Agmatine pretreatment attenuates retinal
ganglion cell death by an oxidative stress

lIZUKA YOKO

Department of Medical Science

The Graduate School, Yonsei University



Agmatine pretreatment attenuates retinal
ganglion cell death by an oxidative stress

Directed by Professor Yang Woo Ick

The Doctoral Dissertation
submitted to the Department of Medical Science,
the Graduate School of Yonsei University
in partial fulfilment of the requirements for thiegree
of Doctor of Philosophy of Medical Science

lIZUKA YOKO

December 2008



This certifies that the Doctoral
Dissertation of IIZUKA YOKO is
approved.

Thesis Committee Member#4: Kim Chul Hoon

The Graduate School
Yonsei University

December 2008



ACKNOWLEDGEMENTS

The author wishes to express her profounttgda
to Dr. Yang Woo Ick, professor, Department of Phigyp,
and Dr. Seong Gong Je, professor, Department of
Ophthalmology for their guidance and constructive
criticism during the course of the study. The autalso
would like to express appreciations to Dr. Lee J&mup,
professor, Department of Anatomy, Dr. Kim Chan Yun,
associate professor, Department of Ophthalmologg,r.
Kim Chul Hoon, assistant professor, Department of
Pharmacology, for excellent and helpful discussians
advices.



<TABLE OF CONTENTS>

I. INTRODUCTION. ..ot e 12

II. MATERIALS AND METHODS..........co o0 14
1. Chemicals.......cccoo i 14
. Cell culture and agmatine pretreatment................ccoeveieeen. 14
. Oxidative StresSs ........ccoviiiiiii i 1A

. Cell viability assays...........cccoovviiiiiiiiiie i 14

2
3
4
5. Morphological analysis................cccocciiviiiecie e ennn 16
6. APOPLOSIS ASSAYS ... . e cevvnieeirniieeiniinieeieiineaeniinieeeenine e 1D
7. Western immunoblot...............ccocoiii i .16
8. Realtime RT-PCR.........cooiiiiiiiiiii e 1T
9

. Statistical analysis............cc.coiie i . 2218

1. Differentiation of RGC-5cells..........c.occveviiiiiiii e 19
2. Oxidative stress induced cytotoxicity of differeated RGC-5

CIIS e 022



Protective effects of agmatine pretreatment....................22
TUNEL Staining.......coeoivev e e v e e 24
Caspase activities on RGC-5 cells pretreated byatigm.......25
Agmatine as an alpha 2-adrenergic receptor agonist......... 26

Agmatine as a NMDA receptor antagonist......ccccccevvveeeeeennns 26

© N o 00 A~ W

Expression of total and phosphorylated Bcl-2 family
010 =T PP 1 o

9. Expression of total and phosphorylated MAPKs pratei.......29

IV. DISCUSSION.......oiiiiiiiii i e 02030

V. CONCLUSION. ..ot e e e 033

REFERENCES.......co i 034

ABSTRACT (IN KOREAN)......coi i e e 40



LIST OF FIGURES

Figure 1. Staurosporine treatment and recovery GICF

Figure 2. Differentiation of RGC-5 cells by staysodne....21
Figure 3. Cytotoxicity of hydrogen peroxide {B}) on RGC-5

Figure 4. Protective effect of agmatine pretreatmeén
differentiated RGC-5 cells against oxidative strbgs

HoO it e e e 23
Figure 5. Effect of agmatine pretreatment on apmptmf
differentiated RGC-5cells.............ccooevii i 24

Figure 6. Caspase-3 (A) and -9 (B) activities ofdakive
stressed RGC-5 cells after 2 hours pretreatmerit wit
100puM agmatine........covviieiie e e e 25

Figure 7. Inhibitory effect of yohimbine to agmatin

pretreatment....... ..o, 26
Figure 8. Influence of glutamate (A) and NMDA (Bnho
agmatine pretreatment...................ooeiee i 27

Figure 9. Results of quantitative real time RT-P{oR Bcl-2

Figure 10. Expression of Bcl-2 family proteins arious
incubation periods after the application of 1.0 mM
H,O, oxidative stress analyzed by Western
IMMUNODIOL....co o 29



Figure 11. Expression of MAPKs proteins at various
incubation periods after the application of 1.0 mM
H,O, oxidative stress analyzed by Western
Immunoblot.............coooi 30



LIST OF TABLE

Table 1. Primer sequences for real time RT-PCR........18



<ABSTRACT>
Agmatine pretreatment attenuates retinal gangl@indeath by an

oxidative stress

[IZUKA YOKO

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Yang Woo Ick)

Purpose; To investigate the protective effectsgohatine pretreatment
on oxidative stress in immortalized and differetatia rat retinal
ganglion cell line (RGC-5 cells).

