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Research Paper: The Effect of Hydroalcoholic Rosmari-
nus Officinalis (Rosemary) on Memory Retention Defi-
cit in Young Offspring Rat Induced by Maternal Sleep 
Deprivation

Background:  Maternal sleep deprivation is known to reduce neurogenesis in the hippocampus 
during pregnancy. Also, it damages and impairs cognitive functions such as learning and 
memory in the neonates. 

Objectives: Rosmarinus officinalis (rosemary) extract can play an important role in the 
treatment of cognitive impairments by inhibiting oxidative stress. This study aimed to 
investigate the role of hydroalcoholic extract of rosemary in the treatment of cognitive 
impairment caused by decreased hippocampal neurogenesis in neonates, which was attributed 
to maternal sleep deprivation during pregnancy.

Methods: For this purpose, pregnant rats in the control group underwent sleep deprivation for 
72 hours inside a total sleep deprivation machine. The treatment groups comprised pregnant 
rats, receiving 50, 100, and 200 mg/kg of rosemary extracts per day during pregnancy and 
underwent sleep deprivation for 72 hours. Next, the avoidance memory of 21-day-old 
neonatal rats was examined using a shuttle box. These 21-day-old rats were then subjected 
to evaluate the structure of the hippocampus. Neurogenesis in the neonatal hippocampus was 
examined under light microscopy by staining of brain slices and counting of neurons and cells 
shape study.

Results: Compared with the control group, the neurogenesis and avoidance memory 
decreased in neonates affected by maternal sleep deprivation.

Conclusion: The results of this study showed that rosemary extract at a dose of 100 mg/kg 
was able to improve disorders in the infants affected by maternal sleep deprivation.

A B S T R A C T

Keywords:
Maternal sleep 
deprivation, Cognitive 
impairment, Memory 
deficit, Hippocampus, 
Neurogenesis, Oxidative 
stress, Rosemary  

Article info:
Received: 16 Dec 2019
Accepted: 18 Feb 2020

Copyright© 2019, ASP Ins. This open-
access article is published under the terms 
of the Creative Commons Attribution-
NonCommercial 4.0 International License 
which permits Share (copy and redistribute 
the material in any medium or format) 
and Adapt (remix, transform, and build 
upon the material) under the Attribution-
NonCommercial terms.

* Corresponding Author:
Mohammad Nabiuni, MD.

Address: Department of Cell and Molecular Biology, Faculty of Biological Sciences, Kharazmi University, Tehran, Iran.
Phone: +98 (26) 34513009
E-mail: devbiokharazmi@gmail.com

CitationKhodabandeh Shahraki F, Nabiuni M, Farhadi M, Amini E. The Effect of Hydroalcoholic Rosmarinus Officinalis (Rosemary) on Memory 
Retention Deficit in Young Offspring Rat Induced by Maternal Sleep Deprivation. Pharmaceutical and Biomedical Research. 2020; 6(2):157-168.

D
ow

nl
oa

de
d 

fr
om

 p
br

.m
az

um
s.

ac
.ir

 a
t 8

:1
4 

+
04

30
 o

n 
W

ed
ne

sd
ay

 J
ul

y 
29

th
 2

02
0

http://pbr.mazums.ac.ir/article-1-295-en.html


158

 June 2020. Volume 6. Number 2

Introduction

leep is a passive recovery process, charac-
terized by cessation of the sensory, motor, 
and mental functions connecting the cen-
tral nervous system to the external environ-
ment [1]. Sleep is necessary for the proper 
function of memory and learning. Thus, 

sleep deprivation has detrimental effects on learning, 
brain development, and alertness [2]. Studies have dem-
onstrated that sleep deprivation is associated not only 
with high financial, social, and human costs but also with 
cognitive and motor functions. Cognitive indices such 
as working memory are particularly susceptible to sleep 
deprivation [3]. 

Sleep disturbance is a common phenomenon in many 
neurological diseases, including Alzheimer disease, 
Parkinson disease, and autism [4]. Patients with demen-
tia are known for having symptoms such as insomnia, 
restlessness, decreased, or prolonged sleep. These sleep 
disturbances lead to cognitive and functional decline ac-
companied by abnormal behavior and finally depression 
in some patients. In this regard, it is pertinent to mention 
that sleep behavioral disorder with rapid eye movement 
is one of the major sleep disorders associated with neu-
rological abnormalities [5].

