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Abstract: This study examined the effect of phosphatidylinositol-3 proteinkinase (PI3K), LY 294002 and wortmannin, and of mitogen
activated protein kinases (MAPK) inhibitors, PD 98059 and SB 203580, on rat retinal cells size and neurite outgrowth in the absence
and in the presence of taurine. Isolated cells were cultured for 5 days in minimal essential medium containing taurine (4 mM)and the
inhibitors at different concentrations (2.5, 10, 20, 25 µM). Size of ganglion cells was measured and outgrowth was evaluated by the
length of the largest neurite (µm), in cells < 12 µm and ≥ 12 µm. The inhibition of IP3K and MAPK modifies the cell size and neuritic
growth of retinal cells and the trophic effect of taurine on these parameters. The effect of the inhibitors, probably acting directly or at
other cellular levels, indicates that the regulation of outgrowth by phosphorylation is a complex and dual process. These results
contribute to the understanding of mechanisms involved in maintenance of retinal cells, and could be useful for possible therapeutic
targets in retinopathies of various origins such as glaucoma, macular degeneration, among others.
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1. Abbreviations
DMSO dimethylsulfoxide; PI3K phosphatidylinositol3kinase; MAPK mitogen activated protein kinases;
LY
294002 2-morpholin-4-yl-8-phenylchromen-4-one; PD
98059 2’-amino-3’-methoxyflavone; SB 203580 4-(4fluorophenyl)-2-(4-methylsulfinylphenyl)-5-(4-pyridyl)-1Himidazole

2. Introduction
Taurine (2-amino-ethanesulfonic acid)is the most abundant
amino acid in retina [1,2], with concentrations greater than
those in other ocular structures or in the brain of adult
animals of all species examined [3,4], reaching up to 50
µmol/g of wet weight retina in rats [5,6]. Taurine exerts
multiple functions, such as cell volume regulation,
cytoprotective, substrate for the formation of bile salts,
neuromodulation,
and
modification
of
protein
phosphorylation, development, stimulator of axonal
outgrowth, nutrition, and survival, and acts as a trophic
agent in retina, among others [7-13]. Taurine increases the
outgrowth of the goldfish retina in a bell-shaped
concentration-manner, and at certain critical periods of time
and concentration shown to be determinant in the
regeneration of the retina [7,14]. The mechanisms by which
taurine exerts its trophic role in the retina have been related
to calcium fluxes [8], and to protein phosphorylation [10].
A variety of signals are involved incellular processes, in
which certain kinases, such as phosphatidylinositol-3kinase
(PI3K) and mitogen activated protein kinases (MAPK)
function in the signaling pathway [15-17]. These kinases
involved in a variety of fundamental cellular processes such
as differentiation, proliferation, apoptosis, stress response,
and survival.After binding at growth factors, their respective

receptor tyrosine kinase, receptor dimerization triggers the
intrinsic tyrosine-kinase activity [18-21].MAPK and PI3K
pathways have been well studied in various types of neurons
[22-24]. The roles of these pathways, however, are distinct
in each cell subtypes. In PC12 cells, prolonged activation of
AMPK promotes cell survival after damage of nerve growth
factor [25]. The inactivation of proapoptotic protein and the
increased transcription of prosurvival genes, such as cAMPresponsive element-binding protein, in MAPK signaling
pathway, promotes cell survival through a dual mechanism
[26]. On the other hand, recent evidence indicates that the
PI3K / Akt pathway is more relevant to cell survival than the
MAPK pathway in granule neurons of the cerebellum and
spinal motor neurons [27].
The PI3K/AKT pathway is a signalingmodule that is also
implicated in the proliferation of severaltypes of cells,
including mouse embryonic stem cells [28], developing cells
from the rat cerebral cortex [29], adult hippocampal neural
progenitors [30], and Muller glial cells of the rat retina [31].
PI3K is now considered as one of the most important
regulatory proteins, being involved in a number of diverse
signaling pathways and in controlling the main functions of
the cell [21, 32]. PI3K has been reported to stimulate neurite
outgrowth in PC12 cells (a cell line derived from
a pheochromocytoma of the rat adrenal medulla) [33], and to
be required for the neural cell adhesion molecule-mediated
neurite outgrowth of primary neurons [34]. The effects of
PI3K and MAPK inhibitors could be relevant in studying
their influence on neurite growth from rat retinal cells.
Knowing the signaling pathways involved in the regulation
of cell size and neurite outgrowth in the retina is of great
significance, regarding the possible therapeutic potential in
several diseases, many of them associated with retinopathy
of various origins. According to the modulation of the
phosphorylation of specific proteins by taurine [9] together

