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Abstract

Early postnatal maternal deprivation (MD) leads to a variety of biochemical,
molecular and behavioral alteration in the offspring during adulthood. The
study aimed to examine the effects of neonatal maternal deprivation (NMD) on
hippocampal activity during adulthood in rats. Rats were subjected to daily
maternal deprivation for one hour from postnatal day 2 to 14. The animals were
returned to their mothers cages and kept undisturbed until weaning in day 21
and separated into males and females in separate cages until day 70. The male
animals were only used in the study. Hippocampal extracelluar DA and 5-HT
were in vivo determined using microdialysis technique with HPLC -EC detection.
The behavioral performance was evaluated using open- field test (OFT)
connected with computerized video- tracking system. In addition, the level of
expression of hippocampal mRNA of G protein inwardly rectified potassium
(GIRKz) channel was determined using PCR technique. Results Microdialysis
results revealed no change in the level of extracellular dopamine and serotonin,
higher center time in OFT and significantly decreased in the level of GIRK;
expression of NMD group in comparison to control animals. The study indicates
that NMD has an anxiolytic effect, where it minimizes the stressful effect of OFT,
possibly, due to GIRK2 down regulation.
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INTRODUCTION

Stress has been described as a potential threat, arising from outside or from within the
organism [1,2] and has also been defined as a physiological or psychological threat that
activates the "Stress- response machinery [3]. Early postnatal maternal deprivation (MD) leads
to a variety of biochemical, molecular and behavioral alteration in the offspring during
adulthood and modifies the response of MD individuals toward some neuroactive compounds
[2, 4-8]. Moreover, early MD in rodents has been proposed as an animal model for certain
aspects of schizophrenic and affective psychopathologies [9-11].

Several findings relate the hippocampal formation to the behavioral consequences of stress,
where various major neurotransmitter systems in the hippocampus are involved in these effects
[12-14]. In addition, neonatal maternal deprivation has been found to alter the bidirectional
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neural plasticity in the amygdala and modify the memory consolidation and information
processing in the hippocampus [11,15].

G-protein-coupled inward rectifier K* (GIRK) channels play an important role in regulating
cellular excitability and synaptic transmission in the nervous system and in many tissues [16].
Stimulation of Gi-coupled receptors activates the G protein gated inward rectifier K+ channels,
leading to hyperpolarization and reduction of membrane excitability [17]. Although the
receptor- activated GIRK currents vary according to the receptor subtypes stimulated and cell
types examined, they generally are biphasic, with a rapid activation followed by a slower
desensitization [18]. In the hippocampus, GIRK; and GIRK; subunits are primarily localized to
postsynaptic compartments and particularly found in peri- and extrasynaptic regions of
dendritic spines of CA1l pyramidal neurons [19,20]. However, the high hippocampal GIRK
expression indicates the importance that GIRK channels may have in modulating learning and
memory [20].

The study aimed to examine the effect of neonatal deprivation (NMD) on brain activity during
adulthood in rats. This was achieved through the determination of extracellular DA and
serotonin, and GIRK; channel expression in the hippocampal CA1 region and evaluating the
behavioral performance in open field test for the adult animals subjected to neonatal maternal
deprivation.

MATERIALS AND METHODS

Experimental animals: Female pregnant Sprague Dawley rats (150-200 g) were kindly provided
from our breeding center at NODCAR and kept for a week for acclimatization under normal
conditions and constant temperature (25+1C°) with ad libitum water and food until starting the
experiment. All litters were born within one- day period. Maternal deprivation started from
PND 2 until PND 14 between 9.00- 12.00 am by removing the mother from the homecage
containing the pups for 60 min. After PND 14, the rats remained with their mothers
continuously until weaning (21 days of age), at which time female littermates discarded , male
littermates were retained for the study and housed six to a cage. All subsequent experiments
were performed in adulthood (60-75 days). The maternally deprived animals were divided into
two groups each of 10 rats. Group 1 was used for the in vivo determination of hippocampal
dopamine and serotonin. Group 2 was subjected to open field test then the animals were
sacrificed to determine the level of mRNA expression. Two control groups (naive) ran parallel to
the deprived groups The experiments were conducted according to the institutional guidelines
for animal care and use of NODCAR, Egypt.

Chemicals: All chemicals, unless specified otherwise, were purchased form Sigma-Aldrich.

Guide canulae, probes, HPLC column were purchased from Eicom Co. - Japan. TRIzol reagent
and IQTMSYBR GREEN Supermix kit for determination of GIRK ; channel mRNA were purchased
from Invitrogen Co. and BIO-RAD Co. CA, USA.