According to previous investigations, sleep improves 
memory by enhancing the functional integration and cell 
survival of the new hippocampal neurons. Regarding the 
learning and memory space, the relationship between 
sleep and neurogenesis indicates that the hippocampus 
is an important structure for memory formation and one 
of the distinct brain regions, which is an essential part of 
adult neurogenesis. Hippocampus contributes to memo-
ry and learning by increasing neurogenesis and neuronal 
production, so that learning deficits are associated with 
the reduction of neurogenesis. On the other hand, both 
neurogenesis and hippocampus memory formation are 
susceptible to sleep deprivation. In other words, sleep 
deprivation alters the electrophysiological and molecular 
properties of the hippocampal neurons [6, 7]. According 
to the findings of the researchers, maternal sleep depriva-
tion has a major impact on the baby’s brain during preg-
nancy; this impact includes memory, learning, and other 
cognitive functions.

 The researchers concluded that neurogenesis in preg-
nant rats increased by 65%   and reached its peak on the 
seventh day of pregnancy before decreasing and again 
reached its highest level at  the end of pregnancy [8]. 
Studies have shown that sleep deprivation is a strong 

oxidative stress response. F ree radicals like Reactive 
Oxygen Species (ROS) and Reactive Nitrogen Species 
(RNS) are the result of several cellular signaling path-
ways as a defense mechanis m . An excessive amount 
of free radicals causes ox i dative stress that damages 
cells, tissues, and organs, resulting in several diseases, 
like cancer, cardiovascular diseases, Alzheimer Disease 
(AD), and even accelerate the aging process. Hippocam-
pus is a part of the brain which plays an important role in 
cognition, mood regulation, response to stress, learning, 
and memory. The hippocampus is one of the most vul-
nerable brain regions in oxidative stress. 

The maintenance of a normal redox state in the hip-
pocampus is essential for t he prevention of cognitive 
functions decline in aging. Antioxidants can slow down 
or prevent the resulting damages caused by free radicals 
through delaying, intercepting, and inhibiting their ac-
tivities or via breaking the chain reaction of oxidation. 
These compounds can preven t  the progression of the 
disease by removing free radicals. Studies have also re-
vealed that various neurological diseases are accompa-
nied by increased oxidative stress and free radical pro-
duction, which, in turn, can result in tissue damage and 
cell death. Application of  antioxidant compounds can 
also play a pivotal role in preventing antioxidant damage 
induced by sleep deprivation [9-11].

Rosemarinus officinalis L. an evergreen perennial aro-
matic shrub belongs to the family Labiatae. It is a popu-
lar household plant, commonly called rosemary, which 
is native to the north and south coasts of the Mediterra-
nean Sea. Rosemary has many effective compounds with 
antioxidant properties. Andrade et al. studied the antioxi-
dant and pro-oxidant properties of rosemary. Its main 
constituents with antioxidant properties are carnosic acid 
and carnosol that are responsible for 90% of the proper-
ties. Both are inhibitors of lipid peroxidation in liposo-
mal and microsomal systems; they are good scavengers 
of CCl3O2 (peroxyl radicals), reduce cytochrome c, and 
scavenge hydroxyl radicals. Particularly, carnosic acid 
scavenges H2O2, but could also act as a substrate for the 
peroxidase system. The  antioxidant properties depend 
on the fruiting stages. 

The increase in the concentration of polyphenols, which 
include carnosol, rosmarinic acid, and hesperidin, during 
the fruiting stage, is directly related to the enhancement 
of the extract antioxidant property. Rosmarinic acid and 
hesperidin have been cited in the literature as important 
free radical scavengers. This plant assumes significance 
in traditional medicine owing to its medicinal properties 
and treating cognitive function deficiencies. Rosemary 
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contains essential oils of 0.6 to 2, including 1,8-cineoles, 
alpha pineol, camphor, porroneol, carvacrol with pheno-
lic detergents. Flavones and caffeic acid are derivatives 
of rosemarynum acid. Rosmarinic acid acts as antioxi-
dant compounds [12]. 

