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Abstract
Objective—Endothelial cell (EC) migration is essential for arterial healing after angioplasty.
Oxidized low-density lipoproteins and oxidative stress decrease EC migration in vitro. The
objective of this study was to determine the effect of hypercholesterolemia and oxidative stress on
EC healing after an arterial injury.

Methods and Results—C57Bl/6 wild-type mice were placed in one of eight groups: chow diet
(n = 11), high cholesterol (HC) diet (n = 11), chow diet plus paraquat (n = 11), HC diet plus
paraquat (n = 11), chow diet plus N-acetylcysteine (NAC) (n = 11), HC diet plus NAC (n = 11),
chow diet plus paraquat and NAC (n = 11), and HC diet plus paraquat and NAC (n = 11)After two
weeks on the assigned diet with or without NAC, the carotid artery was injured using
electrocautery. Animals in the paraquat groups were given 1 mg/kg intraperitoneally to increase
oxidative stress. After 120 hours, Evans Blue dye was infused intravenously to stain the area of
the artery that remained deendothelialized. This was used to calculate the percentage of
reendothelialization. Plasma and tissue samples were analyzed for measures of oxidative stress.

The HC diet increased oxidative stress and reduced EC healing compared with a chow diet, with
EC covering 26.8 ± 2.8% and 48.1 ± 5.2% (P < .001) of the injured area, respectively.
Administration of paraquat decreased healing in both chow and HC animals to 18.1 ± 3.5% (P < .
001) and 9.8% ± 4.6% (P < .001), respectively. Pretreatment with NAC (120 mmol/L in drinking
water) for 2 weeks prior to injury, to decrease oxidative stress, improved EC healing to 39.9 ±
5.7% (P < .001) in hypercholesterolemic mice and to 30.7 ± 3.6% (P < .001) in the paraquat
group. NAC treatment improved healing to 24.6% ± 3.4% (P < .001) in hypercholesterolemic
mice treated with paraquat.

Conclusion—Reendothelialization of arterial injuries is reduced in hypercholesterolemic mice,
and is inversely correlated with oxidative stress. An oral antioxidant decreases oxidative stress and
improves EC healing.
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Clinical Relevance—Vascular injury following cardiovascular intervention including cardiac
and peripheral arterial angioplasty and stenting is associated with inflammation and oxidative
stress. Hypercholesterolemia is also associated with increased oxidative stress. Oxidative stress,
regardless of the source, induces cellular dysfunction in endothelial and smooth muscle cells that
reduces healing after arterial injury. Decreasing oxidative stress with an exogenously administered
antioxidant can improve endothelial cell healing, and this is important to control intimal
hyperplasia and reduce the thrombogenicity of the vessel.

Keywords
Endothelium; hypercholesterolemia; antioxidant; angioplasty; reactive oxygen species; vascular
injury; endothelial migration

INTRODUCTION
Angioplasty is commonly performed for the treatment of coronary and peripheral arterial
disease, and endothelial cell (EC) migration is critical for luminal healing after arterial
injury. The long-term patency following angioplasty is limited by thrombosis and restenosis,
with the latter due to vessel recoil, constrictive remodeling, and neointimal hyperplasia.1
Decreased EC migration into denuded areas contributes to prolonged surface
thrombogenicity and development of intimal hyperplasia, and this may result in failure of
arterial interventions. Factors affecting EC migration have been studied extensively in vitro,
but the relevance in vivo is not clear. The failure rate of angioplasties increases in the setting
of hypercholesterolemia, but the mechanisms involved are not completely understood.

Studies of arterial injuries in animal models have added to the understanding of the
pathophysiologic events accompanying angioplasties and have identified factors
contributing to increased intimal hyperplasia but have largely ignored EC migration. Aortic
intimal thickening following balloon angioplasty is significantly greater in
hypercholesterolemic rabbits than in chow-fed rabbits.2 Hypercholesterolemia is associated
with elevated circulating levels of oxidized low-density lipoprotein (oxLDL), increased
oxLDL at the site of injury compared with chow-fed animals,3 and elevated plasma
lysophosphatidylcholine (lysoPC, a product of lipid oxidation and the major
lysophospholipid of oxLDL).

