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ABSTRACT

Diabetic retinopathy is one of major complications of diabetes mellitus, which is associated with the dysfunction of reti-
na. It has been reported that the onset of diabetic retinopathy is related to the activation of renin-angiotensin system (RAS).
Angiotensin converting enzyme (ACE), which converts angiotensin | into angiotensin Il, is a key component of RAS.
Among many growth factors, vascualr endothelial growth factor (VEGF) is an important cytokine in the neovasculization
of retina, which is a characteristics of diabetic retinopathy. However, the relationship between ACE and VEGF was not
elucidated in diabetic retinopathy. Thus, this study was conducted to examine the protective effect of captopril, an ACE
inhibitor, in the retina of streptozotocin (STZ)-treated diabetic rats. In present study, STZ-treated diabetic rats exhibited
the increase of VEGF levelsin serum and retina. The serum levels of VEGF in STZ-treated diabetic rats was not blocked
by the treatment of captopril. However, the retina levels of VEGF in STZ-treated diabetic rats was blocked by the treat-
ment of captopril, suggesting the local action of captopril in retina. Immunohistochemical analysis also revealed that the
retina of STZ-treated diabetic rats manifested the increase of ganglion cell layers, outer nuclear layers, and inner nuclear
layers, which were also prevented by the treatment of captopril. In conclusion, captopril prevented the expression of
VEGF in the retina of STZ-treated diabetic rats.
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gdue A AR e waA FHEe] kel 2
o= A gl ule] oF 8%<l 4005 H Hx= A

a., 2006). o]2fgt Fuae 4AwAd A
oz AT oy B APFES doT|E Hlez oI
] gJo} (Ko et al., 2005; Deshpande et al., 2008). ©x=H Al
PEL A AAE HE 7 AFes B
HT DeuA S A G ko] 25% A
=2 Wsie o] 5% F50] AHe it A4
3 AW o 3 QA= 9Ju}(Gariano & Gardner,
2005). o] 3t TarAl wetEl eyt 7 254 o
el Al Adele] Am T el o3 Aert 7t '
- Aoz odEx gle] 2 FeAde| Aoka 5tk (Korea
Diabetes Association, 2005).

Renin-angiotensin system (RAS)2 angiotensinogeno|
reninell 2]8A] angiotensin |o] == o]= ©t}A] angiotensin
converting enzyme (ACE)el] 2]&l] ©}A] angiotensin I17} =
o] o]52] Bo|xgl 849l ATIR = AT2RE 535}
e 75 2 oS T3t tzAel Heddta sle
Heoz d4ef# 9loh(Brugtset a., 2008). o] & & ACEx= F
= A B4 peptides =dshe | Hefsh o2 7%
& AW maza F2 o) P 2ot 134
Aol EAlstel W B4 peptided sl ke
3, 2 el ACER: wa ol9lol= a3

o] e FAe] glowl 53] A bz
Yol = F28 e Ian Yk Ao nudT Y
o} (Novo et al., 2008). w}2}ol| = ACE (Tikellis et al., 2004),
renin @ angiotensinogen (Sarlos & Wilkinson-Berka, 2005)
o] s = 7oz Huse] P AF8slA] RASsys
teme] 2 He|Hoz 283 4 QIS AARI F3L 3l
o} ofof gk AEFgE 7] o]df = ml okt Aol

VEGF: 95kl 2] 4 isoformsz. o] Fo7] glom wate]
chefgt AlzelA WaEE Zlog HuEI gloh(Sant-
Geniez et d., 2008). VEGF2] &2 F= 2183 A3}
3 T4 F7bel™ VEGFS] #a 7|3 Fofl A
W #E Zle == angiotensin 17 A1 EA <
VEGF 3& 377 A s e f=3o
3 ByE3 gu(Kim et al., 2009). 13| = B3l
ACEsl )& =i A whebzs) VEGF #i el 3 nx
E dEA A &AL ek wEA B AR o] d7E
E3) streptozotocin -3 F 2F oA ACE Z3}HA| <l cap-
toprile] whihg B 33l oJsFo] VEGF 3 A5 F3t
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1. Msl=2 2! captopril £04

