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ABSTRACT

It has been suggested that the elevated plasma homocysteine may lead to retinal dysfunction. We investigated the effects
of plasma levels of homocysteine and folate on the retinal glial cells’ injuries. Male Sprague-Dawley rats were raised
either on a control diet or on an experimental diet containing 3.0 g/kg homocystine without folic acid for 10 weeks. Plasma
homocysteine concentrations were measured by a HPLC-fluorescence detection method. Plasma folate and vitamin B,
levels were analyzed by a radioimmunoassay. The response of Miiller cells which are the principal glial cells of the retina
was immunohistochemically examined using an antibody for vimentin, a cytoskeletal protein belonging to the family of
intermediate filament. At 2 weeks, the homocystine diet induced a twofold increase in plasma homocysteine, and a con-
comitant increase in the expression of vimentin in the Miiller cells’ processes spanning from the inner to outer membranes
of the retina indicating arterial degeneration. At 10 weeks, the homocystine diet induced a fourfold increase in plasma
homocystine, but vimentin immunoreactivity in the retinas was similar in both groups. In conclusion, increased plasma
homocysteine levels have influence on morphological and functional changes of Miiller cells in the retina. (Korean J

Nutrition 38(2) : 96~103, 2005)
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t}. Glial cells (AZZEAE) 2] AF-<1 Miiller cellE HEA]
s} 4 9 df FHE A8t K'sh H 59 AlEY of
234 9 glutamate$} GABA 5 AZEF AdA}t da-&
3} Vimentin @982 2272 A3121 Miller cell
9] iRl P o), et EAFAlof| Wio] Frhst
o Miiller cell®] AIHA AG L o] AARBR= 202 &
24 9t}
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B oA A% 859 Sprague DawleyZE £33 30
nla} (initial body weight: 279.5 £ 2.0 g, (3 Orient) &
AZol wg} G (randomized complete block design)
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diete 2 7Py, QA 39 52 0 gkg dietTE
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Table 1. Experimental diet composition”

Ingredients C H
(g/kg)

Cornstarch 466.8 463.8
Casein 140 140
Dextrinized cornstarch 165 1585
Sucrose 100 100
Soybean oil 40 40
Fiber 50 50
Mineral mix? 35 35
L-cystine 1.8 1.8
Choline chloride 1.4 1.4
Tert-butylhydroquinone 0.008 0.008
Vitamin mix without folic acid® 10 10
Folic acid 0.002 0
Homocystine 0 3

¥ C: control diet, H: homocystine (3.0 g/kg diet) without folic acid
diet

2 AIN-93 mineral mixture

¥ AIN-93 vitamin mixture without folic acid

Week 0 Week 2

Week 10

Fig. 1. Study design. The letters re-
present the experimental diet gro-

B(n=6)

H(n=6)

ups. B: Baseline, C: Control diet, H:
Homocystine (3.0 g/kg diet) with-
out folic acid diet.

H(n=6}
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% 10 miFAPIE ARE31 Aol S AH s
AF e YL ethylene diamine tetra acetate (EDTA)
7t S0 9E e #el ot 1750 X golA 1583t 4
A1%-2] (Union 55R, Hanil Science Industrial Co.)3}o] &
FE s 3 24 7718 70T 2o A%
ol EHG et &, A4l 0.05 ml/L phosphate buf-
fered saline (PBS) & ©]&3lIA #FA7|3L o]o|X 4% pa-
raformaldehyde (in 0.1 M PBS) 2 thA] #F3A ATk
F%2 HHE AEI FY AR F3FA F 10,
20, 30% sucrose&4e 2 FA|A|RT) FE Opti-
mal Cutting Temperature (OCT) compound®l] Eu5}o]
FAAT F 5AEBY) (Leica LM~3050, Bensheim, Ger-
many) £ 10 pmFAY] FAEAS A &ejol=e ¥
271 3, Ak 22489 &elo| = Pt AR &
gz Yol —70°Cel Basigith

