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w a n d v e r / i n d e r u n g e n  k a n n  m i t  e ine r  S e n k u n g  des  Chole- 
s te r insp iege ls  a l le in  das  P r o b l e m  n iema l s  gel6s t  werden .  
Es  s che in t  uns  a b e r  u n t e r  Be r i i cks i ch t igung  de r  be re i t s  
v o r l i e g e n d e n  L i t e r a t u r  u n d  uns e r e r  e igenen  B e f u n d e  un -  
b e s t r e i t b a r ,  dass  die E r f o r s c h u n g  des V e r h a l t e n s  y o n  un -  
ges~tt t igten Fet t s~turen  in  i h r en  gegense i t igen  q u a l i t a t i v e n  
u n d  q u a n t i t a t i v e n  B e z i e h u n g e n  u n d  in  i h r e r  V e r t e i l u n g  
au f  die v e r s c h i e d c n e n  L i p o i d f r a k t i o n e n  u n t e r  d e n  Bed in -  
g u n g e n  des T i e r e x p e r i m e n t s  sowie b e i m  M e n s c h e n  s innvo l l  
u n d  n o t w e n d i g  ist,  k~tme doch  de r  A u f k l ~ r u n g  de r  Rol le  
de r  unges / t t t i g t en  Fet t s~turen  ffir B iochemie ,  Phys io log ie  
u n d  P a t h o l o g i c  des Gesamts to f fwechse l s  grSsste  B e d e u -  
t u n g  zu. 

Summary .  T h e  inf luence  of ch ron ic  ove r feed ing  of r a t s  
w i t h  s a t u r a t e d  (lard, c ream)  a n d  u n s a t u r a t e d  ( l inseed oil) 
fa t s  was  s t ud i ed  b y  e s t i m a t i n g  t o t a l  l ip ids  a n d  poly-  
u n s a t u r a t e d  f a t t y  acids  in  t h e  se rum.  P r e l i m i n a r y  assays  
h a d  s h o w n  t h a t  t h e  d e t e r m i n a t i o n  of f l-ketoacids,  p y r u v i c  
acid a n d  b lood  suga r  gave  no  useful  i n f o r m a t i o n  on  t h e  
r e g u l a t i o n  of t h e  i n t e r m e d i a t e  f a t  m e t a b o l i s m .  Us ing  a n  
a d d i t i o n a l  acu t e  load ing  w i t h  co rn  oil, a n d  c o m p a r i n g  t h e  
b lood  f a t  va lues  before  a n d  a f t e r  t h i s  p rocedure ,  t h e  
fol lowing resu l t s  were  o b t a i n e d :  

N o r m a l  r a t s  showed  no  changes  of t h e  va lues  f o r  t o t a l  
l ip ids  a f t e r  ch ron ic  ove r f eed ing  w i t h  s a t u r a t e d  f a t  in  com- 
pa r i son  w i t h  t h e  u n t r e a t e d  cont ro ls .  A f t e r  l inseed oil t h e  
l ip id  level  is s ign i f i can t ly  lower  a n d  t h e  r ise a f t e r  acu t e  
co rn  oi l - feeding becomes  smal ler ,  m o s t  p r o b a b l y  as a s ign 
of a n  acce l e r a t i on  of t h e  f a t  m e t a b o l i s m .  Cha rac t e r i s t i c  
changes  were seen  b y  e x a m i n i n g  t h e  2 a n d  4 t i m e s  un -  
s a t u r a t e d  l inoleic a n d  a r ach i don i c  acids.  W h i l s t  l inoleic 
ac id  shows a r ise a f t e r  feed ing  b o t h  s a t u r a t e d  a n d  un -  

s a t u r a t e d  fat ,  s t i l l  i nc reas ing  a f t e r  co rn  oil, a r a c h i d o n i c  
ac id  r e m a i n s  n e a r l y  u n c h a n g e d  b y  ch ron ic  fa t - feed ing  b u t  
falls r egu l a r l y  a f t e r  a c u t e  co rn  oil loading .  H e r e  we h a v e  
a t y p i c a l  a l t e r a t i o n  of t h e  s a t u r a t i o n  degree  of poly-  
u n s a t u r a t e d  f a t t y  acids  a f t e r  longer  per iods  of ove r feed ing  
w i t h  fats .  

