
1) (12). Thus, cells in the amygdaloid 
complex seem to provide the caudate 
with some of its CCK, but which amyg- 
daloid cells do so remains to  be deter- 
mined. 

In cats the caudate nucleus has been 
reported to receive projections from the 
claustrum, although the claustrum sends 
rather few of its axons there (13). Im- 
munocytochemical studies of this struc- 
ture and of the adjacent piriform cortex 
revealed heavy staining for CCK in both 
areas (Fig. 1A). In the claustrum, CCK 
was principally in axons, but scattered 
cell bodies were also stained (Fig. IB). 
In the piriform cortex CCK was found 
mainly in cell bodies. 

A knife cut severing the claustrum and 
the piriform cortex from the caudatopu- 
tamen (14) decreased the CCK concen- 
tration in the caudatoputamen by ap- 
proximately 70 percent (Table 1). This 
knife cut did not compromise the blood 
supply to the caudate and caused a mini- 
mal amount of nonspecific, mechanical 
damage. The perikarya that stain for 
CCK in the piriform cortex are situated 
adjacent to the claustrum. Selective ab- 
lation of the piriform cortex was there- 
fore impossible. Consequently, we could 
not determine whether the caudatoputa- 
men receives its CCK-containing affer- 
ents from the claustrum, the piriform 
cortex, or both. 

The claustrum receives afferents from 
various cortical areas whereas the piri- 
form cortex is part of the olfactory sys- 
tem (15). Thus CCK might be the trans- 
mitter in the final common pathway link- 
ing various cortical areas or the olfactory 
system to the caudatoputamen. This 
finding suggests possible new directions 
for research on the basal ganglia and 
raises the possibility that CCK-contain- 
ing neurons in the claustrum-piriform 
cortex, which provide most of the CCK 
found in the caudatoputamen, may be 
involved in regulating the caudatoputa- 
men. 
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Substance P Analog, DiMe-C7: Evidence for Stability in Rat 

Brain and Prolonged Central Actions 

Abstract. A metabolically protected andog of substance P ,  [ p ~ l ~ r " - ~ e ~ l z e 8 -  
~ e ~ l y ~ ] ~ ~ ( 5 - l l j  (DiMe-C7/, was upproximately equipotent with .sribstcince P in 
causing increased locomotor activity after microinfusion into the ventrul tegmentul 
area of rat brain, but the e fec t s  of DiMe-C7 on behcivior were cmsiderubly 
prolonged. There was little metabolic degrudation of'tritiuted DiMe-C7for rip to I 
hour after infusion, whereas tritiated substance P was complrtely degrclded ~ ' i t h i n  10 
minutes. 

Substance P (Arg-Pro-Lys-Pro-GIn- 
Gln-Phe-Phe-Gly-Leu-Met-NH2) (SP) 
occurs in neurons in many parts of the 
mammalian central nervous system and 
is widely regarded as a putative neuro- 
transmitter (1-3). Assessing the central 
actions of SP, however, is made difficult 
by the metabolic instability of this pep- 
tide in brain (4). We have recently syn- 
thesized an analog of SP  ([pGlu5-MePheX- 
~ e G l y ~ l S P ( 5 - 1  I) (DiMe-C7) that is re- 
sistant to attack by a substance P-de- 
grading enzyme purified from brain (5) 
and is metabolically stable when incubat- 
ed with rat brain hypothalamic slices or 
synaptosomal membrane preparations in 
vitro (5, 6). The analog competes with 
3H-labeled SP for binding to receptor 
sites in rat brain membranes and also 
retains biological activity in various pe- 
ripheral test systems, although its poten- 
cy ranges from 1/10 to 1/50 of that of SP  
(6, 7) .  

We now present evidence that DiMe- 
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C7 is metabolically stable when adminis- 
tered directly to  rat brain and that it 
produces persistent behavioral respons- 
es. To assess the central actions of the 
analog we used a behavioral model pre- 
viously developed in this laboratory, in 
which substance P or related compounds 
are microinf~~sed in the region of dopa- 
mine cell groups in rat brain (8, 9). When 
SP is locally administered into the ven- 
tral tegmental area (VTA) or substantia 
nigra it causes characteristic patterns of 
hyperactivity (8, 9). Accordingly, we in- 
fused SP and DiMe-C7 into the rat VTA 
and determined the time course of the 
behavioral response. In parallel experi- 
ments with radioactive peptides (10) we 
examined the time course of disappear- 
ance of unchanged peptides after they 
were locally microinfused into the VTA. 

