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Abstract—We investigated how hypertension during pregnancy affected passive structural (wall:lumen, wall stress) and
active (myogenic activity) responses of the cerebral circulation. Female nonpregnant (NP; n�8) Sprague Dawley rats
were compared with late-pregnant (LP; day 19 to 20, n�6) rats. Some animals were treated with the NO synthase
inhibitor nitro-L-arginine in their drinking water to raise blood pressure. LP rats (n�6) were treated for the last 7 days
of pregnancy (last trimester) to mimic preeclampsia and compared with NP rats treated for the same duration (n�8).
Active and passive responses were determined on isolated and pressurized third-order posterior cerebral arteries.
Nitro-L-arginine treatment significantly raised blood pressure in both groups of animals that was associated with
increased wall thickness and wall:lumen ratio in the NP hypertensive animals versus controls (P�0.05). In contrast, this
response to pressure was absent in LP animals, which had similar wall measurements. In addition, arteries from NP
hypertensive animals had increased myogenic tone and pressure of forced dilatation compared with NP control animals
(P�0.01). Again, this response was lacking in the LP hypertensive animals that had similar tone and pressure of forced
dilatation as normotensive controls. The increased tone and wall thickness decreased wall stress in the NP hypertensive
animals, a response that did not occur in LP hypertensive animals. Because medial hypertrophy is considered a
protective response to elevated blood pressure, these results suggest that hypertension in pregnancy may predispose the
cerebral circulation to autoregulatory breakthrough and blood–brain–barrier disruption when blood pressure is elevated,
as during eclampsia. (Hypertension. 2006;47[Part 2]:619-626.)
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The neurological complications of eclampsia are thought
to be similar to hypertensive encephalopathy in which an

acute, excessive elevation in pressure causes forced dilatation
of cerebral artery myogenic tone, autoregulatory break-
through, and edema formation.1–3 Our previous work demon-
strated that normal pregnancy may predispose the brain to
eclampsia by lowering the pressure at which forced dilatation
of cerebral arteries occurs.4 Whereas this effect may not be
consequential if mean arterial pressure remains within the
normal autoregulatory pressure range, it may cause blood–
brain barrier (BBB) disruption and edema formation if
pressure is elevated, as during hypertension in pregnancy and
preeclampsia/eclampsia.

It is now established that chronic hypertension is associ-
ated with medial hypertrophy of both large and small cerebral
arteries that increases the wall:lumen ratio.5–9 This response
of the cerebrovascular smooth muscle to chronically elevated
blood pressure is considered to be an important protective
function.6 Several studies have shown that spontaneously
hypertensive rats10,11 and stroke-prone spontaneously hyper-
tensive rats12 were less susceptible to BBB disruption during

acute hypertension than normotensive Wistar Kyoto rats that
did not undergo medial hypertrophy. In addition, attenuation
of medial hypertrophy in spontaneously hypertensive and
stroke-prone spontaneously hypertensive rats increased the
susceptibility of the BBB to disruption during acute hyper-
tension.13,14 Therefore, it appears that hypertension-induced
cerebral artery hypertrophy can stiffen the vascular wall,
making cerebral arteries more resistant to forced dilatation
during acute hypertension, thereby protecting the BBB.5,6

Cerebral arteries can also undergo eutrophic remodeling in
response to chronic hypertension, defined as a decrease in
external and internal diameter such that cross-sectional area
does not change.15–17 Similar to medial hypertrophy, remod-
eling in response to chronic hypertension is considered to be
protective, because it serves to normalize circumferential wall
stress that is elevated because of increased blood pressure and
extend the autoregulatory curve to the higher range of
pressures.5,6 Both hypertrophy and remodeling of large and
small cerebral arteries attenuate the increased pressure in
downstream microvessels, thereby protecting the BBB from
disruption.18
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Hypertension during pregnancy is a unique form of hyper-
tension that is somewhere between acute and chronic. During
preeclampsia, elevations in mean arterial pressure occur after
week 20 of gestation and are ameliorated by the birth of the
fetus.19 A number of maternal organs are affected by hyper-
tension in pregnancy, including the brain in the form of
eclampsia.1–3,19,20 Eclampsia is a leading cause of maternal
death, with classic neurological features that include head-
aches, nausea, visual disturbances, loss of consciousness, and
convulsions.21–24 Although considerable effort has been made
to understand the cause of hypertension in pregnancy and
preeclampsia, little is known about how elevated blood pressure
during pregnancy affects the cerebral circulation in a way that
may either protect or predispose to the neurological complica-
tions of eclampsia.

