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Natural and Cellular Immune Responses in

Flinders Sensitive and Resistant Line Rats
Elliot M. Friedman, Ph.D., Michael R. Irwin, M.D., and David H. Quverstreet, Ph.D.

Major depression is associated with impairments in natural
and cellular immune responses. This study characterized
baseline natural and cellular inmune function in the
Flinders Sensitive Line (FSL) genetic animal model of
depression and in Flinders Resistant Line (FRL) controls.
Splenic natural cytotoxicity per natural killer (NK) cell was
significantly lower in the FSL rats, suggesting that NK
cells are less activated af rest in the FSL rats than in the
FRL controls. Neither lymphocyte proliferative responses
nor interletkin-2 production differed between the two
strains. Resting baseline concentrations of plasma
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Major depression has been associated with abnormali-
ties of immune function (Herbert and Cohen 1993a), in-
cluding a reduction of natural killer (NK) cell cytotoxic-
ity (Irwin and Gillin 1987; Urich et al. 1988; Nerozzi et
al. 1989) and lvmphocyte proliferation responses (Kron-
fol et al. 1983; Schleifer et al. 1984; Kronfol and House
1985). The mechanisms underlying these immunologi-
cal abnormalities remain unclear, although altered reg-
ulation of immune function by the brain, neuroendo-
crine, and endocrine systems have been hypothesized
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adrenocorticotropic hormone and corticosterone were
similar between the FSL and FRL rats, indicating that
hiypothalamo-pituitary adrenal axis activation did not
mediate immunological differences. FSL rats show
abnormalities in natural immunity similar to those found in
clinically depressed human beings, indicating that this
animal model may be useful in understanding the neural
and neuroendocrine mechanisms associated with immune
alterations in depression. [Neuropsychopharmacology
15:314-322, 1996]

to play a role (Kronfol and House 1985; Irwin et al. 1991;
Darko et al. 1992; Irwin and Friedman 1995). Further
elucidation of the physiological mechanisms that medi-
ate depression-related immune dysfunction will almost
certainly have to rely on animal models.

A number of different types of animal models of de-
pression have been developed, including behavioral
models (e.g., learned helplessness) and genetic models
(e.g., rats bred for social inhibition or hyperactivity)
(Maier 1984; Willner 1991; Overstreet 1992). Studies ex-
amining immune function in these animal models have
shown that inescapable footshock that induces learned
helplessness in rats suppresses NK cytotoxicity, lym-
phocyte proliferation, and antibody responses (Lauden-
slager et al. 1983; Laudenslager et al. 1988; Maier and
Laudenslager 1988; Sacerdote et al. 1994). Furthermore,
in mice selectively bred for social inhibition, Petitto et
al. (1994, 1993) demonstrated that NK and lymphocyte
responses are impaired, indicating a potential relation-
ship between genetically determined behavioral traits
and abnormal immune function. The aim of the present
study was to extend the previous research by examin-
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ing immunological responses in another genetic animal
model of depression, the Flinders Sensitive Line (FSL) rat.

The FSL rats, and their control counterpart Flinders
Resistant Line (FRL) rats, were originally established by
selectively breeding Sprague-Dawley rats for high
(FSL) and low (FRL) sensitivity to the anticholinesterase
agent diisopropyl fluorophosphate (DFP) (Overstreet et
al. 1979). Subsequent evaluations of the FSL rats revealed
that, in addition to their cholinergic hypersensitivity,
they expressed behavioral and physiological abnormal-
ities similar to those found in clinical depression. For
example, compared to FRL controls the FSL rats exhibit
lower locomotor activity, impaired active avoidance re-
sponses, increased immobility in stressful swim tests,
increased rapid eye movement (REM) sleep, and defi-
cits in cognitive function (Overstreet 1993). In his recent
review, Overstreet (1993) established that the FSL model
successfully meets the criteria of face, construct, and
predictive validity for an animal model of clinical de-
pression. Immunological studies involving the FSL ani-
mals and FRL controls have demonstrated greater re-
ductions in serum complement in the FSL rats after a
mild stress paradigm (Ayensu et al. 1995) and increased
susceptibility to anaphylactic shock (Djuric et al. 1995).

