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Abstract 
 

Background: Some antidepressant drugs can promote neuronal cell proliferation in 
vitro as well as hippocampal neurogenesis in human and animal models. Further-
more, adipose tissue is an available source of adult stem cells with the ability to differ-
entiate in to multiple lineages. Therefore, human Adipose-Derived Stem Cells (hAD-
SCs) may be a suitable source for regenerative medical applications. Since there is no 
evidence for the effect of Paroxetine as the most commonly prescribed antidepressant 
drug for neurogenic potential of hADSCs, an attempt was made to determine the ef-
fect of Paroxetine on proliferation and neural differentiation of hADSCs. 
 

Methods: ADSCs were isolated from human abdominal fat. These cells differentiated 
to neuron-like cells and were treated with Paroxetine. 3-[4, 5-dimethylthiazol-2-yl]-2, 
5-diphenyl tetrazolium bromide (MTT) assay and immunofluorescence technique 
were used for assessment of cell proliferation and neurogenic differentiation potential 
of induced cells, respectively. 
 

Results: MTT assay analysis showed that Paroxetine significantly increased the prolif-
eration rate of induced hADSCs (p<0.05), while immunofluorescent staining indicated 
that Paroxetine treatment during neurogenic differentiation could enhance the mean 
percentage of Nestin and MAP2 (Microtubule-associated protein-2) positive cells but 
the mean percentage of GFAP (Glial acidic fibrillary protein) positive cells significantly 
decreased relative to control group (p<0.05). 
 

Conclusion: Our results provide evidence that Paroxetine can promote proliferation 
and differentiation rate during neurogenic differentiation of hADSCs. Moreover, Par-
oxetine can reduce gliogenesis of induced hADSCs during neurogenic differentiation. 
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Introduction 

 

Depression is a severe and prevalent mental disease, 
characterized by a constant low mood and loss of all 
interest 1; for example, more than 16% of US adults are 
suffering from Major Depression Disorder (MDD) as 
the most common disease 2. Treatment with antidepres-
sant drugs can be efficacious in the treatment of mild to 
severe depression 1. 

Previous studies demonstrated that antidepressants 
increase neuronal cell proliferation in vitro 3-8 and en-
hance hippocampal neurogenesis in human and animal 
models 5-7. Paroxetine is functionally classified as a 
Selective Serotonin Reuptake Inhibitor (SSRI) 9-12, 
which is used in the treatment of depression 13, general-
ized anxiety disorder 14, obsessive-compulsive disorder 
15, panic 16 and post-traumatic stress disorder 17. 

 
 
 
 
 
This drug potently and selectively inhibits synapto-

somal reuptake of serotonin by binding to the 5-HT (5-
hydroxytryptamine) transporter in the neuronal mem-
brane and blocking reuptake of 5-HT from the synapse 
into the presynaptic nerve terminal. This inhibition 
should result in accumulation of serotonin 18, some 
dopamine reuptake inhibitors, monoamines and other 
neurotransmitter amines in the synaptic cleft and there-
fore facilitation of serotoninergic transmission in the 
central nervous system 19. 

Previous studies have revealed that enhanced sero-
tonin concentration in synaptic cleft may contribute to 
stimulation of morphogenesis in the hippocampus and 
cause to maintain mental balance 20,21. There is some 
evidence that dysfunction in serotonergic activity may 
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be involved in the pathophysiology of depression 22. 
However, increase of neurotransmitter amines in extra-
cellular levels takes place in several weeks or months 
19,23-25. It is well established that depletion of serotonin 
in the brain results in suppression of neurogenesis in 
the adult hippocampal, whereas elevation of  the level 
of monoamines, serotonin and noradrenalin increases 
the rate of neurogenesis 26,27. However, the majority of 
the antidepressant drugs elevate the level of serotonin, 
and therefore, one of their effects could be the increase 
of the neurogenesis rate in hippocampus 26. Some hy-
potheses link depression to the decline of neurogenesis 
in hippocampal and suggest that the increase in the rate 
of neurogenesis plays an important role in the mood-
stabilization effect of the antidepressant drugs 26,28. 

Mesenchymal Stem Cells (MSCs) are prototypical 
adult stem cells with the capacity for self-renewal and 
differentiation with a broad tissue distribution 29, that 
can be isolated from many adult tissues, such as bone 
marrow and most connective tissues of the body 30,31. 
MSCs can differentiate into cells of the mesodermal, 
endodermal and ectodermal lineages, such as adipo-
cytes, osteocytes and chondrocytes, fat, cartilage and 
cardiomyocytes, endothelial cells, lung epithelial cells, 
hepatocytes, neurons, and pancreatic islets 29,32-34. 

