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Abstract
The relationships between the androgen receptors and cognitive processes in some brain regions such as hippocampus had
been well documented in previous studies. The aim of this study was to evaluate the effect of bilateral intra-hippocampal
infusion of modafinil on testosterone–induced spatial learning alterations in the Morris water maze (MWM) and also the
evaluation of the quantity of BrdU-positive cells in dentate gyrus as a marker of cell proliferation. Bilateral intrahippocampal infusions (1 µL/side) with different doses of testosterone enanthate (10, 50, and 100 µg/side) or modafinil (50,
100, and 250 µM/side) were performed, 30 min prior to training in MWM for four repeated days in male rats. Control groups
received dimethyl sulfoxide (DMSO). The behavioural findings of this study, showed considerable raises in time and distance
of reaching the hidden platform in testosterone (100 µg/side) – treated animals, and also significant decreases in above
mentioned parameters in modafinil (100 µM/side) – treated group compared to their related control groups. We also assessed
the effects of modafinil (50, 100, and 250 µM/side) plus testosterone enanthate (100 µg/side), on the spatial learning in
MWM and the effect on neurogenesis by recording BrdU-positive in all above mentioned groups. Final results of this study
showed that modafinil (100 µM/side) prevented the testosterone (100 µg/side) – induced spatial learning deficits in MWM
and also increased the quantity of BrdU-positive cells in dentate gyrus in combination evaluations in comparison with
testosterone – treated animals.

Rezumat
Legăatura dintre receptorii androgeni și procesele cognitive în anumite regiuni ale creierului precum hipocampul au fost
demonstrate în studii anterioare. Scopul prezentului studiu a fost de a evalua efectul infuziei bilaterale intra-hipocampice a
modafinilului asupra afectării învățării spațiale induse de testosteron prin testul Morris al labirintului în cruce (MWM)
precum și a cantității de celule BrdU în girusul dentat ca marker al proliferării celulare. Infuzia bilterală intra-hipocampică (1
µL/parte) cu diferite doze de testosteron enantat (10,50 și 100 µg/parte) sau modafinil (50, 100, and 250 µM/parte) s-a
realizat la șobolani masculi cu 30 de minute înainte de antrenamentul pentru testul MWM timp de 4 zile consecutive. Grupul
de control a primit dimetilsulfoxid (DMSO). Rezultatele studiilor comportamentale au arătat creșteri considerabile a timpului
și distanței de atingere a platformei ascunse la animalele tratate cu testosteron (100 µg/parte) și scăderi semnificative a
acestora la animalele tratate cu modafinil (100 µg/parte) comparativ cu grupul de control. S-au evaluat totodată și efectele
modafinilului (50, 100, and 250 µM/parte) plus testosteron enantat (100 µg/parte) asupra invățării spațiale prin testul Morris
al labirintului în cruce (MWM) precum și efectele asupra neurogenezei prin înregistrarea celulelor BrdU-pozitive. Rezultatele
finale ale studiului au arătat că modafinilul (100 µg/parte) previne deficitul învățării spațiale induse de testosteron din testul
MWM și crește cantitatea de celule BrdU-pozitive în girusul dentat comparativ cu lotul tratat numai cu testosteron.
Keywords: testosterone enanthate, modafinil, spatial learning, dentate gyrus

Introduction

Production of new neurons (neurogenesis) in some
brain regions such as sub-ventricular zone (SVZ)
and DG of the hippocampus is a unique form of
neuroplasticity [11, 31, 32].
By using BrdU (as a proliferation marker), it has been
demonstrated that in the DG, new neurons that arise

