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r-tPA M0 &FE arginine?| LatS M0

Tissue plasminogen activator (tPA)= Al -2 (fibrin) <=4 3}ell plasminogen plasmin® =
A3 B4 3 7= AL AAZ FAAFY A5 X 5ol AL AFEEA A, kol A
= A, 2214 94 whabel] A4 Z(fibrin membrane)©] FAE o] 91& A Foll ARE-E L
[e]

=
shroel A 244 Y, 2AAAAE F ASL A4, Pel 2, A

ole. ¥
23, Purd e A% 0 i Selae] PA Abgo] AEH T ek A% A AA
o) Qb v AZHg g Z o2 huke] BAje] wasw glo] 1 gl Bk Tt B

A 3%4] recombinant tPA (r-tPA) Stell 3+ L-arginine®] %=+ 3.5 g L-arginine/100
mg Alteplase 2 P9~ =2 F =2 £t} L-arginine-> nitric oxide synthase (NOS) &A%+
/& &3 nitric oxide (NO)Z A gH=Ic}. o W] 2l 4] NOS &&= 3714 isoform R-F
st Aoz d#x ek 2 ol A= r+tPA (L-arginine 3}), tPA, L-arginine Z}7}o]|
gk dah wiekE WA Eell A o] HAE Abekith 1 A3 r-tPA (L-arginine Z3)°)
£ 10ug/400u FEolA AEAPEo] A= Gl 3 L-arginine] 7% 5.0 mM FEol A
AZEAE 0] ZA F718lsieh PARES AE|dh Aol = A3 54 vehA] kel
w3} -PA (L-arginine £3F) ¥ L-arginine 2 5% A ZAPE-& 2447 Fof w2 A3
40~60% A= WA L o] FHE = v o] AlEAbge] ks zle)E]A] ekoprt. B3t
w7 32 A7} r-PA (L-arginine £3}) ¥ L-arginine &2 fr==o] AlEE Alxe= F2
A] M| 3 (photoreceptor) 5] 31 21 A EALE ell= necrosis®} 34| apoptosis A S |
AAE Aoz Byl A A E A Larginine?] 54 714L dolr 7] $l&)4 nitrite
(NO2) 2 cGMPe] s=5 543 A3 tx o ¥]s|A L-arginines Aeldt 45 20 A=
Eo F3E 1) o)Al Z71E NO 2 cGMPe} Al ZAPE 3o e A4S 1] 98 NOS
inhibitorq] NMMA<} ¢cGMP-gated ion channel (CNG channel) blocker$] amiloride 52 *] 2| g+
A3} 5§ 7% 27 L-arginineo] 9|3 Al ZAES A A7}

AE2H 02 r-tPA°ll E3E L-arginine> 545 o= U< ™ol o]+=
T2 A A Zel 4] NO A& S7H1A GMPE =4 710] CNG

oz NAA AMES] APES frkdthe AP W

=
o
%
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>
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# Al ¥ = b (PA, L-arginine, A4 %, NO, NOS, ¢cGMP, CNG channel



r-tPA MH[0| &5 = arginineQ| USp=M0f| 25 AF
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Tissue plasminogen activator (tPA)= UAAH o2 W3] Ao A=A} A4
(fibrin)7} A 3}= AFel]oll A tPAE plasminogen< W2 A plasmin®Z B} o] plasmin<
AfraE Tl dFedlA (PAE H17L7]7} 5~8% Axolrl! 25 tPAE recom-
binant DNA technology 2 AbE3}= o] AFS-= 1 9low] Atz o 2 yabFa H s Fe] 2 &5

A A% AL Pl A, 2Apa D okl Afa ool F4Ho] & AT
f LT G es Bt AE EAA 2, 2ANAAE T HAL B4, 0
g, et S, gerd s A3k 2 b Sell (PA AFEo] AlEE A A‘ﬂr- A
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== r-tPAS] AMEEF ] e 54 1445]3194‘/} a 7]2‘1% o} 3}‘54;‘]%] 23l ook
F7HA| L-arginineell 9§+ wWete] A2 arginine©] lysine®} F-ZF7} v]Szdlo] #ate] &
S doal Aow A glE Arolth ' ket Al thEl arginine 54 ol ¥ A]
= 19931 Loewenstein 5 ol 2]3pH E7| A& oA SAYclokA Aol LA Z AHEE 5 mg
9] arginineRt o2 HAJo] vlepdS Ao A arginined] HA-S AFst ol A
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Table 1. A-Z3}% r-tPAY FAAE

Quantitative composition of the lyophilized product

100 mg vial 50 mg vial
Alteplase 100 mg (58 million IU) 50 mg (29 million IU)
L-arginine 35 ¢ 1.7 g
Phosphoric Acid lg 05¢g
Polysorbate 80 <11 mg <4 mg

r-tPAS} vl IR 2 A Es B4 7| & 9 3 A
rtPA«] E/HM u,% 3} 73_40“ 4,6]_9:115 2 qu _,}_9- 7}
+ 50ug/0.1 ml o] E Fol Al HAS Holw ZOoRE eyl °] 01] ifﬂﬂ L-
arginine®] ¥%% 1.75 mg/0.1 mlell S|l meko] o] whupe d s %,}%s}nq ES T
o] #-3)7} A4z ) fatsheh mebd o]dl Ashi ARt el Ag A Wyt At
veglg} oAkt 4= gltl. Human r-tPA A Al| (Boehringer Ingelheim, Germany)2] 44
FHA 2 1.7 g} 3.5 g9 L-arginineo] 27t £3Hd 7S < 4= ltf(Table 1).

