Resistance to Outflow of Cerebrospinal
Fluid after Central Infusions of Angiotensin
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Abstract. Infusions of artificial cerebrospinal fluid (CSF) into the cerebroventricles of
conscious rats can raise CSF pressure (CSFp). This response can be modified by some
neuropeptides. One of these, angiotensin, facilitates the rise in CSFp. We measured
CSFp in conscious rats with a computerized system and evaluated resistance to CSF
outflow during infusion of artificial CSF, with or without angiotensin, from the decay
kinetics of superimposed bolus injections. Angiotensin (10 ng/min) raised CSFp (P <
0.05) compared with solvent, but the resistance to CSF outflow of the two groups was
similar (P > 0.05). Because CSFp was increased by angiotensin without an increase in
the outflow resistance, a change in some volume compartment is likely. Angiotensin
may raise CSFp by increasing CSF synthesis; this possibility is supported, since the
choroid plexuses contain an intrinsic isorenin-angiotensin system. Alternatively, angio-

tensin may dilate pial arteries, leading to an increased intracranial blood volume.

[P.S.E.B.M. 1992, Vol 189]

ropeptides in cerebrospinal fluid (CSF) affect
CSF pressure (CSFp) in normal and patho-
physiological conditions. These include angiotensin (1.
2), vasopressin (3, 4). somatostatin (5). and atrial natri-
uretic peptide (6. 7). Another experimental observation,
reported by several laboratories (6, 8-10), is that cere-
broventricular infusions of sterile, isosmotic, balanced
salt solutions. at rates similar to endogenous CSF syn-
thesis, gradually increase CSFp after a lag of several
hours. A potential reason for such a solvent effect is
that it alters the activity of an endogenous neuropep-
tide(s) that contributes to the normal regulation of
CSFp.
One neuropeptide. angiotensin. raised CSFp during
a 30-min cerebroventricular infusion. whereas solvent
was without effect (1). When these experiments were
prolonged for 5 hr, angiotensin again increased CSFp
rapidly, but the artificial CSF solvent. between hr 2 and
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3. also raised CSFp (8). In general, CSFp is thought to
be independent of the rate of volume input into the
ventricular system, unless there is an obstruction to
flow. For example. Betz er al. (11) state: “A normal
human can absorb CSF at a rate up to four to six times
the normal rate of CSF formation with only a moderate
increase in intracranial pressure.” (See also Ref. 12).

In the experiments cited, the inflow rate was 2 ul/
min, which is the approximate rate of CSF synthesis in
rats (13). Based on this moderate input rate, the rapidity
of the CSFp increase after angiotensin, and the long
delay before solvent effects, we proposed (8) that the
peptide elevated CSFp by affecting resistance to CSF
outflow (Ro). On the other hand, the choroid plexuses
appear to have a complete, intrinsic renin-angiotensin
system (14). The normal function of choroidal tissue is
to synthesize CSF.

There are, to our knowledge, no experimental data
to judge whether an angiotensin-stimulated increase in
CSFp is related to either the synthesis or resistance
components of CSF dynamics. Therefore, the experi-
ment to be described was designed to specifically eval-
uate Ro in conscious rats whose CSFp was elevated by
a central infusion of angiotensin.

Materials and Methods

The subjects of the experiments were male Sprague-
Dawley rats weighing between 300 and 400 g. They



were cared for in accordance with the Guide for Care
and Use of Laboratory Animals (DHEW/NIH publi-
cation no. 86-23, 1985). The rats underwent a surgical
procedure (pentobarbital, 45 mg/kg ip, and methoxy-
flurane by inhalation, if needed) to implant a lateral
cerecbroventricular cannula (15). The cannula was cen-
tered in a hollow freezer vial cap and cemented, along
with a small stainless steel anchor screw, to the skull.
At least 48 hr were allowed for recovery.

On the experimental day, the rats were placed in
individual metabolism cages, with food and water avail-
able. A fluid-filled needle/tubing system was inserted
into the preimplanted guide cannula. The tubing was
connected to a liquid swivel which in turn was con-
nected to an ultralow Harvard pressure transducer and
sealed silastic ports that could be connected to infusion
pumps as required. The output from the transducers
was amplified, digitized, and stored on the hard disk of
a microcomputer at a rate of 1 sample/sec. A cathode
ray tube screen permitted real-time monitoring of
CSFp. The fluid in the sealed system was a sterile,
1sosmotic, protein-free, balanced salt solution (16). (See
Ref. 17 for complete technical details).

Baseline CSFp were recorded and, at Time 0, a
100-min infusion of artificial CSF, 2 ul/min, with or
without 10 ng/min angiotensin II (ile’-angiotensin II;
Sigma Chemical Co.), was started. CSFp data were
partitioned into 10-min time bins and averaged for
statistical analyses. Bolus injections, 10 ul/0.5 sec, were
made using a Gralab timer attached to a pump at 5
min before and at 60 and 90 min into the infusion. The
first 5 sec of recording after bolus injections were by-
passed for volume distribution, and the linear regression
of the pressure decay curve over the next 60 sec was
used to calculate Ro.

Ro was calculated according to the standard pro-
cedure described by Marmarou er al. (18):

0= t-Po |
[/log(Pp/Po)llog ]
\PL/Pp[Pp — Po)/(Pt — Po))}

where V7 is the 10-ul bolus volume, Pp is the peak
pressure 5 sec after the bolus, Po is the baseline pressure
before the bolus, 7 is a selected time after the bolus, and
Pt is CSFp at that time.

