
Pharmacology Biochemistry & Behavior, Vol. 10, pp. 361-368. Printed in the U.S.A. 

Diurnal Rhythms in Noradrenaline Turnover 
and Motility after Reserpine and 

6-Hydroxydopamine 

B J O R N  L E M M E R  A N D  K L A U S  W E N D A  

Centre o f  Pharmacology,  J.  W. Goethe-Universi ty  
Theodor-Stern-Kai 6, D-6000 Frankfurt /M 70 

German Federal  Republic 

(Rece ived  12 July 1978) 

LEMMER, B. AND K. WENDA. Diurnal rhythms in noradrenaline turnover and motility after reserpine uml 6-hydroxy- 
dopamine. PHARMAC. BIOCHEM. BEHAV. 10(3) 361-368, 1979.--Experiments were performed in ma~ Wistar rats 
synchronized by controlled conditions of light (0700-1900 hr) and of darkness (1900-0700 hr). Separately in each photo- 
period the effects of reserpine or 6-OHDA on the cardiac noradrenaline, the diurnal variations in the respective turnover 
and in the motor activity were investigated. Initial depletion of the cardiac noradrenaline after acute application of either 
drug was significantly greater when injected at 2000 hr compared to 0800 hr. In both photo-periods the cardiac turnover of 
noradrenaline was increased after peripheral chemical sympathectomy with 6-OHDA as well as after amine depletion with 
reserpine. Inhibition of the protein synthesis had no effect, ganglionic blockade by chlorisondamine on the other hand 
abolished the rhythm in the cardiac noradrenaline turnover. Whereas peripheral chemical sympathectomy did not greatly 
affect the diurnal rhythm in the motor activity, subacute treatment with reserpine differently affected motor activity in both 
photo-periods, depending on the time of drug application within 24 hr of a day. The results show that diurnal variations in 
the levels of neuronal and of motor activity are able to influence drug effects and have thus to be taken into account in 
animal studies. 
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THERE is an increasing body of evidence demonstrating the 
existence and importance of biorhythms for the effects of 
drugs in man as well as in experimental animals (reviewed in 
[241). However, few data are available with respect to 
chronopharmacological effects of reserpine [2,19] and 6-OH 
dopamine (6-OHDA) [19]. These drugs were widely used as 
experimental tools for the investigation of the adrenergic 
nervous system. In most studies rodents like mice and rats 
were used, which are known to be night-active animals [1]. 
Pharmacological experiments on the other hand are mainly 
performed at day-time, i.e. in the resting phase of the ani- 
mals and not in their activity period, i.e. during darkness. In 
rodents not only daily fluctuations in the concentrations of 
biogenic amines and in the motor activity were described [4, 
20, 21, 23, 25, 29], it was also shown that the turnover of 
noradrenaline in the rat heart and of dopamine in the rat 
brain exhibit significant daily variations [16,21]. 

Both reserpine and 6-OHDA have in common a norad- 
renaline depleting effect brought about, however, by differ- 
ent kinds of mechanisms [13, 14, 27]. Both drugs also differ 
in the sites of action as after systemic administration pene- 
tration of 6-OHDA in contrast to reserpine is limited by the 

blood-brain-barrier in adult animals [5]. As chronophar- 
macological differences in the effects of other drugs interfer- 
ing with the adrenergic transmission on the diurnal variations 
in the cardiac turnover of noradrenaline [18, 20, 221 and in 
the motor activity [20] were described, it was the aim of this 
investigation to study the influence of acute and subacute 
application of reserpine and 6-OHDA on the concentration 
and turnover of noradrenaline in the rat heart and on the 
motor activity on a chronopharmacological basis of the ex- 
perimental design. It is assumed that differences in the levels 
of neuronal and motor activity, which are present at different 
times of the day, may also influence the effects of these two 
drugs. In order to elucidate further the mechanisms respon- 
sible for triggering the diurnal rhythm in the cardiac turnover 
of noradrenaline [16] the effects of ganglionic blockade with 
chlorisondamine and of inhibition of the protein synthesis 
with actinomycine were studied. 

