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SLATER, J., D. A. BLIZARD AND L. A. POHORECKY. Central and peripheral norepinephrine metabolism in rat strains 
selectively bred for differences in response to stress. PHARMAC. BIOCHEM. BEHAV. 6(5) 511-520, 1977. - Rats of the 
Maudsley nonreactive (MNRA) strain were found to contain higher levels of norepinephrine in heart, spleen, and 
hypothalamus than animals of the Maudsley reactive (MR) strain. Total adrenal catecholamines were also greater in 
nonreactive animals. There was a trend toward higher endogenous norepinephrine concentration in MR rats in brainstem 
and telencephalon, but this was not statistically significant. Turnover measurements calculated from the fall of 
norepinephrine at 1 and 4 hours after a single dose of levo-a-methylparatyrosine showed no significant strain differences in 
telencephalon or brainstem, but MNRA animals had a faster rate of norepinephrine decline in heart than had MR rats. 
Possibly indicative of a higher rate of norepinephrine metabolism, the percentage of 3H-non-catechol metabolites relative 
to total counts was higher in brainstem of MNRA rats 90 min after intraventricular injection of 3H.norepinephrine. 
However, the disagreement between this estimate of norepinephrine metabolism and that provided by the a-methyl- 
paratyrosine technique prevents a conclusive statement about norepinephrine metabolism in the two strains. The results are 
discussed in the light of the established differences in behavior between the strains as well as other work exploring 
relationships between catecholamine metabolism and emotionality. 
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a-Methylparatyrosine 

THE MAUDSLEY Reactive ( M R ) a n d  Non-React ive  (MNR) 
rat strains have been selected and inbred by Broadhurs t  for 
high and low defeca t ion  scores in the open field [8 ] .  His 
in ten t ion  was to p roduce  genetically de t e rmined  di f ferences  
in au tonomic  nervous sys tem react ivi ty,  held by Eysenck 
and others  to be related to the behavioral  d imens ion  of  
emot iona l i ty  [ 13 ]. 

Many exper imen t s  have shown that  MR rats differ from 
MNR animals on a wide variety of  tasks designed to 
measure emot iona l  response [9 ,14] .  In general,  the con- 
sensus of this work is that  the Non-React ive  (low- 
defecat ing,  MNR) strain is less suscept ible  to  f rus t ra t ion,  
learns be t te r  under  stress, and exhibi ts  less t endency  to 
freeze in certain fear-provoking s i tuat ions than the Reactive 
(high-defecat ing,  MR) strain [18 ,28] .  

A number  of  physiologic  and biochemical  variables have 

been examined  in an a t t e m p t  to elucidate possible mech-  
anisms critical to the express ion of  these di f ferences  [3, 16, 
38 ] .  F rom a neurochemica l  s t andpo in t ,  Sudak and Maas 
showed that  5-HT concen t ra t ions  in whole brain and limbic 
sys tem were higher in MR males [34] .  This paralleled 
similar dif ferences  in 5-HT levels be tween  mouse  strains 
shown to differ  in open-field defeca t ion  [35] .  The syn- 
thesis of GABA in the cerebral hemisphere  has also been 
investigated in the MR and MNR strains, with ei ther  no 
differences  found ,  or greater ,4 C-GABA accumula t ion  in 
MNRs, depending  on the part icular  radioactive precursor  
used [ 26 ]. 

No compar i son ,  however ,  of norep inephr ine  metabol ism 
in the Maudsley strains has been repor ted .  This is surprising 
in view of  the evidence that  has accumula ted  to suggest a 
relat ionship be tween  central  noradrenergic  systems,  located 
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primari ly in the brainstem, limbic system, and hypo-  
thalamus,  and the behavioral parameters  of  emot iona l i ty ,  
arousal, and fear [25,291.  The discovery of  a difference in 
noradrenergic physiology in these strains might  therefore be 
considered as evidence that  the well-established behavioral  
differences be tween  them are related to strain differences in 
this b iochemical  system. 

There are several ways in which a difference in the 
central noradrenergic system might  contr ibute  to dif- 
ferences in emot ional  behavior.  First,  the threshold of 
act ivat ion of specific behavioral  componen t s  might  be 
altered by a difference in the biochemical  system con- 
trolling them. Secondly,  differences in noradrenergic  
funct ion might  be reflected in the intensi ty of  expression of 
a given behavior.  Third.  a difference in the central 
organization of the noradrenergic system might  modula te  
ei ther directly or indirect ly  the input  of sensory systems in 
arousing situations.  Differences in central  noradrenergic 
activity might ,  therefore ,  influence the recept ion of  
arousing stimuli,  the l ikel ihood of specific behavioral 
responses to it, and also the intensi ty of their mo to r  
expression. 

Since differences in peripheral au tonomic  nervous 
system funct ion  have long been recognized as an impor tan t  
componen t  of  emot iona l  behavior,  we studied the periph- 
eral noradrenergic system in these exper iments .  Peripheral 
differences in noradrenergic funct ion  might  result f rom a 
direct effect  of  central  noradrenergic funct ion  on the 
peripheral au tonomic  system. Secondly,  differences in 
peripheral noradrenergic funct ion  might  be brought  about  
by the same genetic mechanisms (i.e., p le iot ropic  effects)  
that bring about  changes in central noradrenergic mech-  
anisms. Thirdly,  they might  be both genetically and 
funct ional ly  independent  of changes in central nor- 
adrenergic funct ion.  

The present exper iments  represent  a first step at 
discovering whether  differences in central  and peripheral 
norepinephr ine  metabol ism exist in the Maudsley rats. It is 
not  in tended that these exper iments  should discriminate 
between the various alternatives out l ined above. If dif- 
ferences in noradrenergic funct ion  are found between the 
strains, however ,  this would provide a st imulus to dis- 
covering what precise funct ional  role such differences might  
play. 

METHOD 

Animals 

Rats of  the MR and MNRA strains [15] were main- 
tained in our labora tory  by random mating within each line 
for several generat ions before this exper iment  was con- 
ducted.  Ancestors  of this co lony  were kindly made 
available by Dr. Gordon  M. Harrington,  Depar tment  of  
Psychology,  University of  Northern Iowa, Cedar Falls, IA 
50613. MNR animals were derived from the MNRA subline, 
which is similar in open-field behavior to the main MNR 
line [17] .  All animals were weaned and separated by sex at 
about  Day 23 and housed 3 -5 per clear plastic cage on 
wood shavings, Purina lab chow and water  were available 
ad lib and the diurnal cycle was 15 hr light and 9 hr dark. 

Age range at sacrifice for the four  subject groups was: 
Exper iment  1, 210 281 days; E x p e r i m e n t 2 ,  200 239 
days; Exper iment  3, 200-  345 days. With the excep t ion  of  
Exper iment  4, where MR rats were older (MR: 220 days; 
MNRA: 150 days), strains were roughly age-matched for 
each study. 