I f  we p r o d u c e d  a sclerosis of t h e  m e d i a  of t h e  ao r t i c  wal l  
in  r a t s  b y  t r e a t i n g  t h e m  w i t h  ca l c i f e ro l -pa ra tho rmone ,  we 
o b s e r v e d  a s t r o n g  h y p e r l i p e m i a  w h i c h  b e c a m e  st i l l  m o r e  
p r o n o u n c e d  a f t e r  co rn  oil. The  va lues  for  l inoleic ac id  
were  also h i g h  b u t  d id  n o t  r ise a f t e r  co rn  il;  t h e  b e h a v i o u r  
of a r a c h i d o n i c  acid was  n o t  un i fo rm.  20 d a y s  l a t e r  t h e  
u n t r e a t e d  controls ,  as  well  as t h e  l a rd- fed  an imals ,  showed  
n o r m a l  d a t a .  B y  p r e t r e a t i n g  t h e  r a t s  w i t h  a d i e t  r i ch  in 
cho les te ro l  a n d  p r o t e i n  (die t  I) ,  or  r i ch  in  cho les te ro l  a n d  
c a r b o h y d r a t e  b u t  poo r  in  p r o t e i n  (die t  I I ) ,  a therosc le ros i s -  
l ike  changes  deve loped .  I n  t h e  s e r u m  of t he se  an imals ,  t h e  
l ipids  were  st i l l  more  a c c u m u l a t e d  a n d  were  h i g h e s t  a f t e r  
a c u t e  co rn  oil loading.  T h e  va lues  for  l inoleic acid were  
scarce ly  a l t e r ed  b y  co rn  oil;  t h e  a r ach idon i c  ac id  was  low 
a f t e r  d i e t  I a n d  I I  a n d  inc reased  a f t e r  20 d a y s  to  a n  un -  
u sua l l y  h i g h  level.  T o t a l  l ip id  va lues  a n d  t h e  r eac t i on  to  
l a rd  feeding  were  n o r m a l i z e d  a f t e r  20 days .  

O u r  f ind ings  a re  d iscussed  a n d  c o m p a r e d  w i t h  some  
fac t s  to  be  f o u n d  in  t h e  l i t e r a tu re .  E v e n  if t h e  i m p o r t a n c e  
of p o l y u n s a t u r a t e d  f a t t y  acids  for  h u m a n  a thcrosc le ros i s  
is n o t  y e t  to  b e  j udged ,  f u r t h e r  i n v e s t i g a t i o n  in  t h i s  f ield 
seems h i g h l y  jus t i f ied ,  cons ide r ing  t h e  c o m p l e t e  l a c k  of 
e x a c t  knowledge  of t h e  f u n c t i o n a l  s igni f icance  of t he se  
s u b s t a n c e s  for  bas ic  m e t a b o l i c  processes  u n d e r  p h y s i o -  
logical  a n d  pa tho log i ca l  cond i t ions .  

S. MARKEES 

Medizinische Pol ik l in ik  Basel, 27. M a r z  1961. 

S T U D I O R U M  P R O G R E S S U S  

The  Adrenal  Cycle in Men on  Different 
Schedules  of Motor  and Menta l  Act iv i ty  x 

T h e  c i r cad i an  2-6 cycle  of t h e  m a m m a l i a n  a d r e n a l  
cor tex ,  a n  e n d o c r i n e  e n t i t y  i n t i m a t e l y  r e l a t ed  to  ove r -a l l  
m o t o r  a n d  m e n t a l  a c t i v i t y  e,7, is n o t  a d i r ec t  or  i m m e d i a t e  
' r e sponse '  to  t h e  ac t iv i t i e s  of e v e r y d a y  life. F i r s t ,  t h e  
r h y t h m  of b lood  eos inophi ls ,  a d m i t t e d l y  a n  i nd i r ec t  index ,  
pe rs i s t s  in  m e n  ac t ive  more  or  less c o n t i n u o u s l y  for  t wo  
consecu t i ve  d a y s  in  t h e  a b s e n c e  of o v e r t  sleep, on  a 
d e m a n d i n g  schedu le  of s a m p l i n g  a n d  l a b o r a t o r y  work ,  
ca r r i ed  o u t  w i t h  r e s t  pe r iods  of o n l y  s h o r t  d u r a t i o n  for  
e a t i n g  a n d  o t h e r  essen t i a l  needs  3. Second,  t h e  onse t s  of t h e  
c i r cad i an  per iod ic  decrease  i n  b lood  eos inophi l s  8 a n d  of 
t h e  rise in  t h e  co r t i cos t e rone  c o n t e n t  of m o u s e  s e r u m  9,10, 
w h i c h  a re  p r e p a r a t o r y  to  a c t i v i t y  7, u sua l ly  l e a d - i n - p h a s e  
t h e  m a j o r  da i l y  b u r s t s  in  gross  m o t o r  behav io r .  A p a r t  
f r o m  t h e  d i r ec t  a n d  w e l l - k n o w n  a d r e n a l  cor t i ca l  ' re-  
a c t i o n s '  t o  e n v i r o n m e n t a l  s t i m u l i  e l ic i t ing  ac t i v i t y ,  t h e  
s p o n t a n e o u s  phys io logic  a c t i v a t i o n  of t h i s  g l a n d  seems to  
occur  d u r i n g  sleep or  r e s t L  O t h e r  a spec t s  of t h e  r e l a t i o n  
b e t w e e n  c i r cad i an  per iod ic  b o d y  a c t i v i t y  a n d  t h e  a d r e n a l  
co r t i ca l  cycle,  such  as  p h a s e - s h i f t s  a n d  p h a s e : d r i f t s ,  also 
h a v e  b e e n  explored ,  a t  l eas t  in  t h e  m o u s e  ~,n,12, b y  cos ine-  
ph i l  counts ,  and ,  m o r e  r e c e n t l y  a n d  m o r e  d i rec t ly ,  b y  
h o r m o n e  d e t e r m i n a t i o n s  in  t h e  b lood  g,l° a n d  t h e  a d r e n a l  
g l a n d  i t se l f  13 of t h e  s ame  species.  