OxLDL stimulates smooth muscle cell (SMC) migration and proliferation,4, 5 and inhibition
of EC migration in vitro.6 The antimigratory effects of oxLDL and lysoPC, that for much of
oxLDL’s antimigratory activity,7 can be reversed with superoxide dismutase and NAD(P)H
inhibitors in vitro.8 These in vitro studies suggest a possible role for hypercholesterolemia
and ROS in limiting endothelial healing after an injury in vivo. The present study was
undertaken to assess the applicability of these in vitro findings to arterial healing in vivo.
The effect of hypercholesterolemia and oxidative stress on EC migration was evaluated after
a denuding arterial injury, and the ability of an orally administered antioxidant to preserve
EC migration in vivo was determined.

MATERIALS AND METHODS
Study groups

Six-week-old male C57Bl/6 wild-type mice were randomized to one of eight study groups:
1) chow diet, 2) high cholesterol (HC) Western diet (Harlan Teklad, Madison, WI)
containing 21% milk fat and 0.2% cholesterol by weight, 3) chow diet plus paraquat (methyl
viologen, Sigma-Aldrich, St. Louis, MO), 4) HC diet plus paraquat, 5) chow diet plus N-
acetylcysteine (NAC), 6) HC diet plus NAC, 7) chow diet plus paraquat and NAC, and 8)
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HC diet plus paraquat and NAC. Paraquat, which causes oxidative stress,9 was administered
at dose of 1 mg/kg intraperitoneally at the time of carotid injury. NAC (120 mmol/L, pH
7.0), a cell-permeable antioxidant with direct and indirect antioxidant activity,10, 11 was
administered in drinking water starting two weeks prior to injury and continued to the
completion of the study. All animals were maintained on the assigned diet and treatment
throughout the study. The animal study protocol was approved by the Institutional Animal
Care and Use Committee. All procedures and care complied with the American Association
of Laboratory Animal Care guidelines and the National Institutes of Health Guide for the
Care and Use of Laboratory Animals (NIH Publication No. 85-23, 1996).

Carotid injury
Carotid injury was performed when mice were eight weeks of age by modified perivascular
electrical injury12 or air-drying injury.13 The mice were anesthetized with an intraperitoneal
injection of ketamine 80 mg/kg (Fort Dodge, Fort Dodge, IA) and xylazine 5 mg/kg (Vedco,
St, Joseph, MO). The right common carotid artery was isolated and injured by applying
electrical current or air drying. The electrical injury was produced by applying bipolar
electrocautery using a Surgistat II electrosurgical generator (Valleylab, Boulder, CO) and
custom bipolar forceps (Elmed Inc., Addison, IL) with 4 mm wide tips. Two watts of power
were applied to the artery for 3 seconds. For the air-drying injury, the proximal common and
internal carotid arteries were encircled with silk sutures. The external carotid artery was
ligated, a 30-gauge needle was inserted into the proximal external carotid artery, and an exit
hole was made at the proximal end of the common carotid. The common carotid was flushed
with saline to remove blood. Then, air was injected at 20 mL/min for five minutes to denude
the endothelium. The silk sutures were removed from the common and internal carotid
arteries to restore blood flow through the area of injury.

Carotid artery harvest and analysis
At 120 hours after electrical injury or 108 hours after air injury, mice were anesthetized, and
blood was collected from the inferior vena cava. Evans Blue (5% in PBS, 100 μL) 14 was
injected into the inferior vena cava and allowed to circulate for 10 minutes to delineate the
deendothelialized area of the right carotid artery. The vessels were perfusion-fixed for 10
minutes by intracardiac infusion of paraformaldehyde (4% in distilled water, pH 7.0, 30
mL). The right common carotid artery was excised, opened longitudinally, and pinned flat
on a wax-coated plate. The specimen was imaged using Scion Image (Scion Corp.,
Frederick, MD) for analysis with NIH Image software and the area of unhealed artery, that
stained with Evans Blue, was measured. Scanning electron microscopy was used on a subset
of carotid arteries to verify that Evans Blue accurately reflected the deendothelialized artery.
The length of the injury was 4 mm in length in the electrocautery injury and defined as
extending 4 mm distally from the air exit hole in the common carotid artery in the air-drying
model. The results of the endothelial cell migration for both methods of injury were verified
by a reviewer blinded to the treatment group.

