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ABSTRACT. 1. The present study concerns in vitro isoprenaline (ISO)-induced relaxation of aortic
rings of long-term streptozotocin (STZ)-diabetic and nondiabetic rats, both with and without dietary
vitamin E supplementation.

2. Incubation with propranolol, N®-nitro-L-arginine methyl ester and methylene blue, as well as ab-
sence of endothelium, all negatively affect the ISO-induced relaxations.

3. Thiobarbituric acid reactivity levels used as an index of lipid peroxidation are elevated in the
aorta by diabetes. Four months of STZ-diabetes results in a significant increase in the ISO-induced re-
laxations together with endothelial dysfunction in the rat aorta. Diabetes also causes the loss of vascular
integrity.

4. Dietary vitamin E supplementation during the last 2 months of diabetes allows normalization of
the levels of lipid peroxides. This vitamin also completely reverses the increased sensitivity (pD, value)
of the aorta to ISO, whereas the maximum ISO-induced relaxations are partially restored after the treat-
ment in diabetic rats.

5. The results suggest that I1SO-induced relaxation in the aorta partially depends on the intact endo-
thelium and that the endothelium-dependent relaxant effect of ISO is mediated by endothelium-derived
relaxing factor. Results also indicate that abnormal vascular reactivity and structure of the diabetic rat
aorta may be related to the increased lipid peroxidation. In conclusion, vitamin E can protect the arterial
wall from oxidative stress~induced injury associated with chronic STZ-diabetes and allows normaliza-
tion of the response to ISO and the structure of the aorta in diabetic rats. GeN PHARMAC 29;4:561-567,
1997. © 1997 Elsevier Science Inc.
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INTRODUCTION

Relaxation responses of the blood vessels ta isoprenaline (ISO) are
mediated by fB-adrenoceptors on the smooth muscle and are con-
ventionally endothelium independent (Heeson and De Mey, 1990;
Kukovetz et al., 1981). In this regard, Moncada et al. (1991) found
that ISO-induced relaxation in the rat aorta is neither endothelium
dependent nor affected by inhibitors of NO synthase. Contrary to
the expectation, some reports suggested that endothelium may play
a facilitatory role in the relaxation response to B-adrenoceptor
agonists. These include the demonstration that removal of the en-
dothelium from the rat aorta (Kamata et al., 1989) and canine cor-
onary arteries (Rubanyi and Vanhoutte, 1985) attenuates I1SO-
induced relaxation. Similarly, it was demonstrated in the rat aorra
that ISO-induced relaxations are inhibited by methylene blue (MB)
or by hemoglobin (Grace et al., 1988), agents known to affect the
action of NO (Martin et al., 1985). Other studies showed that ISO-
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induced relaxations are attenuated by NO synthase inhibitors in the
rat aorta (Gray and Marshall, 1991) and in rat mesenteric resistance
arteries {Graves and Poston, 1993). Interestingly, Gray and Mar-
shall (1992) showed that ISO-induced relaxations totally depend on
the presence of intact endothelium in the rat thoracic aorta. Owing
to the discrepancies among the previous reports, the first aim of the
present study was to investigate whether intact endothelium does in
fact mediate relaxations induced by ISO in the rat thoracic aorta.

Diabetes mellitus is known to produce alterations in the respon-
siveness of vascular smooth muscle to various vasoactive agents
(Karasu and Altan, 1993). This is an important reason for the devel-
opment of cardiovascular disease associated with diabetes (Karasu
and Altan, 1993; MacLeod and McNeill, 1985). Accordingly, most
investigators have demonstrated that endothelial dysfunction ac-
companies the increased responsiveness of vessels to vasoconstrictor
agents in experimental diabetic rats (Abiru et al., 1990; Karasu and
Alran , 1994). To our knowledge, there is one study, reported by Ka-
mata et al. (1989), investigating the effects of chemically induced di-
abetes on the response of the aorta to B-adrenoceptor agonists. The
second aim of the present study, therefore, was to determine the ef-
fects of long-term STZ-diabetes on 1SO-induced relaxations.