We hypothesized that the FSL animals would exhibit
depressionlike reductions in NK cytotoxic responses,
NK activity per cell, NK cell numbers, lymphocyte pro-
liferation responses, and interleukin-2 (IL-2) production
compared to the FRL rats. We chose to conduct the im-
munological evaluations under resting conditions in or-
der to conform to the studies involving depressed human
subjects and to determine whether differences in im-
mune responses between the two strains would be evi-
dent in the absence of stress or pharmacological chal-
lenge.

MATERIALS AND METHODS
Animals

The subjects for this study were male (11 = 20) and FRL
(n = 23) rats bred at the University of North Carolina,
Chapel Hill. Following shipment, all rats were housed
in pairs in the Animal Research Facility at the San Diego
Veterans Affairs Medical Center and given at least 2
weeks to adjust to the new environment. The average
age of the rats was 3 months; body weights differed de-
pending on the strain (see Results). The housing envi-
ronment was maintained at 22°C with lights on at 0600
and off at 1800. Food and water were available ad libi-
tum. To reduce exposure to odors, noises, or infectious
agents, rats were kept in enclosed laminar flow racks.
Specialized microisolator filters were inserted into cage
lids during transport of the animals for handling and
experiments. All rats were handled for 1 week before
experimental procedures to reduce the stress associated
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with human contact. The experimenters remained blind
to the strain of each animal until the conclusion of alt
immunological procedures.

Cell Preparation

Rats were rapidly decapitated and truncal biood col-
lected in EGTA-treated 50-m! tubes on ice. Spleens were
removed to sterile culture plates containing phosphate-
buffered saline (PBS) and teased apart with sterile nee-
dles. Splenocytes were aspirated, underlayered by Fi-
coll-Hypaque (Sigma Chemical Col, St. Louis, MO), and
spun for 30 minutes at 1,200 RPM. The mononuclear
cell (MNCQ) fraction was removed, washed twice, tested
for viability by trypan blue exclusion, and resuspended
at a final density of 107 cells/ml in complete medium:
1:1 RPMI1 1640:Dulbeccos Modified Eagles Medium (Me-
diatech, Washington, D.C.) supplemented with 10% Fe-
tal Clone serum (Hyclone Laboratories Inc., Logan, UT),
25 mM Hepes (Irvine Scientific, Santa Ana, CA), 5 X 10
M 2-mercaptoethanol (Gibco, Grand Island, NY), 4 mM
glutamine (Core Research Facility, La Jolla, CA), and 50
pg/ml gentamicin (Sigma).

NK Cytotoxicity Assay

To determine strain-related differences in natural im-
munity NK activity was measured in a standard 3-hour
chromium-release assay. Splenic MNC effector cells
were cultured in triplicate with the YAC-1 mouse lym-
phoma target cells [American Type Culture Collection
(ATCC), Rockville, MD] at effector-to-target ratios of
100:1, 50:1, 25:1, and 12.5:1 in U-bottom microtiter plates.
YAC cells were incubated for 1 hour at 37°C with 100
uCi sodium chromate (New England Nuclear, Boston,
MA), washed twice with complete medium, and resus-
pended at 10° cells/ml. 100 pl MNC were incubated
with 100 wl YAC cells in 200-pl wells. Spontaneous and
maximal chromium release was determined by cultur-
ing 100 ul YAC cell suspension with 100 pl complete
medium or 100 pl 1M hydrochloric acid, respectively.
Mircotiter plates were spun at 300 RPM for 2 minutes
and incubated for 3 hours at 37°C. The supernatants
were removed from each well and aspirated into boro-
silicate tubes, and chromium release was determined in
a gamma counter. Percent specific cytotoxicity was cal-
culated using the following formula: (release from sam-
ple — spontaneous release)/(maximal release — sponta-
neous release). Data are expressed as percent specific
cytotoxicity. The cytotoxicity data were also converted
to lytic units to permit a quantitative evaluation of rela-
tive cytotoxicity (Trinchieri 1989). One lytic unit was de-
fined as the number of effector cells killing 20% of the
target cells, calculated using the equation y = A (1 —
¢K%) (Pross and Maroun 1984). The data are expressed
as lytic units per 10° cells.
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Table 1. Mean (= SEM) Body Weights, Neuroendocrine Measures, and Splenic MNC Numbers in FSL and FRL Rats
Variable FSL FRL t-Value p-Value
Bodv weight (g) 396.25 468.13 3.19 0.01
(12.56) (14.74)
ACTH (pg/ml) 50.22 56.87 0.28 0.78
(10.42) (21.45)
Corticosterone (ug/dl) 16.93 18.13 0.26 0.80
(3.61) (2.89)
Splenic MNC 3.98 x 107 3.27 x 107 1.04 0.16