Volume 7 Issue 8, August 2018
www.ijsr.net
Licensed Under Creative Commons Attribution CC BY
Paper ID: ART2019295

DOI: 10.21275/ART2019295

498

International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2016): 79.57 | Impact Factor (2017): 7.296
with the influences of protein phosphorylation on retinal
outgrowth, the aims of this study were: (1) to explorethe
effects of PI3K and MAPK inhibitorson the basal neurite
outgrowth from rat retinal cells; (2) to determine the
possible effect of these inhibitors on the trophic effect of
taurine and (3) to understand the signaling pathways
involved in the trophic effect of taurine on retina.

3. Methods
3.1 Animals
Male Sprague–Dawley rats five days old were obtained from
the hatchery of InstitutoVenezolano de Investigaciones
Científicas. Commercial rat food and water were provided
ad libitum. The animals were decapitated at 9:00 am, and the
eyes were extracted from the orbit. All manipulations
followed international ethical guide [35]. The total number
of animals per experiment was 15 for each condition. The
animal protocols were approved by Institute Ethical
Committee following international rules.
3.2 Isolation of rat retinal cells
Retina was dissected in a laminar flow hood and cells were
isolated with 0.25 % trypsin in MinimumEssential Medium
(MEM) with 0.1 mg/ml of gentamicin and 20 mM of (N-2hydroethyl]piperazine-N_-2-ethanesulfonicacid) (HEPES),
at 37 ºC for 15 min, followed by mechanical separation with
Pasteur pipette. The cells were washed twice with MEM at
1500 rpm for 10 min and counted in a Neubauer chamber.
Integrity of membrane was determined by 50 % Trypan blue
exclusion (>96 %) [36].

The results with the inhibitor of IP3K LY 294002 on cell
size and length of neuritis are shown in Fig. 1. Five days
after plating, Ly 294002 did not change the size of the cells
in the range of concentrations used (Figure 1a, 1c). The
length of neurites was significantly reduced in a dosedependent manner in all cells by Ly 294002 in the range of
concentrations used (Figure 1b, 1d). The irreversible
inhibitor of PI3K, Wortmannin, significantly decreases cell
size and length of neuritis of cells (Figure 2), except the cells
size in cells ≥ 12 µm (Figure 2c). These results suggest that
neurite growth and cellsize are processes that occur through
different signaling pathways.The inhibition of PI3K by Ly
294002 and Wortmannin inhibitor indicates the relevance of
phosphorylation for outgrowth of neuritesin rat retina. The
mechanism by which PI-3K affects neurite outgrowth is
presently unclear, but prominent targets downstream of PI3K include Akt (PKB), regulators of the Rho-GTPase
family, and the RAS/RAF/ERK pathway [21, 39-43]. The
effects of LY 294002 depend on the experimental conditions,
such as the type of cell, the degree of injury and the time of
cell culture. In the retina, LY 294002 was shown to exert a
protective effect on retinal ganglion cells in the absence of
ciliary neurotrophic factor (CNTF) after peripheral surgery
of the optic nerve [44]. In contrast, other studies showed that
LY 294002 decreased the number of surviving retinal
ganglion cells after optic nerve clamping compared to injury
alone [42]. Thus, our results with LY 294002 and
wortmannin were different. The mechanisms exerted by LY
294002 and wortmannin on growth are not clear, however, it
is well known that these 2 compounds are structurally
distinct inhibitors of PI3K that act to suppress the activity of
this enzyme through different mechanisms [45-50]. Further
studies are required to elucidate the mechanisms of the
effects of LY 294002 and wortmannin on retinal cells.

