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Abstract

Elevated glucose produces alterations in the cardiovascular
system, which affect the health of subjects with these increases,
which affect systems such as the gastrointestinal, since the me-
senteric arteries play an important role for the proper develop-
ment of the individual. These diseases are related and cause great
morbidity and mortality worldwide. Metformin is a biguanide used
to control blood glucose levels. This study assessed the effect of
metformin on arterial tension and endothelial function on rat nor-
mal mesenteric arteries. Arteries incubated in glucose (30 mM)
demonstrated a profoundly impaired endothelium-dependent re-
laxation to acetylcholine. The treatment with metformin (1 mM)
produced the change in the vascular activity, like the control group.
These results indicated that the action of metformin in the vascu-
lar activity is recovered to normal condition, which is important in
patients with diabetes mellitus type 2, already the cardiovascular
alterations were presents in these patients. Glucose modified the
effect of Nitric oxide synthase and CYTP,, decreasing the produc-
tion of Nitric Oxide and hyperpolarizing factor, in arteries relaxed
with acetylcholine, where metformin reversed to normal condi-
tions. On the other hand, the used of metformin plus indometh-
acin produced inhibition on metformin, effects inducing a mayor
inhibition on the vascular relaxation to acetylcholine. Also, met-
formin presented a minimum effect on K* channels, when are in-
activated with TEA, recovering of manner partial the action of this
channel, increased relaxation effect by acetylcholine. Metformin
effect is not due to osmotic control or oxidative stress. An impor-
tant effect is the use of analgesics such as indomethacin, which
produces dysfunction of the vascular endothelium, generating the
presence of diseases due to the state of hypertension obtained in
the mesenteric arteries, affecting the proper functioning of the
gastrointestinal system, decreasing the uptake of nutrients and
presenting various diseases.
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Introduction

Vascular diseases are the mayor cause of mobility and
mortality in patients with high glucose, as patients with type
2 diabetes mellitus (non-insulin-dependent Diabetes Mellitus,
DM2), but is not fully explained by the presence of traditional
cardiovascular risk factors [1-37]. In this sense, the interaction
of multiple metabolic, genetic, and other factors results in mi-
crovascular complications during diabetes [38-42]. There is vari-
ability in the susceptibility to microvasculature disease which in
individual patients, cannot be predicted from the glycemic pat-
tern [21,37]. Studies in vitro determinate the effects of glucose
on dependents responses of endothelium and the productions
of vasoactive prostanoids realized in aortas of normal rabbits
in high glucose (25 and 44 mM for 6 and 12 hrs), in comparison
with control group (glucose 25 mM or 11 mM), these effects
produced dysfunctions of muscarinic receptors that produced
dependent relaxation of endothelium, then producing increase
in the vasoconstrictors prostanoids for activations of the PKC. In
this sense, mannitol as an osmolar control, produced a similar
relaxation to arteries relaxed with acetylcholine with a normal
concentration of glucose [39]. Seven days of exposition in high
glucose (25 mM); on endothelial coronary cells of human pro-
duced the decrease of nitric oxide production. One-hour incuba-
tion of aorta rings of control group with high glucose (30 mM),
produced decrease of nitric oxide production, alternated the ac-
tivity of the GMPc, with consequent decrease of vasorelaxation
[38]. A variety of oral active antihyperglycemic agents are fre-
quently used to help the manager of intolerance and resistance
of glucose of patients with type 2 diabetes mellitus. Metformin,
a biguanide, has been shown to improve insulin resistance and
lower blood pressure in hypertensive patients [1-7]. In addition,
metformin improves lipid profiles and lowers blood pressure in
patients and animal models with impaired glucose tolerance
and type 2 diabetes mellitus [1-3,5,15]. Metformin has also
been shown to have direct vascular effects. Thus, it is currently
not clear whether the hypotensive effect of metformin is due to
a direct vascular effect, its ability to improve insulin sensitivity,
its ability to improve lipids, or a combination of mechanisms.

The aim of the present study was: (i) to assess the hypoten-
sive effect of metformin on the vasorelaxation on rat mesentery
arteries, incubated with high concentrations of glucose; and (ii)
to investigate the possible mechanisms involved.

