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Results and discussion. At the  s t a r t  of incubat ion,  un- 
labelled (endogenous) free t h i amine  c o n t e n t  ranged f rom 
0.40 to  0.21 nmoles /ml  t issue wa te r  in mucosa  and f rom 
0.13 to  0.17 in muscle.  Therefore  th iamine  up take  was 
uphill  in mucosa  and downhi l l  in smoo th  muscle.  Only 
small  intest ine,  par t icu lar ly  j e junum,  was able to accu- 
mula te  labelled th iamine  dur ing incubat ion :  ne i ther  
s tomach  or t ransverse  colon could do it (figure 1). In- 
tes t ina l  mucosa  was specifically involved in the  accu- 
mula t ion  process,  its to ta l  th i amine  con t en t  being con- 
s t an t ly  higher  t h a n  t h a t  of the  respect ive  muscular  layer  
(figure 1). In  mucosa  th iamine  was accumula ted  in a 
phospho ry l a t ed  form (figure 1), its con ten t  being always 
higher  t h a n  t h a t  of free th iamine .  Apparen t ly ,  labelled 
free th iamine  did no t  accumula te  in t issue : indeed, it  was 
a lmos t  equal ly  d i s t r ibu ted  in b o t h  mucosal  and muscular  
layers of t he  t r ac t s  s tudied.  In  muscle  of every t r a c t  as 
well as in mucosa  b o t h  of s tomach  and t ransverse  colon 
T/M values (figure 2) were lower than ,  or close to, uni ty ,  
while in small  in tes t ina l  mucosa  t h e y  ranged  f rom 2.6 to 
3.9. Phospho ry l a t ed  th iamine ,  expressed as the  per- 
centage  of all the  phospho ry l a t ed  th iamine  found (i.e. 
the  sum of the  con ten t s  of the  single gas t ro in tes t ina l  
segments  studied),  had  in mucosa  a regular  course wi th  a 
m a x i m u m  in je junum,  while in muscle it had  an a lmost  
ident ical  value f rom the  s tomach  up to the  t ransverse  
colon (figure 3). 

P re sen t  resul ts  give di rect  demons t r a t i on  of the  pres-  
ence of an act ive  mechan i sm of th iamine  t r a n s p o r t  in 
h u m a n  small  intest ine,  as suggested by  in vivo inves-  
t iga t ions  17-23. In  th is  respect ,  h u m a n  small  in tes t ine  
was similar  to  t h a t  of o the r  an imal  species which  accu- 
mu l a t e  t h i amine  in v i t ro  9-1a, main ly  in the  phosphory -  
la ted form. Mucosal  and  muscular  layers had  a d i f ferent  
power  of accumula t ing  and phosphory l a t i ng  labelled 
th iamine .  Mucosa of small  in tes t ina l  segments  could 
accumula te  agains t  a concen t ra t ion  g rad ien t  as well as to 
phosphory la t e  th iamine .  On the  cont rary ,  muscle  could 
phosphory la t e  th iamine ,  b u t  no t  accumula te  i t :  i ts to ta l  
labelled th i amine  co n t en t  was cons t an t l y  lower than ,  or 
equal to, t h a t  of incuba t ion  medium.  Fur the r ,  t h i amine  
mucosal  up take  was par t icu lar ly  efficient  in j e junum.  
Therefore,  the  mechan i sm of labelled th i amine  accumu-  
la t ion and  phosphory la t ion  seems to be r a the r  specific 
bo th  as to  t issue type  (mucosa) and to in tes t ina l  t r ac t  
(small intest ine) .  
F r o m  our results,  the  conclusion can be reached  t h a t  the  
h u m a n  small  in tes t ine  is able to t r a n s p o r t  th iamine ,  
in vi tro,  by  an act ive mechan i sm involving i ts  phosphor -  
ylat ion.  The mechan i sm appears  to be s t r ic t ly  re la ted  to 
the  absorbing  s t ructures .  The muscular  layer  of the  ent i re  
gas t ro in tes t ina l  wall, as well as the  mucosal  layer  of 
s t o mach  and  t r ansverse  colon, which are devoided  of 
marked  absorb ing  act ivi ty ,  were unable  to accumula te  
labelled th iamine .  