These compounds can treat memory deficit by remov-
ing free radicals. Neuronal deletion, particularly in the 
cortex region, is now known to lead to cognitive impair-
ment in acquired learning skills and memory. Differ-
ent in vitro and in vivo models evaluated rosemary and 
its efficacy in the management of patients with Alzheim-
er disease. The studies have demonstrated that extracts 
from plants of the Lamiaceae family are active in the in-
hibition of Acetylcholinesterase (AChE) and β-amyloid 
deposits. Besides, antioxidant, cytoprotective, and anti-
inflammatory activities have been observed in Lamiac-
eae plant extracts. There are reports that compounds like 
1,8-cineole and alpha-terpineol inhibit AChE, and nota-
bly, 1,8-cineole is the most potent inhibitor [13].  The 
purpose of this study was to investigate the protective 
effect of rosemary extract against side effects of maternal 
sleep deprivation in neonate rats such as memory deficit. 
Neurotransmitter interactions may be responsible for the 
cognitive enhancements observed in the present study.

Material and Methods

Study animals

Adult female Wistar rats were used in this study. The 
animals were maintained in the laboratory of Animal 
Breeding Laboratory of the Faculty of Biological Sci-
ences of Kharazmi University. The animals were housed 
in cages under standard environmental (light/dark cycle 
12/12 hours, the temperature of 22 ± 2°C with free access 
to food and water). The ethical considerations regarding 
the amount of sleep deprivation by the box were met fol-
lowing the protocols and guidelines for the care and use 
of laboratory animals in the Laboratory of Neuroscience 
and Laboratory Research at the American Institute of 
Laboratory Animals. To prevent the aggressive severity 
of sleep deprivation, the necessary measures were taken, 
as far as possible, following international guidelines. 
The dose of rosemary extract was adjusted according to 
the WHO and Food and Drug Administration. 

Ethical approval

The authors declare that the experiments done on ani-
mals were conducted following the local Ethics Com-
mittee regulations on the care and use of laboratory ani-
mals (IR.IAU.K.REC.1395.34).

Preparing rosemary hydroalcoholic extract

The whole plant of Rosmarinus officinalis was collect-
ed freshly from a cultivation farm of the north of Iran in 
2016. The plant was identified and authenticated by Dr 
Ghahremaninejad (the senior botanist of the Department 
of Botany, Kharazmi University of Tehran) and a vouch-
er specimen was deposited accordingly in the herbarium 
of the same department. The medicinal parts of the plant, 
the fresh leaves, were separated, dried in shade, pulver-
ized by a mechanical grinder, passed through a 40-mesh 
sieve, and stored in an airtight container for further use.

 Preparation of the plant extract

 About 500 g of powdered dry parts of the plant were 
extracted successively with 70% v/v ethanol at 68°C in 
the Soxhlet apparatus. The extracts were collected in 5-L 
conical flasks, filtered, and the solvent was evaporated 
to dryness under reduced pressure in an Eyela Rotary 
Evaporator (Japan) at 40°C-45°C and was stored in a 
vacuum desiccator. The dark green liquid extract so ob-
tained was concentrated under vacuum and the resulting 
dried extract was lyophilized and preserved in a refrig-
erator at 4°C until further use. The extract was dissolved 
in 1% normal saline and was used for the experimental 
purpose [14].

Study Experiment

After confirmation of pregnancy based on vaginal plug 
formation, the rats were divided into 5 study groups of 4 
weighing 170-220 g. The first group (control) consisted 
of pregnant rats without treatment. The second group 
included pregnant rats, which underwent Sleep Depriva-
tion (SD) for 72 hours (24 hours on the 7th day, 24 hours 
on the 14th day, and 24 hours on the 21st day of preg-
nancy (SD group). The third, fourth, and fifth groups 
were pregnant rats that were deprived of sleep on the 7th, 
14th, and 21st days of pregnancy but received rosemary 
extract at doses of 50 mg/kg, 100 mg/kg, and 200 mg/kg 
per day during pregnancy (SD 50 mg/kg, SD 100 mg/kg, 
SD 200 mg/kg). 

Sleep deprivation apparatus

The sleep deprivation device was a machine with a 
calibrated tank measuring 120×30×50 cm divided into 
four parts of 30×30×50 cm. The device has two circular 
plates with a diameter of 15 cm and an edge of 3 mm. 
These plates are driven by a 1-W DC motor on a Plexi-
glas sheet at a speed of 1.5 cm/s. They move upward and 
downward in opposite directions and collide at the sur-
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face of the water. In this process, the animals have to turn 
around in the upright platform to prevent getting wet or 
drowning and since the cycle is repeated in less than 1 
minute, the rats need to stay awake for 24 to 72 hours.