METHOD 

Environmental Conditions 

Male Wistar rats (TNO W. 74, SFP; originally bred in the 

~This work was supported by a grant of the Deutsche Forschungsgemeinschaft. 
2Part of this work was presented at the Spring Meeting of the German Pharmacological Society, Mainz, 1976 [19]. 
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"TNO-Inst i tut  for Breeding of  Laboratory Animals"  in 
Zeist, Netherlands, now derived and bred by Fa. Winkel- 
mann, Borchen-Kirchborchen, W. Germany) of about 100- 
150 g were used. Groups of 10 animals were housed in a 
separate room under a controlled lighting regimen of 12 hr of 
light (L:070(O1900 hr) alternating with 12 hr of darkness 
(D: 1900-0700 hr). The room temperature was 23 - I°C, the 
relative humidity 45% and the animals had free access to 
food and tap water during the experiments. The animals 
were allowed to live under these standardized conditions for 
at least 5 days before being used. Twenty-four hours before 
starting the experiments the rats were placed in groups of 5 
animals in plastic cages (Makrolon '~, 500×350×200 mm). 

Biochemical Studies 

In the acute experiments reserpine (0.1 and 3 mg/kg) or 
6-OHDA (1 and 25 mg/kg) was injected either at 0800 or at 
2000 hr. Groups of 5 animals were sacrificed 0, 1.5, 3.5, 6.5 
and 9.5 hr thereafter. After decapitation the hearts were re- 
moved, rinsed in fresh 0.9% saline solution, blotted on 
filter-paper, weighed and stored in liquid nitrogen for de- 
termination of noradrenaline the next day. After homogeniz- 
ing the hearts in acidified n-butanol the procedure of extrac- 
tion, absorption and delusion from aluminia, and the spec- 
trofluorometric determination of noradrenaline was per- 
formed according to the method of.Chang [3] as modified 
previously [16]. In each experiment internal standards were 
run in parallel, which allowed correction of assay values. 

In the subacute experiments reserpine was injected either 
at 0800 hr or at 2000 hr on three consecutive days. Chemical 
sympathectomy was achieved by injecting 2×25 mg/kg 
6-OHDA at the first day either at 0800 hr and at 1800 hr 
(light) or at 2000 hr and at 0600 hr (darkness) with an addi- 
tional dose of 100 mg/kg on the 5 th day at 0800 hr or at 2000 
hr. After both dosage regimens the cardiac turnover of 
noradrenaline was determined 24 hr after the last dose from 
the logarithmic deline of :~H-(-)-noradrenaline (spec. activity 
7.8-8.2. Ci/mmole, Radiochemical Centre, Amersham) after 
IV injections of tracer doses (0.2/~g/kg) of the labelled amine 
either at 0830 hr or at 2030 hr, The concentrations of the 
endogenous and the :~H-noradrenaline in the rat hearts were 
determined 1, 3, 6 and 9 hr after injection of the labelled 
amine. :~H-Noradrenaline was specifically determined in 0.5 
ml samples of the alumina eluate (see above) by liquid scintil- 
lation counting and the cpm of :~H-(-)-noradrenaline/g heart 
(cpm/g) were then calculated after volume correction as 
previously described [16]. Groups of  saline injected control 
animals were investigated in parallel in order to exclude 
possible seasonal variations. 

In additional experiments the cardiac turnover and re- 
lease of noradrenaline were determined in both photoperiods 
following ganglionic blockade with chlorisondamine (10 
mg/kg, IP injected 30 min before :~H-noradrenaline, i.e. either 
at 0800 hr or at 2000 hr) or after inhibition of  the protein 
synthesis with actinomycine D (0.8 mg/kg SC, dissolved in 
isotonic saline containing 10% ethanol) 24 hr before IV in,- 
jections of :~H-(-)-noradrenaline either at 0830 hr or at 2030 
hr. 

Studies on Motor Activity 

Motor activity in groups of 5 rats was determined using a 
2-channel Animex motimeter (Farad AB, Stockholm). Total 
motor activity was registered on channel A at a sensitivity of 

47/xA and the mainly running activity was registered at a 
sensitivity setting of 10/zA on channel B as differentiated in 
earlier experiments [20]. The printing counter of the Animex 
was placed in a separate room and the printing interval was 
30 min. In order to minimize registration of gross exploratory 
and social behaviour in a new environment the animals were 
housed and tested with the same subjects. As significant 
seasonal variations in the motor activity exist (unpublished 
results), the experiments on motor activity were performed 
within 4 weeks in October. 

