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Article Type: Background & Objective: The aim of this study was to investigate the effect of saffron extract
Original Article on the embryo development of mice.

Materials & Methods: Pregnant NMRI mice were randomized into control and treatment
groups at 25, 50, and 100 mg/Kg saffron doses. Saffron extract was administered to mice by
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Article History: gavage on days 7-12 of pregnancy. On the 17" day of pregnancy, the embryos were removed
Received from the uterus and their weight and height measured. Moreover, their brain tissue has been
10 Apr 2023 evaluated histologically. Subsequently, the expression of the Foxp2 and Ascll genes in the
Received in revised form | brain tissue was assessed using the real-time PCR method.

14 Jun 2023 Results: All embryos were aborted in mothers that received 100 mg/Kg of saffron. At dose
Accepted 50 mg/Kg, only embryos of a mother reached the end of pregnancy. Embryos treated with 25
18 Jun 2023 mg/Kg saffron were significantly heavier than controls (P<0.05). Furthermore, the tail length
Published online was significantly shorter (P<0.05). Histological findings showed that there was no difference
05 Aug 2023 between the control and treated groups, and the brain tissue was well developed. Foxp2 and

Ascll genes were significantly overexpressed in both the 25 and 50 mg/Kg treatment groups
compared to the control group (P<0.05).

Publisher: Conclusion: The results of this study showed that saffron extract can have significant effects

Fasa University of in low concentrations (25 mg/kg) on the development of the mouse embryos as well as the

Medical Sciences expression of Foxp2 and Ascll genes.
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Introduction
Crocus sativus L. is a flowering plant of the and China. Saffron is mainly used as a spice
Iridaceae family and is commonly referred to as and food color and to a lesser degree as a
saffron. It is a perennial plant which is grown in textile dye or perfume (1). The presence of
several countries of moderate and dry climate three main secondary metabolites give saffron
such as Iran, India, Greece, Spain, Italy, Turkey, therapeutic values; Crocin related to the red color
characteristic, Picrocrocin related to the bitter taste
= Corresponding Author: Ramezani Mina, characteristic, and Safranal (2,6,6-trimethyl-1,
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very useful in the food industry because they
are able to create bright orange to yellow colors.
Transcrustin ester (B-D-gentiobiosyl) is the
most abundant ester with high water solubility
whose solubility is mainly attributed to the
carbohydrate parts. Approximately, 30% of the
dry weight of the spice is composed of Crocin.
Monoterpene aldehyde picrocrocin is responsible
for the bitter taste of saffron. Safranal is a cyclic
terpenic aldehyde produced from picrocrocin.
It is the main component of C. sativus essential
oil, appears to be the primary cause of the
unique smell of saffron, and constitutes about
60% of the volatile compounds of saffron (2).

According to the findings of the available
reports, the toxicity of saffron is relatively low
and completely dependent on the dose (3). In
animal studies, the LD50 for oral consumption of
saffron was determined at 20.7 g/Kg (4). Studies
on the harmful effects of saffron have given
conflicting results. In some studies, it has been
demonstrated that the injection of 1.2-2 g/Kg
saffron may cause nausea, vomiting, diarrhea, and
bleeding (5), whereas in other studies, even up to
4 grams daily for several days showed no toxicity
even in pregnant women (6). However, the above
studies were carried out in Germany and it is
not clear whether common saffron was used or
whether wild saffron native to Germany was
tested. Consumption of over 10 grams of saffron
may cause side effects such as loss of appetite,
insomnia, nausea, vomiting and confusion (5).