In tens i f i ca t ion  of a m p h e t a m i n e - i n d u c e d  e x c i t a t i o n  by m e t h y s e r g i d e ,  a s e r o t o n e r g i c  r ecep tor  b l o c k e r  ~ 
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Summary. Methysergide,  a serotonergic  receptor  blocker, was s tudied  to  de te rmine  its effects against  d - a m p h e t a m i n e -  
induced exci ta t ion  as measured  by  convulsions elicited by  handl ing  in mice. Signif icant  in tensi f ica t ion (p <0.01) 
of the  act ion of d - a m p h e t a m i n e  was observed in mice. These results  indicate  t h a t  reduc t ion  in serotonergic  ac t iv i ty  
in the  centra l  nervous  sys tem enhances  exc i ta t ion  induced by  d - amp h e t ami n e .  

Al though there  are m a n y  theories  regarding direct  or 
indi rec t  mechan i sms  of the  cent ra l  exc i t a to ry  act ion of 
a m p h e t a m i n e  2-a, a review of t he  pas t  l i terature,  t ends  to 
favor  the  indi rec t  t heo ry  5 t h a t  a m p h e t a m i n e  acts  in- 
d i rec t ly  t h rough  the  release of norep inephr ine  (NE). 
Ev idence  suppor t ing  the  indi rec t  NE media ted  theo ry  
of cent ra l  a m p h e t a m i n e  act ion was ob ta ined  using specific 
inhibi tors  of tyros ine  hydroxylase ,  such as ~-methyl-  
tyros ine  (eMT) 6-8. F indings  of th is  na tu re  showed t h a t  
t he  s t imu lan t  effect  of a m p h e t a m i n e  could be blocked 
even wi thou t  a marked  deple t ion  of ca techolamine  (CA) 
stores. 
However ,  Havl icek  et  al. 2 p rov ided  o ther  evidence for 
the  direct  s t imu lan t  cent ra l  ac t ion for amphe t amine .  
Havl icek  and  associates proposed  t h a t  the  release of the  
ca techolamines  (CA's) af ter  admin i s t r a t ion  of amp h e t -  
amine  and the  exc i t a to ry  effect  are i n d e p e n d e n t  mech-  
anisms.  This suggest ion is suppor t ed  s t rong ly  by  the  
f indings of the i r  l abora to ry  tha t ,  a f ter  des t ruc t ion  of CA 
nerve  endings  in the  bra in  by  6 -hydroxydopamine  (6- 
OHDA),  the  s t imu lan t  effects of a m p h e t a m i n e  on loco- 
motor  ac t iv i ty  are no t  affected 9. In  addi t ion,  a ve ry  
dras t ic  reduct ion  of funct ional  or s torage CA pools in the  
bra in  af ter  combined  t r e a t m e n t  w i th  6 -OHDA and ~MT 
does no t  inhibi t  a m p h e t a m i n e - i n d u c e d  exci ta t ion.  

According to Havl icek  et  al. 2, the  role of CA release 
induced by  a m p h e t a m i n e  could be be t t e r  unde r s tood  if 
we consider  it  as pa r t  of a feedback  mechan i sm t h a t  in- 
h ibi ts  the  excessive exc i ta t ion  induced by  a m p h e t a m i n e .  
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Mean conversion score i S. E. 
Treatment Hours after drug treatment 

1 2 3 4 5 
CSF + amphetamine 50 lxg/anilnal i.c. 0.8 • 0.13 1.0 ~: 0.15 0.9 • 0.27 0.8 • 0.29 0.9 ~0.31 

Methysergide 10 ~zg/animal i.e. +amphetamine 50 Ixg/animaI i.c. 1.5 ~_ 0.31" 2.2 :k 0.36** 1.5 ~- 0.34 1.0 _L 0.26 1.0 :k 0.21 

Each value represents 10 mice and level of significance by Student's t-test is indicated by asterisks; *p % 0.05, **p < 0.01. Cerebral spinal 
fluid (CSF) was administered 30 min prior to amphetamine and in equivalent amounts to methysergide. 

