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was  e m p l o y e d  to  p r o v i d e  l i gh t  s t i m u l i  of v a r y i n g  d u r a t i o n s  
to  t h e  p inea l  body .  E lec t r i ca l  a c t i v i t y  was  m o n i t e r e d  v i a  
a T e k t r o n i x  122 ampl i f i e r  c o n n e c t e d  to  a T e k t r o n i x  502 
oscilloscope. 

The  on ly  p o t e n t i a l s  obse rved  h a v i n g  a p inea l  or ig in  
were sus ta ined ,  low a m p l i t u d e  spikes  w i t h  a f r e q u e n c y  of 
5-10/see  w h i c h  were  d e t e c t e d  w h e n  a wick  e lec t rode  was  
on  t h e  m o s t  ba sa l  r e m n a n t  of t h e  p inea l  s ta lk .  T h e y  were  
n o t  in  a n y  w a y  in f luenced  b y  changes  of i l l umina t ion .  
MORITA 1 desc r ibed  s imi la r  t r a i n s  of impulses  f rom v e n t r a l  
pos i t ions  in  t h e  p igeon  p inea l .  

T h e  p inea t s  of 12 E n g l i s h  spa r rows  (Passer domesticus), 
30-120 d a y s  of age, p r e p a r e d  acco rd ing  to  m e t h o d s  3 a n d  
4 above ,  fa i led t o  show a n y  a c t i v i t y  r e l a t ab l e  to  changes  
of i l l u m i n a t i o n  b u t  d i d  w i t h  wick e lec t rode  record ings  
e x h i b i t  s p o n t a n e o u s  spikes  l ike those  of t h e  quai l  p ineal .  

T h e r e  a p p e a r s  to  be  a co r re l a t ion  b e t w e e n  r eco rdab le  
e lectr icM a c t i v i t y  a n d  degree  of d e v e l o p m e n t  of p r e s u m e d  
p h o t o r e c e p t o r s  in  p inea l  complexes .  Th i s  is be s t  s u p p o r t e d  
b y  s tud ies  of frogs, whose  p inea l s  are e lec t r ica l ly  respon-  
sive to  l i gh t  ~,s a n d  c o n t a i n  recogn izab le  p h o t o r e c e p t o r  
un i t s  s imi la r  to  those  of t he  v e r t e b r a t e  l a t e ra l  eye 4. The  
ev idence  f rom l igh t  mic roscopy  c o n c e r n i n g  t h e  poss ib i l i ty  
of p h o t o r e c e p t o r s  in  b i rd  p inea l  bod ies  is conflictingS,% 
E l e c t r o n  m i c r o g r a p h s  revea l  t he  p resence  of recep tor - l ike  
s t ruc tu res ,  b u t  t h e y  do  n o t  a p p e a r  to  b e  t yp i ca l  p h o t o -  
recep tors ,  T h e y  genera l ly  a re  desc r ibed  as r u d i m e n t a r y  ~,s 
a n d  as  l ack ing  a wel l -deve loped  o u t e r  s e g m e n t  9-n .  How-  
ever,  t h e  n e g a t i v e  f ind ings  to  d a t e  are  a n  i n a d e q u a t e  
s ample  on  w h i c h  to  base  conclus ions  a n d  do n o t  exc lude  
the  poss ib i l i ty  t h a t  some b i rds  m a y  h a v e  p inea ls  t h a t  a re  
p h o t o r e c e p t i v e  in t he  c o n v e n t i o n a l  sense. W i t h i n  o t h e r  
p h y l a  t he re  a re  g rea t  v a r i a t i o n s  in  t h e  degrees  of deve lop-  
m e n t  of t h e  p inea l  complex .  Th i s  is n o t a b l y  t r u e  in 
Rept i l i a ,  some  of wh ich  h a v e  h igh ly  d i f f e r en t i a t ed  p h o t o -  

r e c e p t i v e  u n i t s  l ,  as p a r t  of t h e i r  p inea l  c o m p l e x  whi le  in  
o t h e r s  a p inea l  m a y  be  a b s e n t  13,1L 

~dsumd. D a n s  l ' 6p iphyse  de 2 esp6ces d ' o i s eaux  il n ' a  
pas  6t6 poss ible  de d 4 m o n t r e r  u n e  r e l a t i on  e n t r e  le po ten -  
t iel  61ectrique e t  les v a r i a t i o n s  d ' i l l umina t i on ,  On  p e u t  en  
conc lure  que  chez  ces o i seaux  l ' 6p iphyse  n ' e s t  pas  u n  
p h o t o r 6 c e p t e u r  d a n s  le sens  conven t i onne l .  
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F r e e  Amino Acids in Blood Serum of Hedgehogs in Deep Hypothermia and after Spontaneous 
A r o u s a l s  1 