MSCs can interact with cells of both the innate and 
adaptive immune systems, also secrete a variety of 
factors that induce tissue repair, stimulate proliferation 
and differentiation of endogenous tissue progenitors 
35,36. Therefore, MSCs are attractive candidates for 
clinical applications in autologous transplantation 37,38, 
and also are effective in the treatment of various de-
generative diseases and tissue damage 29,30.  

Neural tissue has historically been regarded as hav-
ing poor regenerative capacity but recent advances in 
the growing fields of tissue engineering and regenera-
tive medicine have opened new hopes for the treatment 
of nerve injuries and neurodegenerative disorders. Ad-
ipose tissue has been shown to contain a large quantity 
of Adult Stem Cells (ASCs). These cells can be easily 
harvested with low associated morbidity. These cells 
after neural induction express neural markers and show 
neuron-like morphology 39-42. It has been suggested that 
neural like cells can be used for a wide variety of ther-
apeutic applications 43,44.  

On the basis of these findings, it was interesting to 
determine the influence of antidepressant drug, Paroxe-
tine, on the proliferation and differentiation of human 
adipose-derived stem cells into neural lineage. 
 

Materials and Methods 
 

Tissue collection and isolation of human adipose-derived 
stem cells (hADSCs)  

Samples of adipose tissue were obtained from ab-
dominal fat of three patients (age range: 20-45 years) 
during abdominoplasty surgery, after receiving inform-
ed consent. Human ADSCs were isolated as previously 
described 43.  

Briefly, adipose tissues were washed several time 
with sterile phosphate-buffered saline (PBS) to remove 
contaminating debris and red blood cells. Then adipose 
tissue was enzymatically dissociated with 0.075% col-
lagenase I in PBS for 30 min at 37°C. The collagenase 
was neutralized with an equal volume of Dulbecco's 
Modified Eagle Medium (DMEM): F12/10% Fetal 
Bovine Serum (FBS) (Gibco, BRL, Paisley, UK) and 
centrifuged for 10 min at 1200×g. The cellular pellet 
was resuspended in growth medium (DMEM: F12/10% 
FBS and 1% penicillin/streptomycin solution). Cell 
cultures were maintained in T25 flasks for 4-5 days in 
a 37C incubator with 5% CO2 until they become con-
fluent. Then, hADSCs were passaged at the ratio of 
1:3.  

Cell cultures were assessed using bright field and 
phase contrast microscopy (Nikon Eclipse TS100). The 
changes in morphology of isolated stem cell and neu-
rogenic induced cells were analyzed following the Par-
oxetine exposure for 2, 4 and 6 days. All chemicals, 
except where specified otherwise, were purchased from 
Sigma-Aldrich (St. Louis, MO).  
 

Neurogenic differentiation of human ADSCs 
For neural induction, hADSCs passage 3-6 was 

used. HADSCs were plated in low attachment plastic 
tissue culture dishes in culture medium that contained: 
DMEM: F12, 2% B27, supplemented with 20 ng/ml 
basic Fibroblast Growth Factor (bFGF) and 20 ng/ml 
Epidermal Growth Factor (EGF). The media were re-
newed every 2 days up to 6-7 days. 

After replating the neurospheres dissociated cells on 
cover slips in a 24-well plate at a density of 2×104/cm2, 
they were incubated in neurobasal medium(NB) sup-
plemented with 5% FBS, 1% L-glutamine, 1% none 
essential amino acids, 1% N2 supplement and 2% B27 
for 1 week (the growth factors and supplements are all 
from Gibco, BRL, Paisley, UK). Depending on the 
purpose of the experiments, the cells were cultured in 
neural induction medium with or without 1 μM Paroxe-
tine in treated and control groups, respectively for 6 
days.  
 