I n  t h e  mouse ,  h o r m o n e  r h y t h m s ,  a m o n g  o thers ,  c a n  b e  
s t ud i ed  b y  ser ia l ly  i n d e p e n d e n t  s a m p l i n g  14 in  t h e  a b s e n c e  
of effects  f rom s a m p l i n g  as such,  w h i c h  in  i tsel f  is a power -  

ful  e n v i r o n m e n t a l  s t imulus .  T h r o u g h  t h e  use, a t  consecu-  
t i v e  t i m e  poin ts ,  of s e p a r a t e  g roups  of a n i m a l s  t h a t  a re  
c o m p a r a b l e  in  t e r m s  of s t ra in ,  sex, age, a n d  h i s t o ry ,  
h i g h l y  s ign i f i can t  s a m p l i n g  effects  ~5 c a n  be  con t ro l l ed  in  
t h i s  species.  
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The question of sampling effects, however, is more 
difficutt to handle in human  beings studied by conven- 
t ional venipuncture although the rhy thm of cortical 
adrenal hormones in human  urine xs and blood x~-~9 is well- 
established. Data  on the plasma 17-hydroxycorticosteroid 
rhy thm of men not  awakened by venipuncture then are of 
interest, particularly if sleep can be verified by electro- 
encephalograms recorded during blood withdrawal. In  
results thus obtained, sampling effects probably are mini- 
mized. One might thus explore the question whether, a s  
has been postulated 7, the major endogenous adrenal 
cortical activation occurs during actual sleep. The possi- 
bility tha t  awakening, as such, may result in the circadian 
rise of plasma 17-hydroxyeorticosteroid could thus be 
ruled out. 

Data  per t inent  to these problems recently became 
available from work on the relation of the adrenal cycle 
to circadian changes in the electroencephalogram, re- 
corded with concomitant  frequency analysis (to be re- 
ported elsewhere 2o). Two groups of subjects were involved. 
One of these, Group I, was composed ot 13 normal mature 
males, 22 to 35 years of age. These individuals rested 
during the night. By day, they followed their habi tual  
activities as medical school staff. From some of the Group I 
subjects the sample of blood was withdrawn through an 
indwelling venous catheter without disturbance of sleep 
and this was verified electroencephalographically as well 
as behaviorally. In  other Group I subjects, despite the 
catheter, sampling was associated with drowsiness or 
awakening. 

Group I I  consisted of three of the experimenters, who 
also carried venous catheters. These subjects had followed 
their regular hospital staff activities during the day pre- 
ceding the s tar t  of sampling and they did not  go to bed 
during the entire period of the study. Group I I  subjects 
were engaged, moreover, in almost continuous mental,  if 
not  gross motor, activity. They sat down only for short 
periods, t ha t -d id  not  exceed 30 rain and were spread 
irregularly over the day and the night. The activities of 
Group I I  subjects included the withdrawal of samples, 
around the clock, from the Group I subjects and from each 
other, the operation of the electroencephalograph, of the 
frequency analyzer and other aspects of experimental 
work (e.g. preparation of test tubes, labeling of samples, 
recording of data). 

The Figure, left, shows the significant circadian periodic 
change in plasma 17-hydroxycorticosteroids of Group I 
subjects, active by day bu t  resting by night. For the 
hours of rest two curves are shown, one including the 
values obtained during sleep or drowsiness (Group I curve), 
the other excluding the lat ter  values (Group I a curve). 
The curves are similar. 

Sampling was not  frequent-enough to examine short- 
term changes, e.g. possible 90-rain cycles in plasma 17- 
hydroxycorticosteroid behavior of sleeping men 21. But  
despite the considerable scatter of individuM values, in the 
presence as well as absence of electroencephalographically 
ascertained sleep, the nocturnal  rise of plasma 17-hydroxy- 
corticosteroids s t ands  out  clearly in these subjects 
habi tual ly active by  day and resting by night while they 
adhered to the same rest and activity schedule during the 
experimental period--some of them without interrupt ion 
of sleep. Some of the individual sleep values were much 
higher than  the group mean for the corresponding period. 