ZAHA o kB Flsld AALDT} AN EI} ZAE s o] A A A Q] o S

ofx

=
P14 4 oleh olZle B4 (PAS] ALg BAQl Wkl Folst 4 AV
woleh FHd gUon Folfen Ug SR il AGALR ndel o o

2 (PAS] 2484 B

A2 o] L-arginine> tPAS] &> HHA7|E AAAA 7| stabilizer ¥ o} z}
fibrinogens SHA 3HA| 7] 28-S 3t} A #E = ZE r-tPAY 7% ©] L-arginineo] ¥+
A A re] o S&-=o] slch AAZFA] ofr| =Akel arginine AHAl= FEAQ ALo=E
o2& # glr}. dA| 9t L-arginine- nitric oxide synthase (NOS)2] 7]& 2 zh-&-3lo] NOS A
S Zre AlEd] So]7tthd nitric oxide (NO) Al ol #hejdt 71 o2 wWelth NOol| gk A
HEE] = &7 o] A vk F-A = ql wel|A] B Aol 4 NO+= tyrosines nitrotyrosine &2 H
A7, cGMPY] FEE B o7 AHAZITEY o) AE e HEE AZ U
el 7159 HlE fFEdte] 754 &S FEE = olrh

ok Yol &4 8l NOS+ inducible NOS, endothelial NOS, neuronal NOS 5.2 <& %
t}* E3] inducible NOS (iNOS):= heme, interleukin 5o ]3] o% @& NOS A=
Aoz ATFH A 53] hemeell 237 iNOSQ| A& PAS] AFE-5A0] P9 L3z}
= AollA F53HA gt ok W el 4] NOSE HErA A £, A A4AFe] Al E (pigment
epithelium), amacrine 4] 3, ganglion A1, A A E Sol|4] MAR = o7 oeld glc}
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Fetell Al NOZF Ael A, WA Aol 4] wiZf A F35 star Qloke S717F e
It} AR Z NO7F ZHA] A A *E(rod photoreceptor) 9l 4 voltage-gated ion channelS %=
st SRR BdRE 248 AME Gl 3 Adte FEAH 7 NO7L
13tche A5

o] & FollA NO<}t 7hAl A|A|Ze}e] ]S AR, A] 242F 2 A (visual process-
ing and visual transduction) Aol A 3-5° cyclic guanosine monophosphate (cGMP)+ Ca2+3’4—

t o] Fa3 vsfA R A8-S g} AAE Qlel] £A]3}= rhodopsing Wl ]3] &4
3}=] o] ¢cGMP phosphodiesterases A 3HA] 7] 2L o] & ol&l] cGMP7} #3l=o] 1 s&7} &
ol =7 =} uha] cGMP| ¢ D% E ion channel (¥ A+ cyclic-nucleotide-gated chan-
nel; CNG channele] 2} #-8)o] ©8| 3 hyperpolarization®] A€}’ 718 % c}A] cGMPE
guanylate cyclase (GC)°ll 28l |3t o] Fr}. 9ol oIF3A] 5t NO2| target £4~ 5 sh}r}
cGMPE A48k GColth NO= o] E4E XA GMPE Ho] BHEEE 23}

¢cGMP= NOol| 2|gF 34 Z7bell o3l afo] S7He 2 lAIRE #alj7b = A efobA &

7 = gQle}h 1 Y2 S cGMP #-38)| £42¢1 ¢GMP phosphodiesterase®] 45 1}l 3}
= Aoz 4uA oledl, oA Fel 98 549 7[R «GMP7} FA El k= AR
& B AFAEe] wxsta giok P weby o UlellA 718 cGMPE RS} SAJo] 3
A=l slohe HollA ko] NOo| Ay el 23 cGMP 54 w3k 543 iAol e
g} F4 = ok wef #7be L-arginineo] 2] NOE AARA ZIthd oFF uoll 4]
cGMP9] Al A w/RA ZA 8] &S wallsty 3k 28 AR A7
a7ie] A 71A = el S Aem AZE .

S PA Folo] w2 gelsty 2d 0w s BAo] 9 gg AT 9l

o H

X

2
a1l

o T

[
gt

2
2L
2
-

=
2 A=l NOS| HAjo] o Alg ol uhe} o] 3ol A Larginineo] T gl 454
o felu At ghvh.
o] A Atz dAALE b3t AFhel| rPAE AHEFh=dl glel Bt Al Eef A 2]
HPA AAS FA ) 1AS Az WPs Ba shelgo ] ehg4s s
= ]

volz} H-37)] L-arginined otz B Aol Z74A] Al 7zt
Fhekd Azl 71oE stelzt A 7E e



1. MZ

A F 52+ ICR P25 o] 83ttt Al Eu]ofol] AH-4-% = A2k S 2= endotoxin-free
water, glutamine, ~22] 3. MEM-> Gibco-BRLAHGrand Island, NY, USA), fetal bovine serum,
calf, 2] 3L horse serum< HycloneA}(Logan, UT, USA)| #|&S Al&slelon, Zelrg
A ¥~ FalconAl(Lincoln, NJ, USA) A& ©]-£3}9t}. NADPH, Griess reagent, Hoechst
33258, propidium iodide, anti-syntaxin 3+ - Sigma Chemical Co.AH(St. Louis, MO, USA),
anti-GFAP &} 4= Chemicon*}(Temecular, CA, USA) #|3-%, anti-thodopsin &A= Neo-
MarkersA}(Fremont, CA, USA) A%<, anti-nNOS &4 &= StressGeneA}(Victoria, BC, Canada)
A ¥-E, 18] 3 ¢GMP ELISA kit+= Assay Design Inc.AHAnn Arbor, MI, USA) A &S A}£-3}
oJt}. Amiloride®} N°-monomethyl-L-arginine acetate (NMMA)+= TocrisAH(Avonmouth, Bristol,
UK)ol A %1391 2m], ABC kit+= InnoGenexAH(San Ramon, CA, USA) A| &S AR5},
TUNEL <34 o] A}8-=|+= ApopTag Plus in situ Apoptosis Detection Kit= OncogeneA}(Boston,
MA, USA) Al ¥F& AH&-3H5ith

2. e

HPA (457 Jelehal A}, Bochringer Ingelheim)i= 5§42 ¥4 1006g/0.1 ml ¥%=
°] g-M(L-arginine 3.5 mg0.l ml )& "HEo] -70°ColA] EAslich o] L
rPAS 3} wloksEl WA Eo] Az Ao HEEEE 1,5, 10u400UE FES o
slod ARg-skdT). o] ol AF-S-%|+= L-arginine<> phosphate buffered saline (PBS, pH 7.4) £} ©.
2 2FE 9100 mM)S TE5o] HEEE7} 05,25, 5.0 mMo] A vk Zoj e
At tPA =5 2] Aldl& tPAE PBSo| £H]|ES] r-tPA 10ugol] &= 5,800 IUS
Alteplase (tPA)E wHFH 400uel] A 2]}l ct.