3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyl tetrazolium bro-
mide (MTT) assay  

For assessment of proliferation rate in Paroxetine 
and control groups, MTT assay was performed 2, 4 and 
6 days after Paroxetine treatment. Differentiated cells 
with PBS were washed; the MTT assay was performed 
as previously described 32. Briefly, 2×10³ cells/well 
were seeded on 96-well plates and grown in the pres-
ence of Paroxetine at 1 μM or absence of Paroxetine. 
100 μl of DMEM and 10 μl of a MTT solution (0.5 mg/ 
ml) were added to each well and incubated for 4 hr. 
The MTT solution was removed from cell cultures and 
100 µl of DMSO (Dimethyl Sulfoxide) was added to 
extract the MTT forma-zan. The absorbance of each 
well was measured by microplate reader (Hiperion 
MPR 4+, Germany) at 540 nm. 
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Immunocytochemistry staining 
The induced cells were fixed in 4% paraformalde-

hyde for 20 min at room temperature and after being 
rinsed twice with PBS, the cells were permeablized 
using PBS containing 2% Triton X-100 at room tem-
perature for 30 min. Primary antibodies diluted in 
blocking solution consistent 10% goat serum and 1 
mg/ml Bovine Serum Albumin (BSA/PBS) for 2 hr at 
37C. Then, the cells were incubated with primary an-
tibodies overnight at 4C. After washing with PBS, the 
cells were incubated with FITC conjugated secondary 
antibodies for 2 hr at 37C. The differentiated cells 
were reacted with antibodies against mouse anti-Nestin 
(1:300, Abcam, Cambridge, MA, USA), mouse anti-
microtubule associated protein2 (MAP2, 1:300, Ab-
cam, Cambridge, MA, USA), mouse anti-glial fibril-
lary acidic protein (GFAP, 1:600, Abcam, Cambridge, 
MA, USA) and anti-mouse FITC-conjugated IgG anti-
body (1:500, Abcam, Cambridge, MA, USA). For qu-
antitative analysis, the cells were incubated with 4, 6-
diamidino-2-phenylindole (DAPI, 1:1000) for 2 min at 
room temperature.  

Preparations were examined using a fluorescence 
microscope (Olympus BX51, Japan). The numbers of 
positive cells to each slid were counted as percentages 
of the total DAPI-stained cell population. For quantita-
tive assessment of cell differentiation in control and 
Paroxetine treated cells, the relative numbers of cells 
expressing different markers like mature neurons 
(MAP2), astrocytes (GFAP), and precursor neuronal 
cells (Nestin) were counted as percentages of the total 
DAPI-stained cell population. ImageJ software was 
used for merging the pictures.  
 

Statistical analysis 
Cell proliferation and neural differentiation data 

were analyzed using one-way ANOVA (SPSS (PASW) 
17Inc, Chicago, IL). All the data were shown as means 
±Standard Error of Mean (SEM). Experiments with 
two groups were subjected to a one-way ANOVA and 
p<0.05 was taken as significant and p<0.001 was taken 
as highly significant to indicate levels of statistical sig-
nificance. 
 

Results 
 

Morphologic changes of hADSCs following neurogenic 
differentiation 

In the present study, the isolated stem cells were 
characterized early during primary culture by a slightly 
heterogeneous morphology. It was noted that hADSCs 
were stretched with spindle-like shape fibroblastic 
morphology after two or three passages (Figure 1A). 

Few cells adhered to the surface of flasks. A lot of 
small spheres of floating cells appeared after 7 days in 
pre induction medium (neurospheres), more than 90% 
of hADSCs converted into neurospheres (Figure 1B). 

Six days after treatment with Paroxetine, a lot of 
singled neurosphere cells would gain contracted cell 
bodies, and the cell processes would grow much longer 

in control group (Figure 1C) and some bipolar, spindle-
like cells began to appear 10 days after treatment and 
almost all cells were bi- or multi-polar (Figure 1D). 
 

Proliferation rate of induced hADSCs 
As shown in figure 2, as compared with control 

group, exposure to 1 μM Paroxetine did not have a sig-
nificant effect on cell proliferation rate after 2 days, 
while, 1 μM Paroxetine treatment significantly increas-
ed the cell proliferation relative to control group after 4 
and 6 days post induction (p≤0.01).  
 

