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Abstract

Choroidal blood flow (ChBF) compensates for changes in arterial blood pressure (ABP) and
thereby remains relatively stable within a £40 mmHg range of basal ABP in rabbits, humans and
pigeons. In the present study, we investigated if ChBF can compensate for increases and decreases
in ABP in rats. ChBF was continuously monitored using laser Doppler flowmetry in anesthetized
rats, and ABP measured via the femoral artery. At multiple intervals over a 2-4 hour period during
which ABP varied freely, ChBF and ABP were sampled and the results compiled across rats. We
found that ChBF remained near baseline over an ABP range from 40 mmHg above basal ABP
(90-100 mmHg) to 40 mmHg below basal ABP, but largely followed ABP linearly below 60
mmHg. Choroidal vascular resistance increased linearly as BP increased above 100 mmHg, and
decreased linearly as BP declined from basal to 60 mmHg, but resistance declined no further
below 60 mmHg. Inhibition of nitric oxide (NO) formation by either a selective inhibitor of
neuronal nitric oxide synthase (NOS) (N®-propyl-L-arginine) or a nonselective inhibitor of both
neuronal NOS and endothelial NOS (N-nitro-L-arginine methyl ester) did not affect
compensation above 100 mmHg ABP, but did cause ChBF to linearly follow declines in BP below
90 mmHg. In NOS-inhibited rats, vascular resistance increased linearly with BP above 100
mmHg, but remained at baseline below 90 mmHg. These findings reveal that ChBF in rats, as in
rabbits, humans and pigeons, compensates for rises and/or declines in arterial blood pressure so as
to remain relatively stable within a physiological range of ABPs. The ChBF compensation for low
ABP in rats is dependent on choroidal vasodilation caused by neuronal NO formation but not the
compensation for elevated BP, implicating parasympathetic nervous system vasodilation in the
ChBF compensation to low ABP.
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Introduction

Cerebral blood flow remains relatively stable, despite variations in systemic blood pressure,
over a 60-150 mmHg range (Paulson et al., 1990; Wahl and Schilling, 1993). The vascular
compensation (mediated by vasodilation) for the low perfusion pressure resulting from low
systemic blood pressure prevents tissue ischemia, while the compensation for the high
perfusion pressure (mediated by vasoconstriction) resulting from high systemic blood
pressure prevents tissue edema (Johnson, 1980; Kiel, 1994). The phenomenon of blood flow
stability during systemic blood pressure (BP) variation has typically been termed
autoregulation, because of the view that the compensation is mediated at the level of the
organ or tissue itself. For the cerebral vasculature, however, both an intrinsic vascular
myogenic mechanism (which acts to maintain vessel wall stretch within a preferred range)
and a neurally mediated parasympathetic mechanism have been proposed to contribute to
blood flow compensation during low systemic BP (Pavlov et al., 1983, 1987; Gotoh and
Tanaka, 1988; Paulson et al., 1990; Morita et al., 1995; Ishitsuka et al., 1996). Because of
the latter, we will use the term baroregulation to refer to the phenomenon of blood flow
stability despite BP variation, since it is more descriptive and avoids the possibly erroneous
mechanistic implications connoted by the term *“autoregulation”.

It was once thought that, in contrast to the cerebral vasculature, choroidal blood flow did not
show stability when perfusion pressure into the eye was manipulated - that is, choroidal
blood flow (ChBF) was reported to increase linearly with increasing ocular perfusion
pressure and decrease linearly with decreasing ocular perfusion pressure (Friedman, 1970;
Bill, 1985). More recent studies in rabbits, humans and pigeons, however, have shown, that
when choroidal perfusion pressure is adjusted by manipulating BP rather than intraocular
pressure, prominent choroidal blood flow compensation for BP fluctuations over a range of
+40-50% of basal BP is observed (Kiel and Shepherd, 1992; Kiel and van Heuven, 1995;
Riva et al., 1997a; Kiel, 1999; Lovasik et al., 2003; Reiner et al., 2003). A myogenic
mechanism has been proposed to play a role in choroidal compensation for variation in
systemic BP (Kiel and Shepherd, 1992; Kiel, 1994), but there is evidence for a neurogenic
contribution as well (Kiel, 1999; Hardy et al., 2001). For example, pharmacological studies
implicate formation of nitric oxide in the compensation to low BP, and anatomical studies
show that parasympathetic circuitry controlling ChBF in rodents receives input from BP-
sensitive brain regions (Cuthbertson et al., 2003).