Behavioral procedure

Training: Shuttle box device

The shuttle box is used to compute an avoidance 
memory and includes two white and black boxes and a 
guillotine door between the two sections. A metal grid is 
embedded in the bottom of the black box that attaches to 
the electrical generator next to the device. Rats received 
5 footshocks (1.5 mA, 50 Hz frequency, and 5 s long) at 
30-s intervals and were removed from the apparatus 1 
min after the last footshock [15].

Histological studies

For this purpose, all 21-day-old rats, in the control, SD, 
SD 50 mg/kg, SD 100 mg/kg, and SD 200 mg/kg were 
sacrificed by decapitation and their brains were removed 
using aseptic techniques. The hippocampus was quickly 
dissected out and placed in the sterile tubes. Two brain 
hemispheres were isolated after wiping into a fixative 
(formalin 10%) for storage and fixation of the brain tissue. 
After fixation, dehydration, clarification, paraffin penetra-
tion, blocking, cutting of block, staining with hematoxy-
lin and eosin (H and E), and Nissl staining was performed.

Four rats in each group were selected for light micros-
copy studies. Under deep anesthesia, their brains were 
prefixed by a transracial perfusion 2500 mL Normal Sa-
line (NS) followed by 250 mL of 4% paraformaldehyde 
(PFA, Sigma) in 0.1 M phosphate buffer pre-fixation. 
The brains were cut in the coronal plane into 3- to 5- mm 
sections. The fixation step was performed using 10% for-
malin at 4°C for 72 h. For histological studies, the brain 
samples were embedded in paraffin, and 5-µm coronal 
sections (one from every 5 sections) were prepared using 
a rotary microtome. For light microscopy observation, 
the tissue sections were stained with H & E staining ac-
cording to the standard protocol [16].

For Nissle staining, the sections mounted on gelatin-
coated slides were dehydrated with ascending series of 
ethanol, treated with xylene for 5 min, and rehydrated in 
descending series of ethanol and distilled water. Then, 
the sections were treated with a 1% Cresyl violet (Sig-
ma) solution for 3 min followed by differentiation in 
acetic acid in 100% ethanol for 5 s. The sections were 
finally dehydrated in the ascending series of ethanol, 

treated with xylene and coverslipped using DPX mount-
ing medium. Finally, the images were analyzed using a 
light field microscope (Sigma-Aldrich, Inc., USA) [17].

Data analysis

Statistical analyses were done by One-way ANOVA 
and repeated-measures t Tukey tests. Also, *P≤0.05; 
**P≤0.01; and ***P≤0.001 were considered significant.

Results

Behavioral tests results

In this part, for the evaluation of learning and memory, 
three items of the trial of acquisition, step-through la-
tency, and time spent in dark compartments were exam-
ined. In the number of trials to achieve learning, there 
was a significant difference between the SD group and 
the control group (P≤0.01) and also between SD 50 mg/
kg and SD 200 mg/kg with the control group (P≤0.05). 
However, there was no significant difference between 
SD100 mg /kg and the control group. 

To ensure that there is no sensory/motor dysfunc-
tion in animals, the initial latency was measured and 
compared. Comparison of groups showed that there 
was a significant difference in step-through latency 
in the acquisition trial between SD, SD 50 mg/kg, and 
SD 200 mg/kg groups with the control group (P≤0.001).

The memory assessment test 24h following the training 
indicated that the number of acquisition trials for the ani-
mals between dark and light chambers was statistically 
significant among the groups. Extract groups (SD 50 mg/
kg, SD 200 mg/kg) and the SD group compared to the 
control group spent more time in the dark area. Stop time 
in the device dark part of the  SD and the extract groups 
(SD 50 mg/kg and SD 200 mg/kg) was significantly more 
than that of the control group (P≤0.001). While the dif-
ference between the control group and the extract group 
(SD 100 mg/kg) during the stay in the dark area was not 
significant. This means that rosemary extract at a dose 
of 100 mg/kg can prevent the effects of sleep depriva-
tion and reduce the stop in the dark part of the device, 
but rosemary with the doses of 200 mg/kg and 50 mg/
kg failed to affect maternal sleep deprivation (Figure 1).
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Figure 1). 
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Figure 1. Comparison of behavioral test in different experimental groups
A.Trial of acquisition to reach the learning; B. Step-through latency; C. Duration of stay in the dark section of the device be-
tween SD groups and control group and groups with doses of 50 mg / kg, 100 mg / kg and 200 mg / kg rosemary with sleep 
deprivation group; 
 Repeat number: 20;   Data are presented as Mean ± SD;
 * Difference between the treatment groups and control group (* P≤0.05; ** P≤0.01; and *** P≤0.001);
+ Difference between the SD group and  SD 100 mg/kg group ( ++P≤0.01 and +++  P≤0.001)

Khodabandeh Shahraki F, et al. Rosemary, Memory and Sleep Deprivation. PBR. 2020; 6(2):157-168.

