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l<... ff ects of I nsu lin-induced Hy po g lyce mia on Cerebro vascular 
Pe rm eability in Diab et ic Rats 

l lideaki Ta t aka, l<ci ji l urakami and Goro Mimura 

s.~·.,nd l)pparlrnent uf llllPmal Medicine, F aculty of :vi x:li ·ine . University of the R y uk y us 

( !{('ejp,·<,d on J\ugust 23 th, 19c I, 1\cceptf-'Cl on September 15t h. 199 1) 

l< y w<mls: cvrebrova scul<~r permeabil it y, in ~uli n-indu ·t.-·d hyp oglycemia, slreplozotocin-diabetic r ats, 

! ~va ns hlu •, cd hurnin t r·a<.:t'r 

A hslract 

\V ~· s t uclit.-'Cl t ill' ef ft1:·t uf ins ulin-induct'<i hypogl ycemi<r in both nun nal a nd s treptozo t ocin-diabetic 

rat s with two diff·rc11t durati o ns <f diabetes: 3 mo ll ths a11d 6 mo nths. The s t udy wa · car ri d out 

ir1 urdl'r to irrves tigat e: ( a ) wheth r diabet es alt ers c rehrovascular penneability, ( b ) wh th r the 

altct·aticJI1 of ceruhro vas ·ula r permeabili t y is ch<rnged by insulin-induced hypoglycemia. and (c) the 

n •latio11s hip hc t wt:en Lilt• duration of thP diab~:·tic stale and blood-brain barri er pe rm ea bility. E va ns 

blue flu<lr<:SL'Ctl :e was u~c~l as an albumin 1 racer. In the basal condition, diahet ic rat s showed a signific-dnt 

incrcas(' in cerebrovascula r PL'rn rea hil ii y compa red with no rm al rats. Insu lin-induced hyp glycemia 

s ignifiorntly enha r1ced cl'rellrovasc-ulrrr perm eabi li t y in but it norm a l rats a nd diabetic rats. 'l11e 6-mont h 

diabeti c rat s demnnstratPd a significant increa se· in cerebruvascui<Jr permeabi lity compared with t he 

3-nluntlt diabetic rats. 

!11 summary, insulirrinduc.nl itypoglycf'nti a was i hu~ detlHJnstrated to be associ at I with a significant 

in TE'ast> of n·rehruvnscular l>t-'nneabili t y in diabet ic rat s in relation I Ll 1 he durati o n of l hei r diabetic 

stalt•. !though thP clinical sig11ifinrnce of the findings st ill remai ns unknown, th r s uit s suggest 

tlw possibilit ~ that a sintil cll phenumPnon mi ght also occur in the brain of long-leml diabetic pati nts 

wit It SL' \ "tn· u nd prolongt~l hnHiglyn•rn ia. 

In troductio n 

.· il ll' ·' Lhe use of intc•llsi,·e insuli11 

tlterap~ \\a s first intr Hluced . insulin-induced 

hypogly 't'mia Ins cntJsl iluled one of tit 

major problems in t lte t n•atnlclll of 

diabct('S 
1 

. Scn•re hypoglyc.'L'!llia induced h · 

l he ad mini s t rat i o 11 of insulin ·a n I t'a d l o 

cerebral damagL' , pan icularl~ to cort ical 

11 urons, both in man and in ex per im ntal 

animals u . ' llle mechanism of this phenomenon 

in normal rat s and mice is partiall y explained 

by the irrreascd p rm ability of the bl ood 

brain barrier (BBB) after the insult of insulin

indue: I hypoglycemia ·'-S' . On the other hand, 

an iiiUL'ased ,.a cuhr pe rmea bilit y i usually 

obscrvl:'d even in t h early stage of diabetic 
6· 

nephrop<J! hy , at1d it i · also known that 
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a n inc reased va scul a r permeability has a 

cl ose re lations hip t o di abeti c micro ,·ascular 

angi o pathy
7

' . H o we er, there a re s till few 

repons available co ncerning the permea bility 

of the BBB in the ba sa l or ins ulin-induced 

hypoglycemic diabeti c state . In the pr 'sent 

s tudy we used Evans blue (EI3) fl u rescence, 

whi ch is known a s an albumin tra cer s' , for 

qua nt ifi cat ion of protein leaka ge induced by 

ins ulin-induced hypoglycemia in the brains of 

st repto zo t o in ( STZ ) -diabet ic rat s w ith 

cliff e rent durat ions of the d ia be ti c s t a t e . 

