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Abstract
Today, a high-fat diet (HFD) is widely used in most communities. This diet causes anxiety by oxidative
stress and in�ammation. On the other hand, the Rosa damascena mill has potent antioxidant properties
and can eliminate free radicals. In this study, the effect of hydroalcoholic extract of R. damascena on
anxiety was investigated in male rats fed with a HFD. In this experiment, forty male Wistar rats (200–250
g) were used. The extract was administrated through gavage for one month. The HFD was consumed
freely by the animals for three months. The elevated plus-maze (EPM) was used to assess anxiety. At the
end of the experiment, the activity of glutathione peroxidase (GPX) and superoxide dismutase (SOD)
enzymes and the levels of corticosterone also were measured. In the EPM test, the number of entries into
the open arms and time spent in the open arms in the HFD + extract group signi�cantly increased
compared with the HFD group. The activity of GPX and SOD enzymes was lower in the HFD group than in
the control group. The level of serum corticosterone in the HFD group was higher than in the control
group, whereas the HFD + extract group was found with signi�cantly lower corticosterone levels than the
HFD group. In the EPM, a HFD caused anxiety and the extract decreased it. These effects of extract
probably are due to its antioxidant properties. The extract increased the GPX and SOD activities, which is
representative of its antioxidant activity.

Introduction
Consumption of a high-fat diet (HFD) has increased dramatically over the past few decades (1). Today,
the diet of developed countries is rich in saturated fat and re�ned sugar, and it is well known that people's
lifestyle and diet quality play a vital role in their neuronal and brain function (2). Increased fat intake and
obesity are associated with mood and mental disorders, such as anxiety and depression (3–6).
Prolonged consumption of a HFD impairs brain function through in�ammation (7), oxidative stress (8, 9),
and induction of insulin resistance (10). Consuming a HFD for 4 months and the resulting obesity
increased protein oxidation in the frontal cortex and increased oxidative stress parameters, resulting in
anxiety-like behaviors (10). In another study, HFD for 7 weeks reduced the number of new cells produced
in the hippocampal gyrus, as well as increased malondialdehyde (MDA) levels and decreased levels of
brain-derived neurotrophic factor (BDNF). MDA has a toxic effect on neurons producing stem cells,
disrupting neurogenesis in the hippocampus, and increasing lipid peroxidation (LPO) in the brain (8).

Oxidative phosphorylation is the process, by which energy is produced as adenosine triphosphate (ATP),
and this process, which is essential for energy metabolism, produces the reactive oxygen species (ROS),
such as superoxide and hydrogen peroxide (11). Oxidative stress is caused by an imbalance between the
production of free radicals, such as ROS, and the ability of cells to remove them and protect the cell
against them (12). The brain is highly prone to oxidative stress damage due to its high oxygen
consumption, relatively low antioxidant defenses, and high-fat content (13, 14). Antioxidants are
compounds that, in very small amounts relative to the oxidizing substrate, signi�cantly delay or inhibit
the oxidation of the substrate. Antioxidants are biologically active compounds that protect the body
against the damages caused by ROS and active nitrogen species (RNS) (15). ROS can damage cell lipids,
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proteins, and DNA, and typically, antioxidants, such as superoxide dismutase (SOD), vitamins E and C,
and glutathione (GPX) can reduce ROS-induced cell damage by reducing ROS levels (16). In the presence
of oxidative stress, due to the high-fat content of the brain, LPO occurs, which leads to a decrease in
membrane �uidity and membrane proteins and inactivation of enzymes, receptors, and ion channels (14,
17). Oxidative stress can affect neurotransmitter transmission, neuronal function, membrane integrity,
whole-brain activity, and even neuronal death (18). Recently, there has been evidence that consuming a
HFD can increase the production of free radicals and causes oxidative stress (19), and consuming
supplements rich in antioxidants can reduce the harmful effects of free radicals on neuronal cells and
cognitive function (20–22).

Recent studies have shown an association between oxidative stress and anxiety. The overexpression of
glutathione reductase 1 and glyoxalase 1 in the cortex of the cingulate leads to increased anxiety-like
behaviors, while inhibition of glyoxalase 1 expression reduces anxiety behavior. Thus, the association
between the antioxidant status of the brain and anxiety-related behavior became apparent (23). It has
also been shown that there is a close relationship between the level of intracellular ROS in peripheral
blood cells (lymphocytes, monocytes, and granulocytes) and anxiety-related behaviors (24). Also, the
bamboo extract showed antianxiety effects in laboratory mice fed with a diet containing saturated fatty
acids for 2 months by decreasing pro-in�ammatory cytokines and increasing glutathione levels (25).

In traditional medicine, the use of various herbs has been suggested to reduce anxiety. For example, Rosa
damascene mill L. is a shrub of the family Rosaceae, which has strong antioxidant properties (26). Kalim
et al. in 2010 showed that R. damascene due to its high phenolic, �avonoid, and ascorbic acid content
has a strong antioxidant power that can scavenge harmful free radicals (27). In a study by Achuthan in
2003, it has been shown that R. damascene hydroalcoholic extract prevented liver damage caused by
carbon tetrachloride and oxidative stress in rats and had a protective effect on the liver. These
observations are probably due to its antioxidant power and neutralization of free radicals (28). The parts
used in this plant include �owers, �ower buds, fruits, petals, and �ags. Its essential oil is prepared from its
petals and was �rst made in Europe by Rossi in 1574. Chemical compounds in this plant are geraniol,
citronellol, essential oil, fat, resin, malic acids, tartaric, christrin, gallic acid, red pigments, such as cyanine,
quercetin, kaempferol, phenethyl alcohol, vitamins. C, and carotene. Several studies have also been
performed on the analgesic, anti-in�ammatory, antibacterial, and anti-viral properties of this plant (29). It
also has sedative, anti-�atulence, fever-relieving, thirst-quenching, and invigorating properties. The
essential oil of this plant is used in aromatic ointments or disinfectants, cosmetic products, and the
perfume industry (30).

