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KELLEY, S. P., L. J. GROTA, S. Y. FELTEN, K. S. MADDEN AND D. L. FELTEN. Norepinephrine in mouse 
spleen shows minor strain differences and no diurnal variation. PHARMACOL BIOCHEM BEHAV 53(l) 141-146, 
1996. -Strain differences have been invoked to explain differing results when studying neural-immune interactions in labora- 
tory animals. We investigated the splenic norepinephrine (NE) content and concentration in three strains of male mice (BALB/ 
C, C57BL/6, and DBA/2), as well as possible diurnal variability in this innervation. Diurnal plasma corticosterone levels 
served as a positive control. Mice were housed on a 12 h on/12 h off light/dark cycle for 3 weeks, then sacrificed at one of six 
times during the 24 h cycle. Spleen NE total content and concentrations were determined using high performance liquid 
chromatography with electrochemical detection. We found small but significant differences between strains in total resting 
spleen NE content (BALB/C > C57BL/6 > DBA/Z) and in resting NE concentration (C57BL/6 > BALB/C > DBA/Z). 
This may reflect differences in spleen weight (BALB/C > DBA/Z > C57BL/6). The expected diurnal pattern of plasma 
corticosterone was seen in all strains, but no diurnal differences were found in NE content or concentration. 

Catecholamines Circadian rhythm Mouse spleen Norepinephrine 

SYMPATHETIC postganglionic noradrenergic nerves inner- 
vate lymphoid organs, including bone marrow, thymus, 
spleen, and lymph nodes (g-10). Studies investigating the com- 
plex role of the sympathetic nervous system in the modulation 
of the immune system have been conducted for the past de- 
cade (1) and currently continue (5,22,23). One approach to 
investigating sympathetic neural influences on immune func- 
tion has been to remove these nerves and investigate individual 
cell functions or collective interactions of cells in the immune 
system. Chemical sympathectomy with the neurotoxin 6- 
hydroxydopamine (6-OHDA), to transiently destroy sympa- 
thetic nerve terminals in adult rodents, has been reported to be 
associated with (a) enhanced proliferation, altered cellularity 
(increased B cells, decreased T cells), an immunoglobin iso- 
type switch (from IgM to IgG), and altered lymphocyte traf- 
ficking in lymph nodes of nonimmune mice; (b) diminished 
Con A-induced proliferation, cytotoxic T lymphocyte responses, 
IL-2 production, and delayed-type hypersensitivity responses 
in mice; (c) diminished or unaltered primary antibody re- 
sponses to T-dependent antigen challenge, and enhanced re- 

sponses to T-independent antigen challenge (12,16,18,21-24). 
Chemical sympathectomy in neonatal rodents (which is associ- 
ated with a more long-term depletion of lymphoid organ nor- 
epinephrine content and has central nervous system effects) 
and surgical sympathectomy in adult rodents (which damages 
additional neuropeptide systems) are associated with enhance- 
ment of antibody responses (6,36). 

Recently, characteristics such as strain, gender, age, and 
diurnal variability have been raised as possible variables influ- 
encing the effects of sympathetic noradrenergic signaling of 
lymphoid cells. For example, Livnat et al. (18) found that the 
C57BL/6 strain of mice showed a decrease in primary anti- 
body response following sympathectomy with 6-OHDA, but 
only when they received higher 6-OHDA doses than the three 
other strains being tested; this effect appeared to depend on 
the dose of 6-OHDA needed to successfully denervate the 
spleen, not on the responsiveness of cells of the immune sys- 
tem to denervation. Lyte et al. (19) recently reported that 
chemical sympathectomy with 6-OHDA was associated with a 
change in mitogen-induced T cell proliferation in DBA/2 mice 
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but not in C57BL/6 mice. They also reported a 6-fold differ- 
ence in baseline splenic norepinephrine (NE) concentration 
between these two strains of mice; they hypothesized that strain 
differences in sympathetic innervation may be a reason for ap- 
parent conflicting results after chemical sympathectomy. 