The hippocampus in the limbic system of the brain
includes some major sub regions such as CA1, CA3
and dentate gyrus (DG) and acts importantly in
different stages of learning and memory formation
processes [12, 29, 41, 60].
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from NPCs (neural precursor cells), are finally
contributed to cognitive performances [11, 31, 32].
The hippocampus is a key target for androgens and
some learning tasks such as inhibitory avoidance
and water maze tasks [5, 18, 59].
Densely expression of androgen receptors in rat
hippocampal cells indicates the outcome of androgen
influences on cognitive processes. Both positive and
negative effects of androgens on spatial memory
have been founded in previous literatures. These
contradictory effects of androgens on memory
processes are of interest for researchers [5, 41, 42,
58]. Also, cognitive deficits and long-term memory
(LTM) impairments have been reported previously
as a result of chronic treatment with androgenic
compounds [14, 25, 45].
Prescription of modafinil (2-(diphenylmethyl) sulfinyl)
acetamide) for narcolepsy-associated somnolence, shiftwork sleep disorder, decrease fatigue and increase a
sense of alertness, improvement of concentration
and to reduce the signs of attention-deficit hyperactivity disorder (ADHD), and also to treat cocaine/
methamphetamine abuse, has been well documented
in previous studies. The role of modafinil for
treating cognitive deficits is being investigated.
Inhibition of dopamine or norepinephrine transporters,
rising dopamine, serotonin, glutamate and orexin or
decrease of the extracellular γ-aminobutyric acid
(GABA) release, are some probable mechanisms
for modafinil actions in documented studies [20,
27, 35, 40, 60, 61].
By considering the multi-functional role of modafinil
on several neurotransmitter systems [24, 26, 33, 36,
38, 49, 57, 62], the present research was designed
to evaluate the effect of bilateral intra-hippocampal
infusion of modafinil on testosterone–induced spatial
learning alterations in the Morris water maze (MWM)
and also the evaluation of the quantity of BrdUpositive cells in dentate gyrus as a marker of cell
proliferation.

Surgery procedure, Behavioural training and Testing
Bilateral intra-hippocampal insertion of guide cannula
in CA1 region of the hippocampus was performed
using a stereotaxic instrument. All intra-hippocampal
infusions were done using a Hamilton syringe, one
week after surgery & cannulation and 30 min before
training trials, daily for 4 consecutive days. Animal's
training in Morris water maze (MWM) was performed
for four repeated days as described in previous
studies [4, 51, 55, 56].
Each training day consisted of four trials (in each
trial, animals were trained to reach the unseen
platform in an episode of ninety seconds). The
escape latency, travelled distance and the swimming
speed for each rat was documented by a video
tracking system. The probe test (taking out the
hidden platform) was done on day 5 by measuring
the time used up in the target quadrant (the
quadrant that hidden platform was previously
located there) for 90 s (n = 8).
Motivational, motor and sensory processes were
assessed by visible trial and open-field motor
activity studies (day 5) in both experiments 1 and 2.
Drug treatments
Experiment 1: Rats were divided into four groups
(n = 8). In cannulated animals, seven days after
recovering from the stereotaxic surgical procedure,
testosterone (10, 50 and 100 µg/µL) was infused
bilaterally for 4 consecutive days in a volume of
1 µL/side into the CA1 area of the hippocampus
30 min prior to training trials in the MWM task.
The control animals are given DMSO in a volume
of 1 µL/side for 4 consecutive days. Also, the
numbers of BrdU-positive cells were assessed in
these groups.
Experiment 2: Rats were divided into four main
groups (n = 8). Seven days after recovering from
the stereotaxic surgery, modafinil (50, 100 and
250 µM/side) was infused bilaterally for 4
consecutive days in a volume of 1 µL/side into the
CA1 area of the hippocampus 30 min prior to
training trials in the MWM task. In pilot study, two
groups including modafinil (750 µM/side and
1 mM/side) were chosen and modafinil was infused
bilaterally for 4 consecutive days as a same manner.
The control group received DMSO in a volume of
1 µL/side for 4 consecutive days. Also, the quantity
of BrdU-positive cells was assessed in the main
mentioned groups.
Experiment 3: The preventive effects of bilateral
intra-hippocampal infusion of modafinil (50, 100 and
250 µM/side, 5 min before testosterone infusion) on
testosterone (100 µg/side) - induced spatial learning
deficits in MWM were investigated in this part of
study. The control group is given DMSO/DMSO in
a volume of 1 µL/side for 4 consecutive days. Also,
the numbers of BrdU-positive cells were assessed.