In the present study, we sought to determine whether choroidal blood flow in rats also
compensates for variation in systemic BP. Kiel and van Heuven (1995) have noted that
choroidal blood flow regulation in response to a change in perfusion pressure is most
effective when ocular perfusion pressure is altered by a change in ABP, and intraocular
pressure (which affects perfusion pressure into the eye) is not controlled. This circumstance
simulates the natural condition of ocular perfusion pressure variation due to the state of
activity, and is most likely to engage baroreceptive control of ChBF. Thus, we examined
ChBF responses to spontaneously occurring variation in mean arterial BP in normal rats, and
in rats in which nitric oxide (NO) formation was pharmacologically inhibited. The results
presented here indicate that the choroidal vasculature in rats shows significant compensation
for both spontaneous rises and declines in BP, and the compensation for declines requires
neuronal NO formation, presumably by peripheral parasympathetic neurons that exert a
vasodilatory effect on choroidal blood flow.
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Adult male Sprague-Dawley rats (300-400g) were anesthetized with ketamine (0.66 mg/kg
i.p.; Fort Dodge Laboratories, Fort Dodge, 1A) and xylazine (0.33 mg/kg i.p., The Butler
Company, Columbus, OH). Supplemental doses of ketamine/xylazine were administered
every 20-30min to maintain deep anesthesia. Artificial respiration was not used, and pulse
oximetry in a sample of 5 rats showed that blood oxygenation remained within 5% of the
initial 84.2% oxygenation over about a 3 hour mean duration, even with a 25% drop in ABP.
Choroidal blood flow (ChBF) was continuously monitored using transcleral laser Doppler
flowmetry, and systemic arterial BP (ABP) was continuously monitored via a femoral artery
catheter and a Blood Pressure Analyzer (BPA-100 Micro-Med Inc., Louisville, KY), using
methods as in our prior studies with pigeons and rats (Fitzgerald et al., 1990, 1996;
Zagvazdin et al., 1996a,b, 2000). Subsequent to catheterization, rats were positioned in a
stereotaxic device, and body temperature maintained at 37°C with a Harvard heating blanket
and rectal thermoprobe. Skin and fascia were removed to expose the sclera of the superior
aspect of the right eye. The probe tip (Lmm diameter) of a laser Doppler flowmetry
instrument (LASERFLO blood perfusion monitor, Model BPM 403 A, Vasamedics, St. Paul
MN) was positioned using a micromanipulator over the sclera between the superior and
medial rectus muscles, and the site kept moist with ultrasound gel or 33% glycerol.
Conjunctival or superficial scleral vessels were avoided in targeting the probe tip. For
reasons explained previously (Fitzgerald et al., 1996, 2001; Zagvazdin et al., 2000), the
relative blood flow values provided by the LASERFLO blood flow monitor are referred to
as blood flow units (BFUs). A MacLab or PowerLab data acquisition system, and Macintosh
computers were used to view, store and analyze the data.

In one set of studies, we sought to determine if ChBF baroregulation occurred during
spontaneous BP fluctuation over a 50 mmHg range above and 75 mmHg range below basal
ABP of about 95 mmHg. Spontaneously occurring changes in systemic blood pressure have
been used by others to study the dynamics of cerebral blood flow regulation (Blaber et al.,
1997; Panerai et al., 1998; Zhang et al., 1998), and we have previously found it effective for
revealing choroidal baroregulation in pigeons (Reiner et al., 2003). For our studies, a
population of 32 rats was analyzed, with continuous ChBF and ABP measurements made in
each. Simultaneous 10-second samples of ChBF and ABP were taken at approximately 1-2
minute intervals over the course of a 2-4 hour recording session. The ABP and ChBF
samples for the current study of choroidal baroregulation were taken during intervals when
both were relatively stable and neither was changing rapidly, since different mechanisms
may be involved in dynamic and static phases of baroregulation (Blaber et al., 1997; Panerai
etal., 1998; Zhang et al., 1998; Reiner et al., 2003). The basis of the spontaneous fluctuation
in ABP in the present study is uncertain. The regular anesthetic supplements maintained
deep anesthesia, and thus fluctuation in level of anesthesia was rarely a factor in the ABP
fluctuation. The average ABP range sampled for these 32 rats was 32.2mmHg + 3.2 (SEM).
In many rats, ABP declined toward the end of the session, which may have been the
consequence of the cumulative anesthetic doses and/or blood loss.

