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Abstract
We examined whether activation of angiotensin-1 receptors (AT1R) could account for impaired
responses of cerebral arterioles during Type 1 diabetes (T1D). First, we measured responses of
cerebral arterioles in nondiabetic rats to eNOS-dependent (acetylcholine and adenosine diphosphate
(ADP)) and -independent (nitroglycerin) agonists before and during application of angiotensin II.
Next, we examined whether losartan could improve impaired responses of cerebral arterioles during
T1D. In addition, we harvested cerebral microvessels for Western blot analysis of AT1R protein and
measured production of superoxide anion by brain tissue under basal conditions and in response to
angiotensin II in the absence or presence of losartan. We found that angiotensin II specifically
impaired eNOS-dependent reactivity of cerebral arterioles. In addition, while losartan did not alter
responses in nondiabetics, losartan restored impaired eNOS-dependent vasodilatation in diabetics.
Further, AT1R protein was higher in diabetics compared to nondiabetics. Finally, superoxide
production was higher in brain tissue from diabetics compared to nondiabetics under basal conditions,
angiotensin II increased superoxide production in nondiabetics and diabetics, and losartan decreased
basal (diabetics) and angiotensin II-induced production of superoxide (nondiabetics and diabetics).
We suggest that activation of AT1R during T1D plays a critical role in impaired eNOS-dependent
dilatation of cerebral arterioles.
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1. Introduction
The incidence of cerebrovascular abnormalities, including stroke, is increased in Type 1
diabetes (T1D) (Cooper et al., 1997; Mortel et al., 1990). Over the past several years, a number
of studies have implicated an important role for the renin-angiotensin system in the
pathogenesis of cardiovascular abnormalities associated with T1D. For example, investigators
have shown that tissue and plasma levels of angiotensin converting enzyme (ACE) and
angiotensin II are elevated in diabetic subjects and animals (Duntas et al., 1992; Harrison-
Bernard et al., 2002; Lieberman and Sastre, 1980; Schernthaner et al., 1984) and treatment of
diabetic subjects with ACE inhibitors can improve impaired NOS-dependent responses of large
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peripheral vessels (Arcaro et al., 1999; Cheetham et al., 2000; O’Driscoll et al., 1997;
O’Driscoll et al., 1999). In addition, we (Trauernicht et al., 2003) have shown that treatment
of diabetic rats with an ACE inhibitor (enalapril) could alleviate impaired eNOS-dependent
responses of cerebral arterioles during T1D. Further, other investigators have shown that
treatment of non-insulin dependent diabetic patients with inhibitors of angiotensin type 1
receptors (AT1R) improves endothelial dysfunction (Cheetham et al., 2000). Thus, it appears
that treatment of diabetic subjects and animals with ACE inhibitors or AT1R antagonists may
be useful therapeutic tools for the prevention of cardiovascular abnormalities associated with
T1D. However, there are no data regarding the potential therapeutic benefit of inhibition of
AT1R on cerebrovascular dysfunction in T1D.

Mechanisms that account for the effects of ACE inhibitors and AT1R antagonists on vascular
dysfunction are not clear but have been reported to be related to effects on insulin sensitivity
(Torlone et al., 1993), potentiating the actions of bradykinin (Cachofeiro et al., 1992), an
increase in NOS activity (Gonzalez Bosc et al., 2001; Rajagopalan and Harrison, 1996), and/
or by inhibiting the influence of angiotensin II on oxidative stress (de Cavanagh et al., 2001;
Rajagopalan et al., 1996; Welch and Wilcox, 2001). Support for this latter concept can be found
in studies that have shown that stimulation of vascular cells with angiotensin II increases the
activity of NAD(P)H oxidase, increases the expression of p47phox and stimulates the
production of superoxide anion (Fukui et al., 1997; Griendling et al., 1994; Griendling et al.,
2000; Landmesser et al., 2002; Rajagopalan et al., 1996). Further, inhibition of AT1R can
decrease angiotensin II-induced increases in superoxide anion production by vascular cells
(Berry et al., 2000; Kusaka et al., 2004; Zimmerman et al., 2002). Thus, in the present study
we tested the hypotheses that angiotensin II could impair eNOS-dependent reactivity of rat
cerebral arterioles and that treatment of diabetic rats with an AT1R antagonist (losartan) would
alleviate/prevent impaired eNOS-dependent responses of cerebral arterioles via an influence
on oxidative stress.