Ma tcria Is and Methods 

f F.x/Jen·mental animals 

Six-week-o ld mal e Wi s tar r a t s we re 

injected intra perit o nea II y with Omg.; kc.t TZ 

(S igma, St. L o ui s , MO, U.S./\. ) di sso lved 

in O.OJmo l/1 citrate buff e r ( p iH. 5) for use 

a · the d ia be ti c group ( n =2<1 ) . The presence 

o f diabet es was determined by body weigh t 

loss, pos iti ve g lycos uria, pos itive ket o nuria , 

and hyperglycemia. 'Jhe contro l group ( n=- 24 ) 

wa s injected w ith the equi val e nt vo lume o f 

ci tra te buff e r. Fol lo wing the inject ion, cill 

t he animals were all owed fo od and wate r a d 

libitum. ln the firs t ex periment ( ST UDY J J . 

the di a bet ic a nd cont rol groups were evalua ted 

after 3 months, and in the second ex perimen t 

(Sl U DY 2 ) , the two g ro ups were evalua t ed 

after 6 months . 

1 l /ndnclion of w srular protei II lealwgP 

The animals we re a nes t het i;:;ed wit h 

an intraper it o neal inject io n o f somg. t kc.t

pentobarbi tal (Nembuta l , Abbott L aboratori es , 

North Chicago, IL , . S. / \. J after a 211 

hour fast . .A. 200U t k<;t d ose of regular 

ins uJin ( Humalin R l.J- 100, Eli Lill y and Co. , 

Indi anapolis , JN, LJ.S . .A.. ) wa s admini s tered 

imraper itonea ll y to hypoglycemic g roups for 

p repar ing the hypog ly emic d in h t ic g rtl U!l 

( n=ll ) a nd t h hypog l yL·ern i · co Ill ro l g roup 

( n =<1 ) . F o r 111 nitoring the blood g luct)se, 

the tip of the tail was amp ut a l. c'd and hl oocl 

wa s d rawn o nt o a n e nzy mati c t es t s trip 

(Glue s tix , Mil es Labo ra t o ries, Ukhart , IN, 

U .S .. A.. ) unt i I bloo d g lucose decrea :ecl t c> 

below 2 . 2mm o l/ l. 13lood w<t s s imultaneo us ly 

drawn in to a he parini zed mi c rohemutncrit 

ca pill a ry tu be for g lucose ox da se metho d in 

o rd er t o c heck the accuracy of the res ult 

o bt11ined by t he t es t ;; t.rip. Ni ilc t. minutes 

after hypog lyce mia wn s recognized, a blood 

sa mple wa · o btained fro m t l1 ' fem o ra l ,·e i11 

for determining g]ycated hemog lohi11 (a ffinity 

co lumn mlhod ) , and then0. 1 9·, kc.t 1·: 13 

( Sig ma, St . L o ui s, iviO. . S . A. ) a s an 

8% so lution in s ctline was inj ect ed via t he 

sa me route . Th non-hyiJ ogl ycem ic g roup;; 

received an equi val ent amount of s al iii ' 

int ri:lpe rit o nectll y, a m i the l ~B wa s 1 he n 

inj ec t ed to c reat e the non-h y tJ og ly ccmi c 

di abeti c g roup ( n =<1 ) aiJcl tlte no n-hypog lycemic 

cont ro l group ( n - <1 ) . 