Biochemical Studies 

In the first two exper iments ,  comparisons of  nor- 
epinephrine levels were made in three different  brain 
regions and heart.  In Exper iment  1, spleens were also 
assayed for norepinephr ine ,  while total  adrenal catechol-  
amines, largely epinephrine,  were measured in Ex- 
per iment  2. To study metabol ism of norepinephrine,  two 
addit ional  investigations were conducted .  The first mea- 
sured the decline in brainstem, te lencephalon and heart of 
norepinephr ine  concentra t ions  after blockade of tyrosine 
hydroxylase  with c~-methylparatyrosine. In the second, a 
trace amount  of ~H-norepinephrine was injected intra- 
ventricularly and the amount  of  :' H-norepinephrine and 
nonca techol  metabol i tes  measured 90 rain later. 

Tissue Preparation 

All animals were sacrificed by decapi tat ion 7 1 0 h r  
after onset of the light cycle. Each animal was weighed 
immedia te ly  before sacrifice. Brain tissue was quickly 
dissected on crushed ice. The olfactory bulbs were removed 
and then, using iris scissors, the lateral and caudai/rostral  
outl ines of the hypo tha lamus  were cut, with the optic 
chiasm, caudal border  of the mammil la ry  bodies, and the 
mediolateral  edges of the pyr i form cor tex serving as 
landmarks. The brain was then divided by a single vertical 
cut from the optic chiasm through the cor tex perpendicular  
to the sagittal sinus. The hypo tha lamus  was then dissected 
free by making a cut in the hor izonta l  plane at the level of 
the anterior  commissure.  The remaining telencephalic 
por t ions  were removed and combined.  After  the removal of  
the cerebellum, the remaining tissue was designated the 
brainstem sample and contained medulla,  pons,  midbrain,  
and thalamus. In the c~-methylparatyrosine studies isee 
below), the str iatum was removed from the rostral telen- 
cephalic por t ions  for use in o ther  studies. 

To obtain peripheral tissues, hearts were quickly dis- 
sected free and t r immed of great vessels. Spleens and both 
adrenal glands were also t r immed of fat and removed.  All 
tissues were rapidly wrapped in almninum foil and im- 
mediately frozen on dry ice until assay no more than 1 
week later. 

Biochemical Assays 

Endogenous norepinephrine. All tissues were homo-  
genized with 0.4 N perchloric acid and centrifuged.  After  
adjustment  of  the pH of each sample to 8.6 with the 
addi t ion of 10 ml of 2 M Tris buffer  [ 101, norepinephrine 
was extracted from the supernatant  by adsorpt ion on 
alumina [40] .  After  the alumina column containing the 
adsorbed catecholamines had been washed with 8 ml of 
0.5 M Tris buffer (pH 8.6) and 10 ml of distilled water,  the 
catecholamines  were eluted with 3 ml of  0.2 N acetic acid. 
Af ter  oxidat ion  by the method  of  yon Euler and Lishajko 
[ 12], norepinephrine f luorescence was read at 395/505 nm 
on an Aminco-Bowman spec t ropho to f luoromete r .  Adrenal 
catecholamines  were read at 395 /520  nm, the f luorescent  
peak for epinephrine.  

Several samples of  pooled rat brain homogena te  were 
run with each exper imental  group to assess recovery. A 
known amount  of norepinephrine was added to half  of the 
pooled rat-brain homogena te  samples and recoveries were 
calculated for each assay. A consistent  retrieval of approx- 
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imate ly  60% was observed  and the  t issue n o r e p i n e p h r i n e  
values were co r rec t ed  accordingly .  

Studies o f  Norepinephrine Metabolism 

c~-Methylparatyrosine. To b lock  synthes i s  of  nor-  
ep inephr ine ,  a dose of 200  mg /kg  levo-c~-methyl- 
p a r a t y r o s i n e  ( aMPT)  (k ind ly  d o n a t e d  by Merck,  
Sharp ,  and D o h m e  Labora to r i e s )  was given by intra-  
pe r i tonea l  in jec t ion  to 14 e x p e r i m e n t a l  an imals  of  each 
s t ra in  compr i s ing  two- th i rds  of the  th i rd  e x p e r i m e n t a l  
group.  Of these 28 animals ,  7 of each s t ra in  were sacrif iced 
at 1 hr ,  and the  rest  at 4 hr ,  a f te r  in jec t ion .  The  ~MPT was 
dissolved in warm 1.0 N NaOH, b r o u g h t  to  pH 2 wi th  0.1 N 
HC1, and  coo led  to room t e m p e r a t u r e  before  adminis-  
t ra t ion .  This  delivery reg imen has  been  s h o w n  by o t h e r  
e x p e r i m e n t e r s  to  p roduce  sa t i s fac tory  i n h i b i t i o n  of  ty ros ine  
h y d r o x y l a t i o n  [ l  9 ] .  The  use of the  more  soluble  d , l -methy l  
ester  was u n f o r t u n a t e l y  p rec luded  because  its adminis -  
t r a t i on  to Maudsley rats  in a trial s tudy  resul ted  in the  
dea th  of  ha l f  of  the  subjects .  Since the  levo form is the  
more  active s te reo- i somer  [ 3 2 ] ,  we were able to admin i s t e r  
a lower  to ta l  dose wi th  r educed  tox ic i ty  and ye t  remain  
above the  dose n e e d e d  for  comple t e  inh ib i t ion .  

H-Norepinephrine and 3 H-Metabolites. The  8 MNR and 
7 MR rats in E x p e r i m e n t  4 were e the r ized ,  p laced in a 
s t e reo tax ic  i n s t r u m e n t ,  and in jec ted  in the  r ight  lateral  
vent r ic le  wi th  6 ~zC 3 H - n o r e p i n e p h r i n e  dissolved in 0 .02 ml 
Ringer ' s  so lu t ion .  All an imals  were killed 90 rain af ter  
in jec t ion  for  d e t e r m i n a t i o n  of rad ioac t ive  n o r e p i n e p h r i n e  
and  n o n c a t e c h o l  m e t a b o l i t e s  in b ra ins t em,  t e l encepha lon ,  
and  h y p o t h a l a m u s .  The d , l -norep inephr ine -7 -3H ( 3 0 0 0  
m C / m l )  was pu rchased  f rom S c h w a r t z / M a n n  (Orangeburg ,  
N J). 

3 H-Norep ineph r i ne  values ( cpm/g )  were d e t e r m i n e d  by 
c o u n t i n g  an a l iquot  of the a lumina  e luate  a f te r  e lu t ion  wi th  
3 ml of  0.2 N acet ic  acid. The  n o n c a t e c h o l  me tabo l i t e s ,  
which  are n o t  r e t a ined  on a lumina ,  were c o u n t e d  in an 
a l iquo t  of the  init ial  a lumina  e f f luen t  [ 2 2 ] .  Ca techo l  
me tabo l i t e s ,  largely 3 , 4 - d i h y d r o x y p h e n y l g l y c o l ,  r ema ined  
on  the  c o l u m n  and were no t  c o u n t e d  in this  p rocedure .  

