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ABSTRACT

Introduction: Ovariectomies rats were used to assess the preventive effects of almond and
primrose oils on their lipid and neurochemical profiles.

Methods: The experimental groups were as follows: Group 1: A negative control group. Group
2: Rats given an oral dose of almond oil (800 mg/kg/d) for 30 days. Group 3: Rats given an
oral dose of primrose oil (500 mg/kg/d) for 30 days. Group 4: Untreated ovariectomized rats.
Group 5: Ovariectomized rats given an oral dose of almond oil (800 mg/kg/d) for 30 days.
Group 6: Ovariectomized rats given an oral dose (500 mg/kg/d) of primrose oil daily for 30
days.

Results: Oral administration of almond and primrose oils significantly decreased mean
(P<0.05) serum total cholesterol (TC), triacylglycerol (TG), low-density lipoprotein
cholesterol (LDL-C), and very low-density lipoprotein cholesterol (VLDL-C) concentrations
and raised high-density lipoprotein cholesterol (HDL-C) in the ovariectomized groups
compared to group 4 (P<0.05). They also increased leptin and estradiol (E2) concentrations in
groups 5 and 6. Administration of oils showed a marked increase in noradrenalin, dopamine,
and 5-hydroxytyramin levels and a marked decrease in PGE2 and COX-2 levels (P<0.05).
Rats given almond and primrose oils revealed minor capillary congestion in the hippocampus
in brain sections.

Conclusion: Administration of almond or primrose oils may improve central nervous system
functions and decrease the risk of cardiovascular illnesses. They also might be effective
against atherosclerosis, inflammation, endocrine disorders, and cognitive impairments for
women who undergo surgical menopause prior to their natural menopause.

Implication for health policy/practice/research/medical education:

Almond and primrose oils improved the lipid and neurochemical parameters in ovariectomized rats and ameliorated the
histological changes in the rat hippocampal brain tissue. These essential oils might be recommended to physicians as for the
treatment of cardiovascular disorders and mood and memory defects in ovariectomized women.

Please cite this paper as: Sharaf EH, Kamel EA, Hassan MM. Protective effect of almond oil and primrose oil on neurochemical
and lipid profile in ovariectomized rats. ] Herbmed Pharmacol. 2023;12(2):233-240. doi: 10.34172/jhp.2023.25.

Introduction

neuronal death, and cognitive impairment (5). As a result,

Women over 50 now live roughly the third of their lives
in an oestrogen-deficient state (1). Growing health
issues like osteoporosis, cardiovascular disease, cancer,
and neurological diseases are linked to this natural
aging process in women. Rodents display age-related
cognitive loss just like humans do, making them suitable
research subjects. The impact of female sex hormones
on cognition is possible (2). Following menopause,
oestrogen deprivation causes a variety of atypical
symptoms, such as osteoporosis and weight gain (3,4).
In the hippocampus, in particular, it causes apoptosis,

numerous investigations have concentrated on creating
treatment approaches like hormone replacement and
comprehending their principles (6-8).

Menopausal women’s claimed memory problems may
be primarily caused by drops in steroid hormone levels,
especially estradiol (E2) (9). During the menopause
transition, many women express concerns about changes
to their cognitive performance(10).

Changes in the morphology and neurochemistry of the
cortex and hippocampus have been linked to ovarian
removal. E2 prevents ovariectomy-induced fast declines in
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hippocampal CA1 pyramidal cell dendritic spine density
in rats (11).

Estrogens have a significant impact on adult females’
cognitive functioning, and their absence has been linked
to mood swings (12) and memory problems (13). These
findings show that the lack of estrogenic activities on
the cells that innervate the affected cells, resulting in
compensatory reactions in the target cells, may be
the cause of alterations in cell shape brought on by
ovariectomy. In fact, decreased cholinergic activity in the
cortex and hippocampus is a consequence of oestrogen
depletion (14).

A good source of nutrients linked to the functioning
of the brain includes vitamin E, as well as mono- and
poly-unsaturated fatty acids (PUFAs), arginine, and
potassium, which are all present in almond replacement
treatment. As RRR-tocopherol, almonds are one of the
foods with the highest vitamin E content. Approximately
49% of almonds are made up of oils, of which 62% are
mono-unsaturated oleic acid (an omega-9 fatty acid), 24%
are poly-unsaturated linoleic acid (an essential omega-6
fatty acid), and 6% are palmitic acid (a saturated fatty
acid) (11). In addition, they are abundant in mono-
unsaturated fat, dietary fibre, B vitamins, and important
minerals. Additionally, phytosterols found in almonds
(Prunus dulcis) are thought to have cholesterol-lowering
effects. By preventing the absorption of cholesterol,
phytosterols serve to regulate blood levels of TC, low-
density lipoprotein cholesterol (LDL-C), and high-density
lipoprotein cholesterol (LDL-C), which reduces the risk of
cardiovascular disease (12).