Statistical Analysis 

In the acute experiments the unpaired two-tailed Stu- 
dent 's  t-test was used to evaluate statistical significance in 
the initial noradrenaline depletion 1.5 hr after application of  
the drugs obtained either during light or  during darkness. In 
the turnover experiments the regression lines of  the 
logarithmic decline of the cpm 3H-noradrenaline/g were cal- 
culated by the method of least squares, and linearity of the 
regression functions was tested by the F-distribution. 
Significance between the regression lines obtained from con- 
trol and drug treated animals was tested by the unpaired 
two-tailed Student 's  t-test. 

RESULTS 

1. Acute Experiments 

As can be seen from Fig. 1 acute injection of reserpine 
(0.1 or 3 mg/kg) resulted in a dose-dependent decrease of the 
cardiac noradrenaline concentrations in both photo-periods. 
After application of the lower dose of reserpine the initial 
noradrenaline depletion 1.5 hr later was significantly greater 
(p<0.025) when the drug was injected at the beginning of the 
dark period (65.4% of initial value) than at the beginning of 
the light period (84.2% of initial value). No significant 
light-to-darkness differences in the initial noradrenaline de- 
pletion were observed after 3 mg/kg of reserpine (Fig. 1). 
During darkness motor activity was also depressed dose- 
dependently by reserpine (Fig. I) when compared to saline 
injected control animals (Fig. 2). During light, however, a 
slight increase in motor activity was observed after the low 
dose of 0.1 mg/kg of reserpine. The cumulative activity 
counts registered in each investigation period of 9 hr dura- 
tion are compiled in Table 1. 

Figure 3 shows that an acute injection of  6-OHDA (1 or 25 
mg/kg IV) also reduced the cardiac noradrenaline concen- 

tration in both photo-periods dose-dependently.  At the 
low dose of 1 mg/kg 6-OHDA the initial noradrenaline deple- 
tion 1.5 hr after drug injection at 2000 hr (53.4% of initial 
value) was not only significantly greater (.o<0.025) but also 
longer lasting than when the same dose was injected at 0800 
hr which lead to a decrease in the cardiac noradrenaline by 
about 30% 1.5 hr later. At the high dose of 6-OHDA no 
light-to-darkness differences were observed. Immediately 
after injections of  either dose of 6-OHDA sympathomimetic 
reactions (piloerection, protrusion of eyes,  e t c . ) w e r e  ob- 
served. When compared to controls (Fig. 2) the pattern of 
the motor activity during darkness was more markedly influ- 
enced by either dose of 6-OHDA than the cumulative activ- 
ity counts (Table 1). In resting phase no clearcut effects of 
6-OHDA on motor activity could be observed (Fig. 3, Table 
1). The pronounced initial reduction in motor activity during 
darkness by 25 mg/kg 6-OHDA (Fig. 3) can possibly be re- 
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FIG. 1. Reserpine (0.1 or 3 mg/kg, SC) was injected into syn- 
chronized rats (light: 07011 hr-19~ hr, darkness 1900-0700 hr) either 
at 0800 hr or at 2000 hr as indicated by the arrows. NA (triangles) 
represents the cardiac noradrenaline concentrations as percent of 
initial values (0.87-0.95/~g .g-'); depicted are the means __+ SEM of 5 
rats each. Significance between the initial noradrenaline depletion 
obtained 1.5 hr after drug injection in either photoperiod, i.e. at 0930 
hr or at 2130 hr: *,o<0.025, 1"p>0.05. MA represents the motor ac- 
tivity of groups of 5 rats with a two-channel Animex motimeter, 
thereby differentiating between total motor activity (O-------O) and 
the running activity (O - - - O). For controls in motor activity see 

Fig. 2. 

lated to the marked indirect sympathomimetic effects of  this 
drug, mainly an increase in blood pressure [8,14]. 