Peptides were administered through 
stereotaxically implanted guide cannulas 
aimed at the VTA, and locomotor re- 
sponses were recorded in photocell ac- 
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Fig. 1. Mean locomotor activity responses 
after infusing equal doses of substance P (SP) 
and DiMe-C7 (in saline) into rat VTA. The 
rats were infused bilaterally with (A) SP (2.5 
pg in 2 p1 of saline) (N = 8), DiMe-C7 (2.5 
kg12 p1) (N = 7), or 2 p1 of saline (N = 7), and 
(B) SP (5 kg12 pl) (N = 81, DiMe-C7 (5 pgl 
2 4 ) )  (N = 7), or 2 p1 of saline ( N  = 7). 
Results of Tukey comparisons: *, P < ,001 
relative to substance P-treated rats and con- 
trols; + +, P < .001 and +, P < .Ol relative 
to controls only. 

tivity cages (8, 9, 11). In experiments in 
which [ 3 H ] S ~  and [ 3 H ] ~ i M e - C 7  were 
used, animals were killed at various time 
intervals after injection of the labeled 
peptides, the brains were rapidly re- 
moved and chilled, and the VTA, sub- 
stantia nigra, and other brain areas were 
dissected and stored frozen. Radioactive 
compounds were subsequently extracted 
for counting, and the unchanged pep- 
tides separated from radioactive metabo- 
lites by thin-layer chromatography. 

When equal doses of SP  and DiMe-C7 
were administered into the VTA the re- 
sulting locomotor responses had differ- 
ent time courses (Fig. 1A). After admin- 
istration of 2.5-kg doses, the initial re- 
sponses to SP  and DiMe-C7 were not 
significantly different, but the effect of 
DiMe-C7 was significantly prolonged 
when compared with the transient re- 
sponse to SP. A similarly prolonged re- 
sponse occurred after administration of 5 
pg of DiMe-C7, although in this case the 
initial response was also significantly 
greater than that after injection of an 
equal dose of SP  (Fig. 1B). These results 
indicate that DiMe-C7 is approximately 
equipotent with SP  in its effects at re- 
ceptors in rat brain, but its actions are 
considerably prolonged. This is in ac- 
cord with our previous findings that indi- 
cated that DiMe-C7 had a similar poten- 
cy to SP  itself in competing for [3H]SP 
binding to receptor sites in rat brain 
membrane preparations in vitro (6). 

When [3H]SP was microinfused into 
the VTA there was a rapid metabolic 
breakdown and disappearance of the la- 
beled peptide. Indeed, we were unable to 
detect unchanged [3H]SP in the VTA or 
any other brain region 10 minutes after 
injection and the labeled S P  accounted 
for only 13 percent of the radioactivity 
present in the VTA 5 minutes after injec- 
tion (Fig. 2A). A complex mixture of 
labeled peptide fragments was present in 
VTA, but using high-performance liquid 
chromatography analyses we failed to 
find any of the known biologically active 
fragments of this peptide. In contrast, 
after injections of [ 3 ~ ] ~ i ~ e - C 7  there 
was no detectable metabolic degradation 

Saline a 
Time after injection (mid 

10 2 0 3 0 4 0 5 0 

Time (Inin) 

8 0 

N.D. - 
Fig. 2 .  Disappearance of (A) 3H-labeled DiMe-C7 and (B) [3H]-labeled SP after microinfusion 
into the VTA of rat brain. In each animal, 2.5 pg of peptide (corresponding to 8.38 pCi for 
[ 3 ~ ] ~ i M e - C 7  and 6.95 pCi for L3H1SP) was infused bilaterally. Dissected brain regions were 
extracted by means of a Teflon-glass homogenizer in 10 volumes of boiling IM acetie acid (5 
minutes), and duplicate 10-pl portions were taken for Lowry protein analysis. The homogenates 
were centrifuged for 5 minutes at 10,000g to remove debris and were freeze-dried. For L3~]Sp ,  
the dried samples were dissolved in 50 percent acetic acid and portions were chromatographed 
as described (5). For [3H]DiMe-C7, dried samples were extracted in ethanol and portions were 
chromatographed on LQD silica gel plates with a mixture of n-propanol and waier (7:3 by 
volume). Tritium-labeled compounds were detected by a Berthold radiochromatogram scanner 
and unchanged peptides were identified by comparison with radioactive and nonradioactive 
standards. Duplicate portions were counted directly by liquid scintillation to determine total 
radioactivity. Peaks correspodding in RF to unchanged peptides were extracted from the plates 
and counted. In (A), no degradation was detected until the 50-minute time point, and values 
reported are the means of determinations on three separate animals for the unchanged 
[3H]DiMe-C7. Abbreviations: VTA, ventral tegmental area and SN, substantia nigra. In (B), the 
open bars show the total radioactivity of [3H]SP and metabolites, add the hatched Liar shows the 
proportion of unchanged [3H]SP in the extract. At the 10-minute time point no unchanged 
[3H]SP could be detected (N.D., none detected). Values reported are the means of three 
separate animals. 
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during the, first 30 minutes and only a 
small proportion (< 20 percent) of the 
radioactivity remaining after 50 minutes 
could be attributed to  radioactively la- 
beled metabolites. The unchanged pep- 
tide disappeared from the focal infusion 
site with a time course similar to  that 
observed for the behavioral response af- 
ter DiMe-C7 administration (Fig. 2B). 
The disappearance of DiMe-C7, howev- 
er, appears largely to be due to diffusion 
away from the injection site rather than 
metabolic degradation, because un- 
changed peptide appeared in the adja- 
cent substantia nigra and in hindbrain 
with a time delay of about 20 minutes 
after injection of DiMe-C7 into the VTA 
(Fig. 2B). The delayed appearance of 
DiMe-C7 in adjacent brain areas may 
help to explain various additional behav- 
ioral responses that occur after adminis- 
tration of this analog into the VTA (12). 