On the other hand, the exaggerated free radical activity and in-
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creased lipid peroxidation with a reduction in plasma vitamin E con-
tent have been well documented in diabetes (Chisolm et al., 1992;
Kunisaki et al., 1990). These mechanisms are central to the devel-
opment of the diabetes-induced micro- and macroangiophatic dis-
eases (Giugliano et al., 1995). We have consistently found that vita-
min E treatment is beneficial in the protection of vascular (Karasu
et al., 1997) and neuronal (Karasu et al., 1995) functions against
streptozotocin {STZ)-diabetes—induced injury. However, the effec-
tiveness of vitamin E supplementation on ISO-induced relaxations
in diabetic rats has not been questioned. For this reason, a third aim
of the present study was to investigate whether the long-term diabe-
tes-caused changes in ISO-induced relaxations in the rat aorta can
be reversed by the dietary supplementation of vitamin E as a strong
inhibitor of lipid peroxidation (Esterbauer et al., 1991).

MATERIALS AND METHODS
Experimental organization

The experiments were carried out on male albino rats with a starting
weight of 200-250 g and an age range of 8-10 weeks. In the experi-
ments, the animals were randomly assigned to four experimental
groups. Age-matched nondiabetic rats were employed as onset con-
trol group. Nondiabetic control rats were fed a standard rat diet or
a diet supplemented with vitamin E (pr-a-tocopheryl acetate 0.5%
wfw) for 2 months. Diabetes was induced by a single intraperitoneal
injection of STZ (60 mg/kg, freshly dissolved in sterile 0.9% agueous
NaCl.). Two days later, diabetes was verified by estimating hyper-
glycemia in tail vein blood (Ames Glucometer, Miles Laboratories
Inc., Elkhart, IN, USA). Rats having blood glucose levels of 15
mmol/l or higher were considered to be diabetic. One group of dia-
betic rats was untreated for 4 months to act as a diabetic control.
Other diabetic rats were untreated for 2 months and then treated for
another 2 months with vitamin E (0.5% w/w by diet).

Preparation of tissue

Rats were weighed, anesthetized with diethyl ether and injected
with heparin sodium (200 U V). The thoracic aorta was quickly ex-
cised and placed in Krebs-Ringer bicarbonate buffer solution with
the following composition (in mM): NaCl, 118.5; KCl, 4.74; CaCl,,
2.5; MgSQ,, 1.18; KH,PO4, 1.18; NaHCO,, 24.9 and glucose 10.0.
The aorta was cleaned of fat and connective tissue and cut into rings
approximately 34 mm long. One ring of each pair was left intacr;
in the other ring, the endothelium was mechanically removed as de-
scribed previously (Karasu and Altan, 1993). The rings with or with-
out endothelium were mounted horizontally with the use of a pair of
stainless hooks in tissue baths for tension measurement. Tissue baths
were filled with 20 ml of Krebs solution continuously bubbled with a
mixture of 5% CO; 95% O, pH 7.4, at 37°C. Tension was measured
by an isometric force transducer (Ugo Basile, No. 7004, Varese, Italy)
connected to a microdynamometer (Ugo Basile, Unirecord).

Relaxation studies

The rings were equilibrated for 90 min, under a resting tension of
2 ¢. During the equilibration period, the solution in the tissue bath
was replaced every 30 min. At the end of this period, successful re-
moval of the endothelium was verified by the lack of relaxation re-
sponse to acetylcholine (ACh; 107> M) in preconstricted rings. To
measure [SO- or sodium nitroprusside (SNP)-induced relaxations,
the rings were preconstricted to their EC;5 value with noradrenaline
(NA) (Rubino et al., 1995) to obtained a stable plateau, and then
cumulative concentration-response curves to 1SO (107°-107% M)
and SNP (107'°-107* M) were obrained in rings with or without en-
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dothelium. Some rings with endothelium obtained from untreated
control rats were incubated with MB (107¢ M for 30 min) or N°-
nitro-L-arginine methyl ester (L-NAME; 10~*M for 10 min) before
preconstriction. To confirm the involvement of B-adrenoceptors in
isoprenaline-induced relaxation, the effect of propranolol, a nonse-
lective B-antagonist, was investigated. At least 30-min intervals
were allowed between consecutive concentration-response curves,
during which time the Krebs' solution was changed at least three
times.

Histology

Immediately after dissection, aortic rings from each animal were cut
into small pieces, fixed at 4°C for 2 hr in 2.5% buffered glutaralde-
hyde and postfixed for 1.5 hr with 1% osmium tetraoxide. Tissues
were dehydrated in ethyl alcohol followed by propylene oxide and
embedded in araldite. The specimens were then counterstained with
uranyl acetate and lead citrate and examined in a Carl-Zeiss elec-
tron microscope.