3.3 Retinal cell cultures and treatments
Retinal cells suspended in MEM were placed (400,000
cells/ml) in poly-L-lysine (0,025 %) (Sigma) pre-coated
culture flasks. The nutrient medium was Leibovitz, L-15
(free of taurine), and 5 ml per dish (Sigma). Taurine, 4 mM,
was added to some cultures of retinal cells [37], [38].
Inhibitors LY 294002, wortmannin, PD 98059 and SB
203580 diluted in dimethyl sulfoxide (DMSO) were added
in concentration of 2.5, 10, 20 and 25 µM. Control group for
each test corresponds to cells with DMSO (0.25, 1 and 2 %)
in the absence and presence of taurine and inhibitors. The
cells size and neurite length (µm) was measured at 5 days
after plating, using the program SigmaScanPro [17].
3.4 Statistical analysis
Results are expressed as mean ± standard error of the mean,
analysis of variance was performed followed by Tukey–
Kramer Multiple Comparisons Test for evaluating results
(GraphPadInStat 3). Values of p<0.05 were considered
significant.

4. Results & Discussion
Effect of phosphatidylinositol-3kinase inhibitors on
neuritic outgrowth
In this study, we examined the role of PI3K signaling
cascades on cell size and neurite length in rat retinal cells.

Effect of phosphatidylinositol-3kinase inhibitors on
neuritic outgrowth in the presence of taurine
Our previous studies on the mechanisms involved in taurine
effect on neuritic outgrowth of retinal cells examined
substrates, calcium fluxes, but never focused on the
influence of protein kinases. Diseases of the retina such as
diabetic retinopathy and retinopathy of prematurity are
characterized by the formation of abnormal new blood
vessels. Studies indicate that inhibition of PI3K signaling
interferes with angiogenesis [39]. In presence of taurine, Ly
294002 significantly decreases in a dose-dependent manner
cell size and length of neuritis of all cells as compared with
controls (Figure 3). In the range of concentrations used,
Wortmann insignificantly decreased the trophic effect of
taurine on cell size (Figure 4a, 4c), but not altered the length
of neurites (Figure 4b, 4d). These results suggest that protein
phosphorylation modulates the trophic effect of taurine in
retinal cells, mainly ganglion cells. On the other hand, IP3K
inhibitors reduce the efflux of taurine in chicken retina [51]
indicating the posible protein phosphorylation relationship
with the transport of taurine and therefore with the trophic
effect of this amino acid.
Effect of mitogen activated protein kinases inhibitors on
neuritic outgrowth
MAPK pathways have been well characterized in different
neuronal types [52], but the roles of these pathways are
distinct in each neuronal subtype. The effect of the inhibitor
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of MAPK, PD 98059, is shown in Figures 5. The cell size
significantly decreased in the presence of PD 98059
inhibitor in the range of concentrations used (Figure 5a, 5c),
and did not modified the length of neuritis (Figure 5b, 5d).
The inhibitor of MAPK, SB 203580, significantly reduced
cell size and length of neuritis of all cells (Figure 6).In the
retina, the MAPK pathway was demonstrated to play pivotal
roles in the extension of RGC axons [53], and in postnatal
rats promote of survival of RGCs [25, 53]. In the adult rat
retina, inhibitions of caspase-3 also avoid RGCs from
secondary cell death in vivo [54-56].The MAPK family
comprises at least three distinct signaling cascades: the
p42/p44 MAPK (extracellular signal-regulated kinase,ERK-1/2) cascade, which preferentially regulates cell
growth and differentiation, and the p38 and c-Jun N-terminal
kinase/stress-activated protein kinase (JNK/ SAPK)
cascades, both of which function mainly in stress responses
such as apoptosis and inflammation [57]. PD98059 has been
shown to act in vivoas a highly selective inhibitor of MEK1
activation and the MAP kinase cascade [58,59]. PD98059
binds to the inactive forms of MEK1 and prevents activation
by upstream activators such as c-Raf [60]. On the other
hand, SB 203580 is a selective inhibitor of p38 MAPK, this
compound inhibits the activation of MAPKAPK-2 by p38
[61] and inhibits the catalytic activity of p38 by binding to
the pocket of ATP binding, but does not inhibit
phosphorylation from p38 by kinases upstream. As in our
study, neurite growth is apparently regulated by p42 / p44
[62]. It has also been shown that the p42 / p44 pathway
mediates neurite growth by netrin-1 [63].
Effect of mitogen activated protein kinases inhibitors on
neuritic outgrowth in presence of taurine
The role of taurine in protein phosphorylation has been
extensively studied [46-47]. Our results demonstrate that the
MAPK signaling pathway is involved in cell size and cells
neurite outgrowth. Figure 7 shows theeffect of PD 98059 on
the trophic effect of taurineoncellsize and neuritic length.
The cell size of all the cells was not modified by the addition
of the inhibitor (Figure 7a, 7c). In contrast, it has a dual
effect on the neuritic length of the cells, increases
significantly at 10 μM and decreases significantly at 25 µM
(Figure 7b, 7d). SB 203580 significantly increases cell size
and neuriticlength in cells<12 μm (Figure 8a, 8b) and
significantly decreases both parameters in cells> 12 μm
(Figure 8c, 8d). The modifications of the trophic effect of
taurine suggest that taurine could be acting as a growth
stimulator by phosphorylating specific proteins.

