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Objective—To assesstheacuteeffectsof high glucose
concentrations on vascular reactivity in theisolated non
diabetic rabbit kidney.

Methods — Rabbits wer e anaesthetized for isolation
of the kidneys. Renal arteries and veinswere cannulated
for perfusionwith Krebs-Henselleit solution and measure-
ment of perfusion pressure. After 3hoursof perfusionwith
glucose5,5mM (control ) and 15 mM, thecirculationwas
submitted to sub maximal precontraction (80% of maxi-
mal response) trough continuousinfusion of noradrenali-
ne 10 mM. Vascular reactivity was then assessed trough
dose-responses curveswith endothelium-dependent (ace-
tylcholine) and independent (sodium nitroprusside) va-
sodilators. Theinfluence of hyperosmolarity wasanalyzed
with perfusion with mannitol 15mM.

Results—Asignificant reductionintheendothelium-
dependent vasodilation in glucose 15mM group was
observed compared to that in control, but there was no
differencein endothelium-independent vasodilation. After
perfusion with mannitol 15 mM, aless expressivereduc-
tion in endothelium-dependent vasodilation was obser -
ved, only reaching significancein regard to the greatest
dose of acetylcholine.

Conclusions—Highlevelsof glucosesimilar tothose
found in diabetic patientsin the postprandial period can
cause significant acute changesin renal vascular reacti-
vity rabbits. In diabetic patients these effects may also
occur and contribute to diabetes vascular disease.
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Diabetesméllitusiscurrently considered animportant
public health problem dueto anincreaseinitsprevalence.
Thediseaseanditschronicmicro- and macrovascular com-
plications cause high direct and indirect costs, impairing
productivity and quality of lifeand resultingin higher mor-
bidity and mortality rates. Theprevalenceof diabetesmelli-
tus has been increasing in developed and devel oping
countries. In Brazil, datafrom the multicenter study about
diabetes mellitus have shown a 7.6% prevalence of the
diseaseinthepopulation aged 30to 69 years, and intheyear
2010anapproximatediabetic populationof 11 millionpeople
is estimated to exist in the country, representing a 100%
increase compared with the current diabetic population of 5
million people?.

Thehighmorbidity and mortality of patientswithdia-
betesméllitusdependson the chronic complications, which
involveseverd tissues, impairing themicro- and macrovas-
culature. In fact, diabetes mellitus contributes to most
casesof terminal renal diseaseintheWesternworld, andis
also the mgjor cause of acquired blindness and of disease-
related amputationsof thelower limbs. After thediscovery
of insulinin 1921, cardiovascul ar diseasesbecamethemajor
cause of morbidity and mortality in diabetic individuals2.
AccordingtotheFramingham study 3, over 50% of themor-
tality indiabetic patientsrel atesto cardiovascul ar diseases,
and theincidence of cerebrovascular and coronary artery
diseasesis2- to4-timesgreater in diabetic patientsthanin
the general population. In addition, the diabetic patients
devel oping cardiovascul ar diseaseshaveapoorer progno-
sisand greater mortality +”.

Currently, aseriesof evidenceindicatesthat the phy-
siopathogeny of thevascular diseasein diabetesmellitusis
associated with endothelial dysfunction. Studiesabout the
presence of endothelial dysfunctionin diabetic patients
have been controversial, which may be attributed to diffe-
rencesin themethods used for itsdetection 8 On the other
hand, most experimental studieshave shown changesinthe
endothelial physiology induced by el evated concentrations
of glucose, although these concentrationswere extremely

Arq Bras Cardiol, volume 81 (n° 1), 161-5, 2003

161



Affonso et al

Effects of high glucose concentrations on the endothelial function of rabbits

high compared with the glucoselevel sfrequently foundin
the management of diabetic patients®,

Thepresent study aimed at ng the acute effec-
tsof the high concentrations of glucoseroutinely foundin
diabetic patientsindaily clinical practiceonthereactivity of
therena microcircul ation of nondiabetic rabbits.

