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Basis  ve r sch iedene r  Quecks i lbe r -Verb indungen ,  j edoch  
n i c h t  L indan ,  wirken,  b e r i c h t e t e n  mehre re  A u t o r e n  ~0 24. 
Die in  den  e igenen  U n t e r s u c h u n g e n  v e r w e n d e t e n  Beiz- 
m i t t e l  m i t  o rgan i schen  H g - V e r b i n d u n g e n  als W i r k -  
s u b s t a n z e n  ohne  L i n d a n - Z u s a t z  ze ig ten  ke ine  polyploidie-  
aus l6sende  W i r k u n g .  
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Summary. After  t r e a t m e n t  of Hordeum vulgare, Secale 
cereale, Triticum aestivum a n d  Avena sativa w i t h  L i n d a n -  
c o n t a i n i n g  seed dressings,  the  somat i c  ch romosomes  in t he  
roo t  t ip  mi toses  were analyzed.  Most  of t he  c h r o m o s o m e  
sets  in t he  roo t  t ip  cells h a v e  been  polyploidized.  Us ing  
pure  L i n d a n  (y-hexachlorocyclohexane) ,  i t  could be  s h o w n  
t h a t  th i s  insect ic ide  is respons ib le  for t he  i n d u c t i o n  of 
polyploidy.  
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D a i l y  F l u c t u a t i o n s  i n  A d r e n a l  C a t e c h o l a m i n e  C o n c e n t r a t i o n  1 

The  u n i q u e  a r r a n g e m e n t  of t he  m a m m a l i a n  ad rena l  
g land  as two  concen t r i c  o rgans  of d i f fe rent  e m b r y o n i c  
origins has  p rovoked  cons iderab le  i n t e r e s t  in  t he  possible  
func t iona l  i n t e r ac t i ons  be t w een  t h e  cor tex  and  medul la .  
U n t i l  t h e  las t  few years  t he  s ignif icance of t h e i r  j u x t a -  
pos i t ion  was no t  unders tood .  However ,  i t  now genera l ly  is 
accep ted  t h a t  glucocort icoids,  ac t ing  v ia  an  i n t r a - a d r e n a l  
vascu la r  sys tem,  induce  t he  syn thes i s  of t he  m e d u l l a r y  
enzyme  which  ca ta lyzes  t he  t e r m i n a l  s tep in ep inephr ine  
s y n t h e s i s <  I n  l igh t  of t he  l a t t e r  f inding,  the  p re sen t  
s t u d y  was u n d e r t a k e n  to  d e t e r m i n e  w h e t h e r  t h e  cate-  
cholamines ,  l ike t h e  glucocort icoids,  f l uc tua t e  w i t h  a 
c i rcad ian  per iodic i ty .  

Materials and methods. Anima l s  used in t he  p r e sen t  
s t u d y  were a d u l t  (250-350 g), male ,  Sp rague -Dawley  
(Charles River)  rats .  E a c h  s t u d y  was l imi t ed  to an ima l s  
of t he  same s h i p m e n t  t h a t  h a d  been  housed  2 r a t s  pe r  
cage for a t  leas t  2 weeks u n d e r  cond i t ions  of cont ro l led  
l i gh t ing  ( f luorescent  i l l u m i n a t i o n  f rom 04.00-18.00 h and  
t e m p e r a t u r e  (24-1- 1 ~ P u r i n a  l a b o r a t o r y  chow and  t a p  
w a t e r  were ava i l ab le  ad  l ib i tum.  I n  t he  f i rs t  s tudy ,  r a t s  
were t r an s f e r r ed  to  i n d i v i d u a l  cages 3 days  pr io r  to  t he  
expe r imen t .  I n  t h e  second s t u d y  ra t s  were t r an s f e r r ed  to 
i nd iv idua l  cages 3 days  pr ior  to  t he  e x p e r i m e n t  a n d  
h a n d l e d  dai ly  in  order  to  fami l ia r ize  t he  an ima l s  w i t h  
e n t r y  to  t h e  a n i m a l  quar te r s ,  cage open ing  a n d  r e m o v a l  
f rom cage. To f u r t h e r  s t anda r d i ze  condi t ions ,  t he  a n i m a l  
qua r t e r s  were locked pr io r  to  b o t h  e x p e r i m e n t s  a n d  no t  
en te r red  du r ing  t he  18 h p reced ing  t he  expe r imen t .  All 
t r e a t m e n t  and  col lect ion p rocedures  were done  outs ide  
the  a n i m a l  qua r t e r s  and  were c o n d u c t e d  accord ing  to  

a comple te ly  r andon l i zed  design. I n  all cases r a t s  were 
r e m o v e d  i n d i v i d u a l l y  f rom t h e  a n i m a l  qua r t e r s  to  a n  
a d j a c e n t  p r e p a r a t i o n  room where  t h e y  were r a p i d l y  de- 
c a p i t a t e d  ( <  20 sec a f t e r  cage opening) .  The  ad rena l s  
were qu ick ly  removed ,  c leaned  and  weighed i nd iv idua l l y  
to  t he  nea re s t  0.1 rag. I m m e d i a t e l y  the rea f te r ,  t h e y  were 
f rozen a n d  p laced  in sma l l  p o l y e t h y l e n e  capsules  for 
s torage  ( --  20 ~ 