Biochemical measurements

Blood samples were taken from the tail vein for plasma glucose de-
termination (GOD-Perid method; Boehringer, Mannheim) just be-
fore final experiments.

Measurement of malondialdehyde (MDA) by thiobarbituric acid
(TBA) reactivity is the most widely used method for assessing lipid
peroxidation. Lipid peroxidation was determined by using 200 pl of
aortic homogenate as previously described (Jain and Levine, 1995).
Incubations were carried out in triplicate and terminated by addi-
tion of 0.5 ml of tricloroacetic acid and 0.25 ml 1% TBA. After in-
cubation in a boiling water bath for 15 min, the samples were centri-
fuged for 15 min and absorbencies of the supernatant read at 548 nm.
The results were expressed in terms of MDA equivalents. Freshly pre-
pared MDA tetramethyl acetal solution was used as a standard.

Drugs

The following pharmacological agents were used: STZ, ACh chlo-
ride, NA bitartarat, ISO, MB, L-NAME hydrochloride, propranolol
hydrochloride and SNP (Sigma, St. Louis, MO, USA) and prL-a-to-
copheryl acetate (a gift from Roche Company, Istanbul, Turkey).

Data analysis

The relaxation response to agonists was expressed as a percentage
of the precontraction induced by NA. The additional effect of the
endothelium on ISO-induced relaxation was evaluated as a differ-
ence between the corresponding values of maximal relaxation in
rings with or without endothelium, which was called the endothelial
response (ER). We calculated the percentage of endothelial response (PER)
(Karasu et al., 1997) with the following formula:

100XER

Maximum relaxation of ring with
endothelium (g tension/mg tissue)

PER =

Agonist pD, values (apparent agonist affinity constant: —log
EDj,) were calculated from each agonist dose-response curve by lin-
ear regression analysis of the linear portion of the curve and taken
as a measure of the sensitivity of the tissuc to each agonist. All val-
ues are expressed as means*SEM; n=number of animals. Statistical
differences betwcen means were assessed by either unpaired or
paired t-test as appropriate. For multiple comparisons, analysis of
variance followed by Neuman-Keul’s test was used.
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TABLE 1. General characteristics of rats
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Control Control + vit. E Diabetic Diabetic + vit. E

(n = 10) (n = 10) (n=29) (n = 10)
Final body weight (g) 476 + 1200 487 + 188" 242 +92 268 = 115
Plasma glucose (mmol/l) 7.4 = 0.9 6.6 = 1.2° 38.8 = 4.5¢ 41.6 = 8.0

3P < 0.01; statistically different from age-matched treated or untreated controls.
5P < 0.01; statistically different from age-matched untreated diabetics.

RESULTS
Body weights and plasma glucose
concentrations of rats, and TBARS levels of aortae

The general characteristics of rats are shown in Table 1. Diabetic
rats gained no weight during the experiments, whereas nondiabetic
control rats almost doubled in weight; vitamin E treatment had no
effect on the body weight of diabetic rats. Four-month diabetes
caused hyperglycemia. Vitamin E treatment of diabetic rats had no
significant effects on the increased plasma glucose.

Thiobarbituric acid reactive substances (TBARS) levels, which
were used as an index of lipid peroxidation, were elevated by diabe-
tes approximately threefold in the aorta compared with controls, but
reversal-vitamin E treatment significantly decreased the raised aor-
tic lipid peroxidation (Fig. 1).

Relaxation response to ISO and the
effects of MB, L-NAME and propranolol

ISO caused relaxation in aortic rings with or without endothelium
in a concentration-dependent manner when aortic rings were pre-
constricted with NA (Fig. 2). Mechanical removal of the endothe-
lium significantly reduced the maximal relaxations produced by ISO
in all experimental groups with the exception of the vitamin E-treated
diabetic group. Similarly, incubation with MB (107%* M) or
L-NAME (10~* M) significantly decreased the relaxant effects of
[SO in aortae with endothelium from untreated control rats (see
Fig. 2). The inhibitor effects of the removal of the endothelium or
pretreatment either with MB or with L-NAME on the maximum re-
laxations produced by ISO in untreated-control aortic rings were
similar (the maximum relaxation response to ISO was 76.8+4.3%,
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FIGURE 1. Lipid peroxidation levels as TBARS in aorta obtained
from all experimental groups. Values are means*SEM. *P<0.01,
statistically different from untreated control rats. "P<<0.01, statisti-

cally different from untreated diabetic rats.

untreated control, versus 27.3+5.8%, L-NAME, n=5, P<0.001,
paired t test; 76.8+4.3%, untreated control versus 31.5+3.8%, MB,
n=7, P<0.001, paired ¢ test), indicating that the endothelium-
dependent relaxant effect of 1SO was being mediated by NO. The
relaxation response to 1SO of rings preconstricted with NA was
completely inhibited by propranolol (107¢ M ) (see Fig. 2).