5. Conclusion
IP3K and MAPK participate in the signaling cascade for the
regulation of cellsize and neuritic growth in rat retina cells
and in the trophic effect exerted by taurine on these
parameters. Further studies are needed to clarify the precise
mechanisms, but the present results allow starting to make
connections between protein phosphorylation and taurine
trophic effect in the retina.

6. Conflict of Interests
The authors declare that there is no conflict of interests
regarding the publication of this paper.

References
[1] Militante J, Lombardini J. Taurine: evidence of
physiological function in the retina. NutrNeurosci.
2002;5:75-90.
[2] Ripps H, Shen W. Taurine: a “very essntial” amino
acid.Mol Vis. 2012;18:2673-86.
[3] Pasantes-Morales H. Taurine function in excitable
tissues: the retina as a model. In: Moroan, W.W. (Ed.),
Retinal Transmitters and Modulators: Models for the
Brain. CRC Press, Boca Raton, Florida, pp. 33E62;
1985.
[4] Pasantes-Morales H, Cruz C. Taurine and hypotaurine
inhibit light-induced lipid peroxidation and protect rod
outer segment structure. Brain Res. 1985;330:154-157.
[5] Voaden M, Lake N, Marshall J, Morjaria B. Studies on
the distibution of taurine and other neuroactive amino
acids in the retina.Exp Eye Res. 1977;25:249-57.
[6] Huxtable R. Taurine in the central nervous system and
the mammalian actions of taurine. ProgNeurobiol.
1989;32:471-533.
[7] Lima L, Matus P, Drujan B. Taurine effect on neurites
growth from goldfish retinal explants. Int J
DevNeurosci. 1988;6:417–420.
[8] Lima L, Matus P, Drujan B. Taurine-induced
regeneration of goldfish retina in culture may involve a
calcium-mediated
mechanism.
J
Neurochem.
1993;60:2153–2158.
[9] Lombardini J, Props C. Effects of kinase inhibitors and
taurine analogues on the phosphorylation of specific
proteins in mitochondrial fractions of rat heart and
retina. AdvExp Med Biol. 1996;403:343-50.
[10] Lima L, Cubillos S. Taurine might be acting as a trophic
factor in the retina by modulating phosphorylation of
cellular proteins. J Neurosci Res. 1998;53:377–384.
[11] Lima L. Taurine and its trophic effects in the retina.
Neurochem Res. 1999;24:1333–1338.
[12] Nusetti S, Obregón F, Quintal M, Benzo Z, Lima L.
Taurine and zinc modulate outgrowth from goldfish
retinal explants. Neurochem Res. 2005;30:1483-92.
[13] Nusetti S, Salazar V, Lima L. Localization of taurine
transporter, taurine and zinc in goldfish retina. AdvExp
Med Biol. 2009; 643:233–242.
[14] Pasantes-Morales H, Arzate NE, Cruz C. The role of
taurine in nervous tissue: its effects on ionic fluxes.
AdvExp Med Biol. 1981;139:273-92.
[15] Hoffman EK, Pedersen SF. Sensors and signal
transduction pathways in vertebrate cell volume
regulation. Contrib Nephrol. 2006;152:54–104.
[16] Lambert IH. Regulation of the cellular content of the
organic
osmolytetaurine
in
mammalian
cells.Neurochem Res. 2004;29:27–63.
[17] Cubillán L, Obregón F, Lima L. Neurites outgrowth and
amino acids levels in goldfish retina under hypoosmotic or hyper-osmotic conditions. Int J Devl
Neuroscience. 2012;30:55–61.
[18] Arthur J, Ley S. Mitogen-activated protein kinases in
innate immunity. Nat Rev Immunol. 2013;13:679-92.
[19] Cargnello M, Roux P. Activation and function of the