Methods

New Zealand al binistic rabbitswereanesthetized with
sodium pentobarbital (40mg/kg, 1.V.),immobilized with pan-
curoniumbromide(1 mg/kg, I.V.) toallow mechanicaly con-
trolled ventilation, and received heparin (500 1U/kg, 1.V.).
After amedianlaparotomy, both kidneyswereisolated and
therenal arteriesand veinswere catheterized. Then, thekid-
ney wasplacedin aPetri dishand therenal artery wasperfu-
sed withthenutrient Krebs-Hensel eit sol ution gassed with
carbogenium (95% O, - 5% CO,) at aconstant flow (4 mL/
min) for later measurement of theperfusion pressure. After
inducing precontraction of therenal circulationwith conti-
nuous perfusion of noradrenalin (10 uM), dose-response
curveswere recorded for assessing the vasodilating effect
of the2following substances: acetyl choline (endothelium-
dependent vasodilation) and sodium nitroprusside (endo-
thelium-independent vasodilation). The perfusionlinewas
connectedto apressuretransducer (7016 model, Ugo Basi-
le, Comerio, Italy) and the modificationsin the perfusion
pressure were continuously measured and then recorded
ona2-channel polygraphrecorder (Gemini 7070, UgoBasle,
Comerio, Italy). The composition of the Krebs-Henseleit
solutionusedwas(inmM): 118NaCl,4.7KCl, 1.17MgSO,,
2.5CaCl.6H,0,1.2NaH,PO,, 25NaHCO,, 5.5glucose, and
0.25% bovineserumalbumin (pH 7.4).

Therabbit renal circulation was perfused with diffe-
rent concentrations of glucose solutionsfor 3 hours. Two
groupswere formed asfollows: onereceiving aphysiolo-
gical concentration of glucose (5.5 mM, control group) and
another receiving ahigh concentration of glucose (15 mM),
which corresponded to themean postprandia glycemiaof a
certain population of diabetic patients followed up at the
outpatient careunit for diabetesof theHospital Université
rio Pedro Ernesto of the Universidade do Estadodo Riode
Janeiro. After perfusion, submaximal precontraction (80%
of themaximal response) of therenal circul ation wasindu-
cedthrough continuousinfusion of noradrenaine (10 uM),
and, then, increasing dosesof acetylcholine (10~ - 10-*mol)
wereadministeredinthelinefor rena perfusiontodetermine
the endothelium-dependent vasodilating responses.

The same protocol described was used to assess the
endothelium-independent vasodilating response. Sodium
nitroprusside (0.1-2.5mg), asubstancethat donatesnitric
oxide and whose vasodilating effect does not depend on
theintegrity of thevascular endotheliumwasadministered
inthelinefor renal perfusion to record the dose-response
Curves.

Therenal circulation was perfused for 3 hourswith
solutionswith the same osmolarity of the high concentra-
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tionglucosesolution (15mM). For this, mannitol wasadded
tothe5.5mM glucosesolution. After perfusion, submaximal
precontraction (80% of themaximal response) of therenal
circulation was induced through continuous infusion of
noradrenaline (10 uM), and increasing doses of acetylcho-
line (107"- 10°*mol) wereadministeredinthelinefor renal
perfusion to record the dose-response curve.

The drugs used were asfollows: acetylcholine chlo-
ride, (x)-arterenol hydrochloride (noradrenaline), sodium
nitroprusside, mannitol, D-glucose, sodium pentobarbital
(SigmaChemical Co., St. Louis, MO, USA), and pancuro-
nium bromide(Pancuron, Cristdlia, Brazil).

The results were shown as mean + M SE for each
group. Determination of thesignificant differencesbetween
the groups was performed with analysis of variance
(ANOVA). Whenasignificant differencewasdetected with
ANOVA, the Student-Newman-K eul stest wasused toloca-
tethe significant differences. Differenceswith a P value
lower than 0.05wereconsidered significant. The statistical
calculationswere performed with Graphpad I nstat (Graph-
pad Software, London University, England) software.

Results

Figure lillustratesthe effectsof the perfusionwith a
high concentration glucose (15mM) solution on endothe-
lium-dependent vasodilation. The relaxation induced by
acetylcholinewassignificantly lower inthegroup perfused
with a15 mM glucose solution compared with that in the
control group (P<0.05), and amaximal reduction of 24.5+
3% inthe perfusion pressure was reached compared with
themaximal reduction of 41+4%inthecontrol group.