Although little is known about the effects of HFD on the nervous system, studies have shown that
increased fat intake and obesity play a role in developing mood and psychological disorders, such as
anxiety and depression. R. damascene is one of the oldest medicinal plants in traditional medicine with
great antioxidant power. Therefore, in this study, we investigated the effect of hydroalcoholic extract of R.
damascene on anxiety in rats following the consumption of HFD.
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Materials And Methods

Animals
In this study, 40 male Wistar rats weighing 200–250 g were purchased from the Pasteur Institute and kept
in an animal lab for two weeks before the start of the experiment. Animals were randomly placed in cages
(19 × 27 × 42.5 cm) (5 rats per cage) at 22 ± 2° C under the dark and light cycles (12 hours of light and 12
hours of darkness). All rats had free access to water and food. Animal care processes were approved by
the Veterinary Ethics Committee of the Hamadan University of Medical Science (Ethics Code:
IR.UMSHA.REC.1394.9404232209) and were accomplished consistent with the Guidelines of the National
Institutes of Health (NIH Publication 80 − 23, 1996).

Hydroalcoholic extract of R. damascene
The extract of R. damascene was obtained considering the reported previous approach with some
modi�cations (31–33). To prepare the extract, 6 kg of R. damascene petals was purchased from the
market in May and dried in the shade for 2–3 days, and then, 500 g of dried �owers were ground by an
electric shredder. The dried plant powder was then soaked 3 times in 98% ethanol alcohol 3 times and
each time for 3 days to extract the required active ingredients. It was then �ltered and rotated each time
with �lter paper to separate the solvent from the extract, and then the resulting extract was placed in a
crystallizer vessel in a bain-marie apparatus at a temperature of 80° C. After collection, the extract was
weighed su�ciently for each rat, dissolved in distilled water, prepared weekly, and given to the animals
daily by gavage (1 cc of the desired dose), depending on the weight of the animals.

Method of administration of hydroalcoholic extract of R.
damascene
In the groups receiving the extract, the desired extract was gavaged orally. After weighing the rats,
according to the calculations, the amount of the desired extract was gavaged based on the weight of the
animals. All groups receiving the extract received 1000 mg/kg body weight. The desired dose was
selected based on previous studies (34–41).

HFD
the HFD was prepared from a standard food (Behparvar Livestock and Poultry Food Company) and a
combination of other compounds (42). The compositions of the high-fat and standard diets are given in
Table 1.
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Table 1
The composition of the high-fat and standard diets.

Standard diet (% gr) High-fat diet (% gr)

Protein 21%

Fat 3.69%

Carbohydrates 32.5%

Raw �ber 5.5%

Standard food 67.7%

Animal oil 8.3%

Hydrogenated oil 4.05%

Soybean oil 0.85%

Sodium cholate 0.8%

Cholesterol 1%

Sugar 17.3%

To prepare the HFD, the standard food of the milled rats was carefully weighed according to the
percentage of the Table 1 and then mixed with the weighed sugar. Then, all oils were carefully weighed
with a scale and the cholesterol and cholic acid were dissolved in the oils and added to the powder
containing standard food and sugar. All ingredients in the HFD were weighed carefully according to the
Table 1. After preparing the HFD, enough water was added to increase the adhesion of the ingredients,
and �nally, they were pelleted by a meat grinder machine. The HFD groups had free access to high-
cholesterol food and water.

Experiment design
Animals were divided into the following groups:

A) Control group: This group received a normal diet and did not receive the extract.

B) Extract group: This group received a normal diet + extract at a dose of 1000 mg/kg through gavage for
one month.

C) HFD group: This group received a HFD for 3 months.

D) HFD + extract group: This group received a HFD for 3 months and in the last month (from the second
month onwards), the extract was administrated for one month at a dose of 1000 mg/kg through gavage.
The experiment timeline is shown in Fig. 1.

Evaluation of the anti-anxiety effect: Elevated plus-maze
(EPM) test
In order to assess anxiety, a device called EPM was used, which is a standard model for assessing
anxiety levels in rodents and is designed based on the incompatibility of rodents with the open
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environment. This test is rapid and is used to evaluate amygdala-mediated anxiety and the effects of and
anti-anxiety agents. It is also used to determine the anxiolytic and anti-anxiety effects of drugs (43, 44).

The device is a wooden maze that is 50 cm away from the �oor of the room and consists of two closed
arms and two open arms facing each other. The two open arms with the dimensions of 30 × 10 cm, have
no walls and are white and the two black closed arms are 30 × 15 × 10 cm with walls.

The test was performed between 9 am and 3 pm. Ten minutes before the experiment, the animals were
placed on an elevated plate in an unfamiliar environment to reduce accidental errors in entering the arms.
At the beginning of the experiment, the animals were placed in the center of the maze, with the direction
of the animal's head toward the close arms. Entry to each arm is when the animals’ four paws are in the
arm (43). The test lasts 10 minutes and each animal is tested only once. After each experiment, the maze
was cleaned with 70% ethanol alcohol. A CCTV camera attached to a computer recorded animals'
behaviors inside the maze and the �les were saved to analyze the data.

Animals tend to be curious about a new environment and maze arms when are located in the maze. In the
new environment, the animal explores the new environment or escapes from it. Due to the height of the
maze from the ground, the open condition of open arms, and the fear and anxiety of falling from these
arms, animals are less inclined to enter and remain in the open arms. In addition, in the EPM, the animal
actively prevents entering the open arm. Thus, the open arm entry is a measure of anxiety, while entering
the closed arm is an indicator of the animal's general activity. Known anti-anxiety agents are able to
increase the tendency of animals to enter and remain in open arms (45).

During the test time (10 minutes), the number of open arms (OE) entries to investigate motor activity
behaviors and the length of stay in open arms (OT) to investigate anxiety behavior, and the total number
of open and closed arms (TA) entries were recorded and compared between groups. The number of
entrances to the open arms and the time spent in open arms were compared with the control group level
(46–50); the lower number of entries and shorter time spent indicate more anxiety-like behavior (43).