Immunocytochemical analysis of induced hADSCs 
Neural differentiation was analyzed through the de-

tection of the mean percentage of positive cells of neu-
ral markers (Nestin and MAP2), and GFAP as a marker 
of astrocyte by immunofluorescence technique (Figure 
3). The results in figure 4 indicated that after treatment 
with 1 μM Paroxetine, there was no significant differ-

Figure 1. Phase contrast microscopic morphological changes of 
hADSCs following differentiation with 1 μM Paroxetine in vitro. A) 
Undifferentiated ADSC. B) After 6-7 days of culture in pre induction 
medium, the cells exhibited sphere shape; C) In control group, the 
induced cells with 1 μM Paroxetine formed contracted cell bodies 
with long cytoplasmic processes 10 days post induction, (D) In the 
treated group, the cell bodies became bipolar and multipolar 10 days 
post induction. Scale bar=20 µm 

Figure 2. Determination of the mean of Optical Density (OD) for 
treatment with 1 μM Paroxetine in assessing the proliferation rate at 
2, 4 and 6 days after induction. Compared with control group, expo-
sure to 1 μM Paroxetine resulted in a significant increase of cell pro-
liferation after 4 and 6 days (**p≤0.01,***p≤0.001). 
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ence between induced cells and control groups for per-
centage of MAP2 positive cells. 

Furthermore, after treatment with Paroxetine, the 
mean percentage of GFAP positive cells significantly 
decreased in Paroxetine treated group (p<0.01), relative 
to the control group, while analysis indicated that the 
mean percentage of Nestin positive cells significantly 
increased in the treated group in comparison to control 
group (p<0.01). 

Quantification of immunostaining indicated that 
26±7/1% of treated cells were positive for Nestin, 
which was significantly different from control group 
(10±3.7%).  Immunostaining analysis showed that the 
mean percentage of GFAP positive cells was 7±1.1% 
in Paroxetine treated group as compared to control 
group (32±18%), which demonstrated that the mean 
percentage of GFAP positive cells significantly de-
creased in the treated group. Finally, the mean percent-
age of MAP2 positive cells was 62±10% that increased 
in Paroxetine treated group in comparison with control 
group (38±31) (Figure 4). 
 

Discussion 
 

New neurons continue to be born in the adult mam-
mal's brain. This type of adult neurogenesis is mainly 

restricted to the hippocampus and the olfactory bulb 45. 
These cells may contribute to tissue repair in some 
neurological diseases and screen the candidate agents 
for neurogenesis in neurodegenerative diseases 46. 

SSRIA antidepressant, Paroxetine, increases differ-
entiation and promotes neuronal proliferation of hippo-
campal progenitor cells both in vivo and in vitro 47-49. 
Another study showed that antidepressant drug in-
creased cell proliferation and enhanced differentiation 
in neural precursors derived from human Embryonic 
Stem Cells (hESCs) 50. In addition, there is strong evi-
dence that in animals, stress reduces the atrophic prop-
erties and neurogenesis of neurons in the adult hippo-
campus 51,52. In contrast, long-lasting antidepressant 
treatment prevents and/or reverses these effects, both in 
humans and animal models 53-55. 

Stem cells in hippocampus are few but adipose tis-
sue represents an abundant, accessible and multipotent 
source of adult stem cells with treatment potential for 
neurodegenerative disorders via stem cell transplanta-
tion. Therefore, these cells can be appropriate candi-
dates for treatment of neurodegenerative disorder. 

Lau et al indicated that cell proliferation in the hip-
pocampus may be involved in reproductive potential of 
male rodents, and Paroxetine treatment may affect sex-
ual functioning through increased neurogenesis 56. 

The direct effect of Paroxetine on the neurogenesis 
of Neural Stem Cells (NSCs) indicated that Paroxetine 
can promote the proliferation and differentiation of 
NSCs into neurons other than glial cells 48. 

In the present study, for assessment of the effect of 
Paroxetine on proliferation rate and potential of neuro-
genic differentiation of ADSCs, 5 μM of Paroxetine 
was used according to Peng et al, but in 5 μM Paroxe-
tine treatment, all of treated cells were dead. Then, 
lower doses of 2 μM concentration were used, but 
again all of treated cells were dead. Finally, in 1 μM of 

Figure 3. Immunocytochemical staining for specific neural markers in 
neurogenic differentiated cells (Nestin and MAP2), and GFAP as a 
marker of astrocyte treated with 1 μM Paroxetine, A) and control 
group B). In each experiment, the nuclei were counterstained with 
DAPI. Scale bar=100 µm. 

Figure 4. The mean percentage of immunoreaction of positive cells 
for Nestin, MAP2 and GFAP in treatment with 1 μM Paroxetine com-
pared with control group. The mean percentage of MAP2-positive 
cells increased in the Paroxetine treated group as compared to control 
group, while the mean percentage of Nestin-positive cells significant-
ly increased in the Paroxetine treated group as compared to control 
group (**p≤0.01), but the mean percentage of GFAP positive cells in 
the treated group significantly decreased relative to control group 
(**p≤0.01). 
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concentration of Paroxetine, no toxic effect on treated 
cell cultures was found. 