All membrane structures in the body depend on
essential fatty acids used to make prostaglandins, which
control the immune system. Skin rashes, hair loss, and
reduced immunity can all be symptoms of a prostaglandin
shortage (15). Gamma linolenic acid is one of the most
significant unsaturated fatty acids involved in the
formation of advantageous prostaglandins. Numerous
medical investigations have concentrated on evening
primrose oil and gamma-linolenic acid (GLA). According
to some of these research results, taking supplements of
evening primrose oil can increase natural immunity, lower
cholesterol and blood pressure, as well as treat eczema,
diabetes, osteoporosis, and premenstrual syndromes (13).

Dietary lipids are now understood to have direct
impacts on the brain rather than affecting their effects
on cardiovascular functions. Normal cell membrane
composition and normal brain function both depend on
omega-3 PUFAs. There is universal agreement that the
lack of omega-3 fatty acids in rodents impairs learning
and memory, despite the wide variation in the design of
tests to assess the action of various dietary components on
cognitive functions (16). Humans’ dietary deficiencies in
omega-3 fatty acids have been linked to an increased risk
of a number of mental illnesses, including schizophrenia,
attention deficit disorder, dyslexia, dementia, depression,

and bipolar disorder (17).

Vitamin E, known as tocopherol, has also been linked to
cognitive function, with declining serum levels of vitamin
E being linked to deteriorating memory function in older
people (18). Vegetable oils, almonds, green leafy vegetables,
and fortified cereals are rich sources of vitamin E, which
has been found to increase lifespan in elderly mice as well
as mitochondrial function and neurological performance.
Through the analysis of the rats’ neurochemical profiles,
this study sought to understand the impact of almond
oil or primrose oil on rats cognitive performance after
ovariectomies.

Materials and Methods

Animals

A total of 36 female albino rats of the Sprague Dawley
strain with body weights ranging from 200 to 220 g were
purchased from the animal breeding unit of the National
Research Centre, Giza, Egypt. The rats were allowed free
access to water ad libitum and were fed a standard pellet
diet. They were housed for at least one week before starting
the experiment. Animals were housed in polypropylene
cages (47x34x18 cm) in an air-conditioned room with
55% of humidity, controlled temperature (25+2°C), and
automatic lighting (alternative 12 hours periods of light
and dark) throughout the duration of the study. The study
follows the protocols approved by the local institutional
animal ethics committee of Ain Shams University.

Chemicals

All chemicals, including the kits, were purchased from
a local distributor (Sigma chemical) in Cairo, Egypt.
Almond oil and primrose oil were purchased from
Nefertiti company for natural oils and herbs in Cairo,

Egypt.

Ovariectomy

Nembutal (40 mg/kg) was injected intraperitoneally to
anaesthetize the rats. From the hip to the lowest rib, the
fur on both sides of the body was shaved. 1.5 cm inferior
to the palpable rib cage, a 1.5 cm incision was used to
execute bilateral ovariectomies. The incision was closed
by suturing the muscles and stapling the skin after the
removal of the ovaries and surrounding adipose tissue.
The animals were placed on paper towels in a cage that
was kept at a constant temperature while the antibiotic gel
was given to the wound.

Experimental design

Animals were divided into 6 groups of 6 animals each.

o Group 1: Rats were fed on a basal diet (BD) and served
as a negative control group with oral administration
of distilled water.

o Group 2: Rats received an oral dose of almond oil
(800 mg/kg/d) for 30 days (18).
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«  Group 3: Rats received an oral dose of primrose oil
(500 mg/kg/d) for 30 days.

o Group 4: Untreated ovariectomized rats received an
oral administration of distilled water.

o Group 5: Ovariectomized rats received an oral dose of
almond oil (800 mg/kg/d) for 30 days.

o Group 6: Ovariectomized rats received an oral dose of
(500 mg/kg/d) of primrose oil daily for 30 days.

Blood parameters

After 24 hours of fasting following the final treatment,
animals were weighed and then slaughtered by decapitation
at the end of the experiment. Blood samples were drawn
into sterile, dry centrifuge tubes and allowed to clot at
room temperature for 15 minutes. Blood serum was then
separated by centrifuging at 1000 g for 10 minutes. Using
a Pasteur pipette, the serum was gently aspirated into
dry, clean Eppendorf tubes and then stored at -20°C until
analysis. For tissue analyses, the brain was removed and
weighed.

Serum was used to estimate lipid profile, TC (19),
triacylglycerols (TG) (20), and HDL-C (21). Finally,
serum the LDL-C was calculated using the equation of
[total cholesterol-(triglycerides/5)-HDL-cholesterol], and
VLDL-C was calculated using the equation of (22). Also,
the estimation of E2 was done by using the rat/mouse E2
ELISA kit (Calbiotech Co., USA). The assay steps were
followed according to the manufacturer’s pamphlet and
serum leptin was estimated using Diagnostic system
Laboratory, Inc., Active Leptin ELISA Kit, Catalog No.
DSL-10- 24100.

