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High glucose induces cell death of cultured human aortic smooth

muscle cells through the formation of hydrogen peroxide
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1 Alterations of the vessel structure, which is mainly determined by smooth muscle cells through
cell growth and/or cell death mechanisms, are characteristic of diabetes complications. We analysed
the influence of high glucose (22 mM) on cultured human aortic smooth muscle cell growth and
death, as hyperglycaemia is considered one of the main factors involved in diabetic vasculopathy.

2 Growth curves were performed over 96 h in medium containing 0.5% foetal calf serum. Cell
number increased by 2—4 fold over the culture period in the presence of 5.5 mM (low) glucose, while
a 20% reduction in final cell number was observed with high glucose. Under serum-free conditions,
cell number remained constant in low glucose cultures, but a 40% decrease was observed in high
glucose cultures, suggesting that high glucose may induce increased cell death rather than reduced
proliferation. Reduced final cell number induced by high glucose was also observed after stimulation
with 5 or 10% foetal calf serum.

3 The possible participation of oxidative stress was investigated by co-incubating high glucose with
different reactive oxygen species scavengers. Only catalase reversed the effect of high glucose.
Intracellular H,O, content, visualized with 2’,7'-dichlorofluorescein and quantified by flow
cytometry, was increased after high glucose treatment.

4 To investigate the cell death mechanism induced by high glucose, apoptosis and necrosis were
quantified. No differences were observed regarding the apoptotic index between low and high
glucose cultures, but lactate dehydrogenase activity was increased in high glucose cultures.

5 In conclusion, high glucose promotes necrotic cell death through H,0, formation, which may

participate in the development of diabetic vasculopathy.
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Introduction

Hyperglycaemia has been identified as the main factor
contributing to the development of vascular diseases associated
to diabetes mellitus (The Diabetes Control and Complications
Trial Research Group, 1993; Stratton et al., 2000), although the
mechanisms linking high glucose levels and diabetic vasculo-
pathy are not well defined. In the last years, however, an
increasing number of reports point at enhanced oxidative stress
as a key factor in the development of vascular abnormalities in
diabetes (Baynes, 1991; Giugliano et al., 1996). In this way, high
glucose either by itself or through mechanisms of nonenzymatic
glycosylation may favour an enhanced production of reactive
oxygen species (ROS), such as superoxide anions, hydrogen
peroxide or hydroxyl radicals (Giugliano et al., 1996).

In addition to exhibiting impaired vasoactive function (De
Vries et al., 2000), diabetic vessels may undergo changes in
their structure due to remodelling processes. Such remodelling

*Author for correspondence at: Departamento de Farmacologia,
Facultad de Medicina, Universidad Auténoma de Madrid, ¢/
Arzobispo Morcillo, 4.28029 Madrid, Spain;

E-mail: concha.peiro@uam.es

processes are mainly determined by alterations in the rates of
vascular smooth muscle growth (proliferation or hypertrophy)
and vascular smooth muscle death (necrosis or apoptosis),
together with extracellular matrix expansion (Rasmussen &
Heickendorff, 1989; Rumble ez al., 1997, Fukumoto et al.,
1998). Once established, these structural alterations, which are
related to vascular diseases like atherosclerosis or vascular
hypertrophy (Soulis et al., 1999), accrue cardiovascular
morbidity and mortality in diabetic patients.

In this way, there are previous reports indicating that high
glucose may influence vascular remodelling as it can modify
the rate of cell growth and cell death of different cell types of
the vasculature, like pericytes, endothelial cells or smooth
muscle cells (Chibber er al., 1994; Graier et al., 1995;
Yasunari et al., 1996). Additionally, a growing number of
reports suggest a role for ROS as modulators of vascular
smooth muscle growth by promoting either cell proliferation
both in vivo and in vitro (Konneh et al., 1995; Li et al., 1997)
or cell hypertrophy (Peir6 et al., 1998). In addition, ROS can
also induce cell death in vascular smooth muscle through
different mechanisms (Li et al., 1997).
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To date most of the studies designed to analyse the effect
of high glucose on vascular smooth muscle cell growth and
cell death parameters have been performed using cells derived
from different experimental animal models. In the present
work, we aimed to analyse the influence of high glucose levels
on cell growth and death using vascular smooth muscle
cultures derived from human vessels, with special focus on
the possible role of ROS.

