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in j ec t ion  of m e l a t o n i n  (250 ~,g/kg) nea r ly  doub l ed  the  
d o p a m i n e  c o n t e n t  and  s ign i f i can t ly  (p < 0.05) increased  
t he  no rep ineph r ine  c o n c e n t r a t i o n  1 h fol lowing i ts  
a d m i n i s t r a t i o n  (Table). No s igni f icant  changes  in dop-  
amine  or n o r e p i n e p h r i n e  c o n t e n t  were obse rved  when  ra t s  
were in jec ted  w i t h  m e l a t o n i n  and  sacrif iced immedia t e ly .  

I n  order  to  c i r c u m v e n t  t he  b l ood - b r a i n  bar r ie r ,  
m e l a t o n i n  was g iven  i n t r ac i s t e r na l l y  4. Me la ton in  (40 
btg/kg) g iven  in th i s  m a n n e r  resu l ted  in  s ign i f ican t  
increases in  b o t h  b r a i n  d o p a m i n e  and  no r ep i neph r ine  
(Table). The  increase  in d o p a m i n e  and  no r ep i neph r ine  
levels i nduced  b y  m e l a t o n i n  g iven  i n t r ac i s t e r na l l y  was 
no t ed  w i t h i n  15 ra in  a f te r  adm i n i s t r a t i on ,  a ch i eved  
m a x i m a l  levels be tween  30 m i n  and  1 h, and  r e t u r n e d  
to con t ro l  levels a p p r o x i m a t e l y  2 h later .  A sl ight,  
t h o u g h  ins ign i f i can t  increase  in b r a i n  d o p a m i n e  and  
n o r e p i n e p h r i n e  c o n t e n t  was  n o t e d  i h a f te r  s h a m  in j ec t ion  
in con t ro l  an ima l s  (Table).  This  is p r o b a b l y  r e l a t ed  to t he  
e the r  anes thes i a  since t he  increase  was no t  seen in con t ro l  
an ima l s  wh ich  were in jec ted  i n t r a a r t e r i a l l y  in w h i c h  
e the r  was  no t  used. 

The  i n t r ac i s t e rna l  in j ec t ion  of 6 - h y d r o x y m e l a t o n i n  
(40 [xg/kg), t he  m a i n  m e t a b o l i t e  of m e l a t o n i n  did no t  
resu l t  in  s ign i f ican t  changes  in e i t he r  d o p a m i n e  or 
no r ep ineph r ine  c o n t e n t  one h o u r  fol lowing i ts  a d m i n i s t r a -  

t ion.  The  i.p. i n j ec t ion  of m e l a t o n i n  is k n o w n  to  resu l t  in  
i ts  r ap id  m e t a b o l i s m  to 6 - h y d r o x y m e l a t o n i n  a. P e r h a p s  
the  i nab i l i t y  of p rev ious  inves t iga tors2 ,  6 to  show mela-  
t o n i n  induced  changes  in b r a i n  ca t echo l amine  c o n t e n t  
m a y  be  due to i ts  r ap id  convers ion  to  6 - h y d r o x y m e l a t o n i n  
which  we f ind is i nac t ive  w h e n  g iven  in t rac i s te rna l ly .  

I n  s u m m a r y ,  our  resu l t s  d e m o n s t r a t e  t h a t  m e l a t o n i n  
g iven  b o t h  i n t r a a r t e r i a l l y  and  in t r ac i s t e rna l ly  resul t s  in  
s ign i f ican t  increases  in  b o t h  r a t  b r a i n  d o p a m i n e  a n d  
n o r e p i n e p h r i n e  concen t r a t i on .  Also, t h e  i n t r ac i s t e rna l  
a d m i n i s t r a t i o n  of c o m p a r a b l e  a m o u n t s  of 6 -hydroxy-  
m e l a t o n i n  does n o t  a l t e r  b r a i n  c a t e c h o l a m i n e  con ten t .  