In the present study, we used an established model of
hypertension in pregnancy, that of NO synthase (NOS) inhibi-
tion, to raise arterial blood pressure in pregnant rats during the
last trimester (ie, last 7 days) of pregnancy.25–27 This model of
hypertension has been shown in male rats to cause both
medial hypertrophy and eutrophic remodeling of cerebral
arteries.8,9,16 We investigated how the combination of hyper-
tension and pregnancy affected the structure (wall thickness,
wall stress, and distensibility) and function (myogenic activ-
ity and forced dilatation) of third-order posterior cerebral
arteries (PCAs). These arteries were chosen because imaging
studies have shown that the posterior cerebral circulation is
particularly vulnerable to forced dilatation and BBB disrup-
tion during eclampsia.28,29

Methods

Animal Model
A rat model of pregnancy was used for all of the experiments. All of
the procedures were approved by the Institutional Animal Care and
Use Committee and conducted in accordance with the National
Institutes of Health Guide for the Care and Use of Laboratory
Animals. Female virgin nonpregnant control (NP-CTL; n�8)
Sprague Dawley rats were compared with late-pregnant control
(LP-CTL; day 19 to 20; n�6) rats. Some animals were treated with
the NOS inhibitor nitro-L-arginine (L-NAME) in their drinking water
to raise arterial blood pressure. LP rats were treated with 0.7 g/L
L-NAME (LP-HTN; n�6) for the last 7 days of pregnancy (last
trimester) to mimic preeclampsia in humans, defined as hypertension
(�140/90 mm Hg) after week 20 of gestation.19 NP animals were
treated with 0.5 g/L L-NAME for 7 days (NP-HTN; n�8) to match
the duration and extent of hypertension in the LP animals. A few NP
animals were treated with L-NAME plus 25 mg/kg hydralazine
(NP-Hydral; n�3; also in drinking water) to lower arterial pressure
via a nonendothelial mechanism30 in the presence of NOS inhibition.
This group was used to compare passive structural changes in NP
animals, because only those animals showed hypertension-induced
changes.

Blood Pressure Measurements
Blood pressures were recorded daily by a tail-cuff technique using
the Coda 6 System (Kent Scientific). Animals were placed in
individual holders, and both an occlusion cuff and a volume
pressure–recording cuff were placed close to the base of the tail.
Volume pressure recording allowed the noninvasive measurement of
6 blood pressure parameters simultaneously: systolic blood pressure,
diastolic blood pressure, mean blood pressure, heart pulse rate, tail
blood volume, and tail blood flow.

Vessel Preparation and Pressurized
Arteriograph System
On the day of an experiment, animals were anesthetized with
isoflurane in oxygen and decapitated. The brain was quickly re-
moved and placed in cold HEPES-physiological saline solution. A
third-order branch of the PCA was carefully dissected, cleared of
connective tissue, and placed in an arteriograph chamber (Living
Systems). Arteries were mounted on 2 glass cannulas within the
chamber, secured with nylon ties, and pressurized, as described
previously.4 The entire chamber was placed on an inverted micro-
scope with an attached video camera and monitor that allowed
measurement of lumen diameter and wall thickness via video
microscopy and video dimensional analysis (VDA). Temperature
and pH were continually measured and maintained at 37�0.5°C and
7.4�0.05, respectively.