Method; RGC-5 cells were differentiated by stauasspe, cultured in
the presence of hydrogen peroxide@p) with or without pretreatment
of agmatine. Cell viability was determined by &et dehydrogenase
(LDH) assay. Apoptosis was examined by TUNEL assayl
caspase-3 and -9 assays. Total and phosphoryBte@ family
proteins (Bcl-2, Bcl-xl, Bax, and Bad) and mitogaetivated protein
kinases (MAPKs; ERK p44/42, JNK, and p38gre investigated by
Western blot analysis. Also mMRNA expressions of-Bdamily were
examined by quantitative real time RT-PCR.
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Results; RGC-5 cells, differentiated by 1uM staurosporine for 6
hours and recovered for 3 days, contained fullyetped neuriteand
were well connected with each other. UndeO}oxidative stress,
agmatine pretreatment for 2 hours enhanced -celvivaur dose
dependently. The cytotoxicity assay showed 40.8eMoloss, which
was reduced to 27.3 % when the cells were pretielye 100 uM
agmatine for 2 hours followed by 1.0 mM®} treatment for 16 hours.
This cell loss was due to apoptotic cell deattesdaablished by TUNEL
assay, but was neither caspase-3 nor caspase-Adaepe The effect
of agmatine pretreatment was completely inhibitgdybhimbine but
partially decreased by glutamate or NMDAotal expression of Bcl-2
family proteins and MAPKs were not influenced byQd oxidative
stress. Also mMRNAs of Bcl-2 family were not chathigeIn contrast,
the phosphorylation of JNK was suppressed by agmairetreatment
followed by HO, oxidative stress.

Conclusion; The present study shows that agmatined h
neuroprotective effects on oxidative stressed iffdated RGC-5 cells.
It might suggest a therapeutic strategy for manylarc diseases

associated with oxidative stress.

Key words:retinal ganglion cell, agmatine, oxidative streesjroprotection
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Agmatine pretreatment attenuates retinal gangl@indeath by an

oxidative stress

[IZUKA YOKO

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Yang Woo Ick)

I. INTRODUCTION
Glaucoma, one of the leading causes of blindnesthdénworld, is
characterized by progressive loss of retinal gangtiells (RGCs) including
their axons, and by tissue remodeling of the optcve head. This is
followed by visual field defects. Even though thkevated intraocular
pressure is the major risk factor associated witugpmatous visual field
loss, oxidative stress has recently been proposegzhather important risk
factor in the pathogenesis of glaucohia.
Glutamate is the principal excitatory neurotrantemiin the retina.
The extracellular concentration of glutamate insesaafter an ischemic
insult and a significant component of ischemic ripjuo CNS neurons
results from glutamatergic excitotoxicity. Glutamand nitric oxide (NO)
promote oxidative damage by reacting with supemadion. RGCs
express both N-methyl-D-aspartate (NMDA) and nonM type

glutamatergic receptors.
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The oxidative stress has been shown to play an ri@porole in
ischemic retinopath§®> RGCs are susceptible and vulnerable to the
oxidative stress. Hydrogen peroxide(H) induces apoptosis through the
mitochondrial death pathway.Bcl-2 family has been shown to be involved
in cytotoxicity by glutamate and N. Also the activity of several
mitogen activated protein kinases (MAPKs) have t&tadied in HO, and
NMDA induced apoptosis?

Primary cultures of RGCs have some limitations todg RGC
pathophysiology. Despite the fact that transformadetinal ganglion cell
line (RGC-5 cell) has a number of characteristitsxarmal RGCs, it is
mitotically active and is not exactly same as prim@GCs. It has been
shown that RGC-5 cells treated by the broad-spectprotein kinase
inhibitor  staurosporine are not dividing and maimtaneuronal
characteristic$®*?

