
Pharmacology Biochemistry & Behavior, Vol. 15, pp. 173--178, 1981. Printed in the U.S.A. 

Strain-Dependency in MotOr Activity and 
in Concentration and Turnover of 

Catecholamines in Synchronized Rats 

B J O R N  L E M M E R ,  G A B R I E L E  C A S P A R I - I R V I N G  A N D  R O G E R  W E I M E R  

Centre o f  Pharmacology,  J. W. Goethe-University 
Theodor-Stern-Kai 7, D-6000 Frankfurt~Main 70 

German Federal Republic 

R e c e i v e d  27 O c t o b e r  1980 

LEMMER, B., G. CASPARI-IRVING AND R. WEIMER. Strain-dependency in motor activity and in concentration and 
turnover of catecholamines in synchronized rats. PHARMAC. BIOCHEM. BEHAV. 15(2) 173-178, 1981.--Circadian 
rhythm in motor activity was studied with an Animex motimeter in six strains of rats (ACI, BH, BS, DA, LEW, TNO) 
synchronized by a 12 hr light: 12 hr dark cycle. ANOVA revealed significant interstrain differences in motor activity as well 
as in the concentration and turnover of central noradrenaline and dopamine. Strain-dependent differences were also found 
with regard to tyrosine hydroxylase inhibition on motor activity. However, no significant interstrain correlations were 
found between endogenous concentration and/or turnover rates of the catecholamines and motor activity in normal and 
drug-treated rats. 

Circadian rhythm Motor activity Rat strains Catecholamines Turnover Animex 

THERE is an increasing body of  evidence demonstrating 
strain-dependent variations of  various drug effects in rodents 
[1, 2, 7, 11, 16]. These findings are of  special interest in the 
study of  the effects of  centrally acting drugs on the motility 
of  mice and rats. Strained-dependent differences were re- 
ported after application of  amphetamine, scopolamine, 
clonidine as well as after inhibitors of  catecholamine biosyn- 
thesis [1, 2, 7, 11]. Furthermore,  circadian phase-dependent 
variations in the effects of  centrally acting drugs on the 
motility of  rodents were described [8, 12, 14]. In an earlier 
investigation in synchronized male rats of  one strain (TNO 
W.74) significant daily variations in the turnover of  central 
dopamine---but not of  noradrenal ine--were  described, 
whereas the concentration of  both dopamine and norad- 
renaline exhibited significant dally variations [13]. However ,  
in this particular rat strain there was no obvious circadian 
phase-dependent correspondence between the biochemical 
data and the level of  motor  activity [12,13]. On the other 
hand, pharmacological studies with antiadrenergic drugs 
have clearly shown that central catecholamines are involved 
in the regulation of  motor  activity ([2, 11, 12, 14] e.g.). Ex- 
periments with male rats of  six different strains were per- 
formed under identical environmental and experimental  
conditions in order  to evaluate whether interstrain differ- 
ences can be observed in the circadian rhythm of  motor ac- 
tivity as well as in the concentration and turnover of  norad- 
renaline and dopamine in brain and whether there was a 
correspondence between these parameters.  Since the turn- 
over  of  the catecholamines was determined after inhibition 

of  tyrosine hydroxylase,  we were also able to study the ef- 
fect of  catecholamine depletion on the motor activity of  rats 
of  the different strains. 

METHOD 

Animals and Environmental Conditions 

Male rats of  the following strains were used: TNO W.74 
(Wistar, Albino), ACI/Ztm (Agouti, white belt), BH Ztm 
(Black Hooded),  BS/Ztm (Black), DA/Ztm (Dark Agouti), 
LEW/Ztm (Lewis, Albino). The strain TNO W.74 was 
supplied from Winkelmann Versuchstierzucht GmbH & Co. 
KG (Borchen-Kirchborchen, FRG), all other strains were 
obtained from Zentrales Tierlaboratorium der Medizinischen 
Hochschule Hannover  (Hannover, FRG). Their approximate 
age at sacrifice was 6-8 weeks. The animals, which had al- 
ready been synchronized by a light-dark cycle since birth by 
the respective suppliers, were maintained in our laboratory 
under controlled environmental conditions (L: 0700-1900 hr, 
200 lux; D: 1900-0700 hr, <0.1 lux; temperature 23_1°C, 
humidity 43%) for at least 7 days before use. 

