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Abstract
BBZDR/Wor rat is a new model of type II diabetes with spontaneous obesity and clinical
characteristics close to human diabetes. In this study the time-course of cerebroarterial dysfunction
was characterized. Posterior cerebral arteries from BBZDR/Wor rats and their age-matched lean
controls were pressurized to 70mmHg in an arteriograph. Effects of intraluminal pressure and
different pharmacological agents on myogenic tone were evaluated. Pressure-myogenic tone
curves in diabetic arteries were similar to that in non-diabetic arteries at pre-diabetic age, showed
leftward shift at 4 weeks and were significantly different with higher myogenic tone at 5 and 8
months of diabetes. Age-dependent decrease in myogenic tone was observed in non-diabetic
arteries. Dilation to histamine was similar to that in non-diabetic arteries at pre-diabetic and at 4
weeks but significantly reduced at 5 and 8 months of diabetes. Bradykinin-mediated dilation was
significantly reduced in early and chronic diabetes, whereas (±)-S-nitroso-N-acetylpenicillamine
(SNAP)-mediated dilation was decreased modestly at 8 months of diabetes. Sensitivity and
constriction to 5-hydroxytryptamine were increased in early and chronic diabetes. Responses to
bradykinin and 5-hydroxytryptamine were decreased and increased, respectively. Myogenic tone
was significantly less sensitive to (lower pIC50) U-73122 than normal arteries at 4 weeks and 8
months of diabetes suggesting an increased activation of phospholipase C (PLC). This study
shows that pressure-mediated autoregulation of cerebral arteries in type II diabetes operates at
higher resistance. Endothelium-dependent dilation was decreased with chronic diabetes with
increased sensitivity to constrictor agonist. Endothelium-independent dilation was modestly
affected. Arterial hyper-reactivity to pressure and constrictor agonist were likely due to increased
PLC activation.
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1. Introduction
Non-insulin dependent diabetes mellitus is characterized by insulin resistance, altered
glucose and fatty acid metabolism and moderate hypertension (Ganne et al., 2007; Kashyap
and Defronzo, 2007). In many cases, it follows clinically apparent obesity (McGillis
Bindler, 2007). Diabetes is known to be associated with macro and microvascular disease
resulting in life threatening cardiovascular events such as myocardial ischaemia and stroke
(Chyun and Young, 2006). Mechanisms underlying diabetic vascular damage in clinical
setting are heterogeneous and multifactorial, and recent work by Brownlee (Brownlee, 2001)
showed a unifying hypothesis for cellular damage by hyperglycaemia.

Microvasculature determines and regulates blood flow to organs by the virtue of myogenic
tone, constriction in response to intraluminal pressure, and therefore ensures smooth blood
flow to organs despite changes in systemic haemodynamics (Johnson, 1986). Arteriolar
hypo- and hyper-responsiveness to endogenous vasodilators and constrictors have been
reported in conduit and resistance arteries in diabetic models but very few studies have been
focused on myogenic tone (Pieper, 1998). Increased myogenic tone was observed in cerebral
arteries from streptozotocin-induced type I diabetic rats (Zimmermann et al., 1997), in
mesenteric arteries of db/db mice (Lagaud et al., 2001) and in skeletal muscle arterioles of
obese Zucker rats (Frisbee et al., 2002) and streptozotocin-induced type I diabetic rats
(Ungvari et al., 1999).

Microvasculature in type II diabetes was not extensively studied, probably due to lack of
availability of appropriate animal models. BBZDR/Wor rat is a new animal model of type II
diabetes (Tirabassi et al., 2004), produced by crossing the Zucker fatty rat and non-diabetic
BB/Wor rat (also known as BBDR/Wor rat, which serves as control for BBDP/Wor type I
diabetic rat (Mordes et al., 2004)). Lean non-diabetic heterozygous littermates serve as
control for the obese diabetic BBZDR/Wor rats.

