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lntracerebroventricular infusion of femtomolar quantities of 
interleukin-1 (IL-l) or stimulated release of endogenous IL-1 
in the brain suppresses various cellular immune responses, 
decreasing natural killer cell (NK) activity, response to mi- 
togen, and interleukin-2 production of splenic and blood lym- 
phocytes (an effect hereafter called “brain IL-1 -induced 
immunosuppression”). The present study examines mech- 
anisms by which IL-1 produces this effect. First, because 
IL-1 in the brain activates the pituitary-adrenal axis by stim- 
ulating release of corticotropin-releasing factor (CRF), the 
role of CRF was investigated. To block CRF, affinity-purified 
antibody to CRF was infused into the lateral ventricle 30 min 
before introduction of IL-l. When this was done, suppression 
of cellular immune responses that normally follow IL-1 in- 
fusion was completely prevented. Infusion with an equal 
quantity of non-CRF IgG prior to IL-1 was without effect. 
Second, the role of sympathetic nervous activity was ex- 
amined. To block neural transmission at sympathetic gan- 
glia, chlorisondamine (3.0 mg/kg) was injected intraperito- 
neally 60 min before IL-1 infusion. When this was done, 
suppression of immune responses by IL-1 was partially 
blocked. These results indicate that IL-1 in the brain sup- 
presses various cellular immune responses by activating 
both the pituitary-adrenal axis and the sympathetic nervous 
system, and that these systems are both activated through 
the influence of IL-1 on CRF. 

Elevation of interleukin- 1 (IL- 1) in the brain, either by infusion 
of IL- I into the lateral ventricle or by stimulation of release of 
endogenous IL- 1, produces dramatic, rapid, and long-lasting 
immunosuppression as measured by various indices of cell- 
mediated immune function (Sundar et al., 1989). That IL- 1 can 
affect immune responses by acting in the brain is consistent with 
reports that IL-l affects the CNS (Dinarello, 1984; Krueger et 
al., 1984; Tobler et al., 1984; Besedovsky et al., 1986; Berken- 
bosch et al., 1987; Bernton et al., 1987; Sapolsky et al., 1987) 
and may well act as a neurotransmitter and neuromodulator 
(Breder et al., 1988). The present study investigates the pathways 
activated by IL-l in the brain to affect immune responses of 
peripheral lymphocytes. 
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Reduction in immune functions of peripheral lymphocytes 
following elevation of IL- 1 in the brain (i.e., “brain IL- 1 -induced 
immunosuppression”) appears to occur through action of mul- 
tiple physiological pathways. IL- 1 in the brain stimulates release 
of ACTH and thereby elevates plasma corticosterone (Bese- 
dovsky et al., 1986; Berkenbosch et al., 1987; Bernton et al., 
1987; Sapolsky et al., 1987; Sundar et al., 1989), which is well 
known to be immunosuppressive (Gillis et al., 1979; Cohen and 
Crnic, 1982). IL- 1 in the brain also appears to inhibit peripheral 
immune responses by activating neural pathways. Evidence for 
this is as follows: (1) brain IL- 1 -induced immunosuppression is 
observed in adrenalectomized animals, indicating that the de- 
creased immunological responses are, at least in part, indepen- 
dent of elevations in plasma corticosterone; and (2) immune 
responses of splenic lymphocytes are reduced by a lower amount 
of IL- 1 in the brain than is needed to reduce responses of blood 
lymphocytes, suggesting that splenic lymphocytes are affected 
by an influence not present in blood, that is, a neural, possibly 
autonomic, pathway to the spleen activated by IL- 1. That au- 
tonomic activation can inhibit cellular immune responses is also 
well known (reviewed by Felten et al., 1987). 

In these experiments, we examined the possibility that brain 
IL- l-induced immunosuppression is mediated through the ac- 
tion of corticotropin-releasing factor (CRF) in the brain and the 
sympathetic nervous system in the periphery. IL-l in the brain 
stimulates release of CRF (Sapolsky et al., 1987; Katsuura et 
al., 1988a), which not only activates the hypothalamic-pituitary 
adrenal (HPA) axis, but also stimulates the sympathetic nervous 
system (Brown et al., 1982; Brown and Fisher, 1985). To in- 
vestigate the role CRF might play in immunosuppression caused 
by brain IL- 1, we determined whether neutralization of CRF in 
the brain by ventricular infusion of a purified antibody to CRF 
would prevent subsequent infusion of IL-l from suppressing 
immune responses. To investigate the role of the sympathetic 
nervous system in brain IL- 1 -induced immunosuppression, we 
determined whether pharmacological blockade of sympathetic 
neural transmission also would prevent infusion of IL-l from 
suppressing immune responses. 

