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Chronic hyperglycemia is a common feature of al forms of diabetes
mdlitus and may contribute greatly to the increase in the incidence of
atherosclerosis. Yet, the mechanisms of atherosclerosis due to
hyperglycemia have not been well studied. In this study, we use Evans
blue to study the permeability of arteria endothelium in the streptozotocin

(STZ)-induced hyperglycemic rats. We also use colloidal gold-labeled



LDL to invedtigate in Situ the transport pathways of LDL in the aortic
intima of hyperglycemic rats. After 3 months into the experiment, the
concentration of blood gucose and hemoglobin glycation were increased
sgnificantly in the STZ-injected animals compared with controls. The light
microscopic observations indicated that the permeability of Evans blue to
the aortic endothelium of hyperglycemic rats was greater than control rats.
The €ectron microscopic observations showed that hyperglycemia
generated the morphological changes in the intima. Numerous LDL-gold
conjugates were reveded in the endothelium and the subendothdlia layer at
the branched regions of the aortic arch. The conjugates were only found in
the endothelia cells but not in the subendothelid layer at the unbranched
regions. Quantitative data indicated that the volume dendties of
plasmaemma vesicles containing LDL-gold labelings in the branched
regions of hyperglycemic rats were higher than those in the control rats
(p<0.005). The incidence of labelings in the subendothelia layer was also
increased in the hyperglycemic rats as compared with those in the control
rats (p<0.005). Whereas in the unbranched regions, the volume densties
showed no marked difference between hyperglycemic rats and the control
rats. The frequencies of junctionless complexes were increased and the
tight junctions were decreased respectively in both branched regions and

unbranched regions of hyperglycemic rats. The frequency of open



junctions was dgnificantly increased in the branched regions after
hyperglycemia, and the LDL-gold conjugates were present within most of
the open junctions. From these results, we conclude that the mgor visible
routes for transport of LDL across aortic endothelium are plasmaemmal
vescles as wel as the open junctions in the hyperglycemic rats. The
permeability changes in the branched regions of aortic endothelium to
LDL &fter hyperglycemia may be an initid event in diabetes-related

atherosclerosis.
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8 Sprague-Dawley
15 (
% 4.5 % 6.0 %
12.0 % ) 25+ 1
12 12

Evans blue

235

9.0%

55-65 %



streptozotocin ( STZ )( Sigma ) 65
mg/kg b.w. ( STZ 4ml 0.024 M, pH 4.5 citrate )
citrate buffer (26, 27,28)
1ml ( hexokinase method )
ATP -6-
( glucose-6-phosphate)  ADP NADH -6-
NADPH NADPH nitro-blue tetrazolium ( NBT )
formazan 490 nm 350
mg/d| ( )
( high-performance liquid chromatography, HPLC )
Bio-Rex 70 400 psi HLC-723 GHb I
( Hemoglobin A;c, HbA1c) (29)

6.5%

( 1.00 mg/ml )

VLDL IDL LDL HDL (102 mgml ) 16



( 55,000 rpm, 70 Ti rotor, Beckman )
VLDL IDL LDL HDL NaBr ( 1.25 mg/ml )
LDL HDL (1.06mgm ) 16
( 55,000 rpm, 70 Ti rotor, Beckman ) LDL
( 1.00 mg/ml ) LDL
( 1.005 mg/ml ) 16 ( 55,000 rpm, 70
Ti rotor, Beckman ) LDL ( phosphate

buffered saline, PBS, pH 7.4,4 ) (30)

(1:
310° 1:10"° 1:3 10" 1:10° 1:3 10° 1:10%)
coating buffer ( 10 mM Sodium carbonate: Na,COs, pH 9.6)
polyvinyl plates ( Immulon I, Dynatech Lab. Inc. ) 4
12 PBS-T (PBS 005 % Tween-20)

plate 4 3% (BSA) PBST
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200y | 30 PBS-T

plate 2 1:1000
( 3.4mg/ml ) 100y |
30 PBS-T plate 4
1:2000 ( ) 200u |
30 PBS-T plate 4

( horseradish peroxidase, HRP )

( O-Phenylenediamine, OPD ) ELISA
490 nM
12 % ( sodium

dodecylsulfate poly acrylamide gdl electrophoresis, SDS-PAGE )
1.5 mm 7x8 cm discontinuous
acrylamidege gd runningge 6 % acrylamide
stacking gel 5 % acrylamide
( running buffer: 25 mM Tris-base, 192 mM

glycine, 3.47 mM SDS) 1 mg/mi 1y | 1y |



sample buffer ( 1% SDS, 5 % mercaptoethanol, 20 % glycerol, 0.1 %

BPB: Bromo-phenol-blue, 50 mM Tris-HCl pH 6.8 ) 100
denature 5 u g
protein marker ( High range, Bio-Rad )
50V stacking gel 0V