Biochemical parameters
After three months, blood samples were taken from the inferior vena cava, and the biochemical
parameters and levels of the oxidative stress biomarkers were determined in the plasma.

Measurement of serum corticosterone
For the measurement of serum corticosterone, 2 ml of blood sample was collected and was allowed to
clot for 30 minutes at room temperature. The serum was separated by centrifugation at 2500 rpm for 5
minutes and subsequently, it was stored at -20° C. The serum samples were then subjected to estimation
of serum corticosterone. Corticosterone levels were estimated by an automated chemiluminescence
immunoassay system using a corticosterone ELISA kit (DRG, USA). This immunoassay kit allows for the
in vitro quantitative determination of endogenic corticosterone concentration in serum.

Measurement of GPX activity
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The levels of GPX were determined with spectrophotometry. Phosphate buffer solution (1 mL; 0.4 M; pH
7.0) containing 0.4 mM EDTA, 1 mL of 5 mM NaN3, 1 mL of 4 mM GSH, and 200 µL of supernatant was
preincubated at 37°C for 5 min. Then, 1 mL of 4 mM H2O2 was added and incubated at 37°C for a further
5 min. The surplus amount of GSH was quanti�ed by the DTNB procedure as previously demonstrated by
Sharma and Gupta (51). One unit of GPX is described as the amount of enzyme needed to oxidize 1 nmol
GSH/min. The enzyme activity was represented as units/mg protein (52).

Determination of SOD activity
SOD activity was determined using a spectrophotometric method according to the procedure described
by Dhindsa et al. (53). Accordingly, 1.0 mg of SOD (3000 units) was dissolved in 10 ml of dH2O to
prepare a stock solution. For the preparation of samples for the assay of SOD activity, 5 ml of enzyme
sample was added to the solution, including 0,1 ml of 1.5 M Na2CO3, 0.2 ml of 200 mM methionine, 0.1
ml of 2.25 mM NBT, 0.1 ml of 3 mM EDTA, 1,5 ml of 100 mM PBS (pH 7.5), and 1 ml of dH2O. Then, 0.1
ml of 60 mM ribo�avin solution was added. The prepared enzyme samples were kept under the
�uorescence light for 15 minutes and then, the reactions were stopped by keeping the samples in a dark
place. The absorbance of the samples was measured at the wavelength of 560 nm against the blank.
Enzyme samples were kept on ice until the treatment (54).

Statistical Analysis
The obtained results will be analyzed using SPSS 16 software and ANOVA test and if there is any
signi�cance, Tukey post hoc test will be used. p Value less than 0.05 (P < 0.05) considered as the level of
signi�cance of the difference.

Results

Comparison of the average time spent in open arms of the
EPM
The results of the one-way ANOVA and Tukey’s test showed that the time spent in open arms in the HFD
group was signi�cantly shorter than the time spent in open arms of the EPM in the control (p < 0.01) and
HFD + extract (p < 0.05) groups. Also, this time was much longer in the extract group than in the control
group (p < 0.05). These results show that the HFD increased anxiety in rats and the extract reduced
anxiety in both the extract and HFD + extract groups (Fig. 2).

Comparison of the average number of entries into the open
arms of the EPM
The results of the one-way ANOVA and Tukey’s test showed that the number of entries into the open arms
of the EPM in the HFD group was signi�cantly lower than the control group (p < 0.05). Also, the number of
open arms entries in the extract group was signi�cantly higher than in the control group (p < 0.05).
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Meanwhile, the number of open arms entries in the HFD + extract group increased signi�cantly compared
with the HFD group (p < 0.05; Fig. 3).

Compare the total number of entrances to the open and
closed arms of the EPM
According to the results of the one-way ANOVA and Tukey’s test, regarding the total number of entrances
into open and closed arms of the EPM, the mean number of entrances in the HFD (p < 0.01) and HFD + 
extract (P < 0.05) groups decreased signi�cantly compared with the extract group (Fig. 4).

Comparison of the GPX activity between the HFD and
extract groups
The results of the one-way ANOVA and Tukey’s test showed that the activity of this enzyme in the HFD
group was signi�cantly lower than in the control group (p < 0.05). Also, GPX activity in the extract group
was signi�cantly higher than in the HFD group (p < 0.01; Fig. 5).

Comparison of SOD activity between the HFD and extract
groups
According to the results of the one-way ANOVA and Tukey test, the SOD activity in the HFD group was
signi�cantly lower than in the control group (p < 0.05). Also, SOD activity in the extract group was
signi�cantly higher than in the HFD group (p < 0.05) (Fig. 6).

Comparison of the level of corticosterone between the HFD
and extract groups
The results of one-way ANOVA and Tukey’s test showed that the corticosterone level in the HFD group
was signi�cantly higher than the control group (p < 0.01). Also, the corticosterone level in the extract
group was signi�cantly lower than in the HFD group (p < 0.01) (Fig. 7).