Clinical characteristics of diabetic syndrome in BBZDR/Wor rats include hyperglycaemia,
hyperinsulinaemia, hyperlipidemia and they tend to develop moderate hypertension,
polyneuropathy, retinopathy and erectile dysfunction (Guberski et al., 1993; Vernet et al.,
1995; Sima et al., 2000; Tirabassi et al., 2004) and these characteristics make this model
more closer to the clinical diabetes in human than any other existing models. Macro and
microvascular function in this model are not yet studied, therefore the use of this model to
study microvascular complications needs to be validated. In the present study we
characterized cerebroarterial dysfunction in early and chronic diabetic stages in BBZDR/
Wor rat. Pressure-dependent autoregulation of myogenic tone and reactivity to contractile
and dilatory agonists were evaluated. At the same time age-dependent changes in these
arterial properties were evaluated.

2. Methods
Animal procedures have been reviewed and approved by the Institutional Animal Care and
Use Committee (IACUC) of University of Florida. Male BBZDR/Wor and their age-
matched lean non-diabetic rats were obtained from Biomedical Research Models Inc.
(Worcester, MA). Rats obtained were of pre-diabetic age (<10 weeks) and 4 weeks, 5
months and 8 months after the onset of diabetes (ages of the three diabetic groups were 14
weeks, 7 and 11 months, respectively). Blood was collected for the analysis of glucose and
insulin from left ventricle after anesthetizing rats as described below. Blood glucose was
analysed by One Touch Ultra glucometer (detection limits 20–600 mg/dL, Lifescan, Johnson
& Johnson, Miltipas, CA, USA). Plasma was obtained by collecting the blood in vacutainer
tubes (BD, NJ, USA) and plasma insulin was measured by radioimmunoassay as described
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earlier (detection limits 0.1–100 ng/L) (Guberski et al., 1993). Collection of blood samples
and sacrificing rats were always taken place between 9–10 am.

2.1. Preparation of cerebral arteries, measurement of arterial diameter
Rats were anesthetized by an intraperitoneal injection of pentobarbital sodium (60 mg/kg)
and killed by decapitation. The brain was removed and placed in an ice-cold oxygenated
physiological saline solution (PSS, see below for composition). Posterior cerebral arteries
were quickly isolated and dissected free of connective tissue. Secondary or tertiary branches
were isolated and transferred to an arteriograph (Danish MyoTechnology (DMT), Aarhus,
Denmark) filled with ice-cold PSS, cannulated with glass pipettes and secured with nylon
thread as described previously (Jarajapu and Knot, 2002). The arteriograph was then placed
on the stage of an inverted microscope, visualized with a monochrome CCD camera for the
continuous measurement of arterial diameter and the data was acquired by Myoview
software (DMT). The arteries were slowly pressurized to 70 mm Hg under no flow
conditions using pressure myograph system (P110, DMT), with PSS bubbled with 21% O2,
5% CO2, 74% N2 (pH 7.35–7.40 in the bath) maintained at 37°C.

2.2. Experimental protocol
After an equilibration period of ~20 minutes, arteries showed stable myogenic tone at 70
mm Hg. Arteries were assessed for receptor-independent contraction to 60 mM KCl to
check their viability. Afterwards, the effect of different pharmacological agents on myogenic
tone was evaluated. Concentration response curves to different agents were obtained by
cumulative addition. The maximal dilated diameter/passive diameter was obtained in
calcium-free PSS at the end of the experiment. All experiments were performed in
endothelium-intact arteries.

Pressure-dependent changes in arterial diameter were evaluated by increasing the
intraluminal pressure in 10 mm Hg steps from 10–200 mm Hg. After exposure to the
highest, the intraluminal pressure was lowered down to 10 mm Hg and the artery and
pressure-dependent changes in diameter were obtained in the presence of calcium-free PSS.
Myogenic tone was calculated by the following equation:

(1)

where Da is the active diameter of the artery with myogenic tone and Dp is the passive
diameter in the presence of calcium-free PSS at a particular intraluminal pressure.
Experiments evaluating myogenic tone over a range of intraluminal pressures were
performed in arteries that were not used for any other protocols in this study.