PER was 51.6*+3.8% and 26.5%1.7% in untreated-control and
untreated-diabetic rings, respectively (p<<0.00l, unpaired t test).
The maximum relaxation responses and pD; values to ISO are
shown in Table 2. The maximum relaxation and pD, value in re-
sponse to ISO were significantly increased in untreated diabetic rats
compared with controls. The concentration-response curve for [SO
was shifted to the left for aortic rings from untreated diabetic rats.
The treatment of rats with vitamin E did not alter the response to
ISO in the control group. Vitamin E treatment of diabetes com-
pletely reversed the relaxation response to ISO only at lower doses
of the agonist (107°-107¢ M), whereas the effect of diabetes on the
maximum relaxation response to ISO was partially restored by this
vitamin. There was no significant difference in the maximum relax-
ation response to 1SO of vitamin E-treated diabetic aortae with or
without endothelium compared with untreated-control or untreated-
diabetic aortae with endothelium. The increased pD; value for ISO-
induced relaxation in untreated-diabetic aortae was significantly re-
versed by vitamin E treatment.

SNP induced 100% relaxation, and the PD, values for SNP-
induced relaxations in rings with or without endothelium were simi-
lar in all experimental groups (7.42+0.09, untreated control with
endothelium versus 7.21=0.11, without endothelium, n=7, nonsig-
nificant, unpaired t-test).

Histology

In aortic rings from control animals, the endothelium formed a con-
tinuous layer and no intimal lesions were noted (Fig. 3). Endothelial
cells were smooth and uniform, and adhering white blood cells were
not observed. The aortic media from control rats showed a regular
disposition of the smooth muscle cells between the elastic lamina
within a homogenous interstitial matrix. [n aortic rings from un-
treated diabetic rats, the intimal surface appeared irregular and inti-
mal lesions and local cytoplasmic cdema in endothelial cells were
observed. Thickened intima and lipid-laden foam cells were present
in the diabetic aorta. An increase in myocyte size and thickened
elastic laminae with degenerative interstitial matrix also were ob-
served. STZ-diabetic animals treated with vitamin E also showed
several intimal lesions, but the tunica media appeared slightly
smoother with fewer defects.

DISCUSSION

The present study demonstrates that ISO causes relaxations in the
rat aorta that partially depend on the presence of intact endothe-
lium. These findings confirm the results of previous studies that
ISO-induced relaxations are inhibited by mechanical removal of the
endothelium (Grace et al., 1988; Kamata et al., 1989) or by pre-
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FIGURE 2. Cumulative concentration-response curves of ISO in preconstricted thoracic aorta with (E+) or without (E—) endothelium
obtained from untreated control (control), vitamin E-treated control (C+ Vit. E), untreated diabetic (diabetic), vitamin E-treated diabetic
(Dia+Vit. E) rats. C+MB, ISO-induced relaxations in untreated control rat aorta after incubation with MB. C+L-NAME, ISO-induced
relaxations in untreated-control rat aorta after incubation with L-NAME. Values are means=*SEM.

treatment with either MB (Grace et al., 1988) or L-NAME (Gray
and Marshall, 1991) in the rat aorta. The magnitudes of the inhibi-
tory effects of L-NAME, MB and absence of endothelium on 1SO-
induced relaxations are similar in preconstricted aortae from un-
treated control rats. Because previous studies showed that MB can
inhibit soluble guanylate cyclase (Martin et al., 1985) and L-NAME
is a specific inhibitor of endothelium-derived relaxing factor (EDRF)/

NO synthetase (Gardiner et al., 1991), the preceding finding in our
study provides the evidence that the mediating effect of endothe-
lium on ISO-induced relaxations occurs through EDRF/NO. It is
well known that the vascular endothelium is capable of controlling
vessel tone by releasing many vasoactive substances, among them
EDRF/NO, which stimulates muscle soluble guanylate cyclase and
thereby increases levels of cyclic GMP (Furchgott and Vanhoutte,