In a second set of studies in 12 of the same rats, additional simultaneous samples of ABP
and ChBF were collected >10 minutes after administration of the nitric oxide synthase
(NOS) inhibitor N®-nitro-L-arginine methyl ester (LNAME, 30-60mg/kg) in eight rats, or
N® -propyl-L-arginine (NPA, 3-5mg/kg) in four rats. These studies were conducted because
of the anatomical and pharmacological evidence for a role of NO-mediated vasodilation in
the parasympathetic control of ChBF (Nilsson, 1996, 2000; Cuthbertson et al., 2003), and
because NOS inhibition has been shown to impair cerebral baroregulation (Preckel et al.,
1996; Kobari et al., 1994), and choroidal baroregulation (Kiel, 1999). Since LNAME acts on
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endothelial and neuronal NO production, it elevates ABP (Zagvazdin et al., 1996a,b). By
contrast, NPA is selective for neuronal NOS (Zhang et al., 2004), and it does not elevate
ABP. We did, in fact, find this to be the case in our rats. LNAME caused a 51% increase in
ABP, while NPA yielded no change in ABP. The average ABP range sampled for these 12
rats was 29.2mmHg + 4.7 (SEM).

For rats in both groups, the data were grouped into 10 mmHg bins over the 140 to 90 range,
and 5 mmHg bins over the 90 to 20 range. Because ABP ranged over 140 in few rats, the
data above 140 mmHg were grouped in a 160 to a 140 bin. For each animal, all ABP values
within a bin were then averaged to calculate the mean ABP for that bin, as were all ChBF
values within that same bin. The basal mean ABP for the 32 normal rats was defined as the
mean ABP for the 90-100 mmHg range for the normal rats, based on our prior observations
in rats (Zagvazdin et al., 1996b), and basal ChBF was defined as the mean ChBF for this
same bin. Basal ABP and ChBF were similarly defined as the mean values in the 90-100
mmHg range for the 12 NOS inhibition rats. The results for the LNAME and NPA NOS
inhibition rats were calculated and are presented separately, as well as combined. Note that
while 32 normal rats and 12 NOS inhibition rats were analyzed by this approach, not all rats
yielded mean ABP values that fell within each bin, given the limited range of the
spontaneous BP fluctuation in any given rat (about 30 mmHg). For the purposes of Table 1
(normal rats) and Table 2 (NOS inhibition rats), the mean ABP and ChBF for each bin was
based on those animals whose ABP had included values within that ABP range. The number
of animals whose values fell within each bin are shown in Tables 1 and 2, as are the mean
number of samples per animal for each ABP range. The efficacy of choroidal compensation
for BP change is indicated by its stability at ABPs above and below basal ABP. For ease of
visualization, both ABP and ChBF for each range are shown in Tables 1 and 2 in mmHg and
BFUs, as well as a percent of basal.

Additionally, the choroidal resistance was calculated for each ABP range, by dividing ChBF
into ABP. For ease of interpretation, the resistance is shown in Tables 1 and 2 and in Figure
4 expressed as a percent of basal resistance, where 100% represents basal resistance for the
90-100 mmHg range. Note that in using ABP to estimate choroidal perfusion pressure, we
did not measure or take into account the effect of intraocular pressure (IOP) on choroidal
perfusion pressure for two reasons. First, any impact of IOP changes on choroidal perfusion
pressure during ABP changes is likely to have been small, given the magnitude of any I0P
changes is likely to be small (IOP in rats is about 20mmHg) (Pang et al., 2005). Secondly,
we do not know the extent to which changes in extraocular vessels versus choroidal vessels
contribute to changes in choroidal blood flow during ABP variation, and perfusion pressure
in extraocular vessels would not be affected directly by 10P. To assess the statistical
significance of the ChBF response to ABP variation, regression analysis was carried out for
the individual animal values for the ABP range = 95 mmHg, for the = 60 mmHg but < 95
mmHg range, and for the < 60 mmHg range, in both normal and NOS inhibited rats. For the
latter, the LNAME and NPA values were pooled. The analysis was carried out on the ABP
data expressed in mmHg and the ChBF data expressed in BFUs.