MAPKs and their substrates, the MAPK-activated
protein kinases. MicrobiolMolBiol Rev. 2011;75:50-83.
[20] Downward J. Targeting RAS and PI3K in lung cancer.
Nat Med. 2008;14:1315-6.

Volume 7 Issue 8, August 2018
www.ijsr.net
Licensed Under Creative Commons Attribution CC BY
Paper ID: ART2019295

DOI: 10.21275/ART2019295

500

International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2016): 79.57 | Impact Factor (2017): 7.296
[21] Krasilnikov M. Phosphatidylinositol-3 kinase dependent
pathways: the role in control of cell growth, survival,
and malignant transformation. Biochemistry.2000;
65:59-67.
[22] Dolcet X, Egea J, Soler R, Martin-Zanca D, Comella J.
Activation of phosphotidylinositol 3-kinase, but not
extracellular-regulated kinases, is necessary to mediate
brain-derived neurotrophic factor-induced motoneuron
survival. J Neurochem.1999;73:521-31.
[23] Encinas M, Iglesias M, Llecha N, Comella J.
Extracellular-regulated kinases and phosphatidylinositol
3-kinase are involved in brain-derived neurotrophic
factor-mediated survival and neuritogenesis of the
neuroblastoma cell line SH-SY5Y. J Neurochem.
1999;73:1409-21.
[24] Hetman M, Kanning K, Cavanaugh J, Xia Z.
Neuroprotection by brain-derived neurotrophic factor is
mediated by extracellular signal-regulated kinase and
phosphatidylinositol
3-kinase.
J
Biol
Chem.
1999;274:22569-80.
[25] Qui MS, Green S. PC12 cell neuronal differentiation is
associated with prolonged p21ras activity and
consequent prolonged ERK activity. Neuron.1992;
9:705-17.
[26] Bonni A, Brunet A, West AE, Datta SR, Takasu MA,
Greenberg ME. Cell survival promoted by the RasMAPK signaling pathway by transcription-dependent
and -independent mechanisms. Science.1999;286:135862.
[27] Williams TM, Ndifor AM, Near JT, Reams-Brown RR.
Lead enhances NGF-induced neurite outgrowth in PC12
cells by potentiating ERK/MAPK activation.
Neurotoxicology. 2000;6:1081-9.
[28] Heo JS, Han HJ. ATP stimulates mouse embryonic stem
cell
proliferation
via
protein
kinase
C,
phosphatidylinositol 3-kinase/Akt, and mitogenactivated protein kinase signaling pathways. Stem
Cells.2006;24:2637-48.
[29] Mairet-Coello G, Tury A, DiCicco-Bloom E. Insulinlike growth factor-1 promotes G(1)/S cell cycle
progression through bidirectional regulation of cyclins
and cyclin-dependent kinase inhibitors via the
phosphatidylinositol
3-kinase/Akt
pathway
in
developing rat cerebral cortex. J Neurosci. 2009;29:77588.
[30] Peltier J, O'Neill A, Schaffer DV. PI3K/Akt and CREB
regulate adult neural hippocampal progenitor
proliferation and differentiation. DevNeurobiol.
2007;67:1348-61.
[31] Moon S, Chung E, Jung S, Lee J. PDGF stimulation of
Müller cell proliferation: Contributions of c-JNK and
the PI3K/Akt pathway.BiochemBiophys Res Commun.
2009;388:167-71.
[32] Rodgers E, Theibert A. Functions of PI 3-kinase in
development of the nervous system. Int J DevNeurosci.
2002;20:187-97
[33] Kita Y, Kimura K, Kobayashi M, Ihara S, Kaibuchi K,
Kuroda S, et al.
Microinjection of activated
phosphatidylinositol-3
kinase
induces
process
outgrowth in rat PC12 cells through the Rac-JNK signal
transduction pathway. J Cell Sci. 1998;111:907-15.
[34] Ditlevsen D, Køhler L, Pedersen M, Risell M, Kolkova
K, Meyer M et al. The role of phosphatidylinositol 3-