Several molecules having some neuroprotective tsffeto the
hypoxic injury at CNS, have been reporté® The neuroprotective
effects by pretreatment of these molecules aghyysixia-induced neuronal
death have not been well understood. Although sdnogs have been
reported to have a protective role in RGC, mosthem have no sufficient
data to support their definite ral&*

Agmatine, a primary amine formed by the decarbdioma of
L-arginine synthesized in mammalian brain, is aonég for the alpha
2-adrenergic and imidazoline receptors and an antag at NMDA
receptor$>?’ Recent studies have shown that agmatine may be
neuroprotective in neuronal ischemic mod&fg.

In the present study, | examined the protectiveot$f of agmatine
pretreatment on oxidative injuries of RGC-5 catisitro, and characterized

the mechanisms involved in these activities.
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II. MATERIALS AND METHODS
1. Chemicals
Agmatine sulfate, staurosporine (frofireptomyces staurosporeus),
glutamate, and yohimbine were purchased from Sigtdeeh (St. Louis,
MO, USA). NMDA was purchased from Calbiochem (Saiedo, CA,
USA).

2. Cell culture and agmatine pretreatment

RGC-5 cells (donated by Alcon Research, Forth Wort, USA)
were cultured in Dulbecco’s modified Eagle’s mediyBMEM, Gibco,
Carlsbad, CA, USA) with 1 g/L glucose, 100 U/mL jodhin, 100 pg/mL
streptomycin, and 10 % heat inactivated fetal bevderum (FBS, Gibco).
All experiments were performed at a confluence @ftg 80 %. RGC-5
cells were differentiated by exposure to JuM staurosporine. After
recovery using 10 % FBS-DMER?, the differentiated RGC-5 cells were

incubated with various concentration of agmatine.

3. Oxidative stress
Cellular oxidative stress was induced by additidnHgO, to the

culture medium.

4. Cell viability assays
Total cell population and viability was quantifiedy lactate
dehydrogenase (LDH) assay (Promega, Madison, WI, JUg#&ording to
the manufacturer's instructions. Briefly, the €@l a culture were lysed by
Lysis Solution (0.9 % (v/v) Triton X-100 in water).The LDH activities in
50 pL of the sample supernatant in 96 well-plates wewkrized by a

tetrazolium salt and the red formazan product weasured at 490 nm using
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an ELISA plate reader (Vmax; Molecular Device, Sprate, CA, USA).
The cell population was proportional to the absodeavalues.

The proportion of injured cells among total cellpptation was
guantified by measurement of released LDH to celtuedia from the cells.
Cytotoxicity was expressed as a percentage of Bid activity in medium
to the total (medium and cellular LDH). Data ofalocell population and

viability are expressed as mean + SEM (standaad efrmean).

5. Morphological analysis
Photomicrographs of cells were taken at 200x, aligeed and stored
as JPEG. Axonal outgrowth of differentiated RGCélls was measured
and assessed by NeuronJ image software (ImageJd ; 1.40
http//rsb.info.nih.gov/ij). The axonal length waspeessed as the mean *
SEM of 40 to 50 cells.

6. Apoptosis assays

Differentiated RGC-5 cells were plated on
poly-D-lysine/Laminin-coated 12 mip cover slide glass (BD Biosciences,
Bedford, MA, USA). The TUNEL assay was performesing Apo-BrdU
in situ DNA Fragmentation Assay Kit (BioVision, Mountainiefv, CA,
USA) with minor modification’> Briefly, the cells were fixed in 4 %
paraformaldehyde in phosphate-buffered saline (PB$) 7.4 for 30
minutes and permealized in 0.1 % Triton X-100 ih @ sodium citrate.
After washing in PBS, the cells were stored in 7@W4) ethanol at -2C
over night. After washing, the cells were cargfulbvered by the DNA
labeling solution containing TdT enzyme and brortedladeoxyuridine

triphosphate digoxigenine (Br-dUTP), and incubated & dark and
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humidified 37C incubator for 60 minutes. After washing, the celisre
covered by the anti-BrdU-FITC antibody solution amtubated in a