75 ZEEH A}

(1) H-E QA: rPA (L-arginine £3H°] £ E%5 5 2.5u9/0.1 mh)S 317 k7o 27}

Aol 918+ T 6A 7k} 24474 Fo ether vFE] Fhol]l HF 9] FHoEE I3, QBN
(right auricle)E ANt FA ol A A (left ventricle)S E3l 4% paraformaldehyde 3274 Y
(0.1 M PBS, pH 7.4)°.2 37F3}sict o5 A &35t wA e 2~2447 & 5 It
of sty Eojat 2H - oF eum AR AHste], AjIte] B Zelo] = warmere] S
ST Hel 245 99 224 A A F &efol= 96l Y H-E A Fo ek
o2 A3}k T2 rtPA tHAl balanced salt solution (BSS) &2 ZA}A| o 53] 3}
< 2 225 ghEo] paten| Ao w dsg),

ot

f

O

c

CI
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(2) Transferase dUTP nick-end labeling (TUNEL) & r(PA (L-arginine £33 £ (3]
FFE 2.510g/0.1 ml) FF o] ZAAC] FUg F 124 7be] A v é‘ﬂ% 3}
o] Qb x2S 4% paraformaldehyde £ 02 1A & It EvlE A 2AAHS
WHESlh o] AR & I AAH S AX F PBSEAZ A A3} 3% hydrogen
peroxide £ 2 5E7F A %3}, equilibrium buffer? 2 3}A71 & terminal deoxy-
nucleotidyl transferase (TdT) enzyme¥} digoxigenin-labeled substrate-§-2 S 2 42°Cel|A] 14| 7}k
F<oF Aelsldt}. Anti-digoxigening 2|8+ ¥, diaminobenzidine (DAB)S.2 HFA A7l
Fetadn| g o7 FAst ol 272 r-tPA oAl balanced salt solution (BSS). 2.2 Z XA} A o
Tzt o 22 wer x2S wgo] Jdn|goR faskodl

Lt M= B

Glia Al $lo] =58 ¥
Al FFAAAE PSS S i
GCM (glial conditioned medium) Hlj % Axe] AEEE Folx AA AHE
S7HAZIBR o] WS WA E v ]l GCM FH| & $l3te] dAF |
of LA E wFE 3}035} ek 2 A 1~2d% A vk E A e
stoll 4] =5 A= oy, H9E 2ALHA AAT F
trypsin-§-Y of] g2 F 37°C wj 7ol 3037k whFslsict. & platee]l 1.0 ik WE=
10% fetal bovine serum (Hyclone)s TH| g F A|E A5 platingd}3A t}. Confluents 3
At w7b] wloFste] w2314 GM (growing media) -2 Wi x| & ¥} 9]

AAp A E ok ol 2 wof e} 2 Al uh-2ol 4] ]Egﬁ}oﬂ‘ﬂr T

14
=
|
rEI
=
(o3
2,
o,
rr
.y
rlo
=
o
2
)

& oot o2 sA]
S &5 HH‘*EM s14014

VRSN THs S AR A, S, AN EAYA A1
F-9)uke- ¥-2]5}¢] Hanks balanced salt solution (HBSS)ol] H-2> ¥ fire-polished Pasteur

pipettes AF8-3Fe] A A EZ F A Zeh BElE AEe polyDlysme 2 coatings! 24-
well plateol] plating}$3tH(12 retinas per plate). AF-8-¥1 Wl Z]+= 10% heat-inactivated fetal bo-
vine serum¥ MEM i fol-& ARg-3toict, wfef271-8 37°Cell 4] 5% CO, T=Z 73+
t}. Plating 5 24A]7F WA 484]7ko] ﬁﬁJrﬂ o 60%2] MAE v FH]E £ GCM
2] 2 upEgieh wiek - 10~11%9 6l Aol ARg-skodch

wofel Al el A Al FRE Ealslr] 95 “:“’35}3“4 <1 4% (immunocytoche-
mistry)& ©]8-3FATh Al Znl]ofd S methanoldf]— aceton®| 1 : 1% &35 g0 7 20°Co
A st 5ot A8E & A x}ekAl, & anti-rhodopsin, anti-GFAP, anti-syntaxin, anti-MAP2ab,
anti-nNOS 3453 4°Coll A overnight ¥F-§-A|Zt}. 25 avidin-biotin-peroxidase complex
(ABOW &2 945 3aich olu A8-3t= 12 A= 2ug/ml=E 3] A4 sko] ARE-3191 3L, 2
b A 2= biotine] EAH FAE, 123 33 A ko RA= 24 A e} SolH HAEgE

HJO



3} avidin-biotin peroxidase complex& AF8-3l™, 0.05% 3,3 -diaminobenzidine-tetrahydro-
chloride-0.01% H,0, &3 o2 wrAsly Fetadn| g o2 i)
Ch. MZALHE XA}

@ SEfsty ZHaEh wjofe WA E F AlE S do7l Axe 7 2 et dES
Skl ﬁ*%fﬂ n 7 & o] 8384 3L, r-tPA (L-arginine ¥3) 10ug/400ul9} L-arginine 5.0 mM

lo
ru\&‘

(2) Lactate dehydrogenase (LDH) £H: vix|Z Ex]=¥ LDHY A S spectrophotometer

5 o|&3lo] =A 319t} Total LDH releaser 2t A S A 33t T A|EE -70°Cel| A 24
7b o] Ak Ayl ol & A A S dAulokEl whebAl £ ”HXM] tPA 5,800