Ill Nemoua/ of the /JmiJJ 

Thirt y minut es af t er l ~ l ~ ha d be· n 

administ re:l, fo r removal or lhl' intraVctSCUl a r

Jy loca li zed d ye. the ches t wa s o pened a nd 

th .. animal was p •r f used wit l1 sali ne through 

t.he lef t ventricle at IOOcm 1120 prc.-.,sure until 

co lor less perfus ion fluid wa s obta i1ted from 

the right at rium , the brain was t ht·Jt r ·rn ov I. 

For <tn accurat e determination uf E13 ex t rava

sation, t he brain t issu bl ank was 111 'as ur d 

using <1 brains each from the diabet ic a 1td 

con t rol g roup af ter th ·· s amP nerfu;; ion and 

r •Jn ova l of tiJC' J, rctirt wit hout a dmini s t e rin g 

EB. 

I ll Frtrarlirm rmd qurmlificatioll of Emns blue 

/\f ter t he wet weight was m·as urcd , ead 
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brain was dissa:too into coronal sections, and 

then the EB staining of each section was 

graded as follows: GRADE 0, no staining; 

GI~ADE 1 t , just noticeable staining; 

GRADE 2 + , moderate blue staining; GRADE 

3+, dark blue staining 9 '. The EB extraction 

was done to quantify the EB extravasa

tion 10'. 111e brain was homogenized in 60% 

trichloroacetic acid (3m£/ ct tissue), and 

c.entrifuged at 6200<t for 20 minutes. 111e 

supernatant was diluted fourfold with 100% 

et hanoi. A colorimetric measurement was 

performed in a spectrophotometer (UVIDEC-

1!0, Nihon Bunkou, Tokyo, Japan) at the 

absorption maximum for EB (620nm). 

Calculation was based 011 external standards 

in the solvent. That which remained in a 

subtraction of the tissue blank was defined 

as EB extravasation. 'The EB conc.entration 

in the terminal perf U'lion fluid was similarly 

determined. 

V Statistical analysis 

All t. he results were expressed by EB 

ft g/ g wet tissue in the form of means ± 

SEM. Statistical analysis was assessed by the 

unpaired Student's t-tesl. P value of less than 

5% was defined as a significant difference. 

Results 

I General features of experimental animals 

'l11e data are summarized in Table 1. In 

SI'UDY 1 , the values of body weight were 

31!9±4 ct and 127±8 CJ, the level of plasma 

glucose and glycated hemoglobin were 5.6±0.1 

mrnol/1 and 18.6± 0.6mmolil. 4.3±0.1% 

and 14.2± 0.3.% for the control and diabetic 

groups, respectively. 'Inere were significant 

differeno:s between the values of body weight, 

plasma glucose, and glycated hemoglobin in 

the diabetic group comparal· with the control 

group in S11JDY 1 (p(O.Ol). 

Table 1 Characteristics of the experimental 

rats 
Diabetes Fasting Glyc:.ted 

Age duration w(~,ht plasma glucose he(:_flobin 
(~Neeks) (w•eka) (mmol/1) 

STUDY 1 
CONTROL 18 

(n=l2) 
349±4 5.6±0.1 4.3±0.1 

DIABETIC 18 12 
(n=l2) 

127±8. 18.6±0.6. 14.2±0.3. 

STUDY 2 
CONTROL 30 

(n=l2) 
407±5. 5.4±0.1 4.5±0.1 

DIABETIC 
(n=l2) 

30 24 181±12"' 18.4±o.s• 14.9±0.2 .. 

• p ( 0.01 vs CONTROL In STUOY I , b p( 0.01 vs CONTROL in STUOY 2 
C p( 0.01 vs DIABETIC in STUDV 1 , d p( 0.05 va DIABETIC in STUDY 1 

In S1UDY 2, for the control and diabetic 

groups respectively, the values of body 

weight were 407±5!} and 181±12<t, the levels 

of plasma glucose were 5.4±0.lmmol/l and 

18.4±0.5mmol/l, and glycated hemoglobin 

levels were 4.5±0.1% and 14.9±0.2%. There 

were significant differena:s between the values 

of body weight, plasma glucose, and glycated 

hemoglobin in the diabetic group compared 

with the control group in STIJDY 2 (p(O.Ol). 

