a tis-
sue processor device in which the tissues passed through
the following steps. First, the tissues were completely fixed
by placement in a 10% formalin solution. The next steps in-
volved placing the sections in 50% alcohol, then 70%, 80%,
and 96%, and finally, the samples were placed in absolute
alcohol. They were completely dehydrated after passing
through these steps. Then the samples were placed in a
container of a xylene solution and finally in liquid paraf-
fin. The tissue sections were placed on glass slides and sec-
tioned using a microtome device (4 - 5 micron thickness). A
hematoxylin and eosin staining method was used to stain
the samples, and then entellan glue was placed on the tis-
sue.

The sections were imaged to ascertain the number and
thickness of the pyramidal and granular layers of areas CA1
and DG.

3.4. Statistical Analysis

The data was analyzed by SPSS and by using one-way
ANOVA and a Tukey post-test. P < 0.05 was considered as
the significance level.

4. Results

After studying and measuring the tissues taken from
the offspring who were recipients of ginger, in compari-
son with the control and sham groups, it was observed that
the number and thickness of the granular layers and pyra-
midal layer of the CA1 area and the dentate gyrus had in-
creased quite noticeably, with the increment in the num-
ber and thickness of this layer having a direct relation to
the ginger extract doses (Figure 1, A - D granular layers, E -
H pyramidal layer).

4.1. Granular Layer of the Hippocampus

In the infant male Wistar rats, we investigated the data
acquired by measuring the thickness of the granular layer
in the control group, in the sham group (that had received
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Figure 1. Hippocampus’s Granular Layer

Staining (H&E), 100X zoom: A (control group), B (low dose), C (medium dose), D (high dose). Hippocampus’s pyramidal layer: E (control group), F (low dose), G (medium dose),
H (high dose).

distilled water), and in the groups that received the hy-
droalcoholic extract of ginger in high, average, and low
doses (Figure 2), and we measured the number of granular
layers in each group (Figure 3).

Figure 2. Investigating the Data Achieved by Measuring Thickness of the Granular
Layer in Control Group, Sham Group, and Groups Receiving Hydroalcoholic Extract
of Ginger in High, Average, and Low Doses
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* Represents significance compared to the control group, ¥ the sham group (receiv-
ing distilled water), # the group that received a low dose of the extract. (***: P <
0.001), (¥¥¥: P < 0.001), (###: P < 0.001).

Figure 3. Investigating Data Acquired by Measuring the Number of Granular Lay-
ers in Control Group, Sham Group, and Groups Receiving Hydroalcoholic Extract of
Ginger in High, Average, and Low Doses
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4.2. Pyramidal Layer of the Hippocampus

In the infant male Wistar rats, we investigated the data
acquired by measuring the thickness of the pyramidal
layer in the control group, in the sham group (which had
received distilled water), and in the groups that received
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the hydroalcoholic extract of ginger in high, average, and
low doses (Figure 4), and we also measured the number of
pyramidal layers in each group (Figure 5).

Figure 4. Investigating Data Acquired by Measuring Thickness of the Pyramidal
Layer in Control Group, Sham Group, and Groups Receiving Hydroalcoholic Extract
of Ginger in High, Average, and Low Doses in Male Wistar Rat Infants
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* Represents significance compared to the control group, ¥ the sham group (receiv-
ing distilled water), # the group which received a low dose of the extract. (***: P <
0.001), (¥¥¥: P < 0.001), (###: P < 0.001).

Figure 5. Investigating Data Acquired by Measuring Number of Pyramidal Layers in
the Control Group, Sham Group, and the Groups Receiving Hydroalcoholic Extract
of Ginger in High, Average, and Low Doses
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ing distilled water), # the group that received a low dose of the extract. (***: P <
0.001), (¥¥¥: P < 0.001), (###: P < 0.001).

5. Discussion

Memory construction in the hippocampus may be
affected strongly by hormones, drugs, and other sub-
stances. The conditions and environmental characteristics
in which a mammal is located can also affect the formation
of spatial memory. O’Keeffe suggested that some pyrami-
dal cells in hippocampal circuits are only engaged in pro-
cessing spatial and locational information, calling them
“Place cells” (20). Later, several human and animal studies
showed that the role of the hippocampus in spatial learn-
ing and memory consolidation was more prominent (3).

Due to the increase in the number of hippocampus
cells in the rats, it may be concluded that the effects of gin-
ger on different areas of the hippocampus result in an in-
crease in the memory.

Ginger extract contains fragments such as flavin and
flavonoids. Flavonoids are capable of acting as antioxi-
dants and may improve catalytic efficiency as allosteric fac-
tors; as a result, they reduce the production of free radicals.
The protective effects of flavonoids depend on the hydro-
genation ability of free radicals (21). It has also been ob-
served that flavonoids strongly protect muscarinic recep-
tors against oxidative factors (22).

Studying rats has shown that ginger significantly de-
creases peroxidation lipids and increases antioxidant en-
zymes such as glutathione. Studies have also shown that
ginger, as well as ascorbic acid, has antioxidant effects (23)
and that using antioxidants can reduce neuronal damage
and prevent the oxidation of neuronal proteins, prevent
DNA damage, and prevent the peroxidation of membrane
lipids. Hence, the use of substances containing antioxi-
dants has great importance in memory enhancement (24).

Ginger has an inhibiting effect on acetylcholinesterase,
sodium nitroprusside- (SNP), and quinolinic acid (QA)-
induced lipid peroxidation in the rat brain. SNP and QA
cause a significant increase in the malondialdehyde (MDA)
contents of the brain. However, extract of ginger sig-
nificantly decreases the SNP and QA and elevates brain
MDA contents. Ginger has an inhibitory effect on acetyl-
cholinesterase activities, and some prooxidant-induced
lipid peroxidation in a rat’s brain may be attributed to the
presence of phytochemicals such as flavonoids, tannins, al-
kaloids, and terpenoids (25).

Cholinergic branches of the brain’s basal nucleus
(NBM), amygdala, and frontal cortex have roles in spa-
tial learning and memory, and the actions of choline and
acetylcholine are very important during the development
of the brain and nervous system. In fact, acetylcholine is a
regulatory cofactor for many processes associated with the
development of the brain and nervous system, and choline
containing during an embryo’s development adjusts the
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amount of learning and memory (26, 27).
Arachidonic acid is a 20-carbon unsaturated fatty acid,

a part of cell membrane phospholipids. It is the main
precursor of the synthesis of prostanoids, which are in
turn precursors of important hormones. The phospho-
lipase enzyme converts cell membrane phospholipids to
arachidonic acid. Cyclooxygenase enzyme, then, it con-
verts arachidonic acid to prostaglandins and thrombox-
ane. Lipoxygenase causes the conversion of arachidonic
acid to leukotrienes.

Ginger prevents the synthetization of prostaglandin E2
(EGP2) and thromboxane B2 (TBX2). Ginger also prevents
thromboxane synthetization, which affects serotonin re-
ceptors (10, 16).

Experimental studies have shown that ginger has
anti-inflammatory effects and prevents arachidonic acid
metabolism by inhibiting cyclooxygenase and lipoxyge-
nase pathways. Thus, it is possible that ginger’s anti-
inflammatory effects are due to the inhibition of the pro-
duction of prostaglandins and leukotrienes (28).

Shogaols, other fragments of ginger, have neural pro-
tective effects and also cause increasing intestinal blood
flow (29). So it may be concluded that ginger facilitates the
blood cycle between mother and embryo and that it causes
better brain growth of the offspring.
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