Methods
Cell culture

Human aortic smooth muscle cell (HASMC) cultures were
obtained by enzymatic dissociation of the aortas obtained
from three organ donors (age, 37+3 years) at Hospital
Universitario de Getafe, according to Spanish legal disposi-
tions. The aortic fragments were cleaned free of the adventitia
layer and the endothelium was removed by gently rubbing
the lumen of the vessel. The fragments were then cut into
small pieces and digested by incubation for 90 min in
Dulbecco’s Modified Eagle’s Medium (DMEM; Biological
Industries, Beit Hamek, Israel) containing 0.1% BSA (Sigma
Chemical Co., St. Louis, Missouri, U.S.A.) and 4 mg ml~'
collagenase (type II, Sigma Chemical Co.). After washing
twice with fresh DMEM, the resulting cell suspension was
plated onto 25-cm? culture flasks (Costar-Corning, New
York, U.S.A.) in DMEM containing 10% foetal calf serum
(FCS; Biological Industries), 100 ug ml~' streptomycin,
100 u ml~" penicillin, and 2.5 ug ml~' Amphotericin B
(Sigma Chemical Co.). Cell characterization was performed
based on both cell morphology and indirect immunofluores-
cence staining of o-smooth muscle actin, as previously
described by others (Dubey et al., 1992). At confluence,
HASMC were passaged using a 0.02% EDTA-0.05% trypsin
solution and split in a 1:2 ratio. In the present study,
cultures between passages 2 and 10 were used.

Cell counting

HASMC were cultured into 24-well culture plates for 96 h in
DMEM containing 0.5% FCS and either 5.5 mM or 22 mM
glucose. For each experiment, the culture medium, either
alone or containing different drugs, was renewed every 24 h.
At different time points, cell number per well was determined
by fixing cultures with 1% glutaraldehyde followed by cell
nuclei staining with a 1% crystal violet solution (Fluka,
Buchs, Switzerland), as previously described (Peir6d et al.,
1995). After extensive washing with deionized water, crystal
violet was extracted from cells with 10% acetic acid and the
resulting colour was quantified by measuring absorbance at
595 nm with an EL-340 automated microplate reader (Bio-
Tek Instruments, Winooski, Vermont, U.S.A.). A standard
curve was carried out to establish a relationship between
absorbance and cell number per well (r=0.98).

Intracellular hydrogen peroxide (H>0>) detection
HASMC plated into glass coverslips inserted into 24-well

plates were cultured as described above. When confluent,
HASMC were loaded with 30 uMm of the H,O,-sensitive

fluorescent probe 2',7'-dichlorofluorescein diacetate (DCF-
DA; Molecular Probes, Leiden, The Netherlands) for 4 h at
37°C. Once inside the cell, nonfluorescent DCF-DA is
deacetylated enzymatically by cellular esterases to 2',7'-
dichlorofluorescein (DCF), which remains trapped in the cell.
DCEF fluoresces in the presence of intracellular peroxides. After
loading, HASMC were washed with phosphate-buffered saline
and treated with 5.5 mM glucose or 22 mM glucose for 24 h.
As a positive control, H,O, (1 mM) was added to some wells
incubated with 5.5 mM glucose 10 min before the end of the
treatment. Intracellular fluorescence was then quantified using
a FACScan (Becton Dickinson, Franklin Lakes, New Jersey,
U.S.A.) and visualized with an Eclipse TE300 epifluorescence
microscope (Nikon, Tokyo, Japan), using an excitation
wavelength of 485 nm and an emission wavelength of 530 nm.

Determination of apoptosis

Apoptotic HASMC were identified based on chromatin
morphology, as previously described (Peird er al., 2000).
Briefly, at the indicated time periods, the chromatin binding
dye Hoescht 33342 (Molecular Probes) was added to cell
cultures at a concentration of 5 uM for 30 min at 37°C.
Afterwards, HASMC were collected together with the cell
supernatants, centrifuged, and the resulting cell pellet was
resuspended in FCS-containing medium. Cell nuclei were
observed using an epifluorescence microscope at 40 x magni-
fication. Nuclei showing chromatin margination or fragmen-
tation were considered apoptotic. For every treatment, 500
nuclei from random microscopic fields were counted by a
blinded observer.

As another method to identify apoptotic cells, the terminal
deoxyribonucleotidyl transferase-mediated dUTP-digoxigenin
nick-end labelling (TUNEL) assay was performed using a
commercial kit (Oncor, Gaithersburg, MD, U.S.A.), as
previously described (Peir6 et al., 2000). Nuclei were
counterstained using mounting medium containing 1 uMm
4’,6-diamidino-2-phenylindole (DAPI; Molecular Probes).
For every treatment, 500 nuclei from random microscopic
fields were observed under fluorescence microscopy by a
blinded observer.