2. Subacute Experiments: 

2.1 Turnover studies. Twenty-four hours after a three 
days treatment with reserpine (3 mg/kg/d) body weight of the 
rats was significantly reduced below initial values (Table 2). 
The mean heart weight of  the reserpine treated animals was 
also significantly reduced by about 25%. In both photo- 
periods the initial uptake of 3H-(-)-noradrenaline in the hearts 
of  the reserpine treated rats was diminished by about 50% 
(Fig. 4), though the endogenous  noradrenal ine  concent ra-  
tions were reduced to about 10% of  control (Table 2). Figure 
4 shows that treatment with reserpine resulted in an in- 
creased release of tritiated noradrenaline from the rat heart 
in both photo-periods. As steady-state conditions were pre- 
sent the increased release of'~H-noradrenaline represents an 
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FIG. 2. Motor activity was registered in synchronized animals (ti ht: 
0700 hr-1900 hr, darkness: 1900-0700 hr) with a two-channel 
Animex motimeter, thereby differentiating between total motor ac- 
tivity (channel A: 47/zA, solid line) and the mainly running activity 
(channel B: 10/zA). Counting interval was 30 min, mean values _+ 
SEM of 8 groups of 5 rats each. Experiments were performed in 

October. 

increase in the cardiac turnover of  noradrenaline. Thus, pre- 
treatment with reserpine in the period of  light reduced the 
halfqife of the cardiac turnover of noradrenaline from 9.7 to 
4.5 hr and from 5.6 hr to 3.4 hr in the period of darkness (Fig. 4). 

Chemical sympathectomy with 6-OHDA in contrast to 
reserpine did not reduce the body weight of the rats below 
initial values, however,  chemical sympathectomy signifi- 
cantly reduced the physiological increase in body weight (Ta- 
ble 2). The mean heart weight of  the 6-OHDA treated rats 
was slightly but significantly reduced to 88% of controls (Ta- 
ble 2). Peripheral chemical sympathectomy also greatly re- 
duced the initial uptake of :~H-noradrenaline in the rat heart 
to about 10% as can be seen from Fig. 4 and the endogenous 
cardiac noradrenaline concentrations were equally reduced 
(Table 2). Within both photoperiods the half-lives of  the 
cardiac turnover of  noradrenaline were reduced by chemical 
sympathectomy to the same degree as already observed after 
daily treatment with reserpine, i.e. during light from 10.8 to 
4.2 hr and during darkness from 6.7 hr to 3.5 hr (Fig. 5). 

In additional turnover experiments ganglionic blockade 
was performed by administration of chlorisondamine (10 
mg/kg, 30 min prior :~H-noradrenaline) and the protein syn- 
thesis was inhibited by pretreatment with actinomycine D 
(0.8 mg/kg, 24 hr prior 3H-noradrenaline) and the decline of 
IV injected 3H-(-)-noradrenaline in the rat hearts was studied 
thereafter in both photo-periods. The results of  these exper- 
iments are summarized in Table 3. It can be seen that inhibi- 
tion of the protein synthesis did not influence the parameters 
of  the cardiac turnover of noradrenaline in either photo- 
period, and this drug had, therefore, no influence on the 
dally rhythm. Ganglionic blockade, on the other hand, 
greatly reduced the increase in the turnover normally ob- 
served in control animals during darkness (Table 3). The 
half-life of  the :*H-noradrenaline decline increased from 6.6 
hr in control rats to 43.7 hr after chlorisondamine. During 
light, i.e. during the resting phase of  the animals, no signifi- 
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FIG. 3.6-OHDA (1 or 25 mg/kg, IV) was injected into synchronized 
rats (light: 0700-1900 hr, darkness: I900-0700 hr) either at 0800 hr or 
at 2000 hr as indicated by the arrows. NA (triangles) represents the 
cardiac noradrenaline concentrations as percent of initial values 
(0.92-0.99/zg.g ~), depicted are the means _+ SEM of 5 rats each. 
Significance between the initial noradrenaline depletion obtained 1.5 
hr after drug application in either photoperiod, i.e. at 0930 hr or at 
2130 hr: *p<0.025, fp>0.05. MA represents the motor activity of 
groups of 5 rats as registered with a two-channel Animex motimeter, 
thereby differentiating between total motor activity (_~ @) and 
the running activity (Q - - - O). For controls in motor activity see 

Fig. 2. 

cant  effect  of  ch lo r i sondamine  on the  half-life was  obse rved .  
H o w e v e r ,  the e n d o g e n o u s  cardiac  no rad rena l ine  concen t ra -  
tion was s ignif icant ly  increased  by ch l o r i s ondam i ne  in the  
per iod of  light but  not  dur ing darkness .  Such  an  increase  was  
descr ibed  ear l ier  [10] f rom expe r imen t s  which  were  appar-  
ent ly  pe r fo rmed  dur ing  the  light cycle.  