The findings from our studies on the effects of spontaneous ABP fluctuation on ChBF in
normal rats are summarized in Table 1 and shown in Figures 1-4. In brief, the graphed data
for all cases (Fig. 1) and the two illustrative cases (Fig. 2) indicate that ChBF was
maintained near basal over an ABP range from 135 mmHg to 60 mmHg. Below 60 mmHg,
ChBF fell well below basal ChBF. While perhaps some ChBF compensation was still
present below 60 mmHg, the compensation for ABP decline was at best poor between 45
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mmHg and 60 mmHg, and was negligible below 45 mmHg. This pattern of results is also
evident with ChBF expressed as a percent of basal ChBF (Table 1, Fig. 3). For example,
while the mean ABP showed about a 30% decline below basal levels over the 100 mmHg to
60 mmHg range, the ChBF consistently remained around 100% of the basal level (Table 1).
With ABP fallen to below 60% of baseline (i.e. to 53.8 mmHg), however, the ChBF as a
percent of basal tended to be near the ABP as a percent of basal. Statistical analysis confirms
these observations, since ChBF was uncorrelated with ABPs for = 95 mmHg (r = 0.05,
N=43), as well as for ABPs = 60 mmHg but < 95 mmHg (r =-0.03, N=114). By contrast, for
ABPs < 60 mmHg, the ChBF was significantly correlated with ABP (r = 0.36, N=26). The
calculated choroidal resistance showed a similar pattern (Table 1, Fig. 4). Above 100
mmHg, the resistance increased linearly with ABP, resulting in effective ChBF
compensation, while from 100 mmHg to 60 mmHg, resistance decreased linearly with ABP,
again yielding ChBF compensation. Below 60 mmHg, the resistance did not decrease further
and ChBF was thus unable to compensate for ABP increasingly below 60 mmHg.

NOS Inhibition Studies

We found that NOS inhibition impaired the ChBF baroregulation with ABP fluctuation
below basal but not above basal ABP (Table 2, Figs. 1, 3, 4). For both the rats with LNAME
inhibition of NOS and those with NPA inhibition of NOS, a similar result was observed.
Below 100% of basal ABP, ChBF mirrored the ABP value (expressed as a percent of basal)
in both drug treatment groups, and there was no statistically significant difference between
the two drug treatment groups by independent t-test per range (Figs. 1A, 3A, 4A).
Accordingly, the data for the 12 rats are tabulated together in Table 2, and additionally
graphed together in Figures 1B, 3B, 4B). Note that the animals with high ABP tended to be
those that received LNAME, reflecting our observation that LNAME but not NPA increased
systemic BP. The results show that despite NOS inhibition, ChBF remained at about 100%
of basal levels with ABP from 100 to 150 mmHg. Statistical analysis confirms these
observations, since ChBF was uncorrelated with ABPs for = 95 mmHg (r = -0.08, N=29) in
the pooled NOS inhibition rats. By contrast, below 95 mmHg in the pooled NOS inhibition
rats, the ChBF was significantly correlated with ABP (r = 0.43, N=24). A similar pattern is
evident for the choroidal resistance measurements in the NOS inhibition rats, with resistance
increasing linearly above basal ABP, but remaining at basal levels below basal ABPs (Table
2, Fig. 4).

It should be noted that in the NOS-inhibition rats, ChBF was actually reduced to about 80%
of basal at 50% above basal ABP. We also observed an overreaction of ChBF in LNAME-
treated pigeons to ABP reduction (Reiner et al., 2003). These findings are consistent with
the observation of Kiel (1999) of interplay between vasodilatory NO-mediated mechanisms
and vasoconstrictory mechanisms during ChBF compensation for ABP changes. In our
LNAME-treated rats and birds, the NO-mediated mechanism was blocked, possibly leaving
unopposed by vasodilation a mechanism that yields extreme choroidal vasoconstriction at
very high ABPs.