V e r y  l i t t l e  i n f o r m a t i o n  is ava i l ab l e  conce rn ing  t h e  rela-  
t i on  of n i t r ogen  m e t a b o l i s m  to  n a t u r a l  m a m m a l i a n  h ibe r -  
na t i on .  I n  general ,  no  ' d i s t u r b a n c e s '  are  cons ide red  to  
occur,  b u t  a q u a n t i t a t i v e  r e d u c t i o n  is e v i d e n t  in  h ibe r -  
n a t i n g  an ima l s  ~. I n  r e c e n t  years  more  a t t e n t i o n  ha s  been  
p a i d  to  t h e  pe r iod ic i ty  of m a m m a l i a n  h i b e r n a t i o n  a n d  
m a n y  of t h e  o lder  d a t a  ove r look ing  t h i s  p o i n t  h a v e  h a d  
to  b e  rechecked .  W i t h  con t ro l l ed  e x p e r i m e n t s  i t  a p p e a r e d  
t h a t  t h e  n o n - p r o t e i n  n i t r o g e n  (NPN)  of t h e  b lood  was 
lowes t  in  a n i m a l s  (Citellus lateralis) in  deepes t  h i b e r n a t i o n ,  
b u t  a g r a d u a l  increase  of N P N  t o w a r d s  t i le  end  of t he  
h y p o t h e r m i a  pe r iod  was  n o t  obse rved  a. No rise of t h e  
b lood  u rea  level  could  be  d e m o n s t r a t e d  d u r i n g  t he  h y p o -  
t h e r m i a  pe r iod  a t  t h e  a p p r o a c h  of s p o n t a n e o u s  a rousa l  or  
in  a roused  hedgehogs  (Erinaceus europaeus L.)~. Changes  
in  b lood c r ea t i ne  levels  h a v e  been  d e m o n s t r a t e d  d u r i n g  
t h e  h i b e r n a t i o n  cycle  5. 

T h e  p r e s e n t  r e p o r t  descr ibes  t h e  b lood  s e r u m  free 
a m i n o  acid levels  f o u n d  in  h e d g e h o g  in m i d w i n t e r  in  deep  
h y p o t h e r m i a  a n d  a f t e r  s p o n t a n e o u s  a rousa l  as well  as in 
ac t ive ,  a w a k e  a n i m a l s  ou t s ide  t h e  h i b e r n a t i o n  season. 

H i b e r n a t i n g  a n i m a l s  were  caged in a c o n s t a n t  a m b i e n t  
t e m p e r a t u r e  of 4 °C. The  a n i m a l s  were t r a n s f e r r e d  in th i s  
h i b e r n a c u l u m  on Oc tobe r  27. No food or  w a t e r  was  ava i l -  

ab le  to  t h e m .  T h e  h i b e r n a t i o n  was supe rv i sed  b y  con-  
t i n u o u s  b o d y  t e m p e r a t u r e  m e a s u r e m e n t s  f rom each  
a n i m a l  v i a  ch ron ica l l y  i m p l a n t e d  t h e r m o c o u p l e s  6. Sam-  
p l ing  was  done  in  m i d w i n t e r  a f t e r  a b o u t  21/, m o n t h s  
h i b e r n a t i o n .  A t  t h a t  t i m e  t h e  a n i m a l s  h a d  u n d e r g o n e  
15-18 u n d i s t u r b e d ,  s p o n t a n e o u s  a rousa l s  a n d  en t r i e s  i n t o  
deep  h y p o t h e r m i a .  T h e  h y p o t h e r m i c  g r o u p  was  ki l led 
a f t e r  3 -4  days  in deep  h y p o t h e r m i a .  B lood  samples  f r o m  
s p o n t a n e o u s l y  a roused  a n i m a l s  w i t h  ' n o r m a l '  b o d y  t e m -  
p e r a t u r e  were  w i t h d r a w n  3 h a f t e r  t h e  i nc rea s ing  b o d y  
t e m p e r a t u r e  h a d  r eached  15°C. T h e  con t ro l  g roup  of 
n o r m o t h e r m i c  an ima l s  was  composed  of an ima l s  a w a k e  
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in spring,  col lected f rom t h e  wild, fed in t he  l abo ra to ry  
for 2 weeks and  fas ted  for 1 day  before sampl ing.  