NK Cell Numbers

MNC (5 X 10%) were incubated with 5 ul mouse anti-rat
NK monoclonal antibody (NKR-PI fluorescein-labeled
monoclonal, Harlan Bioproducts for Science, Inc., Madi-
son, WI) for 30 minutes on ice in complete darkness.
This antibody is specific for rat NK and lymphokine-ac-
tivated killer cells, and double labeling flow cytometric
experiments have shown that it successfully distinguishes
these cells from B cells (0.6% OX6+/NKR~Pl+), cyto-
toxic T cells (8.2%0X8+/NKR—-Pl+), T cells (0.5%
OX19+ /NKR-P1+), and macrophages (0.3% OX41+/
NKR—PI+) (Chambers et al. 1989). Cells were washed,
fixed using a 1% formaldehyde solution, and enumer-
ated by a fluorescence-activated cell sorter (FACSTAR;
Becton-Dickinson, Rutherford, NJ). Data are expressed
as the number of NK+ cells per 10° lymphocytes.

Lymphocyte Proliferation

To assess T and B lymphocyte proliferative responses,
MNC (10%) were cultured in triplicate at 37°C for 72
hours with 100 pl complete medium (unstimulated),

concanavalin A (Con A, 10 pg/ml; Sigma), Staphylococ-
cal enterotoxin B (SEB, 2.5 ng/ml; Sigma), or pokeweed
mitogen (PWM, 10 pg/ml; Sigma). Con A and SEB both
require the presence of monocytes for optimal stimula-
tion of T cell proliferation, although their mechanisms
of action differ (Salamon et al. 1992). In order to evalu-
ate monocyte-independent T cell responses, an anti-1-
cell receptor antibody (G4.18 mouse anti-rat-CD3, 2.5
ug/ml; PharMingen, San Diego, CA) was also used to
induce proliferation; the anti-CD3 antibody was ad-
hered to flat-bottom microtiter plates before the addi-
tion of MNC. After a 72-hour incubation, cultures were
pulsed (4 hours) with 1uCi [*H]thymidine and har-
vested. Thymidine incorporation was determined in a
beta counter (Packard, Meriden, CT). Data are expressed
as net counts per minute (CPM): stimulated CPM — un-
stimulated CPM.

Interleukin-2 Release

Stimulated IL-2 production was measured by culturing
MNC (10°) with Con A and SEB (same concentrations
used for proliferative assays) at 37°C for 72 hours. Cul-

Table 2. Mean (= SEM) Lymphocyte Proliferation Responses and IL-2 Production in FSL and FRL Rats
Mitogen FSL FRL t-Value p-Value
Lymphocyte proliferation
Con A (10 pg/ml) 14,320 12,201 0.02 0.79
(2,360) (1,646)
SEB (2.5 pg/ml) 18,744 14,312 1.04 0.30
(2,640) (2,757)
Anti-CD3 (3pg/mb) 31,384 31,381 0.00 1.0
(4,983) (5,406)
PWM (10 mg/ml) 27,968 24,625 0.79 0.44
(2,390) (2,545)
Interlewkin-2 production
Con A (10 pg/ml) 13.45 12.15 0.07 0.79
(4.19) (2.20)
SEB (2.5 mg/ml) 4.00 1.18 0.04 0.85

(0.77)
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Figure 1. Top, mean (+SEM) splenic NK specific cytotoxicity
in FSL (sofid circle, n = 20) and FRL rats (solid square, n = 23).
There was a significant main effect for effector-to-target (ET)
ratio [F(3,108) = 62.10, p < .001], but no difference between the
two strains [F(1,36) = 0.98, p = .33] or a ratio-by-strain interac-
tion [F(3,108) = 0.23 p = .87]. Middle, mean (= SEM) number of
splenic NK cells. Cell numbers at the 100:1 were significantly
higher in the FSL rats than in FRL controls [{(41) = 11.67, p <
.01]. Cell numbers for the remaining E:T ratios were derived
from these numbers and are depicted for illustrative purposes.
Bottoni, mean (= SEM) percent NK specific cytotoxicity per cell.
Percent specific cytotoxicity values for individual animals were
divided by individual NK cell numbers at each E:T ratio and
averaged to generate mean percent specific cytotoxicity per cell
at the four ET ratios. Cytotoxicity per cell was significantly
lower in the FSL rats than in the FRL controls [F(1,41) = 10.47,
p < .01]. There was also a significant effect of E:T ratio
(F(3,123) = 591, p <= .01], but no ratio-by-strain interaction
[F(3,123) = 0.34, p = .80].
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ture supernatants were then harvested and frozen at
—20°C. Samples were later thawed and incubated over-
night at 37°C with IL-2-dependent CTLL-2 murine T
cells (ATCC). Cultures were pulsed (4 hours) with 1 uCi
[*H]thymidine and harvested, and thymidine incorpo-
ration was determined in a beta counter.