Materials and Methods
Animals
Male rats (200 - 250 g) were taken from the animal
house of Physiology Department of Tehran University
of Medical Sciences, Iran, and kept in controlled
conditions in the Plexiglas cages, providing ad libitum
admittance to food and water. All experimental
protocols were in agreement with the Animal Ethics
Committee of Tehran University of Medical Sciences.
Drugs
The drugs applied in this research were testosterone
enanthate (Sigma Aldrich, U.S.A.), modafinil (Sigma,
U.S.A.), ketamine (Alfasan, Holand) and xylazine
(Alfasan, Holand). Testosterone and modafinil were
dissolved in dimethyl sulfoxide (DMSO) (Sigma,
U.S.A.).
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Neurogenesis assessments
Rats of each group were injected with 5-bromo-2deoxyuridine (BrdU) as a marker of DNA-synthesis
(Sigma, U.S.A., 50 mg/kg/day, i.p.) that was dissolved
in 0.9% NaCl during the all training days in MWM.
Tissue sampling
One day after the last i.p. administrations of BrdU,
rats were anesthetized with ketamine and xylazine
and perfused transcardially with ice cold PBS (0.1 M),
followed by 4% paraformaldehyde in PBS. Brains
were removed from the skulls and stored at 4%
paraformaldehyde at 4°C for two days followed by
graded sucrose solution treatment. Coronal sections
(30 µm) from the dentate gyrus of the hippocampal
area were chosen with an OCT medium using a
cryomicrotome and transferred on slides.
BrdU immunohistochemistry
BrdU immunohistochemistry was carried out with
the BrdU Immunohistochemistry Kit (ab125306).
The brain sections incubated with the quenching
solution for 10 min. Two drops of trypsin enzyme
were then added to each slide and incubated at
25°C for 10 min, followed by a 3 min rinse in
distilled water. Two drops of the denaturing solution
were added to each slide and incubated at room
warmth for thirty min. The sections were then incubated

at room temperature with blocking buffer (10 min),
BrdU antibody (ab6362; 1:200) (60 min), and
streptavidin-horseradish peroxidase (HRP) conjugate
(10 min). The new-born cells were counted under a
light microscope (400×) [54].
Quantitation of BrdU - labelled cells
Fifth sections throughout the hippocampus were
applied for BrdU immunohistochemistry. All BrdUlabelled cells in dentate gyrus were considered
using a light microscope to differentiate single cells
within clusters; all counts were performed at 400×
magnification.
Statistical Analysis
By using the Graph Pad Prism 5, a p-value of 0.05 or
less was considered statistically significant.
Results and Discussion
Findings of the current study showed that all control,
testosterone enanthate (TE) and modafinil – treated
animals were well trained in MWM task as pointed
out by the significant decrease in escape latency
and travelled distance parameters by comparison of
the first and last day of training in the MWM task
(Tables I and II).

Table I
Behavioural parameters for testosterone groups. p < 0.05 (a), p < 0.01 (b), p < 0.001 (c) and p < 0.0001 (d)
Treatments Groups
Control (DMSO)
Testosterone 10
Testosterone 50
Testosterone 100

Escape Latency (sec)
Day 1
Day 4
64.10 ± 4.95
35.52 ± 5.47c
57.19 ± 6.08
37.05 ± 4.85a
73.38 ± 4.72
40.97 ± 4.74d
68.28 ± 5.08
36.66 ± 4.60d

Travelled Distance (cm)
Day 1
Day 4
2018 ± 172.4 1209 ± 189.8b
1756 ± 191.5 1150 ± 167.5a
2402 ± 161
1386 ± 167.7d
2272 ± 186.7 1108 ± 132.8d

Swimming Speed (cm/sec)
Day 1
Day 4
31.85 ± 0.78 34.82 ± 1.30
30.36 ± 0.60 30.02 ± 0.89
33.33 ± 0.90 34.66 ± 1.55
31.81 ± 1.02 30.67 ± 0.93

Table II
Behavioural parameters for modafinil groups. p < 0.01 (b) and p < 0.0001 (d)
Treatments Groups
Control (DMSO)
Modafinil 50
Modafinil 100
Modafinil 250

Escape Latency (sec)
Day 1
Day 4
76.94 ± 5.69
48.00 ± 7.35b
81.26 ± 3.82
39.40 ± 6.07d
82.18 ± 3.44
33.65 ± 5.51d
80.35 ± 3.92
57.96 ± 7.70b

Travelled Distance (cm)
Day 1
Day 4
2435 ± 199.5 1501 ± 236.5b
2200 ± 100.3 1091 ± 164.9d
2204 ± 92.57 941.1 ± 148.5d
2603 ± 153.1 1857 ± 247.0b

The present data indicate that bilateral intra-hippocampal (i.h.) infusion of testosterone enanthate (50
and 100 µg/side) impaired spatial learning by a
significant increase in time and distance to reach
the hidden platform during training days (Figures 1A
and 1B). One day after completion of training (day 5),
by measuring the time spent in target quadrant for
90 s (Probe test), testosterone (100 µg/side) – treated
animals showed a significant decrease (*p < 0.05)
in time spent in target quadrant compared to control
animals (Figure 5A). Also, the quantity of BrdUpositive cells in dentate gyrus was decreased in