TABLE 2. Maximum responses and pD, values for ISO-induced relaxations of aortic rings from

rats
Maximum relaxation (%) pD,
E+ E- E+ E—-
Control, n = 6 76.8 + 4.33% 37.1 £ 2.73** 591 = 0.09" 6.08 = 0.08"
Control + Vit. E,n = 6 78.0 * 4.16" 43.7 = 8.15* 6.19 = 0.02% 5.72 * 0.25"
Diabet, n = 7 96.0 + 1.81° 69.5 = 1.78° 6.75 = 0.24° 6.63 + 0.18°
Diabet + Vit. E, n = 8 89.0 + 2.35¢ 86.6 + 5.28" 5.94 + 0.08 5.69 + 0.09"

n = number of rats; E+, with endothelium; E—, without endothelium.
P < 0.01; statistically different from untreated control rings with endothelium.
*P < 0.01; statistically different from untreated diabetic rings with endothelium.
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FIGURE 3. Electron micrographs of longitudinal sections of rat thoracic aortae. Representative examples of (A) an endothelial cell (EC)
and (B) tunica media of an aorta taken from a nondiabetic control rat. Tunica media showed a regular position of smooth muscle cells (smc)
between the internal elastic laminae (IEL) within a homogenous interstitial matrix; Co, collagen fibers. In untreated diabetic rats, endothelial
cell of aorta (C) showed several cytoplasmic blebs protruding toward the lumen (two arrows). Cytoplasmic membrane has lost its integrity.
In tunica media of untreated diabetic aorta (D), intracytoplasmic organization of collagen fibers has disappeared. The structure of smc ap-
peared abnormal; irregular and thickened IEL can be seen. An endothelial cell of vitamin E-treated diabetic aorta (E) showed no large defect.
Although cytoplasmic blebs (two arrows) existed, cytoplasmic membrane was regular and had a normal appearance. A portion of endothelial
cell of vitamin E~treated diabetic aorta (F) presented a different pattern of cellular damage with a reduction in the cytoplasmic blebs. IEL has
lost its integrity (*), and was infiltrated by a granulocyte (G). Tunica media was irregular, and there was a marked decrease in the thickness of
IEL. N, nucleus. Uranyl acetate and lead citrate staining. Original magnifications for A, D, F x 3600 and for B, C, E X 9000.
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1989). In the present study, the mediating effect of endothelium on
ISO-induced relaxation is significantly attenuated by long-term
STZ-diabetes. The lower PER in aortae from untreated diabetic rats
determined in the present study clearly suggests that the endothelial
dysfunction present may be related to be reduced EDRF/NQO activity
{Cohen, 1993).

A further interesting observation to emerge from this study is the
effect of chronic STZ-diabetes on ISO-induced relaxations. STZ-
diabetes causes marked elevations in both the sensitivity and the
maximal response to [SO. These findings are inconsistent with the
results of Kamata et al. (1989), who showed that B-adrenoceptor—
mediated relaxation responses of aortic strips were significantly de-
creased in 8-10 week STZ-diabetic rats. The discrepancy between
our results and those of Kamata et al. (1989), is not known but may
be partly due to a difference in the preparation of tissues. The mech-
anism(s) by which chronic STZ-diabetes leads to an increase in
[SO-induced relaxation is not clear. The relaxant response to SNP
does not differ significantly in aortic rings from diabetic and control
rats. Therefore, the increased responsiveness to ISO is not due to al-
tered activity of guanylate cyclase in vascular smooth muscle. Inter-
estingly, STZ-diabetes increases 1SO-induced vascular relaxation
both in the presence and in the absence of endothelium, and this
event occurs in spite of the diabetes-induced endothelial dysfunc-
tion. ISO-induced relaxations are abolished by propranolol, con-
firming the involvement of B-adrenoceptors. Thus, it is possible to
suggest that the increased relaxant response to SO may be linked
to the alterations in the postreceptor events and to the density or
affinity or both of B-adrenoceptors on smooth muscle but not on en-
dothelium.