2.3. Data analysis and statistics
Results were expressed as mean ± S.E.M; n indicates the number of independent
experiments, which equals the number of animals used for experimentation. Means were
compared by Student’s t-test and pressure-myogenic tone curves were compared by one-way
ANOVA. A ‘P’ value < 0.05 was considered as statistically significant. The potency of the
contractile agonist and enzyme inhibitors was expressed as pEC50 or pIC50 (negative
logarithm of the concentration of the agonist or the inhibitor to produce the 50% of the
maximum effect) as calculated by the software program GraphPad Prism that fits the data to
a four-parameter logistic equation given below:
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(2)

where minimum and maximum indicate the smallest and the highest responses produced by
an agonist, X is the logarithm of the molar concentration of an agonist, Y is the response at a
concentration of X and P is the Hill slope.

2.4. Drugs, chemicals and solutions
Histamine, U-73122 (1-[6-[((17β)-3-methoxyestra-1,3,5[10]-trien-17-yl)amino]hexyl]-1H-
pyrrole-2,5-dione) and ethylene glycol-bis(β-aminoethyl ether)-N, N, N′, N′-tetraacetic acid
(EGTA) were purchased from Sigma (St. Louis, MO, USA), bradykinin and 5-
hydroxytryptamine (5-HT) (serotonin HCl) was purchased from Fluka (Steinheim,
Germany) and (±)-S-nitroso-N-acetylpenicillamine (SNAP) was purchased from
Calbiochem (San Diego, CA, USA). Stock solutions (10 mM) of U-73122 was prepared in
DMSO and those of all the other substances were prepared in distilled water. The
composition of PSS (mM): NaCl (120), KCl (3), NaHCO3 (24), NaH2PO4. H2O (1.2), CaCl2
(2.5), MgSO4.7H2O (1.2) and glucose (4). PSS with 60 mM KCl was prepared by replacing
NaCl with an equimolar quantity of KCl. Calcium free PSS was prepared by replacing
CaCl2 with an equimolar quantity of MgSO4.7H2O with 2 mM EGTA.

3. Results
Body weights of BBZDR/Wor rats were significantly higher (P<0.01) at 4 weeks and 5
months after the onset of diabetes but not at the pre-diabetic age and 8 months of diabetes
(Table 1). BBZDR/Wor rats showed decline in body weights at 5 months of diabetes and no
significant difference was found at 8 months of diabetes when compared with the age-
matched controls. Blood glucose levels of BBZDR/Wor and lean rats were similar at the
pre-diabetic age but significantly higher (P<0.01) in BBZDR/Wor rats at different stages of
diabetes (Table 1). Blood glucose levels in pre-diabetic groups appeared higher than usual
but at this stage they were aglycosuric with normal insulin levels and glucose tolerance.
Plasma insulin levels were significantly higher in all three diabetic groups compared to the
age-matched lean group as well as pre-diabetic BBZDR/Wor group (Table 1).

3.1. Characteristics of posterior cerebral arteries
Passive diameters of posterior cerebral arteries (at an intraluminal pressure of 70 mm Hg)
from BBZDR/Wor rats were not significantly different from that of their age-matched
controls (Table 2). Constriction to 60% KCl was similar in arteries from BBZDR/Wor rats
compared to that from the age-matched control rats (n=10 for pre-diabetic group and n=5 for
the other three groups) (Table 2).

3.2. Pressure-induced constriction
Arteries from both BBZDR/Wor and control rats at pre-diabetic age showed typical
autoregulatory properties in response to intraluminal pressure (Fig 1A). Increase in pressure
up to 40 mm Hg increased internal diameter resulting in less than 25% myogenic tone. From
60 to 160 mm Hg the diameter remained same, showing similar myogenic tone throughout
the range of pressures. Pressures higher than160 mm Hg resulted in forced dilatation.
Pressure-myogenic tone curves in diabetic arteries were similar to that in control arteries at
pre-diabetic age. Similar autoregulatory response was observed in arteries at 4 weeks of
diabetes and their age-matched control rats except that at pressures <60 mm Hg higher
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myogenic tone was observed in diabetic arteries (Fig 1B) with a significant leftward shift
(P<0.05, two-way ANOVA, n=5) suggesting increased sensitivity to intraluminal pressure.