4.55

PVDF membrane ( Millipore )
( 100 % methanol ) 15 2
( Anode buffer 11: 25 mM Tris, 10%
methanol, pH 10.4 ) 5 6 2
( Anode buffer 1: 0.3 M Tris, 10 %
methanol, pH 10.4) 1 Anode buffer Il 3
( Cathode buffer: 25 mM Tris, 40 mM dglycine, 10 %
methanol ) stacking
gd Anode buffer | 2
Anode buffer Il 1 PVDF membrane

Cathode buffer 3
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20V 30 PVDF

membrane 5% TBS-0.05 % Tween 20
50 ml 1
TBS-0.05 % Tween 20 2 5 1:
7500 ( 3.4 mgml ) 15
ml 1 TBS-0.05 % Tween 20
3 15 5 1 : 10000 (
) 15 ml TBS-0.05 % Tween 20 5
15 5 ( horseradish
peroxidase, HRP ) ECL + Plus

solution A (1 ml 1% HAUCI,, 79 ml digtillswater )  solution B
(4 ml 1% tri-sodium citrate 2 H,O, 1 ml 1% tannic acid, 1 ml 25 mM
K,COs3, 14 ml digtilled water ) 60 solution B

solution A

6-10 nm
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0.5ml

rotor, Beckman )
7.4

0.22u m

32)

10

pH 5.5 5ml

(2mg/ml)

30

30 (20,000 rpm, 70 Ti

pH

( Millipore )
( 31,

10
1 % phosphotungstic acid



0.8 % agarose gel

05 (08
) 6 ( 0.5 )

( 34 mgml ) 6 (2

mg/ml ) (0.4 mg/ml ) -
(2 mg/ml ) (2 mg/ml ) 4

;
1 34

(33, 34) 5 ( Nembutal:

Abbott Labs: 1 ml/Kg body wt. )

PE-10 Evans blue ( 0.06 mg/g body wt. 01 ml
PBS) Evans blue (22,35,3) 30 18
4

25 ml 10 4
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4%

34

10

3

( Nembutal: Abbott Labs 1 mi/Kg body wt. )

19
( PBS 0.25 %
25 ml 3
(23)
1.5ml 10
0.25 % 1 mM
Karnovsky (4%

cacodylate buffer, pH 7.4)

4 Karnovsky

buffer (pH 7.4) 3

(0s0,) 0

37

1 mM )

37 ( PBS

5 % 0.1 M
10
1x1x2mm
0.1M cacodylate

1%

0.1 M cacodylate buffer ( pH 7.4)



3 15 0% 7B5% B%

100 % 25% 50% 75%
( 1,2-propylene oxide ) 15 100%
( Epon 812) 25%1 50 %
4 75% 8 100 % 12
( Epon 812) 40 60 18 24

( Reichert, Austria)
0.6y m 80 nm 1% Toluidine blue
( uranyl acetate ) 0.4
% ( lead citrate ) 30 10

( Hitachi H-600)

20 3

10 30 180
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- ( gold particles fu m?*) (37)
(VW) Vv=PR /R P
- P,
( 22, 23,
24, 38 )
Student’ s t-test
( blood glucose ) 90
mg/dl (HbA. ) 5% STZ
475-675 mg/dl
STZ 4
450-600 mg/dl ( 1)



5.7 % 70%(P<005)( 2)
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(HDL) (BSA)

blotting )
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Apo B-100 (MW =350 KD ) (
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30-400 nm

( 10ab)
(23)
2.
( 1lab)
(W) 0.012
0.042 ( p<0.005)
( 2)
4

( 12)

0.009 0141 (p<0.005)( 3)
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4
(25.56 % vs 44.44 %)

(27.78 % vs 10 %)

17)
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STZ apo E
5%

apo E
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STZ

(39, 40) STZ
substance P
substance P STZ
(41)
STZ STZ
B (42) STZ
B (low affinity
glucose transporter, GLUT2) B
(43) STZ
( triglyceride ) ( cholesteral )
(45) STZ
(18)
STZ
( glomerular zone) 50 %
( glomerularaclerosis) (3,33)

7.0%
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7.5 % (34)

(Glucose: P <0.001 HbA,c P <0.05
Drinking water: P < 0.001)

(29)

( hypercholesterolemia )
( hemodynamic factors)
(22, 23,

24)

Evans blue

Evans blue

( dbumin)

(35, 3) Evans blue



HR-I11

( Glucose: 589.2 +23.1) ( HbAc: 7.1
+0.3) Evans blue
(20,21)
Evans blue
(35 36)
( oxidative stress)
( platelet activating factor )
( prostaglandin I) (8)

(2)
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1. The blood glucose level and hemoglobin glycation ( HbAc ) in

hyperglycemic and control rats.