Materials and methods

All procedures and handling of the animals were om accor-
dance with Mexican Federal Regulations for animal Experimen-
tation and Care (NOM-'62-Z00-1999, Ministry of agriculture,
Mexico). Adult (250-300 g) male Sprague Dawley rats were
killer by asphyxia with CO,. Then, the mesenteric arteries were
removed and rapidly placed in Krebs-Ringer solution. Of the fol-
lowing composition (mM): NaCl (118.3), KCI (4.7), CaCl, (2.5),
MgSO, (1.2), KH,PO, (1.2), NaHCO, (25), D-glucose (11.1), Eth-
ylenediamine-Tetra-Acetic Acid disodium salt (EDTA) (0.026). A
section of the third branch mesenteric artery (internal diam-
eter of approximately 250 um) was dissected, and cleaned of
fat, blood and connective tissue under a light microscope and
horizontally mounted in organ bath chambers containing 10 mL
Krebs solution at 37°C. The solution was continuously bubbled
with 95% 0,-5% CO,, resulting in a pH of 7.4. Changes in arte-

rial tension were recorder isometrically by a force-displacement
transducer (Model 500A with software Myosight version 1.21
(JP Trading Co., Aarhus, Denmark). The dates were registered
on a computer and were reported as changes in the tension.
Arteries were incubated for 30 min with glucose at 5.8 mM for
the control group or with 30 mM in the high glucose group, be-
fore the arteries were contracted with phenylephrine (1 M) and
relaxed with Ach (10° to 10 M).

Experimental protocols

In separate groups of experiments, the arteries were incu-
bated for 30 minutes with solutions containing normal (5.8
mM) or high concentration (30 mM) of glucose, in presence
or absence of metformin (I uM). The mesenteric arteries were
pre-contracted with Noradrenaline (NE, 1 uM), and the effect
of Acetylcholine (Ach, 10° to 10* M) was determinate. Dose-
responses curve to the effects of endothelium-dependent
(acetylcholine, Ach) and independent (Sodium Nitroprusside,
SNP) agents, were constructed. Additional experiments were
performed in the presence of L-NAME (competitive inhibitor of
nitric oxide synthase, 10® M); TEA (Tetraethylammonium, non-
specific K+ channel inhibitor, 10 mM); clotrimazole (inhibitor of
the CYTP,., 10°M) indomethacin (inhibitor of the COX2, 10°
M); or losartan AT1 receptor inhibitor, 10 M), simultaneously
with high glucose (30 mM) and metformin (1 uM). Additional
experiments were realized with ascorbic acid (85 uM), to de-
terminate the effect of oxidative stress, or sucrose (30 mM), as
osmotic control, in comparison with high glucose (30 mM).

Glucose concentrations

The glucose concentrations used in the present study cor-
responding to previous reports [31,38], where were proved 30
mM of glucose for 1 hour. These concentrations are presents
in patients with DM2. On the other hand, to determinate the
possible mechanism of action of metformin, we needed high
concentrations of glucose. We realized determinations with glu-
cose 10 and 30 mM at 30 and 60 minutes of incubation, where
we observed that the mayor effects was with glucose 30 mM at
30 minutes of incubation (dates not shown).

Drugs

All chemicals were obtained from Sigma (St. Louis, MO,
USA). Metformin was kindly donated by Merck laboratories,
acetylcholine and D-glucose from Sigma. The Chemicals were
prepared as stock solutions dissolved in control solution. Fresh
solutions were prepared for each experiment. The doses of all
compounds refer to their free base.

Statistical analysis of data

All values obtained represent the mean = S.E.M. In all the
experiments, n equal the number of rats from which the mes-
enteric segments were obtained. The statistical comparations
were made by one-way ANOVA and a Turkey post-hoc test to
determinate significant differences. All cases a p value < 0.05
was considerate statistically significant.

Effects of glucose in relaxation

Initial levels of vascular tone were similar in all experimen-
tal groups (relaxation of Ach (10° to 10* M), control group. On
Figure 1A the control group as the baseline values are showed.
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The effects of high glucose (30 mM), produced alteration on the
vasorelaxation to acetylcholine (10° to 10* M), decrease of 20%
with respect to control group (p<0.5). On the other hand, the
time of incubation with high glucose 30 minutes, produced dif-
ferences with respect to control group, decrease of 20% in the
relaxation (p<0.05).

Effects of metformin

The effects of metformin on the arterial vasorelaxation in-
cubate with high glucose (30 mM for 30 minutes), is shows on
the Figure 1A, we observed that metformin decreased the high
glucose effect, increased the relaxation at Ach (10° to 10* M)
at normal values. Metformin did not modify vasorelaxation by
Ach, in arteries incubated with normal glucose (5.8 mM) (Figure
1B). Metformin (10° to 10* M) did not modify vasorelaxation
with respect at control group (data not shown).

Effect of endothelium

Figure 2A shows the participation of vascular endothelium
on metformin effect. The arteries without endothelium pro-
duced a similar effect of high glucose (30 mM), and there were
no differences with sodium nitroprusiate (10° to 10* M) relax-
ation. Sucrose (30 mM) did not modify vasorelaxation by Ach
(10° to 10* M), without differences with respect to control
group (glucose 5.8 mM) (Figure 2B).