Tissue homogenate for the quantitative determination
of rat cyclooxygenase-2 (COX-2) and rat prostaglandin E2
(PGE2) concentrations was done by the ELISA kits; 100
mg brain tissue slices were rinsed with 1x PBS (phosphate-
buffered saline) homogenized in 1 mL 1x PBS and stored
overnight at -20°C. After two freeze-thaw cycles were
performed to break the cell membrane, the homogenates
were centrifuged for 5 minutes at 5000 g, 2-8°C. The
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supernatant was removed and assayed immediately. The
sample was centrifuged again after thawing, then the
concentrations of noradrenaline (NA), dopamine (DOP),
and 5-hydroxytriptamine (5-HT) were determined in
the selected brain regions using high-performance liquid
chromatography with electrochemical detection (HPLC-
ED).

Histological examination

Brain samples were dehydrated in increasing alcohol
series for 48 hours, embedded in paraffin wax, and fixed
for 48 hours in 10% buffered formalin. Hematoxylin-eosin
(H&E) was used to stain slices that were around 5 mm
thick in order to examine general morphology. An expert
histologist who was not informed of the experimental
groups performed histological evaluations using an
Olympus BX 51 photomicroscope (Tokyo).

Statistical analysis

The mean and standard deviation (SD) of 10 replicate
measurements were used to express the data. One-way
analysis of variance (ANOVA) was used in statistical
analysis to determine whether there were any notable
differences between the various groups (23). When
P <0.05, the findings were deemed significant. Version 16
of the statistical analysis program SPSS Modeler was used
for all calculations.

Results

Biochemical measurements

TC, TG, LDL-C, HDL-C, and VLDL-C in serum

The mean concentrations of serum TC, TG, LDL-C,
and VLDL-C were significantly high (P<0.05) in
ovariectomized rats group compared to the control group,
and also when compared with the groups 2 and 3 (Table
1). Supplementation with almond and primrose oils to
rats of groups 5 and 6 caused significant improvement
in the concentrations of TC, TG, LDL-C, and VLDL-C.
There was also a significant decrease in the HDL-C in
ovariectomized rats of group 4 compared to the control

Table 1. Effect of almond oil and primrose oil on the serum lipid parameters in healthy and ovariectomized rats

Groups TC (mg/dL) TG (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL) VLDL-C (mg/dL)
Group 1 91 +0.89° 105.15 +1.10° 20.49 £ 0.36° 50.294 +1.24° 21.03+0.22°
Group 2 90 +0.90° 110.14 +1.15° 21.66 +0.31° 47.197+0.34° 22.02 £0.23°
Group 3 80+0.53° 96.43 £ 0.78° 19.12 +0.20« 43.75210.62°¢ 19.28 +0.15°¢
Group 4 103 +0.69¢ 118.20+1.60¢ 18.15 +0.41¢ 57.710+0.36¢ 23.64 +0.18¢
Group 5 97 +0.38¢ 106.20£0.95¢ 18.79 +0.36¢ 57.596+0.52¢ 21.24 +0.24¢
Group 6 96 +0.41¢ 100.40+1.40° 18.96 +0.40° 56.707+0.04¢ 20.08 £0.48°

TC, Total cholesterol; TG, Triacylglycerols; HDL-C, High-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; VLDL-C, very low-

density lipoprotein-cholesterol.
All values are expressed as the mean of 6 rats + standard deviation.

There is a significant difference between means having different letters in the same column (P < 0.05).
Groups 1 to 6: Control group receiving normal diet, rats receiving almond oil (800 mg/kg/d), rats receiving primrose oil (500 mg/kg/d), untreated
ovariectomized rats, ovariectomized rats receiving almond oil (800 mg/kg/d), ovariectomized rats receiving (primrose oil 500 mg/kg/d) daily for 30

days, respectively.
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group, while treatment with almond and primrose oils
increased (P <0.05) the concentration of HDL-C (Table 1).

Leptin and E, concentrations in serum

There was a significant increase (P<0.05) in serum
leptin and E2 in groups 2 and 3 compared to negative
control group. On the other hand, a significant decrease
(P<0.05) was observed in leptin and E2 in ovariectomized
rats group. Also, almond and primrose oils significantly
increased their concentrations in groups 5 and 6 when
compared with the control group and also ovariectomized
rats group (Table 2).

Neurotransmitters concentrations (NA, DOP, and 5-HT) in
brain areas

The levels of brain NA, DOP, and 5-HT were significantly
decreased in the ovariectomized group compared to the
control group. In addition, almond oil and primrose oil
were effective on the levels of NA, DOP, and 5-HT in the
hippocampus area, 4 weeks after the administration of oils
(P<0.05) (Table 3).

Table 2. Effect of Almond oil and Primrose oil on Leptin and Estradiol
Concentration in healthy and ovariectomized rats

Parameter Leptin (pg/mL) Estradiol-2 (pg/mL)
Group 1 6.048+0.06° 1.672 +0.01*
Group 2 6.156+0.04° 1.76 £ 0.03°
Group 3 5.418+0.08° 2.04 £0.02¢
Group 4 4.351+0.07¢ 1.26 + 0.04¢
Group 5 5.016+0.06° 1.41+0.03¢°
Group 6 5.17940.08¢ 1.32 £0.01°

All values are expressed as the mean of 6 rats + standard deviation
(P <0.05) significant. There is a significant difference between means
having different letters in the same column (P <0.05).