The animals were randomly housed in groups of  5 rats 
[10] in plastic cages (Makrolon ®, 500× 350x200 mm) and had 
free access to food and tap water during the experiments.  In 
order to minimize registration of  gross exploratory and social 
behavior in a new environment the animals were housed with 
the same rats with which they were tested in the experiments 
on motor activity as well as in the biochemical studies [12- 
14]. The experiments were performed during April  and May. 
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FIG. 1. Circadian variations in the motor activity in six strains of male rats. Motor 
activity was registered in groups of 5 rats with a two-channel Animex motimeter, 
thereby differentiating between total motor activity (47 p.A, solid line) and running 
activity (10/xA, dashed line). Shown are the mean activity counts_+SEM of 4-8 
groups of rats, registered every 30 min. 

Stud ies  on M o t o r  Ac t i v i t y  

Motor activity of groups of 5 rats per cage for all strains 
was studied with a two-channel Animex motimeter (AB 
Farad, Stockholm). Based on earlier experiments total motor 
activity was registered on channel A at a sensitivity setting of 
47 /xA and running activity was registered at a sensitivity 
setting of 10/xA on channel B. The counting interval was 30 
rain (for details see [12,14]). In order to exclude the 
possibility of one extreme value unduly influencing a group 

value, motor activity was recorded in two groups of rats per 
strain each for 2--4 days. Since the 12-hr and the 24-hr mean 
values as well as the circadian pattern in motor activity did 
not differ significantly between the two groups of rats of each 
strain, the experimental data of both groups were combined 
for further statistical analysis. 

In additional experiments motor activity was studied after 
injection of the tyrosine hydroxylase inhibitor H 44/68 (200 
mg/kg, IP), which was used in order to determine catechol- 
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T A B L E 1  

24-HOUR MEANS IN THE MOTOR A~IVITY OF S ~  STRAINS OF MALE RATS 

Animex 
Setting BS 

24-HourMean ActivityCounts(Counts/30min, Mean ± SD) intheStrmns 

TNO ACI LEW BH DA ANOVA 

Channel A 2586 ± 145 2365 ± 83 2527 ± 167 2128 ± 102 2018 ± 172 1643 ± 97 

Channel B 1288 ± 175 1231 ± 85 1092 ± 134 977 ± 102 672 ± 70 549 ± 76 

(4) (8) (6) (5) (4) (6) 

B/A(%) 49.8 52.1 43.2 45.9 33.3 33.4 

F(5,27)=44.057 
p<0.001 

F(5,27)=41.527 
p<O.O01 

Motor activity was studied with a two-channel Animex motimeter (channel A: sensitivity 47/2A, total motor activity; channel B: 
sensitivity 10/zA, running activity) in (n) groups of 5 rats which were synchronized by light (0700 hr-1900 hr) and darkness (1900 
hr-0700 hr). ANOVA revealed significant interstrain differences in 24-hr means in channel A and channel B; F-values, degrees of 
freedom and probabilities are shown. 

T A B L E  2 

MOTOR ACTIVITY IN THE LIGHT PERIOD AND DARK PERIOD IN SIX STRAINS OF RATS 

Photoperiod/ 
Animex 
Setting 

12-Hour Mean Activity Counts (Counts/30 min, Mean -+ SD) in the Strains 

BS TNO ACI LEW BH DA ANOVA 

Light Period (L) 
Channel A 

Channel B 

1071 ± 194 1038 ± 149 1200 ± 162 1262 ± 60 1204 ± 157 1041 ± 115 F(5,27)=2.319 
p>0.05 