We sought to confirm this rather striking report of strain 
differences in splenic NE concentration. Such differences be- 
tween strains might indicate a variable role for this neural 
mediator depending on the extent of innervation. It is also 
possible that circadian differences in splenic NE content may 
exist, so that sampling only once during 24 h could either 
mask a true difference between strains or conversely, exagger- 
ate a difference that merely reflects a measurement at a rapidly 
changing phase of a diurnal variation. 

from Jackson Labs at age 4-5 weeks and housed two per cage. 
Cages were placed on shelves in large, ventilated, enclosed 
cabinets, each with its own set of fluorescent lights on a timer. 
All mice were housed 12L : 12D. Half the animals had lights 
on from 1890 to 0690; the other half had lights on from 
08:OO to 20:O0. Animals were allowed food and water ad lib. 

Although we are unaware of any data in the literature re- 
garding circadian rhythms of NE content in mouse spleen, 
several laboratories have reported circadian rhythms for NE 
in various peripheral organs of other rodent species. For ex- 
ample, in the rat, a circadian rhythm of NE was observed in 
the salivary, thyroid, and pineal glands (3,25,37). The golden 
hamster was reported to show a circadian variation of NE 
content in the spleen and heart (17). In mouse brain, Huie et 
al. (13) found evidence of a diurnal rhythm of NE concentra- 
tion in the hypothalamus and cortex, with sampling at six 
different times during the 24 h cycle. 

The animals were housed for 2 weeks, then subsets of each 
strain were taken from the cabinets at six times over the 24-h 
cycle: 2, 6, and 10 h into the light cycle, and 2, 6, and 10 h 
into the dark cycle. We examined a total of eight mice per 
strain per time point. On four successive days, two mice of 
each strain were removed from their cabinets, and killed by 
quick cervical dislocation at 0890, lO:OO, 12:00, 14:00, 1690, 
and 18:OO h. Blood was removed by cardiac puncture; spleens 
and lymph nodes were removed, weighed, and frozen on dry 
ice. These procedures took approximately 1 h. Those sampled 
in their dark cycle were handled and killed under dim red 
light. 

Plasma Corticosterone 

Basal splenic NE content and concentration in three strains 
of mice at six different time points over a 24 h cycle were 
measured to determine (a) whether there is a diurnal rhythm 
in splenic NE content or concentration, and (b) whether there 
is a variation in splenic NE content or concentration among 
these mouse strains. Plasma corticosterone, a hormone known 
to follow a diurnal rhythm and also modulate some aspects 
of neural-immune signalling (28), was measured as a positive 
control. 

Blood was obtained immediately after sacrifice by heart 
puncture into a heparinized syringe, and spun at 3000 rpm 
for 10 min; plasma was immediately frozen at -70°C until 
assayed. A commercial murine corticosterone radioimmuno- 
assay kit was used to determine plasma corticosterone (ICN 
Biomedicals). Each sample was analyzed in duplicate; results 
are reported in nanograms per milliliter. 

Splenic Norepinephrine 

Animals 

METHODS 

A total of 144 male mice of three strains, BALB/c, 
C57BL/6, and DBA/% (n = 48 of each strain), were obtained 

Spleens were removed, weighed, frozen on dry ice, and 
stored at - 70°C until assay. Spleens were thawed and homog- 
enized using a sonic dismembrator (Fisher Scientific, NY) in 
0.1 M perchloric acid (1 : 10, weight : volume) containing 
the internal standard 3,4-dihydroxybenzylamine (DHBA; 25 
mM). The homogenates were centrifuged at 13,000 x g for 
10 min and the pellets were saved for protein assays (Bio-Rad 
protein kit, Rockville Center, NY). The resultant supernatants 
were placed randomly in autosampler tubes, loaded into the 
autosampler, and high-performance liquid chromatography 

FIG. 1. Plasma corticosterone in BALB/c, C57BL/6, and DBA/2 mice at six time points 
over 24 h. X-axis labels of L + 2, +6, and + 10 represent time points of 2, 6, and 10 h 
after lights come on; D + 2, +6, and + 10 represent 2, 6, and 10 h after lights off. Each 
data point represents the mean for seven to eight mice. Vertical lines are SEM. 
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FIG. 2. Mean body weight, spleen weight, spleen weight/body weight, and spleen 
protein in three strains of mice. Each column represents the mean of 45-48 mice. 
Vertical lines are SEM. 

with electrochemical detection was carried out to determine 
NE levels. 