Experimental Protocol
After equilibration for 1 hour at 25 mm Hg, the active response to
pressure was determined by increasing pressure to 200 mm Hg in
25-mm Hg increments and measuring lumen diameter and wall
thickness at each pressure once stable, �10 minutes. Papaverine
(0.1 mmol/L) was then added to the bath to fully relax the vessels
and obtain passive pressure–diameter measurements. In the presence
of papaverine, pressure was lowered from 200 mm Hg to 0 mm Hg
in 25-mm Hg increments until 50 mm Hg, after which pressure was
lowered in 10-mm Hg increments. Diameter and wall thickness were
measured at each pressure. Vessels were fixed while pressurized at
75 mm Hg with glutaraldehyde (2.5%) for measurement of passive
media thickness by transmission electron microscopy, as described
previously.31

Data Calculations
Wall:lumen ratio was calculated from the inner diameter and wall
thickness measurements from the VDA by the equation �inner/�,
where � is wall thickness and �inner is the internal diameter of the
artery.

Wall stress was calculated by first calculating circumferential wall
tension (T) by the equation T�pressure � r, where r is the radius.
Before T was calculated, pressure in mm Hg was converted to dynes
per square centimeter (1 mm Hg � 1333.2 dynes/cm2), and radius in
microns was converted to cm. For the purposes of this study, the
PCA was considered to be a thin-walled cylindrical tube with
orthotropic elasticity. The wall was assumed to be incompressible
and homogeneous. Circumferential wall stress was then calculated
by the equation T/�, where � is wall thickness.

Distensibility was calculated at each pressure, fully relaxed in
papaverine, by determining diameter changes as a function of
pressure and calculated by the following equation: [(�pressure/
�10 mm Hg)�1]�100, where �pressure is the diameter at that particular
pressure and �10 mm Hg is the diameter at 10 mm Hg. Distensibility for
each artery was normalized to the diameter at 10 mm Hg, because
arteries often collapse at lower pressures.

Pressure-induced tone was calculated as a percentage decrease in
diameter from the fully relaxed diameter in papaverine at each
intravascular pressure by the equation [1�(�tone/�papav)]*100%,
where �tone is the diameter of vessels with tone and �papav is the
diameter in papaverine.

Statistical Analysis
All of the results are presented as mean�SEM. Differences in blood
pressure, passive structural measurements, passive and active wall
stress, and distensibility were determined by 1-way ANOVA with a
post hoc Student–Newman–Kuels test for multiple comparisons.
Differences in active diameters and tone were determined by t test
(between groups) and repeated-measures ANOVA (within groups to
determine pressure of forced dilatation). Differences were consid-
ered significant at P�0.05.
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Drugs and Solutions
All of the experiments were conducted in a HEPES-physiological
salt solution, the composition of which was (mM): NaCl (142), KCl
(4.7), MgSO4 (1.71), EDTA (0.50), CaCl2 (2.8), HEPES (1.0),
KH2PO4 (1.2), and glucose (5.0). HEPES, L-NAME, papaverine, and
hydralazine were purchased from Sigma. L-NAME (0.5 or 0.7 g/L)
and hydralazine (25 mg/kg were added to the drinking water of the
rats in the appropriate concentration, made fresh every other day.
Papaverine was mixed each week as a stock solution (10�2 M) and
stored at 4°C.

Results
Blood Pressures
Figure 1 shows systolic, diastolic, and mean arterial blood
pressures for all of the groups of animals. Under normoten-
sive conditions, LP-CTL animals had significantly lower
blood pressures compared with NP-CTL (P�0.05). L-NAME
treatment significantly elevated blood pressures in both
groups of animals compared with controls (P�0.01); pres-
sures were elevated on the first day after treatment and
remained elevated for 7 days. It is worth noting that LP-HTN
animals required a higher concentration on L-NAME com-
pared with the NP-HTN animals (0.7 versus 0.5 g/L) to obtain
a similar elevation in blood pressure. This may be because of
the fact that pregnancy is a state of elevated NO,32 and,
therefore, greater NOS inhibition was required. NP animals
treated with L-NAME plus hydralazine had significantly
lower blood pressures than those receiving L-NAME alone
and were similar to controls.