Effect of L-NAME, losartan or indomethacin

L-NAME (a nitric oxide synthase inhibitor, 10® M) (Figure 3A
and B), losartan (an inhibitor AT1 receptor, 10° M) (Figure 3C
and D) or indomethacin (inhibitor of the COX, 10-5M) (Figure 3E
and F), did not modify the action of metformin on relaxation by
ACh with high glucose (30 mM). On normal glucose conditions
(5.8 mM). We are determinate that losartan did not involve in
the mechanisms of the action of metformin. L-NAME inhibited
the metformin action in high glucose, it indicates that L-NAME
has an interaction with NOS, that low the bioavailability of NO,
producing the decrease of relaxation to acetylcholine.
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4 Figure 2: Effect of metformin (MET; 1 uM, A) on the high glu-
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Figure 4: Effect of tetraethylammonium (TEA, 10 mM, Panel A, normal \\
glucose (5.8 mM, 0, glu 5.8 mM + TEA, e, and glu 5.8 +TEA + MET, A ), Panel
B high glucose (30 mM, o, glu 30 mM + TEA, e, and glu 30 + TEA + MET, A))
and clotrimazole (CHR, 1uM, Panel C, normal glucose (5.8 mM, o, glu 5.8
mM + CHR, e, and glu 5.8 +CHR + MET, A), Panel D high glucose (30 mM,
0, glu 30 MM + CHR, e, and glu 30 + CHR + MET, A), on metformin effect
(MET, 1uM), on mesenteric artery rings precontracted with phenylephrine
(1 uM) relaxed with acetylcholine (10°-10*M). Data are expressed as per-
centage of the basal tension. In all panels, each point represents the media
| ts.e.m. (n=6). ¥*p<0.05 vs high glucose. )
o /

Effect of tetraethylammonium and clotrimazole

The Figure 4A y C show the effect of tetraethyl Ammonium
(potassium channel inhibitor, 10® M) and Clotrimazole (cyto-
chrome P450 inhibitor, 10° M) in glucose 5.8 M, produced de-
crease of relaxation to Ach (107 to 10* M) in approximately 20%
with respect to control group (glucose 5.8 mM) respectively.
High glucose (30 mM) group presented similar effects with re-
spect to normal glucose group (5.8 mM), (Figure 4B and D). In
contrast, in the high glucose (30 mM) and metformin (10-® M)
incubation, produced an inhibitory effect and reverted to nor-
mal glucose levels, This results indicates that metformin action
is due to the CYP,_, increasing the production of the hyperpo-
larizing factor, recovering the relaxation to acetylcholine and
inhibiting the effects of high glucose.

Discussion

The results taken together, demonstrate that metformin
leads to protective effect on the vasodilatation endothelium de-
pendent of the rats normal mesenteric arteries, observed after
acute exposure to high glucose concentrations corresponding
to postprandial levels in patients with type 2 diabetes. We used
the in vitro experimental model of isolated mesenteric arter-
ies, which represents the major functionality of the circulatory
system, and is a useful tool to evaluate a disease, as diabetes,
that produces important alterations on the arterial pressure.
The used of these preparations it has been demonstrated by
Mulvany et al. [18,33,34], on various studies on the function
of the micro vessel in different physiological and biochemicals
aspects of the cardiovascular function.

Studies in vitro of high glucose effects on endothelium de-
pendents responses and the productions of vasoactive pros-
tanoids realized on aortas of normal rabbits (25 and 44 mM for
6 and 12 hrs), with control group (glucose 25 mM or 11 mM),
indicated that glucose modified endothelium dependent relax-
ation where muscarinic receptors are involved, via the increase

in prostanoids vasoconstrictors by activations of the PKC. Man-
nitol produced a relaxation similar in arteries relaxed with ace-
tylcholine with a normal concentration of glucose [36,39].

This model can demonstrate the control of the arterial pres-
sure in a pathological condition as diabetes, without interac-
tions of the influence neuro-humoral and the blood cell. Gomes
[25] demonstrated that metformin produced protection of high
glucose effect on rabbit isolate perfused kidneys, restore the va-
sorelaxation by Acetylcholine. Gomes demonstrated that high
glucose modified the nitric oxide effect, producing a relaxation
decreased. Ozyazgan in 2001 [35] demonstrated that metfor-
min produced protective effect on endothelial dysfunction in
the rat thoracic aorta. The directly vascular effect of metformin
was due to the action of both endothelium and vascular smooth
muscle [27]. Several studies proposed the cellular mechanisms
that involved the action of the metformin, such as a diminution
of calcium in the vascular smooth muscle and a decreased of re-
active oxygen species and vasodilation of NO-dependent, which
results in increased of NO bioavailability [20,22,27,32,40]. We
realized experiments with mesenteric arteries of male rats, in
order to avoid hormonal effects, that existing between male
and female, which are in relationship with the vascular activity.