humidified incubator at room temperature. Aftemowing the antibody
solution, the cells were covered by propidium i@d{&l) /Rnase A solution
and incubated in a dark in a humidified incubator 80 minutes. By
fluorescence microscopy, apoptotic cells show gretining over an
orange-red Pl counter-staining. Double stainels$ gatre visualized with a
total magnification of 200x. The cells incubatedtihe labeling solution
without TdT enzyme were used as negative contraa(das not shown).
Caspase-3 and -9 activities were measured usingaSas3 and
Caspase-9 Fluorometric Assay Kits (BioVision) resipely, according to
the manufacturer's instructions. Briefly, RGC-3lsavere suspended in
the lysis buffer. In 96 well-plate, cell lysate 60100ug as total protein
was mixed with the reaction buffer containing 10 @WIT and added either
DEVD-AFC substrate for caspase-3 or LEHD-AFC sudistfor caspase-9.
The reaction mixture was incubated af(37or 2 hours, and then read in a
fluorometer equipped with a 400 nm excitation filtexd 505 nm emission
filter. Increase in caspase activity was deterchimg comparing the results
with the level of untreated control. Amount of abtprotein was
determined by Bradford protein assay (BIO-RAD, &ddiphia, CA, USA).

Data are expressed as mean + SEM of 8 to 10 independltures.

7. Western immunoblot
Differentiated RGC-5 cells cultured were washedcénin cold PBS,
and then lysed in lysis buffer (Mammmalian Cell isykit, Sigma-Aldrich)
containing 1.0 mM N&/O3 and 1.0 mM phenylmethyonylsulfonyl fluoride.
The protein (20 or 3Qg) were separated on 12 % SDS-polyacrylamide gels,
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transferred to a polyvinylidene difluoride membraiillipore, Bedford,
MA, USA), and blocked by 5 % nonfat dry milk in as&en20-Tris buffered
saline for one hour at room temperature. Membraverse then incubated
with the following primary antibodies over night 4€: mouse anti-Bcl-2
(1:200; Santa Cruz Biotechnology, Santa Cruz, CASAl rabbit
anti-phospho-Bcl-2 (1:1000; Cell Signaling Techmglo Danvers, MA,
USA), rabbit anti-Bcl-xI (1:1000; Cell Signaling dlenology), rabbit
anti-phospho-Bcl-xI (1:500; SAB, Pearland, TX, USAgpbbit anti-Bax
(1:1000; Cell Signaling Technology), mouse anti-BadL00; Santa Cruz
Biotechnology), rabbit anti-phospho-Bad (1:1000; |l CeSignaling
Technology) for Bcl-2 family protein, and rabbittaBAPK/INK (1:1000;
Cell Signaling Technology), rabbit anti-phospho-AMK (1:1000; Cell
Signaling Technology), rabbit anti-MAPK p38 (1:100Cell Signaling
Technology), rabbit anti-phospho MAPK p38 (1:1000e¢ll Signaling
Technology), rabbit anti-p44/p42 (1:1000; Cell Siting Technology),
rabbit anti-phospho-p44/p42 (1:1000; Cell Signalifigchnology) for
MAPK family, and mouse anfi-actin (1:10000; Sigma-Aldrich). After
treatment with the secondary goat anti-rabbit (Q@R0Cell Signaling
Technology) or horse anti-mouse (1:2000; Cell SiggaTechnology) IgG
conjugated by horseradish peroxidase for one houmunoreactive bands
were visualized with the ECL detection system (fi@r Scientific,

Waltham, IL, USA).

8. Real time RT-PCR
Total RNA was extracted using RNeasy Mini Kit (QIEN, Valencia,
CA, USA) and treated with DNase (QIAGEN) to rema@ntaminating

DNA according to manufacturer directions. The cBNA&ere synthesized
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using Superscriplil First-Strand Synthesis System for RT-PCR (Invigrog
Carlsbad, CA, USA). A Real time PCR was perfornwith 50 ng
cDNA per a reaction using Power SYBR Green PCR &fad#lix
(BIO-RAD) in a total volume of 25 pL of reaction xture (iCycler iQ,
BIO-RAD). The SYBER green data and level of targeRNA were
analyzed by iCycler iQ software with a relativenstard curve oB-actin.
All experiments were performed in triplicate angheated 4 times. Data
were presented as mean + SEM. Sequences of olimtides used as

primers are summarized in TabfEf®

Tablel. Primer sequences for real-time RT-PCR

MRNA Sequence

Bcl-2 sense 5GTG GTG GAG GAA CTC TTC AGG GAT G3’
antisense | 5'GGT CTT CAG AGA CAG CCA GGA GAA ATC3

Bcl-xl sense 5GTA GTG AAT GAACTC TTT CGG GAT GG 3
antisense | 5’ACC AGC CAC AGT CAT GCC CGT CAG G 3

Bax sense 5'AAT ATG GAG CTG CAG AGG ATG ATT G3’
antisense | 5'GCA CTT TAG TGC ACA GGG CCT TGA G3