CSFp and Ro data for the control and angiotensin
groups were evaluated by two-way analysis of variance
with time as a repeat measure. Significant (P < 0.05)
F-ratios were evaluated with the Newman-Keuls range
statistic.

Results

The effects of the artificial CSF and angiotensin
infusions on CSFp are illustrated in Figure 1. The
analysis of variance yielded a significant F-ratio (5.4, df
= [,17, P < 0.05) for treatment, which documents an
overall increase in CSFp evoked by angiotensin. The F-
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Figure 1. Cerebrospinal fluid pressure of conscious rats receiving a
100-min infusion of artificial CSF with or without angiotensin (10 ng/
min). Analysis of variance showed that pressure during the infusion
period was elevated (P < 0.05) by angiotensin compared with CSF,
although CSFp rose in both groups. The preinfusion and terminal
CSFp were similar (P > 0.05). The triangles indicate times when
bolus injections were made to determine resistance to outflow.

ratio for time was also significant (F = 14, df = 11,187,
P < 0.01). The Newman-Keuls test showed that the
baseline data before the first bolus injection were similar
between groups (P > 0.05), but CSFp rose in both
groups afterward (P < 0.05). The interaction term of
the analysis of variance was not significant (F = 2.1, df
= [1,187, P > 0.1). It is important to note that the
bolus injections delivered additional angiotensin or sol-
vent into the infusion/recording system and these
pulses are incorporated into the subsequent 10-min
time bins. The distortion of the system, inherent in
pressure/volume tests, may explain why the angiotensin
group began to show a rise before the CSF group, and
why the small solvent effect was observed before 2 hr
(8).

Angiotensin caused drinking behavior, mostly at
the start of the infusion. Angiotensin-treated rats drank
5.2 + 1.7 ml, compared with 0.2 = 0.1 ml (P < 0.05, ¢
test) for the solvent-treated rats. This volume is less
than anticipated, but, again, the protocol incorporated
pressure/volume boluses. which differs from similar
studies (1, 8). No other behavioral signs or symptoms,
such as ataxia or unresponsiveness, were observed, as
would occur with acute cerebral edema.

The Ro data are shown in Figure 2. The analysis
of variance showed that the control and angiotensin
groups were similar at all times (F = 0.7, df = 1.48, P
> (0.25), and the times were also similar (F = 0.6, df =
2,47, P > 0.30). There was no significant interaction
between treatment and time.

Discussion

Several experiments suggested that angiotensin
could affect intracranial pressure. Vertebral arterial in-
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Figure 2. Resistance to outflow of cerebrospinal fluid in conscious
rats. The data correspond to the times shown as the triangles in
Figure 1. Open bars represent control (N = 10) and hatched bars
represent angiotensin-treated rats (N = 9). Analysis of variance
revealed no effects (P > 0.05).

fusions in anesthetized dogs raised CSFp (19), and
unilateral carotid arterial infusions of the peptide pro-
duced a symmetrical reduction in the cerebral blood
flow of anesthetized rabbits (20). Also, as indicated
earlier, cerebroventricular administration of angioten-
sin elevates CSFp in rodents (1, 8). However, to our
knowledge, there are no data dealing with the general
mechanism by which the peptide increases CSFp. Be-
cause angiotensin increases CSFp relatively rapidly (1)
and CSFp is relatively independent of volume input
(11), we anticipated that the peptide might increase Ro.
The data obtained reject this hypothesis because CSFp
was increased by the peptide when Ro was not. There
is good evidence that choroid plexuses contain an in-
trinsic renin-angiotensin system (14). Since the function
of this tissue is to secrete CSF, it is possible that CSFp
is elevated by a large increase in the rate of volume
input into the cerebroventricles.

More recently (21), topical application of angioten-
sin in rats with a closed cranial window was found to
exert a strong vasodilator action at micromolar concen-
trations. This activity was suggested to result from
receptors reached from CSF (22), which would be the
contact route in our experiments. Thus, the rapid action
of angiotensin to increase CSFp may be explained by a
centrally mediated increase in cerebral blood volume.

Many investigators have noted that cerebroven-
tricular infusions of balanced salt solutions, after a
relatively long lag time, raise CSFp (6, 8-10). The data
from this study showed a solvent induced rise in CSFp
after a relatively short latency. This may be due to the
rapid bolus injection used to determine resistance to
outflow. Nevertheless, Ro in the CSF and angiotensin
groups were always similar, and the rise in CSFp in
either group did not appear to be in a pathological
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range (15, 17). Prolonged infusions of balanced salt
solutions may result in a delayed increase in CSFp by
diluting an endogenous peptide(s), by stimulating the
release of an endogenous peptide(s), or both. An eval-
uation of the mechanisms of peptidergic control of
CSFp may suggest new treatment strategies to control
intracranial hypertension.

Conclusions

Angiotensin [I, infused into the cerebroventricles
of conscious rats, raises CSF pressure compared with
solvent, but it does not change resistance to outflow of
CSF. Since resistance to outflow was unchanged, the
angiotensin effect may be related to increased CSF
synthesis. Alternately, pial arterial dilation is a possibil-

ity.
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