2. Results
2.1. Responses during angiotensin II

Baseline diameter of cerebral arterioles was 47±5 microns. Prior to superfusion with
angiotensin II, acetylcholine, ADP and nitroglycerin produced dose-related dilation of cerebral
arterioles in nondiabetic rats (Figure 1). Superfusion with angiotensin II (1.0 μM) for 2 hours
did not alter baseline diameter of cerebral arterioles (49±9 microns after 2 hours of superfusion
with angiotensin II; p>0.05 versus baseline diameter), but significantly impaired eNOS-
dependent vasodilatation in response to acetylcholine and ADP (Figure 1). In contrast,
superfusion with angiotensin II did not alter eNOS-independent responses to nitroglycerin
(Figure 1). In addition, treatment of the cranial window preparation with apocynin (1 mM)
prevented angiotensin II-induced impairment in eNOS-dependent reactivity, without
influencing reactivity to nitroglycerin (Figure 1).

2.2. Responses following losartan
There were no significant differences between baseline diameter of cerebral arterioles or mean
arterial blood pressure in nondiabetic and diabetic rats (Table 1). In contrast, blood glucose
concentration was significantly higher and body weight was lower in diabetic than in
nondiabetic rats (Table 1).

Acetylcholine (Figure 2), ADP (Figure 3) and nitroglycerin (Figure 4) produced dilatation of
cerebral arterioles in nondiabetic and diabetic rats. However, the magnitude of vasodilatation
in response to acetylcholine and ADP was significantly less in diabetic compared to nondiabetic
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rats (Figures 2 and 3). In contrast, nitroglycerin produced similar vasodilatation in nondiabetic
and diabetic rats (Figure 4).

Topical application of losartan did not alter baseline diameter of cerebral arterioles in
nondiabetic (46±3 microns before versus 44±2 microns during losartan; p>0.05) or diabetic
(43±3 microns before versus 41±3 microns during losartan; p>0.05) rats. However, topical
application of losartan restored impaired dilatation of cerebral arterioles in diabetic rats in
response to acetylcholine (Figure 2) and ADP (Figure 3) to that observed in nondiabetic rats.
In contrast, treatment with losartan did not influence reactivity of cerebral arterioles in
nondiabetic or diabetic rats in response to nitroglycerin (Figure 4).

2.3. Superoxide anion production and AT1R protein
Basal superoxide production was greater in brain tissue obtained from diabetic compared to
nondiabetic rats (Figure 5). Exposure to angiotensin II (1.0 μM) produced an increase in
superoxide anion production from tissue obtained from nondiabetic and diabetic rats with the
magnitude of the increase being greater from tissue obtained from diabetic rats (Figure 5).
Losartan did not influence basal production of superoxide anion by brain tissue in nondiabetic
rats, but reduced basal superoxide anion production by brain tissue in diabetic rats (Figure 5).
In addition, losartan blocked the increase in superoxide anion production by brain tissue in
response to angiotensin II in both nondiabetic and diabetic rats (Figure 5). Finally, we found
that AT1R protein in cerebral cortex microvessels from diabetic rats was significantly higher
than that found in nondiabetic rats (Figure 6).