Plasma assays
Blood was obtained at the time of carotid artery removal to measure total cholesterol,
lysoPC, and thiobarbituric acid reactive substances (TBARS). A cholesterol oxidase method
(Infinity Cholesterol Reagent, Thermo Fisher Scientific, Inc., Waltham, MA) was used to
determine the total cholesterol concentration. Plasma lysoPC concentration was determined
by an enzymatic method using the Azwell LPC Assay Kit (Cosmo Bio USA Inc., Carlsbad,
CA). Lipid peroxides were measured as TBARS using a spectrofluorometric method (λex =
515 nm, λem = 553 nm).15

Rosenbaum et al. Page 3

J Vasc Surg. Author manuscript; available in PMC 2013 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Immunostaining for macrophages and tissue oxidized LDL
The presence of macrophages and oxLDL was assessed by immunohistochemistry on
paraffin-embedded sections of the right and left carotid arteries using antibody to MAC-3
(1:50, BD Pharmingen, Franklin Lakes, NJ) or hypochlorite-oxLDL (1:2000, Calbiochem,
428035, Gibbstown, NJ), respectively. The total numbers of cells, as well as the number of
positively stained macrophages, were counted. The data were reported as the percentage of
macrophages in a 0.05 mm2 area. OxLDL was used as a marker of tissue level oxidative
stress. Three observers blinded to the treatment group qualitatively scored the oxLDL
staining on a scale of 0 to 4.

Statistical analysis
Results were represented as the mean ± standard deviation (SD). Statistical analysis was
performed by student t-test or analysis of variance (ANOVA) followed by Tukey’s posthoc
multiple comparison using GraphPad Prism 5.0 (GraphPad Software, Inc., San Diego, CA),
and P ≤ .05 was considered statistically significant.

RESULTS
A total of 108 8-week old C57Bl/6 mice were included in this study, including 88 mice that
underwent an electrical injury and 20 that underwent an air-drying injury. The demographics
for mice that underwent the electrical injury are detailed in Table I. There was no significant
difference in age among the treatment groups, but the weight of mice receiving a HC diet
tended to be higher than mice on a chow diet. No mice that underwent an electrical injury
died during the procedure or thrombosed the injured artery.

Effect of hypercholesterolemia on reendothelialization after injury
Diet had a dramatic impact on plasma cholesterol level and reendothelialization rate. Plasma
cholesterol levels were significantly higher in the HC mice than the chow group, being 3.68
± 0.32 mmol/L and 2.53 ± 0.19 mmol/L, respectively (P <.001) (Table I). After the electrical
injury, mice on the chow diet healed 48.1% ± 5.2% of the injured area by 120 hours (Fig. 1,
A & C), but reendothelialization in the HC group was significantly decreased with coverage
of 26.8% ± 2.8% (P <.0001) (Fig. 1, B & C) (Table II). EC healing was observed to extend
farther from the proximal edge of uninjured artery than the distal, suggesting that EC
migration proceeded more efficiently in line with blood flow.

Because of the concern that a transmural injury might alter the pattern of EC migration, an
additional 20 mice underwent a carotid air-drying injury the focus of the study was
endothelial healing and the effect of a transmural injury on EC migration was unknown, a
carotid air-drying injury model was also used. Three mice were excluded from the carotid
air-drying injury portion of the study due to arterial thrombosis between the time of injury
and arterial harvest. The rate of thrombosis with the air injury is within the expected range
for this model. Chow-fed mice reendothelialized 69.2% ± 25.8% (Fig. 2, A & C) of the
injured area at 108 hours compared with 44.6% ± 22.2% reendothelialization in HC diet
mice (P =.03) (Fig. 2, B & C) (Table II). Since both forms of injury showed a similar pattern
of results, the decision was made to use the electrical injury for future studies because it
created a more consistent injury.

As markers of oxidative stress, plasma TBARS and lysoPC levels, and tissue oxLDL levels
were determined. Both TBARS and lysoPC levels were significantly higher in mice on the
HC diet compared with chow-fed mice (Table I). The tissue oxLDL scores were not
significantly different between the injured and uninjured arteries in chow-fed mice, with the
scores being 1.8 ± 0.9 (n = 5) and 1.4 ± 0.2 (n = 5), respectively (Table II). However, in
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hypercholesterolemic mice the tissue oxLDL scores were significantly higher in the injured
artery compared to the uninjured artery with scores of 3.0 ± 0.5 (n = 5) and 2.0 ± 0.2 (n = 5)
(P =.01), respectively (Table II). For both the injured and uninjured carotid arteries, the
oxLDL score was significantly higher in the hypercholesterolemic mice compared to the
normocholesterolemic mice (P =.02 and P <.001, respectively) (Table II).

Cellularity and macrophage infiltration were assessed in the injured and uninjured carotid
arteries. The number of cells and the percentage of macrophages in corresponding areas
were not significantly different between the chow-fed and hypercholesterolemic animals, but
within each dietary group, the percentage of macrophages in the injured right carotid artery
was significantly higher than in the uninjured left carotid artery (P ≤.001 for both the chow
and HC groups) (Table III).