Saffron has been shown to have teratogenic
effects and its use can lead to abortion.
Occasionally, this substance is also used to
interrupt an unwanted pregnancy. Reports
indicate that consumption of heavy doses of
saffron can cause miscarriage by stimulating
uterine contractions. Reports also exist on
the harmful effects of saffron on fetal health.
Considering the effects of saffron on different
organs and its common use as a food additive,
its effects need to be carefully considered and
an effective dose should be determined for the
health of the fetus (7). In the present study,
Iranian saffron extract was
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administered orally at doses of 25, 50,
and 100 mg/Kg to pregnant mice, and its
effects on fetal growth and development
were evaluated through macroscopic and
histological assessment. FOXP2 was the first
clearly identified gene related to speech and
language development. The initial discovery
was obtained through the studies of a large
intergenerational family (KE family) with
mainly hereditary speech and language
development disorders (8). Also, mutation
analysis in embryonic brain and manipulation
of Ascll activity in neural stem cell cultures
have shown that Ascl! is indeed required for
normal proliferation of neural progenitors (9).
Considering the important role of these genes
in the development of the fetus and especially
the development of the brain, their expression
was investigated in the saffron-treated mice.

Materials and Methods

A hundred grams of saffron (Sahrakhiz-
Iran) were finely powdered with mortar and
soaked in double distilled water for an hour
to prepare an aqueous extract. Subsequently,
it was homogenized and centrifuged for 10
minutes at 2000 rpm until the particles were
deposited and the supernatant solution was
retained for the experiments. The dose was
calculated based on the weight of dried
saffron used to prepare 1 ml of extract (10).

Animals’ treatment

In this study, 24 NMRI female mice were used
under standard conditions and in accordance
with ethical Principles of Laboratory Animal
Care. In all experiments, 10-week-old female
mice weighing 29-32g were used to ensure
that they were mature. Mice were kept in the
lab for a week before experiments to adjust to
the environment. In this experimental study, to
induce pregnancy, one male mouse was placed
in a cage for every two female mice and they
were examined every morning to observe the
vaginal plaque. The day of plaque observation
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was considered to be day zero of pregnancy.
After confirming pregnancy by observing the
vaginal plaque, the animals were randomly
divided into four groups (n=6) under standard
conditions, including the untreated control group
and three experimental groups. The experimental
groups were administered 25, 50 and 100 mg/
Kg by gavage on days 7 to 12 of pregnancy.

Macroscopic studies

On the 17" day of pregnancy, the mice were
euthanized using 40 mg/Kg of xylazine and
400 mg/Kg of ketamine by the intrapritoneal
injection and the embryos were removed from
the uterus. Crown-rump length (CRL), head
length, tail length and length of fore and hind
limbs were measured by calipers and the weight
of embryos was measured with the digital scale.

Histological studies

After macroscopic study, the brains of the
embryos were separated. Some brains were
fixed in formalin (10%), and some were
frozen in liquid nitrogen. After 48 h of fixation,
brain tissues were sectioned (5 um) using
a microtome and stained by H & E method.
Sections of forebrain, midbrain, hind brain
and cerebellum were prepared and studied by
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the light microscopy (Zeiss, Germany) (11).

Molecular studies

Investigating the effect of saffron extract
on the level of transcription and expression of
Foxp2 and Ascll genes in the embryos whose
mothers were treated with saffron was done
using Real time PCR method. To this end, RNA
extraction of the fetal brain tissue was carried
out using the Total RNA Kit (GeneAll RiboEx,
Korea) in accordance with the manufacturer’s
instructions. Quantitative and qualitative
evaluation of extracted RNA was performed
using spectroscopy (Thermo Scientific™
NanoDrop 2000, USA) and electrophoresis
on 1% agarose gel, respectively. The cDNA
synthesis was carried out with the Yekta Tajhiz
Azma Kit. Finally, the Real time PCR was
performed using the Master Mix 2x SYBR
Green qPCR kit (Yekta Tajhiz Azma, Iran).
The designed primers are listed in Table 1. The
temperature profile includes a denaturation cycle
for 3 minutes at 95°C, 45 amplification cycles
including 5 seconds at 95°C and 30 seconds at
60°C, and finally a melting cycle at 50-99°C. Fold
change calculation was done through the formula
2-28¢t ysing the GAPDH as a reference gene.