Also, our previous study  showed that sertraline as 
an antidepressant can enhance proliferation rate during 
neurogenic differentiation of hADSCs 57. Our result is 
consistent with findings of Peng et al which demon-
strated that Paroxetine can increase proliferation and 
differentiation of hippocampus-derived neural stem 
cell as compared to control group. However, they 
showed that high concentrations of Paroxetine (20 μM 
and 50 μM) inhibit the proliferation of NSCs.  

Verdi et al in 2014 described that citalopram can in-
crease the neuronal-like cell differentiation and prolif-
eration of bone marrow mesenchymal stem cells 58. 

Recent studies showed that other antidepressants, 
such as, imipramine, venlafaxine (1 μM) 4, fluoxetine 
(1 μM) 4,25,59 and sertraline (1-5 μM) 60 increased the 
proliferation rate of NSCs with different sources. 

Previous studies demonstrated that above antide-
pressant drugs can induce positive effect on prolifera-
tion and neurogenic differentiation 4,25,48,59,60, although 
there are dissimilarities in cell lines, duration of treat-
ment, concentration and type of antidepressant drugs.  

Previous studies demonstrated that increase of the 
expression of Brain Drive Neurotrophic Factors 
(BDNF) at mild concentration by Paroxetine could 
play a role for the proliferation and differentiation into 
neurons 47-49.  
 

Conclusion 
 

In conclusion, our results suggest that Paroxetine 
can induce proliferation and differentiation of hADSCs 
during neurogenic differentiation. Moreover, the mo-
lecular mechanism of Paroxetine on hADSCs prolifera-
tion and differentiation is not well understood. There-
fore, it is essential that the researches evaluate the ef-
fective factors and mechanisms which are involved in 
Paroxetine function. 

 
Acknowledgement 

 

This study was supported by Isfahan University of 
Medical Sciences.     
 

References 
 

1. Magni LR, Purgato M, Gastaldon C, Papola D, Furukawa 
TA, Cipriani A, et al. Fluoxetine compared with other 
antidepressants for depression in adults. Cochrane Data-
base Syst Rev 2013;(7):CD004185. 

 

2. Gartlehner G, Hansen RA, Thieda P, DeVeaugh-Geiss 
AM, Gaynes BN, Krebs EE, et al. Comparative effective-
ness of second-generation antidepressants in the pharma-
cologic treatment of adult depression [Internet]. AHRQ 
Comparative Effectiveness Reviews. Rockville (MD): 
Agency for Healthcare Research and Quality (US); 2007. 
Report No.: 07-EHC007-EF. 

 

3. Chang EA, Beyhan Z, Yoo MS, Siripattarapravat K, Ko 
T, Lookingland KJ, et al. Increased cellular turnover in 
response to fluoxetine in neuronal precursors derived 

from human embryonic stem cells. Int J Dev Biol 2010; 
54(4):707-715. 

 

4. Cabras S, Saba F, Reali C, Scorciapino ML, Sirigu A, 
Talani G, et al. Antidepressant imipramine induces human 
astrocytes to differentiate into cells with neuronal pheno-
type. Int J Neuropsychopharmacol 2010;13(5):603-615. 

 

5. Duman RS. Role of neurotrophic factors in the etiology 
and treatment of mood disorders. Neuromolecular Med 
2004;5(1):11-25. 

 

6. Wang JW, David DJ, Monckton JE, Battaglia F, Hen R. 
Chronic fluoxetine stimulates maturation and synaptic 
plasticity of adult-born hippocampal granule cells. J Neu-
rosci 2008;28(6):1374-1384. 

 

7. Boldrini M, Underwood MD, Hen R, Rosoklija GB, D-
work AJ, John Mann J, et al. Antidepressants increase 
neural progenitor cells in the human hippocampus. Neu-
ropsychopharmacology 2009;34(11):2376-2389. 

 

8. Chen SJ, Kao CL, Chang YL, Yen CJ, Shui JW, Chien CS, 
et al. Antidepressant administration modulates neural stem 
cell survival and serotoninergic differentiation through 
bcl-2. Curr Neurovasc Res 2007;4(1):19-29. 