There were also significant differeno:s between 

the values of body weight (p(O.Ol) and 

glycated hemoglobin (p(0.05) in the 6-month 

diabetic group compared with the 3-month 

diabetic group. 

1/ Accuracy in tlw quantification of Ewns blue 

Absorbance analysis of EB standards in 

60% trichloroacetic acid-100% ethanol (1 : 3, 

volume/volume) revealed a linear relationship 

between absorbanc.e and conc.entration at 

O.l-5.0tLg/m£. Recovery of the EB that 

had been exogenously added in the amounts 

of 2ttg, 4fJg, 611g, 811g, I011g to whole 

brains was 2.11! 11 g (107%), 4.01 11 g (100%), 

5.85/lg (98%), 8.1311g (102%), 9.5011g 

(95%), respectively (Table 2). No absorbance 
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quenching due to tissue constituents oocurred. 

'The EB conrentration in the terminal perfusion 

fluid was never detectable. 

Table 2 Recovery of exogenously added Evans 

blue after incubation with whole brain 

for 24h at 35·c 

Added( pg) 

2.00 

4.00 

6.00 

8.00 

10.00 

EVANS BLUE 

Recovered ( p g/whole brain) • 

2.14 

4.01 

5.85 

8.13 

9.50 

a Mean values of 4 experiments 

III Analysis of STUDY 1 results 

The values of EB extravasation are 

graphically depicted in Fig. I and summarized 

in Table 3. The tissue blanks obtained from 

the control and diabetic group were 1.02±0.18 

/l g/g tissue,. and 1.27 ±0.18 /l g/g tissue, 

respectively, which is not a significant 

difference. [n the non-hypoglycemic and 

hypoglycemic control groups, the values 

obtained by colorimetric measurement were 

1.04±0.03pg/g tissue, and 1.91±0.06pg/g 

tissue, respectively. In the non-hypoglycemic 

and hypoglycemic diabetic groups, the values 

were 3.45± 0.06ttg/g tissue, and 5.21±0.43 

tt g/g tissue, respectively. Hardly any EB 

extravasation, which is the remainder after 

a subtraction of the tissue blank, was 

obtained in the non-hypoglycemic control 

group. Although EB extravasation in the 

hypoglycemic control group was significantly 

increased (p(O.Ol), it was not recognizable 

in the gross inspection. In both the non

hypoglycemic and hypoglycemic diabetic 

groups, the EB extravasation was significantly 

increased (p(O,Ol) compared with the non

hypoglycemic and hypoglycemic control 

groups. EB extravasation in the hypoglycemic 

diabetic group was significantly increased 
(p(O.Ol) compared with the non-hypoglycemic 

diabetic group; moreover, it was rL'(::ognizable 

in the gross inspection. 

10 -Q) 
::l 
Ill 
Ill 
~ 

011 
.Oi; 

::t.. 5 -
Q) 
::l 

::E 
Ill c 
cu 
> w 

0 
n=4 4 4 4 4 

CONTROL DIABETIC 

Fig. I Evans blue extravasation in 3-month diabetic 

rats. Blank column. tissue blank; striped 

column, without hypoglycemia; stippled 

column, with hypoglycemia, n as indicated. 