Open-Field Testing 

The open-f ie ld  test  appa ra tus  was similar bu t  no t  
ident ica l  to  t ha t  descr ibed  by B r o a d h u r s t  [ 8 ] .  It cons is ted  
of a c i rcular  a rena  32 .75  in in d i ame te r  wi th  an i l l umina t ion  
level of a p p r o x i m a t e l y  30 FTC. Each an imal ' s  act ivi ty was 

au toma t i ca l ly  r eco rded  wheneve r  it t raversed any one  of  12 
8 in square  meta l  pla tes  tha t  compr i sed  the  arena  floor.  The  
defeca t ion  score was the  n u m b e r  of  bol i  excre ted  in the  
2 min  test.  Animals  were carr ied indiv idual ly  f rom their  
h o m e  cages in plast ic  con ta ine r s  l ined wi th  slightly damp 
towel ing  to remove  dust  f rom the i r  f oo tpads  and  insure a 
good c o n t a c t  wi th  the f loor  of the  field. Af te r  tes t ing they  
were replaced in the i r  original cages. 

The  animals  in E x p e r i m e n t  2 (N = 14) were tes ted  3 h r  
before  offse t  of the  l ight  cycle on 4 consecut ive  days. In 
E x p e r i m e n t  3 (N = 42) ,  the  animals  received 9 open-f ie ld  
tests  on  consecut ive  days. Tests  1 - 4  and 9 were carr ied ou t  
in the dark  p o r t i o n  of the  cycle in c o n n e c t i o n  wi th  a n o t h e r  
s tudy.  The  scores r epor t ed  in Table 1 are for  tests  5 8, 
which  are c o n d u c t e d  3 hr  before  offset  of  the l ight  cycle;  
i.e., the  t ime at which they were la ter  sacrificed. The  
animals  in E x p e r i m e n t  4 (N = 16) had  also been  previously  
tes ted  in the  open  field, and Table  1 repor t s  the resul ts  of  
the  open-f ie ld  test  carr ied ou t  the day before  sacrifice. The 
act ivi ty scores of  animals  in this  group were recorded  by 
hand- t r ac ing  the an imal ' s  pa th  on a f loor  plan of the open  
field. The animals  in E x p e r i m e n t  1 (N = 12) were n o t  tes ted  
in the  open  field. 

RESULTS 

Norepinephrine Levels 

Table  1 shows tha t  in E x p e r i m e n t  1 M N R A  rats had  
s ignif icant ly  h igher  n o r e p i n e p h r i n e  levels than  had  MR 
animals  in h y p o t h a l a m u s ,  hea r t ,  and spleen. The f indings  in 
hear t  and h y p o t h a l a m u s  were largely repea ted  in Ex- 
p e r i m e n t  2. In tha t  e x p e r i m e n t ,  adrenals  were analyzed 
ins tead of  spleens,  and M N R A s  were found  to have 
s ignif icant ly  h igher  adrenal  c a t echo l amines  than  had  MRs 
(Table  I ). 

To de t e rmine  w h e t h e r  d i f ferences  in n o r e p i n e p h r i n e  
c o n c e n t r a t i o n s  in hea r t  and spleen d e p e n d e d  on strain 
d i f ferences  in tissue weight ,  to ta l  n o r e p i n e p h r i n e  values 
were calcula ted for each organ i r respect ive of weight .  
A l though  the  degree of d i f ference separa t ing  the  s t rains  was 
reduced  by this  compar i son ,  it was f o u n d  tha t  MNRA rats  
still had  s ignif icant ly  more  to ta l  n o r e p i n e p h r i n e  than  had  
MRs (Table  2). 

A l t h o u g h  no  s ignif icant  s t ra in  d i f ferences  in nor-  
ep inephr ine  levels were f o u n d  in the b ra ins t em or  telen-  
cepha lon  samples,  there  was a t rend  for MR rats  to  have 
h igher  levels than  MNRA rats  in E x p e r i m e n t  2. Zero- t ime  

T A B L E  1 

NOREPINEPHRINE CONCENTRATIONS (NG/G) 

Brain stem Telencephalon Hypothalamus Heart Spleen Adrenal* 

Expt No. 

MR 

M N R A  

1 2 1 2 1 2 1 2 1 2 

402 538 356 394 1660 1865 1291 929 1938 16.32 
± 32 ± 13 ± 22 _+ 21 ± 45 ± 110 ± 90 ± 44 ± 200 ± .64 

N = 6  N = 7  N = 6  N = 7  N = 6  N = 7  N = 6  N = 7  N = 6  N = 7  

459 485 362 355 2115 2138 1951 1199 3757 20.61 
_+ 21 ± 21 _+ 19 _+ 12 _+ 99 ± 74 ± 108 + 63 ± 236 _+ .99 

N = 6  N = 7  N = 6  N = 7  N = 6  N = 7  N = 6  N = 7  N = 6  N = 7  
t = 1.46 t = 2.14 t = 0.19 t = 1.55 t = 4.18 t = 1.98 t =4 .69  t = 3.50 t = 5.89 t = 3.27 

N.S. N.S. N.S. N.S. p<0.01 p<0.10 p<0.001 p<0.01 p<0.001 p<0.01 

*Adrenal catecholamine levels are reported as p.g/pair of adrenals. Means + SEM of norepinephrine concentrations. 
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T A B L E  2 

NOREPINEPHRINE (NG) PER ORGAN 

Heart Spleen 

Expt. No. 

MR 

MNRA 

1 2 1 

1066 ± 63 708 m 31 1262 ± 113 
N = 6 N = 7 N - 6 

1464 ± 73 890 ± 64 1613 ± I00 
N = 6  N = 7  N = 6  

t = 4.125 t = 2.56 t = 2.32 
p <0.01 p <0.05 p <0.05 

Values are means ± SEM. 

cont ro ls  of  the two strains from the c~MPT s tudy were 
compared  to gain fur ther  insight into this possibil i ty.  Again, 
MR rats had higher no rep inephr ine  levels than MNRA rats, 
but  this was no t  statistically significant. Thus,  there is a 

possibil i ty that  MR rats have higher norep inephr ine  levels in 
brainstem and te lencephalon  than MNRA rats, but  it has 
no t  been possible to demons t ra t e  it clearly in these 
exper iments ,  

Norepinephrine Metabolism 

Norepinephrine decline after aMPT. Three MNRA rats in 
the 4 hr group consis tent ly  showed only slightly lower 
norep inephr ine  levels in the t e lencepha lon  and brainstem 
than did contro l  rats. The three rats m e n t i o n e d  above were 
therefore  excluded from the statistical analysis. As pre- 
cipi tate  f rom the inject ion was more  of ten  seen in the 
per i toneal  cavity of  MR than of  MNRA rats l hr  af ter  
inject ion,  it is possible that  MNRA rats clear the drug more  
quickly and that  this accounts  for release from inhibi t ion in 
these three animals at 4 hr after drug adminis t ra t ion .  A 
small n u m b e r  of  samples in o ther  groups were spoiled and 
account  for  the reduced  n u mb er  at various time points .  