IN VIVO DETERMINATION OF HIPPOCAMPAL DA AND 5-HT.

The rats were anesthetized with pentobarbital (50.0 mg/kg, i.p.) and mounted on stereotaxic
frame and implanted with guide canulae in CA1 in hippocampus. The stereotaxic coordinate
were 3.8 mm caudal to bregma, 1.6 mm from medial- lateral, and 3.6 mm ventral from the dura
surface [21]. Two jeweler's screws were placed in the skull surrounding the cannula and
cemented in place with dental acrylic. The extracellular level of CA1 hippocampal DA and 5-HT
were determined in the animals by perfusing the implanted probe at constant flow rate of
2pl/min with artificial CSF (composed of 145 mM NacCl, 3 mM KCl, 126 mM CaClz, and 1mM
MgCl,, buffered at pH 7.4 with 2 mM sodium phosphate buffer). The perfusate was collected
every six min. and automatically injected and assayed by HPLC with electrochemical detection.
After 1 hour of stabilization, to reach uniform concentration of DA and serotonin in dialysate,
ten samples were collected from each animal to measure the extracellular levels of DA and 5-HT.
Following determining hippocampal dopamine and serotonin, probe positioning was
histologically verified [22,23]. Results are only taken from animals where the probes were
correctly placed in the CA1 hippocampus.
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Open field test

The open field test (OFT) is a widely used procedure for examining the behavioral effects of
drugs and anxiety. Open field has been used to measure anxiety and depression reliably in
rodents [24]. Each rat was placed in the center of 100x 100 cm? field, with a black arena
divided in the monitoring system into 10x10 squares, surrounded by 50 cm high wall under dim
light. Activity was measured for 5 min to assess total distance traveled, number of square
crossing and time spent in the central area (area > 20 cm from the walls). Open field data were
recorded using tracking system and automatically analyzed by a computerized software system.
The field was cleaned with water containing ethanol between trials to eliminate any lingering
olfactory cues. One day later, the animals were sacrificed and the brains were dissected to
retrieve hippocampal region.

Quantitative analysis of GIRK; mRNA by using real-time PCR

Total RNA was extracted from isolated hippocamus using a TRIzol® Reagent, (Invitrogen)
according to standard method [25]. cDNA was synthesized from 200 ng of total RNA Synthesis
Kit, following the suppliers protocol (Bio-Rad). Levels of GIRK; mRNA were determined using
iQ™ SYBR® Green Supermix (Bio-Rad) kit and reverse transcription- real-time PCR using a
Chromo 4™ (Bio-Rad) instrument. Primers for GIRK; were constructed using Primer3 software.
Primers for GIRK2 were 5'-GCAAGCTTATGACAA-TGGCCAA- GTTAAC-3' and 5'-GCTCTAGAAT-
CACCCATTCCTCTCCGTC-3'". For standardization of quantification, glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was amplified simultaneously. The change of reporter fluorescence
from each reaction tube was monitored by Chromo 4™. The threshold cycle of each gene was
determined as PCR cycles at which amplification efficiency in reporter fluorescence is almost
100 % as much as possible. The level of original mRNA expression of target gene and GAPDH
was calculated according to a standard curve made by total RNA extracted from whole brain. In
order to reduce the variation between individuals, the expression level of target gene was
normalized by that of GAPDH.

STATISTICAL ANALYSIS
Data were analyzed using Student's t test. P values < 0.05 were considered significant.

RESULTS

BEHAVIORAL PERFORMANCE IN OPEN FIELD TEST

The performance in the open field test showed no significant difference between naive and NMD
groups regarding the number of square crossing and total distance, whereas, NMD group
showed higher center time in comparison to naive group (Figure 1, 2& 3).

NEUROCHEMICAL AND MOLECULAR PARAMETERS

Neonatal maternal deprived animals showed no statistical difference in the extracellular levels
of both dopamine and serotonin in comparison to levels of naive animals. Hippocampal
dopamine and serotonin levels of control animals were 0.660 +0.065 and 2.176 + 0.114 f
mol/12pl respectively (Figure 4). On the other hand, NMD adult animals showed significant
decrease in the expression level of GIRK; channel in comparison to control group (Figure 5).