Zusammen/assung. Nachweis ,  dass  Mela ton in  die Kon-  
z e n t r a t i o n  yon  D o p a m i n  und  N o r a d r e n a l i n  im R a t t e n -  
h i rn  e rh6ht ,  w e n n  es i n t r aa r t e r i e l l  oder  i n t r ac i s t e rna l  
in j iz ie r t  wird. 
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Tremorogenic Effect of Thyrotropin Releasing Hormone in Rats 

I n  1972 PRANGE et  al. 1 r epo r t ed  on a n t i d e p r e s s a n t  
a c t i v i t y  of t h y r o t r o p i n  re leas ing h o r m o n e  (TRH)  in man .  
T h e y  a s sumed  t h a t  the  benef ic ia l  effect  of T R H  in de- 
press ive  p a t i e n t s  was no t  t h y r o i d - m e d i a t e d ,  b u t  r a t h e r  due  
to  a d i rec t  cen t ra l  ne r vous  s t i m u l a t i n g  a c t i v i t y  ~. These  
r epor t s  and  i n t e r p r e t a t i o n s  h a v e  encouraged  t h e  s t u d y  of 
t he  cen t ra l  ne rvous  effects of T R H  in e x p e r i m e n t a l  
an imals .  PLOTNIKOFF'S group  a ha s  descr ibed a n  L-DOpA- 
p o t e n t i a t i n g  effect of T R H  in pa rgy l ine  p r e t r e a t e d  mice. 
HI,rE et  al. ~ h a v e  n o t e d  pha rmaco log ica l  effects of T R H  
in t he  'conscious '  dog wh ich  t h e y  suggested  m i g h t  be  
re la ted  to  a genera l  s y m p a t h e t i c  a c t i v a t i o n  b y  t he  
hormone .  

I n  t he  c o n t e x t  of a s t u d y  of t he  endocr inologica l  
a c t i v i t y  of T R H ,  we h a v e  observed  a n u m b e r  of effects 
which  a p p e a r e d  i m m e d i a t e l y  a f t e r  t he  i.v. in jec t ion  of t he  
hormone .  I n  add i t i ona l  expe r i m en t s  we a t t e m p t e d  to 
define t he  m e c h a n i s m  and  specif ic i ty  of these  effects. 

E//ects o/ TRH in the rat. Shor t ly  a f te r  a n  i.v. i n j ec t ion  
of T R H  (0.3 to  3.0 mg/kg)  muscle  t remor ,  exc i ta t ion ,  t a i l  
l i f t ing,  a n d  pi lo-erect ion were obse rved  in t he  non-anaes -  
t he t i z ed  ra t .  The  t r emorogen ic  effect  on ly  las ted  a few 

minutes .  I n  addi t ion ,  i m m e d i a t e l y  a f te r  t he  in jec t ion  t he  
a m p l i t u d e  of r e sp i r a t ion  increased  and  signs of a u g m e n t e d  
cu taneous  b lood f low appeared .  I n  r a t s  a n a e s t h e t i z e d  
w i t h  p e n t o b a r b i t a l  (50 m g / k g  i.p.), all  t hese  effects were 
more  p ronounced .  The  l a t ency  of onset ,  t h e  a m p l i t u d e  
and  t he  d u r a t i o n  of t h e  t r e m o r  were dose -dependen t  
(Table  I and  F igure  la) .  Af ter  some min  t he  t r e m o r  
ceased, b u t  i t  could sti l l  be  el ici ted b y  t o u c h i n g  t he  an imal .  

Af ter  t he  a rousa l  phase,  w i t h i n  5 to  60 m i n  a f t e r  t he  
in ject ion,  t he  an ima l s  r e t u r n e d  to  the  i ne r t  s leeping 
posi t ion.  The  d u r a t i o n  of anae s the s i a  was  no t  s h o r t e n e d  
s igni f icant ly .  Af te r  waking ,  t he  an ima l s  appea red  normal .  

1 A. J. PRANCE, J. C. WILSON, P. P. LARA, L. B. ALLTOP and G. R. 
BREESE, Lancet 2, 999 (1972). 

2 A. J. PRANGE, J. C. WILSON and P. P. LARA, Psyehopharmacology 
Bull 9, 28 (1973). 

a N. P. PLOTNIKOFF, A. J. PRANGE, G. R. BREESE, M. S. ANDERSON 
and J. C. WILSON, Science 178, 417 (1972). 

4 B. HINE, I. SANGUVl and S. GERS~ION, Life Sei. /3, 1789 (1973). 

Table I. Tremorogenic effect of TRH in rats. Latency and duration of tremor 

TRH No. of Latent period until onset Duration of spontaneous 
(mg/kg) rats reacting of tremor (see) tremor (min) 

Total time of spontaneous + elicitable 
tremor (min) 

0.3 7/7 123 ~- 12 3.4 ~ 0.9 18.7 4- 4.9 
1.0 5/5 54 • 4 5.4 i 0.5 16.4 :J- 2.0 
3.0 6/6 24 4-1 21 =~4 44 4-8 