Correlat ions and linear regression coef f ic ien ts  be tween  
log- t ransformed norep inephr ine  concen t ra t ions  and time 
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FIG. l. Semi-log plot of the decline in norepinephrine concentration after injection of ~MPT. Each value represents the 
mean of 3 -7  rats. Regression lines were calculated from a least-squares analysis and the slope was used to indicate 
respective turnover values. The control animals (Time 0) were injected with vehicle alone. Strain differences in 

norepinephrine levels in heart are in agreement with those found in Experiments 1 and 2. 
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T A B L E  3 

REGRESSION COEFFICIENTS AND HALF-LIVES OF ENDOGENOUS NOREPINEPHRINE 

Tissue Regression Coefficient r p TV2 
Brainstem 

MR -.0789 ± .005 - .97 3.81 
MNRA -.0687 ± .006 - .96 N.S. 4.38 

Cortex 
MR -.0664 ± .005 - .97 4.53 
MNRA -.0571 ± .007 -.91 N.S. 5.27 

Heart 
MR -.0337 ± .007 - .80 8.93 
MNRA -.0579 ± .008 - .89 p<0.05 5.20 

Linear regression coefficients (b) ___ SEM and correlation coefficients (r) from Experiment 3. T1A 
was determined from the formula T1/2 = log 102/b. 

T A B L E  4 

EXPERIMENT 4: 3H CONTENT AS NOREPINEPHRINE AND NONCATECHOL METABOLITES IN VARIOUS BRAIN 
REGIONS 

Brainstem (cpm/g) Telencephalon (cpm/g) Hypothalamus (cpm/g) 
Norepinephrine Metabolites Norepinephrine Metabolites Norepinephrine Metabolites 

MR 

MNRA 

1689 ± 55 5155 ± 197 460 ± 24 1664 ± 69 1421 ± 78 5694 ± 152 
N = 6 N = 7 N = 7 N = 7 N = 7 N = 7 

1320 ± 53 4462 ± 160 380 ± 28 1449 ± 70 1183 ± 37 4641 ± 131 
N = 8  N = 8  N = 8  N = 8  N - 8  N - 8  

t = 4.77 t = 2.75 t = 2.07 t = 2.55 t = 2.87 t = 5.27 
p <0.001 p <0.02 N.S. p <0.05 p = <0.02 p <0.001 

All animals were injected with 6 ~Ci of 3 H-norepinephrine intraventricularly and sacrificed 90 rain later. Values are 
means +_ SEM and are not corrected for recovery. 

were calculated by the m e t h o d  of  least-squares [30] .  The 
high negative corre la t ion of no rep inephr ine  concen t r a t i on  
with t ime after c~MPT adminis t ra t ion  in bo th  strains 
indicates  that  inhibi t ion of tyrosine hydroxy lase  was 
p robab ly  comple te  (Table 3). The T 1/2 values are in 
general agreement  with those in previous studies [ 19]. 

Comparison o f  Norepinephrine Turnover in the Two Strains 

Brainstem and telencephalon. There was no di f ference  in 
norep inephr ine  turnover  in these two  brain regions (Fig. 1 
and Table 3). However ,  in bra ins tem,  a l though there were 
no significant d i f ferences  in con t ro l  (Time 0) nor- 
ep inephr ine  levels, MR rats showed significantly greater  
pe rcen t  decline f rom mean cont ro l  values at 1 hr  than did 
MNRA rats (MR: 78%, MNRAs: 91%, t = 4.15,  p<0 .001 ) .  
A strain di f ference in onset  of c~MPT inhibi t ion of tyros ine  
hydroxy lase  was cons idered  as a possible explanat ion .  
However ,  the decline f rom cont ro l  levels at 1 hr  in 
te lencephalon  was significantly greater  in MNRA rats 
(MNRA: 80%, MR: 86%,, t = 2.32, p < 0 . 0 5 )  and obviously 
did no t  suppor t  the la t ter  in te rp re ta t ion  as the di f ference 
was in the oppos i te  di rect ion.  

Heart. In hear t ,  MNRA rats showed  a significantly faster 
turnover  of no rep inephr ine  than MR rats (Fig. 1 and 
Table 3). 

3 H-Norepinephrine and Metabolites 

The a m o u n t  of  3 H-norep inephr ine  (cpm/g)  remaining 

90 m i n  after  intraventr icular  inject ion of 3H_nor_ 
ep inephr ine  was significantly lower  in MNRA rats in bo th  
bra ins tem and h y p o t h a l a m u s  (Table 4). MNRA rats also 
had lower  3 H-norep inephr ine  in te lencephalon ,  but this was 
not  statistically significant. Similarly, MNRA rats had 
significantly lower  3 H-non-ca techol  metabol i tes  than MR 
rats in all three brain regions (Table 4). 

Not  surprisingly in view of the previous findings, when 
total radioactivi ty in each brain region was calculated by 
summing  cpm/g  of  3H-norep inephr ine  and cpm/g  of 

H-norepinephr ine  metabol i tes ,  it was found  that  MNRA 
rats had significantly fewer  total  counts  than MR rats in all 
three brain regions ( te lencephalon:  t (13) = 2.77, p<0..02; 
b r a i n s t e m :  t(12) = 3.17, p < 0 . 0 1 ;  hypo tha lamus :  
t (13) = 7.39, p<0 .001) .  

Several exp lana t ions  could account  for these di f ferences  
in total  counts .  First ,  the initial uptake of 3H-nor- 
ep inephr ine  might  differ  in the two strains. Secondly,  
removal  of ~ H-norep inephr ine  metabol i tes  could proceed  at 
a d i f ferent  rate in the two groups.  Third,  3 H-nor- 
epinephr ine-re la ted  counts  may have been lost along o ther  
metabol ic  routes  than those we assayed. Finally,  inject ion 
procedures  could have been different ial ly successful  in the 
two strains resulting in poorer  d is t r ibut ion  of  3H-nor- 
ep inephr ine  in one strain than in the other.  This final 
possibil i ty seems least likely to have been the reason for  the 
differences  be tween  MNRA and MR rats in total  counts .  
Cannulas were s tereotaxical ly placed after considerable  
pi lot  work had been previously carried out,  and were 
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T A B L E  5 

STRAIN DIFFERENCES IN OPEN-FIELD BEHAVIOR 

Open-Field Defecation Open-Field Activity 

Expt No. 2 3 4 2 3* 4t 
MR 3.5 -+ 0.35 3.21 -+ 0.28 4.6 _+ 0.96 30.6 ± 2.3 10.7 _+ 1.9 

N - 7  N 21 N - 8  N = 7  N = 8  

MNRA 1.78 _+ 0.50 2.17 + 0.30 I.l  _+ 0.44 42.0 _+ 2.8 19.0 _+ 2.5 
N = 7  N =21  N - 8  N - 7  N - 8  

t =  2.79 t - 2 . 5 0  t = 3.30 t = 3.12 t = 2.61 
p <0.02 p <0.02 p <0.01 p <0.01 p <0.05 

Scores in each column are mean defecation and activity + SEM per 2-min daily test for male rats of 
the MR and MNRA strains. 