Neuroendocrines

Plasma concentration of adrenocorticotropic hormone
(ACTH) and corticosone (B) from truncal blood samples
were determined using commercially available radio-
immunoassay kits (ACTH: Nichols Institute Diagnos-
tics, San Juan Capistrano, CA; B: [CN Biomedicals, Inc.,
Costa Mesa, CA).

Statistical Analyses

Data were generally analyzed by two-tailed indepen-
dent ¢ tests. Differences in NK specific cytotoxicity were
determined by two-factor analysis of variance (ANOVA):
factor 1 was strain and factor 2 was the effector-to-target
ratio. For technical and experimental reasons, data sets
were not complete for all variables. For this reason,
sample sizes are noted for all variables.

RESULTS

As previously reported (Overstreet 1993), the FSL rats
in the current study weighed significantly less than
their FRL counterparts (Table 1). Plasma levels of ACTH
and corticosterone were within the range of typical
baseline values, and no differences in neuroendocrines
between the FSL and FRL rats were observed (Table 2).

NK Cytotoxicity

Similar numbers of spleen MNC were recovered from
the FSL (3.27 % 107 cells) and FRL (3.98 x 107 cells) rats
(Table 1), despite the marked difference in body weight
between the two strains. NK cytotoxicity data are de-
picted in Figure 1. NK specific cytotoxicity did not dif-
fer between the FSL and FRL strains at any of the four
effector-target ratios (p = .33). Conversion of the cyto-
toxicity data to lytic units produced the same pattern of
results (Figure 2). Enumerating NK cells revealed a sig-
nificantly greater percentage of NK cells in the spleens
of FSL rats than that for FRL controls (p < .001). To eval-
uate resting NK cell activation, we calculated NK cyto-
toxicity on a per-cell basis. This calculation revealed
that NK killing per cell was significantly lower in the
FSL rats than in the FRL controls (p < .01; Figure 1).
Lytic units per cell were also significantly lower in the
FSL rats (p < .01; Figure 2).
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Figure 2. Top, mean (= SEM) lvtic units per 10°¢ cells in FSL
and FRL rats. There was no difference in lytic activity
between the two strains [{{(41) = 0.07, p = .47]. Middle, mean
(= SEM) number of splenic NK cells in FSL and FRL rats.
The cell number was significantly higher in the FSL rats than
in FRL controls [t41) = 10.98, p < .01]. Boftom, mean
(* SEM) lytic activity per cell in FSL and FRL rats. Lytic unit
values for individual animals were divided by individual
NK cell numbers to generate lvtic units per cell. Lytic units
per cell was significantly lower in the FSL rats than in the
FRL controls [f(41) = 6.17, p < .01].

Lymphocyte Proliferation

Lymphocytes responses to Con A, SEB, PWM, and anti-
CD3 stimulation did not differ between the FSL and
FRL strains (Table 2). IL-2 production in response to
stimulation with Con A and SEB did not differ between
the FSL and FRL rats (Table 2).
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DISCUSSION

In the present study, the FSL rats were hypothesized to
show alterations in NK activity, cell number, lympho-
cyte proliferation responses, and cytokine production at
baseline like those observed in depressed individuals
(Kronfol et al. 1983; Schleifer et al. 1984; Kronfol and
House 1985; Irwin and Gillin 1987; Nerozzi et al. 1989;
Maes et al. 1991). The results provided partial support
for this hypothesis. Activation of NK cells at rest, as de-
termined by NK lytic activity per cell, was significantly
lower in the FSL rats than in the FRL controls. However,
lymphocyte proliterative responses and cytokine pro-
duction did not differ between the two strains.