 

9. Fava M, Judge R, Hoog SL, Nilsson ME, Koke SC. Fluo-
xetine versus sertraline and paroxetine in major depres-
sive disorder: changes in weight with long-term treat-
ment. J Clin Psychiatry 2000;61(11):863-867. 

 

10. Lépine JP, Caillard V, Bisserbe JC, Troy S, Hotton JM, 
Boyer P. A randomized, placebo-controlled trial of ser-
traline for prophylactic treatment of highly recurrent 
major depressive disorder. Am J Psychiatry 2004;161(5): 
836-842. 

 

11. Schneider LS, Nelson JC, Clary CM, Newhouse P, 
Krishnan KR, Shiovitz T, et al. An 8-week multicenter, 
parallel-group, double-blind, placebo-controlled study of 
sertraline in elderly outpatients with major depression. 
Am J Psychiatry 2003;160(7):1277-1285. 

 

12. Swenson JR, O'Connor CM, Barton D, Van Zyl LT, 
Swedberg K, Forman LM, et al. Influence of depression 
and effect of treatment with sertraline on quality of life 
after hospitalization for acute coronary syndrome. Am J 
Cardiol 2003;92(11):1271-1276. 

 

13. Korczak DJ. Use of selective serotonin reuptake inhibitor 
medications for the treatment of child and adolescent 
mental illness. Paediatr Child Health 2013;18(9):1-6. 

 

14. Pisańczuk M, Sapa J. Selective serotonin reuptake inhibi-
tors-medications not only for depression. Med Int Rev 
2013;25(100):112-118. 

 

15. Decloedt EH, Stein DJ. Current trends in drug treatment 
of obsessive-compulsive disorder. Neuropsychiatr Dis 
Treat 2010;6:233-242. 
 

16. Lee Park Y, Kim W, Chae JH, Seo Oh K, Frick KD, 
Woo JM. Impairment of work productivity in panic dis-
order patients. J Affect Disord 2014;157:60-65. 
 

17. Alexander W. Pharmacotherapy for post-traumatic stress 
disorder in combat veterans: focus on antidepressants and 
atypical antipsychotic agents. P T 2012;37(1):32-38. 

 

18. Yatham LN, Goldstein JM, Vieta E, Bowden CL, Grunze 
H, Post RM, et al. Atypical antipsychotics in bipolar de-
pression: potential mechanisms of action. J Clin Psychi-
atry 2005;66 Suppl 5:40-48. 

 



Jahromi M, et al 

Avicenna Journal of Medical Biotechnology, Vol. 8, No. 4, October-December 2016 157

19. Dechant KL, Clissold SP. Paroxetine. A review of its 
pharmacodynamic and pharmacokinetic properties, and 
therapeutic potential in depressive illness. Drugs 1991;41 
(2):225-253. 

 

20. Mazer C, Muneyyirci J, Taheny K, Raio N, Borella A, 
Whitaker-Azmitia P. Serotonin depletion during synapto-
genesis leads to decreased synaptic density and learning 
deficits in the adult rat: a possible model of neurodeve-
lopmental disorders with cognitive deficits. Brain Res 
1997;760(1-2):68-73. 

 

21. Jacobs BL, van Praag H, Gage FH. Adult brain neuro-
genesis and psychiatry: a novel theory of depression. Mol 
Psychiatry 2000;5(3):262-269. 

 

22. Elhwuegi AS. Central monoamines and their role in 
major depression. Prog Neuropsychopharmacol Biol Psy-
chiatry 2004;28(3):435-451. 

 

23. Blier P, de Montigny C. Serotonin and drug-induced 
therapeutic responses in major depression, obsessive-
compulsive and panic disorders. Neuropsychopharma-
cology 1999;21(2 Suppl):91S-98S. 

 

24. Wong ML, Licinio J. Research and treatment approaches 
to depression. Nat Rev Neurosci 2001;2(5):343-351. 

 

25. Kusakawa S, Nakamura K, Miyamoto Y, Sanbe A, Torii 
T, Yamauchi J, et al. Fluoxetine promotes gliogenesis 
during neural differentiation in mouse embryonic stem 
cells. J Neurosci Res 2010;88(16):3479-3487. 

 

26. Djavadian RL. Serotonin and neurogenesis in the hippo-
campal dentate gyrus of adult mammals. Acta Neurobiol 
Exp (Wars) 2004;64(2):189-200. 

 

27. Brezun JM, Daszuta A. Depletion in serotonin decreases 
neurogenesis in the dentate gyrus and the subventricular 
zone of adult rats. Neuroscience 1999;89(4):999-1002. 