Bad sense 5GAG CGATGAATT TGA GGG TTC3

antisense | 5'GAT CCC ACC AGG ACT GGA TAAZ

B-actin | sense 5'AGA TGA CCC AGATCATGT TTG AGA3

antisense | 5'ACC AGA GGC ATA CAG GGA CAA3

9. Statistical analysis
The data will be analyzed by 2-tailed Studéetest or one-way ANOVA,
followed by post hoc comparisons (Student-Newmanke using the

Statistical Package for Social Sciences 12.0 (SPSS)
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lll. RESULTS

1.Differentiation of RGC-5 cells
Staurosporine changed the morphology of RGC-5 ¢alia flat to

round shape and induced the outgrowth of neurikégufe 1). The
change in morphology was already observed aftep Gtaurosporine
treatment for 2 and 6 hours. The neurites werewigigp through
recovery period in 10 % FBS-DMEM for 3 days. Thesrites had
multiple and long branches, and sufficiently cotgdcwith those from
neighbor cells. In 3-days recovered cells, theaye of axonal length
was 39.5 = 1.74um and 59.6 £ 2.72um for the 2 and 6 hours treated
cells, respectively (Figure 2A). The absorbanciies of the total
cellular LDH at 490 nm were increasing, but themravno significant
differences between the 2 and 6 hours treated oall8-day recovery
(Figure 2B). Both of the neurites outgrowth anthtaell population
decreasedafter 3 days. Based on these results, RGC-5 cells
differentiated by 1.QuM staurosporine for 6 hours and recovered for 3

days were used for the following oxidative stregsegiments.
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2 hr staurosporine 6 hr staurosporine

Figure 1. Staurosporine treatment and recovery of RGC-5scelifter
treatment by 1.0uM staurosporine for 2 or 6 hours, RGC-5 cells were

recovered in 10 % FBS-DMEM up to 5 days.
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(A)

@ 2 hr staurosporine
M 6 hr staurosporine
100
— 80
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=
£ 60
kS
T 40
o
>
<
0
0 1 2 3 4 5
Recovery period after staurosporine exposure (days)
(B)
@ 2 hr staurosporine
W 6 hr staurosporine
£
S 4
&
23 =]
(/2]
) =
o
3
s, [m
0 T |
0 1 2 3 4 5
Recovery period after staurosporine exposure (days)

Figure 2. Differentiation of RGC-5 cells by staurosporifidcnie RGC-5 cells
were exposed to 1M staurosporine for 2 and 6 hours, and then reealver
up to 5 days. Outgrowth length of the axons (A) aptical density of total
cellular LDH (B) over time.

21



2. Oxidative stressinduced cytotoxicity of differentiated RGC-5 cells
The concentration of #, below 0.8 mM did not significantly
induce cell death. Over 1.0 mM,®,, both time and concentration
dependent cell death were observed (Figure 3). TBehours
incubation of the differentiated RGC-5 cells witth InM HO, was

selected as the oxidative stress condition foh&rexperiments.

120
100
80 —— 16 hr

60 ,/ —=—24hr
40 I\i//};/ —a—48hr

N

0

Cytotoxicity (%)

0 05 0.8 1 25

H,0, concentration (mM)

Figure 3. Cytotoxicity of hydrogen peroxide ¢B8,) on RGC-5 cells.

3. Protective effects of agmatine pretreatment

After the 2 hours pretreatment of agmatine, thetoyic effect of
H,0, on differentiated RGC-5 cells most effectively aesed (Figure
4A). Sixteen hours exposure to 1.0 mM,Qd induced 40.9 %
cytotoxicity, but it decreased to 35.8 %, 28.9 %Q007), and 27.3 %
(p<0.003) by 2 hours pretreatment of agmatine oiQ,and 10QuM,
respectively.  Although 1uM agmatine did not make statistically
significant difference, 10 and 1QM agmatine significantly suppressed
the cytotoxic effect of kD,. And 2 hours incubation demonstrated the
most effective protection (Figure 4A). The prokeeteffects lasted for
24 hours (Figure 4B).
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(A)