3. ooty 2y

1) @78 TUAAERI 5 2

g3 I RAIAHQ FEE Araki®) Sakol] #PH®& o]
431 HPLC (Waters 2690, USA) & ¥43I5it). 8%
100 pl°l 10% tri—n—butylphosphine €% 10 uxlE 3
7¥s1o] 4°ColM 3083t A% & 10% trichloroacetic acid
(TCA) £9% 100 uE 7¥8t2 4T, 3,000 % gollA 587t
AdEelsisich F28 43 el 1.55 M NaOH 20 i, 4
mM EDTAE #3k= 0.125 M borate buffer (pH 9.5)
250 g, ammonium 7—fluorobenzo—2—oxa—1,3—diazole
4—sulfonic acid (SBD-F) £ 100 & 37}l 60°C
oA 1A17F B9t BEEAIF| 31 0.45 pm filter (HV type,
Whatman) 2 o7}A17) ¥ automatic injector (Waters Co.,
MA, USA)E 20 pl® columnol $3k Xterra ™RPy,
columng ©)838k excitation wave length (A.) 385 nm,
emission wave length (.,) 515 nm®| fluorescence de-
tector (Waters 474, Waters Co., MA, USA) & £43}
pei=g

2) & g W HIER B, 3T BY

3 A 2 vlER B, %8 “I—folic acid$} “Co—
vitamin B,, dualcount solid phase no boil (SPNB) ra-
dioassay kit (Diagnostic products Co., Los Angeles, CA,
USA) & ARg3te] E4815ith 200 (1] B3l dithioth-
reitol# tracer® E3§3t working solutiong 7}t &
NaOH/KCN& ¥il ¥h3-& FAAMZ]L binderE Y3 €4
e 3 ARNS i o dual ¥ —counter (Cobra I,

Table 2. Daily food intake and weight gain”

Groups” c H
Food intake (g/day)
At week 2 28610 27.7 £ 0.6
At week 10 269 +08 263+10
Weight gain (g/week)
At week 2 31219 328 £1.2
At week 10 233+ 15 223+14

" Values are means + standard error (n = 6)

2 C: control diet, H: homocystine (3.0 g/kg diet) without folic
acid diet

auto—gamma, Perkin Elmer Inc., MA, USA) 2 #4135}

ek
3) YUZAQ vimentin THIA HE 24

retzA9] vimentin @83 @ #4412 avidin—biotin
peroxidase complex (ABC) ¥ o] &3} Holz3 3}
shihi o2 o|RoFr) W RAEHE 2AS A AW
o2 A F 37T warmerd] 14)7+$<} incubationdt 3,
0.02 M PBS (pH 7.2) €9 20%3 B+ OCT com-
poundE AA L, Z}2HE F8FA el wiEs ¥, 0.3%
skl 10852 A28t 1 F PBSE9o2 T
AHE & Z+2ke] 23] slide® 10% normal goat serum
(Vector Laboratories, CA, USA) 22 90%-E<} blocking
& A7tk 12389 mouse—anti—vimentin (BioGenex,
CA, USA, 1:500)& &1 12A17FE2F 4 CollA vRAIH
ot 1 ¥ x7 slided PBS&HoE 1587 33] AlFjstn
22184121 biotinylated anti—mouse IgG (Vector Labora-
tories, CA, USA, 1 :500) & A-2°lA] 1AIZFEE R4
713 thA] PBSEA o2 ATt 7 F 3R avi-
din—biotin—peroxidase complex (Vector Laboratories,
CA, USA, 1 :1000) g A& 1A12H5< dhgAl7 12 o
A] 33) A9k 1 ¥ 0.025% 3,3’ —diaminobenzidine
tetrachloride (Sigma-Aldrich, St. Louis, MO, USA) &
=<l PBSEe 0.005% Hitsr4AE 4lojA o] &4
Z}Zk9) slideoll FL3§t AlZHo 2 WHS-AIZl F, 24219 slide
£ alcohol™} xylene © & B¢} EH3}2 31 & permount
2 ¥9lslo] F8tedu]A (Olympus BX51, Japan) 0 & o
Zajoictk utzAel oigt ¥3AnA (Carl Zeiss, Axiovert
200, Germany) #2A] 228 = biotin—SP—conjuga-
ted affinipure goat anti—mouse IgG (H+ L) (Southern
Biotech., AL, USA, 1 : 500), 3xF&Hl:= streptavidin con-
jugated alexa 488 (Molecular Probes, OR, USA, 1 :
500) & °1-83k%ith
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Table 3. Concentrations of plasma homocysteine, folate and Vi-
tamin B,