Samples were analyzed for NE using a Waters Model 510 
solvent delivery system operated at a flow rate of 1 .O ml/min, 
a Waters 710B WISP automatic sample injector, an Eco- 
nosphere 5 mM Cl8 reverse phase cartridge (Altech), and a 
glassy carbon thin-layer electrochemical detector (TL-5, Bio- 
analytical Systems). The detector potential was set at 0.85 V 
(vs. an Ag-AgCl reference electrode) using a LC-4B ampero- 
metric controller (Bioanalytical Systems). The buffer was 0.1 
M citrate-O. 1 M phosphate (pH 4.5), with sodium octyl sulfate 
(1 .O-1.2 mM) used as the ion pairing agent, and 17-22% 
methanol. The signal from the detector was recorded, peak 
heights and areas were determined, and data analysis was done 
using a Waters Model 840 data and chromatograph control 
station. Recovery was determined using DHBA as an internal 
standard. Samples corrected for recovery were compared with 
external standards to determine NE concentration, expressed 
as picomoles NE per gram wet weight, per mg protein, and 
per total spleen. 

Statistics 

Significant differences between means for strain, time, and 
strain by time interactions were determined by use of analysis 
of variance (ANOVA). If a significant main event was iden- 

tified (p < .05), posthoc analysis by Newman-Keuls was 
used to compare means. Significant differences are defined as 
p < .05. 

RESULTS 

Plasma Corticosterone 

ANOVA of plasma corticosterone revealed no effect of 
strain, but a significant effect of time [F(5,124) = 8.793, p < 
.OOOl]. Posthoc analysis revealed that the sampling time at 10 
h after lights on was significantly different from all other time 
points. There was no strain by time interaction (Fig. 1). Thus, 
as expected, a diurnal rhythm of plasma corticosterone was 
evident with the peak level occurring just prior to the animals’ 
active cycle. 

Body Weight, Spleen Weight, Spleen Protein Concentration 

A significant effect of strain on body weight [F(2,126) = 
53.8, p < .OOOl], spleen weight [F(2,126) = 110.7, p < 
.OOOl], spleen weight per body weight [F(2,126) = 72.8, p < 
.OOOl], and spleen protein content [F(2,123) = 219.3, p < 
.OOOl] was found. Posthoc analysis revealed that each strain 
was significantly different from all other strains. BALB/c 
mice were highest in body weight, spleen weight, spleen weight 
per body weight, and spleen protein content, followed by 
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FIG. 3. Total norepinephrine per spleen in three mouse strains. A main effect for strain was found, 
but no effect of time of day. X-axis labels of L + 2, +6, and + 10 represent time points of 2, 6, and 
10 h after lights come on; D + 2, +6, and + 10 represent 2, 6, and 10 h after lights off. Each data 
point represents the mean for eight mice. Vertical bars are SEM. 

DBA/2 and C57BL/6. There was no effect of time and no 
strain by time interaction in any of these parameters (Fig. 2). 

Norepinephrine Content and Concentration 

No significant effect of time and no strain by time interac- 
tion for total NE/spleen, NE/mg spleen weight, or NE/mg 
protein was found. There was a significant difference between 
strains for total NE/spleen [F(2,122) = 116.5,~ < .OOl] and 
posthoc analysis showed that each strain was significantly dif- 
ferent from the other two strains, with BALB/c having the 
greatest NE/spleen (Fig. 3). 

When NE is expressed as NE per mg spleen weight, we 
again found a main effect of strain [F(2,122) = 32.6, p < 
.OOOl]. Posthoc analysis showed that each strain was signifi- 
cantly different from the other two strains. The mice with the 
smallest spleen weight (C57BL/6) have the greatest NE/mg 
spleen weight (Fig. 4). 