1.0 mM H,0,
100
80
S
= 60 B 2 hr pretreatment
% [ 4 hr pretreatment
g 40 O 6 hr pretreatment
° 2
0
* 0 1 10 100
Concentration of agmatine
used for the pretreatment (uM)
(B)
1.0 mM H,0,
100
= m 16 hr
£ 60 : = g3 m 24 hr
>
g 40 0 48 hr
>
o LI
* 0 1 10 100
Concentration of agmatine
used for the pretreatment for 2 hr (uM)

Figure 4. Protective effect of agmatine pretreatment toedéhtiated RGC-5

cells against oxidative stress by®4. (A) Agmatine treatment for 2, 4, or 6
hours followed by 1.0 mM §D, oxidative stress for 16 hours. (B) Agmatine
treatment for 2 hours followed by 1.0 mM®} oxidative stress for 16, 24, or

48 hours. * Negative control; the cells were indebdlan DMEM without any
treatments.
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4, TUNEL staining
To characterize the effect of agmatine pretreatn@entthe cell
death induced by oxidative stress, TUNEL assaysewgrformed.
TUNEL positive apoptotic cells, showing bright graefringence under
the fluorescent microscope, marked increased in BG®lls treated
with 1.0 mM HO, only. Pretreatment with 100M agmatine before
1.0 mM HO, application significantly decreased apoptotic <ellith

green refringence (Figure 5).

(A)

(B)

(C)

(D)

Figure 5. Effect of agmatine pretreatment' on apoptosis dferdintiated
RGC-5 cells. (A) Control; (B) 10@M agmatine pretreatment only; (C) 1.0
mM H,O, oxidative stress only; and (D) 1QM agmatine pretreatment
followed by 1.0 mM HO, oxidative stress.
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5. Caspase activitieson RGC-5 pretreated by agmatine

The RGC-5 cells were pretreated with 100 agmatine for 2 hours,
and then incubated in 1.0 mM,®; for 16 or 24 hours. The caspase-3
activity slightly decreased at 24 hours (p<0.40Bi)gre 6A). The
caspace-9 activity decreased at the period of 1fshafter agmatine
pretreatment, but it was not statistically sigrfit (p<0.373) (Figure
6B).

(A)

@ control W pretreatment

-
1]

Caspase activity
(ratio to control)

et
o

16 24
H,0, incubation time (hr)

(B)

O control W pretreatment
15 T

Caspase activity
(ratio to control)

16 24
H,0, incubation time (hr)

Figure 6. Caspase-3 (A) and -9 (B) activities of oxidatiteessed RGC-5
cells after 2 hours pretreatment with 300 agmatine.
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6. Agmatine as an alpha 2-adrenergic receptor agonist
Effect of agmatine was examined with co-treatmednyahimbine
(alpha 2 receptor antagonist) and 1.0 mMDH(Figure 7). In RGC-5
cells without agmatine pretreatment, co-treatmerit yohimbine
demonstrated no difference in cytotoxicity. Wheme tcells were
pretreated by 10QuM agmatine, co-treatment of 10 nM yohimbine
increased cytotoxicity by 20.4 %, thus showed pratective effect of

agmatine pretreatment disappeared in the preséryodionbine.

1.0 mM H,0,

100
80

O negative control

60 - T @ control
40 M pretreatment
20 I
o L[
0 0 10

0 10

Cytotoxicity (%)

Yohimbine concentration (nM)

Figure7. Inhibitory effect of yohimbine to agmatine pretmaant. Negative
control; the cells in DMEM without any treatmen@ontrol; 1.0 mM HO,
oxidative stress with or without 10 nM yohimbinerefPeatment; 1.0 mM

H,O, oxidative stress with or without yohimbine after010M agmatine
pretreatments.

7.Agmatine asa NM DA receptor antagonist

The protective effect of agmatine pretreatment &asmined in the
presence of glutamate and NMDA under 1.0 mpDHoxidative stress
for 16 hours. The cytoprotective effect of agmatimas abolished with
the presence of glutamate and NMDA (Figure 8). Trean value of
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cytotoxicity assays increased from 53.6 % to 66.Ih%e RGC-5 cells
after the application of 1.M glutamate. The agmatine pretreated
RGC-5 cells also demonstrated increased cytotgxioiit less mean
value after the application of 1.0M glutamate (Figure 8A). The
application of 10uM NMDA showed similar results (Figure 8B).