Effect of antioxidant therapy on reendothelialization after arterial injury
Overall, hypercholesterolemic mice had higher levels of global and local oxidative stress, as
measured by plasma TBARS, plasma lysoPC, and tissue oxLDL, and had significantly lower
reendothelialization after arterial injury than mice on a chow diet. To explore the role of
increased oxidative stress in decreased arterial healing in hypercholesterolemic mice, the
effect of an exogenous antioxidant, NAC, on arterial healing was studied. NAC treatment
significantly increased endothelial healing in normocholesterolemic mice from 48.1% ±
5.2% to 70.4 ± 7.6% (P <.001) (Fig. 3). In hypercholesterolemic mice, treatment with NAC
also significantly increased reendothelialization from 26.8% ± 2.8% to 39.9% ± 5.7% (P <.
001) (Fig. 3). NAC did not alter the cellularity or macrophage infiltration of
normocholesterolemic or hypercholesterolemic mice and did not decrease the TBARS levels
in normocholesterolemic mice, but NAC treatment significantly decreased the TBARS level
in HC mice (Table I). NAC administration also significantly decreased plasma lysoPC levels
in both chow-fed animals and hypercholesterolemic mice (Table I). Treatment with NAC
did not affect the tissue oxLDL score in normocholesterolemic mice, but decreased the
oxLDL score in hypercholesterolemic mice from 3.0 ± 0.5 to 2.1 ± 0.5 (P =.01) (Table II).
Thus, NAC treatment reduced the global and local indicators of oxidative stress and
significantly improved endothelial healing in hypercholesterolemic mice.

Effect of a known oxidative stress on arterial healing
To further investigate the role of oxidative stress in endothelial healing, paraquat, a known
generator of oxidative stress,9 was administered to mice at the time of arterial injury.
Administration of paraquat (1 mg/kg) did not produce any signs of systemic toxicity, but
significantly decreased reendothelialization of the injured artery from 48.1% ± 5.2% to
18.0% ± 3.5% (P <.001) (Table II) in chow-fed mice. Pretreatment with NAC resulted in
significant improvement in EC healing with 30.7% ± 3.6% coverage by 120 hours (P =.002
compared to paraquat-treated mice)(Fig. 3) (Table II). Paraquat administration caused a
significant increase in global oxidative stress as assessed by TBARS levels, but NAC
significantly reduced this level (Table I). As with hypercholesterolemia, administration of
paraquat led to a significant increase in tissue oxLDL score from 1.8 ± 0.9 in the chow
group to 3.0 ± 0.4 in the chow + paraquat group (P = 0.01) (Table II). Administration of a
known source of oxidative stress significantly increased measures of systemic and local
oxidative stress and significantly decreased reendothelialization after arterial injury.
Pretreatment with an antioxidant decreased indicators of global, but not local, oxidative
stress and increased reendothelialization in mice treated with paraquat.

Effect of multiple sources of oxidative stress on reendothelialization after arterial injury
The effect of multiple sources of oxidative stress, HC diet and paraquat, on
reendothelialization after arterial injury, and NAC’s ability to reverse the deleterious effects,
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was also assessed. The combination of a HC diet and paraquat resulted in a significant
decrease in reendothelialization compared to mice that received paraquat or a HC diet alone,
with reendothelialization covering only 9.8% ± 4.6% in the HC plus paraquat group, 18.0%
± 3.5% (P <.001) in the chow plus paraquat group, and 26.8% ± 2.8% (P <.001) in the HC
group (Fig. 3). For mice in the HC diet plus paraquat group, NAC significantly improved
reendothelialization from 9.8% ± 4.6% to 24.6% ± 3.4% (P <.001) (Fig. 3) (Table II). The
combination of a HC diet and paraquat resulted in a significant increase in TBARS and
plasma lysoPC levels, which was reduced by pretreatment with NAC (Table I). Exposure to
multiple sources of oxidative stress resulted in increased markers of systemic oxidative
stress and decreased reendothelialization after arterial injury. Pretreatment with NAC
lowered measures of oxidative stress and improved reendothelialization. Across all
treatment groups in the current study, a significant inverse correlation exists between EC
migration and levels of both TBARS (r = −.901, P <.001) and plasma lysoPC (r = −.644, P
<.001).