Adrena l s  were f luoromet r icMly  ana lyzed  for norepine-  
p h r i n e  (NE) and  ep ineph r ine  (E) c o n t e n t  fol lowing ex- 
t r a c t i o n  w i t h  0.4 N perchlor ic  acid. Di f fe ren t ia l  de te rmi -  
n a t i o n  of t he  amines  was pe r fo rmed  us ing  a p rocedure  
s imi la r  to  t h a t  descr ibed b y  WEIL-MALHERBER 3 for esti-  

m a t i o n  of t o t a l  c a t e c h o t a m i n e  c o n t e n t  in  h u m a n  urine.  
S ta t i s t i ca l  p robab i l i t i e s  were d e t e r m i n e d  b y  ana lys i s  of 
va r i ance  and  S t u d e n t ' s  t- test .  

Results. E x p e r i m e n t  1. As shown  in F igure  1 and  
Tab le  I, s ign i f ican t  pe r iod ic i ty  was obse rved  in  ad rena l  E 
c o n c e n t r a t i o n  (F = 3.37, d.t. = 7/55, P < 0.05). P e a k  
va lues  occur red  a t  01.00 h and  t r o u g h  va lues  were 
obse rved  a t  07.00 h. The  24-h m e a n  equa led  314 q- 63 

t~g/g. 
The  co r respond ing  N E  c o n c e n t r a t i o n s  are i l l u s t r a t ed  in 

F igure  2 a n d  Tab le  I. A l t h o u g h  t he  24-h f luc tua t ions  were 

1 Supported by U.S.P.H.S. Grant No. NS-08929. 
2 R. J. WURTMAN, L. A. POttORECKY and B. S. ]3ALIGA, Pharmac, 

Rev. 2d, 411 (1972). 
3 H. WEIL'MALHERBE, in Methods of Biochemical Analysis (Ed. D, 

GLIeK; J. Wiley and Sons, New York 1968), vol. 16, p. 293. 

Table I. 24-h changes in adrenal norepinephrine (NE) and epinephrine 
(E) in male rats (Exp. 1) 

Clock time (h) NE E 

10.00 11.3 4- 8.7 �9 (8) ̀0 
13.00 64.9 4- 23.8 (8) 
16.00 73.0 4- 35.2 (8) 
19.00 36.1 4- 18.8 (7) 
22.00 15.64- 3.4 (8) 
Ol.OO 20.3 4- 8.5 (8) 
04.00 40.8 4- 10.8 (8) 
07.00 27.2 4- 5.7 (8) 

24-h Mean 42.5 4- 9.0 

Table II. 24-h changes in adrenal norepinephrine (NE) and epi- 
nephrine (E) in male rats (Exp. 2) 

Clocktime (h) NE E 

202.2 4- 67.1 (8) 08.00 
168.1 4- 74.6 (8) 11.00 
274.8 ~2 53.7 (8) 14.00 
174.9 4- 50.5 (7) 17.00 

20.00 
310.6 4- 124.4 (8) 23.00 

1012.7 4- 396.6 (8) 02.00 
207.0 4- 71.2 (8) 05.00 
140.4 4- 33.3 (8) 08.00 
313.5 4- 63.0 24-h Mean 

18.1 4- 4.1a (7)'o 
31.9 4- 12.8 (8) 
35.9 q- 7.7 (7) 
67.9 4- 32.8 (8) 
28.7 4- 10.9 (8) 
27.24- 7.2 (8) 
20.7 q- 3.0 (8) 
20.4 4- 4.9 (8) 
14.6 • 4.2 (7) 
29.8 4- 4.6 

158.2 4- 29.2 (7) 
282.8 4- 68.8 (8) 
264.8 4- 43.2 (7) 
117.9 • 21.6 (8) 
305.4 -4- 79.9 (8) 
419.2 4- 109.8 (8) 
251.8 4- 75.1 (8) 
282.9 4- 71.6 (8) 
233.8 4- 76.5 (7) 
259.1 4- 24.4 

Mean q- S.E.; {xg/g. b Number of animals/time point, a Mean -4- S.E. ; [zg/g. b Number of animals/time point. 
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not  s ignif icant  according to analysis of var iance  (F = 
1.34, d.f. = 7/56, P > 0.05), comparison of the  highest  
(73.0 btg/g at  16.00 h) and lowest (11.3 b~g/g at  10.00 h) 
means  showed a 6 �89 fold increase. 