Materials and Methods 
Subjects. Subjects were male Sprague-Dawley rats, weighing 200-300 
gm, obtained from Charles River Breeding Laboratories. Following re- 
ceipt from the shipper, animals were housed 2 per cage directly on 
bedding for at least 2 weeks in the colony. Animals in the colony are 
kept in enclosed, laminar-flow racks of a design developed by Riley et 
al. (1981). In these racks, animals on any given shelf do not come in 
contact with the odors or noises of other animals in the colony; noise 
and disturbance in the colony was also kept to a minimum. 
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Cannula implantation. For surgery, animals were removed from their 
cages and anesthetized with pentobarbital(50 mg/kg), and a permanent 
indwelling cannula was stereotaxically implanted into the lateral ven- 
tricle of each animal. Details of cannula design and surgical procedures 
are found in Weiss et al. (1986). Briefly, a cannula consisting of a 26- 
gauge needle with Silastic tubing attached was lowered into the lateral 
ventricle. Placement of the cannula in the ventricle was confirmed by 
the rising of cerebrospinal fluid in the cannula, after which the cannula 
was fixed in place by dental cement applied to the skull. Following 
surgery, animals were returned to the colony and housed individually. 

Infusion. Four to 6 d after surgery, each animal in the study was 
removed from the colony and transported in its home cage to an ad- 
joining room where infusion was carried out. Details of the infusion 
procedure also can be found in Weiss et al. (1986). Briefly, the cannula 
was opened, infusion tubing inserted into the cannula, and solution 
advanced to the tip of the cannula in the ventricle. The animal was then 
placed back into its home cage, and the infusion was begun. Infusion 
time and volume varied slightly depending on the substance infused 
(see Details of Specific Experiments, below). At the end of the infusion, 
the cannula was closed with a clip that restrained flow, and the animal 
was returned to the colony in its individual cage, placed into the same 
position in the animal rack it had occupied prior to removal. 

CRF antibody pwfiation. In Experiment 1, animals were infused 
with either rabbit IgG immunoreactive for CRF (anti-CRF IgG) or 
rabbit IgG nonimmunoreactive for CRF (non-CRF IgG). For these 
infusions, a polyclonal antibody against rat/human CRF was prepared 
and purified. The antibody was prepared by immunizing rabbits with 
rat/human CRF conjugated to keyhole limpet hemocyanin via glutar- 
aldehyde, and the antiserum (a gift from Dr. Lothar Jennes, University 
of Dayton) was then purified by high-performance liquid chromatog- 
raphy (HPLC) using Protein A immobilized resin (50 x 4.6 mm; Dur- 
asphere Protein A, 500A silica, Alltech, Deerlield, IL). An IgG fraction 
from 50 ~1 of the antiserum was isolated and purified by discontinuous 
(step) gradient HPLC using an initial mobile phase (A) containing 10 
mM NaH,PO, and 100 mM Na,SO, (pH, 7.0) and a subsequent mobile 
phase (B) containing 10 mM NaH,PO, and 100 mM Na,SO, (pH, 3.0). 
Mobile phase flow rates were 1 .O ml/min. Following sample injection, 
the analyte was chromatographed using 100% mobile phase A for 5 
min, followed by 100% B. Peak identity and IgG concentration were 
determined by chromatographing varying amounts (25-500 pg) of au- 
thentic rabbit IgG (Jackson Laboratories). Column eluate was moni- 
tored by a variable wavelength UV absorbance detector (280 nm), and 
the eluate fraction corresponding to the IgG peak was manually col- 
lected. Non-CRF IgG was obtained by collecting IgG similarly isolated 
and purified from normal rabbit serum. 