Arteries from 5 months diabetic rats showed higher myogenic tone at pressures higher than
30 mm Hg compared to that from the age-matched controls (Fig 1C). Similar behavior was
also observed with the arteries from rats that were diabetic for 8 months (Fig 1D). Arteries
from these chronic diabetic rats did not show forced dilatation at pressures >160 mm Hg.
Pressure-myogenic tone curves were significantly different (P<0.01, two-way ANOVA,
n=4) in diabetic and normal arteries at 5 and 8 months of diabetic age.

Age-dependent differences were observed in pressure-myogenic tone curves in arteries from
either control or diabetic rats. In control rats at 7 and 11 months of age, pressure-myogenic
tone curves in arteries were significantly different (P<0.001, two-way ANOVA) and
myogenic tone was lower in the active pressure range i.e. 50–110 mm Hg compared to that
of 10 weeks of age. In contrast, pressure-myogenic tone curves in diabetic arteries at 7 and
11 months of age were significantly different from that of 10 weeks or pre-diabetic group
(P<0.01) with increased constriction at higher pressures and with no forced dilation, while
no difference was observed at 14 weeks.

3.3. Arterial dilation
Maximum dilation and sensitivity of the arteries to histamine were similar in arteries from
both BBZDR/Wor and lean control rats at pre-diabetic and at 4 weeks of diabetes (Fig 2A
and 2B). Maximum dilation was significantly reduced (P<0.001, n=5) in arteries at 5 months
of diabetic age compared to that in arteries from age-matched controls (Fig 2C, Table 2).
Arteries from rats with 8 months of diabetes showed dilatory responses to histamine only at
higher concentrations (≥10 μM) (n=4) suggesting significantly decreased sensitivity,
whereas arteries from their age-matched controls showed maximum dilation (n=5) (Fig 2D).
Age-dependent changes in dilation to histamine were not observed.

Concentration response curves to bradykinin were similar in arteries from diabetic and
control rats at pre-diabetic age (Fig 3A). Maximum dilation was reduced in diabetic arteries
compared to age-matched controls at 4 weeks of diabetes (P<0.05, n=5, Table 2) (Fig 3B)
and at 5 months of diabetes (P<0.001, n=4) (Fig 3C, Table 2). Dilation to bradykinin
accompanied extensive vasomotion (changes in diameter) in arteries from 8 months diabetic
rats with no consistent response (data not shown). Age-dependent decrease in bradykinin-
mediated dilation was observed in controls of 7 months age (P<0.05, n=5).

SNAP-mediated dilation was similar in arteries from both diabetic and control rats at pre-
diabetic (Fig 4A) and 4 weeks (data not shown) of diabetes. Dilation was not affected in
arteries from 5 months diabetic rats (Fig 4B, n=4) but significantly decreased in those from
8 months diabetic rats (Fig 4C) (P<0.01, n=3) (Table 2). Dilation to SNAP was not altered
with age in controls.

3.4. Arterial constriction
Constriction to 5HT was expressed as percent of 60 mM KCl response and was similar in
diabetic and control arteries at pre-diabetic age (Fig 5A, Table 2). At 4 weeks of diabetes,
arteries showed higher (P<0.0001, n=5) responses to 5HT compared to the age-matched
controls with (Fig 5B, Table 2). At 5 and 8 months of diabetic age, arteries showed higher
sensitivity (higher pEC50, see Table 2) to 5HT with significantly higher responses (P<0.01,
n=5) (Fig 5C and 5D). Age-dependent increase in 5HT- constriction was observed in arteries
from controls only at 11 months of age (P<0.05, n=5) compared to that in arteries from 10
week old.