 

28. Malberg JE, Eisch AJ, Nestler EJ, Duman RS. Chronic 
antidepressant treatment increases neurogenesis in adult 
rat hippocampus. J Neurosci 2000;20(24):9104-9110. 

 

29. Li M, Ikehara S. Bone-marrow-derived mesenchymal 
stem cells for organ repair. Stem Cells Int 2013;2013: 
132642. 

 

30. Augello A, Kurth TB, De Bari C. Mesenchymal stem 
cells: a perspective from in vitro cultures to in vivo mi-
gration and niches. Eur Cell Mater 2010;20:121-133. 

 

31. Zuk PA, Zhu M, Mizuno H, Huang J, Futrell JW, Katz 
AJ, et al. Multilineage cells from human adipose tissue: 
implications for cell-based therapies. Tissue Eng 2001;7 
(2):211-228. 

 

32. Razavi S, Razavi MR, Kheirollahi-Kouhestani M, Mar-
dani M, Mostafavi FS. Co-culture with neurotrophic fac-
tor secreting cells induced from adipose-derived stem 
cells: promotes neurogenic differentiation. Biochem Bio-
phys Res Commun 2013;440(3):381-387. 

 

33. James AW. Review of Signaling Pathways Governing 
MSC Osteogenic and Adipogenic Differentiation. Scien-
tifica (Cairo) 2013;2013:684736. 

 

34. Sandhaanam SD, Pathalam G, Dorairaj S, Savariar V. 
Mesenchymal stem cells (MSC): identification, prolifer-
ation and differentiation- A review article. Peer J Pre-
Prints 2013;1:e148v1. 

 

35. Raffaghello L, Bianchi G, Bertolotto M, Montecucco F, 
Busca A, Dallegri F, et al. Human mesenchymal stem 
cells inhibit neutrophil apoptosis: A model for neutrophil 
preservation in the bone marrow niche. Stem Cells 2008; 
26(1):151-162. 

 

36. Di Nicola M, Carlo-Stella C, Magni M, Milanesi M, 
Longoni PD, Matteucci P, et al. Human bone marrow 
stromal cells suppress T-lymphocyte proliferation in-
duced by cellular or nonspecific mitogenic stimuli. Blood 
2002;99(10):3838-3843. 

 

37. Benayahu D, Kletter Y, Zipori D, Wientroub S. Bone-
marrow derived stromal cell-line expressing osteoblastic 
phenotype in vitro and osteogenic capacity in vivo. J Cell 
Physiol 1989;140(1):1-7. 

 

38. Bruder SP, Jaiswal N, Ricalton NS, Mosca JD, Kraus 
KH, Kadiyala S. Mesenchymal stem cells in osteobio-
logy and applied bone regeneration. Clin Orthop Relat 
Res 1998;(355 Suppl):S247-256. 

 

39. Zuk PA, Zhu M, Ashjian P, De Ugarte DA, Huang JI, 
Mizuno H, et al. Human adipose tissue is a source of 
multipotent stem cells. Mol Biol Cell 2002;13(12):4279-
4295. 

 

40. Mostafavi FS, Razavi S, Mardani M, Esfandiari E, Esfa-
hani HZ, Kazemi M. Comparative study of microtubule-
associated protein-2 and glial fibrillary acidic proteins 
during neural induction of human bone marrow mesen-
chymal stem cells and adipose-derived stem cells. Int J 
Prev Med 2014;5(5):584-595. 

 

41. Razavi S, Mostafavi FS, Mardani M, Zarkesh Esfahani 
H, Kazemi M, Esfandiari E. Effect of T3 hormone on 
neural differentiation of human adipose derived stem 
cells. Cell Biochem Funct 2014;32(8):702-710. 
 

42. Jang S, Cho HH, Cho YB, Park JS, Jeong HS. Functional 
neural differentiation of human adipose tissue-derived 
stem cells using bFGF and forskolin. BMC cell Biol 
2010;11:25. 

 

43. Razavi S, Mardani M, Kazemi M, Esfandiari E, Nari-
mani M, Esmaeili A, et al. Effect of leukemia inhibitory 
factor on the myelinogenic ability of Schwann-like cells 
induced from human adipose-derived stem cells. Cell 
Mol Neurobiol 2013;33(2):283-289. 