3. Discussion
There are four findings from the present study. First, angiotensin II impairs eNOS-dependent
reactivity of cerebral arterioles in nondiabetic rats via an increase in superoxide anion
production by activation of NAD(P)H oxidase. Second, acute treatment with losartan can
restore impaired eNOS-dependent responses of cerebral arterioles in diabetic rats to that
observed in nondiabetic rats. Third, superoxide anion production is increased under basal
conditions in brain tissue from diabetic rats, can be increased in both nondiabetic and diabetic
rats by exposure to angiotensin II, and can be inhibited by treatment with losartan. Fourth,
AT1R protein is increased in cerebral microvessels from diabetic compared to nondiabetic rats.

3.1. Consideration of methods
Agonists can produce dilatation of cerebral arterioles via the synthesis/release of nitric oxide
and/or endothelium-derived hyperpolarizing factor (EDHF). We used ADP, acetylcholine and
nitroglycerin to examine eNOS-dependent and -independent reactivity of cerebral arterioles in
nondiabetic and diabetic rats. We and others (Ayajiki et al., 1992; Faraci, 1991; Mayhan,
1992b) have shown that ADP and acetylcholine, but not nitroglycerin, dilate cerebral arterioles
via the synthesis/release of nitric oxide. Other investigators (Marrelli et al., 1999; You et al.,
1999), however, have suggested that relaxation of the rat middle cerebral artery to purines is
related to the synthesis/release of nitric oxide and EDHF. We did not examine a role for EDHF
in responses of cerebral arterioles to ADP, acetylcholine or nitroglycerin in the present study,
and thus we cannot exclude the possibility that EDHF may contribute to dilatation of cerebral
arterioles to these agonists. However, others (Brayden, 1991; Chrissobolis et al., 2000; Faraci
and Heistad, 1993; Taguchi et al., 1995) also have suggested that activation of potassium
channels, presumably by EDHF, does not play a significant role in dilatation of cerebral vessels
to the agonists used in the present study. Thus, we suggest that dilatation of cerebral arterioles
to the agonists used in the present study primarily involves the synthesis/release of nitric oxide,
presumably via activation of eNOS.
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We measured superoxide anion production from sample of parietal cortex tissue. Thus, it may
not be entirely clear how superoxide anion generated in this sample of brain tissue might
influence reactivity of cerebral arterioles. One must be aware that our sample of cortical tissue
contains blood vessels as well as other components of brain tissue, and we cannot be certain
of the source(s) of superoxide anion. In addition, previous studies that have shown that
exogenous production of superoxide anion by enzymatic methodologies can not only impair
responses of cerebral arteries and arterioles to nitric oxide synthase-dependent agonists, but
can produce morphological changes in these vessels (Kontos, 1985; Rosenblum, 1983; Wei et
al., 1985). Therefore, it is conceivable that the production of superoxide anion, if it occurs
predominately in cortical tissue, can influence reactivity of cerebral arterioles.

We examined the influence of local treatment with angiotensin II on reactivity of cerebral
arterioles in nondiabetic rats. We found that superfusion with angiotensin II impaired eNOS-
dependent, but not –independent, responses of cerebral arterioles, and that pretreatment with
apocynin prevented angiotensin II-induced impairment in cerebrovascular reactivity. We used
apocynin, as others have (Beswick et al., 2001; Hamilton et al., 2001; Hamilton et al., 2002;
Rey et al., 2002), to inhibit NAD(P)H oxidase. Based upon our previous study (Mayhan et al.,
2006) in which we found an increase in the protein expression of subunits for NAD(P)H
oxidase, it seemed reasonable to examine the possibility that angiotensin II may alter reactivity
of cerebral arterioles via the production of superoxide anion via activation of NAD(P)H
oxidase. A recent study (Heumuller et al., 2008) suggests that apocynin may not be an inhibitor
of NAD(P)H oxidase in vascular tissue, but may merely act as an antioxidant. While it was
beyond the scope of the present study to examine the precise mechanism by which apocynin
affects vascular cells, as discussed by Touyz (Touyz, 2008) many additional studies will be
necessary to determine the complex nature by which apocynin influences vascular cells.