1U/400u Alteplase, r-tPA (L-arginine *¥3) 10ug/400ul 2 L-arginine 5.0 mM< Fog %
24417k Fol LDH E¥l#g FA3sdch e Ade meantSEMSR EAEG T
SigmaStat (Jandel)2] one-way ANOVA$} the Student-Newman-Keul’s tests ©]8-3}¢] EA A
2 3kgith P<0.0501% FAA R froldt Ax=E AA 3

(3) Hoechst-propidium iodide (PI) &44: 3] 5391 5 3l Hoechst 332583} propidium iodide <3
A4 ol (Sigma) &2 A BEe] Atolgl = Ao} AMHAEE ek, o] o} v &4
frell 71Z3}o] apoptotic | EE A 3Fgith AW LDH 54 wj e} zro] A Apulef
= owebA Euf Al o] tPA 5,800 TU/400ul Alteplase, r-tPA (L-arginine ¥3F) 10ug/400u 2
L-arginine 5.0 mM< Fod3 & 247 Fof] A8 s}t A AHH-2 W] Hoechst 34
NE 2~5 mgmle] FEZ iAo Hrigk F 37°Col A 304 F<F wiokgt vl propidium
iodide £9-% 2~5 mg/ml X2 wj#| o] AH7}slAc}. UV filterS AFE-3Fo] $JAFA&w| 7 o
2 3pastelr.

2h. MZALHO| J|H0| 2t XA}

(1) Nitric oxide (NO)Q| A& XA} NOO| WAS ZAFst7] 98] A A S & nitrite
(NO;)9] WS =Aslgdrt. AAF AlE 2 rtPA (L-arginine ¥3) 10ug/400u 2} L-argi-
nine 5.0 mME 2447k £k 2% A E wjeko g e & X7 100u=S 96-well plate
o T2 ¥ nitrite 529 100uE Y tt.  $ Griess working solution 100uE 3L 15
F ok Ab2of| A HFX g ¥ 540 nmol|A] FF =5 =A 3}l t). Nitrite-standard curve$} H]
35}y sampleol| A1 nitrite®] FX5 A4S T}

w3 BE type?] NOSE A 4 9l inhibitore] N°-monomethyl-L-arginine acetate
(NMMA)+ 1-tPA (L-arginine ¥3H)9} L-arginine > 2 *]2]3}7] 147k e 1, 10, 100uM2]
xR AAP gtglon 2447 ¥ LDH 34 2 A AAE AXAEEE 24
akoich,



Ml

2) cGMPO| 25 &N
(7h <cGMPL| S FH; A A Ed A= cGMP7} "¢ TRF AR5 A2 o] w7y
A2 deI A 3ltl. NOE guanylate cyclase (GC) E4 5 A SHA|A cGMPE F7HA 7|22
NOE =A35}7] 9 b4 el W o2 GMPE A3t} rtPA (L-arginine ¥3}) 10ug/
400|.ll 2 L-arginine 5.0 mMS *2]gF 5 0, 12, 24A|7F Fof] WA £ wj kel x| & F 3 o}
S 1/100 H39] concentrated HCIS ¥ 1. -20°CollA] =# & uj71x] B39l on 1001
9] samples %3} #4& A% ¥ ELISA kitE AH8-3Fo ¢GMP9| oF& A 3ot o] kit
9] sensitivityt= °F 1 pmole/ml A =o]™ A& o] 213 % plate= 405 nm T}A ol A] kitol] E3g+
¥ manualS #F3}o] ELISA reader® =7 3}9it}.
(LHh CNG channel blocker0i] 2|t A 2{H|; CNG channel blockerd] amiloridex r-tPA
(L—arginine E3}) 10ug/400u} L-arginine 5.0 mME #2|8k7] 1417 Aol 1, 10, 100uM2]
2 AAe sl e 2447 5 LDH A4 % Aev) Ay f3 e AzAdEss 24t
}‘}i‘:‘r.
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Fig. 1. Photomicrographs (H-E stain) of transverse sections of mouse
retina after the intravitreal r-tPA (with L-arginine) injection of 2.5pg/0.1
ml. A, control; B, D, 6 hrs; C, 24 hrs after the treatment with r-tPA (with
L-arginine). There are many vacuoles in ON (arrows in D). IN, Inner nu-
clear layer; ON, outer nuclear layer; RPE, retinal pigment epithelium; GL,

ganglion cell layer.
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GL , ® "':h,-f (A) _ 25,m (B)

Fig. 2. TUNEL stained photomicrographs of retina at 12 hrs after the intravitreal r-tPA
(with L-arginine) injection of 2.5Ug/0.1 ml. Cell death showed DNA fragmentation;

dense stained nuclei (arrow in B). A, control.

= Al

317 obto] ZAbald] Z=eldh = AL 5’{1-32]‘5{1' A3} 9] 3 Z(outer nuclear layer)o] aFo}A]
a, AlZ7F glelzl $ A7 vacuoleEo] = St} 1+tPA (L-arginine Z3H=E A% 2| 24
AZE 3] A= oA Fo] AL FAEA e o] EAls chFig. ).

L}. TUNEL 44
TUNEL A 23} o 2356l ¥ 3l r-tPA (L-arginine Z£3HE 223 k724 ] 2|3 Z

ZA st AlE7F 7HE v-3-S Bl Th(Fig. 2).
2. MIZEHQF A
,]_A u]-u]—/(ﬂi
=o| HoluwA|x = %H]ﬁ& GCM ujjefl o7 A3 o
A (synapse)o| & HAE NS & 5 AUk wlFH wEbA 2 747t
o] &gt Wdststy Mo 7 NEO FHE T  9ldr} o] F A2} 7HA 2
| AAE]H o] &2 HZ TAHA wlefsl= 5AS B amacrine Al E= A|AEZ 79

5 AHaL sdslEkEg. 3).
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Fig. 3. Immunostain with specific antibodies in the primary cultured retinal
cells. A, Miiller cell (anti GFAP); B, photoreceptor (anti rhodopsin); C,
amacrine cell (anti syntaxin); D, neuron (anti MAP2ab). Phase contrast
photomicrograph of primary cultured retinal cells (E). a, Miiller cell; b,
photoreceptor; ¢, neuron.
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Fig. 4. Phase contrast photomicrographs of retinal cells at 24 hours after the treatment with L-arginine. A,
control; B, L-arginine 5.0 mM. The arrows indicate photoreceptor cells (A) and dead photoreceptors induced
by L-arginine (B).