DISCUSSION

The present data revealed that neonatal maternal deprivation (NMD) for 1 hour from PND 2-14
didn't induce significant change in the extracelluar level of hippocampal dopamine and
serotonin in adulthood. This could interpreted that NMD has no effect on the rate of
transmitters release. Also, this might indicate that the present NMD stress model was not
enough to elicit a persistent neurochemical effects during adulthood. It is worthy to note that,
while stressors reliably influence various neuroendocrine and central neurotransmission, the
nature and magnitude of these effects may be related to the characteristics of the stressors (like
severity, duration, chronicity and controllability), as well as several experiential (previous
stress exposure) and organismic factors ( age, strain and species) [26]. In accordance,
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hippocampal neurochemistry is involved in the behavioral changes that result from early
stressful life events [27]. In addition, motivational behavior in an operant conditioning task is
greatly influenced by hippocamal homer1 level [28].

Regarding the open field performance, the study showed that NMD animals didn't differ from
naive animals in locomotor activity but had higher center time in OFT indicating an anxiolytic
effect. It is worthy to note that OPT represents in a stressful situation which leads to anxiety
[29]. In accordance to this interpretation, the increased center time is considered a behavioral
outcome associated with reduced anxiety-like behavior [30].

It might seem paradox, that while NMD modulated behavioral performance, it did not induce
noticeable change in the level of extracelluar hippocampal transmitters (DA and 5-HT) in
comparison to naive animals. Hence, in the light of decreased expression of GIRK2 receptor, it
might be plausible that the anxiolytic effect of NMD might be due to change in brain
neurotransmission due to change in receptor density and/ or modulation of the efficiency of the
cellular transduction system rather than just increased or decreased release of brain
transmitters. Nevertheless, a previous study indicated that MD stress gives rise to persistent
changes in the function, but not the density or mRNA expression of central 5-HTa receptors
and/or 5-HT transporters [31].

Despite that several studies have shown increased incidence of schizophrenia and other mental
illnesses in individuals subjected to different forms of prenatal or early postnatal stress [10,32].
These effects might present a negative effect. On the other hand, in the present study, NMD
stress didn't cause noticeable neurochemical or behavioral abnormalities, except for center
time, indicating ant- anxiety activity, which might be a positive and beneficial effect. It is
important to note that the effectiveness of any stress is dependent on its kind, severity, duration
and surrounding environmental factors. Accordingly, early life stress effects might be beneficial
or detrimental. In agreement with this revelation, the "two- hit” theory postulates that first hit
consists of early prenatal or postnatal stress and the “second hit” consists of one or more
environmental factors, such as drug abuse or social stress, and combination of the two hits
produces the symptoms of diseases [33].

In accordance to the present findings, a previous study indicated that neither brief maternal
deprivation (15 min) nor long maternal separation (180 min), from postnatal day 2-14,
produced major impact on learning or memory tasks in male Wister rats [34]. Moreover, it has
been found that periodic or single maternal deprivation had little effect on the growth of
developing rats and stress response of the HPA axis to the novel stress in the adulthood [35]. On
the other hand, several studies indicated that neonatal maternal deprivation is a potent stressor
which results in permanent behavioral alterations associated with a variety of modifications of
neuroendocrine functions [36]. Among these functions, the hypothalamic- pituitary-adrenal
(HPA) axis has been largely investigated in rats and it was established that neonatal stress
enhances the adrenocortical response to novelty in adult rats.[37].

Data showed that NMD stress significantly decreased GIRK: channel expression, which might
indicate that they facilitate excitatory neuronal transmission. The observation that although
stress significantly decreased GIRK; channel expression, it did not affect the release of serotonin
and dopamine, might indicate that stress modulates multiple sites with different outputs. In
agreement to this interpretation, a previous study indicated that G protein-coupled inwardly
rectifying K* channels (GIRKs) mediate postsynaptic but not presynaptic transmitter actions in
hippocampal neurons and that that the same receptor can couple to different effector systems
according to its sub-cellular location in the neuron [38]. Accordingly, several studies indicated
that changes in expression of GIRK; containing channels have functional consequences that
likely affect the balance between excitatory and inhibitory neuronal transmission [20,39]. The
observation that various antidepressant drugs cause the inhibition GIRK channels expression
[40,41], may support this interpretation.
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CONCLUSION

It is suggested that NMD effect is mediated by altering the expression of GIRK; channels coupled
with presynaptic 5-HT1a. Consequently GIRK channel downregulating leads to reduction in the
inhibitory inputs from a number of metabotropic receptors and increases the excitability of
serotonergic and presumably dopaminergic neurons. These effects eventually lead to the
imbalance between excitatory and inhibitory neuronal transmission in favor of excitatory
neurotransmission leading to the anxioltyic effect of NMD on OFT .