378 ± 121 419 ± 82 410 ± 86 558 ± 118 412 ± 48 292 ± 89 F(5,27)=4.606 
p<0.01 

Dark Period (D) 
Channel A r 4102 _ 254 3694 ± 188 3856 ± 224 2993 ± 207 2832 ± 302 2244 ± 106 

Channel B , I  r 2197 ÷ 334 2043 ± 216 1775 ± 206 1396 ± 104 933 _+ 133 806 ± 80 

/ 
Ratio of 12-Hour I t  

LL Mean D/L 
Channel A 3.83 3.56 3.21 2.37 2.35 2.16 
Channel B 5.81 4.88 4.33 2.50 2.26 2.76 

F(5,27)=61.997 
p<0.001 

F(5,27)=47.790 
p<0.001 

Motor activity was studied with a two-channel Animex motimeter (channel A: 47 p.A; channel B: 10/zA) in 4--8 groups of 5 synchronized 
rats; same experiments as in Table I. ANOVA was used to test for interstrain differences in the 12-hr means in activity counts in either 
photoperiod and at either channel sensitivity; F-values, degrees of freedom and probabilities are shown. 

*Correlation coefficient r(4)=0.941, p<0.01; tcorrelation coefficient r(4)=0.920, p<0.01. 

amine tu rnover  (see below). Motor  act ivi ty for the H 44/68 
t reated animals was tes ted for 3.5 hr  in the light phase 
(0730--1100 hr) and in the dark phase (1930--2300 hr) o f  the 
L D  photoper iod.  In these studies the same groups o f  animals 
were  used as those  for which  moto r  act ivi ty had been regis- 
tered in the control  period. 

Biochemical Studies 

Four  groups o f  five rats per  strain were  used in these 
exper iments .  In e i ther  photoper iod  the ca techolamine  turn- 
o v e r  was de termined  f rom the logari thmic decline o f  the en- 
dogenous  amine concent ra t ion  after  inhibition o f  tyrosine-  

hydroxylase  with H 44/68 (D, L-a-methyl -p- tyros ine-  
methy les te r .HCl ,  Labkemi  AB Stockholm) as descr ibed in 
detail [13]. H 44/68 was dissolved in 0.9% saline solution and 
a 200 mg/kg dose was injected (1 ml/100 g body weight).  The 
drug was injected e i ther  at 0730 hr  o r  at 1930 hr. Groups  of 
five rats were  sacrificed 0 and 4 hours after  inject ion o f  the 
synthesis  inhibitor. The  concentra t ion  o f  noradrenal ine and 
dopamine  was determined spect rof luorometr ica ly  by modifi- 
cations of  the procedures  descr ibed by S c h l u m p f e t  al. [17] 
and by Chang [4]. The hypothalamus/midbrain  and striatum 
were  dissected according to [9]. The  parameters  of  the turn- 
ove r  (t,/2=half-life, tu rnover  rate) were  calculated f rom the 
respect ive  regression lines according to Cos ta  [6]. 
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T A B L E  3 

CONCENTRATIONAND TURNOVER OF NORADRENALINE IN HYPOTHALAMUS-MIDBRAIN REGION OF 5 RAT STRAINS 

Light Period (L) Dark Period (D) 

NA t~/2 Turnover Rate NA t~/2 Turnover Rate Turnover Rate 
Strain (/~g/g) (hr) (/zg/g/hr) (/xg/g) (hr) (/xg/g/hr) D/L 

TNO 0.81 ___ 0.05 6.3 0.039 0.92 - 0.07 4.7 0.059 1.51 
ACI 1.05 ± 0.17 13.1 0.024 1.03 ± 0.10 17.6 0.018 0.75 
LEW 0.97 ± 0.06 4.1 0.072 1.17 ± 0.08 2.7 0.130 1.81 
BH 1.91 ± 0.08 7.2 0.050 1.07 ± 0.13 7.0 0.046 0.92 
DA 1.24 ± 0.06 7.3 0.051 1.14 ± 0.13 7.6 0.046 0.90 