Passive Measurements
All of the passive measurements are reported at 75 mm Hg, a
pressure that these PCAs have been shown to operate at under
normotensive conditions.33 Although it is possible that intra-
vascular pressure is elevated in the hypertensive animals, we
do not know how remodeling of upstream vessels may
contribute to pressure in these vessels, and, therefore, values
are reported at a constant pressure for comparison purposes
(see Discussion).

Table shows the passive structural measurements of PCAs
from all of the groups of animals. There was no difference in
inner diameter (ID) or outer diameter (OD) between any of
the groups, except for the NP-Hydral group, which had
significantly larger diameters compared with NP-HTN
(P�0.05). Although both NP-HTN and LP-HTN groups
tended to have smaller diameters than their controls, this was
not statistically significant.

Wall thickness (measured off the VDA), media thickness
(measured by transmission electron microscopy), and wall:
lumen ratio were significantly greater in PCAs from NP-HTN
compared with NP-CTL animals, demonstrating that just 7
days of L-NAME hypertension caused medial hypertrophy.
However, pregnancy completely prevented this hypertension-
induced response. There was no difference in wall thickness,
media thickness, or wall:lumen ratio between LP-CTL and
LP-HTN. In fact, LP-HTN animals had a significantly
smaller wall thickness and media thickness compared with
NP-HTN animals. Hydralazine treatment in the NP animals
prevented hypertrophy, suggesting that elevated arterial pres-
sure and not NOS inhibition caused medial hypertrophy in the
NP-HTN animals.

Figure 2 shows the passive wall stress in PCAs from all
groups of animals. Passive wall stress was significantly de-
creased in NP-HTN animals compared with NP-CTL (P�0.05),
demonstrating that the effect of medial hypertrophy was to
decrease wall stress. However, both groups of LP animals had
similar wall stress because of a lack of medial hypertrophy in
those animals. In fact, passive wall stress of LP-HTN animals
was significantly elevated compared with NP-HTN (P�0.05).
Hydralazine treatment that prevented medial hypertrophy
also prevented the decrease in wall stress, which was similar
to NP-CTL animals.

Figure 3 shows the passive distensibility for PCAs from all
groups of animals. Both NP-CTL and NP-HTN animals had
the least distensible arteries, suggesting that these vessels
were the most stiff, although there was no statistical differ-
ence between HTN and CTL groups. Interestingly, hydral-

Figure 1. Blood pressure measurements
(systolic, diastolic, and mean pressures)
for all groups of animals. Closed sym-
bols are normotensive animals (NP and
LP), whereas open symbols were treated
with the NOS inhibitor L-NAME to raise
blood pressure. The shaded symbol
represents NP animals that were treated
with both L-NAME and hydralazine to
lower blood pressure in the presence of
L-NAME. *P�0.05 LP-CTL vs NP-CTL;
**P�0.01 NP-HTN and LP-HTN vs
NP-CTL and LP-CTL, respectively.
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azine-treated animals had significantly increased distensibil-
ity at most pressures compared with NP-HTN animals.

Active Measurements
Figure 4 shows the active pressure versus diameter curves for
PCAs from both groups of NP animals. NP-HTN animals had
PCAs with significantly smaller active diameters compared
with the NP-CTL animals over the entire pressure range,
demonstrating that the NP-HTN animals had arteries with
significantly greater myogenic tone. The percentage of tone
in NP-CTL versus NP-HTN at 75 mm Hg was 22.8�5.8%
versus 45.3�7.5% (P�0.05). Increasing pressure within the
myogenic pressure range from 75 to 150 mm Hg did not
significantly alter diameter in either group of NP animals,
demonstrating myogenic reactivity. However, when pressure
was increased from 150 to 175 mm Hg in PCAs from
NP-CTL animals, arterial diameter significantly increased,
demonstrating forced dilatation of myogenic tone. Impor-
tantly, forced dilatation did not occur in the NP-HTN animals
until pressure was increased from 175 to 200 mm Hg.
Therefore, the pressure at which forced dilatation occurred
was significantly greater in the NP-HTN group.