Tablel. Sequence of primers used in Real time PCR

Genes Primers Sequences Product length (bp)
Forward GTAATCACCCCAGCCAGTGT
Foxp2 173
Reverse GACTCCATGATAGCCTGCCTT
Forward TCCCCCTTTGATCGTGCTTC
Ascll 130
Reverse CGGCTCCACTCTCCATCTTG
Forward GAAGCTTGTCATCAACGGGA
GAPDH 180
Reverse GAAGGGGCGGAGATGATGAC
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Data Analysis

Data analysis was carried out using the SPSS
v.22 software and the T-test method. The p-value
< 0.05 was considered statistically significant

Results
Macroscopic studies

The mean number of embryos in control
groups was 13, which is within the normal range
(Figure 1A). The control embryos were within the
normal range in terms of weight, and morphology
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(Figure 1D). In mothers treated with 100 mg/
Kg saffron extract, hyperemic and cystic
ovaries, undeveloped embryos and absorbed
embryos were found. Consequently, there were
no embryos available in this group (Figure 1B).
At dose 50 mg/Kg only one mother reached the
end of pregnancy and 6 fetuses were obtained
(Figure 1E). At dose 25 mg/Kg, there were
two pregnant mothers each of which had two
embryos and the remaining embryos were either
absorbed or did not develop (Figure 1C and 1F).

Figurel. Macroscopic investigation of ovaries and embryos in the studied groups (A: ovaries of the control
group, B: hyperemic ovaries and no formation of embryos in the 100 mg/Kg treated group, C: ovaries in the 25

mg/Kg treated group, D: control group, E:50 mg/Kg group and F: 25 mg/Kg group)
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Comparison of developmental parameters

Developmental parameters of embryos
including weight, CRL, length of head, fore and
hind limb and tail in embryos of control group and
group treated with 25 and 50 mg/Kg of saffron
extract were measured and compared (Table 2).
The findings showed that the weight of 25 mg/Kg
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saffron-treated embryos was significantly higher
than that of the control group. At the same time,
the tail length was significantly lower than that
of the control group. Other examined factors
did not reveal any differences between the two
groups. The 50 mg/Kg treated group did not show
any significant difference with the control group.

Table2. The Average of developmental parameters in groups treated with saffron extract and control group

Number of
embryos/
pregnant

mother

CR length
(mm)

Groups

Weight (g)

Control 13.37 092+0.12 21.59+1.44
25 mg/Kg 2 1.06 £0.02*  20.37+0.26
50 mg/Kg 6 0.92 19.56
100 mg/Kg 0 = -

* Analyzed by independent t-test

Histologic studies

Cross-sections of the brain tissue of embryos
treated with 25 and 50 mg/Kg of saffron extract
and embryos in the control group were prepared
and compared. Sections were prepared from the
forebrain, midbrain, hindbrain and cerebellum.
The results indicated that there was no histological
difference in these two groups and that brain
tissue was well formed in both groups (Figure
2). At the same time, the cerebral cortex is well
stratified. The distinct layers, from superficial to

Head Hand
length length
(mm) )

Foot length  Tail length
(mm) (mm)

7.32+0.56 8.17+£1.47 9.08+1.67 11.53+1.08
6.99+0.44 6.96+0.2 8.22+0.11  9.95+0.17*
7.55 7.93 8.92 11.94

deep, include the marginal zone, cortical plate,
subcortical plate, intermediate zone, ventricular
and subventricular zone (SVZ and VZ). The
cortical plaque is continuous, but it shrinks
considerably from the neocortex to the growing
hippocampus and creates a layer of pyramid cells
in these areas. Currently, morphological
differences between the different Cornu Ammonis
1 (CA1), CA2 and CA3 regions are not apparent.
As cells continue to proliferate and differentiate
in the surrounding areas, especially in the
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anterior part, the ventricular system becomes
fainter. The two halves of the thalamus join at

the midline to form the interthalamic junction.
The pituitary gland was clearly differentiated.

Ramezani M, et al.

The adenohypophysis, neurohypophysis, and
the narrow median zone that separates them
were all clearly discernible in H&E-stained
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sections. The pineal gland is well developed.