NK cells are essential components of host defense
against viral and bacterial infection and neoplasia (Ritz
1989; Trinchieri 1989; Whiteside and Herberman 1989),
and cell activation is a necessary prerequisite for host
defense (Trinchieri 1989). NK cells can become activated
through exposure to virally infected or neoplastic cells,
through incubation with cytokines, such as IL-2 or in-
terferon (IFN), or through a combination of the two
(Trinchieri 1989). In the present study, NK lytic activity
per cell was significantly lower in the FSL rats, indicat-
ing decreased activation of resting NK cells in these
rats. These results parallel clinical findings examining
NK activity and cells numbers in clinical depression.
Although NK activity is typically lower in depressed
subjects than in controls (Irwin and Gillin 1987; Levy et
al. 1991; Evans et al. 1992; Maes et al. 1994b); decreases
in the number of circulating NK cells are not consis-
tently reported (Darko et al. 1989; Maes et al. 1994a).
Moreover, in the studies in which both NK activity and
NK cell numbers have been evaluated simultaneously,
reduced NK activity is not consistently correlated with
changes in NK cell number (Irwin and Gillin 1987; Ir-
win et al. 1987; Evans et al. 1992; Maes et al. 1994b). Col-
lectively, these results suggest that diminished killing
capacity of individual NK cells may be one mechanism
whereby NK activity is reduced in subjects who are
clinically depressed. It is not known whether this di-
minished activation of splenic NK cells in the FSL rats
reflects increased vulnerability to illnesses requiring op-
timal NK function, as disease incidence in the Flinders
animals has not been evaluated.

The mechanisms by which NK cells are less activated
in the FSL rats are unclear. There was no apparent de-
fect in T cell production of IL-2, a potent stimulator of
NK activity (Trinchieri 1989), but it is possible that the
sensitivity of NK cells to cytokine stimulation is im-
paired in the FSL rat. Interferon (IFN) also exerts a stim-
ulatory influence on NK cytotoxicity in vivo and in
vitro, and NK cells themselves are important sources of
IFN (Trinchieri 1989). We did not examine IFN release
in vitro. Finally, it is possible that NK cells in the FSL
rats are under tonic inhibition by factors extrinsic to the
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immune system. The neuroendocrine system, for exam-
ple, has been implicated in the modulation of immune
function (Besedovsky et al. 1975; Munck et al. 1984), al-
though in the present study no differences in circulating
levels of ACTH or corticosterone were found. The sym-
pathetic nervous system, through the release of norepi-
nephrine and neuropeptide Y, is known to exert an in-
hibitory influence on NK activity (Irwin et al. 1990,
1991; Madden et al. 1993; Nair et al. 1993), although
resting sympathetic tone in the Flinders strains has not
been systematically evaluated.

Given the FSL rats are selected on the basis of cholin-
ergic hypersensitivity, it is also conceivable that cholin-
ergic systems may contribute to abnormal NK activity
in these animals. The parasympathetic nervous system
has been argued to play a role in the modulation of im-
mune responses through cholinergic mechanisms (Rin-
ner et al. 1995), and cholinergic hypersensitivity is hypoth-
esized to underlie greater susceptibility to anaphylactic
shock in the FSL rats (Djuric et al. 1995). The evidence
for modulation of NK activity by cholinergic systems,
however, is mixed. In one study, administration of the
muscarinic agonist arecoline peripherally and into the
brain enhanced lytic activity in pre-activated NK cells
(Demissie et al. 1995), but a second study using an anti-
cholinesterase inhibitor demonstrated suppression of
IL-2-enhanced NK activity in vitro (Casale et al. 1992).
Thus, the contribution of endocrine and neuroendo-
crine systems to altered NK activity in the FSL rats re-
mains to be determined.

The numbers of NK cells in the FSL spleens were se-
lectively increased, in contrast with clinical studies of
depressed patients in which no changes or small de-
creases in NK cell numbers are found. Importantly, the
splenic compartment was examined in the present study,
whereas clinical studies of depressives have enumer-
ated circulating numbers of NK cells. Circulating NK
cell numbers have not yet been determined in the FSL
rats, and therefore it is not known whether the reduc-
tion in NK cell number in these animals reflects a com-
partmental shift or a decrement in the total number of
NK cells.