Discussion
In the present study, consumption of a HFD in the HFD group reduced the number of entrances into the
open arms and reduced the duration of stay in the open arms of the EPM, which means an increase in
anxiety. Also, following the consumption of the extract in the HFD + extract group, the number of
entrances into the open arms and the length of stay in the open arms of the EPM system increased. Also,
in the extract group, these two indicators increased, which indicates the anti-anxiety effect of this extract.
The results of this study also showed that the activity of GPX and SOD enzymes (as an indicator of
antioxidant activity) was lower in group HFD than in the control group. In addition, the level of serum
corticosterone in the HFD group was higher than the control group and in the HFD + extract group was
signi�cantly lower than the HFD group.
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Medicinal herbs have long been employed because of their main medicinal substances (55–59). The
extract of R. damascene has 22 main compounds, of which anthocyanins, cyanidin 3, and 5-diglucoside
account for more than 95% of anthocyanins and it also contains kaempferol and quercetin (60, 61).
Several studies have shown that some �avonoids are a new family of ligands, which have a selective
a�nity for benzodiazepine receptors; therefore, have anti-anxiety properties (62, 63). Also, R. damascene,
due to its �avonoids, such as quercetin could prevent oxidative stress damage by intervening with high
nitric oxide. Also, by preventing the oxidation of LDL, it prevented irreversible damage to the cell
membrane. Flavonoids, such as quercetin also reduce in�ammatory factors by inhibiting both
lipoxygenase and cyclooxygenase pathways, thereby reducing anxiety (64). Studies have shown that the
small amount of R. damascene oil reduces anxiety differently from benzodiazepines and also has a
different mechanism compared with diazepam (65). Citronellol, 2-phenethyl alcohol, and geranium are
other compounds available in R. damascene, of which 2-phenethyl alcohol and citronellol have anti-
in�ammatory properties, and geranium, (66) due to its estrogenic properties, can reduce anxiety (67).
Finally, R. damascene oil represents the properties of modern anti-anxiety drugs, such as serotonergic
agents than the properties of benzodiazepines (68). The results of our study showed that the activity of
two GPX and SOD enzymes decreased in the HFD group. However, in the extract group, the activity of
these two enzymes increased compared with the HFD group. Our results are consistent with a study, in
which an association was reported between oxidative stress and anxiety, and the overexpression of
glutathione reductase-1 and glyoxalase 1 in the cortex of the cingulate resulted in increased anxiety-like
behaviors, while inhibition of glyoxalase 1 expression decreased anxiety behavior. Thus, the association
between the antioxidant status of the brain and anxiety-related behavior became apparent (23). In this
regard, a HFD leads to anxiety-like behavior with a sharp decrease in serum glutathione levels, because a
decrease in glutathione was reported to be associated with increased anxiety (69).

Our results are consistent with those reported by Moon et al., who showed that consuming a HFD for 4
months, and the resulting obesity, increased protein oxidation in the frontal cortex and increased
oxidative stress parameters, resulting in anxiety-like behaviors (70). Also, the results of this study are
consistent with a study by Del Rosario et al., in which a diet high in saturated fat reduced blood
glutathione while increased anxiety, and consuming this diet along with bamboo extract reduced anxiety
in rats through decreased in�ammatory cytokines and increased glutathione, indicating the anxiolytic
effect of the bamboo extract. This regimen was prescribed for 2 months (25). In this regard, it was found
that there is a close relationship between intracellular ROS in peripheral blood cells (lymphocytes,
monocytes, and granulocytes) and anxiety-related behaviors (24). Contrary to our study, Prasad et al.
showed that consuming a HFD for a short time (one week) reduced the anxiety response in rats fed with a
HFD. In this study, the possible role of secondary increase in corticosterone in the blood and its effect on
the reduction of corticotropin-releasing hormone (CRH) in the hypothalamic-pituitary-adrenal (HPA) axis
leading to reduced anxiety were shown (71). The results of our study showed that the level of serum
corticosterone in the HFD group was higher than the control group, whereas in the HFD + extract group
was signi�cantly lower than the HFD group. Numerous studies have shown a relationship between
corticosteroids levels and the levels of anxiety (72–75). In this regard, the role of corticosterone in
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anxiety- and depressive-like behavior and HPA regulation following prenatal alcohol exposure has been
reported (76). The effects of metyrapone as a corticosterone synthesis inhibitor on anxiety-related
behaviors in Lurcher mutant mice have been studied. According to the result of this experiment, it seems
that the behavioral disinhibition of the mutants is caused in part by their stress-provoked high
corticosterone levels (77).

Most studies have suggested that anxiety is controlled by both the GABAergic and serotonergic systems
(78, 79), and it was also found that anxiety levels in offspring of primates whose mothers consumed a
HFD during pregnancy were higher than the control group and this increase in anxiety was due to
disturbance in the serotonergic system of the brain and decreased serotonergic tone (80). It has also been
shown that a HFD for 3 weeks induced anxiety-like behavior by reducing BDNF in the striatum and frontal
cortex, as well as reducing neuropeptide Y levels. On the other hand, a diet containing omega-3
unsaturated fatty acids increased BDNF levels and showed bene�cial effects on preventing anxiety and
depression (81).

It has also been shown that R. damascene compounds, such as geraniol, citronellol, nerol, and
phenylethyl alcohol, and especially phenylethyl alcohol have a positive effect on the inhibition of
acetylcholinesterase and their strong antioxidant properties (82). Quercetin has been shown to be a
�avonoid found in R. damascene with a positive effect on the formation of new dendrites and the volume
and density of the hippocampus and causes neurogenesis in the hippocampus (39). Given that the 7-
week HFD reduced the number of new cells produced in the dentate gyrus of the hippocampus, it
disrupted neurogenesis in the hippocampus and increased LPO in the brain (8). Accordingly, the effects
of the extract are more likely due to its high antioxidant properties or possibly inhibitory properties on the
cholinesterase or its positive effect on the process of neurogenesis. In addition, the unexpected results of
memory de�cit in the extract group may be justi�ed by the positive effect of ROS on cellular signaling
involved in passive avoidance memory (83). Alzoubi et al. showed that a HFD for 6 weeks reduced SOD
and catalase in the hippocampus and administration of vitamin E at a dose of 100 mg/kg at the same
time prevent memory impairment by increasing the antioxidant capacity (84). Also, memory function was
signi�cantly impaired in rats receiving a HFD, and this diet caused oxidative stress and dysfunction and
decreased the number of cholinergic neurons in the temporal cortex and hippocampus (61, 62).
Accordingly, it can be concluded that the effects of extract may be due to its antioxidant properties,
neutralization of free radicals, and inhibition of LPO due to oxidative stress.

Conclusion
In this study, the effect of R. damascene hydroalcoholic extract on anxiety in HFD rats was investigated.
The used HFD increased anxiety. One of the suggested mechanisms for these changes is oxidative
damage to the brain. Subsequently, R. damascene extract reduced anxiety in rats receiving a HFD as well
as the rats of the extract group, which is probably due to �avonoids that reduce in�ammatory factors or,
more likely, through anti-in�ammatory properties. These effects also are likely due to a strong antioxidant
activity of the extract because the extract group was found with higher GPX and SOD activity. According
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to the obtained results, although more studies are needed to con�rm the �ndings, emphasis should be
placed on its use in reducing anxiety. Also, its compounds should be further studied and used for the
synthesis of new anti-anxiety drugs. However, the use of molecular techniques to study intracellular
pathways to more accurately understand the effects of the extract on the process of anxiety in the
conditions of HFD is suggested.