A previous study reported that superfusion with angiotensin II inhibited reactivity of rabbit
cerebral arteries in response to bradykinin, but not to sodium nitroprusside (Didion and Faraci,
2003). In addition, these investigators report that pretreatment with tiron, a scavenger of
superoxide anion, or DPI, an inhibitor of NAD(P)H oxidase could prevent the effects of
angiotensin II on eNOS-dependent responses of rabbit cerebral arteries. In another study,
investigators found that infusion of angiotensin II for five days via an osmotic minipump
produced a decrease in eNOS-dependent relaxation of the aorta in rats, presumably via an
increase in superoxide anion production (Rajagopalan et al., 1996). Further, treatment of rats
with losartan for two days prevented the impairment in eNOS-dependent relaxation of the aorta
and increase in superoxide anion production (Rajagopalan et al., 1996). The findings of the
present study complement and extend that of previous studies (Didion and Faraci, 2003;
Rajagopalan et al., 1996) by examining the influence of angiotensin II on rat cerebral resistance
arterioles, by measuring the production of superoxide anion during exposure to angiotensin II
and by demonstrating that acute treatment with losartan can inhibit production of superoxide
anion during exposure to angiotensin II.

We examined AT1R protein in cerebral microvessels from nondiabetic and diabetic rats. While
one might predict that under a situation where circulating levels of angiotensin II may be
elevated, i.e., T1D, that AT1R would be downregulated. In fact, studies have shown that
angiotensin receptor density is decreased under conditions of high circulating levels of
angiotensin II and increased when circulating levels of angiotensin II are low (Gunther et al.,
1982; Osborn and Camara, 1997). In contrast, others have shown that during chronic increases
in the levels of angiotensin II that there is an increase in AT1R in the brain (Liu et al., 2006;
Moellenhoff et al., 2001). Further, a previous study has shown that AT1R protein expression
is increased in the kidney of diabetic rats (Harrison-Bernard et al., 2002). The findings from
the present study extend previous findings by reporting an increase in AT1R protein in cerebral
microvessels obtained from diabetic rats. We suggest that this increase in AT1R protein in
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diabetic rats may have important implications for the production of superoxide anion, and thus
impairment in reactivity of cerebral arterioles.

3.2. Studies of AT1R inhibition on vascular function
Although no studies that we are aware of have specifically examined the effects of AT1R
antagonists on reactivity of cerebral arterioles during T1D, studies (Cheetham et al., 2000;
Welch and Wilcox, 2001) have examine the role of AT1R in vascular dysfunction during a
variety of disease states, including type 1 and type 2 diabetes and atherosclerosis. A study by
Cheetham et al (Cheetham et al., 2000) found that chronic (1 month) treatment of type 1 diabetic
subjects with losartan improved impaired NOS-dependent changes in forearm blood flow.
However, mechanisms that accounted for the effects of losartan on NOS-dependent
vasoreactivity were not examined. Another study by Welch and Wilcox (Welch and Wilcox,
2001) reports that chronic treatment of hypertensive rats with candesartan for two weeks
diminishes oxidative stress and restores impaired nitric oxide signaling in the kidney. The
mechanism for the effects of candesartan was suggested to be related to a decrease in oxidative
stress. Further, a study by Prasad et al (Prasad et al., 2000) reports that chronic oral
administration of losartan for eight weeks or acute (10 minute intra-arterial infusion) of losartan
enhanced impaired flow mediated dilation in human subjects with atherosclerosis. In addition,
these authors (Prasad et al., 2000) report a significant increase in serum nitric oxide containing
compounds during treatment with losartan. They conclude that the effects of losartan on
vascular reactivity were related to an improvement in NO bioavailability by either AT1R
mediated reduction in oxidative stress and/or an angiotensin type 2 receptor (AT2R) mediated
increase in NO synthesis (Prasad et al., 2000). The results of the present study complement
and extend the findings of previous studies. We report that acute treatment with losartan can
improve impaired eNOS-dependent responses of cerebral resistance arterioles via a mechanism
that appears to be related to an influence on oxidative stress.