Fig. 5. Phase contrast photomicrographs of retinal cells at 3 days after the treatment with r-tPA (with
L-arginine) and L-arginine. A, control; B, r-tPA (with L-arginine) 10ug/400L1: synapse were destroyed; C,
L-arginine 5.0 mM: synapse were remained.
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7t SEfEE D&

= —-=
L-arginineS 7%t 5?‘— 24A)7F Fo QA A o7 AEAI A} A FAPES AAE
oA F2 dojFg o ) tHFig. 4). r-tPA (L-arginine ¥3}) 10ug/400u2} L-arginine

=
50 mM<S Fogh & 3°—MH of 23 A3} r+tPA (L-arginine E3H)7} FrEA 7 Al EAPE o]
L-arginine®] 73-5-H.r} v AlSIA dojyrow, v 32 Z3} rPA (L-arginine ¥3h)2
Aol = A A EL synapse A4 FFE F= ALE HoAFthFg. 5).

L}. LDH &3

r-tPA (L-arginine £3h)<] A F tPA9} L-arginineo] 543 ddAdo] QA& dolr
71 88l AZEATE A EE ZAPSEgI T Al FAPE A == LDH A 3 Hoechst-PI 93 AW &

Eq A s3hsteict A 2 =% LDH+ A ZEAFE 9] late stage% o ?‘f}‘;} Alsl Az} o
2 wokel whebA| E oA r-tPA (L-arginine ¥3h)°} L-arginines Z}7 49.6+3.9%2} 39.3+
24%% A FAPES E_?;H U (PA ©50 2= 21.1+1.5%% W ERT(18.7£2.4%)°l w3
frol gt AlZAIE S do7]A] E31SlthFig. 6).

E o FAAQ AzAEARA S 2] A RS oI A7E thekak Al 2

slo] Adslgich. A A} rtPA (L-arginine E3H)F% 59 10ug/400u AFo]ell 4 Al E
&g FA% WstE B9, Larginined! 4 #3555 50 mMellA F43] AlZANE

100
80 -

9

S 60

[2]

@®

2

4

T 40+

o

|
) - .
0

Control tPA-Arg L-Arg

Fig. 6. Measurement of cell death in retinal cell culture. LDH assay was
performed at 24 hours after the treatment with tPA (tPA without L-arginine)
tPA-Arg (tPA with L-arginine) and L-arginine. *P<0.01 compared with
control.
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+ 101g/400u8] r-tPA (L-arginine £3})ol]

o] dowtrh(Fig. 7). 5.0 mM2| L-arginine®| &=
W A= A EAEO] necrosis 2ol o3 o

Z3% L-arginine %9 93}, =3l o]
of & Wl Erh

A FAFE S 3 A 7R 2A}e A3} 4/\]7} o) Fol = A EAEEAFo] A dojuix] o
k3L, r-tPA (L-arginine £3H°] 7§+ °F 40%, L-arginine®] 75+ °F 60%2] Az 4E&
= AsA A8 Fig. 8).

A B
100 100

[ control [ control

I 1ug/400pL tPA-Arg B 0.5mM L-Arg
—~ 801 | [ 5ug/400uL tPA-Arg ~ 801 | 25mMLArg
R I 10119/400pL tPA-Arg I H 5.0mM L-Arg
3 601 x 8 60
3 o
o) * &’ *
o 40 - 40 1
T
5 5
- 201 20 1

0 04
1 6 12 24 1 6 12 24
Time (hr) Time (hr)

Fig. 7. Time course of cell death of various concentrations of r-tPA (with L-arginine) (A) and L-arginine (B).
*P<0.01 compared with same time control.

100
—@— control
—O— 10ug/400uL tPA-Arg
80 { | —=%— 5.0mM L-Arg
9
2 60
o
[5)
1
5 40
-
20 A
0 T T T T
12hr 1day 2day 3day
Time

Fig. 8. Survival of cultured retinal cells after the treatment with 10ug/
40041 of r-tPA (with L-arginine) and 5.0 mM of L-arginine. *P <0.01
compared with same time control.
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Fig. 9. Fluorescence (Hoechst-PI stain) (A~D) and phase contrast (E~H) pho-
tomicrographs of primary cultured retinal cells at 24 hours after the treatment with
tPA (without L-arginine), r-tPA (with L-arginine), and L-arginine. A, E, control,
B, F, tPA (without L-arginine) 5,800 IU/400ul Alteplase; C, G, r-tPA (with
L-arginine) 10ug/400ul; D, F, L-arginine 5.0 mM. Arrows indicate dead cells.
Fluorescence photomicrographs illustrate the change of the nuclear morphology of
retinal cells (C&D)(Original magnification *300).
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Fig. 10. Fluorescence (Hoechst-PI stain) photomicrographs of cul-
tured retinal cells at 24 hours after the treatment with L-arginine
5.0 mM. L-arginine induced cell death showed condensed nuclear

fragmentation (arrows).

C}. Hoechst-PI A4

121w okl v A| £E Hoechst-PI 94 & &3sdn|7 o2 32319}l Hoechst 34 (FF&
A BE AEXS s A = AR PL (H2) = A2 755 AR 7 5olvt <
Aol Frh A3 A3} LDH 354 wjo} vi7IAZ (PA &5 2= Al EAEo] doub=] o
Skl r-tPA (L-arginine 3P4} L-arginines F4& 7% A AE2 AlZApE o] dofyt
thFig. 9). AFE ¥ Al 22 el 3 E-Anuclear fragmentation)©] 5§28+ apoptosis 74 &
AA & AEEo] HIthFig. 10).