Declarations
Author contributions

Data collection: A.R.K., S.K, and I.S., Design of the study: A.K, and Z.G., Statistical analysis: A. R.K., S.K.,
and M.R., Analysis and interpretation of the data: M.R, and M.K.A., Drafting the manuscript: M.K.A, and
Z.G., Critical revision of the manuscript: A.K., and I.S., Study supervision: A.K. All authors read and
approved of the �nal manuscript.

Availability of data and material

All relevant data and material are within the manuscript and its Supporting Information �les.

Declaration of competing interest

The authors declare that they have no known competing �nancial interests in this work.

Acknowledgments

The personnel of the Neurophysiology Research Center, Hamadan University of Medical Sciences,
Hamadan, Iran is appreciated.

Funding

This work was supported by a grant (Grant No.: 9407143865) of Hamadan University of Medical
Sciences, Iran.

Compliance with Ethical Standards

Con�ict of interest

The authors declare that they have no con�icts of interest.

Ethical Approval

Animal care processes were approved by the Veterinary Ethics Committee of the Hamadan University of
Medical Science (Ethics Code: IR.UMSHA.REC.1394.9404232209) and were accomplished consistent
with the Guidelines of the National Institutes of Health (NIH Publication 80-23, 1996).



Page 12/23

References
1. Who J, Consultation FE. Diet, nutrition and the prevention of chronic diseases. World Health Organ

Tech Rep Ser. 2003;916(i-viii).

2. Molteni R, Barnard R, Ying Z, Roberts CK, Gomez-Pinilla F. A high-fat, re�ned sugar diet reduces
hippocampal brain-derived neurotrophic factor, neuronal plasticity, and learning. Neuroscience.
2002;112(4):803-14.

3. Scott KM, Bruffaerts R, Simon GE, Alonso J, Angermeyer M, De Girolamo G, et al. Obesity and mental
disorders in the general population: results from the world mental health surveys. International
journal of obesity. 2008;32(1):192-200.

4. Simon GE, Von Korff M, Saunders K, Miglioretti DL, Crane PK, Van Belle G, et al. Association between
obesity and psychiatric disorders in the US adult population. Archives of general psychiatry.
2006;63(7):824-30.

5. Buchenauer T, Behrendt P, Bode F, Horn R, Brabant G, Stephan M, et al. Diet-induced obesity alters
behavior as well as serum levels of corticosterone in F344 rats. Physiology & behavior.
2009;98(5):563-9.

�. Yamada N, Katsuura G, Ochi Y, Ebihara K, Kusakabe T, Hosoda K, et al. Impaired CNS leptin action is
implicated in depression associated with obesity. Endocrinology. 2011;152(7):2634-43.

7. Pistell PJ, Morrison CD, Gupta S, Knight AG, Keller JN, Ingram DK, et al. Cognitive impairment
following high fat diet consumption is associated with brain in�ammation. Journal of
neuroimmunology. 2010;219(1-2):25-32.

�. Park HR, Park M, Choi J, Park K-Y, Chung HY, Lee J. A high-fat diet impairs neurogenesis: involvement
of lipid peroxidation and brain-derived neurotrophic factor. Neuroscience letters. 2010;482(3):235-9.

9. Dalla Y, Singh N, Jaggi AS, Singh D. Memory restorative role of statins in experimental dementia: an
evidence of their cholesterol dependent and independent actions. Pharmacological reports.
2010;62(5):784-96.

10. McNay EC, Ong CT, McCrimmon RJ, Cresswell J, Bogan JS, Sherwin RS. Hippocampal memory
processes are modulated by insulin and high-fat-induced insulin resistance. Neurobiology of learning
and memory. 2010;93(4):546-53.

11. Wallace DC. Diseases of the mitochondrial DNA. Annual review of biochemistry. 1992;61(1):1175-
212.

12. Scandalios JG. Oxidative stress and the molecular biology of antioxidant defenses: Cold Spring
Harbor Laboratory Press; 1997.

13. Ng F, Berk M, Dean O, Bush AI. Oxidative stress in psychiatric disorders: evidence base and
therapeutic implications. International Journal of Neuropsychopharmacology. 2008;11(6):851-76.

14. Halliwell B. Oxidative stress and neurodegeneration: where are we now? Journal of neurochemistry.
2006;97(6):1634-58.



Page 13/23

15. Yoshihara D, Fujiwara N, Suzuki K. Antioxidants: bene�ts and risks for long-term health. Maturitas.
2010;67(2):103-7.

1�. Bayr H. Reactive oxygen species. Critical care medicine. 2005;33(12):S498-S501.

17. Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J. Free radicals and antioxidants in
normal physiological functions and human disease. The international journal of biochemistry & cell
biology. 2007;39(1):44-84.

1�. Cardozo‐Pelaez F, Song S, Parthasarathy A, Hazzi C, Naidu K, Sanchez‐Ramos J. Oxidative DNA
damage in the aging mouse brain. Movement disorders: o�cial journal of the Movement Disorder
Society. 1999;14(6):972-80.

19. Beltowski J, Wojcicka G, Gorny D, Marciniak A. The effect of dietary-induced obesity on lipid
peroxidation, antioxidant enzymes and total plasma antioxidant capacity. Journal of Physiology and
Pharmacology. 2000;51(4, 2).

20. Joseph JA, Shukitt-Hale B, Denisova NA, Bielinski D, Martin A, McEwen JJ, et al. Reversals of age-
related declines in neuronal signal transduction, cognitive, and motor behavioral de�cits with
blueberry, spinach, or strawberry dietary supplementation. Journal of Neuroscience.
1999;19(18):8114-21.