Similarly, one can also express the results as NE/mg spleen 
protein. We found a main effect of strain [F(2,120) = 22.8, 
p < .OOOl] for NE/mg protein. Posthoc analysis revealed that 
this measurement in DBA/2 was significantly smaller than in 
BALB/c and C57BL/6, but the latter two were not signifi- 
cantly different from each other (Table 1). 

DlSCUSSlON 

Splenic NE content does not vary as a function of time of 
day under basal conditions in young male BALB/c, C57BL/ 
6, or DBA/2 mice. It should be noted that pulsatile increases 
in NE could have occurred between our sampling times. How- 
ever, our method of sampling, consistent with many previous 
circadian studies (3,13,17,25,37), has not detected any striking 
circadian variability in the spleen in any strain. Resting plasma 
corticosterone did vary depending on time of day, as expected; 
peak levels occurred just prior to the beginning of the animals’ 
active period. This finding is in agreement with previous re- 
ports from the literature (2,11,14). 

We found only minor variations in basal spleen NE content 
and concentration between these three strains. NE/mg spleen 

weight in C57BL/6 male mice is twice that in DBA/2 mice. 
This finding agrees directionally with results reported in the 
literature (19); however, the magnitude of difference that we 
found was considerably smaller than the 6-fold difference re- 
ported by Lyte et al. (19). This discrepancy may be related to 
sample size differences (Lyte et al. studied an n of 4-5), vivar- 
ium or environmental conditions that could provoke stress- 
related alterations in cellularity of the spleen, or differences in 
experimental procedure, because the mice in our experiment 
had no prior handling, whereas it appears that the mice inves- 
tigated by Lyte et al. received IP saline injections prior to 
sacrifice. The magnitude of these strain differences is unlikely 
to alter 6-OHDA effectiveness as has been suggested (l&19). 

The lack of diurnal variation in splenic NE in all three 
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FIG. 4. Norepinephrine per mg spleen weight in three mouse strains. 
A main effect for strain was found, but no effect of time of day. Each 
data point represents the mean for eight mice. Vertical bars are SEM. 
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strains of mice suggests that the preganglionic autonomic neu- 
rons that regulate sympathetic outflow to the spleen in these 
mice are not under the influence of the suprachiasmatic nu- 
cleus of the hypothalamus, as are the neurons that regulate 
the outflow of other mediators that do show diurnal variabil- 
ity, such as the CRF-ACTH-glucocorticoid output from the 
HPA axis. It appears that circadian influences over sympa- 
thetic outflow are topographic, perhaps differentially driving 
central outflow to the superior cervical ganglion but not cen- 
tral outflow to the superior mesenteric/coeliac ganglionic 
complex, that innervates the spleen (4,30). Whether NE from 
sympathetic nerves to the thymus, derived mainly from the 
superior cervical ganglion (29), shows a diurnal variability 
remains to be determined. 

Catecholamines, including NE, appear to be involved in 
the regulation of immune responses; in particular, they can 
enhance the initiative phase of an immune response (31,32). 
In agreement with these studies, denervation of secondary 
lymphoid organs results in diminished cellular immune re- 
sponses in mice (18,20-23). Consistent with these findings in 
vitro and in vivo are recent data demonstrating the expression 
of &adrenoceptors on resting THl cells (which produce cyto- 
kines that favor cellular immunity) but not on TH2 cells 
(which produce cytokines that favor humoral immunity) (26, 
33). C57BL/6 mice demonstrate a predominant THl response, 
whereas BALB/c mice demonstrate a predominant TH2 re- 
sponse to a number of immunological challenges under a vari- 
ety of environmental conditions (7,15,27,34,35). For example, 
individually housed BALB/c mice increase spleen cell produc- 
tion of IL-4 (a cytokine secreted by TH2 cells) compared with 
group-housed BALB/c mice, whereas individually housed 
C57BL/6 mice increase spleen cell production of IL-2 (a cyto- 
kine secreted by THl cells) compared with group-housed 
C67BL/6 mice (15). If it could be demonstrated that C57BL/ 
6 mice, compared with BALB/c mice, have a much greater 
sympathetic noradrenergic innervation of lymphoid organs 
such as spleen, one might hypothesize that the presence of a 
greater amount of NE stimulates THl cells. One might there- 
by explain the propensity for THl responses in this strain 
because THl cells but not TH2 cells have beta-adrenergic re- 
ceptors. However, because we found evidence for only a rela- 
tively minor difference (less than 2-fold) in such innervation 
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TABLE 1 