D
ow

nl
oa

de
d 

fr
om

 p
br

.m
az

um
s.

ac
.ir

 a
t 8

:1
4 

+
04

30
 o

n 
W

ed
ne

sd
ay

 J
ul

y 
29

th
 2

02
0

http://pbr.mazums.ac.ir/article-1-295-en.html


162

 June 2020. Volume 6. Number 2

Figure 2. Comparison of DG region in different groups
 A, B and C: Control, SD and SD plus rosemary extract exposed group at doses of 50,100 and 200 mg / kg (X100, X400, X1000 
magnification, respectively)
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Histopathological study of the hippocampus

Effect of sleep deprivation on neuronal morphology 
and density as depicted by histopathological sections of 
rat brains

Histopathological evaluation of hippocampal regions 
of the rat brain was conducted under light microscopy. 
Figure 2 displays the representative images of brain sec-
tions from different groups of animals. Brains of the con-
trol and the SD-treated group with rosemary (100 mg/
kg) showed comparatively undamaged and optimum 
sized neuronal cells as compared with the sleep-deprived 
groups (SD and SD treated with rosemary extract dose of 
50, or 200 mg/kg). However, the disorganization of vari-
ous cell layers increased the level of cellular spongiosis, 
and the density of cells observed specifically in the Den-
tate Gyrus (DG) of the hippocampus and the brains of 
sleep-deprived animals. 

Histopathological examination of the hippocampus 
indicated that in the control group all cells of the hippo-
campus were intact, their nuclei were completely distinct 
and darker than the cytoplasm and the DG region con-
tained many cells. While in the SD group, the number 
of DG cells decreased significantly, and the shape of the 
cells was domed or triangular with a non-explicit core in 
the control group (Figure 2).

Effect of SD on neurons number in histopatho-
logical sections of rat brains

 Histopathological assessment of rat hippocampal 
regions was conducted after Nissl staining under light 
microscopy. Representative images of brain sections 
from experimental groups are exhibited in Figure 3. 
It is shown that the larger shape of the DG region in 
the SD group and SD plus rosemary at doses of 50 and 
200 mg/kg was changed from a rounded state with a 
distinct nucleus to a triangular state with an indistinct 
nucleus. An increase in the number of microglial cells 
and a lower number of neurons were observed in the 
SD group and SD treated with 50 and 200 mg/kg rose-
mary extract. It is also observed that most cells in the 
DG region in the rosemary group (at a dose of 100 mg/
kg) have a clear corpuscular appearance and the ratio of 
pyramidal cells to neurons has decreased. This attenua-
tion is not significantly different from that of the control 
group (400x magnification).

Total number of cells

After histological examination, the number of cells in the 
groups included control, SD, and SD groups with 50 mg/
kg, 100 mg/kg, and 200 mg/kg rosemary extract were calcu-
lated (Figure 4). The average number of cells in the control, 

Figure 3. Nissle staining of rats hippocampal sections at the level of DG
Images represented the DG sections of the rats brain assigned to each group (control vs. sleep deprived which had been treated 
with rosemary extract with dose of 50, 100, 200mg/kg). (Magnification X400).
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SD, and SD plus rosemary extract (50,100, and 200 mg/kg) 
groups were 7021, 2880, 3380, 6557, and 3090, respectively.

Comparison of the cell numbers showed a significant 
difference between SD, SD 50 mg/kg, and SD 200 mg/
kg with the control group (P≤0.001), which means that 
rosemary extract at 50 mg/kg and 200 mg kg could not 
stand the effect of sleep deprivation and did not im-
prove neurogenesis in the hippocampus of newborns. 
However, there was no significant difference between 
the number of cells in the control group and the SD 100 
mg/kg, which means that the rosemary extract at a dose 
of 100 mg/kg had a corrective effect on the sleep de-
privation via increment of neurogenesis. On the other 
hand, there was no significant difference in the number 
of cells between the SD plus rosemary extract 50 mg /
kg and 200 mg/kg groups with sleep deprivation group. 
However, there was a significant difference in the num-
ber of cells in the 100 mg/kg extract group compared 
with the SD group (P ≤0.001) (Figure 5).