21. Farr SA, Poon HF, Dogrukol‐Ak D, Drake J, Banks WA, Eyerman E, et al. The antioxidants α‐lipoic acid
and N‐acetylcysteine reverse memory impairment and brain oxidative stress in aged SAMP8 mice.
Journal of neurochemistry. 2003;84(5):1173-83.

22. Lim GP, Chu T, Yang F, Beech W, Frautschy SA, Cole GM. The curry spice curcumin reduces oxidative
damage and amyloid pathology in an Alzheimer transgenic mouse. Journal of Neuroscience.
2001;21(21):8370-7.

23. Bouayed J, Rammal H, Soulimani R. Oxidative stress and anxiety: relationship and cellular pathways.
Oxidative medicine and cellular longevity. 2009;2(2):63-7.

24. Rammal H, Bouayed J, Younos C, Soulimani R. The impact of high anxiety level on the oxidative
status of mouse peripheral blood lymphocytes, granulocytes and monocytes. European journal of
pharmacology. 2008;589(1-3):173-5.

25. Del Rosario A, McDermott MM, Panee J. Effects of a high-fat diet and bamboo extract supplement
on anxiety-and depression-like neurobehaviours in mice. British Journal of Nutrition.
2012;108(7):1143-9.

2�. Jaimand K, Rezaee M, Asareh M, Aghdaei S, Meshkizadeh S. Extraction and determination of
kaempferol and quercetin in petals of 10 genotypes of Rosa damascena Mill. from western Iran.
Iranian Journal of Medicinal and Aromatic Plants. 2010;25(4):547-55.

27. Kalim MD, Bhattacharyya D, Banerjee A, Chattopadhyay S. Oxidative DNA damage preventive activity
and antioxidant potential of plants used in Unani system of medicine. BMC Complementary and
alternative medicine. 2010;10(1):1-11.

2�. Achuthan C, Babu B, Padikkala J. Antioxidant and hepatoprotective effects of Rosa damascena.
Pharmaceutical biology. 2003;41(5):357-61.



Page 14/23

29. Özkan G, Sagdiç O, Baydar N, Baydar H. Note: Antioxidant and antibacterial activities of Rosa
damascena �ower extracts. Food Science and Technology International. 2004;10(4):277-81.

30. Samsam Shariat H, Moatar F. Medicinal plants and natural drugs. Tehran, Golshan Pub. 1975:1-472.

31. Elango C, Jayachandaran KS, Devaraj SN. Hawthorn extract reduces infarct volume and improves
neurological score by reducing oxidative stress in rat brain following middle cerebral artery
occlusion. International Journal of Developmental Neuroscience. 2009;27(8):799-803.

32. Omidi G, Rezvani-Kamran A, Ganji A, Komaki S, Etaee F, Asadbegi M, et al. Effects of Hypericum
scabrum extract on dentate gyrus synaptic plasticity in high fat diet-fed rats. The Journal of
Physiological Sciences. 2020;70(1):1-8.

33. Faraji N, Ganji A, Heshami N, Salehi I, Haddadian A, Shojaie S, et al. Hypolipidemic effects of
Hypericum Scabrum extract on the serum lipid pro�le and obesity in high-fat diet fed rats. Human
Antibodies. 2020(Preprint):1-7.

34. Ramezani R, Moghimi A, Rakhshandeh H, Ejtehadi H, Kheirabadi M. The effect of Rosa damascena
essential oil on the amygdala electrical kindling seizures in rat. Pakistan journal of biological
sciences: PJBS. 2008;11(5):746-51.

35. Hajhashemi V, Ghannadi A, Hajiloo M. Analgesic and anti-in�ammatory effects of Rosa damascena
hydroalcoholic extract and its essential oil in animal models. Iranian journal of pharmaceutical
research: IJPR. 2010;9(2):163.

3�. Rakhshandah H, Hosseini M. Potentiation of pentobarbital hypnosis by Rosa damascena in mice.
2006.

37. Kheirabadi M, Moghimi A, Rakhshande H, Rassouli M. Evaluation of the anticonvulsant activities of
Rosa damascena on the PTZ induced seizures in wistar rats. Journal of Biological Sciences.
2008;8(2):426-30.

3�. Rakhshandah H, Boskabadi M, MOUSAVI Z, GHOLAMI M, Saberi Z. The Differences in the relaxant
effects of different fractions of Rosa damascena on guinea pig tracheal smooth muscle. 2010.

39. Esfandiary E, Karimipour M, Mardani M, Alaei H, Ghannadian M, Kazemi M, et al. Novel effects of
Rosa damascena extract on memory and neurogenesis in a rat model of Alzheimer's disease.
Journal of neuroscience research. 2014;92(4):517-30.

40. Akbari M, Kazerani HR, Kamrani A, Mohri M. A preliminary study on some potential toxic effects of
Rosa damascena Mill. Iranian Journal of Veterinary Research. 2013;14(3):232-6.

41. Sharma M, Shakya A, Sharma N, Shrivastava S, Shukla S. Therapeutic e�cacy of Rosa damascena
Mill. on acetaminophen-induced oxidative stress in albino rats. Journal of Environmental Pathology,
Toxicology and Oncology. 2012;31(3).

42. Matos SL, Paula Hd, Pedrosa ML, Santos RCd, Oliveira ELd, Chianca Júnior DA, et al. Dietary models
for inducing hypercholesterolemia in rats. Brazilian archives of biology and technology.
2005;48(2):203-9.

43. Zhang W-N, Bast T, Xu Y, Feldon J. Temporary inhibition of dorsal or ventral hippocampus by
muscimol: distinct effects on measures of innate anxiety on the elevated plus maze, but similar



Page 15/23

disruption of contextual fear conditioning. Behavioural brain research. 2014;262:47-56.

44. Komaki A, Hashemi-Firouzi N, Shojaei S, Souri Z, Heidari S, Shahidi S. Study the effect of
endocannabinoid system on rat behavior in elevated plus-maze. Basic and Clinical Neuroscience.
2015;6(3):147.