Jarajapu et al. Page 5

Eur J Pharmacol. Author manuscript; available in PMC 2010 December 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



3.5. Sensitivity of myogenic tone to U-73122
Maximum dilation produced by U-73122, an inhibitor phosphatidyl inositol-specific
phospholipase C (PLC) was similar in both diabetic and age-matched control arteries from
all four groups. The inhibitory potency (pIC50) of U-73122 was similar in arteries from
diabetic and control rats at pre-diabetic age but lowered in diabetic arteries by 3-fold
(P<0.01, n=6) at 4 weeks and at 8 months (P<0.01, n=4) of diabetes (Fig 6) (Table 2)
compared to their respective controls. Similar difference was observed at the diabetic age of
5 months (n=2, data not shown).

4. Discussion
The main focus of this study was to evaluate cerebroarterial function in this relatively new
model of type II diabetes, BBZDR/Wor rat, thereby validating the use of this model to study
and understand the underlying mechanisms of vascular complications in type II diabetes.
This is the first study to evaluate pressure-mediated autoregulation of cerebral arterial tone
over the course of type II diabetes in an experimental model.

4.1. Pressure-mediated autoregulation of cerebral arterial tone
Myogenic arteries constrict in response to physiological pressures and dilate at
physiologically lower pressures thereby autoregulate blood flow to organs/tissues (Johnson,
1986). The present findings suggest that the pressure-dependent autoregulation in cerebral
arteries is lost. In early diabetic stage, arteries showed increased sensitivity to pressure i.e.
leftward shift in pressure-myogenic tone curves. At chronic stages of diabetes, arteries
exhibited higher tone to pressure compared to that observed in arteries from age-matched
lean control rats and showed resistance to forced dilatation.

However, age-dependent variations were observed in myogenic tone in control rats.
Significant decrease was observed in arteries from control rats of 7 and 11 months of age
while forced dilatory properties were unchanged. Inverse relationship between age and
myogenic tone was also observed earlier in human ciliary artery (Nyborg and Nielsen,
1990), mesenteric arteries of male and female C57BL/6 mice (Gros et al., 2002) and human
brachial artery (Lott et al., 2004). In contrast, arteries from obese diabetic rats showed either
similar or higher myogenic tone with the advanced age and acquired the ability to withstand
higher pressures with no forced dilation, resulting in a defective pressure-mediated
autoregulation of blood flow to the brain. Enhanced myogenic constriction observed in this
model is consistent with the available few reports in type II diabetes, namely, in mesenteric
arteries from mouse model of type II diabetes (Lagaud et al., 2001) and skeletal muscle
arterioles from Zucker rat model of obesity-induced type II diabetes (Frisbee et al., 2002). In
contrary, we observed decreased pressure-induced in the ophthalmic artery of BBZDR/Wor
rat and the decrease was endothelium-dependent (Ito et al., 2006), suggesting vascular bed-
dependent variation in the effect of type II diabetes on pressure-dependent autoregulation.

4.2. Endothelium-dependent and -independent dilation of cerebral arteries
We used three different dilators, histamine, bradykinin and SNAP, with different
mechanisms of dilation. Bradykinin is a frequently used endothelium-dependent dilator and
in rat posterior cerebral arteries the dilation to bradykinin is solely mediated by nitric oxide
(NO) (Lagaud et al., 1999). Histamine-mediated dilation is either endothelium-dependent or
independent depending on the vascular bed being studied. In mouse and rat cerebral arteries
histamine-mediated dilation is endothelium-independent (Rosenblum et al., 1990; Jarajapu
et al., 2006). SNAP is also a widely used endothelium-independent dilator that
spontaneously releases NO in aqueous solutions (Ignarro et al., 1988).
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Alterations in dilatory responses to different agonists varied with the duration of diabetes.
Consistent with the notion that endothelium-mediated dilation is the first mechanism to be
affected in diabetes (Pieper, 1998), dilation to bradykinin was significantly affected at an
early stage of diabetic syndrome in BBZDR/Wor rat and further aggravated with the
duration of diabetes. Histamine-mediated dilation was affected with longer durations of
diabetes and SNAP-mediated dilation was modestly affected only at 8 months of diabetes,
suggesting that the effect of diabetic syndrome on arterial dilation varies with mechanisms
involved in the dilatory effect. Spontaneous NO donor is probably the strongest stimulus to
produce smooth muscle relaxation and decreased response to NO donors indicate an altered
intracellular signaling in smooth muscle involving NO-cGMP-MLCK pathway and function
of different potassium channels (Schubert and Nelson, 2001; Munzel et al., 2003).