Figure 5 shows the active pressure versus diameter curves for
PCAs from both groups of LP animals. Unlike the NP animals,

diameters were similar between the LP groups, suggesting that
there was no difference in the level of myogenic tone. In fact,
unlike the NP animals, the level of myogenic tone was similar
between LP-CTL and LP-HTN: 30.8�5.1% versus 30.1�11%
(P�0.05). Increasing pressure within the myogenic pressure
range did not significantly alter diameter, demonstrating myo-
genic reactivity in these arteries similar to NP animals. However,
increasing pressure from 150 to 175 mm Hg caused forced
dilatation in both groups of LP animals. Therefore, unlike the NP
animals, L-NAME–induced hypertension had no effect on the
pressure at which forced dilation occurred in LP animals, which
was considerably lower compared with NP-HTN animals.

Figure 6 shows the active wall stress in PCAs from both
groups of NP and LP animals at 75 mm Hg. Wall stress was
significantly lower in PCAs from NP-HTN animals compared
with NP-CTL (P�0.05) because of both the increase in myo-
genic tone and media thickness. However, there was no differ-
ence in wall stress in PCAs between LP-CTL and LP-HTN
animals. In fact, PCAs from LP-HTN animals had significantly
greater wall stress compared with NP-HTN animals (P�0.05).
Therefore, the response of NP animals to L-NAME hypertension
(eg, medial hypertrophy and increased myogenic tone) de-
creased active wall stress, whereas the lack of a response in LP
animals caused wall stress to remain elevated.

Figure 2. Passive wall stress at
75 mm Hg for all groups of animals.
L-NAME hypertension (�) caused medial
hypertrophy that decreased wall stress
in the NP animals compared with nor-
motensive controls (f). LP animals
lacked any response to hypertension
and had similar wall stress as their nor-
motensive controls. Hydralazine treat-
ment (u) in NP animals prevented the
hypertension-induced medial hypertro-
phy and had similar wall stress as the
controls. *P�0.05 vs NP-CTL; †P�0.05
vs NP-HTN.

Passive Structural Measurements of Posterior Cerebral Arteries From NP and LP Rats at
75 mm Hg

Group
ID

(�m)
OD

(�m)
Wall Thickness

(�m)
Media Thickness

(�m) Wall:Lumen

NP-CTL (n�8) 207�9 224�9 9�0.8 4.7�0.5 0.042�0.004

NP-HTN (n�8) 190�6 213�6 12�1.2* 6.2�0.2† 0.062�0.008*

NP-Hydral (n�3) 223�9‡ 240�6‡ 9�1.3 4.9�0.4‡ 0.040�0.007

LP-CTL (n�6) 222�7 240�7 8�0.3 5.1�0.4 0.038�0.002

LP-HTN (n�6) 205�6 221�7 8�0.8‡ 5.4�0.2‡ 0.040�0.004

*P�0.05 vs NP CTL.
†P�0.01 vs NP CTL.
‡P�0.05 vs NP HTN.

622 Hypertension March 2006 Part II



Discussion
There are several major findings of this study. First, just 7
days of L-NAME–induced hypertension caused medial hy-
pertrophy of PCAs from NP animals that significantly re-
duced wall stress. In addition, L-NAME hypertension in-
creased pressure-induced tone and affected the active
pressure–diameter curve of NP-HTN animals such that
forced dilatation occurred at higher pressures compared with
normotensive controls. Second, pregnancy completely pre-
vented any response to hypertension, including a lack of
medial hypertrophy, changes in tone, and a similar pressure
of forced dilatation as normotensive controls. Both groups of
hypertensive animals had diameters that were considerably
smaller than their normotensive controls. It is worth noting

