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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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No. compounds Ri R3 R~ R, R~ % Activity 

Oxytocic • Anti-5-HT ~ Adreno- 
lytic* 

LD~0 in 
rabbit 
mglkg i.v. 

Dihydroly- 
sergamine 4 H H H H H 30 5 < 5 
14 H H COCH 3 H H 60--90 l0 < 5 40 
I I  4 CH3 H COCH 8 H H < 10 50 14 
li1T H H COCH$ H OH 100 < 5 < 5 
IV e H CH a COCHs H H 100 5 5 35 
V 4 H H COCH, CH~ H < 10 5 < 5 
VI 9 H H COCH 3 CH2CH ~ H < 10 < 5 5 
VII  9 H H COCH:~ CH(CH~) 2 H < 10 5 <; 5 
VI I I  4 H H COCH2CH 3 H H 200 10 < 5 15 
IX ~ CH 3 H COCH2CH ~ H H <210 80 70 10 
X 9 H H COCH~CH 3 CH 3 H < 10 < 5 5 
XI  4 H H COCH{CHa) 2 H H 300 5 < 5 7.5 
X l I  4 CH 3 H COCH(CH3) 2 H H < 10 80 70 7.5 
X l I I  4 H H COC(CHa) a H H < 10 5 5 
XIV a H H COCH(CH2CH3) ~ H H < 10 <~ 5 5 
XV ~" H H CO(CH~)sCH 3 H H < 10 < 5 < 5 
XVI 4 H H COC6H 6 H H 40 < 5 5 
XVII  6 H CHa COCeHs H H 40 < 5 < 5 
XVII I  4 H H COCeH 5 CH~ t1 < 10 5 14 
X l X  ~ H H COC6H ~ H OH 40 < 5 < 5 
XX ~ H H CO(CH2)~CsHs H H < 10 < 5 < 5 
XXI  a H H Nicotinoyl H H < 10 30 < 5 15 
X X I I  ~ H H Pyrazinoyl H H < 10 5 5 
X X l I I  't H H COaCH2CH , H H 200 30 140 4 
XXlV ~ CHs H CO.,CH~CH~ H H 200 300 120 4 
XXV ~ H H CO~,CHaCH a CH:~ H 20 10 5 
XXVI 7 H H COzCH~CH ~ H OH 200 5 5 
XXVII  ~ CH, H COa(CHa)2CH , H H 200 300 70 
XXVII I  s H H CO,,(CH,,)3CH: ~ H H <2 10 5 140 
X X l X  ~ CH~ H CO~(CH2)~CH s H H 10 300 70 

100% = ergometrine (on the uterus in situ of rabbits following the procedure either of ROTHLIN 10, or  of FREGNLN and GLASSER 11. 
b 100% = lysergic acid diethylamide (on isolated rat uterusl~). ~ 100% = ergotamine (on isolated guinea-pig seminal vesicle12). 

LDs0 in r a b b i t s  w a s  40 m g / k g  i.v. fo r  t h e  N17 a c e t y l  
d i h y d r o l y s e r g a m i n e ,  3.5 m g / k g  i.v. fo r  e r g o m e t r i n e ,  a n d  
2 m g / k g  i.v. fo r  m e t h e r g i n e .  

C o m p o u n d  I d id  n o t  a l t e r  t h e  e l e c t r o c a r d i o g r a m  in 
a n a e s t h e t i z e d  ( u r e t h a n e  1 g / k g  i .v.) v a g o - s y m p a t h e c t o -  
m i z e d  r a b b i t s  u p  to  t h e  dose  of 0.5 m g / k g  i.v.,  b u t  a f t e r  
l a rge r  doses  i t  c a u s e d  f i r s t  i nc r ea se  a n d  s o m e t i m e s  i nve r -  
s i on  of t h e  T w a v e ,  s l i gh t  d o w n w a r d  d i s p l a c e m e n t  of  t h e  
S -T  s e g m e n t ,  i nc rease  in  t h e  a m p l i t u d e  of  t h e  Q R S  w a v e ,  
a n d  t h e n  v e n t r i c u l a r  a r r h y t h m i a s .  F o r  e i t he r  e r g o m e t r i n e  
o r  m e t h e r g i n e  t h e  f i r s t  a l t e r a t i o n s  a p p e a r e d  a l r e a d y  a t  
t h e  dose s  of  0 .01-0 .05  m g / k g  i.v. a n d  t h e  v e n t r i c u l a r  
a r r h y t h m i a s  a t  t h e  dose s  o i  0 .1-0 .5  m g / k g  i.v. 

C o m p o u n d  I s e e m e d  t o  b e  less  a c t i ve  o n  t h e  c e n t r a l  
n e r v o u s  s y s t e m ,  a s  i t  w a s  less  h y p e r p y r e t i c  a n d  did  n o t  
m o d i f y  t h e  r e s p i r a t i o n  in  r a b b i t s  u p  t o  t h e  dose  of  5 
m g / k g  i .v. ,  wh i l e  e r g o m e t r i n e  a n d  m e t h e r g i n e  c a u s e d  
h y p e r t h e r m i a  a n d  p r o g r e s s i v e  r e d u c t i o n  of  t h e  a m p l i t u d e  
a n d  a r r h y t h m i c  r e s p i r a t i o n  a l r e a d y  a t  t h e  dose  of i m g / k g  
i .v .  Bes ides ,  c o m p o u n d  I d id  n o t  e v o k e  ' s h a m  r a g e '  i n  
c a t s  e v e n  a t  t h e  dose  of  5 m g / k g  i .v. ,  wh i l e  e r g o m e t r i n e  
a n d  m e t h e r g i n e  did  a t  t h e  dose  of  1 m g / k g  i .v .  

I n  conc lus ion ,  i t  h a s  b e e n  poss ib le  to  f ind e rgol ine  
d e r i v a t i v e s ,  n a m e l y  t h e  a c e t y l  a n d  i s o b u t y r y l  d i h y d r o l y s -  
e r g a m i n e ,  w h i c h  w e r e  m o r e  specif ic  as  o x y t o c i c s  a n d  less  
t ox i c  t h a n  e r g o m e t r i n e .  

Riassunto. Alcun i  acil d e r i v a t i  de l l ' e rgo l ine  h a n n o  di-  
m o s t r a t o  n o t e v o l i  p r o p r i e t ~  oss i toc iche ,  a d r e n o l i t i c h e  ed  
a n t i - 5 - i d r o s s i t r i p t a m i n i c h e ,  ( a n t i - 5 - H T ) .  I n  p a r t i c o l a r e  
l ' ace t i l  e l ' i s o b u t i r r i l  d i i d r o l i s e r g a m i n a  p o s s i e d o n o  u n a  
az ione  oss i toc ica  a l t r e t t a n t o  p o t e n t e  e p i h  e t e t t i v a  de l l ' e r -  
g o m e t r i n a ,  del la  q u a l e  s o n o  a n c h e  m e n o  toss iche .  

G. B. FREGNAN a n d  A. H .  GLA_SSER 

Farmitalia Istituto Ricerche, Milano (Italy), 
7 September 1967. 
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