Lactate dehydrogenase release

As a marker of cytotoxicity, lactate dehydrogenase (LDH)
was measured in the supernatant of HASMC submitted to
the different experimental conditions. LDH was quantified as
absorbance at 490 nm using a commercial kit (Boehringer
Mannheim, Mannheim, Germany). A standard curve was
performed to relate absorbance with LDH activity, using
known concentrations of commercially available LDH.
Maximum LDH release was calculated in cultures lysed with
1% Triton X-100.

Drugs

Superoxide dismutase (EC 1.15.1.1) from bovine erythrocytes,
catalase (EC 1.11.1.6) from bovine liver, L-lactic dehydro-
genase from porcine heart (EC 1.1.1.37), D-mannitol, N,N'-
dimethylthiourea, deferoxamine mesylate and, unless other-
wise stated, all other reagents were purchased from Sigma
Chemical Co.
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When the growth curves were reproduced using FCS-free
DMEM supplemented with 0.1% BSA, cell number per well
was not significantly modified over the culture period in low
glucose cultures (P>0.05, ANOVA; Figure 1B). On the
contrary, a significant decrease in cell number, particularly
within the 48-96 h period, was observed in HASMC
cultured with high glucose (P<0.05, ANOVA; Figure 1B).

To assess whether high glucose exerted a similar inhibitory
effect on final cell number in the presence of more potent
proliferative stimuli, growth curves were performed using
growing concentrations of FCS (0.5, 5 and 10%). As shown
in Figure 2, there was a FCS concentration-dependent
increase in final cell density (P<0.05, ANOVA). However,
for every FCS concentration, treatment with high glucose
resulted in a significant reduction of final cell number
(P<0.05, r-test).

Role of hyperosmolarity in the decrease in cell number
induced by high glucose

To clarify whether the effect of high glucose on cell counting
was a consequence of hyperosmolarity, the growth curves in
response to 0.5% FCS were reproduced using DMEM
containing 5.5 mM glucose plus 16.5 mM sucrose. After 96 h
of culture, sucrose did not significantly modify the cell
number per well obtained in the presence of low glucose,
whereas, again, high glucose diminished cell number by
around 20% (Figure 3).

Role of ROS in the decrease in cell counting induced by
high glucose

To study whether ROS were participating in the decrease in
cell counting induced by high glucose, cell counting was
performed after 96 h of culture in medium containing 0.5%

Time (hours)

Figure 1 Effect of 5.5 and 22 mMm glucose on human aortic smooth
muscle (HASMC) cell counting. (A) HASMC were cultured up to
96 h in culture medium containing 0.5% FCS. Under both glucose
concentrations, there was an increase in cell number per well over
the culture period (P<0.05, ANOVA). (B) Similar experiments were
performed using serum-free culture medium. Cell number per well
was unmodified in low glucose cultures over the culture period,
whereas decreased final cell number was observed in high glucose
cultures (P<0.05, ANOVA). Data are expressed as mean+s.e.mean
of three independent experiments. *P<0.05 versus low glucose, -
test.

FCS and high glucose supplemented with different ROS
scavengers. Figure 4A shows that superoxide dismutase
(200 u ml~") did not significantly alter the effect of high
glucose on cell counting. Similarly, neither deferoxamine
(10 um), mannitol (1 mM) or dimethylthiourea (1 mm) did
modify the effect of high glucose (Figure 4A). On the
contrary, catalase (200 u ml~') completely reversed the effect
of high glucose, yielding a cell number per well similar to that
obtained in low glucose cultures (Figure 4A). Indeed, as
shown in Figure 4B, the addition of H,O, (10 uM) to low
glucose medium mimicked the effects of high glucose
(87.994+1.92% and 81.73+3.79% of cell number obtained
with low glucose alone, respectively; P<0.05, n=4). The
effect of H,O, was abolished by co-incubation with
200 u ml—' catalase (Figure 4B).