45. Clement Y, Chapouthier G. Biological bases of anxiety. Neuroscience & Biobehavioral Reviews.
1998;22(5):623-33.

4�. Frussa-Filho R, Barbosa-Junior H, Silva R, Da Cunha C, Mello C. Naltrexone potentiates the anxiolytic
effects of chlordiazepoxide in rats exposed to novel environments. Psychopharmacology.
1999;147(2):168-73.

47. Rubin M, Albach C, Berlese D, Bonacorso H, Bittencourt S, Queiroz C, et al. Anxiolytic-like effects of 4-
phenyl-2-trichloromethyl-3H-1, 5-benzodiazepine hydrogen sulfate in mice. Brazilian Journal of
Medical and Biological Research. 2000;33(9):1069-73.

4�. Ganji A, Salehi I, Sarihi A, Shahidi S, Komaki A. Effects of Hypericum Scabrum extract on anxiety and
oxidative stress biomarkers in rats fed a long-term high-fat diet. Metabolic brain disease.
2017;32(2):503-11.

49. Etaee F, Komaki A, Faraji N, Rezvani-Kamran A, Komaki S, Hasanein P, et al. The effects of
cinnamaldehyde on acute or chronic stress-induced anxiety-related behavior and locomotion in male
mice. Stress. 2019;22(3):358-65.

50. Karimi SA, Salehi I, Shykhi T, Zare S, Komaki A. Effects of exposure to extremely low-frequency
electromagnetic �elds on spatial and passive avoidance learning and memory, anxiety-like behavior
and oxidative stress in male rats. Behavioural brain research. 2019;359:630-8.

51. Sharma M, Gupta Y. Chronic treatment with trans resveratrol prevents intracerebroventricular
streptozotocin induced cognitive impairment and oxidative stress in rats. Life sciences.
2002;71(21):2489-98.

52. Hritcu L, Noumedem JA, Cioanca O, Hancianu M, Postu P, Mihasan M. Anxiolytic and antidepressant
pro�le of the methanolic extract of Piper nigrum fruits in beta-amyloid (1–42) rat model of
Alzheimer’s disease. Behavioral and Brain Functions. 2015;11(1):1-13.

53. Dhindsa RS, Plumb-Dhindsa P, Thorpe TA. Leaf senescence: correlated with increased levels of
membrane permeability and lipid peroxidation, and decreased levels of superoxide dismutase and
catalase. Journal of Experimental botany. 1981;32(1):93-101.

54. Buyukuslu N, Celik O, Atak C. The effect of magnetic �eld on the activity of superoxide dismutase.
Journal of cell and molecular biology. 2006;5(1):57-62.

55. Jiang L, Numonov S, Bobakulov K, Qureshi MN, Zhao H, Aisa HA. Phytochemical pro�ling and
evaluation of pharmacological activities of Hypericum scabrum L. Molecules. 2015;20(6):11257-71.

5�. Raskin I, Ribnicky DM, Komarnytsky S, Ilic N, Poulev A, Borisjuk N, et al. Plants and human health in
the twenty-�rst century. TRENDS in Biotechnology. 2002;20(12):522-31.

57. Ganji A, Salehi I, Nazari M, Taheri M, Komaki A. Effects of Hypericum scabrum extract on learning
and memory and oxidant/antioxidant status in rats fed a long-term high-fat diet. Metabolic brain



Page 16/23

disease. 2017;32(4):1255-65.

5�. Karimi SA, Komaki S, Taheri M, Omidi G, Kourosh-Arami M, Salehi I, et al. Effects of the
hydroalcoholic extract of Rosa damascena on hippocampal long-term potentiation in rats fed high-
fat diet. The Journal of Physiological Sciences. 2021;71(1):1-9.

59. Rezvani-Kamran A, Salehi I, Shahidi S, Zarei M, Moradkhani S, Komaki A. Effects of the
hydroalcoholic extract of Rosa damascena on learning and memory in male rats consuming a high-
fat diet. Pharmaceutical biology. 2017;55(1):2065-73.

�0. Velioglu Y, Mazza G. Characterization of �avonoids in petals of Rosa damascena by HPLC and
spectral analysis. Journal of agricultural and food chemistry. 1991;39(3):463-7.

�1. Schieber A, Mihalev K, Berardini N, Mollov P, Carle R. Flavonol glycosides from distilled petals of
Rosa damascena Mill. Zeitschrift für Naturforschung C. 2005;60(5-6):379-84.

�2. Medina JH, Viola H, Wolfman C, Marder M, Wasowski C, Calvo D, et al. Overview—�avonoids: a new
family of benzodiazepine receptor ligands. Neurochemical research. 1997;22(4):419-25.

�3. Salgueiro J, Ardenghi P, Dias M, Ferreira M, Izquierdo I, Medina J. Anxiolytic natural and synthetic
�avonoid ligands of the central benzodiazepine receptor have no effect on memory tasks in rats.
Pharmacology Biochemistry and Behavior. 1997;58(4):887-91.

�4. Nijveldt RJ, Van Nood E, Van Hoorn DE, Boelens PG, Van Norren K, Van Leeuwen PA. Flavonoids: a
review of probable mechanisms of action and potential applications. The American journal of
clinical nutrition. 2001;74(4):418-25.

�5. Umezu T. Anticon�ict effects of plant-derived essential oils. Pharmacology Biochemistry and
Behavior. 1999;64(1):35-40.

��. Umezu T, Ito H, Nagano K, Yamakoshi M, Oouchi H, Sakaniwa M, et al. Anticon�ict effects of rose oil
and identi�cation of its active constituents. Life sciences. 2002;72(1):91-102.

�7. Howes MJ, Houghton P, Barlow D, Pocock V, Milligan S. Assessment of estrogenic activity in some
common essential oil constituents. Journal of pharmacy and pharmacology. 2002;54(11):1521-8.

��. Bradley BF, Starkey N, Brown S, Lea R. The effects of prolonged rose odor inhalation in two animal
models of anxiety. Physiology & behavior. 2007;92(5):931-8.

