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ABSTRACT

AIM: To determinein the hamster cheek pouch whether or not the changes in plasma extravasation induced by
vascular endothelial growth factor (VEGF) could be affected by fructose diet. METHODS: Hamsters were sub-
jected to control drinking water or to water containing fructose (10 %) for 18 weeks. RESULTS: The frudtose diet
induced asmall but significant increasein glycemia (0.80£0.11 and 1.09+0.15, »= 8 and 9 for cortrol and fructose-
treated animals, respectively, P<0.05). Bradykinin-induced plasma extravasation was not affected by the fructose
diet while the effects of VEGF were markedly increased (maximal number of leakage stes 76+20 and 126455, n=
8 and 9 for control and fructose-treated animals, respectively, P<0.01). CONCLUSION: Even moderate changes

in glycemic levelscan produce profound ateration inthe VEGF response.

INTRODUCTION

Vascul ar endothelia growth factor (VEGF) has
been independently isol ated asboth an endothelid growth
factor and as a vasopermeability factor. The desgna
tion VEGF currently includes afamily of sx known
membersthat caninteract with at least six different
membrane “ receptors™?.” VEGF itsaf consstsof five
polypeptidesof different Szestha derivefrom the same
gene by dternative splicing but VEGF; islikely to be
the predominant molecular species*?. VEGF induces
an increase in vascular permeability in vitro® and in
various vascular beds from diff erent species in vivo®
including the hamster cheek pouch!®.

In both type-1 and type-11 diabetes, micro- and
macro-angiopathies area major cause of morbidity and
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mortality. The pleiotropic nature of these eventsisfar
from understood. However, an earlier sgn of vascular
dysfunction appearsto be an increase in vascular leak-
age linked to hyperglycemia and increase in VEGF
production’®’. Type-l dicbetes (NIDDM) ischaracterized
by hyperglycemia, hyperinsulinemia, insulin resistance,
and subsequent glucose intol erance. Mogt of these fea
tures arereproduced in variousanimal species by a diet
rich in fructosg®*?. The purpose of this study wasto
determine, in the hamger, the metabolic changes pro-
duced by adiet moderately enriched in fructose and
whether or not VEGF-induced plasma extravasati on
could be affected.

MATERIALS AND METHODS

Ma e Harlan golden hamsters (60-80 g; Charles
River, France) were housed four by four in a tempera-
tureand light cycle-controlled caony room. They were
fed ad libitum with gandard diet (protein: 23 %, gucid:
51 %, and lipid: 3.5 %) and had free access to tap drink-



- 208- Félétou M et al | ActaPharmacol Sin 2003 Mar; 24 (3): 207-211

ing water or to D-fructose dissolved in drinking water
(10 %) during 18 weeks (n=35 in each group).

Metabolic parameter Global water consump-
tion was measured from week 1 to week 18. After 18
weeks of treatment, ani mals were weighed, and &f ter
anaesthesa with isofl urane, blood was taken from the
retro-orbital sinusinorder to messure non-fasting plasma
glucose (GOD-PAPR, Boehringer), insulin (Phasadeph
Insulin RIA, Pharamaciaand Upjohn), and glycosylated
hemoglobin (HbA,., Unimate 3 HBA1C, Roche).
Thereafter, the treetment was maintained and ten ani-
mal s from each group were taken a random to study
plasmaextravasationduringthe following days. Findly,
in half of the remaining animal's, plasma triglycerides
(Unimate 7 TRIG, Roche) and total cholesterol was
further assessed (Unimate 7 CHOL, Roche). One ani-
mal died in the control group for an unknown reason.

Hamster cheek pouch Asdexcribed previoudy Y,
hamsters were anaestheti zed with sodium pentobarbital
(80 mg/kg, ip) and the body temperature controlled at
37 °C. The cheek pouch was exteriorised, dissected,
and fixed upon a perfuson chamber. The pouch was
superfused (6 mL/min) with amodified Ringer’ s solu-
tion of thefollowing composition (mmol/L): NaCl 124,
KCl 4.7, CaCl, 1.2, MgSO, 2, NaHCO, 25, and HEPES
30 (pH 7.4; 36°C, bubbled with 5 % CO,-95 % N, gas
mixture) and observed under the microscope either
under vigble light or under UV illumination (magnifi-
cationx50). After a 30-min gabilization period, fluo-
resce nisothiocyanae dextran (H TC dextran, M, 150 000)
was injected through the femoral vein (250 mg/kg, 5
mL/kg). Anaesthesiawas maintained with chloralose
(25 mg/kg, 0.1mL, iv) when needed as previoudy de-
scribed™> ¥,