NOREPINEPHRINE CONTENT AND CONCENTRATION 
IN THREE MOUSE STRAINS* 

Total NE/Spleen NE/mg Spleen wt NE/mg Prot 
Strain (pm&s) (pmoles/mg) (pmoles/mg) 

BALB/c 341 + 8 (47)t 3.3 + 0.1 (47)T 121 f 3 (45) 
C57BL/6 216 + 6 (48)t 4.5 f 0.3 (48)t 133 + 8 (48) 
DBA/2 175 f 9 (45)t 2.4 & 0.1 (45)t 85 f 4 (45)t 

*Mean + SEM and (n) are presented. 
tsignificantly different from each of the other two strains, p < 

0.05. 

in C57BL/6 compared with BALB/c mice, we suggest that 
strain differences in sympathetic nerves supplying the spleen 
may not be a prime signal in the determination of THl vs. 
TH2 predominance, although we do not rule out some contri- 
bution of neural NE in this THl predominance. Clearly, a 
comprehensive turnover study and a morphometric analysis 
of splenic compartments would be necessary to obtain greater 
certainty about the relative contributions of these parameters. 

We consider the minor variability in NE content and con- 
centration to be of little functional significance, as noted 
above. However, even minor differences between strains in 
content or concentration of NE could reflect differences in 
stored NE, extent of innervation, or utilization. The largest 
spleens (BALB/c, DBA/Z) showed the lowest concentrations 
of NE, whereas the smallest spleens (C57BL/6) showed the 
highest concentration. It is our impression that the minor dif- 
ferences detected in the present study reflect mainly the differ- 
ence in spleen size. The findings of a 2-fold or less difference 
among the three mouse strains and lack of diurnal variability 
does not support a hypothesis that altered 6-OHDA effective- 
ness among the strains is due to differences in splenic NE. 

ACKNOWLEDGEMENTS 

This research was supported by R37 MH42076 and a Lucille P. 
Markey Charitable Trust award. The authors thank Charles Richard- 
son and John House1 for excellent technical assistance. 

REFERENCES 

1. Ader, R.; Felten, D. L.; Cohen, N. Psychoneuroimmunology, 
2nd ed. New York: Academic Press; 1991. 

2. Aschoff, J. Circadian rhythms: General features and endocrino- 
logical aspects. In: Krieger, D. T., ed. Endocrine rhythms (com- 
prehensive endocrinology series). New York: Raven Press; 1979: 
l-61. 

3. Barontini, M.; Romeo, H. E.; Armando, I.; Cardinali, D. P. 
24 Hour changes in catecholamine content of rat thyroid and 
submaxillary glands. J. Neural Transm. 71:189-194; 1988. 

4. Bellinger, D. L.; Felten, S. Y.; Lorton, D.; Felten, D. L. Origin 
of noradrenergic innervation of the spleen in rats. Brain Behav. 
Immun. 3:291-311; 1989. 

5. Bellinger, D. L.; Felten, S. Y.; Felten, D. L. Neural-immune 
interactions. In: Tasman, A.; Riba, M. B., eds. Review of psychi- 
atry, vol. 11. Washington, D.C.: American Psychiatric Press; 
1992:127-144. 

6. Besedovsky, H. 0.; de1 Rey, A.; Sorkin, E.; Da Prada, M.; 
Keller, H. H. Immunoregulation mediated by the sympathetic 
nervous sytem. Cell. Immunol. 48:346-355; 1979. 

7. Cocke, R.; Moynihan, J. A.; Cohen, N.; Grota, L. J.; Ader, 
R. Exposure to conspecific alarm chemosignals alters immune 
responses in BALB/c mice. Brain Behav. Immun. 7:36-46; 1993. 

8. 

9. 