Blood samples  were  t aken  by  h e a r t  punc tu re .  Ana lyses  
w e r e m a d e  f rom blood serum.  The samples  were t r e a t e d  
by  the  m e t h o d  of STEIN and  ~3/[OORE 7 and  s to red  a t  
- - 2 5 ° C  before analysis .  Analyses  were  r u n  wi th  t h e  
B e c k m a n  ® ' U n i c h r o m '  amino  acid ana lyze r  s,9. P e a k s  
were  ident i f ied  b y  runs  w i th  s t a n d a r d  m i x t u r e s  and  b y  
ra t ios  ca lcu la ted  f rom absorp t ions  a t  440 a n d  570 n m  ~°. 

Us ing  th is  me thod ,  g lu tamine  and  aspa rag ine  emerge  
as a s ingle peak.  The  values  for g lu tamic  acid are  p r e sen t ed  
wi th  r e se rva t i onL  At  least  t h e y  m a y  be r ega rded  as in- 
d icat ive ,  since the  t r e a t m e n t  of samples  was  in  eve ry  case 
identical .  Cyst ine  c a n n o t  be d e t e r m i n e d  by  th is  m e t h o d  L 

A general  su rvey  of the  resul ts  reveals  t h a t  t h e  free 
amino  acids in t he  se rum of hedgehogs  is of a b o u t  t he  
s ame  order  of m a g n i t u d e  as in o the r  m a m m a l s  ana lysed ,  
e x c e p t  t h a t  t he  a m o u n t  of t aur ine  is ex t r eme ly  h igh  n-14. 
A compar i son  of groups,  an imals  in deep h y p o t h e r m i a  
versus  an imals  spon t aneous ly  aroused,  reveals  an abun-  
d a n t  increase of free amino  acids a f te r  arousal.  The to ta l  
a m o u n t  (in #M) is more  t h a n  two-fold.  This  m a y  serve as 
an exp lana t ion  of the  d imin i shed  N P N  of deep ly  hiber-  
n a t i n g  an imals  p rev ious ly  r epo r t ed  ~. 

However ,  this  increase a f te r  the  arousal  process  is no t  
ba lanced .  The arginine level was found  to  be decreased,  
whi l s t  val ine,  leucine and  isoleucine are no t  s igni f icant ly  
increased  in a roused  animals ,  a l t hough  the  m e a n s  are  
s o m e w h a t  higher.  

A compar i son  of an imals  t h a t  h a d  aroused spon taneous ly  
in m i d w i n t e r  wi th  an imals  awake  in spr ing revea led  t h a t  
t h e  t o t a l  a m o u n t  of free amino  acids is a lmos t  equal,  
be ing  on ly  5% less in t h e  a roused  animals .  Concern ing  
the  levels of ind iv idua l  amino  acids, some differences  were  
observed .  I n  t h e  awake  an imals  t he  g lu tamic  acid was  
d imin i shed  and  p r o b a b l y  also me th ion ine :  arginine,  
g lycine and  probabl?/  also ty ros ine  on the  o the r  h a n d  
showed  increased levels. 

The m o s t  p r o m i n e n t  effect  of fas t ing  on the  free amino  
acids of p l a sma  in n o r m o t h e r m i c  an imals  is t he  increase  
of b r a n c h e d  cha in  amino  acidsl-*,15,1~. The hedgehogs  
ana lysed  in  th is  work  had  been  fas t ing  a b o u t  2~/, m o n t h s  
in midwin te r .  F r o m  th is  po in t  of view,  if t h e  deep ly  
h y p o t h e r m i c  group  is c o mp a r e d  w i t h  an imal s  outs ide  
t h e  h ibe rna t i on  season,  some k ind  of ' f a s t ing  effect ,  can  
be  cons idered  to  pers is t .  The  re la t ive  a m o u n t s  of  valine,  
leucine a n d  isoleucine are  high as c o m p a r e d  w i t h  t h e  
o t h e r  amino  acids,  a l t hough  all are grea t ly  decreased .  On 
t h e  o t h e r  h a n d ,  th is  ' f a s t ing  effect '  c a n n o t  be d e m o n -  
s t r a t e d  b e t w e e n  groups  of a roused  an imals  in m i d w i n t e r  
versus  an imals  awake  outs ide  the  h ibe rna t ion  season.  