The concentration of noradrenaline (mean ± SEM, n=5) in hypothalamus/midbrain region was determined in syn- 
chronized rats (L: 0700-1900 hr, D: 1900-0700 hr) of the strains indicated either at 0730 hr or at 1930 hr. The parameters of 
turnover (half-life=L/2, turnover rate) were calculated from the logarithmic decline of the endogenous noradrenaline 
concentration after inhibition of tyrosine hydroxylase with H 44/68 (200 mg/kg, IP), for details see text. ANOVA revealed 
strain dependent variations in noradrenaline concentrations at 0730 hr, F(4,17)=3.600, p<0.05, but not at 1930 hr, 
F(4,18) =0.888, p >0.05. 

T A B L E  4 

CONCENTRATION AND TURNOVER OF DOPAMINE IN STRIATUM OF 5 RAT STRAINS 

Light Period (L) Dark Period (D) 

DA t,/, Turnover Rate DA t , /2  Turnover Rate Turnover Rate 
Strain (ttg/g) (hr) (p.g/g/hr) (/zg/g) (hr) (p.g/g/hr) D/L 

TNO 4.32 _ 0.35 4.7 0.276 6.41 - 0.57 3.6 0.538 1.95 
ACI 7.67 + 0.30 3.0 0.762 7.27 _+ 0.53 3.5 0.618 0.81 
LEW 5.22 ± 0.42 5.6 0.282 8.26 ± 0.10 4.5 0.553 1.96 
BH 9.19 _ 0.53 2.7 1.020 8.74 ± 0.92 2.1 1.253 1.23 
DA 7.67 ___ 0.90 3.5 0.654 6.10 -+ 0.64 4.1 0.445 0.68 

The concentration of dopamine (mean ± SEM, n=5) in striatum was determined in synchronized rats (L: 0700-1900 hr, 
D: 1900-0700 hr) of the strains indicated either at 0730 hr or at 1930 hr. The parameters of the turnover (half-life=t,/2; 
turnover rate) were calculated from the logarithmic decline of endogenous dopamine concentration after inhibition of 
tyrosine hydroxylase with H 44/68 (200 mg/kg, IP), for details see text. ANOVA revealed strain-dependent variations in 
dopamine concentrations at 0730 hr, F(4,16)=18.421, p<0.001, and at 1930 hr, F(4,17)=3.362, p<0.05, respectively. 

Statistical Analysis 

A N O V A  (analysis of  variance)  was used to test  for inter- 
strain differences in motor  activity and endogenous  cate- 
cholamine  concentra t ions ,  respect ively .  

RESULTS AND DISCUSSION 

Figure 1 shows pronounced  interstrain differences in cir- 
cadian phase-dependent  moto r  act ivi ty  expressed  as act ivi ty 
counts  per  30 min measured  with an Animex  motimeter .  
These  s t ra in-dependent  differences could be observed  in 
total  motor  act ivi ty (channel A,  47/zA)  as well  as in running 
activity (channel B, 10/xA). A detailed analysis o f  the exper-  
imental  data  is compi led  in Tables  1 and 2: A N O V A  revealed  
significant (p<0.001) interstraln differences in 24-hr means  in 
total motor  act ivi ty and in running activity,  respect ive ly  
(Table 1). Also,  the relat ive amount  of  running activity ex- 
pressed as percent  o f  total  motor  act ivi ty (activity counts  
channel  B/act ivi ty counts  channel  A,  Table  1) var ied be- 
tween 33.3% (strain BH) and 52.1% (strain TNO)  as demon-  
strated in Figure 1. 