Groups 1 to 6: Control group receiving normal diet, rats receiving
almond oil (800 mg/kg/d), rats receiving primrose oil (500 mg/kg/d),
untreated ovariectomized rats, ovariectomized rats receiving almond
oil (800 mg/kg/d), ovariectomized rats receiving (primrose oil 500 mg/
kg/d) daily for 30 days, respectively.

Changes in PGE2 and COX2 concentrations
The levels of brain PGE2 and COX2 were significantly
increased in the ovariectomized group (4) compared to the

control group. Also, almond oil and primrose oil decreased
(P<0.05) the levels of PGE2 and COX2 (Table 3).

Histopathological studies

Sections of the cortex and cerebrum stained with
hematoxylin and eosin were examined under a light
microscope. The usual complete histological structure of
the cerebral cortex was discovered in the control group,
and no vascular injury or haemorrhages were noted
(Figures 1A-1C). Transverse slices of the hippocampus
that had undergone ovariectomy demonstrated neuronal
degeneration. The regular arrangement of cell layers was
disrupted. Larger cells with surrounding vascular gaps,
localised gliosis in the cerebral cortex, and pyknotic
neurons were present (Figures 1D and 1E). Figures 1F-11
show brain slices from animals that were given almond
oil and primrose oil treatments had modest blood vessel
congestion in the normal hippocampus.

Discussion
According to the study’s findings, untreated ovariectomized
rats had significantly higher serum levels of TC, TG, LDL
cholesterol, and VLDL cholesterol, with lower levels of
HDL cholesterol. According to certain investigations
(24), ovariectomy raised TC and LDL-C levels, which
facilitated the growth of atherosclerosis and CHD. In
a rat model of ovariectomized rats, this study looked at
the efficacy of almond and primrose oils in avoiding an
increase in serum TC. Rats administered almond and
primrose oils were chosen for this investigation because of
their high antioxidant content. Plasma lipids are benefited
from PUFAs (n-6 and n-3 series). The n-3 series primarily
affect triglycerides, while the n-6 series are effective at
lowering cholesterol (25).

According to our findings, therapy with almond oil
significantly reduced the lipid profile changes caused by
exposure to ovariectomy. Additionally, it was discovered

Table 3. Effect of almond and primrose oils on NA, DOP, 5-HT, PGE2, and COX2 concentrations in healthy and ovariectomized rats

Groups NA (ng/mg) DOP (ng/mg) 5-HT (ng/mg) PGE3 (ng/mg) COX-2 (ng/mg)
Group 1 490 + 5.64* 379 +3.66* 411 +3.6° 17.65 +0.36* 17.37 +0.14*
Group 2 494 +3.78° 370+3.78° 422 +2.32° 14.99 £ 0.12° 16.31+0.11°
Group 3 494 +2.75° 374 £2.75° 412 +£2.24° 15.51+0.11° 16.03 + 0.10°
Group 4 393 +3.34° 316 + 3.24¢ 310+ 3.94° 24.86 +£0.47¢ 26.32 £ 0.65¢
Group 5 420 + 3.24° 332+3.34¢ 331+2.67° 22.45 +0.23¢ 23.11+0.31¢
Group 6 432 +2.15¢ 339+2.15¢° 343 £2.43¢ 20.98 £0.12¢° 21.60 £0.19°

NA, noradrenaline; DOP, dopamine; 5-HT, 5-hydroxytryptamine; COX-2, cyclooxygenase-2; PGE2, prostaglandin E2.

All values are expressed as mean of 6 rats + standard deviation (P < 0.05) significant.

There is a significant difference between means having different letters in the same column (P < 0.05).

Groups 1 to 6: Control group receiving normal diet, rats receiving almond oil (800 mg/kg/d), rats receiving primrose oil (500 mg/kg/d), untreated
ovariectomized rats, ovariectomized rats receiving almond oil (800 mg/kg/d), ovariectomized rats receiving (primrose oil 500 mg/kg/d) daily for 30

days, respectively.
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that evening primrose oil had positive impacts on
lipid profiles and transaminase activity while receiving
isotretinoin medication (26). In addition, in recent years,
PUFAs have been advocated as a dietary modification
to lower serum cholesterol (27). Almond oil is the main
component of almonds that mediates its ability to decrease
cholesterol (28). Almond oil showed a large reduction in
cholesterol and TG levels. Almond oil includes a number of
small components, including tocopherols, which may have
beneficial biological effects (29). These substances have
been shown to decrease cholesterol buildup in the arteries
and shield the structural integrity of lipoproteins (30).
Since almonds primarily contain oleic and linoleic acids,
which are rich in unsaturated fatty acids and are poor in
saturated fatty acids, cholesterol reduction associated with
almond oil consumption has primarily been attributed
to increased LDL-C receptor activity and increased
bile acid and cholesterol excretion, as well as decreased
absorption of cholesterol and bile acid (31). Almond oil
is a great source of a-tocopherol, which may improve the
activity of many enzymes, including those involved in
lipid decomposition. Additionally, almonds’ polyphenolic

Effect of almond and primrose oils on ovariectomized rats

components have recently undergone characterization
and were discovered to have antioxidant properties (32).
In particular, it causes apoptosis, neuronal death, and
cognitive impairment in the hippocampus when oestrogen
levels are low during menopause period (5). As a result,
numerous investigations have concentrated on creating
treatment approaches like hormone replacement and
comprehending their principles (6-8). The ovariectomized
rats group in the current study had significantly lower
levels of leptin and E2. When compared to the control
group and the ovariectomized rats group, the injection
of almond and primrose oil considerably boosted their
concentrations.