Studies carried out in experimental models of type II diabetes are few and provide no clear
consensus regarding endothelial dysfunction. Endothelium-dependent dilation in mesenteric
arteries was shown to be unaffected in obese Zucker rat (Bohlen and Lash, 1995) and
decreased in mesenteric (Lagaud et al., 2001) and cerebral arteries (Didion et al., 2005) of
db/db mice. Almost with no exception, studies that have shown impaired endothelium-
dependent relaxation in experimental diabetes, have found normal relaxation to
nitrovasodilators or agents that release nitric oxide spontaneously. In contrast, in human type
II diabetes, both unaltered and attenuated responses to nitrovasodilators was reported
(Pieper, 1998).

In the present model also endothelium-dependent dilation was decreased with age while
endothelium-independent dilation was unaffected. This is consistent with earlier
observations in different arteries (coronary (Csiszar et al., 2002), mesenteric (Sullivan and
Davison, 2001), skeletal muscle (Muller-Delp et al., 2002; Woodman et al., 2003) arteries of
rat and human forearm resistance arteries (Gerhard et al., 1996)).

4.3. Responses to vasoconstrictor and role of phospholipase C
Consistent with the changes observed in pressure-mediated myogenic tone, agonist-induced
constriction was also affected. Enhanced constriction to 5HT with higher sensitivity was
observed in the early and chronic stages of diabetes in this model. Impaired endothelium-
mediated dilation or hyperreactivity of smooth muscle or both could be the underlying
mechanism depending on the duration of diabetes. Earlier studies have shown that
experimental diabetes results in protein kinase C (PKC) activation (King et al., 1997) that
promotes smooth muscle contraction by calcium-sensitization of contractile proteins (Lee
and Severson, 1994) or by inhibiting the activity of potassium channels in smooth muscle
membrane (Bonev et al., 1997; Armstead, 2001). Now evidence is accumulating showing
the importance of PKC-mediated effects in smooth muscle via NAD(P)H oxidase-
production of reactive oxygen species-potassium channel inhibition. Consistent with this
notion, studies in retina in this rat model showed time course of increased NAD(P)H, an
important source of reactive oxygen species that coincided with the onset of type II diabetes
(Ellis et al., 2002).

Experiments with the pharmacological inhibitor of PLC, U-73122 (Muller-Decker, 1989;
Smith et al., 1990), showed evidence for an elevated PLC-activation in arteries in response
to pressure. This is in accordance with the earlier supposition that in diabetic arterial wall,
PKC activation is higher via PLC-mediated production of diacylglycerol (DAG) that
activates PKC (Inoguchi et al., 2003). In the present study, the inhibitory potency (pIC50) of
PLC inhibitor, U-73122, was taken as a measure of PLC-activation involved in the
myogenic tone. We earlier reported that development of myogenic tone in rat cerebral
arteries involves activation of PLC and is completely reversed by the treatment of PLC
inhibitor U-73122 with no non-specific effects of dilation (Jarajapu and Knot, 2002).
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Sensitivity to the PLC inhibitor decreased in the early diabetic stage as well as in the chronic
diabetic stage with no change in the maximum dilation or reversal of myogenic tone
suggesting that activation of PLC involved in the development of myogenic tone was
increased with diabetes and remained elevated over the course of diabetes.