Antigen binding capacity was determined by double-antibody equi- 
librium radioimmunoassay of serial dilutions of IgG solutions, using 
varying concentrations of rat/human CRF (0.5-5000 pg) and a constant 
amount of lZ51-CRF. Prior to ventricular infusion, the anti-CRF IgG 
solution and non-CRF IgG solution were dialyzed against 0.9% NaCl 
for 12-14 hr at 4”C, then sterilized by filtration. 

Details of spec$ic experiments. In Experiment 1, animals were first 
infused with anti-CRF IgG or non-CRF IgG and subsequently infused 
with IL-l or its vehicle. Infusion of IgG was carried out by slowly 
introducing the solution over a 5-min period. Thirty minutes after con- 
clusion of the IgG infusion, each animal’s cannula was reopened, and 
the animal was then infused with either 100 pg (10 ~1) IL-l (purified 
human recombinant IL-l p, Genzyme, Boston, MA) or 10 ~1 vehicle, 
this infusion being carried out over an I-min period. Thus, this exper- 
iment utilized a 2-x 2 design, the 4 groups g&en infusions of (1) anti- 
CRF IeG followed bv IL- 1. (2) non-CRF IaG followed bv IG 1. (3) anti- 
CRF I& followed b; vehidlk, &d (4) non-ERF IgG followed b; kehicle. 
Fifteen minutes after completion ofthe IL- 1 or vehicle infusion, animals 
were anesthetized with pentobarbital for immunological measurements. 
Three replications of this experiment were conducted (A, B, and C). In 
the first replication (A), 5 ~1 IgG solution was infused (for details of 
immunological activity, see Results), while in the last 2 replications (B 
and C), 15 ~1 IgG was infused. In each replication, N = 3 per group. 

In Experiment 2, animals were first injected with chlorisondamine or 
vehicle and subsequently infused with IL-l or vehicle. Chlorisondamine 
(Ecolid, 3.0 mg/kg) or vehicle (0.9% saline) was injected intraperito- 
neally, and 60 min later, animals were infused intracerebroventricularly 
with 100 pg IL- 1 or vehicle as in Experiment 1. Thus, this experiment 
also utilized a 2 x 2 design, the 4 groups being (1) chlorisondamine 
followed by IL- 1, (2) 0.9% saline followed by IL- 1, (3) chlorisondamine 

followed by vehicle, and (4) 0.9% saline followed by vehicle. Two rep- 
lications of this experiment were conducted; in each replication, N = 3 
per group. As in Experiment 1, animals were anesthetized for immu- 
nological measures 15 min after completion of IL- 1 or vehicle infusion. 
It is important to point out that the dose of chlorisondamine given in 
this study is sufficient to completely block neural transmission through 
sympathetic ganglia (Seidler and Slotkin, 1979; Bartolome et al., 1980; 
Smith et al., 1984; Mills and Smith, 1986). 

Immunological measures: collection of lymphocytes. Peripheral blood 
was collected by cardiac puncture within 5 min after the injection of 
anesthetic. Spleens were removed under sterile conditions. Splenic lym- 
phocytes were extracted by gentle crushing of the spleens between sterile 
glass slides. Mononuclear cells then were separated on Ficoll-Hypaque 
density gradients. The number of viable lymphocytes in these prepa- 
rations was counted by trypan blue dye exclusion. 

Lymphocyteproliferation tophytohemagglutinin (PHA). To determine 
the lymphocyte response to stimulation by a mitogen, 0.1 ml aliquots 
of lymphocyte suspension (2 x lo6 cells/ml in RPMI-1640 medium 
containing 10% heat-inactivated fetal calf serum, henceforth referred to 
as RPMI) were mixed with 10 &ml PHA. (All measures were carried 
out on triplicate samples.) After 3 d of incubation, the cultures were 
pulsed for 4 hr with 1.0 &i tritiated thymidine. Cells were then har- 
vested onto glass-fiber filters using a semiautomatic Skatron cell har- 
vester, and incorporated radioactive thymidine was determined in a 
liquid scintillation counter. 

Interleukin-2 (IL-2) production by stimulated lymphocytes. Splenic 
lymphocytes were stimulated with 10 &/ml PHA for 48 hr, after which 
culture supematant was collected and the presence of IL-2 in the su- 
pematant determined. To measure IL-2, IL-2-dependent CTLL cells 
were grown in RPM1 1640 medium to which culture supematant was 
added as the sole source of IL-2. The ability of culture supematant to 
support the growth of CTLL cells was determined by the incorporation 
of radioactive thymidine (method of Gillis et al., 1978). 