According to the current study, the amount of
acetylcholine in the hippocampus and frontal cortex
after long-term almond administration was positively
connected with memory retention, indicating the role
of acetylcholine in the memory-enhancing effects of
long-term almond administration (33). The cortex
and hippocampus have undergone morphological and
neurochemical changes as a result of ovarian removal. E2
prevents the fast declines in hippocampal CA1 pyramidal

Figure 1. (A) Hippocampus of rat from negative control group showing no histopathological changes (H & E x400). (B) Hippocampus of rat from group 2
(healthy rats administered almond oil) showing no histopathological changes (H & E x400). (C) Hippocampus of rat from group 3 (healthy rats administered
primrose oil) showing no histopathological changes (H & E x400). (D, E) Hippocampus of rat from ovariectomized group 4 showing necrosis, pyknosis, and
atrophy of hippocampus neurons (H & E x400). (F, G) Hippocampus of rat from group 5 (ovariectomized rats administered Aimond oil) showing pyknosis of
some hippocampus neurons (H & E x400). ( (H) Hippocampus of rat from group 6 (ovariectomized rats administered primrose oil) showing pyknosis of some
hippocampus neurons (H & E x400). () Hippocampus of rat from group 6 (ovariectomized rats administered primrose oil) showing pyknosis of sporadic

hippocampus neurons (H & E x400).
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cell dendritic spine density that occur in rats after
ovariectomy (11).

Fruits, seeds, and whole grains are abundant sources
of phytoestrogens. These phytoestrogens consist
of coumestans, lignans, and isoflavones. Similar
to endogenous oestrogen in chemical structure,
phytoestrogens bind to oestrogen receptors and influence
glucose and lipid metabolism, as well as calcium absorption
(34) to enhance cognition, neuronal survival, reproductive
behaviour, emotion, and sexual differentiation (35).

The current study showed that in rats with oestrogen
deficiency, the phytoestrogens in almond and
primrose oils reduced the risk of obesity. In this study,
ovariectomy lowered serum leptin concentrations;
however, supplementation with almond and primrose
oils counteracted this impact by raising circulating leptin
levels. Rat colon leptin receptor expression is decreased
after ovarian removal but is restored with 17-estradiol
therapy (36), supporting our findings. Furthermore,
17-beta-estradiol  (E2) in  ovariectomized mice
hippocampal neurons enhances spine synapse density
and promotes long-term potentiation. E2 enhances
hippocampus-dependent memory, which is consistent
with these positive effects on the cellular level (37).

The ovariectomized group had much lower levels
of the brain chemicals NA, DOP, and 5-HT than the
control group did. Additionally, 4 weeks following the
administration of the oils, a significant raise in the levels
of NA, DOP, and 5-HT were seen in the hippocampal
area, demonstrating the effectiveness of almond oil and
primrose oil on these markers. According to the current
study, female albino rats given oral doses of almond and
primrose oils had significantly higher levels of DOP,
gamma-aminobutyric acid (GABA), and 5-HT in various
brain regions, including the cerebellum, striatum, cerebral
cortex, hypothalamus, brain stem, and hippocampus. The
increased levels of NA, DOP, 5-HT, and GABA in the
various CNS regions of albino rats could be attributed
to the Ca**/calmodulin binding being inhibited, which is
crucial for the release of neurotransmitters. The release
of 5-HT and NA into the extracellular environment was
interestingly enhanced by the addition of linoleic acid to
these cells (37).

Depression’s telltale signs and symptoms are brought
on by the lack of 5-HT. Regarding the pathophysiology
of depression, the 5-HT hypothesis is currently the
mainstream theory (38). The regulation of several
processes, including neurotransmission and signaling
pathways by fatty acids and some of their metabolites
in certain brain regions has an impact on emotional
behaviour (39). The use of circulating lipids as biomarkers
to predict response to medication needs more research,
even if they can distinguish between those who are sad
and those who are not.

Numerous investigations have shown that essential oils
(EOs) have an impact on the serotonergic system. The

olfactory system and the respiratory system are the two
separate mechanisms through which EO molecules may
enter the brain and have an impact. Following inhalation,
the molecules of the EOs would either enter the
respiratory tract or directly affect the olfactory mucosa.
These two delivery methods imply various underlying
action mechanisms. Increased neurogenesis, hormone
level regulation, activation of various brain regions,
and changes in blood biochemistry are just a few of the
multiple sets of responses that would be set off, which
would eventually affect mood and emotion (40).