2500
250 -

2000 - |
1500 - | . |
.
1000 - |
500 -
50
& ‘ ' ‘ ‘ T T T

Control NMD Stress B

- »N
o o
o =]

Distance (Cm)

-
o
=]

Number of Square Crossing

Control NMDStress
Figure 1 - Effect of Neonatal Maternal Figure 2 - Effect of Neonatal Maternal
Deprivation (NMD) Stress on Locomotor Deprivation (NMD) Stress on Number of
Activity in Open Field Test in Adult Male Rat. Square Crossing in Open field Test in Adult
Male Rat.
120 -
B_ *
100 -
8_
_ 80 -
%‘ # 60 -
E
S o
40 4
2 4 20 -
0 - T T T
DA 5-HT
0 - T T T
Control NMD Stress
Figure 3 - Effect of Neonatal Maternal Figure 4 - Effect of Neonatal Maternal
Deprivation (NMD)Stress on Centre Time in Deprvation (NMD) Stress on Extracellular
Open Field Test in Adult Male Rat. Dopamine (DA) and Serotonin (5-HT) Levels
in Dorsal Hippocamapal Area in Adult Male

Rat.

http://mutagens.co.in 1622



Journal of Global Biosciences Vol. 4(3), 2015 pp. 1618-1626
ISSN 2320-1355

100

rGIRK2

0

Control NMD Stress

Figure 5 - Effect of Neonatal Maternal Deprivation (NMD)Stress on Hippocampal GIRK2
channels Expression in Adult Male Rat.

REFERENCES

[1] Sanchez, M.M., Ladd, C.O. and Plotsky, P.M., 2001, Early adverse experience as a
developmental risk factor for later psychopathology: evidence from rodent and
primate models. Dev Psychopathol, 13, 419-449.

[2] Fenoglio, K.A., Brunson, K.L., and Baram, T.Z., 2006, Hippocampal neuroplasticity
induced by early life stress: Functional and molecular aspects. Front
Neuroendocrinol, 27, 180-192.

[3] Pacak, K., and Palkovits, M., 2001, Stressor specificity of central neuroendocrine
responses: implications for stress-related disorders. Endocr Rev, 22, 502-548.

[4] Ellenbroek, B.A. and Cools, A.R.,, 2002, Early maternal deprivation and prepulase
inhibition. The role of the postdeprivation environment. Pharmacol Biochem
Behav, 73,177-184.

[5] Faure, ], Uys, ].D., Marais, L., Stein, D.J., and Daniels, W.M., 2007, Early maternal
separation alters the response to traumatization: resulting in increased levels of
hippocampal neurotrophic factors. Metab Brain Dis, 22 (2), 183-195.

[6] Lippmann, M., Bress, A., Nemeroff, C.B., Plotsky, P.M., and Monteggia, L.M., 2007,
Long-term behavioral and molecular alterations associated with maternal
separation in rats. Eur ] Neurosci, 25 (10), 3091-3098.

[7] Marco, E.M., Adrini, W., Llorente, R., Laviola, G., and Viveros, M., 2009, Detrimental
psychophysiological effects of early maternal deprivation in adolescent and adult
rodents: altered response to cannabinoid exposure. Neurosci Biobehav Rev, 33
(4), 498-507.

[8] Llorente-Berzal, A., Mela, V., Borcel, E., Valero, M., L6pez-Gallardo, M., Viveros, M.P.,
and Marco, E., 2012, Neurobehavioral and metabolic long-term consequences of
neonatal maternal deprivation stress and adolescent olanzapine treatment in male
and female rats. Neuropharmacol, 62 (3),1332-1341.

[9] Ellenbroek, B.A., 2003, Animal models in the genomic era: possibilities and
limitations with special emphasis on schizophrenia. Behav Pharmacol, 14 (5-6),
409-417.

http://mutagens.co.in 1623



Journal of Global Biosciences Vol. 4(3), 2015 pp. 1618-1626
ISSN 2320-1355

[10] Pryce, C.R., Ruedi-Bettschen, D., Dettling, A.C., Weston, A., Russig, H., Ferger, B., and
Feldon, J., 2005, Long-term effects of early life environmental manipulations in
rodents and primates: potential animal models in depression research. Neurosci
Biobehav, 29, 649-674.

[11] Marco, E.M.,, Valero, M., de la Serna, O., Aisa, B., Borcel, E., Ramirez, M.]., and Viveros,
M.P., 2013, Maternal deprivation effects on brain plasticity and recognition
memory in adolescent male and female rats. Neuropharmacol, 68, 223-231.