�9. Masood A, Nadeem A, Mustafa SJ, O'Donnell JM. Reversal of oxidative stress-induced anxiety by
inhibition of phosphodiesterase-2 in mice. Journal of Pharmacology and Experimental Therapeutics.
2008;326(2):369-79.

70. Moon ML, Joesting JJ, Lawson MA, Chiu GS, Blevins NA, Kwakwa KA, et al. The saturated fatty acid,
palmitic acid, induces anxiety-like behavior in mice. Metabolism. 2014;63(9):1131-40.

71. Prasad A, Prasad C. Short-term consumption of a diet rich in fat decreases anxiety response in adult
male rats. Physiology & behavior. 1996;60(3):1039-42.

72. Vedhara K, Miles J, Bennett P, Plummer S, Tallon D, Brooks E, et al. An investigation into the
relationship between salivary cortisol, stress, anxiety and depression. Biological psychology.
2003;62(2):89-96.



Page 17/23

73. Boudarene M, Legros J, Timsit-Berthier M. Study of the stress response: role of anxiety, cortisol and
DHEAs. L'encephale. 2002;28(2):139-46.

74. Pirnia B, Givi F, Roshan R, Pirnia K, Soleimani AA. The cortisol level and its relationship with
depression, stress and anxiety indices in chronic methamphetamine-dependent patients and normal
individuals undergoing inguinal hernia surgery. Medical journal of the Islamic Republic of Iran.
2016;30:395.

75. Takahashi T, Ikeda K, Ishikawa M, Kitamura N, Tsukasaki T, Nakama D, et al. Anxiety, reactivity, and
social stress-induced cortisol elevation in humans. Neuroendocrinology Letters. 2005;26(4):351-4.

7�. Lam VY, Raineki C, Wang LY, Chiu M, Lee G, Ellis L, et al. Role of corticosterone in anxiety-and
depressive-like behavior and HPA regulation following prenatal alcohol exposure. Progress in Neuro-
Psychopharmacology and Biological Psychiatry. 2019;90:1-15.

77. Lorivel T, Gras M, Hilber P. Effects of corticosterone synthesis inhibitor metyrapone on anxiety-related
behaviors in Lurcher mutant mice. Physiology & behavior. 2010;101(2):309-14.

7�. Weinberger DR. Anxiety at the frontier of molecular medicine. New England Journal of Medicine.
2001;344(16):1247-9.

79. Gingrich JA. Oxidative stress is the new stress. Nature medicine. 2005;11(12):1281-2.

�0. Sullivan EL, Grayson B, Takahashi D, Robertson N, Maier A, Bethea CL, et al. Chronic consumption of
a high-fat diet during pregnancy causes perturbations in the serotonergic system and increased
anxiety-like behavior in nonhuman primate offspring. Journal of Neuroscience. 2010;30(10):3826-30.

�1. Sharma S, Zhuang Y, Gomez-Pinilla F. High-fat diet transition reduces brain DHA levels associated
with altered brain plasticity and behaviour. Scienti�c reports. 2012;2(1):1-8.

�2. Senol FS, Orhan IE, Kurkcuoglu M, Khan MTH, Altintas A, Sener B, et al. A mechanistic investigation
on anticholinesterase and antioxidant effects of rose (Rosa damascena Mill.). Food research
international. 2013;53(1):502-9.

�3. Jabbarpour Z, Shahidi S, Saidijam M, Sarihi A, Hassanzadeh T, Esmaeili R. Effect of tempol on the
passive avoidance and novel object recognition task in diabetic rats. Brain research bulletin.
2014;101:51-6.

�4. Alzoubi KH, Khabour OF, Salah HA, Hasan Z. Vitamin E prevents high-fat high-carbohydrates diet-
induced memory impairment: the role of oxidative stress. Physiology & behavior. 2013;119:72-8.

Figures



Page 18/23

Figure 1

Timeline of the experiment

Figure 2

Average time spent in open arms of elevated plus-maze (EPM) in different groups. Control group, Extract
(Ext) group, high-fat diet (HFD) group, and HFD+extract group (HFD+Ext). ** HFD group in comparison
with the control group (p <0.01); * Extract group in comparison with the control group (p <0.05); ## HFD +
extract group in comparison with the extract group (p <0.01); and $ HFD + extract group in comparison
with the HFD group (p <0.05).
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Figure 3

The average number of entrances into the open arms of the elevated plus-maze (EPM) in different
groups. Control group, Extract (Ext) group, high-fat diet (HFD) group, and HFD+extract group (HFD+Ext). *
In comparison with the control group (p <0.05); # HFD + extract group in comparison with the extract
group (p <0.05); and $ HFD + extract group in comparison with the HFD group (p <0.05).
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Figure 4

Comparison of the total number of entrances into the open and closed arms of the elevated plus-maze
(EPM) in different groups: Control group, Extract (Ext) group, high-fat diet (HFD) group, and HFD+extract
group (HFD+Ext). * HFD group in comparison with the control group (p <0.05) and ## HFD + extract
group in comparison with the extract group (p <0.01).
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Figure 5

Glutathione peroxidase (GPX) activity in different groups. Control group, Extract (Ext) group, high-fat diet
(HFD) group, and HFD+extract group (HFD+Ext). * In comparison with the control group (p <0.05) and &&
Extract group in comparison with the HFD group (p <0.01).
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Figure 6

Superoxide dismutase (SOD) activity in different groups. Control group, Extract (Ext) group, high-fat diet
(HFD) group, and HFD+extract group (HFD+Ext). * In comparison with the control group (p <0.05) and &
Extract group in comparison with the HFD group (p <0.05).



Page 23/23

Figure 7

Serum corticosterone levels in different groups. Control group, Extract (Ext) group, high-fat diet (HFD)
group, and HFD+extract group (HFD+Ext). * In comparison with the control group (p <0.05); && Extract
group in comparison with the HFD group (p <0.01); and $ HFD + extract group in comparison with the
HFD group (p <0.05).