These results support the suggestion 
that DiMe-C7 represents a metabolically 
stable and biologically active analog of 
SP  in the central nervous system. It 
should prove useful for future studies of 
the functional role of SP  in various re- 
gions of the central nervous system. 
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Reduced Sympathetic Nervous System Responsivity 
Associated with the Relaxation Response 

Abstract. Sympathetic nervous system activity was assessed in experimental and 
control subjects who were exposed to graded orthostatic and isometric stress during 
monthly hospital visits. After thej'irst session, the experimental subjects practiced a 
technique that elicited the relaxation response. Their concentrations of plasma 
norepinephrine during subsequent graded stresses were signiJitantly higher. N o  
such changes were noted in the control group. These results were then replicated in 
the control group in a crossover experiment. The groups did not diff'er in their heart 
rate and blood pressure responses. These observations are consistent with reduced 
norepinephrine end-organ responsivity after regular elicitation of the relaxation 
response 

The relaxation response is defined by 
a set of integrated physiological changes 
that are elicited when a subject assumes 
a relaxed position in a quiet environ- 
ment, closes his or her eyes, engages in a 
repetitive mental action, and passively 
ignores distracting thoughts (1-4). These 
behaviors are associated with physiolog- 
ical changes that include decreased oxy- 
gen consumption, heart rate (HR), arteri- 
a1 blood pressure (BP), respiratory rate, 
and arterial blood lactate ( 4 4 ) .  In addi- 
tion, there are slight increases in skeletal 
muscle blood flow. All of these changes 
are different from those reported during 
sleep or quiet sitting (4, 5, 7). Although 
the physiological changes associated 
with the relaxation response are consist- 
ent with decreased sympathetic nervous 
system (SNS) activity, direct measure- 
ments of plasma norepinephrine (NE) 
levels have been reported to  be either 
unchanged (8) or variable (9). In the 
current prospective, crossover investiga- 
tion, we measured S N S  reactivity in 
experimental subjects before and after 
they regularly elicited the response and 
compared the results with those of con- 
trol subjects. 

Medical histories were taken and 
physical examinations performed on 32 
subjects. Two were excluded because 
of chronic illness. Informed consent was 
obtained from the remaining 30 subjects, 
who were randomly assigned to either an 
experimental or a control group. Nine- 
teen subjects completed the entire inves- 
tigation with ten in the experimental 
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group (seven males, three females) and 
nine in the control group (four males, 
five females). The average age of the 
experimental group was 25.2 i 3.5 years 
and of the control group, 25.5 t 3.2 
years. 

The subjects were admitted to the 
Clinical Research Center of the Beth 
Israel Hospital in the early evening so 
that a 10- to 12-hour adaptation period 
preceded testing the next morning. Dur- 
ing this adaptation period, maximum 
handgrip-tension levels were established 
for each subject. Each subject was awak- 
ened approximately 30 minutes before 
testing and had a 21-gauge intravenous 
catheter inserted in the antecubital 
vein of the nondominant arm. Sequential 
blood samples (10 ml each) were drawn 
for plasma N E  analyses at five different 
times (-10, 0, +5, +10, and +15 
minutes). When the first two samples 
(-10 and 0) were taken, the subjects 
were supine; the subjects then stood up. 
After 5 minutes of standing, the + 5  
sample was drawn. For the next 5 min- 
utes, the subjects remained standing and 
also gripped at a tension corresponding 
to 30 percent of maximum. At the end of 
this 5-minute period, the + 10 sample 
was drawn. In the subsequent 5 minutes, 
subjects remained standing and gripped 
at 100 percent of maximum grip tension. 
The + 15 sample was then drawn. Imme- 
diately prior to each blood drawing, H R  
was measured by palpation of the radial 
pulse and BP by auscultation. 

Blood samples were kept on ice 

SCIENCE, VOL. 215. 8 JANUARY 1982 