[12] Joca, S.R., Ferreira, F.R, and Guimaraes, F.S., 2007, Modulation of stress
consequences hippocampal monoaminergic, glutamatergic and nitregic
neurotransmitter systems. Stress, 10 (3), 227-249.

[13] Hegde, P., Singh, K., Chaplot, S., Shankaranarayana Rao, B. S., Chattarji, S., Kutty,
B.M. and Laxmi, T.R, 2008, Strss-induced changes in sleep and associated
neuronal activity in rat hippocampus and amygdale. Neurosci, 153 (1), 20-30.

[14] Hadad-Ophir. O., Albrecht. A, Stork, O., and Richter-Levin, G., 2014, Amygdala
activation and GABAergic gene expression in hippocampal sub-regions at the
interplay of stress and spatial learning. Front Behav Neurosci, 8,3.

[15] Blaise, J.H., Koranda, J.L., Chow, U., Haines, K.E., and Dorward, E.C., 2008, Neonatal
isolation stress alters bidirectional long-term synaptic plasticity in amygdalo-
hippocampal synapses in freely moving adult rats. Brain Res, 1193, 25-33.

[16] Mao, ]J., Wu, ]., Chen, F., Wang, X,, and Jiang, C., 2003, Inhibition of G-protein-coupled
inward rectifying K* channels by intracellular acidosis. ] Biol Chem, 278 (9),7091-
7098.

[17] Lei, Q., Talley, E.M., and Bayliss, D.A., 2001, Receptor-mediated inhibition of G
protein-coupled inwardly rectifying potassium channels involves G(alpha)q family
subunits, phospholipase C, and a readily diffusible messenger. | Biol Chem, 276
(20),16720-16730.

[18] Chuang, H.H., Yu, M,, Jan, Y.N,, and Jan, L.Y. 1988, Evidence that the nucleotide
exchange and hydrolysis cycle of G proteins causes acute desensitization of G-
protein gated inward rectifier K+ channels. Proc Natl Acad Sci U S A, 95 (20),
11727-11732.

[19] Koyrakh, L., Lujan, R., Coldn, ]., Karschin, C., Kurachi, Y., Karschin, A., and Wickman,
K., 2005, Molecular and cellular diversity of neuronal G-protein-gated potassium
channels. ] Neurosci, 25 (49), 11468-11478.

[20] Best, T.K,, Siarey, R.J., and Galdzicki, Z., 2007, Ts65Dn, a mouse model of Down
syndrome, exhibits increased GABAB-induced potassium current. ] Neurophysiol,
97 (1), 892-900.

[21] Paxinos, G., and Watson, C., 2004, The rat brain in stereotaxic coordinates. Fourth
Edition. Elsevier. New York.

[22] Clinckers, R., Smolders, I, Meurs, A., Ebinger, G. and Michotte, Y., 2004,
Anticonvulsant action of hippocampal dopamine and serotonin is independently
mediated by D and 5-HT receptors. ] Neurochem, 89 (4), 834-843.

[23] Smolders, I, Clinckers, R., Meurs, A, De Bundel, D., Portellj, ]., Ebinger, G., and
Michotte, Y., 2008, Direct enhancement of hippocampal dopamine or serotonin
levels as a pharmacodynamic measure of combined antidepressant-
anticonvulsant action. Neuropharmacol, 54, 1017- 1028.

[24] Fromm, L., Heath, D.L., Vink, R., and Nimmo, A.]., 2004, Magnesium attenuates post-
traumatic depression/anxiety following diffuse traumatic brain injury in rats. Am ]
Coll Nutr, 23(5), 529S-533S.

http://mutagens.co.in 1624



Journal of Global Biosciences Vol. 4(3), 2015 pp. 1618-1626
ISSN 2320-1355

[25] Chomcsynski, P., and Sacchi, N., 1987, Single-step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chloroform extraction. Anal Biochem, 162 (1),
156-159.

[26] Shehata, A. M., 2002, Blood brain barrier disruption and increased permeability by
single and repeated immobilization stress: An adaptive response. Bull. Egypt. Soc.
Physiol. Sci., 22 (2), 511- 540.