Table 3 Evans blue extravasation in 3-month 

diabetic rats 
Hypoglycemia (-) Hypoglycemia(+) 

GRADE EVANS BLUE GRADE EVANS BLUE 
( p gig tissue) ( p gig tissue) 

CONTROL 0 0.02±0.03 0 0.89±0.0&b 
(n= 4) 

DIABETIC 0 2.18±0.06° I+ 3.94±0-43•b 
(n= 4) 

GRADE · 0. no staining· I f. • just nolic~able staining· 7.. mode,•t• blue •talning 

1 + . dark blue- .ta1ning mecrMeopir,e11)' 

II p( 0.01 vs CONlFlOL bp( 0.01 vs Hypoglycemia(-) 

IV Analysis of STUDY 2 results 

The values of EB extravasation are 

graphically depicted in Fig.2 and summarized 

in Table 4. 'l11e tissue blank obtained 

from the control group and the diabetic 
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groups were 1.08±0.07 fJ g/g tissue, and 

1.14±0.09ttg/g tissue, respectively. 'Inere 

was no significant difference between the 

tissue blanks. In the non-hypoglycemic and 

hypoglycemic control groups, the values 

obtained by colorimetric measurement 

were 1.60±0.24 11 g/g tissue, and 4.87± 

1. 06 fJ g/ g tissue, respectively. In l he non

hypoglycemic and hypoglycemic diabetic 

groups, the values were 4.43±0.94ttg/g 

tissue, and 13.64±2.91ttg/g tissue, respective

ly. Hardly any EB extravasation was obtained 

20 
Ql 
::J 
Ill 
Ill 15 :;::; 
~ 

~ 
::t. 

10 
Cll 
::J 
1i 
Ill 5 c 

"' > w 
o~~~~--~~~~~ 

0=4 4 4 

CONTROL 

4 4 4 
DIABETIC 

Fig. 2 Evans blue extravasation in 6-month diabetic 

rats. Blank column, tissue blank; striped 

column, without hypoglycemia; stippled 

column. with hypo~lycemia, n as indicated. 

Table 4 Evans blue extravasation in 6-month 

diabetic rats 

CONTROL 
(n= 4) 

DIABETIC 
(n= 4) 

Hypoglycemia (-) Hypoglycemia ( +) 
GRADE EVANS BLUE GRADE EVANS BLUE 

( Jl gfg tissue) ( p g/g tissue) 

0 0.52±0.24 1+ 3. 79± 1.06b 

I+ 3.29±0.94° 2+ 12.50±2.91°b 

: 0. no sta1nmg I • . Just noticeable stainu·'R: 2+. moderate blue sta1ntng: 

3 + , dark blue stthning muro$coplt.e.lly 

"P(0.05 vs CONTROL bp(O.OS vs Hypoglycttrrue(-) 

in the non-hypoglycemic control group, but 

in the hypoglycemic control group it was 

significantly increased (p(O.OS). In both the 

non-hypoglycemic and hypoglycemic diabetic 

groups, EB extravasation was significantly 

increased (p(O.OS) compared with the non

hypoglycemic and hypoglycemic control 

groups. EB extravasation in the hypoglycemic 

diabetic group was significantly increased 

(p(O.OS) compared with the non-hypoglycemic 

diabetic group. The macroscopic grading of 

EB extravasation was well correlated with 

the results of absorbance analysis. 

V Comjxm·son of STUDY 1 and STUDY 2 
The values of EB extravasation are 

graphically depicted in Fig. 3. There were no 

significant differences between the values of 

the tissue blank in STUDY 1 and SIUDY 2. 

EB extravasation in the non-hypoglycemic 6-

month diabetic group increased in comparison 

with the non-hypoglycemic 3-month diabetic 

Q) 
::J 
Ill 
Ill 

·.;:; 
ell 

'06 
::s.. 

Q) 
:::l 

::0 
Ill 
c 
<tl 
> w 

15 

10 

5 

0 
n=4 4 
Hypoglycemia 

(-) 

4 4 

Hypoglycemia 
(+) 

Fig. 3 Comparison of Evans blue extravasation 

between 3-month diabetic rats and 6-month 

diabetic rats. Striped column. 3-rnonth diabetic 

rats; stippled column, 6·month diabetic rats, 

n as indicated. a p < 0. 05 vs 3-month diabetic 

rats. 
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group. but the difference was not sta tisti ca ll y 

significant. An insignificant increase was CIIso 

noted between the non-hypoglycemic control 

group of the two st ud.ies . ' I h e increment of 

El3 extravasat ion was significan tl y different. 

no t only between the hypoglycem ic diabetic 

groups (p( 0 .05 , but between the hyp glyc--emic 

control groups as well (p\ 0.05 ) . 