Determination of natural killer (NK) cell activity. NK cell activity was 
determined by the lysis of 51Cr-labeled Yac- 1 cells (method of Reynolds 
et al., 198 1). Blood and splenic lymphocytes were used as effector cells, 
and an effector : target ratio of 50: 1 was used in all experiments except 
one where effector : target ratios of 50: 1, 25: 1, and 10: 1 were used. 

Steroid assay. Plasma corticosterone was measured by a modification 
of the microscale competitive protein binding (CPB) technique origi- 
nally described by Murphy ( 1967). The assay used is described in Naylor 
et al. (1988). 

Statistical analysis. Statistical analysis of results for each measure was 
done by analysis of variance. One-way analyses were used except when 
more than 1 replication was carried out employing the same conditions, 
in which case, a 2-way analysis blocking for replication was used. Where 
a significant overall F score was obtained, comparisons of individual 
groups were carried out by protected t tests (Kirk, 1969). 

Results 
Characterization of the CRF antibody (Experiment 1) 

Purification of the rabbit CRF antiserum yielded a relatively 
concentrated solution of IgG that possessed high biological ac- 
tivity for binding of CRF. Precipitation and quantification of 
serum proteins and measurement of binding activity indicated 
that approximately 4% of the serum proteins in the rabbit an- 
tiserum was IgG, and approximately 1% of the IgG fraction was 
anti-CRF IgG. Chromatography of the Protein A-purified an- 
tiserum is shown in Figure 1. Chromatographic comparison of 
the purified column eluate used for infusion with a quantitative 
calibration curve revealed that the concentration of protein (i.e., 
IgG) in the purified eluate was 10 CLgIpl. For infusion, IgG was 
diluted to 150 ng/pl; therefore, 0.75 pg IgG was infused in the 
first replication (5 x 150 ng), and 2.25 pg in each of the 2 
subsequent replications (15 x 150 ng). For infusion, non-CRF 
IgG was also adjusted to a concentration of 150 ng/pl. Based 
on Scatchard analysis of the results from radioimmunoassay 
performed on serial dilutions of the column eluate, CRF binding 
capacity was calculated to be 2.3 ng CRF/pg IgG. Non-CRF 
IgG purified similarly had no apparent CRF binding capacity. 
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Figure 1. HPLC purification of IgG on Protein A-bonded silica. Chro- 
matographic analysis is shown for IgG standard (authentic ZgG), IgG 
from normal (preimmunized) rabbit serum (non-CRF IgG), and IgG 
from serum of animals immunized with CRF. SF, solvent front. Inset, 
Calibration curve relating detector response (absorbance units full scale) 
and amount of authentic IgG assayed. 

Figure 2. Cellular immune responses of blood lymphocytes following 
infusion of IL-l or vehicle. Animals were infused with either non-CRF 
IgG or anti-CRF IgG in low dose (0.75 rg) or high dose (2.25 pg). 
Effects are shown on NK cell activity and response to PHA. Mean and 
SE for each group are shown. Asterisk, differs significantly (at least p < 
0.05) from each of the other 3 groups; open circle, differs significantly 
from each vehicle-infused group. 

Effects of CRF antibody infusion (Experiment I). Infusion of 
anti-CRF IgG into the lateral ventricle completely blocked the 
ability of intracerebroventricular IL-l to suppress various cel- 
lular immune responses. Effects measured in blood and splenic 
lymphocytes are shown in Figures 2 and 3. As can be seen on 
the left side of Figures 2 and 3, the lower dose ofantibody (0.75 
pg) infused in the first replication (A) only partially antagonized 
the ability of IL-l to suppress NK cell activity and T-cell mi- 
togenesis (response to PHA). However, as can be seen in Table 
1, infusion of this quantity of anti-CRF IgG did not totally block 
the ability of intraventricular IL-l to increase serum cortico- 
sterone, thereby indicating that the amount of anti-CRF IgG 
infused in the first replication was not sufficient to block entirely 

the activity of CRF that was induced by IL-l. However, as is 
evident in the right side of Figures 2 and 3, infusion of 3 times 
the dose of anti-CRF IgG used in the first replication (that is, 
2.25 pg) totally blocked the ability of IL-l to suppress NK cell 
activity, T-cell mitogenesis, and IL-2 production. As can be 
seen in Table 1, the higher dose of anti-CRF IgG completely 
blocked the ability of IL-l in brain to increase serum cortico- 
sterone. 