When compared to the control group, the
ovariectomized group’s levels of brain PGE2 and COX2
were considerably higher. Additionally, when compared
to the ovariectomized untreated group, the levels of PGE2
and COX2 were significantly lower after the administration
of primrose and almond oils. Plasma levels of a-linolenic
acid and its metabolite dihomo-linolenic acid raises as
a result of evening primrose oil administration. In the
presence of cyclooxygenase, this molecule is converted
to series 1 prostaglandins or oxidized by 15-lipoxygenase
to 15-hydroxyeicosatrienoic acid. These substances
possess both anti-inflammatory and anti-proliferative
properties (41). The GLA concentration of evening
primrose oil is principally responsible for its bioactivity.
After ingesting evening primrose oil, GLA is quickly
absorbed and subsequently converted directly to dihomo-
gamma-linolenic acid (DGLA) and other prostaglandin
precursors (42,43), bypassing the rate-limiting phase
in the metabolism of linolenic acid. This acts on the
prostanoid pathway.

Cells in the various levels of the cerebral cortex were
found to be disorganized histologically in the group of
ovariectomized rats in the current investigation. The
cells’ layering configuration was severely disturbed. The
circulatory gaps around the cells were enormous, and
the cells themselves seemed to be larger. The Purkinje
cell layer was completely separated from the granular
cell layer when visibility was high. These alterations are
related to changes that occur in the hippocampus. Using
quantitative histological methods, the morphometric
evaluation demonstrated absolute increases in the number
of injured cells in all brain regions of the ovariectomized
rats group and significant interstitial edema. Our findings
are supported by a recent research that found problems in
the structure of cognitive function in addition to the loss of
neurons in the hippocampus and hypothalamus as a result
of hormonal changes brought on by aging (44). Primrose
oil is more effective than almond oil at protecting against
atherosclerosis, inflammation, and endocrine problems,
and it may be required to do so for women who undergo
surgical menopause prior to their natural menopause.

Conclusion
The central nervous system was strengthened by almond
or primrose oil, which may be safe for use as a sedative
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and reduce the risk of cardiovascular disorders. The use of
almond and primrose oil as a preventative measure against
atherosclerosis, inflammation, and endocrine disorders
suggests the need for safeguards against cognitive
impairments for women who undergo surgical menopause
prior to their natural menopause. Because bitter almond
oil and primrose oil include phytochemical components
and EOs utilized for antioxidative and therapeutic
purposes, they can be blamed for the favourable effects
that were seen.

Acknowledgment

The authors would like to express their gratitude to Prof.
Dr. Adel M. Bakeer, professor of pathology at Cairo
University’s Faculty of Veterinary Medicine, for his
assistance and insightful comments.

Authors’ contribution

Sharaf EH and Kamel EA designed and performed all
experiments and biochemical analyses. Sharaf EH and
Hassan MM prepared and wrote the whole manuscript,
interpreted and discussed the results. All authors read and
approved the final manuscript for publication.

Conflict of interests
The Authors declare that they have no conflict of interest.

Ethical considerations

All authors declare that principles of laboratory animal
care (National Institute of health guide for care and use of
laboratory Animals) (NIH Publication No. 85-23 received
1985) were followed. All experiments have been examined
and approved by the appropriate ethics committee, Cairo
University (IACUC NO. 1552: on 3/12/2019).

Funding/Support
This study received no funding or grant.

References

1. BrownMD,KorytkowskiMT,ZmudaJM, McCole SD,Moore
GE, Hagberg JM. Insulin sensitivity in postmenopausal
women: independent and combined associations with
hormone replacement, cardiovascular fitness, and body
composition. Diabetes Care. 2000;23(12):1731-6. doi:
10.2337/diacare.23.12.1731.

2. Carr MC. The emergence of the metabolic syndrome with
menopause. ] Clin Endocrinol Metab. 2003;88(6):2404-11.
doi: 10.1210/jc.2003-030242.

3. Mauvais-Jarvis E Clegg DJ, Hevener AL. The role of
estrogens in control of energy balance and glucose
homeostasis. Endocr Rev. 2013;34(3):309-38. doi: 10.1210/
er.2012-1055.

4. Roman-Blas JA, Castafleda S, Largo R, Herrero-Beaumont
G. Osteoarthritis associated with estrogen deficiency.
Arthritis Res Ther. 2009;11(5):241. doi: 10.1186/ar2791.

5. Pandey R, Shukla P, Anjum B, Gupta HP, Pal S, Arjaria N,
et al. Estrogen deficiency induces memory loss via altered

10.

11.

12.

13.

14.

15.

16.

17.

18.

Effect of almond and primrose oils on ovariectomized rats

hippocampal HB-EGF and autophagy. ] Endocrinol.
2020;244(1):53-70. doi: 10.1530/joe-19-0197.

Sullivan SD, Sarrel PM, Nelson LM. Hormone replacement
therapy in young women with primary ovarian insufficiency
and early menopause. Fertil Steril. 2016;106(7):1588-99.
doi: 10.1016/j.fertnstert.2016.09.046.