Swimming Speed (cm/sec)
Day 1
Day 4
31.07 ± 0.95 30.43 ± 1.04
27.47 ± 0.61 28.91 ± 0.92
27.19 ± 0.63 29.08 ± 0.80
32.70 ± 1.01 31.02 ± 1.10

testosterone (100 µg/side) – treated animals in
comparison to control group (Figure 2).
It has been shown that TE – induced long term
memory deficits may occur via both genomic and
non-genomic pathways [28, 46]. In addition, previous
studies have been suggested that, conversion of TE
to oestradiol (E), is one of the probable destructive
mechanisms of TE on spatial learning and memory
processes. Interestingly, anastrozole (an aromatase
inhibitor), reversed TE – induced learning impairments,
too [37, 39].
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Open-field parameters
Crossing
Rearing
119.5 ± 12.15 11.17 ± 1.11
157.7 ± 11.60 15.50 ± 3.02
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Modafinil as a10psychostimulant may act via distinct
neural pathway from other typical psychostimulants.
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dopamine
transporters
not raise dopamine levels in the nucleus accumbens
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(µM/Side)
and that is why it has lower
abuse
potential than
mentioned psychostimulants [52].
Studies have been suggested that modafinil modifies
the activity of hippocampus and prefrontal cortex
[16, 63]. Also, it can advance the performance of
tasks that depend on hippocampal functioning [10,
18] and affects many neurotransmitter systems [8,
15-17, 27, 34, 50, 61].
One of the other possible mechanisms of modafinil’s
action is that modafinil presumably activates D1
receptors that couple to three signalling cascades:
(1) the Gs/o/adenylyl cyclase/cAMP signaling; (2) the
Gq/phospholipase C/inositol 1,4,5-triphosphate and

Visible platform trials evaluation showed that there
were no considerable differences in performance
between the treated groups for latency (day 5) in
both experiments 1 (Figure 6A) and 2 (Figure 6B).
Open-field locomotor activity assessments showed
that there were no considerable differences in openfield parameters (crossing and rearing) in testosterone
or modafinil – treated animals in comparison with
their related control groups (day 5) in both
experiments 1 (Table III) and 2 (Table IV).
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(3) the Ras-kinase/ERK kinase signalling [40]. Also,
it has been reported that modafinil improves methamphetamine – induced cognitive impairments via
ERK1/2 signalling pathway modulation, in
prefrontal cortex (PFC) [3, 19, 22, 44].
Evidences have been suggested that neurogenesis in
the DG is related with cognitive processes [13, 21, 31].
It is notable that disruptions in adult hippocampal
neurogenesis lead to reduction in hippocampusdependent memory, and addition of new hippocampal neurons are related with improved learning
and memory functions [9, 21, 30, 53, 64].
Modafinil – induced spatial learning and memory
improvements in MWM may be caused as a result
of increase in synaptic plasticity in dentate gyrus [8,
10]. The mechanisms underlying modafinil effects
on hippocampal neurogenesis remain unknowable
[8]. Modafinil has been shown to increase hippocampal activity and probably influencing the
development of new-born neurons by this mechanism
[7, 43]. Behavioural and immune-histochemical
findings of this part of study are in agreement with
some previous reports about the improvement

effects of modafinil on spatial learning and memory
processes.
No considerable differences were found in swimming
speed between all treated animals and their related
control animals, which is indicative for the nonexistence of motor turbulences. Since there were no
statistical differences between the control and
experimental groups (testosterone or modafinil –
treated animals) in probe test (the platform was
visible) or in open-field task (assessment of
crossing and rearing parameters), it can be inferred
that there were no alterations in motivational, motor
and sensory processes.
One of the main results of the current research is that
modafinil (100 µM/side, i.h.), 5 min before testosterone
(100 µg/side, i.h.), significantly decreased the escape
latency and travelled distance parameters compared to
testosterone – treated animals (Figures 7A and 7B),
increased the time spent in target quadrant (day 5,
probe test) to a level of control group in MWM task
(Figure 8) and also increased the quantity of BrdUpositive cells in dentate gyrus in comparison with
testosterone – treated animals (Figure 9).
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Figure 8.
Time spent in target quadrant one day after completion
of training in MWM (Probe test) in testosterone/
modafinil combination group.
*p < 0.05 significantly different from control and
#p < 0.05 significantly different from testosterone
(100 µg/side) – treated animals (n = 8).
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Conclusions
Thus, due to the interaction of testosterone and
modafinil with various neurotransmitter systems, it
is reasonable that modafinil probably acts against
testosterone-induced learning deficits via several
possible mechanisms such as modulation of cholinergic,
glutamatergic, GABAergic and cAMP/PKA signalling
pathways.