Figure2 showstheeffectsof different concentrations
of glucose on endothelium-independent vasodilation. No
significant differences between the control (5.5 mM) and
thehigh glucose (15 mM) groupswere observed.

Figure 3 showstheeffectsof hyperosmolarity (15mM
mannitol) on endothelium-mediated vasodilation. A hon-
significant reduction in acetylcholine-induced relaxation
occurred compared withthat inthecontrol group, except for
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Fig. 1 - Acetylcholine-induced relaxation in the control (5.5 mM glucose, n=6) and
high glucose (15 mM, n=6) groupsin theisolated and perfused rabbit kidney. The
point represents the mean + M SE; * P < 0.05 compared with the control group.
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the dose of 10-°moal, inwhich asignificantly lower reduc-
tionintheperfusion pressureoccurredinthe 15mM manni-
tol group. Themaximal reductionintheperfusion pressure
inthe 15 mM mannitol group was 30+3% compared with
41+4%inthecontrol group.

Discussion

It hasbeen established that the endothelium playscri-
tical rolesin homeostasi sinthebody, becauseit can secrete
several chemical mediators and interact with vascular
smooth musclecellsand with elementspresent inthecircu-
lation, such asthe hematopoietic cells. Themgjor endothe-
lia functionsareasfollows: 1) control of thevascular tonus
through the secretion of vasoactive substances; 2) regula-
tion of thegrowth of vascular smoothmusclecdlls; 3) parti-
cipationininflammatory reactions; and 4) hemostasia®*. It
isnot surprising that several factors, suchassmoking, sys-
temicarterial hypertension, dydlipidemia, hyperhomocys-
teinemia, and hyperglycemiaitsdlf, implicatedinthepatho-
geny of vascul opathies have in common the presence of
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Fig. 2 - Sodium nitroprusside-induced relaxation in the control (5.5 mM glucose, n=
4) and high glucose (15 mM, n = 4) groupsin theisolated and perfused rabbit kidney.
The point represents the mean + M SE; no significant differences were observed
between the groups (P> 0.05).
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Fig. 3 - Acetylcholine-induced relaxation in the control group (5.5 mM glucose)
andinthegroup receiving 15 mM mannitol. The point representsthe mean + MSE; *
P < 0.05 compared with the control group.
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perturbationsin endothelial physiology. In diabetic patien-
ts, acomplex interaction of factors, such ashyperglycemia,
systemic arterial hypertension, dydlipidemia, and hyperin-
sulinemialinsulin resistance, causing endothelial dysfunc-
tion usually exists mainly in type 2 diabetes®®. Intype 1
diabetes, the mgjor agent seemsto be hyperglycemia®=,
which proved to be an important factor for microvascular
complicationsin patientswithtype1 diabetesmellitusinthe
DCCT **(Diabetes Control and Complications Trial) and
Steno * studiesand in type 2 diabetic patients as reported
in the UKPDS * (United Kingdom Prospective Diabetes
Study). Hyperglycemiamay also play arolein the pathoge-
nesis of macrovascular complications® =,

Oneof the major vasoactive mediatorsrel eased by the
endothelia cell isnitric oxide, which hasseveral antiathero-
genic effects, such asareduction in platelet aggregation,
inhibition of the secretion of growth factorsand molecules
of endothelial adhesion, and stimulation of theinhibitor of
thek B nuclear transcriptionfactor, IKBa 8%, Several experi-
mental studiesand studiesin human beingswith diabetes
mellitushave shown areductionin endothelial nitric oxide,
which may beattributed to several causes. Hyperglycemia
has a set of mechanismsthat potentially reduces endothe-
lia nitricoxide, includingthereductionintheactivity of ni-
tricoxidesynthasedueto depletion of NADPH. Thelatter is
caused by the activation inthe polyol route, the activation
of PKC, andtheincreasein oxidativestress, leadingtoinac-
tivation of nitric oxidewith formation of nitrite peroxide®. It
isthe current consensus to consider that endothelial dys-
function may contribute both to microangiopathy and
macroangiopathy of diabetesmellitus®=,