When a large number of effector cells is used in the NK assay, 
differences in NK activity might not be detected readily because 
the lysing of target cells may have reached a maximum. Thus, 
if intraventricular IL-1 partially diminished NK cell activity 

Table 1. Plasma corticosterone concentration (Ng/dl) in various groups 

Non-CRF IgG Anti-CRF IgG 

Experiment 1 IL-l Veh IL-l Veh 

Replication A (0.75 rg IgG infused) 53.4 f 1.7* 11.0 + 1.0 32.8 +- 5.9* 8.1 + 1.6 
Replications B and C (2.25 rg IgG infused) 43.5 t- 7.5* 14.5 Ii 2.1 13.1 t 2.9 12.6 + 2.6 

Saline (0.9%) Chlorisondamine 

Experiment 2 IL- 1 Veh IL-l Veh 

48.6 -t 4.6* 17.4 k 2.9 50.9 + 6.2* 15.4 + 1.9 

*, Differs significantly (at least p < 0.05) from animals infused with non-CRF IgG and vehicle (experiment 1) or saline and vehicle (experiment 2). 
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Figure 3. Cellular immune responses of splenic lymphocytes following 
infusion of IL-l or vehicle. Animals were infused with either control 
IgG (non-CRF IgG) or anti-CRF IgG in low dose (0.75 pg) or high dose 
(2.25 UP). Effects are shown on NK cell activitv. resoonse to PHA. and 
iL-2 drzduction. Mean and SE for each group a& shown. Asterisk, differs 
significantly (at least p < 0.05) from each of the other 3 groups; open 
circle, differs significantly from each vehicle-infused group. 

despite the prior infusion of anti-CRF IgG, this might not be 
seen when the effector : target cell ratio was 5O:l. However, 
diminished activity of NK cells should become apparent if a 
smaller number of effector cells were used so as not to reach a 
possible “ceiling” in the sensitivity of the assay. Therefore, the 
NK cell assay was carried out using reduced effector : target cell 
ratios as well as the 50: 1 ratio. Figure 4 shows NK cell activity 
tested at 3 effector : target cell ratios when the higher dose (2.25 
pg) of anti-CRF IgG was infused (these data were generated in 
replication C). Decreasing the number of effector cells relative 
to target cells did not reveal any impairment in NK function 
following IL-l when anti-CRF IgG had been first infused. 

Eflects of chlorisondamine injection (Experiment 2) 

Peripheral injection of chlorisondamine in a dose that is known 
to block completely sympathetic nervous transmission dimin- 
ished the ability of intraventricular IL-l to suppress various 
cellular immune responses of peripheral lymphocytes. As can 
be seen in Figure 5, chlorisondamine injection 60 min before 
infusion with IL- 1 partially blocked, in both blood and splenic 
lymphocytes, the suppression of NK cell activity, response to 

5O:l 25:l 1O:l 

0 non-CRF IgG + Vehicle 

m non-CRF IgG + IL-l 

ha onti-CRF IgG + Vehicle 

E&3 anti-CRF IgG + IL-l 

Figure 4. NK cell activity of animals infused with IL-l or vehicle 
following infusion of either non-CRF IgG or anti-CRF IgG. Effects 
measured at 3 different ratios of effector : target cells are shown (50: 1, 
25: 1, and 10: 1). Mean and SE for each group are shown. Asterisk, differs 
significantly (at least p < 0.05) from each of the other 3 groups. 

PHA, and IL-2 production produced by IL-l. However, it is 
equally clear that blockade of peripheral sympathetic transmis- 
sion did not totally eliminate the ability of IL- 1 in the brain to 
suppress cellular immune responses; animals infused with IL- 1 
following the injection of chlorisondamine showed significant 
reduction of all immune parameters measured relative to ani- 
mals not infused with IL- 1 (i.e., relative to animals injected with 
0.9% saline followed by vehicle infusion and animals injected 
with chlorisondamine followed by vehicle infusion). Regarding 
the influence of chlorisondamine injection on the elevation of 
plasma steroids normally observed after infusion of IL- 1, Table 
1 shows that, unlike infusion of anti-CRF IgG, which completely 
blocked the ability of IL-l infusion to elevate serum cortico- 
sterone, injection of chlorisondamine prior to IL- 1 infusion did 
not diminish the elevation of serum corticosterone produced by 
IL-l. 