In Table  2 the 12-hour mean act ivi ty counts  obtained for 
six rat strains in the light period and the dark period are 
summarized.  It  can be seen that  interstrain differences in 
mean activity counts  were  most  prominent  in the dark 
period, in which A N O V A  revea led  highly significant inter- 
strain variat ions at e i ther  mot imeter  channel  sensit ivity set- 
ting (Table 2). In the light period significant s t rain-dependent  
variat ions in motor  act ivi ty were  observed  only with the 
mot imete r  channel  B, represent ing mainly the running activ- 
ity. Table  2 further  shows that  the relat ive increase in mean 
moto r  activity in the dark period as compared  to the light 
period (D/L ratios o f  the 12-hr means)  ranged from 2.16 
(strain DA) to 3.83 (strain BS) in channel  A and from 2.26 
(strain BH) to 5.81 (strain BS) in channel  B. These  ratios 
represent  s t rain-dependent  variations in circadian amplitude 
o f  motor  activity,  which is evident  already f rom Figure 1. 

Fur thermore ,  within the six rat strains there was a signifi- 
cant  posi t ive correlat ion be tween  the 12-hr means  of  the dark 
period (but not  o f  the light period) and the respect ive  D/L 
ratios, the correlat ion coefficients  for channel  A and B being 
0.941 and 0.920 (p<0.01),  respect ive ly  (Table 2). Thus,  the 
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TABLE 5 
CORRELATION BETWEEN MOTOR ACTIVITY 

AND BIOCHEMICAL PARAMETERS 

Degree of 
Interaction Freedom 

Correlation Coefficient (r) 

Light Period Dark Period 

MAA vs [NA] 3 0.0671 -0.7279 
" vs TRsA 3 0.3329 -0.2183 
" vs [DA] 3 0.2179 -0.0064 
" vs TRoA 3 0.1935 -0.0818 

MAa vs [NA] 3 0.5550 -0.7335 
" vs TRsA 3 0.5041 -0.2183 
" vs [DA] 3 0.4719 -0.2248 
" vs TRDA 3 0.4583 --0.3506 

MA~44/~ vs TRsA 2 0.8748 0.3289 
" vs TRDA 2 0.6861 0.2824 

The strain-dependent variations in the 12-hr-means in motor ac- 
tivity in channel A and B (Table 2, MAA, MAB) or in the activity 
counts after H 44/68 (Table 5, MAH.~s) were correlated with the 
strain-dependent variations in concentrations ([NA], [DA]) or in 
turnover rates (TRs^, TRD^) of noradrenaline and dopamine, re- 
spectively (Tables 3, 4). No correlation coefficient differed signifi- 
cantly from zero (.0>0.05). 

experiments with the Animex motimeter clearly demonstrate 
significant interstrain variations in motor activity of grouped 
male rats of six different strains. 

Various behavioral studies [3, 15, 18] and pharmacologi- 
cal experiments with adrenergic [1, 2, 7-9, 20] or 
antiadrenergic [2, 12-14, 19] drugs indicate that central cate- 
cholamines play an important role in the regulation of motor 
activity. Therefore, in five of the six rat strains the concen- 
tration and turnover of dopamine in the corpus striatum and 
of noradrenaline in hypothalamus/midbrain was measured. 

The results of the biochemical studies are summarized in 
Tables 3 and 4. Significant interstrain differences in endoge- 
nous noradrenaline concentration in the hypothalamus/ 
midbrain region was observed at 0730 hr but not at 1930 
hr (Table 3), whereas endogenous dopamine concentrations 
in striatum showed significant strain-dependent differences 
both at 0730 hr and at 1930 hr, respectively (Table 4). Inter- 
strain differences could also be observed in terms of half- 
lives and turnover rates of noradrenaline and dopamine (Ta- 
bles 3 and 4). 