*Scores lost because of mechanical failure. 
+Scores lower because these rats were tested manually. 

T A B L E  6 

STRAIN DIFFERENCES IN BODY WE1GHT (GRAMS) 

Experiment No. 
MR 

MNRA 

1 2 3 4 
293 _+ 11 276 _+ 14 303 _+ 7.7 315 + 8.6 

N = 6 N = 7 N=21 N - 8 

227_+ 8 228 _+ 12 246_+ 5.5 258 -+ 13 
N = 6  N = 7  N = 2 1  N - 8  

t = 4.79 t = 2.56 t - 5.90 t = 3.65 
p<0.001 p<0.05 p=<0.001  p<0.01 

Mean body weights ± SEM of MR and MNRA rats in the four 
experiments. 

m a n i p u l a t e d  in each  case unt i l  c e r e b r o s p i n a l  f luid was  seen 
to well up  in the cannu la .  

3H-Norepinephrine Metabolites as a Percentage o f  Total 
Counts 

An a t t e m p t  was  m a d e  to c i r c u m v e n t  the  d i f f e r ences  in 
to ta l  c o u n t s  b e t w e e n  the t w o  s t ra ins  a long  the  lines 
sugges ted  by S t o n e  [ 3 3 ] .  3 H _ N o r e p i n e p h r i n e  m e t a b o l i t e s  
were  e x p r e s s e d  as a pe r cen t age  of  to ta l  c o u n t s  in each  bra in  
reg ion  fo r  each  an imal  and the t w o  s t ra ins  c o m p a r e d  as 

be fo r e .  

In this  analys is  on ly  one  s ta t is t ical ly  s igni f icant  s train 
d i f fe rence  appea red .  In b r a i n s t e m ,  M N R A  rats  had a 
s igni f icant ly  larger  p e r c e n t a g e  of  3 H - n o r e p i n e p h r i n e  m e t a b -  
oli tes relat ive to  to ta l  c o u n t s  t h a n  MR rats  ( t ( 1 2 )  = 2 .591 ,  
p < 0 . 0 5 ) .  M N R A  rats  s h o w e d  the same  t r end  (grea te r  
p e r c e n t a g e  o f  3 H - n o r e p i n e p h r i n e  m e t a b o l i t e s )  in telen- 
c e p h a l o n ,  b u t  this  was  n o t  s ta t is t ica l ly  s ignif icant .  There  
was  n o  d i f fe rence  b e t w e e n  the  s t ra ins  on  this  m e a s u r e  in 
h y p o t h a l a m u s .  

Open-Field Behavior 

MR rats  de feca t ed  s igni f icant ly  m o r e  in the  o p e n  field 
t han  did M N R A  rats  in all tests  (Table  5). In E x p e r i m e n t s  2 
and 4, M N R A  an ima l s  e x h i b i t e d  s igni f icant ly  h igh e r  m e a n  
act iv i ty  scores  du r ing  the  2 min  test  t han  did MR an imals  
(Table  5). Act iv i ty  scores  of  E x p e r i m e n t  3 were  lost  be- 
cause of  e q u i p m e n t  m a l f u n c t i o n .  

Body Weight 

MR rats  we ighed  s igni f icant ly  m o r e  than  M N R A s  in all 
e x p e r i m e n t a l  g r o u p s  (Table  6). 

Tissue Weights 

MR rats  had  s igni f icant ly  heav ie r  adrena l s  and sp leens  

T A B L E 7  

WEIGHTS OF PERIPHERAL TISSUES (GRAMS) 

Heart Adrenal Spleen 

Expt No. 
MR 

M N R A  

1 2 3* 1 2 3 t  4 1 
0.8293 0.7673 0.8838 0.0368 0.0389 0.0380 0.0426 1/.6587 
+ .02 _+ .04 _+ .02 _+ .0015 + .0022 + .004 _+ .0001 + ,024 

N - 6  N = 7  N =  18 N = 6  N = 7  N - 7  N = 7  N = 6  
0.7542 0.7398 0.8116 0.0297 0.0292 0.0296 0.0313 0.4314 
-+ .03 _+ .03 _+ .02 _+ .0003 ± .0008 -+ .004 _+ .0001 + .016 
N - 6  N - 7  N = 14 N -  6 N - 7  N - 7  N = 8  N - 6  

t - 2.12 t = .615 t = 2.33 t = 4.59 t = 4.01 t - 3.72 t = 5.57 t - 7.62 
N.S. N.S. p< .05  p<.001 p<.01 p<.01 p<.001 p<.001 

*The N is reduced in this experimental group, compared with that reported in the text, because tissue weight 
comparisons were made for a subgroup of animals that could be exactly age-matched. 

tAdrenals were removed only from control animals in Experiment 3. 
Values are means _+ SEM. 
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T A B L E  8 

BRAIN WEIGHTS (GRAMS) 

Expt No. l 2 3 4 

MR 1.5933 1.4553 1.5200 1.4593 
+_ .043 _+ .019 _+ .01 _+ .029 
N = 6  N = 7  N= 18 N = 7  

M N R A  1.6053 1.4789 1.523 1.5004 
_+ .035 _+ .023 + .02 _+ .073 
N =6 N = 7 N = 14 N = 8 

t = 0.217 t = 0.44 t = 1.15 t = 1.39 
N.S. N.S. N.S. N.S. 

Brain weight comparisons were made from the sum of the frozen 
tissue weights of hypothalamus, brainstem, and telencephalon. Val- 
ues are means - SEM. 

(Table  7), bu t  did no t  cons i s t en t ly  differ  in hea r t  or bra in  
weights  (Tables  7 and  8). 