11.

12.

13.

Acknowledgement
This study was supported by Department of
Physiology of Tehran University of Medical Sciences.
References

14.

1.

Assadian Narenji S., Naghdi N., Azadmanesh K.,
Intrahippocampal injection of 3α diol (a testosterone
metabolite) and indomethacin (3α-hsd blocker),
impair acquisition of spatial learning and memory
in adult male rats. Iran. J. Pharm. Res., 2013;
12(3): 457-469.
2. Androutsopoulos V.P., Hernandez A.F., Liesivuori J.,
Tsatsakis A.M., A mechanistic overview of health
associated effects of low levels of organochlorine
and organophosphorous pesticides. Toxicology,
2013; 307: 89-94.
3. Androutsopoulos V.P., Kanavouras K., Tsatsakis
A.M., Role of paraoxonase 1 (PON1) in organophosphate metabolism: Implications in neurodegenerative diseases. YTAAP, 2011; 256(3): 418-424.
4. Azami K., Etminani M., Tabrizian K., Salar F.,
Belaran M., Hosseini A., The quantitative evaluation
of cholinergic markers in spatial memory improvement
induced by nicotine–bucladesine combination in
rats. Eur. J. Pharmacol., 2010; 636(1): 102-107.
5. Babanejad S., Naghdi N., Haeri Rohani S.A.,
Microinjection of dihydrotestosterone as a 5αreduced metabolite of testosterone into CA1 region
of hippocampus could improve spatial learning in
the adult male rats. Iran. J. Pharm. Res., 2012;
11(2): 661-669.
6. Baltazar M.T., Dinis-Oliveira R.J., de Lourdes
Bastos M., Tsatsakis A.M., Duarte J.A., Carvalho
F., Pesticides exposure as etiological factors of
Parkinson’s disease and other neurodegenerative
diseases – A mechanistic approach. Toxicol. Lett.,
2014; 230(2): 85-103.
7. Bergami M., Berninger B., A fight for survival: the
challenges faced by a newborn neuron integrating
in the adult hippocampus. Dev. Neurobiol., 2012;
72(7): 1016-1031.
8. Brandt M., Ellwardt E., Storch A., Short-and longterm treatment with modafinil differentially affects
adult hippocampal neurogenesis. Neuroscience,
2014; 278: 267-275.
9. Brandt M.D., Maass A., Kempermann G., Storch
A., Physical exercise increases Notch activity,
proliferation and cell cycle exit of type 3
progenitor cells in adult hippocampal neurogenesis.
Eur. J. Neurosci., 2010; 32(8): 1256-1264.
10. Burgos H., Castillo A., Flores O., Puentes G.,
Morgan C., Gatica A., Effect of modafinil on

15.

16.

17.

18.

19.

20.

21.

22.

23.