2.2 Exper imen t s  o/i m o t o r  activi ty .  During the  subacu te  
expe r imen t s  with rese rp ine  and 6 -OHDA m o t o r  ac t iv i ty  of  
groups  of  5 rats  was  con t inuous ly  recorded  with a two- 
channe l  A n i m e x  mot imete r .  As can  be seen  f rom Figs.  6 and  
7, the  daily var ia t ions  in the  mo to r  act ivi ty were  qui te  differ- 
ent ly  affected by reserpine ,  depend ing  on  w h e t h e r  the  drug 
was  applied at the beg inning  of  the l ight per iod  or  at the  
beg inning  of  the per iod of  da rkness .  F igure  6 shows  tha t  
inject ions of  reserp ine  (3 mg/kg) 1 hr  af ter  the  onse t  of  dark-  
ness  a lmost  suppressed  the  physiological  inc rease  in the  
motor  act ivi ty thereaf ter .  
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FIG. 4. Reserpine was injected at a dose of 3 mg/kg/day for 3 con- 
secutive days either always at 0800 hr or at 2000 hr. The decline of 
:~H-(-)-noradrenaline per g rat heart was determined 24 hr after the 
last dose in either photoperiod after IV injection of a tracer dose of 
:~H-(-)-noradrenaline (arrows). Co=control animals, res=reserpine 
treated rats. In the period of light the slopes of the regression lines 

control to reserpine were significantly different (,o<0.005). 
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FIG. 5. Chemical sympathectomy with 6-OHDA (see Method) was 
performed either in the period of light or in the period of darkness. 
The decline of :~H-(-)-noradrenaline per g rat heart was determined 6 
days later in either photoperiod after injection of a tracer dose of 
:~H-(-)-noradrenaline (arrows). Co=control animals, chs=chemical 
sympathectomy. In the period of light the slopes of the regression 
lines control to chemical sympathectomy were significantly different 

(p<0.025). 
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T A B L E  1 

CUMULATIVE MOTOR ACTIVITY IN SYNCHRONIZED RATS UNDER VARIOUS 
TREATMENTS 

Light Darkness 

A B A B 

12780 ± 842 3813 ± 363 68355 ± 2840 30446 ± 2764 Control 
(8) 

6-OHDA 
1 mg/kg 16764 

25 mg/kg 8007 
Chemical 
Sympathectomy 9065 

Reserpine 
0.1 mg/kg 

(2) 
3.0 mg/kg 

(3) 
Subacute 
Treatment 
(with 3 × 
3 mg/kg/d) 23256 

4179 57965 29378 
2155 60798 25639 

2172 74756 42673 

19717 6862 45537 18162 

10879 ± 2924 2765 ± 883 15806 ± 1460 4909 ± 640 

9466 51071 17946 

Cumulative motor activity (activity counts/9 hr) was registered in groups of 5 rats with 
a two-channel Animex motimeter. The animals were synchronized by alternating spans 
of light (0700 hr-1900 hr) and darkness (1900-0700 hr). A represents the total motor 
activity (channel setting 47/zA) and B represents the mainly running activity (channel 
setting 10/xA). Shown are the mean activity counts/9 hr _+ SEM, obtained after various 
treatments in either photo-period, (n)=number of experiments. For time-schedule of 
drug treatment see Material and Methods. 
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FIG. 6. Reserpine (3 mg/kg, black arrows) was injected into syn- 
chronized rats at 2000 hr on three consecutive days. Motor  act ivi ty 
of  a group of  5 rats was registered continuously with a two-channel 
Animex motimeter, thereby differentiating between total motor ac- 
t iv i ty  (47/~A, solid line) and running act ivi ty (10/~A, dashed line). 
Cardiac noradrenaline turnover was determined on the 4 t" night by 

means of  ]V  injection of  :~H-(-)-noradrenaline (open arrow). 
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FIG. 7. Reserpine (3 mg/kg, black arrows) was injected into syn- 
chronized rats at 0800 hr on three consecutive days. Motor activity 
of a group of 5 rats was registered continuously with a two-channel 
Animex motimeter, thereby differentiating between total motor ac- 
tivity (47/xA, solid line) and running activity (10/xA, dashed line). 
Cardiac noradrenaline turnover was determined on the 4 th day by 

means of IV injection of :~H-(-)-noradrenaline (open arrow). 