These  di f ferences  b e t w e e n  deep ly  h y p o t h e r m i c  a n d  
aroused an imals  are a r epea t ed  p h e n o m e n o n  in  t h e  
h ibe rna t ion  cycle. I t  has  been  shown  t h a t  t he  l iver is able  
to  regula te  t he  levels and  p a t t e r n  of free amino  acids  in 
t he  p l a s m a n .  Differences  in t h e  re la t ive  a m o u n t s  of free 
amino  acids b e t w e e n  deep ly  h ibe rna t i ng  and  aroused 
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Free amino acids in blood serum of hedgehogs 

Hibernating in midwinter 

In deep hypothermia P< Spontaneously aroused P <  

Awake in spring 

Taurine 10.30 4. 4.36 (5) 0.02 29.00 4- 11.82 (4) 
Aspartie acid 0.58 4- 0.11 (5) 0.01 1.18 4- 0.26 (5) 
Threonine 3.86 4. 0.32 (5) 0.01 13.74 4. 2.74 (5) 
Serine 5.36 ~: 0.72 (5) 0.01 13.60 4- 4.25 (5) 
(Asparagine + 28.96 4. 6.23 (5) 0.01 71.44 4- 10.17 (5) 
glutamine) 
Proline 1.38 i 0.50 (5) 0.01 4.90 i 1.97 (5) 
(Glutamic aeid) 6.72 4- 0.71 (5) 0.01 23.46 ± 6.26 (5) 0.01 
Citxulline 0.82 4. 0.13 (5) 0.01 3.47 4- 0.87 (4) 
Gtycine 7.38 4. 0.91 (5) 0.01 23.90 4. 3.45 (5) 0.02 
Alanine 11.72 ! 3.52 (5) 0.01 33.46 4- 5.72 (5) 
Vatine 11.12 4. 2.73 (5) 18.64 4. 5.42 (5) 
Methionine 0.78 4. 0.17 (5) 0.01 3.74 4. 0.73 (5) 0.05 
Isoleucine 5.78 4. 1.51 (5) 7.76 4. 2.90 (5) 
Leueine 13.48 4. 0.49 (5) 17.82 4. 6.14 (5) 
Tyrosine 2.50 4. 0.49 (5) 0.01 4.00 ± 0.66 (5) 0.05 
Phenylalanine 4.88 :J= 0.75 (5) 0.01 9.46 4- 1.76 (5) 
Ornithine 10.93 4. 3.33 (4) 0.02 19.32 i 4.87 (5) 
Lysine 14.70 -I- 1.78 (5) 0.01 24.38 -q- 4.77 (5) 
Histidine 0.90 4- 0.25 (4) 0.01 4.56 -4- 0.98 (5) 
Tryptophan < 0.50 < 0.50 
Arginine 1.57 -4- 0.43 (4) 0.02 0.50 4- 0.53 (5) 0.01 

40.63 4. 8.13 (7) 
1.14-1- 0.32 (7) 

12.67 q- 3.42 (7) 
12.97 4- 3.62 (7) 
74.06 4- 10.49 (7) 

5.26 -4- 1.17 (7) 
10.46 -4- 2.81 (7) 
4.50 4. 0.99 (7) 

32.03 4. 6.36 (7) 
33.64 4- 7.08 (7) 
20.46 4. 2.32 (7) 

2.70 -I- 0.80 (7) 
8.97 4- 1.08 (7) 

15.67 4- 1.92 (7) 
5.60 4- 1.64 (7) 
8.57 -I- 1.16 (7) 

19.24 4- 6.06 (5) 
31.76 -4- 9.20 (5) 
3.42 -4- 1.04 (5) 

< 0.50 
3.15 4. 1.15 (4) 

All values in/~M]IO0 ml 4- SD (No. of animals). P-values were obtained by Student's t-test. 
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animals, particularly concerning the branched chain 
amino acids, may depend on the distinct mediating system 
for the transport  of amino acids ~8. Further:  the 'func- 
tional '  temperature of the animal in deep hypothermia is 
about 5 °C, whereas after spontaneous arousal, a stupen- 
dous physiologic effort, it is about 35 °C. 

Zusammen/assung. Die Serumkonzentration yon 21 
freien AminosAuren wurde bei Igeln im Winterschlaf, bei 
spontanem Erwachen w/ihrend des Winterschlafs und 
nach dem Aufwachen im Friihling bestimmt. Mit Aus- 
nahme yon Valin, Leucin, Isoleucin und Tryptophan 

sinken die Aminos~uren wAhrend des Schlafes signifi- 
kant  ab und steigen beim Erwachen im Winter  und Frtih- 
ling an. 