X=k SE 

Rats were anaesthetized with pentobarbital (30 mg/kg) by i.p. injection. TRH (pGlu-His-Pro-NH~) was dissolved in 0.3 ml physiological saline 
and injected over exactly 2 min into the jugular vein. The onset of tremor was recorded in sec after beginning of the injection. 
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Tremorogenic e//ec/ o/ T R H  in hypophysectomized and 
thyroidectomized rats. A cu t e l y  h y p o p h y s e c t o m i z e d  or 
t h y r o i d e c t o m i z e d  r a t s  r eac t ed  to T R H  in t t ie same  way  
as i n t a c t  an imals .  I f  t he  an ima l s  were t e s t e d  4 weeks  a f t e r  
t h y r o i d e c t o m y ,  T R H  only el ici ted t r e m o r  in h i g h  doses 
(3 mg/kg) .  I f  these  a n i m a l s  were g iven  1 m g  L- thy rox ine  
b y  i.v. i n j ec t ion  24 h before  tes t ing ,  t he  full  r eac t ion  to  
T R H  was observed ,  as ill i n t a c t  an imals .  

Obv ious ly  t h e  t r emorogen ic  effect  of T R H  is no t  me-  
d ia t ed  b y  t he  h y p o p h y s i s  and  thy ro id .  However ,  t he  
r ap id  phas ic  m u s c u l a r  c o n t r a c t i o n  cha rac te r i s t i ca l ly  
p rovoked  b y  T R H  is e v i d e n t l y  impa i r ed  a f t e r  p ro longed  
t h y r o i d  deficiency.  

Specificity o/ the tremorogenic effect o[ TRH.  Several  
sho r t - cha in  pep t ides  s t r u c t u r a l l y  rela~ced or u n r e l a t e d  to  
T R H ,  were a d m i n i s t e r e d  i.v. to  r a t s  a n a e s t h e t i z e d  w i t h  
p e n t o b a r b i t a l .  Pep t ides  closely r e l a t ed  in s t r u c t u r e  to  
T R H  such  as t he  m o n o - i o d o - T R H  a n d  d i - i o d o - T R H  also 
el ic i ted t remor ,  b u t  on ly  in doses 30 to  100 t i m e s  h ighe r  
t h a n  those  of T R H  (Table  I Ia) .  All  t he  o the r  pept ides ,  
as well  as py rog lu t am i ne ,  h i s t id ine  a n d  p ro l inamide ,  
t h y r o x i n e  or d i - i odo - thy ron ine  were i nac t ive  (Table  I Ib ) .  

Table Ii. 

(a) Peptides with tremorogenic activity b 
Substances Tremorogenic potency in 

comparison to TRH = 1 

pGlu-His-(1)-Pro-NH~ ~ 0.01 
pGlu-His-(le)-Pro-NH~ 0.01 

(b) Peptides and amino acids without tremorogenic activity in the 
pentobarbit al-anaesthetized rat 

Substances Injected dose (mg]kg) 

pGlu-His-Pro-OH ~ 30 
pGlu-His-NH 2 30 
pGiu-His-OMe 30 
pGlu-NH 2 10 
H-His-OH 10 
H-Pro-NH 2 10 
H-Lys-Pro-Val-NH 2 10 
H-Lys-Lys-Pro-OH 10 
H-Met-Glu-His-Phe-Arg-Trp-Gly-OH 30 
[ACTH-(4-10)] 
pGlu-Tyr-Arg-Trp-NH~ 30 
H-Pro-Leu-Gly-NH~ (MIF) 100 
H-Pro-Ile-Gly-HN 2 10 
H-GIy-His-Lys-OH 30 
H-Gly-Lys-His-NH 2 30 
Thyroxine 1 
Di-iodo-thyronine 10 

pGIu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pr0-Gly-NH 2 = LH RH 4 
H-Leu-Arg-Pro-Gly-Nkl 2 4 

Mechanism o/action. The  t r emorogen ic  effect  of T R H  
was no t  a l te red  if in jec t ions  were g iven  consecu t ive ly  a t  
30-min in te rva l s .  I t  was  also n o t  in f luenced  b y  p r e t r e a t -  
meri t  of t he  r a t s  w i t h  L-DOPA (100 m g / k g  i.p.), me lano-  
cy te  s t i m u l a t i n g  h o r m o n e  release i n h i b i t o r y  fac tor  (MIF) 
(30 m g / k g  i.p.), DL-O-methyl tyros ine  m e t h y l e s t e r  (300 
m g / k g  i.p.), or a t rop ine  (5 m g / k g  i.p.) no r  b locked  b y  
p r e t r e a t m e n t  w i t h  p roprano lo l  (10 m g / k g  i.p.) p h e n t o -  
l a m i n  (2 m g / k g  i.p.) or reserp ine  (0.2, 0.3 and  1 mg /kg  
s.c. successively  on  3 days).  

