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Abstract
Alzheimer’s disease (AD) is a progressive neurodegenerative disturbance leading to memory deficit, cognitive decline, and
behavioral disturbance. Deposition of Amyloid beta plaques, neurofibrillary tangle and mitochondrial impairment are common
neuropathological signs in AD. In this study, the effect of standardized Cyperus rotundus(C. rotundus) extract in three different
doses of 250, 500, and 750 mg/kg on memory, neurogenesis and mitochondrial mass in the beta amyloid rat model was assessed.
For this purpose, 42 male Wistar rats were randomly divided into six groups (n = 7) to evaluate baseline training performance in
Morris water maze test. Amyloid beta (Aβ) was injected in animal hippocampal CA1 bilaterally in four groups. After 21 days, a
decrease was observed in spending time in target quadrant in the first probe trial in Aβ injected groups. Following that, 250, 500,
and 750 mg/kg of C. rotundus extracts were administered to three out of four groups for a period of one month. BrdU
(Bromodeoxyuridine) was intraperitoneally injected in all groups on the last 7 days of treatment. Then, 28 days after the last
BrdU injection, the second probe trial was run, and rats were sacrificed. The neurogenesis and mitochondrial distribution were
detected in hippocampus, by immunohistochemical staining. At last, it was observed thatC. rotundus, almost recovered memory
impairment, in addition to increasing in mitochondrial mass in CA1 and neurogenesis in dentate gyruse in the beta-amyloid rat
model of Alzheimer’s disease.
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Introduction

AD is an age-related neurodegenerative disturbance (Šerý
et al. 2013). The two key neuropathological alterations in
AD consist of extracellular deposition of Aβ known as a se-
nile plaque and intracellular neurofibrillary tangles (NFTs) in
neocortex, hippocampus and other brain regions involved in
cognitive functions (Moreira et al. 2010). NFT is formed from

hyperphosphorlylated tau protein, while Aβ is produced by
proteolysis of amyloid precursor protein (APP) with β and γ-
secretase enzymes (Selkoe 2001). AD causes synaptic dys-
function and loss of neuronal cells in the hippocampus and
entorhinal cortex leading to memory impairment and cogni-
tive disability (Goedert and Spillantini 2006). Adult
neurogenesis constitutively occurs in specific brain regions
in the mammalian brain, including the hippocampal dentate
gyrus and the subventricular zone (Bonfanti and Peretto
2011). Alterations in adult neurogenesis is another hallmark
of different neurodegenerative diseases such as Parkinson’s
disease (PD), Huntington’s disease (HD) and AD (Winner
and Winkler 2015). Therefore, it shows that one of the main
theraputic approaches to AD is the replacement of missed
neuroun and an increase in neurogenesis.

Recent researches have demonstrated that Aβ high depo-
sition is associated with great amount of oxidative products
leading to oxidative stress and mitochondrial disturbance
(Butterfield and Lauderback 2002). In the mitochondrial
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matrix, there are two main proteins of amyloid binding alco-
hol dehydrogenase (ABAD) and cyclophilin D (CypD) to
which Aβ can be attached (Du et al. 2011). Deposition of
Aβ in mitochondria leads to impaired activity of tricarboxylic
acid cycle enzymes and a decrease in cytochrome c oxidase
(COX), an increase in free radical generation, mutation in
mtDNA, and a decrease in ATP production (Mohmmad
Abdul et al. 2006). Consequently, reduction in the mitochon-
drial count in neuronal cell and synaptic terminals leads to
functional disturbance of neuronal cells and death, thereby
explaining the mechanism of neurodegeneration processes
(Hirai et al. 2001). Recent findings in herbal medicines have
indicated a source for new therapeutic approaches for demen-
tia and AD (Mahboubi et al. 2016; Zhang et al. 2016).
Experiments run in this area indicate that some of these herbs
may have neuroprotective and neurogenesis effects on nerve
tissues (Kim et al. 2007).