kinase in neural cell adhesion molecule-mediated
neuronal differentiation and survival.J Neurochem.
2003;84:546-56.
[35] Jayo M, Cisneros F. Guı́a para el Cuidado y Uso de los
Animales de Laboratorio. Copyright National Academy
Press, Washington, DC; 1996.
[36] MárquezA, Urbina M and Lima L. Zinc and Zinc
ChelatorsModifyTaurineTransport in RatRetinalCells.
Neurochem Res 2014; 39:2234–2239.
[37] Lima
L,
Matus
P,
Drujan
B.
Taurineeffectonneuriticgrowthfromgoldfishretinalexpla
nts.Int J Dev Neurosci. 1988; 6(5):417-24.
[38] Lima L, Matus P, Drujan B. Theinteraction of substrate
and taurine modulates the out growth from regenerating
gold
fish
retinal
explants.Int
J
DevNeurosci. 1989;7(4):375-82.
[39] Jiang K, Zhong B, Gilvary D, Corliss B, Hong-Geller E
et al. Pivotal role of phosphoinositide-3 kinase in
regulation of cytotoxicity in natural killer cells. Nat
Immunol. 2000;1:419-25.
[40] Corvera S, Czech M. Direct targets of phosphoinositide
3-kinase products in membrane traffic and signal
transduction. Trends Cell Biol. 1998;8:442-6.
[41] Duronio V, Scheid M, Ettinger S. Downstream
signalling events regulated by phosphatidylinositol 3kinase activity. Cell Signal. 1998;10:233-9.
[42] Bishop A, Hall A. Rho GTPases and their effector
proteins. Biochem J. 2000;348:241-55.
[43] Cantrell D. Phosphoinositide 3-kinase signalling
pathways. J Cell Sci. 2001;114:1439-45.
[44] Park K, Luo J, Hisheh S, Harvey A, Cui Q. Cellular
mechanisms associated with spontaneous and
ciliaryneurotrophic factor-cAMP- induced survival and
axonal regeneration of adult retinal ganglion cells. J
Neurosci.2004;24: 10806–15.
[45] Nakazawa T, Shimura M, Tomita H, Akiyama H,
Yoshioka Y, Kudou H, Tamai M. Intrinsic activation of
PI3K/Akt signaling pathway and its neuroprotective
effect against retinal injury. Curr Eye Res. 2003;26:5563.
[46] Lombardini J. Effects of taurine on protein
phosphorylation in mammalian tissues. AdvExp Med
Biol. 1992;315:309-18.
[47] Lombardini J. Increased phosphorylation of specific rat
cardiac retinal proteins in taurine-depleted animals:
Isolation and identification of the phospho-proteins.
International Taurine Satellite Symposium, 16th
Biennial Meeting of International Society for
Neurochemistry, pp 47–48; 1997.
[48] Powis G, Bonjouklian R, Berggren M, Gallegos A,
Abraham R, Ashendel C et al. Wortmannin, a potent and
selective inhibitor of phosphatidylinositol-3-kinase.
Cancer Res. 1994;54:2419-23.
[49] Vlahos C, Matter W, Hui K, Brown R. A specific
inhibitor of phosphatidylinositol 3-kinase, 2-(4morpholinyl)-8-phenyl-4H-1-benzopyran-4-one
(LY294002).J Biol Chem. 1994;269:5241-8.
[50] Walker E, Pacold M, Perisic O, Stephens L, Hawkins
PT, Wymann MP, et al. Structural determinants of
phosphoinositide 3-kinase inhibition by wortmannin,
LY294002, quercetin, myricetin, and staurosporine. Mol
Cell. 2000;6:909-19.