that diameters and wall stress were all reported at 75 mm Hg,
mostly because we could not assume that vessels upstream
were not undergoing medial hypertrophy and/or remodeling
that increased resistance and lowered pressure in the third-
order PCA. However, if intravascular pressure was higher
because of increased blood pressure, this would have altered
the outcome in several ways. First, passive diameters would
be more similar between normotensive and hypertensive
animals, suggesting that medial hypertrophy, but not remod-
eling, occurred in the NP animals in response to hypertension.
Second, passive wall stress in PCAs from the NP-
hypertensive animals would be similar to the normotensive
controls, as opposed to being decreased. Similarly, wall stress
would be significantly increased in PCAs from LP-

Figure 3. Percent distensibility of arter-
ies from all groups of animals. NP-
hypertensive animals (�) had arteries
that were the least distensibile whereas
NP animals treated with L-NAME and
hydralazine had significantly greater dis-
tensibility compared with NP animals
treated with L-NAME alone. *P�0.05 vs
NP-HTN; **P�0.01 vs NP-HTN.

Figure 4. Active pressure vs diameter
curves for NP rats. Hypertensive animals
(�) had significantly smaller diameters
compared with their normotensive con-
trols (● ) because of significant myogenic
tone. Also, forced dilatation of myogenic
tone occurred at significantly greater
pressure (between 175 and 200 mm Hg)
in the hypertensive animals compared
with controls (between 150 and
175 mm Hg). **P�0.01 vs NP-CTL;
†† P�0.01 vs 75 mm Hg.
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hypertensive animals compared with normotensive controls.
This would suggest that medial hypertrophy in the NP-
hypertensive animals is an adaptive process that serves to
normalize wall stress, whereas this mechanism is maladapted
in the LP animals.

Both medial hypertrophy and eutrophic remodeling in
response to chronic hypertension are considered to have
important protective effects in the cerebral circulation.5,6,10–14

The increased blood pressure during hypertension produces
an elevation in wall tension and wall stress that is reduced to
normotensive levels by both increased wall thickness and
decreased diameter. In addition, hypertrophy and remodeling
also serve to attenuate increases in pressure in the down-
stream microvessels that would transmit the elevated arterial
pressure to the microcirculation and potentially cause endo-

thelial cell damage and BBB disruption.18 Therefore, the lack
of a response to hypertension in LP animals seemingly makes
the cerebral circulation vulnerable to forced dilatation, auto-
regulatory breakthrough, and BBB disruption under condi-
tions in which arterial blood pressure is raised, such as
eclampsia. It is worth noting that a previous study demon-
strated that the cerebral endothelium during pregnancy was
more permeable in response to an acute elevation in pressure
compared with the NP state.31 Therefore, the lack of protec-
tive hypertrophy and remodeling of cerebral arteries during
hypertension in pregnancy, together with increased vascular
permeability, would likely contribute to brain edema that
leads to eclampsia.

Another factor that has been shown to decrease wall stress
is the vasoconstrictor influence of myogenic tone.34 In the

Figure 5. Active pressure vs diameter
curves for LP animals. Normotensive (Œ)
and hypertensive (‚) LP animals had
similar diameters over the entire pres-
sure range because of similar levels of
myogenic tone. Both groups of LP ani-
mals forced dilatated at similar pressures
(between 150 and 175 mm Hg).
**P�0.01 vs 75 mm Hg.