Figure2. Cross-sections of embryo brain. First row: forebrain, second row: midbrain, third row: hindbrain,
fourth row: cerebellum, left column: control group, middle column: 25 mg/Kg treated group, right column:
50 mg/Kg treated group (1: olfactory lobe, 2: nasal cavity 3: optic vesicle, 4: nasopharyngeal canal, 5: lens, 6:
telencephalon, 7: hippocampus, 8: thalamus, 9: hypothalamus, 10: third ventricle, 11: olfactory lobe, 12: lateral
ventricle, 13: Fourth ventricle, 14: Quadruple ridges, 15: Medulla, 16: Cerebral pons, 17: Cerebellum)
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Molecular studies

Expression of the Foxp2 gene in the brain of
control and treated embryos at doses of 25 and
50 mg/Kg saffron extract was compared. The
findings showed that this gene was significantly
overexpressed in both treatment groups compared
to the control group (Chart 1A). There was no
significant difference in the Foxp2 expression
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between the two treatment groups.
Expression results of Ascl/l gene showed a
significant upregulation of Ascl/l in both
groups treated with saffron extract relative
to the control group. Furthermore, the
highest level of expression was observed
in the 50 mg/Kg group, which was much
higher than the 25 mg/kg group (Chart 1B).

Chart 1. Comparison of Foxp2 (A) and Ascll (B) gene expression in the brain of control and embryos
treated with doses of 25 and 50 mg/Kg of saffron extract and analyzed by independent t-test, (**P<0.01, ***

Discussion

The results of the embryological studies
showed that in the mothers who were treated
with a dose of 100 mg/Kg of saffron, all the
embryos were aborted. At dose 50 mg/kg, only
the fetuses of one mouse reached the end of
pregnancy. The weight of embryos treated at
25 mg/Kg saffron was significantly higher than
control group. In addition, the tail length of the
experimental group embryos was significantly
less than control group. Other parameters
examined showed no difference in both groups.

P<0.001)

The results of the histological examinations
showed that there was no difference in the control
group and the treatment group with the dose of
25 and 50 mg/Kg, and the brain tissue was well
formed. Also, in the molecular studies, it was
shown that Foxp2 and Ascll genes significantly
overexpressed in both the 25 and 50 mg/Kg dose
treatment groups compared to the control group.

In an experimental study, Tavana et al.
investigated the effects of aqueous saffron extract
on in vitro maturation, fertilization and embryo
development of mouse oocytes. Cumulus oocyte

181



http://dx.doi.org/10.18502/jabs.v13i3.13217
https://dor.isc.ac/dor/20.1001.1.22285105.2023.13.3.4.9
http://journal.fums.ac.ir/article-1-2966-en.html

[ Downloaded from journal .fums.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.22285105.2023.13.3.4.9 ]

[ DOI: 10.18502/jabs v13i3.13217 ]

Journal of Advanced
Biomedical Sciences

complexes (COCs) were collected from ovaries of
NMRI female mice aged 6-8 weeks and cultured
in an IVM medium containing 0, 5, 10, 20 and
40 pg/mL aqueous extract of saffron. The results
indicated that maturation was significantly higher
in all groups treated with different concentrations
of aqueous saffron extract than in the control
group. Also, lower concentrations of saffron
aqueous extract (5 and 10 pg/mL) increased
in vitro oocyte fertilization rates and growth
ability compared to the control group (12). In
the present study, it was similarly shown that low
concentrations of saffron extract (25 mg/Kg) had
positive effects on the growth of mouse embryos,
while teratogenic effects of saffron extract
were observed with increasing concentration.