E x p e r i m e n t  2. Adrenal  E concent ra t ion  showed a 
per iodic i ty  dur ing the  24-h l igh t -dark  cycle consistent  
wi th  tha t  observed in the  first  exper iment  (Figure 1 and 
Table  I I ) ;  peak  values  occurred at  23.00 h and t rough  
values  occurred at  17.00 h. However ,  in contras t  to the  
first  exper iment ,  s ta t is t ical  significance was not  demon-  
s t ra ted for the  f luc tuat ions  in adrenal  E concent ra t ion  
(F = 1.53, d.f. = 8/60, _P > 0.05). Comparison of the  
highest  ca techolamine  mean  (419 Fg/g) dur ing the 24-h 
per iod wi th  the  lowest  (118 btg/g) showed a 3~/2 fold in- 
crease in epinephr ine  concentra t ion,  and this  difference 
was signif icant  a t  the  P < 0.05 level. 

Consis tent  wi th  the  first  exper iment ,  adrenal  N E  
levels showed peak  values  in the  af ternoon and th rough  
values in the  morn ing  (Figure 2 and Table  II) .  

Discussion. Because of the  wide range of ca techolamine  
concentrat ions,  i t  is diff icult  to s ta t is t ica l ly  demons t ra te  
circadian per iodic i ty  wi th  rout ine  procedures.  However ,  
the  reproducib i l i ty  of the  non-stress curves in the  present  
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Fig. 1. Daily variation in adrenal E concentration. In this and sub- 
sequent figure, the mean values are expressed as % of the 24-h 
mean, i.e., relative variation. 

s tudy,  along wi th  tha t  previous ly  repor ted  for the  ra t  4 
and hamste r  5, offers considerable evidence t h a t  adrenal  
N E  and E f luc tuate  marked ly  dur ing a 24-h period. In  
the  present  study,  the  per iodic i ty  in N E  and E concentra-  
t ion was character is t ical ly  circadian. In  bo th  exper iments  
N E  concent ra t ion  was highest  dur ing the  af ternoon and 
E showed peak  values  dur ing the  late evening and early 
morning  hours. 

These da ta  are consis tent  wi th  t h a t  recent ly  repor ted  
for the  hams te r  5 bu t  contrasts  somewhat  wi th  tha t  
previous ly  repor ted  for the  ra t  4. In  the  non-hiberna t ing  
hamster ,  adrenal  N E  levels were highest  dur ing the  
morning  hours and peak E values  occurred dur ing the  
l ights-off  period of the  l ight -dark  cycle. In  contrast ,  
SC~SVZNG et  al. ~ observed peak  E levels in the  ra t  dur ing 
the  late  morning  hours, approx imate ly  12 h earlier t han  
t h a t  observed in the  present  s tudy.  The la t te r  d iscrepancy 
m a y  in par t  reflect  the differences in env i ronmenta l  and 
exper imenta l  conditions.  

In  l ight  of the  fact  t h a t  the  enzyme necessary for 
me thy la t ion  of lYE is ac t iva ted  by  glucocorticoids, the  
re la t ionship be tween the  ca techolamine  curves and tha t  
previous ly  repor ted  for p lasma cort icosterone levels is of 
considerable interest .  Peak  p lasma cort icosterone levels  
in male rats housed under  the  control led envi ronmenta l  
condit ions of this l abora tory  occur at  17.00 h a, jus t  af ter  
the  crest of N E  and 5 h prior  to the  peak  in E. Although,  
evidence exists which suggests t ha t  glucocorticoid avai la-  
b i l i ty  is not  an impor t an t  factor  in the  minu te - to -minu te  
changes in the  ra te  of E synthesis  =, i t  is t emp t ing  to 
suggest t h a t  the  la te  evening rise in adrenal  E concentra-  
t ion may,  in par t  reflect  the dai ly r h y t h m  in adrenocort i-  
cal secretion. 

Regardless  of the  mechanisms involved,  the  results  of 
the  present  s tudy  offer fur ther  evidence t h a t  the  concen- 
t ra t ion  of adrenal  N E  and E v a r y  dur ing a 24-h period 
wi th  a reproducible  frequency.  The physiological signifi- 
cance of the  ca techolamine  f luctuat ions  is not  readi ly  
apparent .  However ,  the  need for recognizing the  rhy thmic  
na ture  of the  medul la ry  hormones  in subsequent  research 
is obvious.  

Zusammen/assung. Fests te l lung eines T a g - N a c h t - R h y t h -  
m u s d e r  Konzen t ra f ion  yon Adrenal in  und Noradrenal in  
in den Nebennieren  yon Ra t t en .  
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Fig. 2. Daily variation in adrenal NE concentration. 
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