Organ Weight:Body Weight Ratio 

Analysis  of the  size of the  var ious  organs  relat ive to the  
d i f ference  in body  weight  b e t w e e n  the  t w o  s t ra ins  revealed 
the  fo l lowing s ignif icant  di f ferences .  M N R A  rats  had  
s ignif icant ly  larger hea r t s  per  gram of  b o d y  weight  t h a n  
MRs ( E x p e r i m e n t  1: t ( 1 0 ) = 4 . 4 4 ,  p < 0 . 0 1 ;  E x p e r i m e n t  2: 
t ( 1 2 )  = 5 . 2 8 ,  p < 0 . 0 0 1 ;  E x p e r i m e n t 3 :  t ( 3 4 ) = 2 . 0 7 ,  
p < 0 . 0 5 ) .  M N R A  rats  also had  larger bra ins  per  gram of 
body  weight  ( E x p e r i m e n t  1: t (10)  = 5.33,  p < 0 . 0 0 1 ;  Ex- 
p e r i m e n t  2: t ( 1 2 )  = 3 . 5 ,  p < 0 . 0 1 ;  E x p e r i m e n t 3 :  
t (34)  = 4.7,  p < 0 . 0 0 1 ;  E x p e r i m e n t  4: t (13)  = 4 .24,  
p < 0 . 0 0 1 ) .  

When the  body  weight  co r r ec t i on  was appl ied to the  
spleen data ,  the  t e n d e n c y  r ema ined  for  MR spleens to be 
heavier ,  bu t  this  did no t  qui te  achieve s ta t is t ical  s ignif icance 
( t (10 )  = 2 . 1 4 ,  p < 0 . 1 0 ) .  When  adrenal  weights  were 
co r rec ted  for  s train d i f ferences  in b o d y  weight ,  no  sig- 
n i f ican t  d i f ferences  b e t w e e n  MR and M N R A  groups  were 
found.  As was the  case for  spleens,  however ,  MR adrenals  
still t e n d e d  to be heavier  and p r o b a b l y  would have reached 
stat is t ical  s ignif icance wi th  larger sample  sizes. 

Comparison with Previous Results in MR and MNR Lines 

The strain d i f ferences  in open-f ie ld  de feca t ion  and 
act ivi ty ,  and  in body  weight ,  are all cons i s t en t  wi th  earlier 
repor t s  c o m p a r i n g  the  s t ra ins  on these measures  [8 ] .  The 
exis tence  of  similar d i f ferences  in our  l ines suggests s t rongly  
tha t ,  despi te  the r e l axa t ion  of se lec t ion pressure and 
inbreed ing  in our  co lony ,  these rats  were represen ta t ive ,  in 
b o t h  a behaviora l  and a physiological  sense, of previous  
samples  of Maudsley rats. 

The  signif icance of the s t ra in  d i f ferences  in b r a i n / b o d y  
weight  and  h e a r t / b o d y  weight  ra t ios  is n o t  readi ly  apparen t ,  
bu t  these ra t ios  provide  add i t iona l  b a c k g r o u n d  i n f o r m a t i o n  
a b o u t  the  strains.  

DISCUSSION 

These expe r imen ta l  results  d e m o n s t r a t e  a var iety of  
d i f ferences  in the  s t ruc tu re  and f u n c t i o n  of  nor-  
ep ineph r ine - con t a in i ng  n e u r o n s  in b o t h  per iphera l  and 
cent ra l  ne rvous  sys tem tissues of the  Maudsley strains.  

Norepinephrine Levels 

M N R A  animals  were charac te r i zed  by h igher  nor-  
ep inephr ine  c o n c e n t r a t i o n s  (ng/g)  in hea r t ,  spleen,  and 
h y p o t h a l a m u s ,  as well as by more  to ta l  c a t echo l amines  in 
the  adrenal  glands. This  f inding in h y p o t h a l a m u s  and three  
per iphera l  tissues is suggestive of  e i the r  s t ruc tura l ,  func-  
t ional ,  a n d / o r  me tabo l i c  d i f ferences  in the  n o r e p i n e p h r i n e  
sys tem of MR and MNRA strains.  It is in te res t ing  to no te  
tha t  the  h y p o t h a l a m u s ,  a bra in  region long t h o u g h t  to  have 
a s t rong c o n n e c t i o n  wi th  the  per iphera l  a u t o n o m i c  nervous  
sys tem [ 2 7 ] ,  showed  a s ignif icant  d i f fe rence  in nor-  
ep inephr ine  level cons i s ten t  wi th  the d i rec t ion  seen in three  
per iphera l  tissues. This  may  simply be fo r tu i tous ,  bu t  it also 
raises the  possibi l i ty  tha t  a d i f fe rence  in the  cha rac te r  of  
the  s y m p a t h e t i c  b ranch  of  the a u t o n o m i c  ne rvous  sys tem as 
a whole  may  be p resen t  in these strains.  

The  h igher  n o r e p i n e p h r i n e  levels obvious ly  c a n n o t  be 
t aken  per  se as indicat ive  of h igher  me tabo l i c  act ivi ty.  
Indeed,  Iversen and Glowinski  have p resen ted  evidence tha t  
bra in  regions wi th  high n o r e p i n e p h r i n e  levels t end  to have 
relat ively lower  tu rnover  rates  [ 1 9 ] .  A m o n g  o the r  pos- 
sibilit ies suggested by the  d i f ferences  in n o r e p i n e p h r i n e  
l e v e l s  a r e :  ( a )  a g r e a t e r  i nne rva t ion  by nor-  
ep ineph r ine - con t a in ing  neu rons  in the var ious tissues, and 
(b)  greater  n o r e p i n e p h r i n e  c o n c e n t r a t i o n  per  nerve ending,  
e i the r  because  of d i f ferences  in r ecep to r  sensi t iv i ty ,  reflec- 
ted t h rough  feedback  mechan i sms ,  or p r imary  var ia t ions  in 
ty ros ine  hyd roxy la se  act ivi ty.  

Several f indings  indica te  tha t  physiologic  pa ramete r s ,  
such as es tabl i shed  di f ferences  in endoc r ine  func t ion  
be tween  the  strains,  are no t  solely respons ib le  for  the 
d i f ferences  in n o r e p i n e p h r i n e  levels found  in this  s tudy.  For  
example ,  a l t hough  the  Maudsley s t rains  have been  s h o w n  to 
differ  in t hy ro id  act ivi ty ,  it is unl ike ly  tha t  the  thyro id-  
n o r e p i n e p h r i n e  re la t ionsh ips  descr ibed by Prange and 
o the r s  [23 ,24]  can by themselves  suff ic ient ly  a c c o u n t  for  
the  data.  If this  were so, one migh t  expec t  s train-specif ic  
c a t echo l amine  charac te r i s t ics  to appear  in all bra in  regions 
and per iphera l  t issues s tudied.  Since t e l encepha lon  and 
b ra ins tem tend  to exh ib i t  the oppos i te  d i f ferences  to those  
f o u n d  in the  o the r  four  tissues, add i t iona l  fac tors  o the r  
than  a single endoc r ine  inf luence  p robab ly  are operat ive .  