Rats (n=11) Control Hyperglycemia
Glucose ( mg/dl ) 88.6 + 2.87" 502.5 + 1494
HbAc (%) 5.3 + 0.05° 7.0 £ 0.07

Drinking water ( mi/day ) 69.8 + 6.01° 264.0 + 1580

“mean+ SE. 'P<0.05 ~P<0.001



2. Mean volume densties Vy (p m® /y m® ) for endothelia

plasmaemmal vescles that contain LDL-colloida gold particles a 4

months after STZ treatment.

Rats (n=3) Vy (U m/uy m’)

Thoracic aorta Control Hyperglycemia
Aorticarchregions ~ 0.012 + 0.0006" 0.042 + 0.0025
Unbranched regions ~ 0.020 + 0.0049 0.029 + 0.0050

“mean+ SE." P <0.005



3. The distribution of LDL-colloidal gold particles in subendothdia

layer of control and hyperglycemic rats.

Rats (n=3) gold particles /ju

Aortic arch regions Control Hyperglycemia

Subendothelia layer 0.009 + 0.0011° 0.141 + 0.0076

“mean+ S.E. P < 0.005
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STZ

Blood glucose (mg/dl)

800 —

700 -

600 —

500 -

400 —

300 -

200 -

100 —

—MB— Hyperglycemia
—®— Control

E/PE\E/I/I/I‘E’?YI\I—E/I

450 mg/dl

HbA .

72
7.0 —-
6.8 —-
6.6
6.4 —-
6.2 -
6.0 -
5.8 —-
5.6 —-

5.4

5.2

e e
STZ
STZ
450-600 mg/d (n=11)

(n=12) 50 mg/dl

—m®— Hyperglycemia

—®— Control

Time (weeks)



2. (n=11) STZ 4
5.7 % 7% (n=11)

5-5.5%

490 nm

D.

0.

(LDL) (BSA) (HDL )
340 ng

35 1:3 10° 4 1:10°
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490 nm

12 % SDS-PAGE PVDF

1 HRP-

PVDF ECL + Plus



Apo B-100 (MW

=350KD)

5@ 1% phosphotungstic acid

( Bar=0.05u m) (b)

( anti-human LDL-IgG ) 0.8 % agarose gel
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LDL-gold (1, 2)

LDL (4,5) BSA (3) HDL (6)
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6. (a) (b)

CRININAYS!
Evans blue
Evans blue
hyperglycemic rat

(Bar=1.5cm)

CR: control rat

HR:



L: luman

SM: smooth muscle

N: nucleus

@ (b)

E: endothdium SL: subendothelia
EM: extracdlular matrix

( Bar, =125y m, b=1u m)



( ) (b) ( ) (©
( ) L:luman E: endothdlium
subendothelid layer N: nucleus G: golgi body
V: plasmdemma vesicles ( Bar=0.15u m)



( ) ()

( Bar, a=1.25u m, b=1uy m)

@



( ) (d)

L: luman E

endothelium SL: subendothdid layer SM: smooth
muscle EM: extracdlular matrix D: debris

N: nucleus ( Bar, c=1.25u m, d=1y m)

57



10.

@

nm (b) 166 nm L: luman E: endothdium

subendothelial layer

( Bar=0.15u m)

V: plasmaemmda vesicles

250



11. (@ (b) -

( ) L: luman E: endothdium

subendothelia layer ( Bar=0.15u m)
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12.
L: luman E: endothdium

subendothelial layer ( Bar=0.15u m)



13.

E: endothdium

( Bar=0.15u m)

(

SL: subendothelid layer

61

) L: luman

D: debris



( ) L:luman
E: endothelium SL: subendothelid layer

( Bar=0.15u m)

62



15.

Frequency (%)

L: luman E: endothdium SL: subendothdia layer
N: nucleus Mt: mitochondria ( Bar=0.15
“ 1 Control
o1 29 [l Hyperglycemia
40 -
30
22 20 22
0 L “ 14 16 0
gl
0
Tight J. Gap J. Jless Open J. Unidentified

Type of junctional complex

63



16.

frequency (%)
8 8 & 8

=
o
T

(n=3) (n=3)

41

40 O Contral
E Hyperglycemia
27 28
25
23
14 13
9
0 1
1 | i | 1

Tight J. Gap J. Jless Open J. Unidentified

Type of junctional complex



17.

(n=3)

(n=3)
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