C. rotundus from Cyperaceae family, is a traditional me-
dicinal herb widely grown in Iraq, Iran, and India.C. rotundus
rhizome has antimalarial, analgesic, sedative, nootropic, and
anti-inflammatory effects, and is effective in diarrhea, dysen-
tery, indigestion and other gastrointestinal problems (Uddin
et al. 2006). Several phytochemical studies into root extracts
of this plant reported the presence of β-sitosterol, cyperene,
cyperol, flavonoids, sesquiterpenoids, ascorbic acid and poly-
phenols (Sonwa and König 2001). Methanolic extract of
C. rotundus rhizome was found to inhibit nitric oxide (NO)
production in RAW 264.7 cells and was observed to exhibit
anti-inflammatory effects (Seo et al. 2001). It was showed that
the high level of flavonoid compounds (Yazdanparast and
Ardestani 2007), particularly total oligomeric flavonoids
(TOFs) of C. rotundus, was associated with different biolog-
ical activities (Kilani-Jaziri et al. 2009). These flavonoids are
commonly found in most of the plants belonging to the group
of polyphenolic compounds (Manach et al. 2004). A number
of studies have demonstrated that the consumption of
flavonoid-rich plant extracts may cause improvement in cog-
nitive performance (Spencer 2008). This major feature seems
to be related with the role of flavonoids in interacting with
intracellular neuronal and glial signaling pathways, affecting
the peripheral and cerebral vascular system, and thereby re-
ducing neuroinflammatory and neurodegenerative pathways.
Flavonoids have a lipophilic nature, showing infusion in the
brain by intracting with specific efflux transporters present in
the blood-brain barrier, thereby enhancing cognitive perfor-
mance and neuroprotective function (Youdim et al. 2004). A
previous work reported that flavonoids increased antioxidant
enzymes, leading to expression of proteins such as brain-
derived neurotrophic factor (BDNF), nerve growth factor
(NGF), transcription factor of cyclic AMP response element
binding protein (CREB), and early growth response protein-1
(ERG-1, or Zif268) related to synaptic plasticity, thereby in-
creasing protective effect on vulnerable neurons, improving

the neuronal function, including neuronal regeneration, and
causing neurogenesis (Dinges 2006; Mann et al. 2007).

It has been recently indicated that administration of total
oligomeric flavonoids isolated from C. rotundus can signifi-
cantly reduce neurological dysfunction in the middle cerebral
artery occlusion (MCAO) of rats (Sunil et al. 2011).

Accordingly, its therapeutic potential on the nervous sys-
tem has caused the authors here to design and assess the ther-
apeutic effects of its rhizome extract on memory impairment,
neurogenesis and mitochondrial mass in the Aβ rat model.

Material and method

Herbal extract preparation

Fresh rhizomes of C. rotundus (10 kg) were collected from
Bahr Al-Najaf, Iraq on February 2016. Plant materials were
identified and confirmed by Dr. Mustafa Ghanadian,
Pharmacognosy Department, Faculty of Pharmacy, Isfahan
University ofMedical Sciences, Iran, according to the voucher
specimen number 2262 deposited there. The plant was dried
under shade and milled into powder using an electrical mill.
After sieving, ethanol was added, mixed, left for two hours at
room temperature. The mixture was poured into a percolator,
and 6 Lethanol was added to cover mixure by approximately
5 cm. After three days, the extract was discharged with no
break at a flow rate of 4 mL/min from bottom tap through
cotton wool for a peroid of one week. The collected extract
was evaporated through a Rotavapor (Büchi-Labortechnik
Gmb, Konstanz, Germany) at 45 °C and 10 mbar. Then, the
extract was suspended in a mixture of water (1000 mL) and
chloroform (500 mL), shaked for 10 min, and then the chlo-
roform and aqoeous parts were separated in a 2-l separating
funnel. The Chloroform portion rich in oil, fat and nonpolar
constiuents was separated. The defatted aqueous portion was
filtered, and concentrated in a Rotavapor under the same con-
ditions mentioned above and stored at 4 °C until use.