Metabolic Studies 

Taken  toge ther ,  the  s tudies  of n o r e p i n e p h r i n e  me tab -  
olism suggest t h a t  M N R A  rats  have faster  per iphera l  
t u rnove r  of n o r e p i n e p h r i n e  and the  possibi l i ty  of  faster  
t u rnove r  in cer ta in  brain  regions. However ,  for  reasons 
deta i led  below,  a def ini t ive cha rac te r i za t ion  of  nor-  
ep inephr ine  me tabo l i sm in the two  strains mus t  awai t  the 
c o m p l e t i o n  of add i t iona l  studies.  

~MPT. The h igher  n o r e p i n e p h r i n e  tu rnove r  in hear t s  of  
MNRA rats and lack of d i f fe rence  in b ra ins tem and 
t e l encepha lon  parallels the h igher  n o r e p i n e p h r i n e  levels in 
hea r t  in MNRA rats and oppos i te  group t rends  in b ra ins t em 
and  t e l encepha lon  in n o r e p i n e p h r i n e  levels. A s tudy  of  
n o r e p i n e p h r i n e  t u rnove r  in h y p o t h a l a m u s  as well as 
add i t iona l  per iphera l  tissues would  indica te  w h e t h e r  this 
co r re l a t ion  of d i f ferences  in n o r e p i n e p h r i n e  c o n c e n t r a t i o n  
wi th  t u rnove r  were general  in these strains.  

A cau t iona ry  no t e  conce rn ing  the data  derived by the 
c~MPT t e c h n i q u e  is requi red  because  the  val idi ty of  t u rnove r  
m e a s u r e m e n t s  derived f rom this  m e t h o d  are based on  the  
a s sumpt ion  of an equiva lence  in drug ac t ion  be tween  
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expe r imen t a l  groups  [ 3 9 ] .  The wide range of  endo-  
cr inological  and  physio logica l  d i f fe rences  b e t w e e n  these 
s t rains  make  d i f fe rent ia l  drug hand l ing  a d is t inc t  poss ibi l i ty  
and,  as po in t ed  ou t  by W u r t m a n  etal. [411,  may  lead to 
e r roneous  i n t e r p r e t a t i o n s  of n o r e p i n e p h r i n e  me tabo l i sm.  It 
would  be valuable the re fo re  to assess t u rnove r  in the 
animals  by several d i f fe ren t  t echniques .  D e t e r m i n a t i o n  of  
s teady-s ta te  act ivi ty  of  ty ros ine  hyd r oxy l a s e  would  be an 
addi t iona l  approach .  

H-Norepinephrine 

The presence of  less 3 H - n o r e p i n e p h r i n e  ( cpm/g )  in 
b ra ins tem and h y p o t h a l a m u s  and a similar bu t  non-  
s ignif icant  t rend  in t e l e n c e p h a l o n  of  MNRA rats  90 rain 
af ter  in jec t ion  of  a H - no r ep i neph r i ne  migh t  suggest t ha t  
MNRA animals  release newly  t aken  up n o r e p i n e p h r i n e  
fas ter  than  do MRs in these areas. This  i n t e r p r e t a t i o n  is 
s u p p o r t e d  in b ra ins t em (a l though  no t  for  t e lencepha l ic  or  
h y p o t h a l a m i c  samples)  in tha t  MNRA rats also had  a 
greater  pe rcen tage  of -' H - no r ep i neph r i ne  m e tabo l i t e s  
relative to total  coun t s  than  MRs in this b ra in  area. 
However ,  the a c c u m u l a t i o n  of  more  ' H -nonca t echo l  m e t a b -  
olites in all brain regions of MR animals  is no t  cons i s t en t  
with  this i n t e rp re t a t i on .  F u r t h e r m o r e ,  the  lack of  a 
d i f ference be tween  the s t rains  in the t u rnove r  of  nor-  
ep inephr ine  in b ra ins tem as measured  by the c~MPT 
t echn ique  raises add i t iona l  ques t ions  a b o u t  the hypo thes i s .  

In the l ight of possible s train d i f fe rences  in a H-nor- 
ep inephr ine  u t i l iza t ion  m e n t i o n e d  earl ier  (see RESULTS) ,  
it can only  be said tha t  ~ H - no r ep i neph r i ne  is e i the r  t aken  
up or me tabo l i zed  d i f fe ren t ly  in the  cent ra l  ne rvous  sys tem 
of  each s t ra in  and emphas izes  the  need for more  deta i led 
studies.  

Possible Role o f  Norepinephrine System in Strain D i f  
ferences in Behavior 

The Maudsley s t rains  were originally selected for  high 
and low de feca t ion  in the open-f ie ld  test  [ 8 ] .  This  index 
was cons idered  to reflect  relative degrees of  a u t o n o m i c  
arousal.  S u b s e q u e n t  s tudies  have general ly  suppo r t ed  the  
no t ion  tha t  there  is indeed  a basic d i f ference  in a u t o n o m i c  
func t ion  be tween  the  s t rains  [ 3 , 4 ] .  Thus ,  it is in te res t ing  to 
consider  w h e t h e r  the p resen t  n e u r o c h e m i c a l  f indings  pro-  
vide a basis for the exp lana t ion  of the  d i f fe rences  in 
a u t o n o m i c  respons iv i ty  be t w een  the lines. 

Our  pr incipal  f indings  indica te  tha t  MNRA rats  have 
b o t h  h igher  n o r e p i n e p h r i n e / c a t e c h o l a m i n e  levels in the 
h y p o t h a l a m u s  and pe r iphe ry  (spleen,  hea r t ,  and adrenals )  
and h igher  n o r e p i n e p h r i n e  t u rnove r  in the hear t .  Since it is 
well k n o w n  tha t  the in tes t ine  is i nh ib i t ed  by s y m p a t h e t i c  
act ivi ty,  it is conce ivable  tha t  an a l t e ra t ion  in the sym- 
pa the t i c  sys tem ref lec ted  in the b iochemica l  d i f fe rences  
cited above may be respons ib le  for the s t ra in  d i f ferences  in 
a u t o n o m i c  arousabi l i ty .  Thus,  the low rates of de feca t ion  in 
the open  field exh ib i t ed  by MNRA rats relative to MR 
could be achieved by the ex is tence  of  h igher  nor-  
ep inephr ine  levels in the b loods t r eam of these rats. Al ter-  
nat ively ,  if act ivi ty of  noradrenerg ic  n e u r o n s  con t ro l l ing  the  
gut  is he igh t ened  in MNR rats, this could di rect ly  inh ib i t  
per is ta l t ic  act ivi ty.  If f u r t he r  inves t iga t ions  con f i rmed  the 
p roposed  mechan i sms ,  they would  provide  s uppo r t  for  a 
hypo thes i s  originally advanced  by Watson [ 3 8 ] .  He sug- 
gested tha t  MNR rats. a l t hough  pu ta t ive ly  selected for  low 
suscept ib i l i ty  to stress, m fact exh ib i t ed  grea ter  sym- 

pa the t i c  arousal  u n d e r  stress. This hypo thes i s  is para- 
doxical ,  given the usual i n t e rp r e t a t i on  of the behaviora l  
d i f ferences  be tween  the strains,  as grea ter  s y m p a t h e t i c  
arousal  is usually held to be charac ter i s t ic  of  a larger stress 
response.  