Discussion 

The present results demonstrate that immunoneutralization of 
CRF by infusion of an antibody to CRF into the lateral ventricle 
was able to completely prevent suppression of a variety of cel- 
lular immune responses normally produced by infusion of IL- 1 
into the lateral ventricle. Experiment 1 showed that, when a 
sufficient quantity of anti-CRF IgG was infused to prevent ac- 
tivation of the pituitary-adrenal axis by ventricular infusion of 
IL- 1, suppression by IL- 1 of mitogenic response to PHA, NK 
cell activity, and IL-2 production in both blood and splenic 
lymphocytes by IL- 1 was no longer seen. Therefore, suppression 
of cellular immune responses occurring in response to IL-l in 
the brain is mediated by the ability of IL- 1 to stimulate activity 
of CRF in the brain. 

In an earlier experiment, Sundar et al. (1989) showed that 
infusion of IL-l into animals with their adrenals removed still 
resulted in partial suppression of cellular immune responses, 
thereby indicating that brain IL- 1 -induced immunosuppression 
was only partially mediated by elevation of serum corticoste- 
roids. This finding added to a growing number showing that 
manipulations that suppress cellular immune responses while 
also increasing circulating corticosteroids do not necessarily pro- 
duce the immunosuppression solely, or even largely, by increas- 
ing circulating steroids (Keller et al., 1983; Irwin et al., 1989; 
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Weiss et al., 1989). The finding by Sundar et al. (1989) suggested 
that neural pathways, possibly autonomic innervation, contrib- 
uted to brain IL- 1 -induced immunosuppression. This was con- 
firmed by the results of Experiment 2 of the present paper. In 
this study, blockade of the sympathetic nervous system by chlor- 
isondamine diminished the suppression of cellular immune re- 
sponses that normally occurs to intraventricular IL- 1. However, 
in that ganglionic blockade reduced immunosuppression fol- 
lowing IL-l infusion only partially, the present findings also 
confirm that other factors (i.e., elevation of plasma steroids) do 
contribute to brain IL- 1 -induced immunosuppression. Regard- 
ing the role of CRF, activity of this peptide in the brain is known 
to stimulate the sympathetic nervous system (Brown et al., 1982); 
therefore, it is consistent with known actions of this peptide in 
the brain that it would activate both the pituitary-adrenal axis 
and the sympathetic nervous system. As found in Experiment 
1, complete blockade of CRF (as evidenced by blockade of IL- 
1 -induced steroid elevation) totally blocked the effect of intra- 
ventricular IL- 1 on cellular immune responses. Consequently, 
the evidence indicates that IL- 1 in the brain produces suppres- 
sion of cellular immune responses by activating CRF release in 
the brain, which in turn mediates immunosuppression by stim- 
ulating both the pituitary-adrenal axis and autonomic nervous 
pathways. 

Of considerable interest is the question of where the infused 
IL-I acts to initiate the responses leading to immunosuppres- 
sion. One possibility that needed to be addressed was that IL- 1 
did not act on cells of the CNS, but, rather, affected infiltrating 
leukocytes at the site of the indwelling cannula in the lateral 
ventricle. According to this hypothesis, a consequence of can- 
nula implantation 4-5 d prior to infusion is that various cells 
normally present in peripheral circulation (i.e., monocytes, lym- 
phocytes) gain access to the ventricular system as a result of the 
surgery and accumulate at the site where the indwelling cannula 
penetrates into the ventricle. When IL- 1 is then infused, it acts 
upon these cells to cause them to release either CRF or soluble 
factors that stimulate CRF, and immunosuppression then re- 
sults. To test whether this might be correct, we injected IL-l 
into the lateral ventricle without using an indwelling cannula. 
For this procedure, a guide cannula that terminated 3.0 mm 
above the lateral ventricle was implanted 4-5 d prior to infusion; 
at the time of infusion, a needle was inserted through the guide, 
which penetrated into the ventricle, and IL-1 was then intro- 
duced immediately. The results of this study are shown in Figure 
6. When IL-l was infused into the ventricle in this manner, 
which precluded accumulation of peripheral cells around an 
indwelling cannula, IL-l rapidly suppressed NK cell activity 
and also elevated plasma corticosteroid concentration just as 
had occurred when IL- 1 was introduced through an indwelling 
cannula. Thus, we found no indication that peripheral cells ac- 
cumulating in the ventricular system play a role in immuno- 
suppression produced by IL-l in the brain. 