Groszer et al. (2008) reported that motor
learning is reduced in mice heterozygous
for a previously identified mutation in the
KE family (13). Also, Chabout et al. (2016)
stated that these mice produce shorter
sequences of ultrasonic sounds with less
complexity compared to wild type littermates
(14). French et al. (2019) showed that with
homozygous knockout, Foxp2 expression
in the cerebral cortex, striatum, and cerebellum of
mice modulates various aspects of motor behavior
(15). However, Urbanus et al. (2020) showed
that selective gene deletion in any of these brain
regions did not significantly alter the production
of ultrasonic sounds (16). It is interesting
to note that while some studies have indicated
that the selective deletion of FoxpZ2 in the
cerebral cortex of mice does not affect the
development of cortical structures during
embryogenesis (17, 18), mice with Foxp2
knockout have been reported in the cerebral
cortex to show altered social behaviors (17, 19).
Database research indicates that the expression
of FOXPZ2under the influence of saffron has not
yet been studied. Peresent results showed that
both studied concentrations (25 and 50 mg/Kg)
were capable of enhancing the expression of the
FOXP?2 gene relative to the control group that
may indicate the positive role of 25 and 50 mg/
Kg doses of saffron in fetal brain development.
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Proneural genes such as Ascll are known
to enhance cell cycle arrest and neuronal
differentiation when expressed in neural
progenitor cells. The mechanisms through
which proneural genes activate neurogenesis,
particularly the genes that they regulate, are
often unknown. Castro et al. (2011) performed
a genome-wide characterization of Ascll
transcriptional targets in the embryonic brain
and in neural stem cell cultures by analyzing
the location and expression profiles of embryos
overexpressing or mutant for Ascll. A wide
range of molecular and cellular functions
indicate that Ascll directly controls the
specification of neuronal progenitors and the
subsequent stages of neural differentiation and
growth. Ascll also regulates the expression of
a large number of genes involved in cell cycle
progression, including the regulators of the
canonical cell cycle and oncogene transcription
factors. Castro and Vasconcelos (2014) reported
that Ascll expression in a variety of precursors
is restricted along the rostro-caudal axis of the
developing brain and spinal cord (20). In several
gain-of-function studies, the role of Ascll in
the development of neural differentiation and
characteristics in embryos has been supported (21,
22). In addition, Nakada et al. (2004) showed that
the overexpression of Ascl/ in the chick spinal
cord leads to the arrest of progenitors from cell
cycle, migration and subsequent expression of
specific proneural and neuronal markers (23). On
the contrary, the studies of Casarosa et al. (1999)
showed that Ascl/I downregulation in mice leads
to reduced neural progenitors in embryos (24).

In the present study, the effect of two
concentrations of 25 and 50 mg/Kg of saffron
extract on the expression of Ascl/! in the brain
of mice was investigated, and the results showed
that both concentrations significantly increased
the expression of the Ascl/l gene in the brains
of mice embryos compared to the control
group. The 50 mg/Kg concentration was also
demonstrated to be more effective than 25 mg/
Kg in inducing expression of the Ascl/l gene.
These results show that saffron is likely to induce
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growth and development in the fetal brain.

Conclusion

Our results showed different and dose-
dependent effects of saffron in line with other
studies. The concentration of 100 mg/Kg
resulted in no embryo formation. Moreover,
the concentrations of 25 and 50 mg/Kg caused
a decrease in the number of fetuses. In the
histological section, by studying the brain
tissue, it was found that in the treated groups,
similar to the control group, brain development
was done well. Also, the expression of FOXP2
and Ascll genes involved in brain development
was evaluated and the results showed that
both genes significantly increased in both the
25 and 50 mg/Kg treatment groups compared
to the control group. Due to the important
role of the concentration in the observed
effects, it is necessary to determine the effect
of each concentration of saffron extract by
conducting detailed and comprehensive tests.

Acknowledgements
We would like to thank central Tehran

Branch, Islamic Azad University for their
kind laboratory support. This study was done
with a recorded code of ethics (https://ethics.
research.ac.ir/IR.JAU.CTB.REC.1400.074)

Conflict of interest
The authors declare no conflict of interest.