The  t r emorogen ic  effect  of T R H  in t he  r a t  does no t  
seem to  be  m e d i a t e d  b y  s t i m u l a t i o n  of chol inergic  or 
adrenerg ic  receptors .  I n  fac t  a m p h e t a m i n e  (3 m g / k g  i.v.), 
L-Dopa (100 mg/kg)  and  t r e m o r i n e  (20 m g / k g  i.v.) do no t  
elicit  t r e m o r  in t he  p e n t o b a r b i t a l - a n a e s t h e t i z e d  ra t .  

Discussion. The  t r i p e p t i d e  pGlu-His -Pro-NH2,  t h y r o -  
t r o p i n  re leas ing hormone ,  has  m a r k e d  cen t r a l  ne rvous  
effects in  t he  r a t  r e su l t ing  in  t r e m o r  a n d  in a genera l  
p i c tu re  of arousal .  These  effects are el ici ted b y  doses of 
T R H  a b o u t  100 t imes  h igher  t h a n  those  s t i m u l a t i n g  
t h y r o t r o p i n  release. T h e y  usua l ly  a p p e a r  d u r i n g  or 
sho r t l y  a f te r  t he  slow in jec t ion  of T R H ;  t h e y  are ful ly 
revers ib le  and  no signs of t ox i c i t y  h a v e  been  observed .  
T R H  has  been  r epo r t ed  to  be non - tox i c  in  r a t s  in  doses up  
to 100 m g / k g  i .v.  dai lyK 

The  neu ro t rop i c  effects of T R H  in t h e  r a t  do no t  
depend  on a n  i n t a c t  p i t u i t a ry - thy ro id -ax i s .  Similar ly ,  
PLOTNIKOFF et  al. 6 h a v e  shown  t h a t  t he  L-DOPA- 
p o t e n t i a t i n g  effect  of T R H  also occurs  in  t he  h y p o p h y s -  
ec tomized  mouse.  Recent ly ,  KRusx  7 descr ibed t r emoro -  
genic and  o the r  neu ro t rop i c  effects of T R H  in mice  wh ich  
could also be  el ici ted in  h y p o p h y s e c t o m i z e d  animals .  
S tudies  now in progress  show t h a t  T R H  induces,  w i t h  a 
l a t e n t  pe r iod  of a few seconds  only,  s igns of E E G  arousa l  
in the  conscious ca t  and  fac i l i t a tes  t he  s t r e t c h  ref lex in t he  
dece rebra te  cat .  

All  these  obse rva t ions  i nd ica t e  t h a t  T R H  has  cen t r a l  
ne rvous  effects wh ich  are no t  m e d i a t e d  b y  s t i m u l a t i o n  of 
t he  p i t u i t a r y - t h y r o i d  axis. The  t r emorogen ie  effect  appea r s  
to  be  l inked  to  t he  t r i p e p t i d e  pGlu-His-Pro-NI- I  2 s t ruc-  
ture .  A n o t h e r  t r ipep t ide ,  P r o - L e u - G l y - N H  2 (MIF),  
wh ich  in mice  p o t e n t i a t e s  t he  effect  of L -DOPA 6, is no t  
t r emorogen ic  in  t h e  ra t .  The  A C T H  sequence  4-10.  w h i c h  
ha s  been  r epo r t ed  to  h a v e  cen t r a l  ne rvous  effects  8, is 
also i nac t i ve  u n d e r  t he  t e s t  cond i t ions  descr ibed  here.  

The re  is no  d o u b t  t h a t  T R H  has  d i rec t  cen t r a l  ne rvous  
effects w h e n  in jec ted  in  h i g h  doses in  animals .  The  
m e c h a n i s m  of i ts  ac t ion  ha s  no t  ye t  been  e lucidated ,  all 
t h e  resu l t s  sugges t  t h a t  these  effects are n o t  m e d i a t e d  
t h r o u g h  the  k n o w n  chol inergic  or adrenerg ic  p a t h w a y s .  

I t  also r ema ins  to  be  shown  w h e t h e r  t he  a n t i d e p r e s s a n t  
effect  of T R H  in pa t i en t s ,  as descr ibed  b y  PRANGE a n d  
others ,  is due  to  a d i r ec t  cen t r a l  ne rvous  s t i m u l a t i o n  or  to  
an  ind i rec t  ac t ion  v ia  t h y r o i d  ac t iva t ion .  