Intracellular content of H>0,
The fluorescent probe 2',7'-dichlorofluorescein was used to

detect intracellular levels of H,O,. As shown in Figure 5A,
after 24 h of incubation, intracellular fluorescence was
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Figure 2 Effect of 5.5 and 22 mM glucose on human aortic smooth
muscle (HASMC) cell counting after 96 h of stimulation with 0.5, 5
or 10% FCS. Under both glucose concentrations there was a
concentration-dependent increase in final cell number per well
(P<0.05, ANOVA). For every FCS concentration, final cell number
per well was diminished in the presence of high glucose. *P<0.05
versus low glucose, 7-test. Data are expressed as mean+s.e.mean of
three independent experiments.
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Figure 3 Role of hyperosmolarity on the effect of high glucose on
cell counting. Human aortic smooth muscle cells were cultured up to
96 h in medium containing 0.5% FCS. Data are expressed as
mean +s.e.mean of three independent experiments. *P <0.05 versus
low glucose, -test.

around 1.5 fold higher in HASMC cultured with high glucose
medium compared with HASMC cultured with low glucose
(20.304+4.97 versus 13.05+2.2 arbitrary fluorescence units;
P<0.05, n=4). Co-incubation with catalase (200 u ml™')
reduced high glucose-induced fluorescence levels to
1.434+0.05 arbitrary units (P<0.05, n=4). When H->O,
(1 mmM) was added to low glucose cultures as a positive
control, fluorescence levels were markedly increased
(135.11+7.72 arbitrary units; P<0.05, n=4). Figure 5B
shows the changes in intracellular fluorescence as viewed
under a fluorescence microscope.
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Figure 4 (A) Effect of different reactive oxygen species scavengers
on the decrease in cell counting induced by high glucose. Human
aortic smooth muscle cells were cultured for 96 h in medium
containing 0.5% FCS and 22 mMm glucose either alone or
supplemented with 200 u ml~! superoxide dismutase (SOD),
200 u ml~' catalase (CAT), 10 um deferoxamine (DEF), 1 mm
mannitol (MAN) or | mM dimethylthiourea (DMTU). (B) Effect of
H>0, (10 um) either alone or in the presence of 200 u ml~' catalase,
on cell counting after 96 h of culture in medium containing 0.5%
FCS and 5.5 mm glucose. The effect of 22 mm glucose on cell
counting is also shown. Data are expressed as mean+s.e.mean of
three independent experiments. *P <0.05 versus low glucose, -test.

Proapoptotic and cytotoxic effects of high glucose on
HASMC

To assess whether high glucose induced HASMC cell death
through an apoptotic mechanism, apoptotic cells were
quantified by chromatin staining and TUNEL in both low
and high glucose cultures. As shown in Table 1, high glucose
did not modify the number of apoptotic nuclei, as assessed by
chromatin morphology. Used as a positive control, thapsi-
gargin, an endoplasmic reticulum calcium ATPase inhibitor,
used at a concentration of 1 uM markedly enhanced the
number of apoptotic nuclei. In the same way, the number of
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labelled nuclei by the TUNEL assay after 72 h of culture was
significantly enhanced in thapsigargin-treated HASMC but
not in high glucose cultures compared to low glucose cultures
(Table 1).

However, when necrotic cell death was evaluated by the
release of LDH in the culture supernatant over the 96 h
culture period, high glucose supernatants were found to
contain significantly higher levels of LDH than low glucose
supernatants (P<0.05, ANOVA; Figure 6). This higher
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Figure 5 (A) Representative diagram of intracellular H,O, quanti-
fied by flow cytometry in human aortic smooth muscle cells loaded
with the fluorescent probe 2',7'-dichlorofluorescein and cultured with
medium containing either 5.5 mMm glucose, 22 mm glucose, 1 mm
H>0, or 22 mM glucose plus 200 u ml~" catalase. (B) Intracellular
H,0, content as visualized by epifluorescence microscopy in the
aboved described culture conditions.

release of LDH could be observed at every time point
analysed (P<0.05 between 5.5 and 22 mM for every time
point, z-test).

Discussion

Hyperglycaemia has been identified as the main factor
contributing, either through direct or indirect mechanisms,
to the pathogenesis of vascular disease in diabetes by
producing biochemical and metabolic alterations that lead
to both functional and structural alterations in diabetic
vessels (The Diabetes Control and Complication Trial
Research Group, 1993; Stratton et al., 2000). Vascular
remodelling in diabetes, as the result of alterations in the
rates of vascular smooth muscle growth and/or death,
together with extracellular matrix expansion, contributes to
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Figure 6 Quantification of lactate dehydrogenase (LDH), as a
marker of necrosis, in the supernatant of human aortic smooth
muscle cells cultured for 96 h in medium containing 0.5% FCS and
5.5 or 22 mM glucose. The release of LDH over the culture period
was significantly enhanced in cultures containing high glucose levels
(P<0.05, ANOVA). Results are expressed as percentage of maximal
LDH release obtained after cell lysis with 0.1% Triton X-100. Mean
basal LDH release in the presence of 5.5 mMm glucose was
10.09+0.31 muml~'. Data represent mean-+s.e.mean of three
independent experiments. *P <0.05 versus low glucose, r-test.