Discussion 

It is known t hal i nsul i n-i nd uced 

hypoglycemia invoh·es t he increment of the 

permea bility of BBB in normal rat s and 

rni ce
4

·
5 

On the other hand, even though it 

is known that systemic vascular permea bility 

in the di abeti state increases 
7 

, th r e are 

_t ill few report s concerning the perm ea bility 

of the BBI3 in the basa l o r insulin-induced 

hypoglycemic diabetic slate. Ln thi s stud y we 

were able t o cla rify that cere brov ascular 

perm ea bility in diabet es was in r eased in 

relati on to the duration of the diabet ic state, 

and moreover, that it was int ensifi ed by 

insulin- induced hypoglycemia. 

In severe and prolonged hy 1 ogl ycem ia, 

a moderate r ise in blood pressure, seizure> 

d rr l 1- . II . d I an co ma occur . ".x penm enla y 1r1 ucec 

s izw-es per se have been observed to increase 

cerebrovascular permeabili ty 
12

'
131 

, and i t ha . 

also been suggested that the increase in blood 

pressur associated with seizure."> might 

be r e:>ponsi bl e for thi s in reased per mea bi l

it~ 14 
ln this experim ent. therefore. we 

avoided these cha nges by the u ·e of anC$t hcsia 

with pentobarbital. 
15 d h . . IIi l DeJ ong an ol er tnves lrga tn rs 

uggested the ex istence of di (jbetic 

ncepha lopathy as a diabetic m icroang icpathy . 

By· electron tnicroscopy Lus et al. 
19 

ohserved 

a thickening and reduplication of ba sement 

membranes toget her with th degen r at ion CJf 

neuronal bodi es in the brains or diabetic 

hinese harn::;ters . 

' rl1e significant ittcrease of I·:n ext ravasal iorr 

in non-hypoglycem ic di(lbct ic rats observe I 

111 our stud y might sugges t l he poss ibility 

of i ncreasE:'cl \·ascu la r pcrm ca bilit y cl ut• t<J 

diabet ic micwungiopat hy , irt adc.lit ion t u the 

po. sibilit y of ef fects clu ·tu tht> hypergl ye'l;'lllicr 

it self 20 
• 

Jnsulin-induced hypugly ·>mi a led l<J u 

signifi ant increas • of 1·: 13 extravasilt ion in 

bot h !lonna! and diabeti c r;rLS. ' lltl' fa ct l Ita t 

t h increment of cerchro,·asnrl <r r pen 11 ~ ~hi I it y 

in our ex per im ent wa s less th <trl that of 

previou<.; repons '· '' might poss ibly he expl ained 
··r 

as t.he ef f ec t of the anes thesia · Sont t' 

inves tigators hav<: r eported that c ltmni c 

hypergl ycemia r epresses the glucose tr<J ttsfpr 

f rom blo tel to brain ·•L.Z.! . It lllay lx' pussible, 

therefore, to speculat e that in our c.:xpcr·imcnt , 

a m re severe.: h •pogl ycemia wa s ind uced in 

the brain of diabeti c rat s tl, ;;rrl irt the 

controls. Vari o us insult s which i 11crcast' L he 

demand f o r energy irt the brain a ·tivate 

the endotheli a l ves icu lur transport with 

a subsequent increase of cer~b l- c J vasculur 

perm eabi l ity 
2
.
1

• . A cco rdirt g l y . tlri s rnig ltl 

expla in why a significant incn.:as · uf a.:n.:IJro

vascular permeabilit y <JCCurrcd in d ia l ·t it· ra t s 

with insulin-induced hypog l y ·ern iu. 