Sprague Dawley % 31%] 18=}2] (180~200g, MEl=, &
ANE Fopitel 77 AHEAL 27 14170 B¢ Cont-
rol, STZ 2] 2 captopril +STZ xjg] o2 o) =
EAo] 3172 23+2°C, = 40~60%, = 57] 1247k
2 fABkder, AdEES Aol 4 Alg el ¥
Faledoh mE Age sEAdae)s) 93] (Institutional
Anima Care and Use Committee, IACUC)2] SEAYxF
2Fe] x| 2 A (Standard Operation Procedures, SOP)¢l] wlz} 4~
gE At G 1647 5 A & STZS Al 1kg @
55mgo % FAlekel 05mL HES ©wy Foz 27}
FAyste] A AT Fo] 3 3so] ] FHol A AL
slo W s} 300mydl o)l FET Adsjel =
A& Alg-3lgit) STZ (Sigma, St. Louis, MO, USA)> =
A pHeE A exdtell M= F43] B84 T] wj el
citrate buffer (pH 4.0)¢l] o] YARAIES F-A3 = 108
ool Ahg-3td em captopril2- £l o 65mg/kg/day-&
A8 ol gatel AT Folslyinh AUFEL B 857
F23 AEsh BE TIHUA ASsnt ol F AY F
2 A& A Zolazepam-Tiletamine (Zoletile®, Virvac, France)
5mglkgs} Xylazine (Rompun®, Bayer Korea, Korea) 5 mg/
kg H=l% 28] FAbste] vlAR &, Q- AZsod
&7 At 24, Sl AAS T Gz =
vl gpte] e elA olZos 2mmAE Wojal ¥
= 2x2mm =72 wWzAs oy o]F AE
24 & Yo —T0°Cell wAslelch AT P A
oAl oF 30% whA|gE & 4Ee]7] =2 4,000rpmei A 30

7 QB sle] AAFA BAE AAlSe,

o flo

2. ©HZ0o| MZ|X parameter X

23} s =3 =nl2 Pierce glycogel kit (Pierce, Rockford,
IL)el] Jaljr] =A]3}9ic}. Tota cholesterol &Hek-2- Jaffe reac-
tion*] (kinetic akaline picrate) 0 2 =3#]3}9ic). AF&-3F AJeF
2 Clinimate CREA (DAIICHI A %, Z9A|eF T3 o)1, =
#)717)%= Hitachi 7600-110/7170 (Japan)& A+8-3}ic}. &3
triglyceride 3tk Hexokinase UVH] ¢ 2 =A]3}9it} A&
g Aok LQDIA GLU (oA eF) o] 2z, 54171 7] Hitachi
7600-110/7170 (Japan)& AR&-313ith. 4320 VEGF =
= VEGF ELISA kit (R&D diagnostics, Indiana) 2 ©]£-3}%3
o}
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2 fut 3FHE 857 AM83slar Zolazepam-Tiletamine
(Zoletile®, Virvac, France) 5 mg/kg®}t Xylazine (Rompun®,
Bayer Korea, Koreg) 5mg/kge o &3 28l FAlste] u}
3t &, k75 HE3lo] 4°CollA] 4% paraformaldehyde=
TS 1% $H3ole] wASSeh hFe] Zhuks 4,
SYA S A AZE gk zAle] myya whale] FAle =
A o]Zo 2 2mm AE Yol HLE 2x2mm I =
WA e wolych Woldl Buhe g g4 opEo
2 [70% 30+, 90% 30—‘?‘—, 100% 1A] 7t 23}, 100%: JB-4 (A+
C)=1:1 147} &3t & 4°Cel|A} IB-4 (A+B+C) (GMA;
JB-4, Polyscience, Warrington, PA)2.  Zuj 5} t}. 4°Cell A
16412+ Zgabd & AR 24 o] teksh ZoiAA) sheleh
%41k 7] (Leica Microsystems, Germany) = 1.5 um F7] =
Hdst. aaxAssbE de7]7] Sl3 HIy=
Hansson & Schwartz (1983) ¥} o 2 whabx 2] ] ebabels
F40] 98-S dozd g9 1(0.00175M CoSO,, 0.056 M