Discussion

The present study showed that maternal sleep depriva-
tion in the rats results in impaired neonatal avoidance 
memory consolidation and deficit in learning. In recent 
years, several research studies were conducted on the 

relationship between maternal sleep deprivation during 
pregnancy and increased short- and long-term childhood 
disorders. According to a study, maternal sleep depriva-
tion could result in several harmful outcomes in the off-
spring and would damage the mother-child relationship. 
Sleep deprivation during pregnancy is also a serious pub-
lic health problem that affects both mothers and infants 
[18]. Durmer et al. and Zhao et al. reported that maternal 
sleep deprivation would affect children’s 3D learning and 
memory through changes in the pre-adolescent brain [19, 
20]. In 2017, Aswathy et al. proved that sleep deprivation 
in the last trimester of pregnancy causes symptoms similar 
to depression in infants. The brain develops rapidly during 
this period and continues after birth [5]. 

One is the probability of a relationship between sleep 
and neurogenesis of learning and memory space, which 
has been confirmed by various studies. The hippocam-
pus is an important structure for the formation of mem-
ory and one of the distinct brain regions that constitute 
an essential part of adult neurogenesis. Neonatal brain 
tissue examination and observation of the brain tissue 
(especially the hippocampus and cell count of this area) 
under the optical microscope showed a lower number of 
cells in the hippocampus in the neonatal group affected 
by maternal sleep deprivation compared with the control 
group. Therefore, the volume of the hippocampus in the 
maternal newborns group is reduced by sleep depriva-
tion compared with the control infants, which is visible 
in tissue samples. Maternal sleep deprivation, besides 
reduction in the production of neuronal cells, destroys 
functional and cognitive processes. Studies have shown 
that sleep deprivation impairs cognitive functions such 
as memory, learning, and so on [4].

 In the present study, hippocampus analysis under a 
microscope showed that in the group of maternal neo-
nates, the number of microglia cells or pyramidal cells is 
greater than the neurons or rounded cells in the dentate 
gyrus and CA1 region. However, in the control group, 
all cells in the DG and CA1 are rounded cells with dis-
tinct nuclei similar to the neurons. Thus, neurogenesis 
in the hippocampus of maternal sleep-deprived infants 
decreases compared with the control group infants with 
an increasing number of glial cells.

The effect of rosemary extract can be created using sev-
eral useful compounds such as sugar and antioxidants. 
In adults, the production of new neurons in the hippo-
campus takes place in the Subgranular Zone (SGZ) of 
the dentate gyrus. Neural progenitor or stem cells go 
through processes of proliferation, differentiation, mi-
gration, and maturation. This process is exquisitely sen-
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sitive to oxidative stress, and perturbation in the redox 
balance in the neurogenic microenvironment can lead to 
reduced neurogenesis. However, even low doses of irra-
diation can lead to persistent elevation of oxidative stress 
and sustained suppression of hippocampal neurogenesis. 
The results of this study suggest that, regardless of the 
subcellular location, SOD deficiency leads to a signifi-
cant reduction in the production of new neurons in the 
SGZ of the hippocampal dentate gyrus. In exchange, the 
generation of new glial cells significantly increases.

Several studies have reported that maternal sleep de-
privation during pregnancy increases the number of 
microglia or pyramidal cells in the neonate’s brain and 
reduces the number of neurons, in other words, neuro-
genesis. Zhao et al. reported that sleep deprivation during 
pregnancy would impair the development of the brain 
and memory function by affecting neurogenesis in the 

hippocampus and glial cell growth in neonates. Also, 
these researchers demonstrated that offspring affected 
by maternal sleep deprivation showed a severe attenua-
tion in hippocampal neurogenesis and an increase in the 
number of microglia. Three-dimensional spatial learn-
ing and memory are also affected in these infants [20]. 
Arathi et al. demonstrated that the activity of microglia 
and their number in the brains of infants affected by ma-
ternal sleep deprivation had increased in comparison to 
normal infants whose mothers were not deprived of sleep 
[4]. Heinwood et al. elucidated that sleep deprivation and 
stress induced by it in pregnant mice can impair neona-
tal brain development [21]. Wadhwa et al. argued that 
hippocampal neurogenesis would decline remarkably in 
neonatal rats affected by maternal sleep deprivation [22].