Thus, these data give further evidence to strain- 
dependent differences in the adrenergic nervous system 
of rodents as reported for the activity of phenylethanol- 
amine-N-methyl-transferase [5], tyrosine hydroxylase 
[5,18], noradrenal ine sensitive adenylate cyclase in brain 
[18] and the cyclic-AMP-generating system in brain slices 
[19]. However,  no significant correlations were found be- 
tween the 12-hr means (channel A and B) in either photo- 
period and the respective concentrations and turnover rates 
of either noradrenaline or dopamine in the attempt to corre- 
late strain-dependent differences in motor activity with the 
biochemical data (Table 5). Furthermore, strain-dependent 
differences in D/L ratios in motor activity (Table 2) showed 
no significant correlation (p>0.05) with strain-dependent 
variations in the D/L ratios of the turnover rates of both 
noradrenaline (Table 3) and dopamine (Table 4). Though the 
tyrosine hydroxylase inhibitor H 44/68 decreased both cen- 
tral noradrenaline and dopamine concentration in each rat 
strain (Tables 3 and 4), this inhibitor affected the motor activ- 
ity quite differently in the different rat strains. Table 6 shows 
that motor activity was reduced by H 44/68 in strains BS, 
TNO and ACI with a more pronounced effect in the dark 
period. An increase in motor activity was observed, how- 
ever, with strains BH and DA during the light period, with no 
effect during the dark period. Strain-dependent differences 
in the effect of H 44/68 on motor activity were not signifi- 
cantly correlated with neither noradrenaline nor dopamine 
turnover (Table 6). These data support findings of Anisman 
and Kokkinidis [2] who reported strain-dependent differ- 
ences in the effects of inhibitors of tyrosine hydroxylase and 

TABLE 6 
EFFECTS OF TYROSINE HYDROXYLASE INHIBITOR ON MOTOR ACTIVITY 

OF FIVE STRAINS OF RATS 

Strain 

Activity Counts/30 min 

During 0730-1100 hr During 1930-2300 hr 
(Light Period) (Dark Period) 

Control Drug % Change Control Drug % Change 

BS 987 885 -10 4171 2939 -30 
TNO 882 475 -46 3946 2381 -40 
ACI 1314 948 -28 4008 2233 -44 
BH 808 1350 +67 3052 2920 - 4 
DA 760 1232 +62 2312 2421 + 5 

Groups of 5 synchronized (L: 0700 hr-1900 hr, D: 1900 hr-0700 hr) male rats 
of the strains noted were injected either at 0730 hr or at 1930 hr with the 
inhibitor of tyrosine hydroxylase H 44/68 (200 mg/kg, IP) and motor activity 
(Animex motimeter, channel sensitivity 47/~A) was registered for up to 3.5 hr 
after drug injection. Motor activity is expressed as activity counts per 30 min; 
activity counts are mean values of 4--8 (control) or 1-2 (drug) groups of rats. 
For details see Method. 
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of  dopamine- f l  hyd roxy la se  on  s p o n t a n e o u s  as well  as 
a m p h e t a m i n e - i n d u c e d  moti l i ty  in th ree  s t ra ins  of  mice .  

In conc lus ion ,  behav io ra l  and  b iochemica l  resul ts  ob-  
t a ined  unde r  ident ical  e n v i r o n m e n t a l  and  expe r imen ta l  con-  
di t ions  in di f ferent  s t ra ins  of  male  ra ts  c lear ly  d e m o n s t r a t e  
s ignif icant  in te r s t ra in  d i f fe rences  wi th  r ega rd  to the  level  and  
c i rcad ian  pa t t e rn  of  m o t o r  ac t iv i ty  in no rma l  and  drug- 
t rea ted  (H 44/68) animals .  F u r t h e r  in te r s t ra in  d i f ferences  
were  o b s e r v e d  wi th  regard  to c o n c e n t r a t i o n  and  t u r n o v e r  o f  
the  cent ra l  ca t echo lamines .  T h e r e  was ,  h o w e v e r ,  no  s imple 
in te rs t ra in  re la t ionsh ip  b e t w e e n  m o t o r  ac t iv i ty  and  cen t ra l  
no rad rena l ine  or  dopamine .  T he  resu l t s  o f  ou r  expe r imen t s  

show tha t  bes ide  c i r c a d i a n - p h a s e - d e p e n d e n t  va r i a t ions  inter-  
s t ra in  d i f fe rences  also have  to be  t a k e n  in to  a c c o u n t  w h e n  
s tudying  the  effects  o f  cen t ra l ly  ac t ing drugs  on  the  moti l i ty  
of  rats .  
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