DISCUSSION
Our study shows that hypercholesterolemia and oxidative stress adversely impact EC
healing in vivo, just as oxidative stress and oxidatively-modified lipids and lipoproteins
impair EC migration in vitro.8,6 In vitro studies suggest that lipids and lipoproteins do not
inhibit EC migration unless they are oxidatively modified.6 OxLDL increases superoxide
production by EC in vitro and elevated superoxide levels inhibit EC migration.8 Previous
studies show increased superoxide production in the aorta of hypercholesterolemic rabbits
compared with chow-fed rabbits,16 and increased plasma lysoPC in cholesterol-fed pigs.17

The current study shows higher systemic oxidative stress as reflected by plasma TBARS and
lysoPC levels and higher levels of local oxidative stress as reflected by the tissue oxLDL
scores in cholesterol-fed mice compared with controls. Thus, the impaired EC healing in
hypercholesterolemic animals may be due to the associated increased oxidative stress.

In this study, a HC diet inhibits reendothelialization in wild-type mice regardless of the type
of injury, endothelial denudation by air drying or transmural electrical injury. The study
evaluates early healing and results suggest that hypercholesterolemia causes an oxidative
stress and inhibits early EC migration following arterial injury. The effect on late healing
was not addressed. Lau et al. 18 found no difference in reendothelialization of balloon-
injured aortas or aortic content of oxidized lipids between control and hypercholesterolemic
rabbits at 6 weeks after injury, raising the possibility that EC healing in
hypercholesterolemic animals can catch up to controls.

An elevation in plasma cholesterol alone is not sufficient to impair EC migration. A recent
study by Ii et al.19 showed greater reendothelialization following wire-induced carotid
denudation in apolipoprotein E knockout (ApoE−/−) mice than in wild type mice. Similarly,
previous studies performed in our lab showed no difference in reendothelialization following
a carotid air-drying injury in LDL receptor knockout (LDLr−/−) and wild-type mice on a HC
diet despite dramatic differences in plasma cholesterol (data not shown). The lack of effect
of increased plasma cholesterol on EC healing could be due to differences in the lipoprotein
profile or altered lipid handling by the EC themselves, with impaired uptake of cholesterol.
LDLr−/− and ApoE−/− mice have higher levels of plasma cholesterol but no significant
difference in tissue cholesterol levels compared with wild-type mice.20 Our study addresses
the impact of diet-induced hypercholesterolemia on arterial healing in wild-type mice with
normal lipid handling. These findings may be more relevant to the usual patient consuming a
high fat diet than would models utilizing ApoE−/− or LDLr−/− mice.
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Oxidative stress and inflammation in response to vascular injury is well established.21, 22 A
low level of ROS may be required to initiate EC migration,23 but a pathologic level of
superoxide production overwhelms the endogenous antioxidant defense mechanisms and
inhibits EC migration in vitro.8 In vivo, elevated superoxide production has been
documented from 24 hours to 14 days after balloon injury.21, 22 The source of the ROS has
not been identified with certainty, but may be from macrophages that infiltrate the damaged
vessel where they are activated and produce ROS, providing the conditions for the formation
of oxidized lipids. In the current study, there is a significant increase in the macrophage
infiltration in the injured right carotid artery compared with the uninjured left carotid artery
for all study groups, as would be expected after injury. We saw no difference in macrophage
infiltration at 5 days among the various experimental groups, and NAC administration
improved healing in all groups, suggesting that increased ROS production delays EC
healing.

Antioxidants improve EC migration in vitro and in vivo. Our previous in vitro studies show
that specific antioxidants restore the migration of EC incubated with oxLDL.8 Several
studies have shown that exogenous antioxidants can reduce intimal hyperplasia after arterial
injury, but their effect on EC migration has received little attention. NAC reduces the
inflammatory response and intimal thickening after arterial balloon injury in rabbits.24, 25

Probucol promotes reendothelialization of balloon-injured rabbit aortas and reduces intimal
thickening at the injury site.18 The mechanism of increased EC regeneration is not clear
because probucol decreases serum and tissue cholesterol, as well as the tissue levels of
oxidized lipids in the injured aorta, and also increases nitric oxide bioactivity, probably by
inhibiting the increased superoxide production in the vascular wall following injury.18

Increasing SOD expression by gene transfer to the balloon-injured aortic wall in rabbits
results in more rapid reendothelialization,26 suggesting that endogenous antioxidant activity
improves EC migration. Our studies suggest that administration of an exogenous antioxidant
also improves EC migration.