Volume 7 Issue 8, August 2018
www.ijsr.net
Licensed Under Creative Commons Attribution CC BY
Paper ID: ART2019295

DOI: 10.21275/ART2019295

501

International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2016): 79.57 | Impact Factor (2017): 7.296
[51] de La Paz LD, Lezama R, Torres-Marquez ME,
Pasantes-Morales H. Tyrosinekinases and amino
acideffluxunderhyposmotic and ischaemicconditions in
thechicken retina.PflugersArch. 2002;445(1):87-96.
[52] Nakazawa T, Tamai M, Mori N. Brain-derived
neurotrophic factor prevents axotomized retinal
ganglion cell death through MAPK and PI3K signaling
pathways.Invest Ophthalmol Vis Sci. 2002;43:3319-26.
[53] Dimitropoulou A, Bixby J. Regulation of retinal neurite
growth by alterations in MAPK/ERK kinase (MEK)
activity. Brain Res. 2000;858(1):205-14.
[54] Meyer-Franke A, Wilkinson G, Kruttgen A, Hu M,
Munro E, Hanson MG Jr, et al. Depolarization and
cAMP elevation rapidly recruit TrkB to the plasma
membrane of CNS neurons. Neuron.1998;21:681-93.
[55] Kermer P, Klöcker N, Labes M, Bähr M. Inhibition of
CPP32-like proteases rescues axotomized retinal
ganglion cells from secondary cell death in vivo. J
Neurosci. 1998;18:4656-62.
[56] Kermer P, Klöcker N, Bähr M. Long-term effect of
inhibition of ced 3-like caspases on the survival of
axotomized retinal ganglion cells in vivo. Exp Neurol.
1999;158:202-5.
[57] Chang L, Karin M. Mammalian MAP kinase signalling
cascades. Nature. 2001;410:37-40.

[58] Alessi D, Saito Y, Campbell D, Cohen P, Sithanandam
G et al. Identification of the sites in MAP kinase kinase1 phosphorylated by p74raf-1. EMBO J. 1994;13:16109.
[59] Cowley S, Paterson H, Kemp P, Marshall CJ. Activation
of MAP kinase kinase is necessary and sufficient for
PC12 differentiation and for transformation of NIH 3T3
cells.Cell.1994;77:841-52.
[60] Rosen L, Ginty D, Weber M, Greenberg M. Membrane
depolarization and calcium influx stimulate MEK and
MAP kinase via activation of Ras. Neuron. 1994;
12:1207-21.
[61] Cuenda A, Rouse J, Doza Y, Meier R, Cohen P et al. SB
203580 is a specific inhibitor of a MAP kinase
homologue which is stimulated by cellular stresses and
interleukin-1. FEBS Lett. 1995;364:229-33.
[62] Perron J, Bixby J. Distinct neurite outgrowth signaling
pathways converge on ERK activation. Mol Cell
Neurosci. 1999;13:362-78.
[63] Forcet C, Stein E, Pays L, Corset V, Llambi F, TessierLavigne M et al. Netrin-1-mediated axon outgrowth
requires deleted in colorectal cancer-dependent MAPK
activation. Nature.2002;417:443-7.