R. KRISTOFF:ERSSON and  SAARA BROBERG 

Department o/ Physiological Zoology, University o/ 
Helsinki (Finland), 12 September 7967. 
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Structure-Activity Relationship of Various Acyl 
ergoline (Dihydrolysergamine) 

The natural  ergot alkaloids and their derivatives have 
manifold activities (adrenolytic, anti-5-hydroxytrypt-  
amine, spasmogenic, on central nervous system etc.). In  
general they are not very specific, for instance ergomet- 
fine, which is mainly oxytocic, causes also peripheral vaso- 
constriction, hyperthermia, and antagonizes 5-hydroxy- 
t ryptamine (5-HT) ; ergotamine, which is mainly adreno- 
lytic, and methysergide (N-[ 1-(hydroxymethyl)-propyl]- 
1-methyl-o-lysergamide), which is mainly anti-5-HT, 
share also oxytocic and vasoconstrictor activities 1-3. 

The following is a brief outline of the structure-activity 
(oxytocic, anti-5-HT, and adrenolytic) relationship of a 
new series of acyl derivatives of 6-methyl-8fl-aminomethyl- 
10~-ergoline (dihydrolysergamine) 4-9 in the a t tempt  to 
find compounds with a more specific activity. The 
pharmacological properties of 1 of these derivatives, the 
acetyl-dihydrolysergamine (compound I) which has 
specific oxytocic activity, were further studied in com- 
parison with ergometrine and methergine (methylergo- 
metrine). 

Structure-activity relationship o] carboxylic acid deriva- 
tives. The nature  of the acyl residue was found to influence 
strongly the pharmacological activities of the parent  com- 
pound (dihydrolysergamine). Compounds I, I I I ,  IV, VIII ,  
XI  and XXVI showed specific oxytocic activity compa- 
rable or superior to tha t  of ergometrine, while compound 
X X V I I I  showed high and specific adrenolytic activity. 
These findings contradict the general s ta tement  tha t  
ergoline derivatives are almost inactive oxytocics. 

Acylation of dihydrolysergamine yielded compounds 
(from I - X X l I )  with a prominent  oxytocic activity. This 
activity, and the toxicity also, increased up to a certain 
point with the lengthening of the carboxylic aliphatic 
chain (I, VII I ,  XI). Longer chains (XIII ,  XIV, XV) or 
the substi tution of the aliphatic residue with an aromatic 
residue (XVI, XX, XXI,  XXII )  caused marked reduction 
of the activity on the uterus. Hydroxylat ion in position 
10 (III  and XIX) or methylat ion in 16 (IV and XVII) 
did no t  modify (but eventually reinforced) the specific 
oxytocic activity already present in the parent  compounds 
(I and XVI). ~Vhen either Rx or R 4 were not  hydrogen, 
the derivatives (II, IX, XII ,  V, VI, VII,  X, and XVIII)  
lost the oxytocic properties of their parent  compound (I, 
VIII ,  XI, and XVI). Nevertheless, methylat ion in posi- 
tion 1 afforded substances (II, IX, and XII)  which 
showed prominent  anti-5-HT and some adrenolytic 
properties. 

Derivatives of 6-methyl-8/5-aminomethyl-10ct- 

Structure-activity relationship o/carbonic acid derivatives. 
When R 3 was a carboalkoxy group, the compounds (from 
XXlII-XXlX) were found to be pharmacologically very 
active (as oxytocics, adrenolytics, and anti-5-HT) bu t  less 
specific and more toxic than the acyl derivatives previously 
discussed. Here again, the oxytocic activity disappeared 
when R 3 was an atiphatic chain with more than 4 carbon 
atoms, whereas the adrenolytic activity was not  similarly 
affected and in one instance i t  became specific (compound 
XXVIII ) .  

Methylation in N17 (R4) yielded an inactive compound 
(XXV), while methylat ion in N x strengthened the anti- 
5-HT activity (XXIV, XXVII ,  and XXIX) and left al- 
most unaltered the other properties. The introduction of 
a hydroxyl group in position 10 yielded a compound with 
specific oxytocic activity (XXVI). 

All the lOfl-(cis junction) analogues 5 of the most active 
compounds here described were not reported in the Table, 
bu t  were also examined and found to be inactive in all 
our tests. 

Comparison between the pharmacological actions o/com- 
pound I, ergometrine, and methergine. Since compound I 
showed a good specific oxytocic activity and a low 
toxicity, further pharmacological studies were performed 
on it  in comparison with ergometrine and methergine. 

I t  was seen tha t  its oxytocic activity on the uterus in 
situ was comparable qualitativeIy and quant i ta t ively  to 
tha t  of ergometrine and methergine. After small doses 
(0.02-0.1 mg/kg i.v.) it evoked contractions in silent 
uterus or increased in force and frequency those already 
present; after progressively larger doses, it  caused first 
forceful and tetanic contractions with increased resting 
tonus and then sustained contracture. The approximate 
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