Discussion

In the present study, we investigated whether the choroidal vasculature in rats can
compensate for decreases and increases in systemic BP so as to maintain ChBF near
baseline during periods of diminished or elevated perfusion pressure. We observed that
ChBF during BP fluctuation remained stable over a 60-140 mmHg ABP range, as has also
been reported for the cerebral vasculature (Paulson et al., 1990; Wahl and Schilling, 1993).
The ChBF compensation above basal ABP was associated with a linear increase in choroidal
resistance, while the compensation below basal ABP was associated with a linear decline in
choroidal resistance. The ChBF compensation was poor or absent below 60 mmHg, and
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associated with no further reductions in choroidal resistance. Our results suggest that
choroidal vasodilation may be maximal by an ABP of 60 mmHg, and thus the choroid is
unable to compensate for BP declines below 60 mmHg. Note that the choroidal
baroregulation could not have been the spurious byproduct of compensation in the retinal
vasculature for the ABP decline, since retinal blood flow contributes relatively little to
ocular blood flow (Bill, 1984), especially as measured by laser Doppler from the scleral
side. Moreover, baroregulation to low systemic BP by the retinal vasculature in mammals is
not NO-mediated (Gidday and Zhu, 1995), and we observed that the combined endothelial
NOS - neuronal NOS inhibitor LNAME and the selective neuronal NOS inhibitor NPA
blocked baroregulation in the low ABP range, suggesting that the mechanism of ChBF
compensation for ABP decline involves NO production by neurons.

Note that in the very high and very low ABP ranges, our data is based on only a few rats.
Thus, while the general ChBF trends in the high and low ABP ranges seem clear, we cannot
(for example) be certain at what ABP baroregulation fails entirely in normal rats. For the
same reason, we cannot be certain of the pattern of choroidal resistance changes at low ABP.
For example, it is evident that the resistance changes did not compensate for <60 mmHg
ABP, but it is uncertain if the resistance remained as it was at 60 mmHg or reverted to the
basal level seen at an ABP of 95 mmHg. Additionally, we cannot rule out an impact of
possible blood gas abnormalities at low ABPs — for example high CO, and/or low O,. While
we did use pulse oximetry to monitor blood oxygenation in a sample of five rats, and found
that it remained stable even with a 25% drop in ABP, it may be that blood oxygenation was
reduced and/or CO», elevated at very low pressures. Prior studies have not, however, found
low blood O, concentration to affect ChBF (Milley et al., 1984; Kergoat et al., 2005). While
high CO, has been reported to increase ChBF (Alm and Bill, 1972; Wilson et al. 1977;
Milley et al., 1984, Stiris et al., 1991; Geiser et al 2000), we found that ChBF was linear
with ABP below 60 mmHg. Thus, even if there was high blood CO, in our rats at low ABP
that promoted choroidal vasodilation, our results still show a failure of baroregulation with
low ABP. Moreover, for the cerebral vasculature at least, the vasodilatory effect of high CO,
is lost at low ABP (Paulson et al., 1990).

The earliest studies on the responses of the choroidal circulation to changes in systemic
blood pressure had reported that ChBF changes linearly with choroidal perfusion pressure,
and led to the view that choroidal blood flow did not show the phenomenon commonly
called autoregulation (Alm and Bill, 1970, 1972, 1973; Friedman, 1970; Bill, 1985; Yu et
al., 1987; Gherezghiher et al., 1991; Hardy et al., 1996). The explanation offered was that
choroidal blood flow was so high that putative fluctuations in it caused by variations in
ocular perfusion pressure were unimportant and of no consequence for the role of the
choroid in supporting the retina (Bill, 1984, 1985). It is now known, however, that even
modest reductions in choroidal blood flow adversely affect retinal metabolism and function
(Steinberg, 1987; Yancey and Linsenmeier, 1988, 1989; Yu and Cringle, 2001), while
increases cause overperfusion of the retina (Bill, 1984). Moreover, more recent studies in
rabbits and humans, and ours in pigeons, have shown that when choroidal perfusion pressure
is experimentally adjusted by manipulating BP rather than by manipulating IOP (as many
prior studies had done to alter choroidal perfusion pressure), choroidal blood flow shows
prominent compensation for BP fluctuations over a range of +40-50% of basal ABP (Kiel
and Shepherd, 1992; Kiel and van Heuven, 1995; Riva et al., 1997a; Lovasik et al., 2003;
Reiner et al., 2003). The work of Riva et al. (1997b) in humans, however, has shown that
even when ocular perfusion pressure is reduced by increasing 10P, significant compensation
by ChBF for the reduced perfusion pressure is evident. Experimental considerations that
may have led to the failure to observe or report choroidal baroregulation in prior studies
have been discussed by others (Kiel and Shepherd, 1992; Kiel, 1994; Riva et al., 1997h).