281

learning performance and neocortical long-term
potentiation in rats. Brain Res. Bull., 2010; 83(5):
238-244.
Chow A., Morshead C.M., Cyclosporin A enhances
neurogenesis in the dentate gyrus of the
hippocampus. Stem Cell Res., 2016; 16(1): 79-87.
Diaconu C.C., Arsene D., Paraschiv B., Bălăceanu A.,
Bartoş D., Hyponatremic encephalopathy as the initial
sign of neuroendocrine small cell carcinoma - case
report. Acta Endocrinologica 2013; IX(4): 637-642.
Dabe E.C., Majdak P., Bhattacharya T.K., Miller
D.S., Rhodes J.S., Chronic d-amphetamine administered
from childhood to adulthood dose-dependently
increases the survival of new neurons in the hippocampus of male C57BL/6J mice. Neuroscience,
2013; 231: 125-135.
Emamian S., Naghdi N., Sepehri H., Jahanshahi
M., Sadeghi Y., Choopani S., Learning impairment
caused by intra-CA1 microinjection of testosterone
increases the number of astrocytes. Behav. Brain
Res., 2010; 208(1): 30-37.
Federici M., Latagliata E., Rizzo F., Ledonne A.,
Gu H., Romigi A., Electrophysiological and
amperometric evidence that modafinil blocks the
dopamine uptake transporter to induce behavioral
activation. Neuroscience, 2013; 252: 118-124.
Fernandes H.A., Zanin K.A., Patti C.L., Wuo-Silva
R., Carvalho R.C., Fernandes-Santos L., Inhibitory
effects of modafinil on emotional memory in mice.
Neuropharmacology, 2013; 64: 365-370.
Funayama T., Ikeda Y., Tateno A., Takahashi H.,
Okubo Y., Fukayama H., Modafinil augments brain
activation associated with reward anticipation in the
nucleus accumbens. Psychopharmacology, 2014;
231(16): 3217-3228.
Germanakis I., Tsarouhas K., Fragkiadaki P.,
Tsitsimpikou C., Goutzourelas N., Champsas M.C.,
Stagos D., Rentoukas E., Tsatsakis A.M., Oxidative
stress and myocardial dysfunction in young rabbits
after short term anabolic steroids administration.
Food Chem. Toxicol., 2013; 61: 101-105.
Ghahremani D.G., Tabibnia G., Monterosso J.,
Hellemann G., Poldrack R.A., London E.D., Effect
of modafinil on learning and task-related brain
activity in methamphetamine-dependent and healthy
individuals. Neuropsychopharmacology, 2011; 36(5):
950-959.
Gilleen J., Michalopoulou P., Reichenberg A.,
Drake R., Wykes T., Lewis S., Modafinil combined
with cognitive training is associated with improved
learning in healthy volunteers – a randomised
controlled trial. Eur. Neuropsychopharmacol., 2014;
24(4): 529-539.
Glasper E.R., Schoenfeld T.J., Gould E., Adult
neurogenesis: optimizing hippocampal function to
suit the environment. Behav. Brain Res., 2012;
227(2): 380-383.
González B., Raineri M., Cadet J.L., García-Rill E.,
Urbano F.J., Bisagno V., Modafinil improves methamphetamine-induced object recognition deficits
and restores prefrontal cortex ERK signaling in
mice. Neuropharmacology, 2014; 87: 188-197.
Herghelegiu A.M., Prada G.I., Nacu R., Prolonged
use of proton pomp inhibitors and cognitive

FARMACIA, 2017, Vol. 65, 2

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

function in older adults. Farmacia, 2016; 64(2):
262-267.
Höglinger G.U., Rizk P., Muriel M.P., Duyckaerts
C., Oertel W.H., Caille I., Dopamine depletion
impairs precursor cell proliferation in Parkinson
disease. Nat. Neurosci., 2004; 7(7): 726-735.
Ianoşi S., Ianoşi G., Neagoe D., Ionescu O., Zlatian
O., Docea A.O., Badiu C., Sifaki M., Tsoukalas D.,
Tsatsakis A.M., Spandidos D.A., Călina D., Agedependent endocrine disorders involved in the
pathogenesis of refractory acne in women. Mol.
Med. Rep., 2016; 14(6): 5501-5506.
Jhaveri D.J., Mackay E.W., Hamlin A.S., Marathe
S.V., Nandam L.S., Vaidya V.A., Norepinephrine
directly activates adult hippocampal precursors via
β3-adrenergic receptors. J. Neurosci., 2010; 30(7):
2795-2806.
Karabacak Y., Sase S., Aher Y.D., Sase A., Saroja
S.R., Cicvaric A., The effect of modafinil on the rat
dopamine transporter and dopamine receptors D1–
D3 paralleling cognitive enhancement in the radial
arm maze. Front. Behav. Neurosci., 2015; 9(article
215): 1-11.
Khorshidahmad T., Tabrizian K., Vakilzadeh G.,
Nikbin P., Moradi S., Hosseini-Sharifabad A.,
Interactive effects of a protein kinase AII inhibitor
and testosterone on spatial learning in the Morris
water maze. Behav. Brain Res., 2012; 228(2): 432-439.
Kutlu M.G., Gould T.J., Nicotinic modulation of
hippocampal cell signaling and associated effects
on learning and memory. Physiol. Behav., 2016;
155: 162-171.
Lagace D.C., Noonan M.A., Eisch A.J.,
Hippocampal neurogenesis: a matter of survival.
Am. J. Psychiatry, 2007; 164(2): 205.
Lucassen P., Meerlo P., Naylor A., Van Dam A.,
Dayer A., Fuchs E., Regulation of adult neurogenesis by stress, sleep disruption, exercise and
inflammation: Implications for depression and antidepressant action. Eur. Neuropsychopharmacol., 2010;
20(1): 1-17.
Masiulis I., Yun S., Eisch A.J., The interesting
interplay between interneurons and adult
hippocampal neurogenesis. Mol. Neurobiol., 2011;
44(3): 287-302.
Masuda T., Nakagawa S., Boku S., Nishikawa H.,
Takamura N., Kato A., Noradrenaline increases
neural precursor cells derived from adult rat dentate
gyrus through beta2 receptor. Prog. Neuropsychopharmacol. Biol. Psychiatry, 2012; 36(1): 44-51.
Mereu M., Bonci A., Newman A.H., Tanda G., The
neurobiology of modafinil as an enhancer of
cognitive performance and a potential treatment for
substance use disorders. Psychopharmacology, 2013;
229(3): 415-434.
Michalopoulou P.G., Lewis S.W., Drake R.J.,
Reichenberg A., Emsley R., Modafinil combined with
cognitive training: pharmacological augmentation
of cognitive training in schizophrenia. Eur. Neuropsychopharmacol., 2015; 25(8): 1178-1189.
Minzenberg M.J., Carter C.S., Modafinil: a review
of neurochemical actions and effects on cognition.
Neuropsychopharmacology, 2008; 33(7): 1477-1502.