Turning to the issue of where in the CNS the IL-l acts to 
produce immunosuppression, the ability of antibody to CRF 
injected in the ventricle to block effects of IL-l may provide 
some clues. If the antibody molecule could not readily dithtse 
out of the ventricular system to permeate the brain, the fact that 
CRF antibody introduced into the ventricular system was suf- 
ficient to block the immunosuppressive effects of intraventricu- 
lar IL- 1 indicates that the pathway utilized by intraventricular 
IL-l depends either on CRF close to the ventricular system or 
on CRF released into the ventricular system. As discussed else- 

Spleen Blood 

Saline + Vehicle 

Saline + IL-l 

Ecolid + Vehicle 

Ecolid + IL-l 

Figure 5. Various cellular immune responses in animals infused with 
IL 1 or vehicle following injection of chlorisondamine (3.0 mg/kg) or 
physiological saline vehicle. Effects in splenic and blood lymphocytes 
are shown for NK cell activity (SO: 1 effector : target cell ratio), PHA 
response, and IL-2 production. Mean and SE for each group are shown. 
Asterisk, differs significantly (at least p < 0.05) from each of the other 
3 groups; open circle, differs significantly from each vehicle-infused 
group; plus, differs significantly from each group infused with saline. 

where (Sundar et al., 1989), it has been suggested by several 
authors (Blatteis et al., 1983; Coceani et al., 1988; Katsuura et 
al., 1988b) that the action of IL-l in the brain may occur by 
IL- 1 acting at the circumventricular organs, particularly to or- 
ganum vasculosum lateral terminalis (OVLT). That antibody 
to CRF introduced into the lateral ventricle completely blocked 
the immunosuppressive effects of IL-l is consistent with the 
possibility that IL- 1 acted in the vicinity of the OVLT. On the 
other hand, it should be noted that it was necessary to infuse 
enough antibody (i.e., 2.25 pg) to neutralize 5.2 ng CRF in order 
to block brain IL- 1 -induced immunosuppression, which may 
mean that the infused antibody had to reach some site distal to 
the ventricular system in order to be effective. 
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Figure 6. Results showing that suppression of cellular immune re- 
sponses and stimulation of pituitary-adrenal axis does not depend on 
presence of cannula implanted in ventricle prior to infusion. Shown 
above are NK cell activity of splenic lymphocytes and plasma corti- 
costerone concentration of animals that were infused with vehicle (N = 
4) or IL-1 (N = 3) through an indwelling ventricular cannula or IL-l 
by acute penetration of the lateral ventricle just prior to infusion (N = 
3). Mean and SE for each group are shown. Vehicle and IL-l via in- 
dwelling cannula were infused as described for other experiments in this 
paper, though a higher dose of IL-l (0.5 ng) was given in this study 
when increased concentration of the IL-l was supplied by the vendor 
(Genzyme). For acute penetration of the lateral ventricle (LV), a guide 
cannula terminating approximately 3.0 mm above the LV was implant- 
ed earlier; for infusion, a needle protruding 3.5 mm below the guide 
cannula was inserted, and the IL-l was immediately infused (solution 
introduced over same time period as through indwelling cannula). Be- 
cause it could not be determined that the needle had entered the LV at 
the time of infusion and so the possibility of missing the LV was greater 
than for implanted cannulae, acutely injected animals were infused bi- 
laterally. All animals were killed by decapitation 30 min after infusion. 
Relative to the effects produced by infusion of IL-l through an in- 
dwellina cannula. IL-l-induced supnression of NK cell activity and 
elevation of plasma corticosterone seen after acute penetration of the 
ventricle was at least as large. 
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