In the current study, reendothelialization after arterial injury is inversely related to oxidative
stress. Pretreatment with NAC significantly reduces oxidative stress and improves
reendothelialization of an arterial injury in hypercholesterolemic mice and mice
administered paraquat. NAC does not alter plasma total cholesterol levels as has been
reported in studies of mice on a 2% cholesterol, 0.5% cholic acid diet.27 NAC has both
direct and indirect antioxidant activity,10, 11 inactivating ROS and hypochlorite directly by
reduction to form NAC radicals10 and increasing the quantity of glutathione, the most
abundant intracellular antioxidant. Glutathione reacts with peroxynitrite to prevent its
accumulation, and the resultant membrane lipid peroxidation, protein denaturation, and
DNA damage.28 NAC also decreases the expression of several proinflammatory cytokines
by preventing activation of NF-κB.29 In chow-fed mice, NAC improves EC healing even
though measured oxidative stress is not altered, perhaps a reflection of the lack of sensitivity
of the assays or timing of the measurements, potentially missing an early reduction in
oxidative stress. Improved EC healing is not likely the result of a direct stimulatory effect of
NAC because NAC does not increase EC migration in vitro (data not shown). The inverse
correlation between EC healing and measures of oxidative stress suggests that the beneficial
effect of NAC in vivo is related to its antioxidant activity.

Multiple sources of ROS may be present at the time of arterial injury in vivo, and this study
suggests that their effect on EC healing might be additive. This has implications in patients
with cardiovascular disease who have multiple risk factors for atherosclerosis. In addition to
hypercholesterolemia, other risk factors for atherogenesis, such as cigarette smoking and
hyperglycemia, elevate systemic oxidative stress.30, 31 Increased oxidative stress has been
demonstrated in humans following an after arterial injury, specifically a coronary
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angioplasty.32 The inflammatory response and oxidative stress after stent placement is
greater than after balloon angioplasty alone, perhaps due to the presence of a foreign body,
and is accompanied by a greater accumulation of oxidized lipids.33 These multiple sources
of oxidative stress may adversely impact EC healing in the clinical setting. Our studies
suggest that an appropriate antioxidant is capable of improving EC healing.

The current study supports the relevance of our in vitro studies on EC migration to in vivo
arterial healing. An increase in lipid oxidation products or oxidative stress impairs EC
migration in vitro and in vivo. Oxidative stress and inflammation accompany the vascular
injury associated with all cardiovascular interventions including angioplasty, stent
placement, and graft implantation. Hypercholesterolemia results in increased levels of ROS
and oxidative stress. Oxidative stress, regardless of the source, results in the generation of
potent biologic agents that induce cellular dysfunction and adversely impact healing of
arterial injuries. Decreasing oxidative stress improves EC healing, which is important to
control SMC proliferation and to reduce thrombogenicity of the vessel lumen by providing
an actively anti-thrombogenic surface. Our studies suggest that EC healing can be improved
by avoiding hypercholesterolemia and decreasing oxidative stress by antioxidant
administration. The relevance of these studies to the clinical arena will need to be
determined by clinical trials.
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Fig. 1.
Representative carotid arteries 120 hours after carotid electrical injury for mice in the chow
group (A) and the high cholesterol group (B). The stained area represents the denuded
section of artery. The arrow represents the length of the original injury used to calculate the
reendothelialized area. Reendothelialization following carotid electrical injury is reported as
the area reendothelialized relative to the total area of injury and expressed as the mean ±
standard error for mice in the chow group (n = 5) and in the high cholesterol group (n = 5).
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Fig. 2.
Representative carotid arteries 108 hours after carotid air injury for mice in the chow group
(A) and high cholesterol group (B). The stained area represents the denuded section of
artery. The arrow represents the length of the original injury used to calculate the
reendothelialized area. Reendothelialization following carotid air injury is reported as the
area reendothelialized relative to a 4 mm length of the original injury and expressed as the
mean ± standard error for mice in the chow group (n = 7) and in the high cholesterol group
(n = 10).
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Fig. 3.
Reendothelialization of mouse carotid arteries 120 hours after electrical injury reported as
the area reendothelialized relative to the total area of injury and expressed as the mean ±
standard error for mice in each group: chow (n = 5), chow plus N-acetylcysteine (NAC, n =
5), high cholesterol (HC, n = 5), HC plus NAC (n = 5), chow plus paraquat (PQ, n = 5),
chow plus PQ plus NAC (n = 5), HC plus PQ (n = 5), and HC plus PQ plus NAC (n = 5).
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