In vitro lymphocyte proliferation and IL-2 produc-
tion have been used to assess T cell function in clinical
and preclinical studies. Suppression of lymphocyte pro-
liferation and IL-2 release have been associated with
stress in human beings (Glaser et al. 1990; Herbert and
Cohen 1993b), nonhuman primates (Coe 1993), and rats
(Keller et al. 1983; Maier and Laudenslager 1988) and
with clinical depression (Herbert and Cohen 1993a).
Lymphocyte proliferation responses have also been re-
ported to be lower in socially inhibited rats than in ag-
gressive ones (Petitto et al. 1994). Using the nonspecific
mitogen Con A, which does not require processing and
presentation by monocytes (Rosenstreich and Mizel
1978), and the superantigen SEB, which stimulates the
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proliferation of T cells through interaction with class I1
major histocompatability regions on accessory cells and
induces cytokine release from monocytes (Salamon et
al. 1992), we found that both Con A and SEB induced
significant T cell proliferative responses and IL-2 pro-
duction. However, there were no differences between
FSL and FRL strains. Furthermore, using the G4.18
mouse anti-rat-CD3 clone, previously shown to activate
rat T cells in vitro (Nicolls et al. 1993), we found that re-
sponses to T cell receptor binding were also similar in
the FSL and FRL rats. It is important to note, however,
that T cell numbers and subsets were not determined in
the present study. It is possible that T cell numbers, like
NK cells, may have differed between the two strains,
and that differential proliferative capacity and/or cy-
tokine production may have been obscured by differ-
ences in cell number.

An alternative possibility is that lymphocyte prolif-
eration responses are not lower in the FSL rats at rest,
and that this dissociation of NK and lymphocyte re-
sponses may accurately reflect immunological abnor-
malities in clinical depression. For example, some clini-
cal studies have failed to demonstrate depression-related
reductions in lymphocyte proliferative responses (see
Herbert and Cohen 1993a; Irwin 1995, for reviews).
Moreover, a recent review of the literature of depression
and immunity using stringent methodological criteria
found that reductions in lymphocyte proliferation were
associated with clinical depression in only one out of
five studies (Irwin 1995). In contrast, seven out of eight
studies meeting these methodological criteria reported
depression-related decrements in NK activity. Finally,
psychophysiological substrates of negative affect in
nondepressed women are associated with decrements
in NK activity, but not lymphocyte proliferation re-
sponses (Kang et al. 1991). Thus, the influence of psy-
chological variables on these two indices of immune
function may be dissociable in some circumstances, and
NK function appears to be the more sensitive to psycho-
logical influence.

Although some aspects of the present results appear
to conflict with clinical studies of depression-related ab-
normalities in NK specific cytotoxicity or lymphocyte
proliferation, these findings do not preclude the possi-
bility that the FSL rat may represent a valuable model
for examining the mechanisms of immune alterations
relevant to depression. For example, it is possible that
immunological differences between the FSL and FRL
rats may emerge only after some form of challenge; se-
rum complement levels were similar between the two
strains at baseline, but significantly lower in the FSL
rats after chronic mild stress (Ayensu et al. 1995). More-
over, other behavioral and physiological differences be-
tween FSL and FRL rats, such as locomotor inhibition
(Overstreet 1986) and plasma corticosterone levels (Over-
street et al. 1986; Ayensu et al. 1995), only become evi-
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dent after stress or pharmacological challenge. It should
also be noted that reductions in NK activity in clinically
depressed human beings are completely abolished after
clinical treatment (Irwin et al. 1992), indicating that ab-
normal immune responses in clinical depression may
be more closely related to the “state” of acute depres-
sion than to the “trait” of susceptibility to depression.
This possibility is further supported by research show-
ing that immune responses are significantly negatively
correlated with increasing severity of depressive symp-
toms (Schleifer et al. 1989). For these reasons, further re-
search examining the possible differential effects of
stress on natural and cellular immune responses in FSL
and FRL rats is warranted.

In summary, the current study extends previous re-
search involving FSL rats by demonstrating abnormali-
ties in NK function in these animals. As the FSL rat is
the result of selective breeding for a specific physiologi-
cal trait, hypersensitivity to cholinergic agonism, it would
appear to be a uniquely valuable tool for the examina-
tion of immune regulation by the central and peripheral
nervous systems. These results also extend previous im-
munological research with animal models of depression
and offer tentative support for the possibility that the
FSL may be a valuable model for determining the rela-
tionship between depression and immunological dys-
function.
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