Groups” C H

Homocysteine (xmol/L)

At week 2 79+ 04 146+ 04

At week 10 67+ 05 259x 10+t
Folate (nmol/L)

At week 2 1193+ 3.2 233+ 1.4%*

At week 10 174+ 60 181+ 23
Vitamin Bz (pmol/L)

At week 2 2645.4 £ 106.2 2902.2 + 150.9

At week 10 2853.0 £ 116.1 2624.4 + 152.4

" Values are means + standard error (n = 6)

2 C: control diet, H: homocystine (3.0 g/kg diet) without folic
acid diet

¥ =xx: Significantly different from control rats, p <0.001

* ¥ Significantly different between H group at 2 wk and H group
at 10 wk, p<0.001
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AP 29 % TEAAHRL, da E vjEl B, 5%
+ Table 30| AIAIZE vle} ek AE Az & 254], 31
Al2E Ao o] P TRAIAHQ 32 tizTel vs)
A FoAez on) Erletg o (14.6 + 0.4 pmol/L vs
7.9 £ 0.4 pgmol/L, p<0.001), ABAF 105 Foll= &
BAIAE Ao]fo] SRAIAHTR 7o) F9F0=7 4] ¥
Rtk (259 £ 1.0 gmol/L vs 6.7 = 0.5 gmol/L, p <
0.001). TL3 THAIAE o)A 10F ZRAAE
Aole HF SHAIXH]RI 50| 2F TRAIAE Aol
B} f9F oz 2u) H9t} (p<0.001).

AE AIFF F 25, SRAIAE Hole) dA Ak
il vlsiA 80% FA o hAsigion (233 +
nmol/L vs 119.3 £ 3.2 nmol/L, p<0.001), Qa/\lﬂ' 10

T Folle TRAIAR Xoio] §At +50] 85% FH o
2 990 (18.1 + 2.3 nmol/L vs 117.4 £ 6.0 nmol/L,
p <0.001).

G vlER] B, 5t IRAIAE AH /52 Bglo)

TRFel Frel Al Aol 5 BolA] Wik

3. YUZAINS vimentin LHTT

Yoz S JetEn|F oz BAF A, iz v
B, 2F ZTRAIAE Ao]FefA v1ment1r1°ﬂ tjgt wdo)
F7Fetith (Fig. 2). ARZMEZE n]R39, £971%,
A5, P75, v aSEREe B Eo] 9l Miller
cells® E71% (arrowhead) ¢4 vimentin 23o| Zr}s}t
+ RAo= vepth o]9} 22 vimentin W3 22 Miil
ler cellsg] o] X o] QlE £3% (arrow) M T 23}

Ji') o

Fig. 2. Light microscopic images of rat retinas from control (C) and homocystine (H) groups that were immunostained for vimentin. In
H group (2W), immunoreactivity of vimentin was increased. Positive immunoreactivity in Mdller cells of retina (arrow) and in Miller cell
processes that extend from the inner limiting membrane to the outer limiting membrane (arrowhead) (Fig H (2W)). Vimentin immu-
nostaining in retinas of (C) 2 week control diet, (H (2W)) 2 week homocystine without folic acid diet and (H (10W)) 10 week homo-
cystine without folic acid diet. NFL indicates nerve fiber layer; GCL ganglion cell layer; IPL, inner plexiform layer; INL inner nuclear layer;
OPL, outer plexiform ayer ONL outer nuclear layer. Original magnification x 400.
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H(TUW)