Extract standardization

C. rotundus was standaridized through the external
stanardization method based on its Luteolin content.
Luteolin was selected, since it is reported as a neuroprotectant
against different Alzheimer’s pathogenesis. Therefore, it was
selected for high-performance liquid chromatographic
(HPLC) standardization of the extract as one of the compo-
nents responsible for the observed effects. HPLC analysis was
conducted on a 515 Waters HPLC pump, attached to a 2487
UV–Visible detector worked at 350 nm (Waters, Milford,
MA, USA), and operated by theMillennium software to quan-
tify and determine Luteolin. Before analysis, the defatted ex-
tract (187.9 mg) was hydrolysed by 2 N HCL (10 mL) at
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90 °C for 1 h to release Luteolin from its conjugated sugars.
Next, the hydrolyzed portions were extracted by diethyl ether
at three times using a separating funnel. Organic solvent was
air dried, and HPLC solvent A was added at 1 mL. Then, it
was injected in a volume size of 5 μL into a Nova-Pak C18,
3.9 × 150 mm (Waters, Milford, MA, USA) by applying
H3PO4 10 mM in CH3CN:H2O:H3PO4 (54.5: 445: 0.5) as
solvent A and CH3CN:H2O:H3PO4 (345.5:150: 0.5) as sol-
vent B with a stepwise gradient system of 1 mL/min flow rate
in 14-min separation time. This process was begun with A: B
(100:0) hold for 2 min, then 0–100% B for 12 min, with
equilibration of 0%–100% A for 4 min. The flow rate was
1 mL/min at a temperature of 40 °C. Standards within the
range of 2–20 μg/mL were also injected in the same way. A
standard calibration curve was prepared through different con-
centrations of Luteolin (Sigma, USA) as standard material for
quantitative analysis. The corelation between the concentra-
tion and the peak-area of standard was measured using the
minimum square method (R2 value).

Animals

A total of 42maleWistar rats (230–250 g) were obtained from
Isfahan University of Medical Sciences and maintained in a
12-h light–dark cycle with food and water available ad
libitum. The Ethics Committee for Animal Experiments
(393,476, revised 1985) at Isfahan University of Medical
Sciences approved the study, in accordance with the interna-
tional guiding principles for the biomedical research involving
animals. One week after adaptation to the environment, all
animals were randomly divided into six groups (n = 7) for
baseline training performance measurement in the MWM test,
after which the animals were grouped as control, without any
surgery and treatment, receiving ip injections of BrdU 50 mg/
kg twice a day for 7 days; sham, the operated rats received

5 μL normal saline into hippocampal CA1 bilaterally under
operation, receiving 1 mL distilled water orally for 30 days
after surgery and injections of BrdU during the last 7 days in
addition to the distilled water consumption; AD, received
5 μg/μL Aβ1–42 into CA1 bilaterally, and 1 mL distilled
water orally for 30 days after surgery and injections of BrdU
during the last 7 days in addition to the distilled water con-
sumption; treatments (250, 500,750 mg/kg), which received
5 μg/μLAβ1–42 into CA1 bilaterally, and oral administration
of the C. rotundus extract in three different doses of 250, 500,
750 mg/kg for 30 days after surgery and injections of BrdU
during the last 7 days of the C. rotundus treatment. The
Schematic experimental timeline during the course of study
was repersented in (Fig. 1).

Morris water maze (MWM) test

Spatial learning and memory were evaluated through the
MWM test modified for rats. MWM test was performed in a
circular tank (diameter, 183 cm; height, 60 cm) filled with
water (24 °C). This tank was divided into four quadrants of
North West (NW), North East (NE), South West (SW), and
South East (SE), which provided four alternative start posi-
tions as zone 1, zone 2, zone 3, and zone 4. A platform
(12.5 cm in diameter and 38 cm high) was submerged 2 cm
below the water surface in the SE quadrant (target quadrant) in
the same position of every trial. A video camera was fixed at
1.4 m above the center of the water tank, and all swimming
trials were recorded. The rats were trained for four times per
day (with an inter trial interval of 5 min) for four days. At each
trial, the rats were placed into the water in a different quadrant,
allowed to find the platform in 60 s. All the rats were then
allowed to stay on the platform for 30 s for training, before
returning to the cage. In cases where rats failed to find the
platform in the set time, they were guided again to the

Fig. 1 Schematic representation
of the experimental timeline
during the course of study
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platform and allowed to stay there for 30 s. The rats’ behaviors
were recorded by a computerized video tracking system mea-
suring the time latency to find the platform. After completion
of this phase, the rats were gently dried and returned to their
home cages until the initiation of the retention phase (probe
trials) on the test days. In probe trial sessions, the platformwas
removed, and the rats were allowed to swim freely for 60 s
looking for the platform. In this test, the time to find the plat-
form and the average time that the rats spent on the target
quadrant for searching the platform were indexed to evaluate
learning and memory.