Figure 1: Effect of 2-morpholin-4-yl-8-phenylchromen-4-one (LY 294002) on retinal cell size and length of neurites.
Isolated cells were cultured for 5 days in minimal essential medium containing Ly 294002 at different concentrations (2.5, 10,
20 µM) on cells < 12 µm (a,b) and cells ≥ 12 µm (c,d). Control: DMSO. *P < 0.05 with respect to control.
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Figure 2: Effect of Wortmannin on retinal cell size and length of neurites. Isolated cells were cultured for 5 days in
minimal essential medium containing Wortmannin at different concentrations (2.5, 10, 20 µM) on cells < 12 µm (a,b) and
cells ≥ 12 µm (c,d). Control: DMSO. *P < 0.05 with respect to control.

Figure 3: Effect of 2-morpholin-4-yl-8-phenylchromen-4-one (LY 294002) on retinal cell size and length of neurites in
presence of taurine.Isolated cells were cultured for 5 days in minimal essential medium containing Ly 294002 at different
concentrations (2.5, 10, 20 µM) in presence of taurine (4 mM) on cells < 12 µm (a,b) and cells ≥ 12 µm (c,d). *P < 0.05 with
respect to taurine.
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Figure 4: Effect of Wortmannin on retinal cell size and length of neurites in presence of taurine. Isolated cells were
cultured for 5 days in minimal essential medium containing Wortmannin at different concentrations (2.5, 10, 20 µM) in
presence of taurine (4 mM) on cells < 12 µm (a,b) and cells ≥ 12 µm (c,d). *P < 0.05 with respect to taurine.

Figure 5: Effect of 2’-amino-3’-methoxyflavone (PD 98059) on retinal cell size and length of neurites. Isolated cells were
cultured for 5 days in minimal essential medium containing PD 98059 at different concentrations (10, 25 µM) on cells < 12
µm (a,b) and cells ≥ 12 µm (c,d). Control: DMSO. *P < 0.05 with respect to control.
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Figure 6: Effect of 4-(4-fluorophenyl)-2-(4-methylsulfinylphenyl)-5-(4-pyridyl)-1H-imidazole (SB 203580) on retinal
cell size and length of neurites.Isolated cells were cultured for 5 days in minimal essential medium containing SB 203580 at
different concentrations (10, 25 µM) on cells < 12 µm (a,b) and cells ≥ 12 µm (c,d). Control: DMSO. *P < 0.05 with respect to
control.

Figure 7: Effect of 2’-amino-3’-methoxyflavone (PD 98059) on retinal cell size and length of neurites in presence of
taurine. Isolated cells were cultured for 5 days in minimal essential medium containing PD 98059 at different concentrations
(10, 25 µM) in presence of taurine (4 mM) on cells < 12 µm (a,b) and cells ≥ 12 µm (c,d). Control: DMSO. *P < 0.05 with
respect to taurine.
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Figure 8: Effect of 4-(4-fluorophenyl)-2-(4-methylsulfinylphenyl)-5-(4-pyridyl)-1H-imidazole (SB 203580) on retinal
cell size and length of neurites in presence of taurine.Isolated cells were cultured for 5 days in minimal essential medium
containing SB 203580 at different concentrations (10, 25 µM) in presence of taurine (4 mM) on cells < 12 µm (a,b) and cells
≥ 12 µm (c,d). Control: DMSO. *P < 0.05 with respect to taurine.
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