This study confirmed the beneficial effects of 100 mg/
kg rosemary hydroalcoholic extract on learning and 

Figure 5. Schematic diagram of the overall results of the manuscript
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memory using a passive avoidance test to obtain new infor-
mation, preserve and recall information stored in 21-day-
old infants affected by maternal sleep deprivation. Signifi-
cant differences were observed in the experimental groups 
treated with different doses of rosemary compared with 
the control group. In 2008, Kumar et al. as well as Kwon 
showed that rosmarinic acid suppresses oxidative stress, in-
duces neuroprotective effect, and improves the deleterious 
effects of sleep deprivation [23, 24]. 

Similar to the present investigation, Zanella et al. study 
(2012) reported that hydroalcoholic rosemary extract in 
a dose-dependent manner improves learning and short-
term memory. They found that treatment with 150 and 
300 mg/kg of rosemary extract (hydroalcoholic) would 
improve new social short-term memory. Also, they sug-
gested that treatment with 150 mg/kg of rosemary extract 
improves long-term memory when prescribed in the con-
solidation phase of learning [25]. Studies have shown 
that rosemary extract has antioxidant properties and car-
nosol, carnosic acid, and rosmarinic acid are known as 
antioxidant compounds [26, 27]. 

Several studies indicated that sleep deprivation induces 
oxidative stress in neurons. Melatonin and its metabolites 
are potential digestive radicals that play an important role 
in aging and nervous system degradation by acting as a 
neurotransmitter and antioxidant. Previous reports have in-
dicated that treatment with antioxidant compounds such as 
melatonin receptor agonist has a sleep-promoting effect and 
are therefore useful in preventing damages of sleep depriva-
tion. A reduction in the production and secretion of mela-
tonin leads to systemic changes in metabolic processes, 
such as energy metabolism, especially in the brain. Sleep 
deprivation is one of the damages associated with changes 
in the secretion of melatonin. Melatonin copes with the in-
volvement of a GABAergic system against oxidative stress 
caused by sleep deprivation and plays an important role in 
reducing the pathological effects [2].

The antioxidant substances accumulated in the neural tis-
sue are effective factors in preventing and treating disorders 
caused by oxidative damage. Rosemary extract can also 
have a positive effect on memory. In this study, the benefi-
cial effect of rosemary hydroalcoholic extract on learning 
and memory in terms of obtaining new information, main-
taining, and remembering information stored in newborn 
infants under the influence of sleep deprivation at 21 days 
was confirmed by passive avoidance test and significant dif-
ferences were observed in the experimental groups treated 
with different doses of rosemary compared with the control 
group. More specifically, passive avoidance learning and 
memory indicators increased in the extract group (100 mg/

kg). Although treatment in the period of pregnancy with 
different doses of rosemary extract showed a reduction of 
neuron density in the rosemary extract groups (50 mg/kg 
and 200 mg/kg) compared with the control group.

The research reveals clear morphological evidence of 
dose-dependent (250 mg and 500 mg) antifertility potential 
of rosemary in male albino rats [28]. Therefore, using rose-
mary extract in high doses may also have destructive effects 
on the brain. 

Brain is especially sensitive to oxidative stress due to its 
high content of readily oxidizable fatty acids, high con-
sumption of oxygen, and low levels of antioxidants. The 
increased ROS and also lowered levels of antioxidants are 
associated with the pathogenesis of neurodegenerative dis-
eases such as depression and cognitive impairment. How-
ever, the enhancement of the antioxidant system may be 
effective to combat excessive ROS production. Evidence 
suggests that several natural antioxidants may be effective 
against stress-induced mental health complications [29].

This study aimed to investigate the effect of hydroal-
coholic rosemary extract on learning and memory in the 
offspring of sleep-deprived rats using a passive avoidance 
memory test. In summary, the biochemical and histopatho-
logical data indicated that rosemary extract at a dose of 100 
mg/kg can prevent the deleterious effects of maternal sleep 
deprivation on infants’ brains, including impaired learning 
and avoidant memory in rats. Rosemary is one of the most 
effective compounds with antioxidant properties that digest 
the active species of proxy nitrite nitrogen and is a free radi-
cal digester. Therefore, based on the findings of this study, 
rosemary and its antioxidant property can be used to reduce 
the complications of brain injuries.
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