Fig. 3. Fluorescence microscopic images of rat retinas from control (C) and homocystine (H) groups that were immunostained for
vimentin. In H group (2W), immunoreactivity of vimentin was increased. Positive immunoreactivity in Mdller cells of refina (arow) and
in Mdlter cell processes that extend from the inner limiting membrane to the outer limiting membrane (arowhead) (FigH (2W)). Vi-
mentin immunostaining in retinas of (C) 2 week control diet, (H (2W)) 2 week homocystine without folic acid diet and (H (10W)) 10
week homocystine without folic acid diet. NFL indicates nerve fiber layer: GCL ganglion cell layer; IPL, inner plexiform layer; INL, inner
nuclear layer; OPL outer plexiform layer ONL, outer nuclear layer. Original magnification x 400.
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AP 2 25 W 107 TRAIAE Ao|e) P TR
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o7 =9k} (p<0.001). HHdo] 2F @ 105 ZRAAE
Ho|Zol At FEE FYT 7MY 2Tl niste] #
AR ez Uk} (p<0.001). 8 TRAAHR] BEE=
g3t AojFUlolA A7zt Wt f-o)AQ) JolE el
Uit F43 3RAINE Ao]Fujel 105 ZRAIAH
2ol 7] TRAIAHQ 57} 2FFE ffH o w3
o} (p <0.001). WHZA5EHA AFATel|A, izl v
Falo] 2F TRAIAY 2lo)F] Wt Miller celld) E7]
EolA vimentin ©¥3 o] Frpstich ¥uk ohz)

Miller cell®] 3o] Qi SaFRS1oE o] oFsp
et} 8% TRAIAEHRIY F7F2 QA ROS Y A
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2894 2R57) (oxygen—derived free radicals) )
g AT B AskEAe o) vebdth®
FEAIAHRIC F7He EFoM zpsAtsl, disulfide 2t
A% 2 thiolactone 2] ZE 59 AL T3 ¥4
AFHE-A (reactive oxygen species, ROS) & 5771t}
YZ TRAIZEHRIO] F71gtel wlet, 3ol ROS 9 3}
Ul ONOO 7t #H53tHA| =], Aid s a7
AL 3= NO 58 724"t d8F TRAAHUY
F7h= ok Uy 23] 3349l ADP, acetylcho-
line& ZHAA17]11,* haem oxygenase—1 (HO-1)9] &
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ol ¥ MBFAE 32 R FaH, AT Uy
ZA 2 ArtaF @go] JeRITE® AikxFe] 23 BRB
9] AAHFAIT S wod H Fglo] Y3 o]FoiR
2] gho} kel A AziciAle] o Ft R kAT
50| ojgYgAEg gute] 7% 9 Fxof W3yt dojut
A Ak

VimentinZ 49+e] $7HHF (intermediate filament)
TR, Pato) A FHTAGE 2 R diPlE
& dasln Y= Miuller cellel] €A%}, Ugarte 59&
Ak8HA &4 o) ROSFZE Hete] Miiller cell?)
#49E F7M71H, Lewis 5778 Walof] Aatazs
sh= ehEa] 7} Miller cell®] vimentin @3 WS &
7 B 1Eoith Sawle 592 3RAIAEQIY] FU}
Z AFA BF AArrFo) F2ES wHley, Vine® 2
ZRAXAHQ F7tel| e P2t 3 (retinal ischemia) &
dxo] YePdS #3it). Pianka 592 v FWA U3 EA
A 417382 (nonarteritic anterior ischemic optic neuro-
pathy) 3 SAekElH 415 (central retinal artery occlu-
sion) ] SHFAR0] = #xE AY F SHAIAHRI ¢
Fol Eoha Busigidh B ATl 255¢ TEAAH
o] 2 Q3 FiE ¥F THAIAEHIQ F7R= Futell ROS
o] 371 4 AataF T9 & FL2AIA Miller cell 3
Miller cellZ7]oIA vimentin @®ale] i3t 4H-& 7}
AR Aoz Algd