VEGF-induced increase in vascular leakage
The following protocol was subsequently applied™. At
the beginning of the experiment, the pouch was
superfused with non-recirculating solution. Prepara-
tions with more than 10 spontaneous leakage Stes (an
objective sign of damage during the surgical procedure)
and preparationsdevel oping petechia during the course
of theexperiments (agross sign of circulatory and vas-
cular dysfunction) were excluded (two in the control
group, onein the fructose diet group). Forty minutes
after the FITC-dextran adminigtration, bradykinin (300
nmol/L), aconcentration that representsthe EC,, under
those ex perimental conditions®, was superfused for 5
min and the number of |eakage stes counted (surface
area of the microscope field: 0.2 cm?). Thepreparation

was then washed for 40 min by which timethe number
of leakage stes had returned to control vaue. The
pouch was then superfused at the same rate (6
mL/min) with recirculating control solution (total
volume: 20 mL) for 20 min. Then VEGF, was di-
rectly added to therecirculating sol ution (maximum
volumeadded <500 pL) in order toproduce afina con-
centration of 0.1 mg/L or 2.4 nmol/L. Each anima
was exposed only once to a single concentration of
VEGF,; and only one pouch was sudied for agiven
hamger. At the end of the experiments the pouch was
re-exposed to bradykinin (300 nmol/L). Topical appli-
cation of bradykinin can be repeated up to five times
and evokesreproduci ble changesin permeability™. The
changes in permeability provoked by bradykininarein-
dependent of pre-exposureto VEGF or evento thepres-
enceof VEGF?®,

Substances Bradykinin, chloralose (Sigma, La
Verpillére, France), human recombinant vascular endo-
thelial growth factor (VEGF,, R&D systems,
Abington, UK), and D-fructose (Prolabo, France) were
used in this study.

Statistical evaluation Data were shown as
meantSD; n represents the number of animals sudied.
Statigtical evauation wasperformed usng ANOVAL or
2 followed by the appropriate post hoc test. The dif-
ferenceswere conddered as datigtically significant when
P<0.05.

RESULTS

Metabolic parameters Thediet in fructose in-
duced an immediate and Satigtically Sgnificart increase
in fluid intake [week #1: (7.5+2.3) and (10+5) mL/d
per hamster, in control and fructose treated animal s,
respectively, ANOVA 2, P<0.01] that lasted the dura
tion of the treatment [week #18: (7.2+1.7) and (12+3)
mL/d per hamster, n=34 and 35, respectively, ANOVA2,
P<0.01] but the body weight was not affected. The
fructose diet induced a significant increasein glycemia
but without any significant changesin glycosylated
hemoglohin, insulinemia andtriglyceridemia Tata cho-
lesterol was significantly decreased inthe fructosegroup
(Tab 1).

Plasma extravasation Basal FITC-dextran ex-
travasation was smilar in control and fructose-treated
animals[(2.4+2.0) and (2.0+0.9) ng/L, n=8 and 9, in
hamsters submitted to control and fructose diet,
respectively].

Bradykinin (300 nmol/L) was topically applied
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Tab 1. Metabolic changes induced by fructose (10 %) in
drinking water. Mean+SD. ANOVAL, "P<0.05, ‘P<0.01 vs

control.

Control Fructose
Weight/g 115+10, n=34 121+14, n=35
Glycemialg- L* 0.90t0.17, n=34  1.01+0.24°, n=35
Insulinemia/mu- L? 1146, n=34 14 £11, n=35
HbA ,c/% 5.53+0.23, n=34 5.7x0.6, n=35
Triglyceridemialg- L* 3.1+0.9, n=12 2.8£0.9, n=14