Exp Eye Res. Author manuscript; available in PMC 2012 June 18.
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For the cerebral vasculature, both an intrinsic vascular smooth muscle myogenic mechanism
(which acts to maintain vessel wall stretch within a preferred range) and a neurally mediated
parasympathetic mechanism have been suggested to contribute to baroregulation during
systemic hypotension (Paulson et al., 1990; Gotoh and Tanaka, 1988; Koketsu et a., 1992;
Morita et al., 1995; Ishitsuka et al., 1996). Consistent with a specific role of nitrergic
parasympathetic innervation in cerebral baroregulation, NOS inhibition is known to impair
cerebral blood flow compensation during low systemic BP (Preckel et al., 1996; Kobari et
al., 1994). A myogenic mechanism has also been proposed to play a role in choroidal
baroregulation as well (Kiel and Shepherd, 1992; Kiel, 1994), and a neurogenic contribution
has been suggested as well (Kiel, 1999; Hardy et al., 2001). Given the evidence for NO-
mediated parasympathetic control of ChBF by the autonomic subdivision of the facial
nucleus (Nilsson, 1996, 2000; Cuthbertson et al., 2003), our current data for rats that NOS
inhibition with either LNAME or NPA eliminates ChBF baroregulation in response to low
BP, and the similar data of Kiel for rabbit (1999), suggest a role of nitrergic parasympathetic
innervation to the choroid in the hypotensive compensatory process. The finding that the
baroreceptive region of the nucleus of the solitary tract, which receives information about
ABP via the aortic depressor nerve (Ciriello, 1983; Rogers et al., 1993), projects to the
autonomic part of the facial motor complex that contains the preganglionic neurons (i.e. the
superior salivatory nucleus) that project to neurons of the pterygopalatine ganglion that
mediate neural NO-dependent parasympathetic vasodilation in the choroid and cerebral
vascular bed, is also consistent with this possibility (Steinle et al., 2000; Agassandian et al.,
2003; Cuthbertson et al., 2003). Our observation that baroregulation failed below 60 mmHg
and the evidence that baroreceptors unload at this ABP (Brown, 1980) is also consistent with
a role of neural mechanisms in the choroidal baroregulation to low BP that we observed here
in rats. Although we did not specifically investigate the basis of the choroidal baroregulation
to high BP, this baroregulation was associated with vasoconstriction, suggesting a possible
role of the sympathetic nervous system. This interpretation is consistent with the observation
that the sympathetic nervous system prevents choroidal overperfusion during high systemic
blood pressure in cats (Bill, 1985), and with the finding that the sympathetic nervous system
plays a major role in cerebral blood flow compensation for high systemic blood pressure
(Gotoh and Tanaka, 1988; Morita et al., 1995). In this view then, the more prominent
choroidal compensation in response to BP than 10P fluctuation can be explained by the fact
that BP but not 10P fluctuation calls into action baroreceptor-mediated autonomic
responses.

Other mechanisms may also contribute to choroidal baroregulation. For example, Kiel
(1994) showed that declines in BP result in a decrease in choroidal vascular volume,
resulting in slightly reduced 10P (2-3 mmHg over a 40-80 mmHg ABP range). It is possible
that such IOP declines, which increase choroidal perfusion pressure by decreasing choroidal
vascular resistance, could help stabilize ChBF during systemic hypotension. Any possible
IOP declines, however, could not be great enough to account for the baroregulation observed
here in rats, and it should be noted Kiel (1994) did not interpret such 10P declines as the
basis of choroidal baroregulation during systemic hypotension. In any event, our studies in
conjunction with prior studies on pigeon, rabbits, piglets and humans suggest that choroidal
compensation for ChBF declines and increases may be a common ocular mechanism among
warm-blooded vertebrates. Such ChBF baroregulation would serve to prevent
overperfusion-related edema and oxidative injury during high ABP, and underperfusion-
related ischemia in the retina during low ABP (Johnson, 1980; Kiel and Shepherd, 1992;
Kiel, 1994), and thus seemingly be an important ocular homeostatic mechanism. Age-related
declines in facial parasympathetic innervation of choroid occur in humans (Jablonski et al.,
2007), which might impair baroregulation in the low ABP range, and thereby contribute to
age-related injury to the retina (Feigl, 2009).
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Choroidal Blood Flow as a Function of Systemic BP
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1.