Group II  behavior is compared to tha t  of Group I in 
the right half of the Figure. First  of all, the adrenal 
hormone rhythm in plasma persists in the experimenters, 
Group II ,  who were more or less continuously active for 
two 24 h periods. The cyclic changes in Group I I  (as coin- 

pared to Group I) are apparent ly characterized by  (1) a 
higher over-all level, by  (2) a greater peak-to-trough 
difference and by  (3) a shortening of the interval  between 
consecutive peaks, suggesting an acceleration of the 
adrenal cycle. 

The Group I I  curve is based upon a limited number  (26) 
of determinations (see right top of Figure). The curve 
serving (as the standard o f  reference) for comparison with 
Group II ,  however, comprises 156 determinations (for 
number  of determinations see Group I, left top of Figure). 
The total  qf 172 determinations may suffice to support 
the foregoing interpretation ; the latter must  be qualified, 
however, as being applicable only to the type of 'con- 
t inuous '  activity involved in this s tudy and to the partic- 
ular stage of adrenal cycle in which novel activities were 
begun, i.e. the early ascending stage of the circadian 
plasma 17-hydroxycorticosteroid rhythm. Seasonal effects 
and other intercurrent  (e.g. metereologic) sources of 
variation are unevaluated herein. Moreover, the trans- 
verse profiles 22 of this s tudy involve determinations on 
several subjects Ior relativelyshort  periods, yet  theyshould 
approximate the behavior of such a group over many  
cycle lengths. The significance of such transverse profiles 
depends upon replications on other occasions. From this 
viewpoint the current  s tudy may, perhaps, be regarded as 
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Time-course of adrenal cycle in normal mature human males. Group I 
subjects, on a schedule of diurnal activity and nocturnal rest and 
sleep (N ~ 13). Group II subjects active by day and by night, with- 
out sleep (N = 3). Group I curve is the same in both halves of Figure; 
ordinates show different scales for the plasma 17-hydroxyeorticoid 
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a replication of the blood eosinophil profiles of normal men 
on different schedules of activity,  studied earlier 6 with 
similar results. 

Conclusions. The adrenal cortical cycle evaluated by 
plasma 17-hydroxycorticosteroid levels persists in heal thy 
mature men sleeping undisturbed, whi le  their  blood is 
withdrawn through indwelling venous catheters. This 
cycle persists also in subjects continuously active for two 
days, mental ly  as well as physically. Moreover and a t  
least for two days, continuous 'overall '  ac t ivi ty  in man 
actually enhances, rather  than obliterates~ ,the adrenal 
cortical cycle. More specifically, motor  or mental  act ivi ty  
continued for 48 h raises the peak-to-trough difference of 
the plasma 17-hydroxycorticosteroid rhythm; with an 
associated increase in overall hormone level, while the 
cycle's length shortens during the 24 h period following 
a first wakeful night. 

These findings are viewed in the context  of earlier work, 
showing (1) the persistence of the adrenal cycle evaluated 
by serially independent sampling on the I mouse, in the 
absence of intentional stimulation 14, even in constant 
darkness it, and (2) the persistence of a predominating 
circadian period (rather than pr imary 12 h period) in the 
eosinophil rh3rthm of human beingssubjected to a drastic 
12 h stressor schedule 9, 22,,2 until ' regressed'  and disoriented 
in time. 

In mice and man, the adrenal cycle thus constitutes an 
endocrine ent i ty  in its own right and it  is not simply 
'persisting from within while impressed from wi thout ' ;  
its circadian periodic behavior, an aspect of functional 
integration 5,2., underlies our adaptat ion to changes in 
schedules 24. Information on the adrenal cycle is of prac- 

tical interest in dealing with many  facets of temporal  co- 
ordination in human physiology, ranging from the sched- 
uling of activities on earth to the planning of routines for 
life in aerospace 2s. 

Zusammen[assung. Der ven6se Plasmaspiegel von 17- 
Hydroxycorticosteroiden, als Mass der Nebennieren- 
r indenaktivi tSt  verwendet,  wurde bei gesunden jungen 
M/innern mit  Hilfe von Verweilkathetcrn in regelm~ssigen 
Abstiinden bestimmt. Die Corticoidsekretion steigt und 
fiillt circadisch-periodisch. Aueh bei (durch EEG) kontrol- 
liertem ungest6rtem Schlaf oder bei fiber 48 h anhalten- 
der k/Jrperlicher und geistiger Arbeit  wird der Sekretions- 
rhythmus nicht gest6rt, dutch die Dauerakt ivi tSt  sogar 
verst~rkt.  Der circade Sekretionsrhythmus ist also weit- 
gehend unabh/~ngig vom Aktividitsgrad des Organismus. 
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