Free radicals are generated in the cytosol during oxidative reac-
tions, and their increased levels have been well documented in
STZ-diabetic rats (Morel and Chisolm, 1989) and in humans with
diabetes (Nishigaki et al., 1981). These extremely reactive sub-
stances react with lipids within the cell membrane, leading to lipid
peroxidation {Chisolm et al., 1992). It has been proposed that free
radical-induced oxidative damage is central to the development of
micro- and macroangiopathic disease observed in diabetes (Baynes,
1992; Giugliano et al., 1995). In this study, lipid peroxidation was
assessed by measuring the tissue content of MDA, one of the end
products of lipid peroxidation, and we determined the increased lev-
els of MDA in untreated diabetic rats. Thus, the decreased contribu-
tion of the endothelium on ISO-induced relaxation in the untreated
diabetic rat aorta is likely to result from an increased degradation of
EDRF/NO by oxidative reactions rather than from defects in the
other systems. Experimental evidence indicates that free radical-
induced lipid peroxidation can induce endothelial cell injury and
dysfunction (Henning and Chow, 1988; Tasfamariam, 1994). Fur-
thermore, the exaggerated levels of reactive oxygen species in the
vessel wall may also be a reason for the increased responsiveness of
the diabetic aorta to ISO. It is possible that, as a consequence of free
radical-induced oxidative reactions, changes in membrane fluidity
alter membrane-associated processes such as carrier-mediated trans-
port, passive diffusion and ligand-receptor interactions (Freeman et
al., 1986). There is an opinion that lipid peroxidation alters the flu-
idity of the lipid environment crucial to the integrity of receptors
(Ebersole and Molinoff, 1991). On the other hand, Langenstroer
and Pieper (1992) suggested that the chronic STZ-diabetic rat aorta
releases more superoxide anion radical than does the control rat
aorta, resulting in a greater inhibitory effect on the action of sponta-
neously released EDRF/NO. These authors have determined an ele-
vation in catalase in the chronic STZ-diabetic rat aorta with no dif-
ference in the superoxide dismutase or glutathione peroxidase
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activity. They have also suggested that the increase in catalase ac-
tivity teveals increased exposure of the diabetic aorta to hydrogen
peroxide (H,O;), leading to increased relaxation of the diabetic rat
aorta. Therefore, it may be speculated in the present study that long-
term STZ-diabetes promotes H;O, production by dismutating super-
oxide anion and that the increased production of H;O; may be an
appropriate explanation for greater ISO-induced vascular smooth
muscle relaxation by activation of guanylate cyclase. We cannot to-
tally believe that this mechanism is adequate for our model, because
it is not clear at this time how ISO can stimulate the production of
H,O,. Further studies should differentiate these possibilities.

The abnormal vascular reactivity observed in diabetic rats may be
due partially to pathological changes in the vessel wall. Indeed, the
results of the electron microscopy study showing typical abnormali-
ties in the structure of aortic wall strongly support this hypothesis.

Furthermore, we examined the reversal effect of vitamin E on vas-
cular abnormalities observed in STZ-diabetic animals. The treat-
ment normalizes the increased sensitivity of the aorta to ISO in dia-
betic animals. The treatment also completely reverses the increased
ISO-induced relaxation in the presence and absence of endothelium
that is observed only at lower doses of the agonist (107°-107¢ M).
However, the maximum relaxation of the aorta with or without en-
dothelium still remained increased after treatment with vitamin E,
which is significantly different from those of control or untreated di-
abetic rats. One likely explanation for vitamin E's effect may be as-
sociated with its antioxidant properties. Present results support this
possibility because vitamin E can attenuate the lipid peroxidation in
aortae of long-term diabetic rats. It is well known that vitamin E is
the major antioxidant in low-density lipoproteins (LDL) and is
among the first antioxidants to be consumed during LDL oxidation
(Esterbauer et al., 1991; Morel and Chisolm, 1989). Otherwise, the
beneficial effect of vitamin E may be linked to its actions on the
membrane, such as membrane fluidity (Urano et al., 1988). On
the other hand, vitamin E treatment of long-term diabetes does not
appear to improve the endothelial dysfunction completely, because
ISO-induced relaxation was not modified by the mechanical re-
moval of the endothelium, at least at higher doses of the agonist.
Thus, results suggest that prolonged therapy with vitamin E is re-
quired to completely reverse abnormal reactivity and structure of
the diabetic aorta.

In conclusion, ISO-induced relaxation in the aorta partially de-
pends on the existence of intact endothelium. Four-month STZ-dia-
betes induces an increase in ISO-induced relaxation together with
endothelial dysfunction in the rat aorta. Dietary vitamin E during
the last 2 months of STZ treatment partially restores the response
to ISO and the structure of the aorta, and it significantly decreases
the lipid peroxidation levels.
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