Cholesterol/g- L*

2.02+0.24, n=12

1.52+0.22°, n=14

before and after VEGF .. (2.4 nmol/L). Both bradyki-
ninand VEGF produced anincrease in vascular |eakage
in both group of animals. Theincreasein vascular |esk-
age produced by bradykinin was smilar when applied
at the beginning or the end of the experiments.
Furthermore, the number of leakage sites produced by
the application of bradykinin was not significantly af-
fected by the chronic fructose-diet (Fig 1). Thein-
creasein vascular permesbility produced by bradykinin
was not significantly influenced either by the order of
the application or by the chronic treatment with fruc-
tose (Fig 1). In contrast, the increase in plasma ex-
travasation produced by VEGF,,, was significantly in-
creased by the fructose diet, the maximal number of
leakage sites being increased by 64 % (Fig 2). Thein-
crease in plasma extravasation produced by VEGF was
significantly larger in the fructose-treated group
(ANOVAZ2 followed by a Bonferroni post hoc test,
P<0.05, P<0.01 vs control). The blood glucose levels

values for these two groups of animals were 0.80+0.11
and 1.09+0.15, »=8 and 9 for control and fructose
treated animals respectively (ANOVAL1, P<0.05, Fig?2).
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Fig2. VEGF and vascular leakage in the hamster cheek
pouch. Time-dependent changes in the number of microvas-
cular leakage sites induced by VEGF,4s (2.4 nmol/L) in con-
trol hamsters or hamsters subjected to D-fructose (10 %) in
their drinking water. MeanSD. "P<0.05, ‘P<0.01 vs control.

DISCUSSION

This sudy showed that even moderate changesin
glycemic levels could produce profound ateration in
the VEGF response.

In the present study, the extent of the metabolic
changes induced by fructose was markedly less severe
that the one reported in smilar studies. Indeed, in vari-
ousanima mode sof fructose diet including in the
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Fig 1. Bradykinin and vascular leakage in the hamster cheek pouch. The figure showed the maximum number of leak age
sites produced by the application of bradykinin (300 nmol/L) either at the beginning of the experiment (before VEGF
application, left panel) or at the end of the experiment (after VEGF application, right panel) in control hamsters or hams ters
subjected to D-fructose (10 %) in their drinking water. Mean+SD.
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hamser, hyperinsulinemia, hypertriglyceridemia,
hypercholesterolemia, and insulin resstance were re-
ported™®* . In contragt, fasted glycemic level swere
not affected in these previous sudies. These discrep-
ancies with the present study could be explained firstly
by themgjor differencein the severity of the dig. Most
studies are performed with food containing 60 %
fructos, leading toa daily intake of approximately 16 g
of fructose/hamster!® ingtead of the 1 to 1.2 g ingested
in the present study. Secondly, the smadll, but highly
sgnificant increase in plasma glucose, reported in the
present study is most probably linked to the difference
in experimental conditions as the present study mea-
aured non-fasted plasmaglucose while other works
reported fasted plasma glucose. Similarly, atrend to-
ward an increasein theinsulin level did not reech satis
tical sgnificance probably because of the wide disper-
son of theindividua insulin values coll ected in these
non-fasted animals. Interestingly, in thismodel of mod-
eratefrudose diet, in contragt to the other models, ham-
sters do not develop hypertension™. So theonly mea-
surabl e detrimental impact of this moderate fructose
diet was asmall but significant increasein glucose
exposure. The basal vascular permesability wasnot Sg-
nificantly different in the control and the fructose treated
group suggesting that, per se, the modedst increase in
glycemiclevel did not dter the integrity of thecapillary
network. Similarly, the increase in plasma extravasa
tion produced by bradykinin was not affected by
fructose. Under our experimenta conditions, the con-
centration of bradykinin used (300 nmol/L) represented
the EC,, for this peptide under those experimenta con-
ditiond™. So the effect of bradykinin at this concen-
tration was sub-maximal and an increase in the number
of leakage sites could have gill been possble. In
contradt, the increase in plasmaextravasation produced
by VEGF was markedly increased by the f ructose diet.
This specific alteration of the VEGF response may be
linked to the mechanism of action of VEGF. Inthe
hamster cheek pouch, the plasma extravasation pro-
duced by VEGF is dependent on the protein kinase C
pathway while the effect of bradykinin is not™.
Interestingly, during diabetes and hyper-glycemia, the
activation of protein kinase C and the increase in
diacylglycerol levels have been linked to vascular
dysfunction, including vascular leakage™.
Furthermore, vascular hyperpermeability and increased
blood flow caused by elevated tissue glucose can be
blocked by VEGF antibodies®.

Thissudy suggests that, during diabetes, ater-
ation in VEGF-induced plasma leakage can be an early
marker of vascular dysfunction and can be observed
even with moderate increasein blood glucose levels.
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