H,S0,, 0.0117 M KH,PO,, pH 5.3)7 &< 2(0.157M NaH
CO,, pH 7.63)2 17:400.2 aﬁw nk-Sw Ao 687k wh-s-
ANAS 2552 A H AH F 05% (NH,),SelA 187
WS F O 2Rz ARSI, Sefolza) 2ol T
F B7old 272 2y Algstel Av) (LeicaDM-
LB, Hitachi Color Camerg) o2 a3ty Abxlg &3l
o} ok 2%2]8 L F 4% paraformaldehydeel] A3 &
Al wpgel mek A, S shebn Zo) s AR
F 5um T2 AL e Wl Eotolmd w1 W
Aspshgon YA fstel stetae AASg o %
pH 6.0¢] 10mm/L citrated buffer2 71 ¥ Z=F52 AF
&t 0.05% H,O,-methanol & 15327+ *|2|gF o1& 1z} 3}
A ¢l monoclona anti-VEGF antibody (Santa Cruz Biotechno-
logy, Inc, SC. USA)Z Al-2ojA] 1:1,0000.2 3]Asle] 3
7}s}eicl. Rat ABC staining system (Santa Cruz Biotechno-
logy, Inc, SC, USA)el| g1+ biotinylated secondary antibody
= A7}3 % avidin and biotinylated horseradish peroxidase
(ABC reagents) S #7}3}9it}. npx]2to = peroxidase
substrates W el A] incubationd}d el d ¥l %22 charge-
coupled devi-ces camera(Pulnix, MA, U.SA)S Rz 7] %
st de)7 st WAstel e ARElS) mHz A
43}31, image analysis system (GmbH, SIS, Munster,
Germany)&- ©|-8-3ted S 3kdet.

4. Reverse transcription and polymerase chain reaction
(RT-PCR)0|| 2|5t mRNA 7&A} &3 Bis} 8

A RNAE TRI A]¢F(Molecular Research Center, Cincin-

nati, OH, USA) & o] 4-ale] 22319}, oAl 42°CollA)

60%-7F 4ug RNA 2! 200U murine leukemia virus transcrip-
tase (GIBCO BRL Life Technologies, Gaithersburg, MD,
USA)o] =l 20uLE AAIEH PCR 532 5uL 9]
RT AHE, Z}7+2] primer (10 pmol), 1.25 U Taq polymerase
(Promega, Madison, WI, USA) ¥ 1 mM dNTPE- ¢]&-3}%t}.
95°Cell A 3E7F %7] wloF Fof, 95°C (1+#), 55°C (1&#) ¢
72°C(18)= FA% 30 == cycless *‘/\]6}93 0134 72°Col|
Al 1027} = extensong A3 AFEE-2 ethidium
bromideE -3+ 2% agarose gel-2- 1 x TBE buffere]] %17]
%3 3FTh Sol primer sets o]u] k2%l cDNA A d =
By Azl VEGF 4244 mRNA: [5-TCCACCA
TGCCAAGTGGTCC (sense primer) 5-AGGAAGCTCATC
TCTCCTAT-3’ (anti-sense primer)].

5. Western immunoblotting

Z+ MZo) 7}7] 150uLe] lysis buffer (10x PBS, 1% NP-
40, 20% SDS, 0.5M EDTA, 0.01M PMSF, 10mg/mL Leupep-
tin, 1 mg/mL pepstatin A)S x|g]ste] 23S ATk A
=5 tubeel] 271 &, 15,000 rpmel|A] 1087t AA) 2] )]
Azl S A 22 tubeo| #Asteitt. Bradford w2l A=k
3 (1976) & o]g3te] 47 60uge] WEES 8% SDS
PAGE #7]°d%2 A]Z] %, polyvinylidine difluoride mem-
branee]] transferalglot. Membrane2 5% skim milkel] 1x] 7k
Zob A A1Fa, Zke] EA] (VEGF, beta actin) S 1%
skim milkel] 1,000u] 3]A3}e] 4°Col|A] 18A]7F o] A} wlj <k
it 7 %, membraned 0.1% Tween-20/1x TBSej 10
B 7bAo = 3 AAE 3kl 3, membranes 1% skim milkel)
5,000 3]4 =l horseradish-peroxidase labeled 2} &}A ¢ 1
A7 Z<b wjekst & 3 A1xe AxA] Enhanced Che-
miluminoscent (ECL) A|¢F& 187t *|2]8t o}& X-ray 2 &
o 3027} =217 FApstelch