Stereotaxic surgery

Rat amyloid β-protein Aβ1–42 (Sigma, St. Louis, MO, USA)
was dissolved in sterile normal saline (1 μg/μL). The solution
was incubated at 37 °C for one week before use. The rats were
anesthetized with chloral hydrate (350 mg/kg). After anesthe-
sia, the animal’s head was fixed in a stereotaxic instrument
(Stoelting, Kiel, WI). The scalp was incised in the midline,
and the related area was cleaned to exposed to bregma, lambda
and sagittal sutures. Small holes were drilled into the skull
above the injection sites. The Aβwas injected through micro-
injection at 5 μg/5 μL and delivered slowly at a rate of 1 μL
/min in hippocampal CA1 region bilaterally (AP = −3.36 mm,
ML = ±1.6 mm from the bregma and DV= 3.2 mm from top
of the skull) according to Paxinos and Watson Atlas (George
and Charles 2007). After injection, the needle was kept in a
place for 5 min to allow complete diffusion. In the sham
group, normal saline was injected into CA1. After surgery,
the animals were placed in heated chambers, and allowed to
recover for 5–7 days. Histological assessment was conducted
to establish the correct injected area. Twenty-one days after
surgery, the first probe trial of MWM test was conducted to
find memory impairment in Aβ injected groups.

Congored staining

After the first probe trial, one rat from each group was
transcardially perfused (subject to deep anesthesia with chlo-
ral hydrate, 350 mg/kg) with 100 mL saline solution, followed
by 4% paraformaldehyde in 0.1 M phosphate buffer saline
(pH 7.4). After perfusion, the brain tissue was removed and
post-fixed in the same fixative solution for one day at 4 °C.
The hippocampus was separated, histological processing was
conducted, and paraffin-embedded tissue sections were cut
into 5 μm thick coronal serials sections and mounted on slides
for hydration in water (2 min), staining in Congored solution
(0.5% in 50% ethanol) for 45 min, rinsing in distilled water,
rapid differentiation (8 s) in KOH solution, rinsing in tap water
(2–3 s), and counterstaining with hematoxylin Harris.
Through this protocol, Aβ plaques were stained in red, and
the nuclei were stained in blue (Esfandiary et al. 2014).

C. rotundus treatment

After the first probe trial, C. rotundus was dissolved in dis-
tilled water and then it was administered through a gastric tube
at 250, 500, and 750 mg/kg doses in treatment groups for
30 days. The sham and AD groups received distilled water
in the same period.

Administrating Bromodeoxyuridine

The 5-bromo-20-deoxyuridine (BrdU, Sigma) was dissolved
at 10 mg/mL in NaCl. All the animals received ip injections of
50 mg/ kg twice day during the last 7 days of gavages. To
assess adult neurogenesis, on day 28 after the last BrdU injec-
tion, the rats’ behaviors were tested after which they were
sacrificed (Esfandiary et al. 2014).

Immunofluorescence staining for neurogenesis

After the second probe trial, hippocampus was separated,
processed and blocked for histological studies. Two series
of coronal serial sections (4 μm thickness) with 480-μm
intervals were obtained from the entire hippocampus. The
first series were considered for MitoTracker Green FM
staining and the second for BrdU and NeuN staining.
After deparaffinization and rehydration of the sections,
they were rinsed Tris-buffered saline (TBS). For DNA
denaturation, the sections were incubated in 2XSSC form-
amide for 2 h at 60 °C. They were then rinsed with
2XSSC 10 min, incubated with H2O2 and methanol for
20 min, incubated in 2 N HCl for 30 min, rinsed for
10 min in 0.1 M boric acid, pH 8.5, and rinsed in TBS.
Then, the sections were incubated in TBS 3% goat serum
and 0.3% Triton X (TBS++) for 30 min. They were then
incubated overnight at 4 °C temperature for double label-
ing in a mixture of primary antibodies, including mouse
anti-NeuN (United Kingdom) catalog No. MAB377
[2:200], and rat anti-BrdU (USA) catalog No. OBT0030
[3:100]. On the next day, after rinsing with TBS, the sec-
tions were incubated in a mixture of secondary antibodies,
including Alexa Fluor 568 goat anti-rat (catalog No. A-
11077 (red; 2:150)) and goat anti mouse Alexa Fluor 488
(catalog No. A-11001 (green; 2:150)) in a humid and dark
chamber at room temperature for 1 h and rinsed with
TBS, and nuclear counterstaining was carried out with
4′,6′-diamidino-2-phenylindole dihydrochloride hydrate
(DAPI) (Sigma) for 3 min. All the antibodies were dis-
solved in TBS++. The sections were observed through a
f luo re s cence mic ro scope , and then they we re
photographed digitally (Zeiss, Axiophot, Germany)
(Esfandiary et al. 2014).