10. 

11. 

12. 

Felten, D. L.; Ackerman, K. D.; Wiegand, S. J.; Felten, S. Y. 
Noradrenergic sympathetic innervation of the spleen. I. Nerve 
fibers associate with lymphocytes and macrophages in specific 
compartments of the splenic white pulp. J. Neurosci. Res. 18:28- 
36; 1987. 
Felten, D. L.; Felten, S. Y.; Bellinger, D. L.; Carlson, S. L.; 
Ackerman, K. D.; Madden, K. S.; Olschowka, J. A.; Livnat, S. 
Noradrenergic sympathetic neural interactions with the immune 
system: Structure and function. Immunol. Rev. 100:225-260; 
1987. 
Felten, S. Y.; Felten, D. L.; Bellinger, D. L.; Carlson, S. L.; 
Ackerman, K. D.; Madden, K. S.; Olshowka, J. A.; Livnat, S. 
Noradrenergic sympathetic innervation of lymphoid organs. 
Prog. Allergy. 43:14-36; 1988. 
Fitzpatrick, F.; Christeff, N.; Durant, S.; Dardenne, M.; Nunez, 
E. A.; Homo-Delarche, F. Glucocorticoids in the nonobese dia- 
betic mouse: Basal serum levels, effect of endocrine manipulation 
and immobilization stress. Life.Sci. 50:1063-1069; 1992. _ 
Hall. N. R.; McClure, J. E.: Hu. S. K.: Tare, N. S.: Selas, C. 
M.; Goldst&n, A. L. ‘Effects of 6-hydroxydopamine upon .pri- 
mary and secondary thymus dependent immune responses. Im- 
munopharmacology. 5:39-48; 1982. 



146 KELLEY ET AL. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

Huie, J. M.; Sharma, R. P.; Coulombe Jr., R. A. Diurnal alter- 
ations of catecholamines, indoleamines, and their metabolites in 
specific brain regions of mouse. Comp. Biochem. Physiol. 94C: 
575-579; 1989. 
Kakihana, R.; Moore, J. A. Circadian rhythm of corticosterone 
in mice: The effect of chronic consumption of alcohol. Psycho- 
pharmacologia. 46:301-305; 1976. 
Karp, J. D.; Cohen, N.; Moynihan, J. A. Quantitative differ- 
ences in interleukin-2 and interleukin-4 production by antigen- 
stimulated splenocytes from individually and group-housed mice. 
Life Sci. 55:789-795; 1994. 
Kasahara, K.; Tanaka, S.; lto, T.; Hamashima, Y. Suppression 
of the primary immune response by chemical sympathectomy. 
Res. Commun. Chem. Pathol. Pharmacol. 16:687-694; 1977. 
Lew, G. M.; Quay, W. B. Circadian rhythms in catecholamines in 
organs of the golden hamster. Am. J. Physiol. 224:503-508; 1973. 
Livnat, S.; Felten, S. Y .; Carlson, S. L.; Bellinger, D. L.; Felten, 
D. L. Involvement of peripheral and central catecholamine sys- 
tems in neural-immune interactions. J. Neuroimmunol. 10:5-30; 
1985. 
Lyte, M.; Ernst, S.; Driemeyer, J.; Baissa, B. Strain-specific en- 
hancement of splenic T cell mitogenesis and macrophage phago- 
cytosis following peripheral axotomy. J. Neuroimmunol. 31:1-8; 
1991. 
Madden, K. S.; Ackerman, K. D.; Livnat, S.; Felten, S. Y.; 
Felten, D. L. Patterns of noradrenergic innervation of lymphoid 
organs and immunological consequences of denervation. In: 
Goetzl, E. J.; Spector, N. H., eds. Neuroimmune networks: 
Physiology of diseases. New York: A. R. Liss; 1989:1-8. 
Madden, K. S.; Felten, S. Y.; Felten, D. L.; Sundaresan, P. R.; 
Livnat, S. Sympathetic neural modulation of the immune system. 
I. Depression of T cell immunity in vivo and in vitro following 
chemical sympathectomy. Brain Behav. lmmun. 3:72-89; 1989. 
Madden, K. S.; Felten, S. Y.; Felten, D. L.; Hardy, C. A.; Liv- 
nat. S. Sympathetic nervous system modulation of the immune 
system. 11. Induction of lymphocyte proliferation and migration 
in vivo by chemical sympathectomy. J. Neuroimmunol. 49:67- 
75; 1994. 
Madden, K. S.; Moynihan, J. A.; Brenner, G. J.; Felten, S. Y.; 
Felten, D. L.; Livnat, S. Sympathetic nervous system modulation 
of the immune system. Ill. Alterations in T and B cell prolifera- 
tion and differentiation in vitro following chemical sympathec- 
tomy. J. Neuroimmunol. 49:67-75; 1994. 
Miles, K.; Quintans, J.; Chelmicka-Schorr, E.; Arnason, B. G. 
W. The sympathetic nervous system modulates antibody response 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