JIRAIAY HolE 1077t gl H A ¥F 354
2HQ FE= S7RIAIT e vimentin B AEE
izl BlaiA] zjol7t ¢lSith Miller cell ¥ Miller cell
E7161A vimentin ‘Z@o] 27 SRAIAR HolFoilx F7}
3Tt 107 3RAIAE Aol g 502 Za
3 olf= I RAIAHQFT] & ROST7H Y SAEHY
o g Maller cell®] YAAA RAFHEo] QUAE AR
FZ9t}, Winkler 57 Miiller celle] 383} 722 2|4
Q1 &3 I YR AAM T S3E s PR E
Bloll tid] & Ad 5 TS 71AE A1 Qo g3l
o8, Mizuno 5" in vivo A8A S8 Jel] Maller
celle AE3) Y30, glycolysisE F3l ATPE F¥3)
AR 4= )& 9HF glycogen A% 580 AT B
13 v} Q). Maller cell? glycogend] 2 A#io|n,
AXEEF A9} glucose transporter—1 (GLUT-1)o] ¥
Balo] ARAE FREAS FH3H 7152 7 AR
o]tk Miller cellE A1734ate] ¢ WM EZ AL}
2} 7211 ¥ FHE ARSI K9 H 59 A9 o]
223, glutamate$} GABAS A3 &4 2] AgR19ES 3}
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o, oJeH el gt 3 715s 2EsHs U Al
2ke] FA3 Aol Bl 7)15-S AU kP e+
AET} LB A A7|A o2 w2EHAUS W] BAY)
A7 #Ee A7d 3 vE3hY, Chan 399 AEeA
A A 18 FE YO R 2, 6, 125 VIZHEE Yo
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endothelial growth factor (VEGF) 8] 23 =8 &43}
At o] Agel n8Y He= 7zl wet g2 144
oz Ason A F vwstis FFoz #9A
7t ghabolld VEGFE] 23 AEE 2, 650 Wasy) &
AzofA folF oz FrIF oL, 12T Fadithe
A7t Uitk VEGF2] 2do] Svisibrt Zdashe @4
2 Ao g gute] Ak 9 PokEo] FFFH BAFRRE
9] 9&E AUz &L & F 9leH, & dFelA 105
A" o] Futeld vimentin o] IHE
7 FAYSE FFE F Yk

B A3 A%E FE B9, 8F IRAAHQ £F
9] &= wuke] Miller cell 840 93RS Fr A8 A
2} 25 FRHE] ZRAIAE Ao]g QIFA F7id F3H
AN2ERY 5L Miller cellof FHE F0 o)) uje}
ol HEr]F, ol2de 9 AR EA A9 71s-E AY
1 9= Miller cell®] /0] $718S vimentin ThA &
olg3to] &l 4 2tk AT 10F:Ao= vimentin
wgo] ZHAEE=H], 0]2E Miller cello] SRAIAHIQ) &
7Fe] 4454300 tisiA AAAQ] BA7)A0] Q)& AoR
)
AT dF SRAAHR 2 e gute] g
BT, B AT FEAE e AT o
AFF o2 QHEAE0] e FRES o R AUEAE
TH3h= A7 & o 97t & 2oz F5d

Nl
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BEA2HQ F0] Fete] v ¥ vz 3)st

& ol g3le] BEBACE TRAAE 2oz QA FE
249 ¥F sRAAHRI] IRl At +EL A
H3c}h AE Al 2FA o] ZRAAE Ao)2 QlEle] it
g ¥F 3RAREHR] $F A T ofmAlEQD Mk
ler cell$} Miiller cell €754 vimentin @94 Zd-&
7RI, 10F 3RA2E FolAE wo] Zages @
Z3nt. 032 ARE FH £ o, 3HAsT, A
4 ARG, <A A3 Y SHAAR F ZEAAH
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