(A)

1.0 mM H,0,
100
= 80 O negative control
E 60 o @ control
= ] treatment
3 W pretrea
L
>
5 i
0 ,
0 0 1 0 1
Glutamate concentration (uM)
(B)
1.0 mM H,0,
100
= 80 O negative control
= 60 & I_ @ control
(3]
g 40 W pretreatment
& | i
o LI
0 0 100 0 100
NMDA concentration (uM)

Figure 8. Influence of glautamate (A) and NMDA (B) on agmati
pretreatment. Negative control; the cells in DMENthout any treatments.
Control; 1.0 mM HO, oxidative stress with or without 1M glutamate or
100 uM NMDA. Pretreatment; 1.0 mM D, oxidative stress with or
without glutamate or NMDA after 10eM agmatine pretreatments.
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8. Expression of total and phosphorylated Bcl-2 family proteins

=

Expression of Bcl-2 family proteins was examineddoantitative
real time RT-PCR and Western blot assay. Evengihdhe mRNA
expression of Bcl-xI from 100M agmatine treated RGC-5 cells slightly
increased at 16 hours after the application ofriNd H,O,, other Bcl-2
family proteins (Bcl-2, Bax, and Bad) did not sheignificant changes
(Figure 9). The protein contents of Bcl-2 familyofins from the
RGC-5 cells did not demonstrate significant charafees the application
of the oxidative stress (Figure 10). Bcl-xI seemtedbe slightly
increased by agmatine pretreatment, but the phogiation was not

stimulated.

,\
Z

=)
=

Control Prefreatment Control Pretreatment

Belx

Bel2

oo

o

F

RNA ratio to control

%

Hours after the application of 1.0 mM H,0,

RNA ratio to control

Hours after the application of 1.0 mM H,0,

0 1 3 6
Hours after the application of 1.0 mM H,0,

©) (D)

" Control Pretreatment 0 Control Pretreatment
_ Bax _ Bad
R e

Zs s
24 =L
oc oc

moall m i

% 1 3 6 16

Hours after the application of 1.0 mM H,0,

Figure 9. Results of quantitative real time RT-PCR for Bclaznily. (A)
Bcl-2, (B) Bcl-xl, (C) Bax, and (D) Bad.
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Control Pretreatment

(hr) 0O 1 3 6 9 12 16 0 1 3 6 9 12 16

B2 ams s s e TR WD . T ik oy 11> A SRR

Bcl-xl ‘.---- - S G . e - ——
Proserose S 8BS ol Re e v - o -
14 & : it ' ‘ i P s
Bax e o _ ,

Figure 10. Expression of Bcl-2 family proteins at variousubation periods

after the application of 1.0 mM 8, oxidative stress analyzed by Western

immunoblot.

9.Expression of total and phosphorylated MAPK s proteins

Western immunoblot was performed to examine theceffof
agmatine on the expression of three MAPK proteif, ERK p44/42,
and p38) (Figure 11). The expression of phosphi¢-iiNhe agmatine
pretreated RGC-5 cells decreased earlier afterativel stress than that
in the RGC-5 cells without agmatine pretreatmerBut agmatine
pretreatment demonstrated no effect on the expresdiphospho-ERK
p44/42 MAPKs. Total amount of p38 was not changieorough

oxidative stress.
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Control Pretreatment

(hr) 0 1 3 6 9 12 16 0 1 3 6 9 12 16

JNK

Phospho-JNK [P “ ki = oy o]

ERK p44/42

Phospho-p44/42

Phospho-p38

B-actin

Figure 11. Expression of MAPKs proteins at various incubati@niods after
the application of 1.0 mM D, oxidative stress analyzed by Western

immunoblot.

IV. DISCUSSION
Researches about RGC pathophysiology have been enathfby
difficulties and limitations in using primary RGCs.Cultured RGCs
survived in relatively short period and their ig@a is difficult. Although
immortalized RGC-5 cell line expresses neuronalketar characteristic of
RGC, it is mitotically active and morphologicallyone similar to glial cells.
It has been shown that RGC-5 cells differentiatgdstaurosporine are

25,28,29

non-mitotic and express sufficient neurites for falev In this study,
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RGC-5 cells differentiated by 1.@M staurosporine for 6 hours well
survived for three days in 10 % FBS-DMEM and camtdi sufficient
growing axons and connected with each other.

Apoptosis is programmed cell death and caspasesllyisuediate
apoptotic neuronal death. However, there have Istedies that kD,
cause apoptosis by either caspase-independentpendent pathwayf >
In the present study, oxidative stress was induogdreatment of the
differentiated RGC-5 cells with J@, and the effects of agmatine
pretreatment were examined. The results indic#tatl the pretreatment
with agmatine protected and rescued the RGC-5 frella apoptosis dose
dependently, and this effect was independent gfases3 and -9 activities.