[¢)

r[n

4. NIZAFEQ| J|Hof Zksh ZAL

7}. Nitric oxide (NO)2| A& XA}

L-arginine-> NOS®| 7| A 24 & A4HHg-o] dojuril NOE A A7t} ¢ NO= ®
SHAgE 7)Ao Abae} Ajste] P EAQl nitrite (NOy)E WA A o] =4
Griess reagent® R A|A Z=Ho| 7}5sich B A¥ ZA3} rtPA (L-arginine E3F)
L-arginine> Z}7} 81.0+8.9 nmole/mg¥} 86.1+11.5 nmole/mg o2 ©] F & Fola}x]
2 o) Z7(46.83.6 nmole/mg)°l| B]& F-2]5}A] WL nitriteS BFAY A ZAT}(Fig. 11).

th5 02 NOS7} of 2] et e o WA FE3=A 5 dotr iz} ik AP e
% nNOS A& o] &-3F W steha] Ay E ARE-3sith 1 23 nNOS+= F2 A A e
A FRA e 3 gle-S Wola ¢lrhFig. 12). ©] 71> L-arginineo] A|¥ gro g Hdt

+

§2 % rlo me

211 awm=E
"o F88 NOE AR + leS BT ZIolth rPA (L-arginine %3 %
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Control tPA-Arg L-Arg

Fig. 11. Measurement of nitrite (NO;) by Griess reaction. *P<
0.05 compared with control.

zm( A

Fig. 12. Localization of nNOS in the primary cultured retinal cells. A, Small arrows indicate neurons and large
arrow indicates photoreceptor cells. B, photoreceptor cells.

L-arginine 2] A| nitrite®fo] S7}gtct= AMA-S ®tA| Zo)| L-arginine A9 Al 2~®13} &
3k NOS7F 24138 e 5oL gl 2o

oA 742 = NO+= A EAPE 3} B 5 Ah-gol2) il o7 oA ol AA
2 NO2| HAo] w2, 6] Al A 29 AbE S e =Alel e 27 B a3k Al
FAbE 3 NOgte] ¥ A4S 7] 913l nonspecific NOS inhibitord] NMMA (N°-monomethyl-
L-arginine acetate)2 ©|-&3 4] Sro}® gttt 7 Z3} r+tPA (L-arginine *¥3F) 2 L-arginine 3|
2l Boll A NMMAS] FX7h S7hgtel wheh Al 2e] AEEo] Fobxlo] gl e
NMMA F%= 100iM o]dellA A EAE-S axdg oz s 4 9l th(Fig. 13, 14).
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100

[T No treatment
I 1uM NMMA *
[ 10uM NMMA *
80 | 100uM NMMA
S
2 60
E
3
% 40 - Fig. 13. Measurement of cell viability
S (by LDH assay) of cultured retinal cells
pretreated with various concentrations of
207 NMMA (NOS inhibitor) followed by the
treatment with 10ug/400ul of r-tPA
0 (with L-arginine) and 5.0 mM of L-ar-
tPA-Arg L-Arg ginine. *P <0.05 compared with control.

Fig. 14. Phase contrast photomicrographs of cultured retinal cells pretreated with NMMA (NOS inhibitor)
followed by the treatment with 10ug/400ul of r-tPA (with L-arginine). A, no NMMA; B, 1uM NMMA, C,
10uM NMMA; D, 1000LM NMMA.
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Fig. 15. The effects of r-tPA (with L-arginine) and L-arginine on
cGMP formation (by ELISA assay) in cultured retinal cells. *P<
0.05, **P<0.01 compared with same time control.

100
80 -
9
> 60 -
[2]
©
K}
[0
x
T 40 -
o
-
0 T T T T T T
0 001 005 0.1 0.5 1
Add cGMP (mM)

Fig. 16. Measurement of cell death (by LDH assay) of primary cultured
retinal cells at 24 hours after adding various concentrations of cGMP.

- 19 -



L}. ¢cGMPO| Ztst AE

(1) cGMP2| SEH3E}: r-tPA (L-arginine *¥3) 10ug/400ule} L-arginine 5.0 mMS Fo{gh
F oA 24A417F Fell cGMP Fo] Z+7F 61.9+5.1 pmole/ml¢} 63.146.1 pmole/ml=Z A5}
Aqow FES HEHA| 2 dlFT(37.2+3.4 pmole/ml)el| B3] F-2lgF Afe]7} 9
(Fig. 15).

g cGMPE AlE whellA A3t Afol® AEAbEe] doy=AE FASIGITH
cGMPZ PBSE® 9 5“4»'11&57} 0.01, 0.05, 0.1, 0.5, 1 mM°] = A s}o] U2} wjek=l whl
A Zo Folslsict. 24417 ¥ LDH 54 A3} wix|e] Fo] ¥ «GMPRE A ZAE d445
o 7)#] X3}l th(Fig. 16).

(2) CNG channel blocker0®f| 2|8t AFH K| ZA}L: F715 cGMPS} Al EZAPE I edAd
= 27| 913t A A Z A cGMPell 9|3l fr=%]+= ion channel 7§24 3} A3AA AF
< Pyl AAZ @2 A AzAPE-S 39 don influxe} FEe] 9} Cyclic
nucleotide gated (CNG) channel blocker®] amilorides {3t 23} r-tPA (L-arginine 32}
L-arginine A 2] 2ol A] amiloride®] ¥ %7} F713,2 AlZ JEFo] F3E & 5
31312 amiloride F% 10uM o] Aol A Al EAPE o] &3] 7FA4s}dch(Fig. 17, 18). ©]&
A= A M Eol| A L-arginineol| 2|8t A|EAFE 3] o] CNG channel®] #|<-4<l 7l\ba} 3+
A=l A= AL A