In summary, peripheral and cerebral vascular disease are major contributing factors to
morbidity and mortality observed during T1D. Recent evidence suggests that angiotensin II
plays a critical role in vascular complications of the peripheral circulation. However, the precise
role of angiotensin II in cerebrovascular dysfunction during T1D is not clear. In the present
study, we examined contribution of angiotensin II and stimulation of AT1R in T1D-induced
impairment in eNOS-dependent dilatation of cerebral arterioles. Based upon the results of the
present study, we suggest that impaired eNOS-dependent responses of cerebral arterioles
observed in T1D may be related to stimulation of AT1R (presumably by an increase in
circulating levels of angiotensin II), which in turn leads to activation of NAD(P)H oxidase with
the subsequent production of superoxide anion that serves to inactivate nitric oxide and/or
uncouple eNOS. We speculate that treatment of diabetic patients with AT1R antagonists may
be a useful therapeutic tool for the prevention of T1D-induced cerebrovascular abnormalities,
including stroke.

4. Experimental Procedures
4.1. Preparation of animals

All rats were housed in an animal care facility at the University of Nebraska Medical Center
that is approved by the American Association for the Accreditation of Laboratory Animal Care
(AAALAC), and all protocols were reviewed and approved by the University of Nebraska
Medical Center Institutional Animal Care and Use Committee. Male Sprague-Dawley rats
(200–220 grams) were randomly assigned to nondiabetic or diabetic groups. Nondiabetic rats
were injected with vehicle (sodium citrate buffer) and diabetic rats were injected with
streptozotocin (50 mg/kg IP).
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4.2. Functional responses of cerebral arterioles
On the day of the experiment (14 ± 0.2 weeks after injection of streptozotocin or vehicle), rats
were anesthetized (thiobutabarbital (Inactin); 100 mg/kg body weight, i.p.), and a tracheotomy
was performed. The animals were ventilated mechanically with room air and supplemental
oxygen. Supplemental anesthesia was administered at a dose of 10–20 mg/kg/hr intravenously,
as needed. A catheter was placed into a femoral vein for injection of supplemental anesthesia,
and a femoral artery was cannulated for measurement of arterial blood pressure and to obtain
blood samples for the determination of blood glucose concentration.

To visualize the microcirculation of the cerebrum, a craniotomy was prepared over the left
parietal cortex (Mayhan and Heistad, 1985). The cranial window was suffused with artificial
cerebral spinal fluid that was bubbled continuously (95% nitrogen and 5% carbon dioxide).
Temperature of the suffusate was maintained at 37±1° C. The cranial window was connected
via a three-way valve to an infusion pump, which allowed infusion of agonists into the
suffusate. This method, which we have used previously (Mayhan, 1989; Mayhan, 1992a),
maintained a constant temperature, pH, pCO2, and pO2 of the suffusate during infusion of
agonists. Arterial blood gases were monitored and maintained within normal limits.

Diameter of cerebral arterioles was measured using a video image-shearing device (model 908,
Instrumentation for Physiology and Medicine, Inc.). In each rat, we examined responses of the
largest arteriole exposed by the craniotomy. Diameter of arterioles was measured immediately
before application of agonists and every minute for 5 minutes during application of agonists.
Steady state responses were reached within 2–3 minutes after starting application of agonist
and the diameter returned to baseline within 3 minutes after stopping application of the agonist.