37. Mohaddes G., Naghdi N., Khamnei S., Khatami S.,
Haeri A., Effect of spatial learning on hippocampal
testosterone in intact and castrated male rats. Iran.
Biomed. J., 2009; 13(1): 49-58.
38. Molina Hernández A., Velasco I., Histamine
induces neural stem cell proliferation and neuronal
differentiation by activation of distinct histamine
receptors. J. Neurochem., 2008; 106(2): 706-717.
39. Moradpour F., Naghdi N., Fathollahi Y., Anastrozole
improved testosterone-induced impairment acquisition
of spatial learning and memory in the hippocampal
CA1 region in adult male rats. Behav. Brain Res.,
2006; 175(2): 223-232.
40. Murphy H.M., Ekstrand D., Tarchick M., Wideman
C.H., Modafinil as a cognitive enhancer of spatial
working memory in rats. Physiol. Behav., 2015;
142: 126-130.
41. Narenji S.A., Naghdi N., Azadmanesh K., Edalat
R., 3α-diol administration decreases hippocampal
PKA (II) mRNA expression and impairs Morris
water maze performance in adult male rats. Behav.
Brain Res., 2015; 280: 149-159.
42. Nowak N.T., Diamond M.P., Land S.J., Moffat S.D.,
Contributions of sex, testosterone, and androgen
receptor CAG repeat number to virtual Morris water
maze performance. Psychoneuroendocrinology, 2014;
41: 13-22.
43. Piatti V.C., Davies-Sala M.G., Espósito M.S.,
Mongiat L.A., Trinchero M.F., Schinder A.F., The
timing for neuronal maturation in the adult
hippocampus is modulated by local network
activity. J. Neurosci., 2011; 31(21): 7715-7728.
44. Poot-Ake A., Mijangos-Moreno S., Manjarrez-Martin
D., Jiménez-Moreno R., Aquino-Hernandez P.,
Pacheco-Pantoja E., Intrahypothalamic Administration
of Modafinil Increases Expression of MAP-Kinase
in Hypothalamus and Pons in Rats. CNS &
Neurological Disorders-Drug Targets (Formerly
Current Drug Targets-CNS & Neurological
Disorders), 2015; 14(4): 463-467.
45. Pop A., Lupu D., Cherfan J., Kiss B., Loghin F.,
Evaluation of the androgenic/antiandrogenic activity
of selective serotonin reuptake inhibitors. Farmacia,
2015; 63(3): 343-347.
46. Ransome M.I., Could androgens maintain specific
domains of mental health in aging men by preserving
hippocampal neurogenesis?. Neural. Regen. Res.,
2012; 7(28): 2227-2239.
47. Reddy D.S., Neurosteroids: Endogenous role in the
human brian and therapeutic potentials. Prog. Brain
Res., 2010; 186: 113-137.
48. Reddy D.S., Jian K., The testosterone-derived
neurosteroid androstanediol is a positive allosteric
modulator of GABAA receptors. J. Pharmacol.
Exp. The., 2010; 334(3): 1031-1041.
49. Rodriguez-Martinez G., Velasco I., Garcia-Lopez
G., Solis K., Flores-Herrera H., Diaz N., Histamine
is required during neural stem cell proliferation to
increase neuron differentiation. Neuroscience, 2012;
216: 10-17.
50. Shanmugasundaram B., Korz V., Fendt M., Braun K.,
Lubec G., Differential effects of wake promoting
drug modafinil in aversive learning paradigms.
Front. Behav. Neurosci., 2015; 9(article 220):1-9.