The presen t  expe r imen t s  do no t  e lucidate  precisely how 
the  cent ra l  and per iphera l  noradrenerg ic  sys tems might  
media te  d i f ferences  in more  complex  behaviors  tsee Intro-  
duc t ion  for  a discussion of d i f fe ren t  po ten t i a l  mechan i sms t .  
F u r t h e r  e x p e r i m e n t s  will be needed  to dis t inguish be tween  
the broad  classes of  possibi l i t ies  previously  out l ined .  How- 
ever, the exis tence  of s train d i f ferences  in the nor-  
ep inephr ine  sys tem toge the r  with  thei r  con f i rma t ion  and 
ex tens ion  [20]  suggest tha t  f u r t he r  e x p e r i m e n t a t i o n  along 
these l ines would be wor thwhi le .  

A cau t iona ry  no te  should  be added conce rn ing  the 
relevance of the present  b iochemica l  results,  ga thered  
largely u n d e r  basal or nons t ress  cond i t ions ,  to the e t iology 
of behavioral  d i f ferences  be tween  the s t rains  in stressful 
s i tuat ions .  Perhaps  s train d i f ferences  in t r a n s m i t t e r  levels 
a n d / o r  me tabo l i sm might  be al tered if they were s tudied 
unde r  stressful cond i t ions .  There  are some ind ica t ions  m 
the data  tha t  this might  be so. A l though  no  overall 
d i f ferences  in t u rnove r  were found  in b ra ins tem and 
t e l encepha lon  in the c~MPT studies,  it should  be n o t e d  tha t  
the animals  were in a relatively nons t ressed  behavioral  state,  
having  s imply been  r e tu rned  to thei r  h o m e  cages while 
c~MPT was exer t ing  its effect .  However,  ~tle fact tha t  MR 
rats had  a greater  pe rcen t  fall of n o r e p i n e p h r i n e  in 
b ra ins t em than  MNRA rats 1 hr  af terc~MPT,  a t ime when  
one migh t  expec t  d i f ferences  m response  to the aversive 
m a n i p u l a t i o n s  of in jec t ion ,  may indicate  tha t  strain dif- 
ferences  in cent ra l  n o r e p i n e p h r i n e  me tabo l i sm exist  only 
unde r  cond i t i ons  of p ro longed  stress. Many s tudies  indicate  
a h igher  tu rnover  of no rep ineph r ine  in bra ins tem and 
h y p o t h a l a m u s  af ter  i n d u c t i o n  of  stress [33,361 and provide 
p receden t s  for  this idea. 

MR and MNR S t ra ins  as Models Jbr Neuro- 
transmitter/Behavior Research 

N e u r o t r a n s m i t t e r  levels and associated regula tory  en- 
zymes  have recent ly  been extens ively  s tudied  in inbred 
mice with the long- term view tha t  the discovery of  re levant  
d i f ferences  may provide a sui table  model  for the  s tudy  of  
genet ical ly  based men ta l  disorders  [ 2 ] .  Such s tudies  pro- 
vide valuable i n f o r m a t i o n  a b o u t  the possible exis tence  of 
genetic  con t ro l  of n e u r o t r a n s m i t t e r  sys tems in the first 
ins tance ,  bu t  are m u c h  more l imi ted when  the purpose  is to 
provide evidence a b o u t  the pu ta t ive  associa t ion be tween  
neu rochemica l  and behavioral  events .  If this  is the major  
purpose  of the e x p e r i m e n t ,  then  it is a more  power fu l  
s t ra tegy to c o n c e n t r a t e  by genet ic  se lect ion posit ive and 
negative alleles inf luencing a par t icular  behaviora l  trail 
wi th in  separate  lines and then  s tudy  associated charac te rs  
wi th in  these lines. The present  f indings indica t ing  dif- 
ferences in s t ruc tu re  and func t i on  of  the no rep ineph r ine -  
con ta in ing  neu rons  in bo th  per iphera l  and cent ra l  tissues of 
the Maudsley rat s t ra ins  are s o m e w h a t  more  in teres t ing  
f rom this  po in t  of view. These s t ra ins  have been selected 
f rom a c o m m o n  base p o p u l a t i o n  on a behaviora l /  
physiological  cr i ter ion involving d i f ferences  in suscept ib i l i ty  
to stress. Thus,  the discovery of a d i f ference in the 
no rep ineph r ine  system in these s t rains  raises the  possibi l i ty 
tha t  this sys tem may be involved in the med ia t ion  of thei r  
behaviora l  differences.  
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Other  recent  expe r imen t s  [ 5] conf i rm the exis tence of a 
di f ference in the central  serotonergic  sys tem of  these strains 
that  was previously claimed by Sudak and Maas [34 ] .  In 
addi t ion ,  a d i f ference  be tween  the lines has recent ly  been  
demons t r a t ed  in the central  dopaminerg ic  sys tem [7] .  
These results suggest that  the behavioral  d i f ferences  be- 
tween  the strains may rest on d i f ferences  in more  than one 
neurochemica l  sys tem.  

The nature  of the genetic system control l ing the 
di f ferences  we have found  is not  e lucidated by these 
exper iments .  Since the genetic con t ro l  of mos t  behavioral  
traits is cons idered  to be polygenic ,  it is possible that  the 
neurochemica l  d i f ferences  we have d e m o n s t r a t e d  are also 
polygenical ly based. However ,  the possibil i ty has recent ly  
been raised that  a major  gene may account  for a substantial  
p ropo r t i on  of the variation be tween  the strains in open-  
field behavior  [6 ] .  Thus,  a similar possibil i ty may hold  true 
for the biochemical  a l terat ions  we have d o c u m e n t e d .  In this 

case, since single genes can be manipu la ted  with far more  
ease than polygenic  sys tems,  the p rospec t  of  investigating 
the covariat ion of  the noradrenergic  sys tem and behavior  
would be cor respondingly  more  promising.  

As po in ted  out  by Lader,  the investigation of  central  
mechanisms  under ly ing  emot ional  behavior  and its pa tho-  
logical counte rpar t ,  anxie ty ,  is hampered  by the lack of 
good animal models  [21] .  Since a substant ial  amoun t  of 
pharmacological  data in humans  implicate adrenergic 
sys tems with the behavioral mani fes ta t ions  of arousal, 
emot iona l i ty ,  and fear, the selection of animal stocks with 
differences  in these behaviors facili tates more  detai led and 
extensive biochemical  investigations of their mechan i sms  
[ 1 1,37].  The Maudsley strains, despite d isagreement  about  
in te rpre ta t ion  of their  behavioral  d i f ferences  [ I ]  and 
widely disparate physiological  make-up,  can serve some 
useful func t ions  in this area. 
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