The endothelial cell has multiple functions, and no
singular definition of endothelial dysfunction exists®. The
variousdefinitionsfound inthe studiesrangefrom functio-
nal aterations, mainly the capacity of vasodilationinduced
by substances or by maneuversthat stimulatethe secretion
of nitric oxide by theendothelium, to changesintheamount
of chemical mediatorsproduced by theendaothelial cell. In
that context, endothelial dysfunctionhasbeentypicaly de-
fined asareductioninthevasodilating responseto acetyl-
choline (or to metacholin) or to reactive hyperemia, which
causestherelease of nitric oxide by the endothelium. The
determination of thelevelsof substancesderived fromthe
endothelium, such asendothelin, thrombomodulin, and the
vonWillebrand factor, should also be carefully interpreted,
becausetheir alterationsmay reflect changesin the synthe-
sisor breakdown of these mediators®=.

Functional studiesin diabetic patients have reported
conflicting results®. Several obstacles, from ethical to
methodological, have madethese studiesdifficult. Themost
reliable method of assessing blood flow in human beings,
which is measurement with an intravascular catheter, is
invasive, expensive, risky for the patient, and performed
only inafew research centers®. Ingeneral, the cost, subjec-
tivity, and absence of validation havechallengedtherelia-
bility of other functional methods. Some studies, such as
that by Johnstoneet al =, ng thereactivity of vessels
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of resistancein theforearm of type 1 diabetic patients, re-
ported areduction in the vasodil ating response to acetyl-
cholinecompared with that inthe control group, whilethe
vasodilating responses to sodium nitroprusside and to
verapamil weresimilar in both groups. Onthe other hand,
Smithset al “and Halkinet a # found noreductioninendo-
thelium-dependent vasodilationin type 1 diabetic patients.

Themost different methodol ogiesconcerningtheeva-
[uation of thepresence of aterationsinendothelia function
caused by glucosehavebeen appliedin experimental studies.
Inthisregard, invivo studieswith diabetic animal s®, studies
withisolated organs (for example: aortic rings) of diabetic
animals®5, with isolated organs of nondiabetic animals
exposed to high concentrationsof glucosefor acertain period
of time!®2, and with culturesof endothelial cellsexposedto
amediumwith high concentrationsof glucoseexist 2304244,

Several studiesdid not include control with osmotic
substances, but with nonabsorbable substances metaboli-
zed by thecell (ex: mannitol) 22”28, Thisgenerated doubts
about whether thealterationsfound were specifically dueto
glucose or hyperosmolarity of themedium. Our study sho-
wed that hyperosmolarity can cause areduction in endo-
thelium-dependent vasodilation, although the latter was
significant only in the highest dose of acetylcholine and
had lower intensity compared with thereduction caused by
the 15mM glucose concentration. In addition, theglucose
concentrations used in the various studieswere very high
compared with thoseroutinely foundin clinical practice®®.
Onthecontrary, in our study, wefound the presence of acute
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endothelial dysfunction in concentrations similar to those
routinely foundindiabetic patients, mainly inthepostprandia
period, confirming theimportance of postprandial glycemic
levelsin the pathogenesis of the chronic complications of
thedisease. Recently, the DECODE Study “*(DiabetesEpi-
demiology: Collaborative Analysisof Diagnogtic Criteriain
Europe) reported that postprandial hyperglycemiawasthe
best predictor of mortality in type 2 diabetic patients. We
also emphasizethat, so far, most studies have been perfor-
med in conductance vessel s (macrovasculature), and the
literature about the alterationsin reactivity of themicrocir-
culation mediated by glucoseisscarce. Westudied astruc-
turewhosedamagefrom diabetesmellitusiswell known: the
renal microcirculation. Andweobservedthat high levelsof
glucosecaninterferewith thenormal endothelial physiolo-
gy inmicrocirculation.

In conclusion, high levelsof glucose similar to those
found in diabetic patients in the postprandial period can
causeacutesignificant alterationsin theendothelium of the
renal microcirculationin nondiabeticrabbits. Theseeffects
may also occur in diabetic patientsand, inthelong run, may
contribute to the physiopathogeny of the vascular disease
of diabetesmellitus.
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