Wes tergaard
25 

at1cl Winkcl rni.il ler ,; !rave 

r ported t hat insulin administration increa ses 

the concentrati on of try ptuplta1 1 in tlr1· bra in 

with a subsequent ris • ir1 the IJ ra i rr levels of 

s rC>tonin which n tll in tunr inuease ti re l ~I~B 

perme.ahilil y. !11 addi tion, ol hur inV(..."i tigalors 

have rep rt ed that insulin birtt.l s to bra in 

blood vcss Is wit l1 sp ·if icity " and act ivat ~ 
the Hsicular transport pathway of ·ndm hcl i<II 

cell s :!" . Th sc r eports suggc.:st not o1d y l he 

role of hypoglycemia it self, but also l he rol e 

of hyperi m;ul inem ia in V1:1scular perm eubilil y 
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iri insulin-induood hypoglycemia. The significant 

increase of cerebrova~cular permeability 
in hypoglycemic-diabetic rats observed in 
our study, however, might suggest that 
hypoglycemia, rather than hyperinsulinemia, 

has the major role. 
One of the counter-regulatory hormones, 

epinephrine, can produce arteriolar dilatation 

and venoconstriction by sympathomimetic 
actions 291 • Accordingly, epinephrine might 

be responsible for the enhancement of EB 
extravasation in the hypoglycemic groups, 

even though its effect on cerebrovascular 

permeability has not been precisely understood. 

A significant increase of EB extravasation 

in relation to age was observed in 
hypoglycemic control groups in our 

experiment. 1ne association of capillary 
permeability with aging in healthy males has 

'101 
also been reported· . However, some report 

the association only in diabetic patients and 
not in controls 31 ; • 'l1te increase of vascular 

permeability in relation to the duration of 

the diabetic state in hypoglycemic diabetic 

groups has been pre;umed to arise from both 

diabetic microangiopathy and aging. Bent-
3'" Hansen et al. - showed the relationship 

betwoon an increment of vascular permeability 

and progression of microangiopathy, a 

finding which supports the results we obtained 

of a more enhanced vascular permeability in 

diabetic groups. 

'l11e permeability of BBB is premmed to 
be affected by an active, energy-requiring 

process through enhanced pinocytosis within 

endothelial cells or by a passive leakage of 

proteit1 tracers through vessel walls 241 • It 

might be ~1ossible, therefore, to hypothesize 

that a hypoglyremia-induced energy shortage 

in the cerebral cortex, which demands a 
relatively greater energy source, activates 

vesicular transport in endothelial rells. 1his 

is consistent with the results obtained of a 
significantly increased vascular permeability 

in diabetic rats with hypoglycemia. Sekimoto 
et a!. 33> demonstrated the damage of the 

ultrastructure in cerebral endothelial cells from 
insulin-induced hypoglycemia. 1hey observed 

a swelling of the cells and a dissolution of 

the marginal folds accompanied by the 

appeara nee of era t ers bet ween the cells , 

which suggest the destruction of Na-K 
countertransport due to an energy shortage 

in the endothelial cells 4 \ • Therefore, 

destruction of the endothelial cells, which are 
relatively resistant to energy shortage 34> , 

might possibly occur with subsequent bleeding 

in the parenchyma of the brain in prolonged 
h l . 5,33) ypog ycemta . 

In conclusion, insulin-induced hypoglycemia 

was thus associated with a significant 

increase of cerebrovascular permeability in 

diabetic rats in relation to the duration of 
the diabetic state. Diabetic microangiopathy 

in the brain vasculature and a more severe 

energy shortage in the neuronal cells than 

in the controls were presumed to be involved 

as the mechanisms of this phenomenon. These 
results suggest the possibility that a similar 

phenomenon might also occur in the brains 

of long-term diabetic human patients with 
severe and prolonged hypoglycemia, although 

the clinical significance of these findings still 

remains unknown. 
Portions of this work were presented at 

the 26th annual meeting of the European 

Association for the Study of Diabetes, 
Copenhagen, Denmark, September 1990. 
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