6. EHIXZ

A A7 EAA2]E andysis of variance (ANOVA) =
atlom, 7u)f<0 05% f-2l3t 2fo]o] AR 39l AF
Azte] 82 means+SEM=Z 3]t}

4 1}

St QI MK YoM ACE 24X Foio)
e = N

Sprague Dawley & 315 Z Control, STZ x{a] = % capto-
pril+STZ Aoz BEFsle] 27 enle]¥ £ 18ujg]=
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Table 1. The physiologica parameters of control, diabetic, and cap-
topril plus diabetic rats on body weight, blood glucose, glycosylated
hemoglobin, total cholesterol, triglycerides, and urine output. There
was aincrease of body weight, plasma glucose, glycosylated hemoglo-
bin, total cholesterol, triglyceride, and urine output in STZ-treated
diabetic group, compared to control. The physiological parameters of
captopril plus STZ-treated diabetic group were not different from
those of STZ-treated diabetic group (p>0.05). Asterisks indicate
statistical difference versus control group at p< 0.05.

Group I

Group | (STZ-treated Group Il

(Contral) diabetic rats) (STZ+captopril)
Body weight (g) 423+11 301+ 35* 348+ 29*
Plasmaglucose(mmol/L)  4.7+0.7 234+1.2* 19.3+1.4*
Glycosylated hemoglobin

(% Hb) 52+0.8 13.1+1.0* 11.3+1.4*

Total cholesterol (mM) 196+0.14 3494055 2.78+0.35*
Triglycerides(mM) 092+0.12 4.42+0.45* 3.12+0.76*
Urine output (mL) 14+16 82+ 12* 74+ 16*

o]-g3le] thA} AAZ o] f3le] AF, A W n¢FS A
stieh A4} STZ Az]ol gt Ae]sh=] parameter
(24, 93} s xZ=nl, tota cholesterol, triglyceride & 1=
FHELS v AAIEE Aeke] AR F9A4 A= A
T AAHA sk (Table 1).
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WA whekEAle| A 5] VEGF wx5 SA 3
3 ST 21“’4—#"1]/‘1 VEGF =7} Z7}slolon o
= captopril +STZ 22 ZedlA 8A38A 7t4astelc} (Fig. 1).
) 31% o] g3k ZARGE AI STZ x2]ellA beta
in MRNA 1182 #3}=%] okglor} VEGF mRNA 1kl
> 37 }6}%11:}(F|g 2). T ukgol| A = STZ 22| -2 =

ol Al VEGF whijd w2 ZF7}slglet (Fig. 2). 3k
captopril +STZ 2]l A 3ol 28 VEGF mRNA &
9 ochilA Byl HAsH qAEE Aoz el A
4 0 2 immunohistochemistry2 & A3} STZ x]2] 2ol A
ganglion cell layer, inner nuclear layer W outer nuclear layer
oA VEGF %3l e] Z7lels]om o3t 2hg-2

2 captopril +
STZ M) ZellA A3 A== Aoz Yepdd(Fig. 3).
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Control STZ
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Fig. 1. VEGF levels in the serum of control, STZ-treated diabetic
and captopril plus STZ-treated diabetic rats. Each plot represents the
serum VEGF levels determined by ELISA kit for each animal. Re-
sults are given as mean+ S.E.M. (n=6). There was a increase of se-
rum VEGF levels in STZ-treated diabetic group and captopril plus
STZ-treated diabetic group, compared to control. Asterisks indicate
statistical difference versus control group at p< 0.05.
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Fig. 2. The expression of VEGF mRNA and protein in the retina
control, STZ-treated diabetic and captopril plus STZ-treated diabetic
rats. Expression of VEGF mRNA in the retina was quantified by a
RT-PCR method and VEGF protein by western immunoblotting an-
alysis. Results are given as mean+ S.E.M. (n=6). There was a incre-
ase of retina VEGF mRNA and protein levelsin STZ-treated diabetic
group, which was decreased by the treatment of captopril. Asterisks
indicate statistical difference versus control group at p< 0.05. Double
asterisks indicate stetistical difference versus diabetic group alone at
p<0.05.
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wetbE o] 34 kel #d 2 vebdol (Penn et al.,
2008). VEGF+= wete] £abA] Fdjol] #=e d=H A
ZAA QIAE oA g)lok(Crawford et d., 2009). & <+
oAl STZol| o f=x 13 =W I 9 =t
VEGF W&l 2 Z7}slodn). ol2st A AAZ FuwA
ks 2xke] 84 W VEGF s=7F S718ksiche ®ae}
dx]5led AR BANA = o]2]gh wk-go] b 4 gltt
= 7P5A1S A7)8tz ¢lo(Cavusoglu et al., 2007; Mycli-
wiec et d., 2008). A2 VEGF x5t 5-¢ A2)slde o
TeA o] WAe] ofstElvhs FHT B HA] &
A7AFet dAgetx & 4+ 9lo(Rodriguez-Fontal et al.,
2009).