All amino acid residues except glycine in the L-form. Abbreviations 
used for amino acid residues according to the recommendations of the 
IUPAC-IUB commission on biochemical nomenclature, J.B.C. 
247, 977 (1972); pGlu, pyroglutamic acid; MIF, melanocyte stimul- 
ating hormone release inhibiting factor; LH-RH, luteinizing hormone 
releasing hormone, b Peptides were dissolved and injected as de- 
scribed for Table. I 

5 F. PIvA and H. STEINER, Front. Hormone Res. I, 11 (1972). 
7 H. ]KRUSE, Naunyn-Schmiedeberg Arch. Pharmac. 282, R46 

(1974). 
6 N. P. PLOTmKOFF, A. J. KASZly, M. S. ANDERSON and A. V. 

SCHALLY, Neuroendocrinology 71, 67 (1973). 
s D. DE WIED, Am. J. Physiol. 207, 255 (1964). 
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Rat (Nembutal) Right forepaw 

TRH i.v. 5 sec 
i i 
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0.3 mg/kg "-" - ~ 1 1  ~ ~ 

1.0 mg/kg ~ W ~ . ~ ~ ~  
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Control 15" 1' 2' 3' 4' 5' 6' 8' 10' 12' 

Fig. lb. TRH-indueed tremor 

Control 

Rat (Nembutal) 

Right Forepaw 

1 see 
I I 

1 min after 3 mg 

Fig. 1. TRH-induced tremor. (a) Dose-response relationship. (b) Registration of the tremor at a higher paper speed. Male rats (200-300 g 
body weights, Sprague-Dawley from Tierfarm Sisseln) were anaesthetized with pentobarbital (50 mg/kg i.p.) TRH dissolved in 0.5 ml physio- 
logicai saline was injected during exactly 2 min into the jugular vein. Thereafter the tremor was recorded by means of a force-transducer 
attached to the right forepaw and a Polygraph. The time after the end of the injectioI1 is indicated at the bottom. 

Zusammen/assung. Thyrotropin- lReleasing H o r m o n  
(TRH) erzeugt  unmi t t e lba r  nach  i.v. In j ek t ion  an Pen to -  
barbi ta l -narkot i s ie r te l l  R a t t e n  einei1 feillschl/igigen Tre- 
mor  und  Haars t r~uben .  Diese S y m p t o m e  werdell  durch  
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eine d i rekte  Zelltralllerv6se W i rk u n g  von T R H  und l l icht  
durch  S t imula t ion  der  Schilddri ise ausgel6st. Die Wir-  
kung ist dosisabh~tngig und  spezifisch fiir das  Tr ipept id  
pGIu-His-Pro.  
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L o c a l  a - A d r e n o c e p t o r  M e d i a t e d  F e e d - B a c k  I n h i b i t i o n  of G a t e c h o l a m i n e  R e l e a s e  f r o m  the  
A d r e n a l  M e d u l l a ?  

An g-receptor  med ia t ed  feed-back mechanisn l  controls  
neu ro t r ansmi t t e r  secret ion f rom l loradrenergic nerve  
endingsl-S.  L ibera ted  l loradrenal ine and  exogenous 
s y m p a t h o m i m e t i c  drugs decrease the  secre tory  response  
to nerve  impulses  by  ac t iva t ion  of neuronal  g-receptors.  
g-Adrenolyt ic  agents  block the  receptors ,  i n t e r rup t  the  
feed-back loop and thus  enhance  noradrellali l le release. 
The ques t ion  arises whe the r  a similar mechan i sm exists  ill 
the  adrenal  medulla.  Therefore,  t he  influence of an g- 
receptor  ac t iva t ing  drug, oxymetazoli l le ,  and  2 g-adreno-  
lyric agents,  phe l l to lamine  and  phe l loxybenzamine ,  on 

po tass ium-evoked  ca techolamine  o u t p u t  f rom perfused  
adrenal  glands was inves t iga ted .  In  addi t ion,  the  effect 
of des ip ramine  has been tes ted.  Po t a s s ium was used as a 
s t imu lan t  r a the r  t h a n  the  physiological  secretagogue 
acetylcholille,  since it depolarizes chromaff in  cells direct-  
lyg; ally possible in te rac t ion  of the  drugs t e s t ed  wi th  
acetylcholi l le  receptors  p robab ly  does no t  influence 
po tass ium- induced  secretion. In  nerve  endings,  release of 
noradrel lal ine evoked by  h igh  po tas s ium and  t h a t  evoked 
by  nerve  impulses  are influenced by  drugs wi th  aff ini ty  to  
g-receptors  in a s imilar  way  10,11. 