References

1.Cardone L, Castronuovo D, Perniola M, Cicco N,
Candido V. Saffron (Crocus sativus L.) the king of
spices: An overview. Sci Hortic. 2020; 272:109560.
http://dx.doi.org/10.1016/j.scienta.2020.109560

2. Moratalla-Lépez N, Bagur MJ, Lorenzo C, Martinez
-Navarro M, Salinas MR, Alonso GL. Bioactivity and
bioavailability of the major metabolites of Crocus
sativus L. Flower Mol. 2019; 24(15):2827. http://dx.doi.
org/10.3390/molecules24152827

3.Nair SC, Kurumboor S, Hasegawa J. Saffron
chemoprevention in biology and medicine: A Review.
Cancer Biothe Radiopharm. 1995; 10(4):257-64 .https://
doi.org/10.1089/cbr.1995.10.257

Fasa University of
Medical Sciences

Foxp2/Ascll Expression in Saffron-Treated Mice

4.Abdullaev FI. Cancer chemopreventive and
tumoricidal properties of saffron (Crocus sativus
L.). Exp Biol Med. 2002; 227(1):20-5. https://doi.
org/10.1177/153537020222700104
5.Schmidt M, Betti G, Hensel A. Saffron in
phytotherapy: pharmacology and clinical uses. Wien
Med Wochenschr. 2007; 157(13):315-9. https://doi.
org/10.1007/s10354-007-0428-4
6.Melnyk JP, Wang S, Marcone MF. Chemical and
biological properties of the world’s most expensive
spice: Saffron. Food research Inter. 2010; 43(8):1981-
9. https://doi.org/10.1016/j.foodres.2010.07.033
7.Dashti RM, Nahangi H, Oveisi M, Anvari M. The
effect of Saffron decoction consumption on pregnant
Mice and their offspring. SSU_Journals. 2012; 19(6),
831-7.
8.Lai CS, Fisher SE, Hurst JA, Vargha-Khadem F,
Monaco AP. A forkhead-domain gene is mutated in a
severe speech and language disorder. Nature. 2001;
413(6855):519-23. https://doi.org/10.1038/35097076
9.Castro DS, Martynoga B, Parras C, Ramesh V,
Pacary E, Johnston C, et al. A novel function of the
proneural factor Ascll in progenitor proliferation
identified by genome-wide characterization of its
targets. Genes Dev. 2011; 25(9):930-45. https://doi.
org/10.1101%2Fgad.627811 PMCID: PMC3084027
PMID: 21536733
10.Premkumar K, Abraham SK, Santhiya ST, Ramesh
A. Inhibitory effects of aqueous crude extract of Saffron
(Crocus sativus L.) on chemical-induced genotoxicity
in mice. Asia Pac J Clin Nutr. 2003; 12(4). PMID:
14672873
11.Kuse M, Sharma T, Gupta S. A classification
scheme for lymphocyte segmentation in H&E
stained histology images. In: International
conference on pattern recognition: 2010. (pp-
235-43). Springer Berlin Heidelberg. https://doi.
org/10.1007/978-3-642-17711-8 24
12.Tavana S, Eimani H, Azarnia M, Shahverdi A,
Eftekhari-Yazdi P. Effects of saffron (Crocus sativus L.)
aqueous extract on in vitro maturation, fertilization and
embryo development of mouse oocytes. CELL J. 2012;
13(4):259. PMID: 23507933 PMCID: PMC3584475
13.Groszer M, Keays DA, Deacon RM, De Bono JP,
Prasad-Mulcare S, Gaub S, et al. Impaired synaptic
plasticity and motor learning in mice with a point
mutation implicated in human speech deficits. Curr
Biol. 2008; 18(5):354-62. https://doi.org/10.1016/].
cub.2008.01.060 PMID: 18328704 PMCID:
PMC2917768
14.Chabout J, Sarkar A, Patel SR, Radden T, Dunson
DB, Fisher SE, et al. A Foxp2 mutation implicated in
human speech deficits alters sequencing of ultrasonic

183



http://dx.doi.org/10.18502/jabs.v13i3.13217
https://dor.isc.ac/dor/20.1001.1.22285105.2023.13.3.4.9
http://journal.fums.ac.ir/article-1-2966-en.html