100
1 No treatment .
I 1uM Amiloride *
80 - 1 10uM Amiloride *
I 100uM Amiloride
9
E' 60
|
8
> 40
[0}
(&)
20 A
0 m

tPA-Arg L-Arg

Fig. 17. Measurement of cell viability (by LDH assay) of cultured retinal
cells pretreated with various concentrations of amiloride (CNG channel
blocker) followed by the treatment with 10ug/400ul of r-tPA (with
L-arginine) and 5.0 mM of L-arginine. *P<0.05 compared with control.
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Fig. 18. Phase contrast photomicrographs of cultured retinal cells pretreated with amiloride (CNG channel
blocker) followed by the treatment with 10Ug/400ul of r-tPA (with L-arginine). A, no treatment; B, 1uM
amiloride; C, 10uM amiloride; D, 100uUM amiloride.
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L-arginine> -5 /‘é ofu|iAb o 2 obedx] Qi) upEba] W2 oekEe] H-AE L-arginine
< gy AR ok AT F Soll AF8-5 = r-tPAXE L-arginines -3 A 2 A8t
o} oF Ao = A S AAMF st A L] PAE Folstd E%—% B 4 9l
=, o2 dAFAEel s b el &3 PAE T3t A HeEAle] T
A Qloka Basigich SR 2 HA40] oW 7S S AR A= oFA A
A A x7E Aol 12| Al r-tPA ¥ o} 2} L-arginineo] E3H¥ YA S woll Fo
T FAo] velyttis B 91317] witell L-arginineo] b ol A SAd ol 3hod 3]

4

sk A A A rPAS FAE ATeI] A A 2 A4 rPAS T

ofFeh Zlo] @el 1 ol Ash ol ol A 2 Fol 7} elAol B AR WA Be
sheh, 41 2 A sk A4 e Q3 Behe FRAAAZA o AFAEA BE
st Sith mekA rPA AAZE FFEAA A oW JFE v A LT} she Aol Fas
A sl e, 3 ZAABel e 5 | 44 Sz doro

ot
30 it

ol

r:]_l

o, °

9

1 o] 22 o
uf-2} E]rff:ﬂ], ey Lﬁ"ﬂi-J 78”?‘ o] 2 sotype-/] NOS7} 5‘Zﬂﬁhﬂr AR B A A
ol 2} wekyl 31 ouuﬂi F F2 AAE el B nNOS7]— WE3FIL gl5o] TaE 9]
v} w}2}A] L-arginined] HFAAFE o2 X402 L-arginines 7|22 A}4-3F= NOS2}H9]
ABAE A AL, £ o :Il A= old /M AT 5 9l & SAE AA =T
FAE Tk

NOS+= 19801 thell 522 W=l = Z2d me} o} isotype®| EAl3t= A=
ded# qlow Haf7tA] 3EFI) W A vk o] &A= Pus heme, pteridine cofactor, FAD,
FMN-containing reductase domain, calmodulin (CaM)-dependent activation Lo QA4 E 7
32 9Jt}. Calcium ©]&4 NOS9| 7% calcium calmodulin®} HF-$-3F F o] & Aol HofA
8] E o] 9l& redox center, 5 reductase rtegionol| <&z} FMN, FAD, NADPH binding
domain¥} oxygenase region®l| A3} hemeo] A& o] -8 4= A AFo2A FAIE
FEshe Aoz AztEa Qe? AR AZ} FA T EA)sHE nNOseF F3t W] A £
o} AF A Eof| EA3}= eNOS+= A HH 1 calcium &]EA S e 32, macrophage,
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ZWA 2, WHolw A 2, HITAE 5ol £a]35F+= iINOS+ inducibled}™ calcium H] 2] &4
vepditta A ol nNOSe| A FFAIEAl 35 H A 9lem soluble form}
membrane-associated form 25 Ex|8tE ALz delA] gleh

NOE= Al EA 34 -2} (cell-signaling molecule) 2 A§ A =]
4 FRAFANE RS ol BAYeRA AREEE 27
2 ZAAZY W] AAC T} 9FE &’ A4 A
cyclase (GC)& &4 3} A AA intercellular messenger % 3F}3l cGMP2] & S7HA 7]+
Aoz A Qleh® shxuk Noo e Aake AE Aol A dlez A7ty
o]A 3L gl

AAFALHY A= 2 AAR GMP7E - Festeh g A4 T At
£ Z7° MEZRTE W2 NOS9 CNG channeld 7HA| 3L Qlek™ & A4 2ol 2]

L-arginine®| So17}A =4 #2ke] NO A3 t]Bo] cGMP7} HA = EZ A4 22 jon
channele] 7fHME 4= 9lc} & ol Z 3} L-arginine®] NO9} ¢cGMP EF5 S7HA 7= AL
2 ZAFE el 28] 32 nonspecific NOS  inhibitor (NMMA)®} CNG channel blocker
(amiloride)= A A= Al EAPE S HWho3gich. w2}l L-arginine®| A ol 4 A&
ehfi= 714 o] NO9| #f-g-of] WA A AAY TS & 7 S F ofef AlA|Eel| A o]
e o] f-8 AHE 5 glh

AR A E&Fo A NO= A A A ZA] 2714 F23 dTqE 3= 2o oo
A olch hvhe ol vkE-gF A ukg wil, m Shvh= A A el A bipolar Al E} hori-
zontal A 29 synaptic transmission o]t} W3 sha o 7o} A5 TS £
4] NOS®| 2o 7k WA (rod inner segment)oll 4] F=2 viehdrhe Zlo] whalA gich”
NO2] target £4-91 GC+= NOSe} v A &|jA &gl F2]= el A Al Eoll A
NO=2| A|3-#}¢]l SNP (sodium nitroprusside)E 7}l A NOE F7}A A cGMPe| F7F 2 W
o gk vk AFE gt =Fo] whxnE AHo| g)r}? o]71-& NO-sensitive GC7} A Al E
ololl EA3te}= A& A|Agtel | F7HA] GC =7 soluble form¥} particulate form 27}
Fel7t EAske Aoz G gk o] ¥ 7hx e Zar mF b EA)3
Particulate GC+ A E3el] o] glon] A4 otZo] guanylate catalytic domaing 2zFil,
extracellular domain-> receptor-like ligand binding activity S ZF=Tt}. ©] particulate GC= ZHA]
A A Ee At Feje Geol wla chek 2Age Y g partlculate GC+ NO insen-
sitivity s YEll = 2 5AS 2 vk 9 rod Al 2= Al £ o] £ 3}= soluble GCE
7+ 31 9Jth? Soluble GC= &t A Aol A A=t} o] soluble GC= 702 82 kDa subunit->
= -?HQ heterodimer?] ©], subunit A}¢] el heme group®] &84 NO - oxygen radical
7} ubgate] FAsEE oz deA gl