4.3. Experimental Protocol
In the first series of studies, we examined the influence of superfusion with angiotensin II on
reactivity of cerebral arterioles in nondiabetic rats (n=6). In these studies, the cranial window
was superfused with artificial cerebral spinal fluid for 30–45 minutes prior to testing responses
of arterioles to the agonists. Then, we examined responses of arterioles in nondiabetic rats to
eNOS-dependent agonists: acetylcholine (1 and 10 μM) and 5′-adenosine diphosphate (ADP;
10 and 100 μM), and an eNOS-independent agonist: nitroglycerin (1.0 and 10 μM). After this
initial examination of reactivity, we started a continuous superfusion with angiotensin II (1.0
μM). Two hours after starting superfusion with angiotensin II, we again examined responses
of cerebral arterioles to acetylcholine, ADP and nitroglycerin. In another group of nondiabetic
rats (n=4), we examined whether prior treatment of the cerebral microcirculation with an
inhibitor of NAD(P)H oxidase (apocynin) could alleviate/prevent the influence of angiotensin
II on reactivity of cerebral arterioles. Thus, in these studies we examined responses to
acetylcholine, ADP and nitroglycerin in nondiabetic rats. Then, we started a continuous
superfusion with apocynin (1 mM). Thirty minutes after starting superfusion with apocynin,
we started superfusion with angiotensin II. Two hours later, we again examined responses of
arterioles to acetylcholine, ADP and nitroglycerin in the presence of apocynin and angiotensin
II.

In a second series of functional studies, we examined the influence of losartan on reactivity of
cerebral arterioles to eNOS-dependent and –independent agonists in nondiabetic (n=6) and
diabetic (n=9) rats. In these studies, we examined responses of cerebral arterioles to
acetylcholine, ADP and nitroglycerin in nondiabetic and diabetic rats, as described above.
Then, we started a continuous superfusion with losartan (0.1 mM). Thirty minutes after starting
superfusion with losartan, we again examined responses of cerebral arterioles to acetylcholine,
ADP and nitroglycerin.
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4.4. Western blot analysis
In separate groups of nondiabetic (n=5) and diabetic (n=5) rats, brain tissue (cerebrum) was
harvested, rinsed with a phosphate-buffer solution (PBS), frozen on dry ice, and stored at −80
°C until isolation of cerebral microvessels. Cerebral microvessels from nondiabetic and
diabetic rats were isolated using procedures described previously (McNeill et al., 1999; Sun et
al., 2001; Sun et al., 2002). Once isolated, cerebral microvessels were homogenized separately
in 20% (weight/volume) ice-cold buffer containing 10 mM Tris-HCl, pH 7.4; 1% SDS; 1mM
sodium vanadate; 10 μg/ml aprotinine; 10 μg/ml leupeptin; and 1mM phenylmethylsulfonyl
fluoride. The homogenates were centrifuged at 12000 g for 20 min at 4 °C and protein
concentration was determined by the Bradford method (Bio-Rad, Richmond, CA) with BSA
as the standard. SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was performed and the
proteins were transferred onto a polyvinylidene difluoride membrane. Immunoblot analysis
was performed using an anti-AT1R receptor antibody. The bound antibody was detected using
an ECL kit and quantified by scanning densitometry. The amount of protein was expressed as
percent relative to that in nondiabetic rats, as described in previously (Sun et al., 2001; Sun et
al., 2002).

4.5. Superoxide anion measurement
In other groups of nondiabetic (n=15) and diabetic (n=26) rats, superoxide production was
measured using lucigenin-enhanced chemiluminescence. After the rat was exsanguinated, the
brain was removed and immersed in a modified Krebs-HEPES buffer containing (in mmol/L):
118 NaCl, 4.7 KCl, 1.3 CaCl2, 1.2 MgCl2, 1.2 KH2PO4, 25 NaHCO3, 10 HEPES, 5 glucose
for samples from nondiabetic rats and 20 glucose for samples from diabetic rats (pH 7.4). Tissue
samples from the parietal cortex were placed in polypropylene tubes containing 5 μmol/L
lucigenin, then read in a Fentomaster FB12 (Zytox) luminometer, which reports relative light
units (RLU) emitted integrated over 30 second intervals for 5 minutes. Data were corrected for
background activity and normalized to tissue weight.