[27] Hui, ].J., Zhang, Z.]., Liu, S.S., Xi, G.J., Zhang, X.R., Teng, G.J., Chan, K.C., Wu, E.X,, Nie,
B.B., Shan, B.C,, Li, L.J., and Reynolds, G.P., 2011, Hippocampal neurochemistry is
involved in the behavioural effects of neonatal maternal separation and their
reversal by post-weaning environmental enrichment: a magnetic resonance study.
Behav Brain Res, 217 (1), 122-127.

[28] Wagner, K.V., Hausl, A.S., P6hlmann, M.L., Hartmann, J., Labermaier, C., Miiller, M.B,,
and Schmidt, M.V,, 2014, Hippocampal homerl levels influence motivational
behavior in an operant conditioning task. PLoS One, 9 (1), e85975.

[29] Ahmed, H.I, and Ezzeldin, E., 2011, Study of the anxiolytic activity of captopril
against the anxiogenic potential of ciprofloxacin in different models of anxiety in
rats. Aust. ]. Basic & Appl. Sci, 5 (9), 738-746.

[30] Weil, Z.M., Hotchkiss, A.K,, Gatien, M.L., Dahl, S.P., and Nelson. R.J., 2006, Melatonin
receptor (MT1) knockout mice display depression-like behavior and deficits in
sensorimotor gating. Br Res Bull, 68, 425-429.

[31] Arborelius, L., Hawks, B.W., Owens, M.]., Plotsky, P.M., and Nemeroff, C.B., 2004,
Increased responsiveness of presumed 5-HT cells to citalopram in adult rats
subjected to prolonged maternal separation relative to brief separation.
Psychopharmacol (Berl), 176 (3-4), 248-255.

[32] Lee, J.H,, Kim, H.J.,, Kim, ].G., Ryu, V., Kim, B.T., Kang, D.W., and Jahng, ].W., 2007,
Depressive behaviors and decreased expression of serotonin reuptake transporter
in rats that experienced neonatal maternal separation. Neurosci Res, 58 (1), 32-39.

[33] Choy, K.H., de Visser, Y., Nicolas, N.R,, and Van den Buuse, M., 2008, Combined
neonatal stress and young- adult glucocorticoid stimulation in rats reduce BDNF
expression in hippocampus: effects on learning and memory. Hippocampus, 18
(7), 655-667.

[34] Guijarro, ].Z., Tiba, P.A., Ferreira, T.L., Kawakami, S.E., Oliveira, M.G., and Suchecki,
D., 2007, Effects of brief and long maternal separations on the HPA axis activity
and the performance of rats on context and tone fear conditioning. Behav Brain
Res, 184 (2),101-108.

[35] Yoshihara, T., and Yawaka, Y., (2008), Repeated immobilization stress in the early
postnatal period increases stress response in adult rats. Physiol Behav, 93 (1-2),
322-328.

[36] Barreau. F., Ferrier, L., Fioramonti, ]., and Bueno, L. (2004), Neonatal maternal
deprivation triggers long term alterations in colonic epithelial barrier and mucosal
mmunity in rats. Gut, 53, 501-506.

[37] Ding. F., Li, H.H., Li, ]J., Myers, RM., and Francke, U, 2010, Neonatal maternal
deprivation response and developmental changes in gene expression revealed by
hypothalamic gene expression profiling in mice. PLoS One, 5 (2), 9402, 1-11.

[38] Luscher, C,, Jan, LY., Stoffel, M., Malenka, R.C., and Nicoll, R.A., 1997, G protein-
coupled inwardly rectifying K+ channels (GIRKs) mediate postsynaptic but not
presynaptic transmitter actions in hippocampal neurons. Neuron, 19, 687-695.

http://mutagens.co.in 1625



Journal of Global Biosciences

Vol. 4(3), 2015 pp. 1618-1626
ISSN 2320-1355

[39] Harashima, C., Jacobowitz, D.M., Witta, J., Borke, R.C., Best, T.K,, Siarey, R.J., and
Galdzicki, Z., 2006, Abnormal expression of the G-protein-activated inwardly
rectifying potassium channel 2 (GIRK:) in hippocampus, frontal cortex, and
substantia nigra of Ts65Dn mouse: a model of Down syndrome. ] Comp Neurol,
494(5), 815-833.

[40] Kobayashi, T., Washiyama, K., and Ikeda, K., 2004, Inhibition of G protein-activated
inwardly rectifying K* channels by various antidepressant drugs.
Neuropsychopharmacol, 29,1841-1851.

[41] Kobayashi. T., and lkeda, K., 2006, G protein-activated inwardly rectifying

potassium channels as potential therapeutic targets. Curr Pharm Des,
12(34),4513-4523.

http://mutagens.co.in 1626