Agmatine has been known as an agonist for the alphdrenergic
and imidazoline receptors and an antagonist at NMm@&eptors>?’
Wheeler and Nyland& and Kalapesi et af' have studied the alpha
2-adrenergic receptor on human ganglion cells aB€8 cell line. They
demonstrated the presence of alpha 2A-adrenergiepter on both
undifferentiated and succinyl concanavaline-A ddfgiated RGC-5 cell
lines. They also showed an increased expressia@ipbf 2A-adrenergic
receptor on the 7-day differentiated RGC-5 cellsmpared to the
undifferentiated and early differentiated cells. IthAugh staurosporine was
used to differentiate RGC-5 cells in the presemtistit was shown that the
protective effect of agmatine pretreatment was detaly abolished by
yohimbine (antagonist for alpha 2-adrenergic remgph the differentiated
and 3-day recovered RGC-5 cells. This result ssigge possibility that
pretreatment with agmatine protects RGC-5 celisuph alpha 2-adrenergic

receptor.
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RGCs also express both NMDA and non-NMDA type ghatergic
receptors. NMDA-type glutamatergic excitotoxiciys been implicated
as a mechanism for injuries associated with ischesnid other insults to
neurons in many regions of the CNS. However, thesave been
contradictive results about the rule of glutamatd AIMDA excitotoxicity
to vulnerability of RGC$*“**  Although varied evidences have been shown
in several species and strains of the experimamiatal used, Ullian et &f.
indicated that primary rat RGCs is invulnerabl@liatamate and NMDAin
vitro. Their rat primary RGCs survived in the preseotglutamate (500
uM) or NMDA (500 uM) in relatively long period of incubation. In
present experiment, the protective effect of agmeatretreatment under
H,O, oxidative stress was not completely inhibited hytanate and NMDA.
It may suggest that the agmatine pretreatment panpiaralyze NMDA.

Bcl-2 family includes both anti-apoptotic (ex. Btland Bcl-xl) and
pro-apoptotic (ex. Bad and Bax) regulator protems mitochondrial
membrane. Cytochromec release is inhibited by Bcl-2 and Bcl-xl.
Tamatani et af ” estimated that Bcl-2 or Bax were involved in cgkatity
by glutamate and NO. Li and Osborn€ showed oxidative-induced
apoptosis to an immortalized ganglion cell linecisspase independent.
The results of the present study showed that Bielrily proteins in the
RGC-5 cells did not show dramatic changes undsd,ldxidative stress.
So it is indicated that caspase independent mesimarirrespective of Bcl-2
family proteins are involved in the .8, induced oxidative damage of
RGC-5 cells.

Exogenous kD, causes intracellular reactive oxygen species

accumulation and mitochondrial dysfunction, andvates MAPK pathway.
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To elucidate the mechanism of agmatine effects, gHen al** recently
demonstrate that agmatine is neuroprotective agdiypoxia-induced
damage of RGC-5 cells through the JNK and dFsignaling pathways.
The present study demonstrated that JNK was suggmies agmatine
pretreated RGC-5 cells after the application of dakive stresses.
Although | have not examined NEB signaling pathways, results of this
study indicates that MAPK seems to be involvedhia imechanism of the
neuroprotective effects of agmatine.

In present study, | demonstrated the protectivectst of agmatine
against oxidative stress induced apoptosis of RGEHWS. Although more
well-designed studies are required to elucidate pifeeise mechanism of
neuroportective effects of agmatine, the presentit® indicate several

underlying mechanisms of the neuroprotective effe€agmatine to RGCs.

V. CONCLUSION

The aim of this study was to evaluate the neureptite effects of
agmatine pretreatment on oxidative stressed R68@# 0 and to investigate
the wunderlying mechanism The RGC-5 cells were sufficiently
differentiated by exposure to staurospirine and dRilative stress was
induced by incubation with i0,. By agmatine pretreatment, the cell
viability was increased and apoptosis was decrearddr HO, oxidative
stress. These protective effects seemed to be iatezbavith MAPKSs
through alpha 2-adrenergic and NMDA receptors. algipagmatine might
be a therapeutic strategy for many ocular diseasssciated with oxidative

stress.
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