RASE xwAl wabse] o] ZFast J3s ws)
Roz okEjx ¢l (Wilkinson-Berka, 2006). RASS] =
gt QlAE9] stel ACE: woMx walo] =w o
WA el o] FUsHs Zlo® HiE 9l
(Ebrahimian et a., 2005). & A7o|NE Dy 189 o
ol 4] VEGF o] F7l8ta o, Gy Iger 5
7IE99 8 VEGF == =7 9 7t2ke] VEGF mRNA
gl chil Al whale] ACE JAAIQ] captopril 2] A] 313}
A A=At o] d AFA A 28 3F G it
= wdoa RAS?| == o} =4l angiotensin Il receptor x}
A A Al Gl FrHEAR et 24 9l VEGF

boto

Fig. 3. Immunohistochemica exami-
nation of VEGF in the retina of STZ-
treated diabetic rats with captopril.
(A) Normal contrals. (B) STZ-treated
group. (C) captopril plus STZ- treated
group. Theretinal layers are indicated
on theright side of the retina section;
ganglion cell layer (GCL), inner plex-
iform layer (IPL), inner nuclear layer
(INL), outer plexiform layer (OPL),
outer nuclear layer (ONL), layer of
rods and cones (RCL). The expres-
sion of VEGF in INL and ONL was
increased. Counterstained with hema-
toxylin. Scale bars=20um.

MRNA & o] HA3HA A= e Bael A9 453}
ot & 4 9)u}(Sugiyamaet al., 2007). Zhang et al. (2004)
oI A] mhatel| 2] e] VEGF 23l angiotensintype1 & 2 4~4-
Aol ol wiEel G sed Moz B A7Az
7S AR F2 o B AFelM e G HEs
Alell ACE AlAl 2j2] A] whetel|A|e] VEGF & e] oA
o= A Hx2 Basta odoh & AFelr] 5AH<
72 captoprile A2lstale W FaEAle] FrkE Y o
Al VEGF g=7F As]#] dsiAlwh g whah
VEGF & Z7h2H8-2 AR A= Aoz vepyt
th= Aeole o]88t captoprilel] €3 A= A<l
RAS®| ACE A &3tell= Fedsl] ¢kl captopril o] w2}
e ACES Mg oz Ao za vehd whee] ¥
3}el Aoz A=) van Bugenum et al. (2002)2
Al AIX ACE AA|2H8-2- 2l 2] VEGF 5= 7H4-9}
d47449 4 ook st B QFAHRE SRS F3 ok
olell W3t Mg AT= FF wE Aok & Aoz Fhol
=}

olg#] 2 QA= Control, STZ 2] 2 cap-
topril+STZ 22| djellA 3efsts w3t 2 VEGF ¢y
Wehs Hsst S Bate] ARG & AFelME
STZ #j2]+-l|A] ganglion cdl layer, inner nuclear layers &
outer nuclear layerol| 4] & #]3t VEGF L& o] Z7}sl= 718

o
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wHEE 4 dow o]t 2hg-e] captopril+STZ A2+
A A AAlEE Aoz vebdo £ Aelx=
VEGFel| digt M= APd7]d& Asnx] 2a#5t, VEGF
7F B e welE 2AE frEdiehe Bt
21T W NZ Apde] fr=E JhsAe] ol AoR At
o] ¥t} (Ejaz et al., 2008). ZEA o 2 captopril-2 wFx=H Al
ukz whge] F93 ety @ 4 9k VEGF 2de
A AAlEhs Aoz depgo o3 AT FF
FeHA HHFe AEA W 712A AEE AlFT
ZEEILE [}
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