Metab Brain Dis (2020) 35:451–461454



MitoTracker green FM staining

To prepare a stock solution of MitoTracker, each lyophilized
Mito Tracker vial (50 μg, Invitrogen) was dissolved in
74.4 μL high quality of anhydrous dimethylsulfoxide
(DMSO). For staining, 1 μL of stock solution was dissolved
in 3000 μL phosphate buffer saline (PBS). After
deparaffinization and rehydration, the sections were rinsed
with PBS then incubated in MitoTracker Green FM solution
in a humid and dark chamber at room temperature for 30 min
and then rinsed with PBS (de la Monte et al. 2000). For nu-
clear counterstaining, the sections were incubated with DAPI
for 4 min, then they were observed through a fluorescence
microscope and photographed digitally.

Statistical analysis

All the data were expressed as mean ± SEM and analyzed in
the SPSS 23 software. The one way ANOVA post hoc LSD
and Kruskal-Wallis tests were conducted to have a one way
comparison. To observe frequencies in alternative times, the
repeated measures and generalized linear models (GLM) tests
were performed.

Result

Herbal extract standardization

Ethanolic extract of dried C. rotundus (2.5 kg) was prepared
through the percolation method (180.3 g). After defatting and
separation of apolar content,the aqoeus part of the ethanolic
extract (130.4 g) was selected for this study through liquid
liquid partitioning between chloroform and water. The corre-
lation between concentration and peak area was determined
through calibration curve of standard material (2, 4, 6, 8, 10
and 20 μg/mL). The regression equation of calibration curve
was y = 17,096x + 8177.9, where x was the concentration of
total luteoin in the defatted extract (μg/mL) with the correla-
tion co-factor (R2) of 0.9943. Dried defatted extract was
standarized to have 62.82 ± 3.81 μg luteolin per gram (Fig. 2).

Congored staining

Twenty one days after injection of Aβ, the plaques were de-
tected through Congored staining in hippocampus, especially
in CA1 (Fig. 3).

Fig. 2 HPLC chromatograms (a)
Luteolin standard, b C. rotundus
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The impact of C. rotundus extraxt on memory

The results of statistical analyses, repeated measures and
generalized linear models (GLM) indicated that there was
no significant difference in the mean time latency to find
hidden platform in all groups in 1–4 days spatial acquisi-
tion before Aβ injection (p = 0.81). Significant differences
were observed in escape latency within days 1 and 4, in
all the groups (p < 0.001), demonstrating that the learning
performance in all the groups had improved significantly
(Fig. 4).

The analysis of Kruskal-Wallis test in prob1 indicated a
significant difference among the 6 groups (p = 0.03) as: con-
trol with AD and treatment groups individually (p < 0.05), and
sham with AD and treatment groups individually(p < 0.05).
There were no significant differences in the mean percentages
of time spent on target quadrant between control and sham

groups (p = 0.7). To assess the fluctuation of the second probe
trial, the ANOVA test revealed no statistically significant dif-
ference among the six groups (p = 0.34). This occured when
the treatment 500 mg/kg group revealed a none significant
increase in (p < 0.05) in comparison with the AD group
(Fig. 5).

The impact of C. rotundus extract on adult
neurogenesis

The differentiation of a new neuronal stem cell to neuron in
the subgranolar zone (SGZ) of dentate gyrus through counting
BrdU-positive cells 4 weeks after the last injection by double
staining for BrdU and the neuronspecific marker NeuN was
important (Fig. 6). To assess BrdU and BrdU/NeuN positive
cells, Kruskal-Wallis test was conducted, indicating the
existance of a statistically significant difference among the

Fig. 3 Congored staining. a: Control group (x = 100) where, D is dentate gyrus, b: AD group Aβ plaque shown with an arrow in CA1(x = 100) and c:
AD group (x = 400)

Fig. 4 Spatial learning in the MWM test in six groups in four training days before surgery
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six groups in BrdU (p = 0.03). As to BrdU positive cells, this
difference existed between the treatment 500 mg/kg group
with both AD and treatment 250 mg/kg groups (p < 0.05) as
well as between the control group with the AD group
(p < 0.05). Furthermore, the Kruskal-Wallis test was per-
formed, demonstrating the existance of a statistically signifi-
cant difference among the six groups in BrdU/NeuN (p =
0.02). As to BrdU/NeuN, this difference existed between the
treatment 500 mg/kg group with both AD and treatment
250 mg/kg groups (p < 0.05) as well as between the control
with both AD and treatment 250mg/kg groups (p < 0.05) (Fig.
6).