 

44. Baer PC, Geiger H. Adipose-derived mesenchymal stro-
mal/stem cells: tissue localization, characterization, and 
heterogeneity. Stem Cells Int 2012;2012:812693. 

 

45. Imayoshi I, Sakamoto M, Ohtsuka T, Kageyama R. Con-
tinuous neurogenesis in the adult brain. Dev Growth 
Differ 2009;51(3):379-386. 

 

46. Hitoshi S, Alexson T, Tropepe V, Donoviel D, Elia AJ, 
Nye JS, et al. Notch pathway molecules are essential for 
the maintenance, but not the generation, of mammalian 
neural stem cells. Genes Dev 2002;16(7):846-858. 

 

47. Bremner JD, Elzinga B, Schmahl C, Vermetten E. Struc-
tural and functional plasticity of the human brain in post-
traumatic stress disorder. Prog Brain Res 2008;167:171-
186. 

 

48. Peng ZW, Xue F, Wang HN, Zhang RG, Chen YC, 
Wang Y, et al. Paroxetine up-regulates neurogenesis in 
hippocampus-derived neural stem cell from fetal rats. 
Mol Cell Biochem 2013;375(1-2):105-113. 



15

Paroxetine Promotes Neurogenesis 

Avicenna Journal of Medical Biotechnology, Vol. 8, No. 4, October-December 2016    158 

49. Qiu G, Helmeste DM, Samaranayake AN, Lau WM, Lee 
TM, Tang SW, et al. Modulation of the suppressive ef-
fect of corticosterone on adult rat hippocampal cell proli-
feration by paroxetine. Neurosci Bull 2007;23(3):131-
136. 

 

50. McHugh PC, Rogers GR, Loudon B, Glubb DM, Joyce 
PR, Kennedy MA. Proteomic analysis of embryonic stem 
cell-derived neural cells exposed to the antidepressant 
paroxetine. J Neurosci Res 2008;86(2):306-316. 

 

51. Gould E, Tanapat P, McEwen BS, Flugge G, Fuchs E. 
Proliferation of granule cell precursors in the dentate 
gyrus of adult monkeys is diminished by stress. Proc Natl 
Acad Sci USA 1998;95(6):3168-3171. 

 

52. McEwen BS. The neurobiology of stress: from serendi-
pity to clinical relevance. Brain Res 2000;886(1-2):172-
189. 

 

53. Dranovsky A, Hen R. Hippocampal neurogenesis: regul-
ation by stress and antidepressants. Biol Psychiatry 2006; 
59(12):1136-1143. 

 

54. Santarelli L, Saxe M, Gross C, Surget A, Battaglia F, Du-
lawa S, et al. Requirement of hippocampal neurogenesis 
for the behavioral effects of antidepressants. Science 
2003;301(5634):805-809. 

 

55. Warner-Schmidt JL, Duman RS. VEGF is an essential 
mediator of the neurogenic and behavioral actions of 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

antidepressants. Proc Natl Acad Sci USA 2007;104(11): 
4647-4652. 

 

56. Lau BW, Yau SY, Lee TM, Ching YP, Tang SW, So KF. 
Effect of corticosterone and paroxetine on masculine 
mating behavior: possible involvement of neurogenesis. J 
Sex Med 2011;8(5):1390-1403. 

 

57. Razavi S, Jahromi M, Amirpour N, Khosravizadeh Z. Ef-
fect of sertraline on proliferation and neurogenic dif-
ferentiation of human adipose-derived stem cells. Adv 
Biomed Res 2014;3:97. 

 

58. Verdi J, Mortazavi-Tabatabaei SA, Sharif S, Verdi H, 
Shoae-Hassani A. Citalopram increases the differenti-
ation efficacy of bone marrow mesenchymal stem cells 
into neuronal-like cells. Neural Regen Res 2014;9(8): 
845-850. 

 

59. Zusso M, Debetto P, Guidolin D, Barbierato M, Manev 
H, Giusti P. Fluoxetine-induced proliferation and dif-
ferentiation of neural progenitor cells isolated from rat 
postnatal cerebellum. Biochem Pharmacol 2008;76(3): 
391-403. 

 

60. Peng ZW, Xue YY, Wang HN, Wang HH, Xue F, Kuang 
F, et al. Sertraline promotes hippocampus-derived neural 
stem cells differentiating into neurons but not glia and 
attenuates LPS-induced cellular damage. Prog Neuropsy-
chopharmacol Biol Psychiatry 2012;36(1):183-188. 

 
 
 
 
 
 