Table 1 Quantification of apoptosis in human aortic smooth muscle cell cultures submitted to low or high glucose concentrations

% apoptotic nuclei % TUNEL-
(chromatin morphology ) labelled cells
48 h 72 h 96 h 72 h
Glucose 5 mMm 0.96+0.5 0.16+0.07 0.10+0.03 0.19+0.1
Glucose 22 mMm 1.36+0.7 0.30+0.12 0.08+0.05 1.48+0.2
Thapsigargin 33.8+9.4%* ND ND 11.20+1.5%

Apoptotic cells were identified by either nuclear chromatin morphology after staining with Hoescht 33342 or TUNEL. Thapsigargin
(1 um) was used as a positive control for apoptosis induction. Results are expressed as mean+s.e.mean of three independent

measurements. *P<0.05 versus 5.5 mM glucose. ND, not determined
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cardiovascular disease, one of the main complications of
long-term diabetes (Nathan, 1993).

In the present work, experimental evidence is presented,
indicating that upon incubation of HASMC in a hypergly-
caemic medium (22 mM), cell counting after 96 h of
stimulation with 0.5% FCS was significantly lower than that
observed in normoglycaemic conditions (5.5 mM). Such a
difference was due to a reduced up-shift in cell number,
particularly during the 48—96 h period. The effect of high
glucose could not be attributable to hyperosmolarity, as
HASMC cultured with 5.5 mM glucose plus 16.5 mM sucrose
(osmolarity control) did not mimic the effect of high glucose.

This inhibitory effect of high glucose on final cell density
was also observed in the presence of higher proliferative
stimuli (5 and 10% FCS). However, we chose the 0.5% FCS
concentration to study the mechanisms underlying the effect
of high glucose, as in HASMC cultures this FCS concentra-
tion yielded a 2 fold increase in cell number all over the
experimental period, compared to a 15-20 fold increase
observed in the presence of 5 or 10% FCS. As the replication
rate of adult vascular smooth muscle cells in the vessel wall in
vivo is quite low (Jackson & Schwartz, 1992), the 0.5% FCS
concentration could be more appropriate to investigate the
effects of high glucose on HASMC.

A first mechanism that could account for the reduced cell
counting observed under hyperglycaemic conditions could be
a retarded growth rate of HASMC. Indeed, in other vascular
and non- vascular cell types, like endothelial cells (Umeda et
al., 1991; Graier et al., 1995; La Selva et al., 1996), retinal
pericytes (Chibber et al., 1994) or mesangial cells (Trachtman
et al., 1994), a delayed replication rate has been described
when cultured in the presence of high glucose concentrations.
Concerning VSMC, however, some previous reports have
shown an opposite effect for high glucose, which has been
mainly identified as a growth promoter for vascular smooth
muscle obtained from rat, pig or rabbit (Graier et al., 1995,
Yasunari et al., 1996; 1997; Sharpe et al., 1998). In the
present study, however, high glucose did not behave as a
growth promoter for HASMC. A possible explanation for
such different effects may reside in the experimental protocol.
Thus, Yasunari et al. (1996) pre-incubated rat VSMC in high
glucose up to two passages prior to the experiments to mimic
chronic hyperglycaemia, while the aim of the present work is
to study a more acute model of hyperglycaemia. However, it
is also possible that the different effect of high glucose may be
due to a different behaviour of VSMC of human origin.
Indeed, most of the previous work performed without high
glucose pre-incubation has shown a proliferative effect of
high glucose for vascular smooth muscle cultures but in all
cases VSMC were derived from non-human species (Graier et
al., 1995; Yasunari et al., 1997; Sharpe et al., 1998).

A second mechanism that could explain the reduced cell
counting induced by hyperglycaemia is that high glucose may
not decrease the proliferation rate of HASMC, but rather
promote HASMC death, therefore impairing the balance
between both mechanisms. The results obtained in our
experimental conditions suggest that this is likely to be the
case. Indeed, cell counting performed in serum-free non-
proliferating conditions showed that HASMC number
remained constant in low glucose cultures, while in high
glucose cultures there was a significant decrease in cell
number, especially during the last 48 h period, which could

be only attributable to cell death, as there was no
proliferation of HASMC. Concerning this point, there are
several reports demonstrating that glucose at high concentra-
tions can act as an inducer of cell death in the vasculature,
although most of the studies have been performed in
endothelial cells (Baumgartner-Parzer et al., 1995; Du et al.,
1999; Ho et al., 1999).