The impact of C. rotundus extract on mitochondria

In this staining, the mitochondria was shown in green dots,
and the nuclei in blue. Quantitiy of mitochondrial mass was
assess with image J (Analysis particles) software and Kruskal-
Wallis test. This mitochondrial mass in control and treatment
500 mg/kg groups was more than that in other groups. There
was a significant difference in (p < 0.1) between AD group
with control and treatment 500 mg/kg groups. In the AD
group, mitochondrial mass was less than that in other groups.
Mitochondrial mass in treatment 250 and 750 mg/kg groups
was not more than that in other groups (Fig. 7).

Disscusion

AD is the most current form of dementia characterized by
memory impairment, behavioral deficit, progressive neurode-
generation, and mitochondrial damage in the brain (Reddy
and Beal 2008). The most significant therapeutic agents pro-
posed for AD consist of acetylcholinesterase inhibitors, which
are palliative and temporary effective treatments, and cannot
prevent the progressive process of this disease; these drugs are
approved by the Federal Drug Administration (FDA) for AD
treatment (Anekonda and Reddy 2005). The herbal medicines
with anti-inflammatory, anti-oxidant, and anti-amyloid prop-
erties, and almost no side effects have been studied in recent
decades for AD treatment (Kim et al. 2007). In this study, in
the HPLC analysis, the concentration of flavonoids, especially
Luteolin was more than other components in this extract. In
previous studies, the neuroprotective effects of Luteolin on
AD were considered to ehance acetylcholine, and its revers-
ible effects on oxidative injuries in Aβ rats’ model were in-
vestigated (Yu et al. 2015). Here, the enhancing effects of the
selected doses on memory impairment, neurogenesis and mi-
tochondrial distribution in rat Alzheimer’s model induced by
Aβ injection in CA1 were analyzed. Here, Aβ plaques accu-
mulate in extracellular regions in synaptic spaces, 18–21 days
after injection of this substance in CA1. According to some

Fig. 5 The probe trials 1 and 2 in the experimental groups (prob 1
showing the average time rats spent on the target quadrant 21 days after
Aβ injection, showed gray bars, * significant difference with the control
group(p < 0.05), # significant difference with the sham group (p < 0.05)),

(prob 2 showing the average time rats spent on the target quadrant after
C. rotundus treatment, showed white bar, the treatment 500 mg/kg group
revealed a none significant increase in (p < 0.05) in comparison with the
AD group)
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studies, microglia and astrocyte usually gather to clear these
plaques. In this context, the findings here correspond to these
studies (Kitazawa et al. 2004). Here, in the first probe trial, it
was revealed that there existed a significant decrease in spend-
ing time on target quadrant, between AD, and control and sham
groups. The findings above indicated interesting correspon-
dence in the time needed to detect the plaque in CA1 and
memory impairment appearance (21 days). In the secound
probe trial, there was no significant increase in the treatment
500mg/kg group. The 250 and 750 doses of this extract slightly
increased spending time on target quadrant. Here, BrdU and
Neu N positive cells were increased significantly after 28 days
of BrdU injection in the treatment 500 mg/kg group. Double
staining with BrdU and NeuN confirmed that the increase in
BrdU- and NeuN-coexpressing cells might be basicaly owing
to an increase in neurogenesis not in gliogenesis. The adult
neurogenesis was associated with spatial learning and memory
performance improvement (Kee et al. 2007; Clelland et al.
2009; Garthe et al. 2009). Flavonoids through interactions with
some specific signalling pathways and increase in
neurotrophins like BDNF lead to an increase in neurogenesis
and neuronal plasticity (Lim et al. 2003). In the present study, it
was suggested that C. rotundus extract might be through en-
hancing the expression of different neurotrophic factors such as

BDNF and NGF, causing an incerase in neurogenesis. These
functions lead to cognitive performance enhancement in neuro-
cognitive disorders (Spencer et al. 2009). Mitochondrial mass
in the immunohistochemical staining of CA1 was increased in
the treatment 500 mg/kg group and similar to that in the control
group. In the AD group, mitochondrial mass was sparsely
scattered, since Aβ degenerated mitochondria, and consequent-
ly the neuronal cells. In the early stage of AD, mitochondria
were degenerated, therefore, they cannot move toward the
nerve terminals and produce the necessary ATP for communi-
cation with other neurons (Reddy and Beal 2005).