282

FARMACIA, 2017, Vol. 65, 2
51. Sharifzadeh M., Zamanian A.R., Gholizadeh S.,
Tabrizian K., Etminani M., Khalaj S., Post-training
intrahippocampal infusion of nicotine–bucladesine
combination causes a synergistic enhancement
effect on spatial memory retention in rats. Eur. J.
Pharmacol., 2007; 562(3): 212-220.
52. Shuman T., Wood S.C., Anagnostaras S.G., Modafinil
and memory: effects of modafinil on Morris water
maze learning and Pavlovian fear conditioning.
Behav. Neurosci., 2009; 123(2): 257-266.
53. Sierra A., Martín-Suárez S., Valcárcel-Martín R.,
Pascual-Brazo J., Aelvoet S.A., Abiega O., Neuronal
hyperactivity accelerates depletion of neural stem
cells and impairs hippocampal neurogenesis. Cell
Stem Cell, 2015; 16(5): 488-503.
54. Song Q., Ma Y., Song J., Chen Q., Xia G., Ma J.,
Sevoflurane induces neurotoxicity in young mice
through FAS/FASL signaling. Genet. Mol. Res.,
2015; 14(4): 18059-18068.
55. Tabrizian K., Azami K., Belaran M., Soodi M.,
Abdi K., Fanoudi S., Selective Inducible Nitric
Oxide Synthase Inhibitor Reversed Zinc ChlorideInduced Spatial Memory Impairment via Increasing
Cholinergic Marker Expression. Biol. Trace. Elem
Res., 2016: 1-9.
56. Tabrizian K., Najafi S., Belaran M., HosseiniSharifabad A., Azami K., Hosseini A., Effects of
selective iNOS inhibitor on spatial memory in
recovered and non-recovered ketamine inducedanesthesia in wistar rats. Iran. J. Pharm. Res.,
2010: 313-320.
57. Takamura N., Nakagawa S., Masuda T., Boku S.,
Kato A., Song N., The effect of dopamine on adult
hippocampal neurogenesis. Prog. Neuropsychopharmacol. Biol. Psychiatry., 2014; 50: 116-124.
58. Tsitsimpikou C., Vasilaki F., Tsarouhas K.,
Fragkiadaki P., Tzardi M., Goutzourelas N., Nepka
C., Kalogeraki A., Heretis I., Epitropaki Z.,
Kouretas D., Tsatsakis A.M., Nephrotoxicity in

59.

60.

61.

62.

63.

64.

65.

283

rabbits after long-term nandrolone decanoate
administration. Toxicol. Lett., 2016; 259: 21-27.
Vasilaki F., Tsitsimpikou C., Tsarouhas K.,
Germanakis I., Tzardi M., Kavvalakis M., Ozcagli
E., Kouretas D., Tsatsakis A.M., Cardiotoxicity in
rabbits after long-term nandrolone decanoate
administration. Toxicol. Lett., 2016; 241: 143-151.
Wadhwa M., Sahu S., Kumari P., Kauser H., Ray
K., Panjwani U., Caffeine and modafinil given
during 48h sleep deprivation modulate object
recognition memory and synaptic proteins in the
hippocampus of the rat. Behav. Brain Res., 2015;
294: 95-101.
Y Yan W.W., Yao L.H., Chen C., Wang H.X., Li
C.H., Huang J.N., Effects of Modafinil on
Behavioral Learning and Hippocampal Synaptic
Transmission in Rats. Int. Neurourol. J., 2015;
19(4): 220-227.
Yang L., Zou B., Xiong X., Pascual C., Xie J.,
Malik A., Hypocretin/orexin neurons contribute to
hippocampus-dependent social memory and synaptic
plasticity in mice. J. Neurosci., 2013; 33(12): 52755284.
Young J.W., Kooistra K., Geyer M.A., Dopamine
receptor mediation of the exploratory/hyperactivity
effects of modafinil. Neuropsychopharmacology,
2011; 36(7): 1385-1396.
Yun S., Donovan M.H., Ross M.N., Richardson
D.R., Reister R., Farnbauch L.A., Stress-Induced
Anxiety and Depressive-Like Phenotype Associated
with Transient Reduction in Neurogenesis in Adult
Nestin-CreER T2/Diphtheria Toxin Fragment A
Transgenic Mice. PloS One, 2016; 11(1): e0147256.
Zheng P., Neuroactive steroid regulation of neurotransmitter release in the CNS: action, mechanism
and possible significance. Prog. Neurobiol., 2009;
89(2): 134-152.