H o w e v e r ,  24 hr  la te r  mo to r  act ivi ty  again  inc reased  at  the  
onse t  o f  d a r k n e s s  a nd  was  immedia te ly  d e p r e s s e d  again  by  
the  fo l lowing dose  of  rese rp ine .  W h e n  rese rp ine  was  omi t ted  
in the  4 tn night  (Fig. 6) m o t o r  ac t iv i ty  was  not  total ly de- 
p re s sed  in th is  pho to-per iod :  T he  cumula t ive  act iv i ty  c o u n t s  
were  r educed  to 75% (total  m o t o r  act ivi ty)  and  59% ( running  

act ivi ty)  of  con t ro l s  (Table  1). Af te r  in jec t ion  of  reserp ine  at 
the  beg inn ing  of  the  l ight per iod  (Fig. 7) mo to r  act ivi ty was  
a lways  r educed  in the  consecu t i ve  per iod  of  da rkness .  How-  
ever ,  24 h r  af ter  the  last  dose  of  r ese rp ine  (Fig. 7) the cum- 
u la t ive  act iv i ty  c o u n t s  were  2-3 t imes  a b o v e  con t ro l s  nor-  
mal ly  reg is te red  in the  per iod  of  light (Table  1). 
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T A B L E  2 

EFFECTS OF RESERPINE AND PERIPHERAL CHEMICAL SYMPATHECTOMY WITH 6-OHDA ON BODY WEIGHT, HEART WEIGHT AND 
CARDIAC NORADRENALINE IN SYNCHRONIZED RATS 

Control Drug 

Photoperiod Body Weight Heart Weight Noradrenaline Body Weight Heart Weight Noradrenaline 
(g) (g) (/.tg.g ') (g) (g) (/zg.g -~) 

before after before after 

Reserpine 

122.9 138.1 0.457 0.94 122.5 95.5"t 0.337* 0.06 
L _+ 0.9 _+ 1.1 _+0.007 _+0.03 _+ 1.0 _+ 1.6 _+0.006 +0.004 

91.2 106.2 0.402 0.92 93.2 75.6"t 0.302* 0.04* 
D _+ 2.1 _+ 2.3 _+0.011 _+0.03 _+ 2.3 _+ 2.1 -+0.008 -+0.004 

6-OHDA 

116.7 144.0 0.514 0.90 120.1 129.0"t 0.453 0.05* 
L -+ 1.7 -+ 1.9 -+0.006 _+0.02 +- 1.2 + 1.3 -+0.007 +_0.003 

104.4 133.1 0.465 0.83 105.7 123.3"t 0.408* 0.09* 
D -+ 1.2 -+ 1.8 _+0.006 _+0.03 +_ 1.0 +_ 1.4 _+0.006 +_0.006 

Reserpine was injected at a dose of 3 mg/kg SC for 3 consecutive days either 1 hr after the beginning of the light period (L:0700-1900 hr) or 
l hr after the onset of darkness (D: 1900-0700 hr). Thirty-three hr after the last dose the rats were killed. Chemical sympathectomy with 
6-OHDA (see Material and Methods) was also performed separately in either photo-period. Rats were killed on the 6 th day. Mean 
values _+ SEM of 20-24 rats. 

*p to controls <0.001,two-tailed Student's t-test. 
-tp before to after <0.001, two tailed Student's t-test. 