Figure 6. Active wall stress at 75 mm Hg
in NP and LP control (f) and hyperten-
sive (�) animals. Hypertension signifi-
cantly decreased active wall stress in the
NP animals because of increased myo-
genic tone and medial hypertrophy.
However, active wall stress was signifi-
cantly elevated in LP-hypertensive ani-
mals because of a complete lack of
response to hypertension. *P�0.05 vs
NP-CTL; †P�0.05 vs NP-HTN.
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present study, PCAs from NP-HTN animals had considerably
greater myogenic tone compared with their normotensive
controls (22.8�5.8% versus 45.3�7.5% at 75 mm Hg;
P�0.05). This may be because of NOS inhibition that
diminishes the vasodilator influence of NO or because of
endothelial cell damage that is associated with this model of
hypertension.26 In any case, the effect of the increased
myogenic tone was two-fold. First, in combination with
increased wall thickness, increased tone diminished diameter
and additionally decreased wall stress in PCAs from those
animals. Second, the increased tone caused arteries to force
dilatate at significantly higher pressures, suggesting that the
vascular wall was stiffer. Both of these consequences of
chronic hypertension are thought to contribute to extending
the autoregulatory curve to the higher range of pressures, thus
preventing autoregulatory breakthrough.6 In addition, be-
cause tone is an active vasoconstrictor response, vasodilator
reserve may be greater in these animals as well. However, the
fact that the LP animals did not have a difference in myogenic
tone between groups (30.8�5.1% versus 30.1�11%;
P�0.05) and underwent forced dilatation at similar pressures
suggests that LP-hypertensive animals would have similar
autoregulatory curves as normotensive controls. The signifi-
cance of this finding is that pregnancy may predispose to
forced dilatation, autoregulatory breakthrough, and edema
formation under conditions of elevated arterial pressure, as
occurs during eclampsia.

The mechanism by which medial hypertrophy occurs
during NOS inhibition has been investigated previously in
male rats and appears to be different for large arteries and
small arterioles. Medial hypertrophy was shown in the basilar
arteries to be because of elevated arterial pressure without
involving the NO pathway.9 In contrast, NOS inhibition by
either L-NAME treatment or endothelial NOS–deficient mice
showed medial hypertrophy even in the absence of increased
pulse pressure, suggesting that NO alone inhibits medial
hypertrophy.8,35 In the present study, the mechanism by
which L-NAME treatment caused medial hypertrophy in
NP-HTN animals was investigated by examining a group of
animals that were given L-NAME plus hydralazine to lower
arterial blood pressure through a nonendothelial mechanism.
Lowering blood pressure with hydralazine prevented the
medial hypertrophy and the associated decrease in wall stress,
suggesting that the cause of the hypertrophy was elevated
arterial blood pressure and not L-NAME or NOS inhibition. It
should be noted, however, that the presence of hydralazine
significantly increased both passive distensibility and the size
of the lumen, suggesting that, similar to other studies,36

hydralazine treatment alone had an effect on cerebral artery
structure.

Although it is not surprising that NP animals responded to
L-NAME hypertension with changes in cerebral artery struc-
ture (medial hypertrophy) and function (increased tone and
reactivity to pressure), it is the lack of response during
pregnancy that is important, because it may predispose the
brain to autoregulatory breakthrough and the neurological
complications of eclampsia if arterial pressure is elevated.
Although this study did not determine how pregnancy pre-
vented the response of the cerebral circulation to L-NAME–

induced hypertension, it likely relates to the significant
physiological changes that occur during pregnancy, including
increased glomerular filtration rate, decreased systemic vas-
cular resistance, and a refractoriness to both angiotensin II
and adrenergic stimulation.37 Although little is known how
pregnancy alters the cerebral circulation, it is also possible
that pregnancy alters the phenotype of the cerebrovascular
smooth muscle such that it does not respond to the same cues
for growth and remodeling as NP animals.

Perspectives
The major finding of this study is that pregnancy prevented
protective hypertensive remodeling and hypertrophy of cerebral
arteries and failed to increase the pressure at which forced
dilatation occurred. Taken together, these results suggest that
pregnancy may predispose the brain to autoregulatory break-
through and edema formation when arterial pressure is elevated,
as during eclampsia. Because hypertension is one of the most
common medical complications of pregnancy that affects both
maternal and fetal health, understanding how the cerebral circu-
lation responds to elevated arterial blood pressure is an important
step toward possibly preventing life-threatening consequences,
including eclampsia.
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