to thymus-independent antigen. J. Neuroimmunol. l:lOl-105; 
1981. 
Moore, R. Y.; Smith, R. A. Postnatal development of a norepi- 
nephrine response to light in the rat pineal and salivary glands. 
Neuropharmacology 10!315-323; 197i. 
Mosmann. T. R.: Coffman. R. L. THl and TH2 cells: Different 
patterns of lymphokine secretion lead to different functional 
properties. Ann. Rev. lmmunol. 7:145-173; 1989. 
Moynihan, J. A.; Karp, J. D.; Cohen, N.; Cocke, R. Alterations 
in IL-4 and antibody production following pheromone exposure: 
Role of alucocorticoids. J. Neuroimmunol. 54:51-58: 1994. 
Munck,A.; Guyre, P. M. Glucocorticoids and immune function. 
In: Ader, R.; Felten, D. L.; Cohen, N., eds. Psychoneuroimmu- 
nology, 2nd ed. San Diego: Academic Press; 1991:447-474. 
Nance, D. M.; Hopkins, D. A.; Bieger, D. Reinvestigation of the 
innervation of the thymus gland in mice and rats. Brain Behav. 
lmmun. 1:134-147; 1987. 
Nance, D. M.; Burns, J. Innervation of the spleen in the rat: 
Evidence for absence of afferent innervation. Brain Behav. lm- 
mun. 3:281-290; 1989. 
Sanders, V. M.; Munson, A. E. Beta-adrenoceptor mediation of 
the enhancing effect of norepinephrine on the murine primary 
antibody response in vitro. J. Pharm. Exp. Ther. 230:183-192; 
1984. 
Sanders, V. M.; Munson, A. E. Kinetics of the enhancing effect 
produced by norepinephrine and terbutaline on the murine pri- 
mary antibody response in vitro. J. Pharm. Exp. Ther. 231:527- 
531; 1984. 
Sanders, V. M.; Street, N. E.; Fuchs, B. A. Differential expres- 
sion of the &adrenoceptor by subsets of T-helper lymphocytes. 
FASEB J. 8:A114; 1994. 
Scott, P. Selective differentiation of CD4+ T-helper cell subsets. 
Curr. Opin. lmmunol. 5:391-397; 1993. 
Sher. A; Gassinelli. R. T.: Oswald. I. P.: Clerici, M.: Kullbere. 
M.; Pearce, E. J.; Berzofsky, J. A.; Mosmann, T. R.; James, S. 
L.; Morse, Ill, H. C.; Shearer, G. M. Role of T-cell derived 
cytokines in the down regulation of immune responses in parasitic 
and retroviral infection. lmmunol. Rev. 127:183-204; 1992. 
Williams, J. M.; Peterson, R. G.; Shea, P. A.; Schmedtje, J. F.; 
Bauer, D. C.; Felten, D. L. Sympathetic innervation of murine 
thymus and spleen: Evidence for a functional link between the 
nervous and immune systems. Brain Res. Bull. 6:83-94; 1981. 
Wurtman, R. J.; Axelrod, J. A 24 hour rhythm in the content of 
NE in the pineal and salivary glands of rat. Life Sci. 5:666-669; 
1966. 