NO-4 A7 025 NO2| W AHAbEE5 reactive nitrogen species (RNS)2} &2+ &3

- 23 -



(HEA =4, peroxynitrite)2] 2H-§-2 2 delA glrh. o] 4] #&-2 F5Ho7 g
2o blomoleculesl:‘-"/] oxidation, nitration (addition of NO,), nitrosation (addition of NO"),
nitrosylation (NO)& +=38h o] o] AEEAF} FAZE” 22d 2 AFeAE o)
RNS Hk-g-o] opd NO°ﬂ o34 F7h3E cGMP7} FA 3 AkE o] ke F7]E Al sk
drh FaE5al el =F A ZbAl A|E9] apoptosis A2 Hell 28 cGMP £ A,
cGMP F=9 %7}, olo] w}E caleium 5429 Uzl 7|Ale] o3 o]Foixlo] t}E oAt

Aol & A vha] Al vf Qlek. ¥ o] 7 b Yo cGMPS] #EE Ao F2 o] A
FAE 2 o]o]A 4 9] 88 A AlEt), v AALA 0 7 o}zl cGMPE cGMPol &4 7N\t
%= CNG channelo] 43 T3t AlA Eellx= AlZAPE S Fo3 dlolzta Az
solalt w23 & QT o A% A F 4 Qi 2AE AT ek wT NO
7F 4o AlEAFE L] el necrosis®} apoptosisE A A A= HoR FEEG o, F
< Park 5 NO7F 54& 9127l ZhetzA]o] TUNEL A o2 vebt ot Hdxtadv] A
ARzl A} atypical necrosisE H.Qlthal s}gith

A2H o2 ok YolA 22544t L-arginine®] NO-cGMP-CNG channel 7HHo]2}= =}
AL A FAE et ng, AE3 Aol Ao AL web= el el A AEEH = A
Aol E3HA7|= F-F A ZA L-arginine> A4 o] vk detslc) gko =z o] A= gt
FA2A FAE AR olol A FHxr) Helet A=
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. FEjEh el o3 ‘ﬂi"}“’ﬂp‘ A A el A F2 FEE T, 244 7F o] Fof] A
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e FEAO, PA DEOZL AEARE oA Folsich

5. AEAPE S o5 Fofifo] o|EFS B oH, rtPA (L-arginine E3H)5 % 52 10ug/
4001 AfolollA] Al FEAPE ] FAZ WES B¢l L-arginined % HEFE 50 mMeo|
A FA3] AEAPEe] dofytt}. o] L-arginine®] 5%+ 10ug/400u2] r-tPA (L-arginine 3
hell 235 L-arginine 5=} |3t}

6. LDH =74 % Hoechst-PI 33} 34 A3} rtPA (L-arginine £3§) % L-arginineol] 2Jgt
A ZEAFE e = necrosis 2 apoptosis ZHH S EF Kol gt}

7. rtPA (L-arginine £3}) ¥ L-arginine > 2 A 2]% "M 252 dl 2ol B8l @2 nitrite
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webA] 1-tPA (L-arginine Z3hell 2|8l =% A EAPE-L o+ L-arginineo] °|3F 4§
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Abstract

A study of retinal toxicity of L-arginine contained in r-tPA
In Chung

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Oh Woong Kwon)

Tissue plasminogen activator (tPA) is a thrombolytic agent that activates plasminogen into
plasmin almost exclusively in the presence of fibrin. Intravitreal injection of commercial
recombinant tPA (r-tPA) has been proposed to be promising for the treatment of vitreoretinal
diseases, such as vitreous hemorrhage, postvitrectomy fibrin formation, submacular hemorrhage,
retinal vascular occlusive disorders, suprachoroidal hemorrhage and endophthalmitis. However,
the safety of r-tPA in the eye has not been proved yet. It has been recently reported that
intravitreal injection of r-tPA solution (with L-arginine) results in dose-dependent retinal toxicity
in cat eyes. The amount of L-arginine in r-tPA solution is 3.5 g L-arginine/100 mg Alteplase.
L-arginine contained in r-tPA, may have toxic effect to the neural tissue of retina, because
L-arginine is a precursor of nitric oxide (NO). NO is synthesized from L-arginine by nitric oxide
syntase (NOS). This enzyme has three isoforms, which are expressed in the retina. The toxicity
of 1-tPA and L-arginine was investigated using the primary culture of mouse retinal cells. The
concentration of r-tPA (with L-arginine) was 1, 5, 10Hg/400ul and that of L-arginine was 0.5,
2.5, 5.0 mM. Tenpg/400ul of r-tPA (with L-arginine) and 5.0 mM of L-arginine resulted in
cell death in 24 hours after the treatment. But cell death did not progress more than 40~60%
at 3 days after the treatment. The pathological and immunohistochemical study showed that the
majority of dead cells were photoreceptors. But, tPA (without L-arginine) didn’t have toxic effect
on retinal cells. The type of retinal cell death induced by r-tPA (with L-arginine) and L-arginine
was apoptosis and necrosis. Nitrite and cGMP were increased in cultured retinal cells treated
with r-tPA (with L-arginine) and L-arginine as compared to the control. The protection effects
of NMMA (NOS inhibitor) and amiloride (CNG channel blocker) from retinal toxicity of
L-arginine were assessed. This study demonstrates that L-arginine contained in commercial r-tPA
induced retinal toxicity and the mechanism of retinal toxicity was accumulation of cGMP and

openning the CNG channel.

Key Words: tPA, L-arginine, photoreceptor, apoptosis, NO, NOS, cGMP, CNG channel
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