Graphic depiction of ChBF over an ABP range of 20 mmHg to 140 mmHg in 32 normal rats
and 12 rats that received either of two inhibitors of neuronal NOS, with the results for the
two inhibitors (LNAME and NPA) shown separately in A and averaged together in B. The
mean ChBF is graphed as a function of the corresponding ABP, with choroidal blood flow
expressed in BFUs and ABP in mmHg. SEMs for the graphed data are shown in Tables 1
and 2. In both graphs, the blue diamonds show the actual ChBF per ABP bin for normal rats,
while the red triangles show the ChBF for the NOS inhibition rats. As can be seen, ChBF
remained near basal levels over an ABP range of 40 mmHg above and below basal ABP.
Inhibition of neuronal NOS eliminated baroregulation in the low ABP range for both
LNAME rats (closed red triangles) and NPA rats (open red triangles), as shown in image A.
Combining the NOS rats in B (closed red triangles) shows that ChBF failed to compensate
and linearly followed ABP below the basal ABP of about 95 mmHg.
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2.

Graphs showing BP and ChBF for the sampled parts of the recording session for two rats. In
both rats, BP declines toward the end of the session, in the second to below 30mmHg. In
both records, ChBF remains constant at BP above 60mmHg. Note that in both records,
spontaneous BP fluctuations occur throughout, superimposed on the general downward
trend in BP.
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ChBF as a Function of Systemic BP Expressed as % of Basal
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3.

Graphic depiction of ChBF over an ABP range of 20 mmHg to 140 mmHg in 32 normal rats
and 12 rats that received either of two inhibitors of neuronal NOS, with the results for the
two inhibitors (LNAME and NPA) shown separately in A and averaged together in B. The
mean ChBF is graphed as a function of the corresponding ABP, with choroidal blood flow
expressed as a percent of basal ChBF (about 15 BFUs) and ABP expressed as a percent of
basal ABP (about 95 mmHg). In both graphs, the blue diamonds show the ChBF for normal
rats, while the red triangles show the ChBF for the NOS inhibition rats. The green line
shows ChBF as it would be if it linearly followed ABP, that is, with no compensation. As
can be seen, ChBF remained near basal levels (100%) over an ABP range from 40 mmHg
above to 40 mmHg below basal ABP. Inhibition of neuronal NOS eliminated baroregulation
in the low ABP range for both LNAME rats (closed red triangles) and NPA rats (open red
triangles), as shown in image A. Combining the NOS rats in B (closed red triangles) shows
that ChBF failed to compensate and linearly followed ABP below the basal ABP of about 95
mmHg.
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Choroidal Vascular Resistance as a Function of Systemic BP
Expressed as a % of Basal

250%

200%

[}

1]

3 150% % & * Normal Rats
s A e A LNAME Rats
& 100% ohoann gy Ta 4 NPA Rats

H Soe® 0h 4 N0 -

50%

Choroidal Vascular Resistance

0%
0.00% 50.00% 100.00% 150.00% 200.00% 250.00%
Systemic BP Expressed as % of Basal BP

Choroidal Vascular Resistance as a Function of Systemic BP
Expressed as a % of Basal

250%

@
o
c
]
2 200% a
7
[ ﬁ *
= 8 150%
l_; E 14 * Normal Rats
2 AL AT S 4 NOS inhib Rats
8 & 100% A, *
> ARV TR
56 o0 o o
:E "
S 50%
]
£
o

0%

0.00% 50.00% 100.00% 150.00% 200.00% 250.00%

Systemic BP Expressed as % of Basal BP

4.

Graphic depiction of choroidal vascular resistance over an ABP range of 20 mmHg to 140
mmHg in 32 normal rats and 12 rats that received either of two inhibitors of neuronal NOS,
with the results for the two inhibitors (LNAME and NPA) shown separately in A and
averaged together in B. The mean choroidal vascular resistance for each ABP range is
graphed as a function of the corresponding ABP, with choroidal resistance expressed as a
percent of the resistance at basal ABP (about 95 mmHg), and ABP expressed as a percent of
that basal ABP. In both graphs, the blue diamonds show the choroidal resistance per ABP
bin for normal rats, while the red triangles show the choroidal resistance for the NOS
inhibition rats. As can be seen, choroidal resistance decreased linearly as ABP declined from
40% above to 40% below basal ABP. Inhibition of neuronal NOS for both LNAME rats
(closed red triangles) and NPA rats (open red triangles) prevented the decrease in resistance
with ABPs below basal, as shown in image A. Combining the NOS rats in B (closed red
triangles) shows that choroidal vascular resistance remained at basal levels (100%) below
the basal ABP of about 95 mmHg.
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