A recent study reveals that aging and neurodegenerative
diseases, including AD, may be induced by impaired mito-
chondrial function resulting from oxygen free-radical damage
and aggregation of mitochondrial (Mt) DNA mutations
(Reddy 2009). Therefore, increased MtDNA damage results
in reduced mitochondrial mass (MitoTracker Green labeling)
and MtDNA content (de la Monte et al. 2000). In the previous
study, it was showed that C. rotundus extract had antioxidant
and free radical scavenging effects; therefore, in this study, it
was supposed that C. rotundus extract through antioxidant
effect caused to improve mitochondrial mass in AD.
Mitochondrial mass in treatment 250 and 750 mg/kg groups
was lower than that in the treatment 500 mg/kg group. High

Fig. 6 Double staining for BrdU (red), Neu N (green) and DAPI (blue) in
dentate gyrus 28 days after the last BrdU injection(x = 200).
Quantification of BrdU and BrdU/NeuN positive cells in dentat gyrus.

* significant difference with treatment 500 mg/kg group (p < 0.05), #
significant difference with control group (p < 0.05)
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dose of C. rotundus might have toxic components inhibiting
the curative effects of this extract. There exist very few studies
on C. rotundus.

In the previous study, other effects of C. rotundus total
extract on learning and memory and antioxidant plasma level
in rat Alzheimer’s model induced by nucleus basalis of
Meynert lesioned were measured (Rabiei et al. 2013). The
results of this study reveal that C. rotundus ethanolic extract
could prevent the behavioural disorders induced by NBM le-
sion in rats (Rabiei et al. 2013). This study was different from
the type of model and investigated factors in our study.
Therefore, in our study, the method of extraction, the type of
model and the factors studied, according to the model, have
sufficient innovation. In another study, neuroprotective prop-
erties of total flavenoids of C. rotundus (TOFs) in a model of
cerebral ischemia and reperfusion were investigated (Sunil
et al. 2011). In this experimantal study, TOFs in rats were
found to be characterized by decreased glutamate, glutamine
synthetase (GS) and increased Na+ K+ ATPase activity in a
dose-dependent manner and significantly led to reducing the
neurological deficits and reversing the anxiogenic behavior.

However, it was found to significantly decrease MDA, and
increase superoxide dismutase (SOD) and glutathione content
in rats’ brains (Sunil et al. 2011). This investigation compared
to our present study was different in experimental design re-
garding type of extract, which was only total flavenoid, AD
model, and factores studied.

Mehdizadeh et al. showed the useful effects of
C. rotundus extract (400 mg/kg, intraperitoneally) on
memory impairment of Aβ rats model in Morris water-
maze tasks (Mehdizadeh et al. 2017). These findings were
partly conformed with our investigation in the present
study. The effects of C. rotundus are assessed for its phe-
nolic and flavonoid components due to antioxidant, neuro-
protective, neurogenesis, enhancment of neuronal function,
stimulation of neuronal regeneration and increase the num-
ber of mitochondria (Spencer 2010).

In colclusion, it was observed that C. rotundus, almost
recovered spatial memory impairment, in addition to an in-
crease in mitochondrial distribution in CA1 and an increase in
nerogenesis in SGZ of dentate gyrus of the rats subject to dose
of 500 mg/kg.

Fig. 7 MitoTracker Green FM staining (x = 200). Quantification of mitochondrial mass, * significant difference in (p < 0.1) with control group and #
significant difference in (p < 0.1) with treatment 500 mg/kg group
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The limitation of our study was chronic toxicity observed
in total extract in a pretest study, which led us to submit the
total extract for solvent solvent partitioning and exclude
cholorofom fraction rich in non-polar compounds responsible
for toxicity from the total extract.
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