Metformin has been shown to induced directly effect on the
blood vessel wall, increasing the vasodilatation and diminution
of the hypertensive activity in animal with high blood pressure
[19,43], and patients [29]. The result of the present study in-
dicated that the high concentration of glucose (30 mM), is on
the range of patients and animal model after the oral adminis-
tration of glucose (postprandial hyper-glycemic), that produced
alterations in the vascular relaxations, therefore as the time of
exposition to high glucose (30 minutes), where there are not
differences in the vascular relaxation. For this, we realize experi-
ments with high glucose 30 mM and 30 minutes of incubation.
On the other hand, the effects of metformin (10°M) on high
glucose (30 mM), produced inhibitions on vascular reactivity
by high glucose, responding to normal values. We determined
if the glucose effect was not for changes in the osmolarity,
through the use of sucrose (30 mM), where we determinate
that relaxation was directly effect by glucose. Metformin did
not produced changes in relaxation to acetylcholine in normal
conditions (5.8 mM). Metformin induces a direct effect on the
vascular endothelium, in view that in presence of endothelium
the high glucose effect is reverted.

Metformin inhibited the action of high glucose, producing
the recovering of the nitric oxide effect, when we utilized L-
NAME it produced an inhibition of metformin effect, but the
action of indomethacin produced interaction with metformin,
already metformin did not revert the effect of high glucose.
Bhalla in 1996 [19] reported that metformin can also increases
the NO production in the absence of NOS activity via alternative
metabolic pathway in the vascular smooth muscle.

In endothelial cells of human and animals, the hyperglyce-
mic produced an increased in the expression of the nitric oxide
synthase but decreased nitric oxide [26,38]. Endothelial coro-
nary cells of human, in exposition for 7 days in high glucose (25
mM), produced diminutions of production of the nitric oxide. In
aorta rings of normal rats with high glucose (30 mM) for 1 hour,
diminutions of the production of nitric oxide alternated the
activity of the GMPc, inducing relaxation [38]. High glucose on
arterioles of normal rats (30 and 50 mM for 1 hours), produced
decrease of relaxation to acetylcholine, but indomethacin re-
stored the relaxation to acetylcholine [31].
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The infusion of 300 mg/dL i.v. of glucose for 6 hours in health
human produced a decrease of relaxation to methacholine in
the period of hyperglycemic. The acute hyperglycemic alter-
nated the relaxation endothelium depend in health humans in
vivo. The high glucose produced endothelial dysfunction in pa-
tients with diabetes mellitus [28].

Feletou 2004 [23], indicated that prostanois and EDHF (en-
dothelium derived hyperpolarizing factor) could be implicated
in the vascular relaxation. In this context, the result of the pres-
ent study, demonstrated that high glucose (30 mM) interaction
with CYTP,., produced decrease of acetylcholine relaxation,
were metformin reverted the effect. On the other hand, met-
formin on the TEA (a nonspecific K+ channel inhibitor) effect,
activated K*-channels, inhibiting TEA effect on glucose 5.8 mM.
However, this effect is not related to the action of metformin.
This effect is relevant because K*-channels play an important
role on the vascular relaxation. On the vascular endothelium
are three mechanisms that are involve on the ON relaxation,
prostacyclin and hyperpolarizing factor endothelium derived,
that produced most of 90% of relaxation to acetylcholine (dates
not show). These mechanisms are alternated with high glucose
but is most important the effect that produces on the NOS and
cytochrome P, , producing decreases of the relaxation by vas-
cular endothelium.

Conclusion

Metformin restored normal activity of vascular endothelium
of mesenteric arteries in high glucose (30 mM), we were deter-
minate that glucose interacted with NOS; this interaction pro-
duced a decrease o-f NO bioavailability, and with cytochrome
P, produced decrease vasorelaxation to acetylcholine. The
effect of metformin is on the vascular endothelium and only
in conditions of high glucose, already that in normal condition
(glucose 5.8 mM), the metformin did not produce changes at
acetylcholine vasorelaxation. Also, metformin presented mini-
mum effect on K* channel when were inhibited to TEA in normal
condition and high glucose. These mechanisms are important,
already that metformin had a protective action of high glucose
in patients with diabetes mellitus type 2, these patients could
have hypertensive events, with high frequency of death. These
effects can be caused by the uncontrolled use of analgesics
such as indomethacin, generating dysfunction of the vascular
endothelium, increasing hypertensive events that affect health
when glucose increases occur. The use of analgesics can cause
the vascular endothelium to present a long-term dysfunction,
affecting the health of the subjects.
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