T A B L E  3 

EFFECTS OF ACTINOMYCINE D AND CHLORISONDAMINE ON THE CARDIAC TURNOVER OF NORADRENALINE 

Light Darkness 

Half Life Rate Constant Noradrenaline Half-Life Rate Constant Noradrenaline 
t,/~ ,,,,, k(h ') (p.g.g ~) t~# ,h,', k(h-') (/xg.g -t) 

Control 13.1 0.0528 0.82 _+ 0.03 8.3 0.0839 0.86 - 0.04 
Actinomycine D 15.8 0.0457 0.86 +- 0.04 7.4 0.0938 0.77 _+ 0.04 

Control 10.1 0.0684 0.94 -+ 0.04 6.6 0.1055 0.89 +- 0.05 
Chlorisondamine 15.2 0.0456 1.29 _+ 0.05* 43.7 0.0158t 0.92 + 0.03 

In synchronized rats (light: 0700 hr--1900 hr, darkness: 1900-0700 hr) the parameters of the cardiac turnover of norad- 
renaline were determined separately in each photo-period from the logarithmic decline of IV injected :~H-(-)-noradrenaline. 
Actinomycine D (0.8 mg/kg SC) was injected 24 hr before and chlorisondamine (10 mg/kg IP) 0.5 hr before the labelled 
amine. The noradrenaline concentrations are mean values _ SEM of 10-15 animals. 

*p to control<0.001, two-tailed Student's t-test. 
tSIope of regression line significantly (p<0.001) different from that of control. 

In con t ras t  to reserp ine  per iphera l  chemica l  sympa thec -  
tomy wi th  6 - O H D A  pe r fo rmed  e i ther  dur ing  light or  dur ing  
da rknes s  did not  great ly  affect  the  diurnal  var ia t ions  in the  
mo to r  act ivi ty  of the  rat  (Fig. 8). Ind i rec t  s y m p a t h o m i m e t i c  
effects  of  6 - O H D A  were  only obse rved  af te r  the  initial injec- 
t ions of  the  drug in e i the r  pho to-per iod ,  af ter  the  third injec- 
t ion no  such effects  were  obse rved .  A slight inc rease  in the  
cumula t ive  runn ing  act ivi ty  was regis tered  dur ing da rknes s  
24 hr  a f te r  the  last  dose  of  6 - O H D A  (Table  1). 

DISCUSSION 

The  expe r imen t s  pe r fo rmed  in male  ra ts  s y n c h r o n i z e d  by  

a l te rna t ing  spans  of  light and  da rknes s  clear ly show that  
b iochemica l  and  behav ioura l  ef fects  of  r ese rp ine  and  
6 -OHDA are great ly  inf luenced  by  the  t ime-poin t  of  applica-  
t ion wi th in  24 hr  of  a day.  

Ear l ie r  inves t iga t ions  had  a l ready s h o w n  tha t  the turn-  
ove r  of noradrenal ine  in the  rat  heart  in vivo was  significantly 
e n h a n c e d  in the  per iod  of  da rknes s  w h e n  c o m p a r e d  wi th  the  
per iod of  light [16], resul ts  wh ich  were  r e p r o d u c e d  in the 
p re sen t  exper iments .  This  s tudy shows  tha t  also the  degree  
of initial no rad rena l ine  deple t ion  on  acu te  appl ica t ion  of  re- 
serp ine  or  6 -OHDA was signif icantly g rea te r  w h e n  the  drugs  
were  injected shor t ly  af ter  the  onse t  o f  da rkness .  In whole  
rat  bra in  a s imilar  daily r h y t h m  in no rad rena l ine  deple t ion by  
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FIG. 8. 6-OHDA was injected into synchronized rats in the light 
period. First and second dose: 25 mg/kg IV, third dose 100 mg/kg IV 
(black arrows). Motor activity of a group of 5 rats was registered 
continuously with a two-channel Animex motimeter, thereby differ- 
entiating between total motor activity (47/zA, solid line) and running 
activity (10/zA, dashed line). Cardiac noradrenaline turnover was 
determined on the sixth day by means of IV injection of :~H-(-) 

-noradrenaline (open arrow). 

reserpine has been reported [2]. The results indicate that the 
daily variations in neuronal activity as represented by daily 
variations in the amine turnover are able to modify also 
drug-induced noradrenaline release. Furthermore,  the exper- 
imental results obtained after ganglionic blockade with 
chlorisondamine indicate that daily variations in the central 
impulse flow are mainly responsible for triggering the daily 
variations in the release and turnover of noradrenaline from 
the rat heart. As earlier data had shown that the reserpine- 
induced noradrenaline depletion is partly dependent on sym- 
pathetic reflex activity [%12, 15, 26] the present results ex- 
tend these findings in as demonstrating the importance of the 
physiological daily variations in impulse flow for the action 
of  noradrenaline depleting drugs. However ,  it cannot be ex- 
cluded that also the sensitivity of the storage vesicles to 
reserpine-induced amine release exhibits daily variations as 
also daily variations in the granular vesicle count have been 
reported [28]. From these histochemical studies it was as- 
sumed that under conditions of  increased activity the forma- 
tion of  vesicles is facilitated and the mobilization of newly 
formed vesciles is enhanced [28]. 