In conclusion, this study characterized cerebroarterial dysfunction in BBZ/Wor rat showing
that pressure-dependent autoregulation of cerebral blood flow in type II diabetes operates at
higher resistance. Endothelium-dependent dilation was greatly attenuated and endothelium-
independent dilation was modestly affected with chronic diabetes. Sensitivity to pressure-
and agonist-induced contraction was increased over the course of diabetes. Age-dependent
changes in the arterial reactivity need to be considered when studying vascular
complications in diabetic models with different durations of diabetes.
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Fig 1.
Pressure-mediated autoregulatory curves in cerebral arteries from obese diabetic BBZDR/
Wor and age-matched lean control rats at (A) pre-diabetic age and at different durations of
diabetes ((B) 4 weeks, (C) 5 months and (D) 8 months of diabetes). Pressure-myogenic tone
curves in 4 weeks diabetic arteries were significantly shifted left-ward (P<0.05, n=5). In (C)
and (D), pressure-myogenic tone curves are significantly different between diabetic and
control arteries (P<0.01, n=4). Data shown were Mean±S.E.M.
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Fig 2.
Histamine-mediated dilation of cerebral arteries from obese diabetic BBZDR/Wor and age-
matched lean control rats at (A) pre-diabetic age and at different durations of diabetes ((B) 4
weeks, (C) 5 months and (D) 8 months of diabetes). Arteries were pressurized at 70 mm Hg.
In (C) and (D), dilation to histamine was significantly reduced (P<0.001, Students ‘t’-test,
n=5). Data shown were Mean±S.E.M.
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Fig 3.
Bradykinin-mediated dilation of cerebral arteries from obese diabetic BBZDR/Wor and age-
matched lean control rats at (A) pre-diabetic age and at different durations of diabetes ((B) 4
weeks and (C) 5 months of diabetes). Arteries were pressurized at 70 mm Hg. Bradykinin-
mediated dilation was significantly decreased in 4 weeks (P<0.05, n=5) and 5 months
(P<0.001, n=4) diabetic arteries according to Students ‘t’-test. Data shown were Mean
±S.E.M.
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Fig 4.
SNAP-mediated dilation of cerebral arteries from obese diabetic BBZDR/Wor and age-
matched lean control rats at (A) pre-diabetic age and at different durations of diabetes ((B) 5
months and (C) 8 months of diabetes). Arteries were pressurized at 70 mm Hg. See text and
table 2 for details. Dilation to SNAP was significantly decreased in 8 months diabetic
arteries (P<0.01, Students ‘t’-test, n=3). Data shown were Mean±S.E.M.
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Fig 5.
5-Hydroxytryptamine-induced constriction of cerebral arteries from obese diabetic BBZDR/
Wor and age-matched lean control rats at (A) pre-diabetic age and at different durations of
diabetes ((B) 4 weeks, (C) 5 months and (D) 8 months of diabetes). Arteries were
pressurized at 70 mm Hg. Constriction was expressed as percent response of 60 mM KCl
response. 5HT-mediated constriction was significantly increased in diabetic arteries (B)
P<0.0001, n=5, (C) P<0.01, n=5 and (D) P<0.01, n=4 (Students ‘t’-test) with higher
sensitivity in (C) and (D) (see Table 2 for details). Data shown were Mean±S.E.M.
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Fig 6.
U-73122-mediated decrease in myogenic tone of cerebral arteries from obese diabetic
BBZDR/Wor and BBZDR/Wor lean control rats at (A) pre-diabetic age and at different
durations of diabetes ((B) 4 weeks and (C) 8 months of diabetes). Arteries were pressurized
at 70 mm Hg. See text and table 2 for details. Significant right-ward shift was observed in
concentration-myogenic tone curves in 4 weeks (P<0.01, n=6) and 8 months (P<0.01, n=4)
diabetic arteries according to Students ‘t’-test. Data shown were Mean±S.E.M.
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