[ Downloaded from journal .fums.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.22285105.2023.13.3.4.9 ]

[ DOI: 10.18502/jabs v13i3.13217 ]

Journal of Advanced
Biomedical Sciences

vocalizations in adult male mice. Front Behav
Neurosci. 2016; 10:197. https://doi.org/10.3389/
fnbeh.2016.00197 PMID: 27812326 PMCID:
PMC5071336

15.French CA, Vinueza Veloz MF, Zhou K, Peter
S, Fisher SE, et al. Differential effects of Foxp2
disruption in distinct motor circuits. Mol
Psychiatry. 2019; 24(3):447-62. https://doi.
org/10.1038%2Fs41380-018-0199-x PMCID:
PMC6514880 PMID: 30108312

16.Urbanus BH, Peter S, Fisher SE, De Zeeuw CI.
Region-specific Foxp2 deletions in cortex, striatum
or cerebellum cannot explain vocalization deficits
observed in spontaneous global knockouts. Sci Rep.
2020; 10(1):1-14. https://doi.org/10.1038/s41598-020-
78531-8 PMID: 33303861 PMCID: PMC7730140

17.Co M, Hickey SL, Kulkarni A, Harper M, Konopka
G. Cortical Foxp2 supports behavioral flexibility and
developmental dopamine D1 receptor expression.
Cereb Cortex. 2020; 30(3):1855-70. https://doi.
org/10.1093%2Fcercor%2Fbhz209 PMCID:
PMC7132914 PMID: 31711176

18.Kast RJ, Lanjewar AL, Smith CD, Levitt P. FOXP2
exhibits projection neuron class specific expression,
but is not required for multiple aspects of cortical
histogenesis. Elife. 2019; 17:8:e42012. https://doi.
org/10.7554/elife.42012 PMID: 31099752 PMCID:
PMC6561705

19.Medvedeva VP, Rieger MA, Vieth B, Mombereau

Fasa University of
Medical Sciences

Ramezani M, et al.

C, Ziegenhain C, Ghosh T. Altered social behavior in
mice carrying a cortical Foxp2 deletion. Hum Mol
Genet. 2019; 28(5):701-17. https://doi.org/10.1093/
hmg/ddy372 PMID: 30357341 PMCID: PMC6381386

20.Vasconcelos FF, Castro DS. Transcriptional control
of vertebrate neurogenesis by the proneural factor
Ascll. Front Cell Neurosci. 2014; 8:412. https://doi.
org/10.3389/fncel.2014.00412 PMID: 25520623
PMCID: PMC4251449

21.Farah MH, Olson JM, Sucic HB, Hume RI, Tapscott
SJ, Turner DL. Generation of neurons by transient
expression of neural bHLH proteins in mammalian
cells. development. 2000; 127(4):693-702. https://doi.
org/10.1242/dev.127.4.693 PMID: 10648228

22.Parras CM, Galli R, Britz O, Soares S, Galichet
C, Battiste J. Mashl specifies neurons and
oligodendrocytes in the postnatal brain. EMBO
J. 2004; 23(22):4495-505. https://doi.org/10.1038/
sj.emboj.7600447 PMID: 15496983 PMCID:
PMC526464

23.Nakada Y, Hunsaker TL, Henke RM, Johnson JE.
Distinct domains within Mash1 and Math1 are required
for function in neuronal differentiation versus neuronal
cell-type specification. 2004; 1313-30. https://doi.
org/10.1242/dev.01008 PMID: 14993186

24.Casarosa S, Fode C, Guillemot F. Mashl
regulates neurogenesis in the ventral telencephalon.
Development. 1999; 126(3):525-34. https://doi.
org/10.1242/dev.126.3.525 PMID: 9876181

184



http://dx.doi.org/10.18502/jabs.v13i3.13217
https://dor.isc.ac/dor/20.1001.1.22285105.2023.13.3.4.9
http://journal.fums.ac.ir/article-1-2966-en.html
http://www.tcpdf.org