In contrast to ganglionic blockade inhibition of the protein 
synthesis by actinomycine D had no effect on the diurnal 
rhythm of the cardiac turnover of noradrenaline. This indi- 
cates that variations in the central mediated transmitter re- 
lease are of  greater importance than daily variations in the 
synthesis of enzymes responsible for the biosynthesis of 
catecholamines. 

Though the mechanisms of the noradrenaline depletion by 
reserpine and by 6-OHDA are different [13, 14, 27] 

peripheral chemical sympathectomy as well as daily adminis- 
tration of reserpine lead to an identical decrease in the half- 
lives of the cardiac turnover of noradrenaline in either 
photo-period. After both treatments the cardiac norad- 
renaline concentrations were reduced to about 10% of con- 
trol. Interestingly, after a 21 days treatment with guan- 
ethidine, which also decreased the cardiac noradrenaline con- 
centration by about 90%, a half-life of the cardiac turnover of 
noradrenaline of 4 hr was found in the period of light [17]. 
Thus, three different drugs with different sites of action 
brought about an identical decrease in the half-life of the 
cardiac noradrenaline turnover in the period of light. These 
data support the hypothesis that a reflex mediated increase 
in sympathetic activity on peripheral noradrenaline depletion 
is of greater importance for drug-induced increase in the 
cardiac turnover of noradrenaline in vivo than the mech- 
anisms by which this depletion is brought about. Further- 
more, the present data show that concomitant depletion of 
central amine stores by reserpine had no additional effect on 
the half-life of the cardiac noradrenaline when compared 
with the effects of peripheral chemical sympathectomy. 

Whereas the central and/or peripheral sites of action of 
reserpine and 6-OHDA, resp. were not reflected in the turn- 
over experiments,  clear-cut differences in the effects of these 
two drugs were observed in the experiments on motor activ- 
ity. Aside from the initially observed short lasting decrease 
in motor activity, which can be possibly related to the indi- 
rect sympathomimetic effects of 6-OHDA [8,14], peripheral 
chemical sympathectomy did not greatly influence the diur- 
nal rhythm in the spontaneous motor activity of the r a t , -  
independent from the time of drug application. 

Daily administration of reserpine on the other hand 
greatly affected the levels and rhythm of the motor activity 
with additional influences resulting from the time of applica- 
tion of this drug. Nevertheless,  depletion of central and 
peripheral amine stores by reserpine did not completely in- 
hibit rhythmic changes in motor activity. The motility 
studies show that a time interval of  about 24 hr has to elapse 
after the last reserpine injection so that darkness can trigger 
an increase in motor activity, though the endogenous amine 
stores are almost completely depleted. 

Earlier investigations had already shown that a small 
functional transmitter pool is able to restore the neuronal 
function in central noradrenergic neurons [6] and it was 
concluded that the reappearance of adrenergic function after 
reserpine treatment is closely connected with the transport 
of newly formed amine storing granules, which have the 
greatest capacity to take up and retain catecholamines [7]. 
The half-life of this capacity in the young granules was calcu- 
lated to be about 12 hr [7]. These data are in close relation to 
the findings observed in the present study on motor activity. 
In addition, it has to be taken into account that the turnover 
of the central noradrenaline and dopamine with half-lives in 
the range of 2.3-4.2 hr, depending on the time of the day [21], 
is much faster than that of the cardiac noradrenaline [16], so 
that the effects of a small functional pool in the central ner- 
vous system will reappear much earlier. Thus, the effects ot 
reserpine observed on the diurnal variations in the motor 
activity of the rat greatly support the hypothesis of the im- 
portance of a small functional pool for various physiological 
functions. 

In conclusion, the biochemical and behavioural findings 
described in the present study clearly show temporal depend- 
encies in the effects of  noradrenaline depleting drugs in 
synchronized animals. 
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