4.6. Statistical analysis
Analysis of variance with Fischer’s test for significance was used to compare values between
nondiabetic and diabetic rats before and during treatment with angiotensin II and losartan, and
for superoxide anion production. An unpaired t test was used to compare differences between
nondiabetic and diabetic rats regarding AT1R protein. A p value of 0.05 or less was considered
to be significant.
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Figure 1.
Responses of cerebral arterioles to acetylcholine, ADP and nitroglycerin in nondiabetic rats
under control conditions (open bars), following a 2-hour superfusion with angiotensin II (1.0
μM; closed bars) and following a 2-hour superfusion with angiotensin II in the presence of
apocynin (1.0 mM; hatched bars). Values are means ± SE. * p < 0.05 versus response under
basal conditions and in the presence of apocynin.
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Figure 2.
Responses of cerebral arterioles to acetylcholine in nondiabetic rats before (open bars; n=6)
and during (left hatched bars; n=6) application of losartan (0.1 mM), and in diabetic rats before
(closed bars; n=9) and during (cross hatched bars; n=9) application of losartan. Values are
means ± SE. * p < 0.05 versus response in nondiabetic rats and diabetic rats after treatment
with losartan.
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Figure 3.
Responses of cerebral arterioles to ADP in nondiabetic rats before (open bars; n=6) and during
(left hatched bars; n=6) application of losartan (0.1 mM), and in diabetic rats before (closed
bars; n=9) and during (cross hatched bars; n=9) application of losartan. Values are means ±
SE. * p < 0.05 versus response in nondiabetic rats and diabetic rats after treatment with losartan.
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Figure 4.
Responses of cerebral arterioles to nitroglycerin in nondiabetic rats before (open bars; n=6)
and during (left hatched bars; n=6) application of losartan (0.1 mM), and in diabetic rats before
(closed bars; n=9) and during (cross hatched bars; n=9) application of losartan. Values are
means ± SE.
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Figure 5.
Superoxide anion production by parietal cortex tissue in nondiabetic (open bars; n=15) and
diabetic (closed bars; n=26) rats under basal conditions (Basal), during exposure to angiotensin
II (AII; 1.0 μM), in the presence of losartan (Losartan; 0.1mM), and during exposure to
angiotensin II in the presence of losartan (AII+Losartan). Values are means±SE. a p<0.05
versus basal production of superoxide anion in nondiabetic rats, b p<0.05 versus basal levels
of superoxide anion, c p<0.05 versus response to angiotensin II in nondiabetic rats, d p<0.05
versus basal production of superoxide anion in diabetic rats, and e p<0.05 versus production
of superoxide anion during exposure to angiotensin II.

Arrick et al. Page 15

Brain Res. Author manuscript; available in PMC 2009 July 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 6.
AT1R protein in cerebral microvessels obtained from nondiabetic and diabetic rats. The upper
panel shows Western immunoblot of AT1R protein in cerebral cortex microvessels (upper
lanes are microvessels from nondiabetic rats and lower lanes are microvessels from diabetic
rats). The lower panel shows the quantified data for AT1R protein in nondiabetic (open bars)
and diabetic (closed bars) rats. Optical density of AT1R protein positive bands was quantified
by scanning densitometry and plotted relative to nondiabetic rats. Values are means ± SE.
*p<0.05 versus nondiabetic rats.
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Table 1
Baseline diameter of cerebral arterioles, mean arterial pressure, blood glucose concentration and body weight in
nondiabetic and diabetic rats.

Nondiabetic Diabetic

Baseline diameter (microns) 48±2 46±2

Mean arterial pressure (mmHg) 107±3 106±5

Blood glucose (mg/dl) 91±8 368±17*

Body weight (grams) 395±16 229±12*

Values are means±SE.

*
p<0.05 versus nondiabetic rats.
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