Adu-Nti E Gao X, Wu JM, Li ], Igbal J, Ahmad R, et
al. Osthole ameliorates estrogen deficiency-induced
cognitive impairment in female mice. Front Pharmacol.
2021;12:641909.  doi:  10.3389/fphar.2021.641909.
Szego EM, Csorba A, Jandky T, Kékesi KA, Abraham IM,
Morotz GM, et al. Effects of estrogen on beta-amyloid-
induced cholinergic cell death in the nucleus basalis
magnocellularis. Neuroendocrinology. 2011;93(2):90-105.
doi:  10.1159/000321119.

Hogervorst E, Bandelow S. Brain and cognition. Is there
any case for improving cognitive function in menopausal
women using estrogen treatment? Minerva Ginecol.
2009;61(6):499-515.

Santoro N, Epperson CN, Mathews SB. Menopausal
symptoms and their management. Endocrinol Metab
Clin North Am. 2015;44(3):497-515. doi: 10.1016/j.
ecl.2015.05.001.

Berry EM, Eisenberg S, Friedlander Y, Harats D,
Kaufmann NA, Norman Y, et al. Effects of diets rich in
monounsaturated fatty acids on plasma lipoproteins--the
Jerusalem Nutrition Study. II. Monounsaturated fatty acids
vs carbohydrates. Am J Clin Nutr. 1992;56(2):394-403. doi:
10.1093/ajcn/56.2.394.

Lichtenstein AH, Deckelbaum R]. AHA Science Advisory.
Stanol/sterol ester-containing foods and blood cholesterol
levels. A statement for healthcare professionals from
the Nutrition Committee of the Council on Nutrition,
Physical Activity, and Metabolism of the American
Heart Association. Circulation. 2001;103(8):1177-9. doi:
10.1161/01.¢ir.103.8.1177.

Christie WW. The analysis of evening primrose oil
Ind Crops Prod. 1999;10(2):73-83. doi: 10.1016/s0926-
6690(99)00013-8.

Luine VN, Dohanich G. Sex differences in cognitive
function in rodents. In: Becker JB, Berkley KJ, Geary N,
Hampson E, Herman JP, Young E, eds. Sex Differences
in the Brain: From Genes to Behavior. Oxford University
Press; 2008. p. 227-52.

Fan YY, Chapkin RS. Importance of dietary gamma-
linolenic acid in human health and nutrition. J Nutr.
1998;128(9):1411-4.  doi:  10.1093/jn/128.9.1411.
Thomson AM, West DC, Wang Y, Bannister AP. Synaptic
connections and small circuits involving excitatory and
inhibitory neurons in layers 2-5 of adult rat and cat
neocortex: triple intracellular recordings and biocytin
labelling in vitro. Cereb Cortex. 2002;12(9):936-53. doi:
10.1093/cercor/12.9.936.

West DC, Mercer A, Kirchhecker S, Morris OT, Thomson
AM. Layer 6 cortico-thalamic pyramidal cells preferentially
innervate interneurons and generate facilitating EPSPs.
Cereb Cortex. 2006;16(2):200-11. doi: 10.1093/cercor/
bhi098.

Al-Attar AM. Therapeutic influences of almond oil on male
rats exposed to a sublethal concentration of lead. Saudi ]

http://www.herbmedpharmacol.com

Journal of Herbmed Pharmacology, Volume 12, Number 2, April 2023 239


http://www.herbmedpharmacol.com

Sharaf et al

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Biol Sci. 2020;27(2):581-7. doi: 10.1016/j.5jbs.2019.12.035.
Allain CC, Poon LS, Chan CS, Richmond W, Fu PC.
Enzymatic determination of total serum cholesterol. Clin
Chem. 1974;20(4):470-5.

Young DS, Friedman RB. Effects of Disease on Clinical
Laboratory Tests. 4th ed. Washington, DC: AACC Press;
2001.

Lopes-Virella ME, Stone P, Ellis S, Colwell JA. Cholesterol
determination in high-density lipoproteins separated by
three different methods. Clin Chem. 1977;23(5):882-4.
Friedewald WT, Levy RI, Fredrickson DS. Estimation of
the concentration of low-density lipoprotein cholesterol in
plasma, without use of the preparative ultracentrifuge. Clin
Chem. 1972;18(6):499-502.

Sokal RR, Rohlf FJ. Biometry: The Principles and Practices
of Statistics in Biological Research. 2nd ed. San Francisco:
W. H. Freeman and Company; 1969. p. 253.

Liu ML, Xu X, Rang WQ, Li YJ, Song HP. Influence of
ovariectomy and 17beta-estradiol treatment on insulin
sensitivity, lipid metabolism and post-ischemic cardiac
function. Int J Cardiol. 2004;97(3):485-93. doi: 10.1016/j.
ijcard.2003.11.046.

Katan MB. Omega-6 polyunsaturated fatty acids and
coronary heart disease. Am J Clin Nutr. 2009;89(5):1283-4.
doi:  10.3945/ajcn.2009.27744.