In endothelial cultures, the main death pattern followed
after exposure to high glucose concentrations seems to be
apoptosis (Baumgartner-Parzer et al., 1995; Du et al., 1998;
Ho et al., 1999). On the contrary, high glucose has recently
been reported to prevent cultured VSMC apoptosis induced
by serum starvation or Fas ligand through a protein kinase
C-dependent mechanism (Hall er al., 2000). In the present
work, we failed to see any evidence for an apoptotic death
pattern after exposure of HASMC to high glucose. Indeed,
neither chromatin morphology nor the TUNEL assay
revealed any significant difference between the apoptotic
index of low and high glucose cultures, which was very low in
both cases (around 0.5—-1% of total). In order to validate
these results, HASMC were treated with the endoplasmic
reticulum calcium ATPase inhibitor thapsigargin, which has
been previously reported to induce apoptosis in this cell type
(Peird et al., 2000), resulting in a marked increase of the
apoptotic index. Contrasting with the lack of a proapoptotic
effect of high glucose, the supernatants of HASMC cultured
with a hyperglycaemic medium contained significantly higher
amounts of LDH all over the experimental period, indicating
a loss of integrity of the plasma membrane. The enhancement
of LDH release, a widely accepted marker of cytotoxicity, in
the absence of any evidence for apoptosis, indicates that
HASMC death in a hyperglycaemic environment may occur
through a mechanism of cell necrosis.

Concerning the mechanisms mediating the cytotoxic effect
of high glucose on HASMC, oxidative stress, a key factor in
the development of diabetic complications, arises as the main
candidate. Indeed, many studies have evidenced an increased
oxidative status in vascular cells submitted to hyperglycaemic
conditions, based either on direct quantification of ROS or
determinations of the activity of antioxidant enzymes and
peroxidation metabolites (Sharpe et al., 1998; Ho et al.,
2000). Depending on the different cellular parameters studied,
different ROS, like superoxide anions, hydrogen peroxide or
hydroxyl radicals, have been identified as the effectors of high
glucose (Graier et al., 1996; Ho et al., 2000). In the present
study, the possible species mediating high glucose-induced
cytotoxicity in HASMC cultures was investigated by co-
incubating high glucose with different selective ROS
scavengers. The observation that either superoxide dismutase
or different hydroxyl radicals scavengers failed to prevent the
effect of high glucose permitted the discarding of both
superoxide anions and hydroxyl radicals as the principal
mediators of the effects of high glucose. On the contrary,
catalase totally prevented the effect of high glucose on
HASMC counting, therefore pointing at hydrogen peroxide
as the ROS responsible for HASMC necrosis. Supporting
this, the addition of hydrogen peroxide to HASMC cultures
in the presence of low glucose mimicked the effects of high
glucose on cell counting.

Furthermore, a direct evidence of an increased intracellular
hydrogen peroxide content in high glucose-treated cultures
was provided using the fluorescent probe 2',7-dichlorofluor-

British Journal of Pharmacology vol 133 (7)



C. Peir¢ et al

High glucose, H,0, and vascular smooth muscle death 973

escein, which specifically detects this ROS (Hunt et al., 1990;
Ho et al., 2000). After 24 h of culture, HASMC cultured in
the presence of high glucose showed a 50% increase in
hydrogen peroxide content compared to HASMC cultured
with low glucose, this increase in fluorescence being prevented
by the addition of catalase. Using cultured endothelial cells,
other authors have reported a time-dependent increase in
intracellular H,O, content after several hours of culture with
high glucose (Ho et al., 2000). Therefore, it seems reasonable
to conclude that glucose-induced cell death in HASMC
cultures is mediated by hydrogen peroxide. Interestingly,
superoxide anions and hydrogen peroxide have recently been
shown to exert differential actions on cultured VSMC
(Griendling & Harrison, 1999). Indeed, superoxide seems to
be more related with growth mechanisms, while hydrogen
peroxide is associated with cell death processes (Li et al.,
1997). In addition, using cultured VSMC we have previously
reported that superoxide anions can promote cell growth
through a hypertrophic mechanism (Peir6 et al., 1998), while
in the present work we present evidence for a cytotoxic effect
of hydrogen peroxide in the same cell type.
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