Kazmierska A, Bolestawska I, Jagielski P, Polanska A,
Darnczak-Pazdrowska A, Kosewski G, et al. Effect of evening
primrose oil supplementation on biochemical parameters
and nutrition of patients treated with isotretinoin for
acne vulgaris: a randomized double-blind trial. Nutrients.
2022;14(7):1342. doi: 10.3390/nul4071342.

Fernandez I, Pallaro AN, Slobodianik NH. [Comparative
study between two different sources of n-3 poliunsaturated
fatty acids and it effect on thymus and lipid profile in rats].
Arch Latinoam Nutr. 2007;57(2):146-54. [Spanish].
Hyson DA, Schneeman BO, Davis PA. Almonds and almond
oil have similar effects on plasma lipids and LDL oxidation
in healthy men and women. J Nutr. 2002;132(4):703-7. doi:
10.1093/jn/132.4.703.

Miraliakbari H, Shahidi E Antioxidant activity of minor
components of tree nut oils. Food Chem. 2008;111(2):421-
7. doi: 10.1016/j.foodchem.2008.04.008.

Basu M, Prasad R, Jayamurthy P, Pal K, Arumughan C,
Sawhney RC. Anti-atherogenic effects of seabuckthorn
(Hippophaea rhamnoides) seed oil. Phytomedicine.
2007;14(11):770-7. doi: 10.1016/j.phymed.2007.03.018.
Berryman CE, Preston AG, Karmally W, Deckelbaum R],
Kris-Etherton PM. Effects of almond consumption on the
reduction of LDL-cholesterol: a discussion of potential
mechanisms and future research directions. Nutr Rev.
2011;69(4):171-85. doi: 10.1111/§.1753-4887.2011.00383.x.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Chen CY, Lapsley K, Blumberg J. A nutrition and health
perspective on almonds. ] Sci Food Agric. 2006;86(14):2245-
50. doi: 10.1002/jsfa.2659.

Batool Z, Sadir S, Liaquat L, Tabassum S, Madiha S, Rafiq
S, et al. Repeated administration of almonds increases
brain acetylcholine levels and enhances memory function
in healthy rats while attenuates memory deficits in animal
model of amnesia. Brain Res Bull. 2016;120:63-74. doi:
10.1016/j.brainresbull.2015.11.001.

Sirotkin AV, Harrath AH. Phytoestrogens and their
effects. Eur J Pharmacol. 2014;741:230-6. doi: 10.1016/j.
ejphar.2014.07.057.

Raheja S, Girdhar A, Lather V, Pandita D. Biochanin A: a
phytoestrogen with therapeutic potential. Trends Food Sci
Technol. 2018;79:55-66. doi: 10.1016/j.tifs.2018.07.001.
Yildiz M, Altunbas K. Effect of 17B-oestradiol on the leptin
receptor expression in the colon of ovariectomized rats.
Revue Méd Vét. 2013;164(10):457-63.

Bayer J, Rune G, Schultz H, Tobia M], Mebes I, Katzler
O, et al. The effect of estrogen synthesis inhibition on
hippocampal =~ memory.  Psychoneuroendocrinology.
2015;56:213-25.  doi:  10.1016/j.psyneuen.2015.03.011.
Albert PR, Benkelfat C, Descarries L. The neurobiology of
depression--revisiting the serotonin hypothesis. I. Cellular
and molecular mechanisms. Philos Trans R Soc Lond B Biol
Sci. 2012;367(1601):2378-81. doi: 10.1098/rstb.2012.0190.
Fernandes MF, Mutch DM, Leri E The relationship
between fatty acids and different depression-related brain
regions, and their potential role as biomarkers of response
to antidepressants. Nutrients. 2017;9(3):298. doi: 10.3390/
nu9030298.

Fung TKH, Lau BWM, Ngai SPC, Tsang HWH. Therapeutic
effect and mechanisms of essential oils in mood disorders:
interaction between the nervous and respiratory systems.
Int ] Mol Sci. 2021;22(9):4844. doi: 10.3390/ijms22094844.
Wang JY, Yang JY, Wang E Fu SY, Hou Y, Jiang B, et
al. Neuroprotective effect of pseudoginsenoside-f11
on a rat model of Parkinson’s disease induced by
6-hydroxydopamine. Evid Based Complement Alternat
Med. 2013;2013:152798. doi:  10.1155/2013/152798.
Chen JK. Evening Primrose Oil. Continuing Education
Module. Boulder, CO: New Hope Institute of Retailing
in association with the University of Southern California
School of Pharmacy; 1999.

Pizzorno JE, Murray MT. Textbook of Natural Medicine.
2nd ed. Vol 1. New York: Churchill Livingstone; 1999.
Wu WW, Oh MM, Disterhoft JE Age-related biophysical
alterations of hippocampal pyramidal neurons: implications
for learning and memory. Ageing Res Rev. 2002;1(2):181-
207. doi: 10.1016/s1568-1637(01)00009-5.

240

Journal of Herbmed Pharmacology, Volume 12, Number 2, April 2023

http://www.herbmedpharmacol.com


http://www.herbmedpharmacol.com