A m p h e t a m i n e  is known  to release dopamine  (DA) f rom 
dopaminerg ic  neurons10; and  released DA could en te r  
in to  serotonergic  neurons  and release serotonin  (5HT)11, 
which  m a y  serve as the  inh ib i to ry  modula tor ,  as sug- 
ges ted by  its effects as a cent ra l  depressant .  The purpose  
of th is  communica t ion  is to r epor t  our  f indings wi th  
regard to the  effects of methyserg ide ,  a 5HT receptor  
blocker,  on a m p h e t a m i n e  induced  convuls ions elicited 
by  hand l ing  in mice. 
Methods. Male Swiss-Webster  mice be tween  19 and 25 g 
were used as subjec ts  t h r o u g h o u t  th is  inves t igat ion.  They  
were ob ta ined  f rom Texas  Inb red  Co. and  were stabi l ized 
in t he  an imal  colony for a t  least  a week  before being used. 
The mice were allowed ad lib access to food and  were 
kep t  on a 12-h-l ight-dark-schedule.  All t es t ing  was done 
dur ing  the  l ight  period.  
Subjec ts  were in t racerebra l ly  in jec ted  wi th  a m p h e t a m i n e  
or artificial  cerebral  spinal  fluid (CSF) according to the  
procedure  of Ha ley  and  McCormick 12. The l andmarks  
used for locat ing the  site of inject ion were s t r ic t ly  ad- 
hered  to  and  we no ted  the  same behaviora l  effects:  
quie tness  for 1 min followed by  normal  ac t iv i ty  af ter  
s h a m  inject ions,  in ject ions  of physiological  saline and  
artificial  CSF.  A 27-gauge-needle was used in the  inject ion 
procedure .  
Subjec ts  were assigned r a n d o m l y  10 to  a group and were 
d iv ided  in to  4 groups and  in jec ted  wi th  e i ther  CSF alone, 
C S F  plus a m p h e t a m i n e  (50 ~xg/animal i.c.) and  me t h y -  
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Effects of methysergide on amphetamine-induced convulsive re- 
sponee elicited by handling in mice. Methysergide [2 injected intra- 
peritoneally at 10 mg/kg 30 min prior to d-amphetamine intra- 
cerebrally injected at 50[zg/animal i-::. Saline injected intraperitone- 
ally (same volume as methysergide) 30 min prior to d-amphetamine 
intracerebrally injected at 50[~g/animal. At least 10 mice were used 
in each drug treatment group. Vertical bars indicate standard error 
of the mean. Convulsive mean score for methysergide plus ampheta- 
nline and CSF control plus amphetamine were 2.2:6 0.36 and 
1.0 ~0.15 respectively. 

sergide (10 vg/animal  i.c.) plus CSF  and  me thyse rg ide  
(10 ~xg/animal i.c.) plus a m p h e t a m i n e  (50 ~xg/animal i. c.). 
In  these  an imals  AMP was in jec ted  30 min  following the  
in jec t ion  of me thyse rg ide  and  convuls ions were recorded.  
The doses of each drug  were calcula ted as the  free base 
r a the r  t h a n  as the  sal t  form and at  every  dose 10 [xl was 
the  in jec ted  volume.  All drugs were dissolved in CSF. 
The formula  for art if icial  CSF  is: NaC1, 8.98 g/l; KC1, 
0.25 g/1; CaC12, 0.014 g/1; MgC12, 0.11 g/l; N a H ~ P O a ,  
0.066 g/1; urea, 0.13 g/1, and glucose, 0.61 g/1. The p H  of 
the  solut ion was ad jus ted  to  7.0 wi th  0.1N N a O H  and 
th is  formula t ion  served as the  CSF control .  
At  in terva ls  of 1 h, for 5 h following these inject ions,  
each mouse  was t e s t ed  and  scored for 'convuls ions on 
handl ing '  according to the  t echn ique  descr ibed by  Gold- 
stein13. Briefly,  the  scoring is as follows: 
The observer  gen t ly  lifts a subjec t  (S) by  holding onto  
the  t ip  of i ts  ta i l  and t h e n  looks for a tonic convuls ion 
charac ter ized  by  the  t igh ten ing  of the  facial muscles,  
flexion of the  forelegs, la teral  ex tens ion  of the  hindlegs  
and general ized body  t remor .  If  these  signs are observed 
upon gen t ly  l if t ing the  S, t h e n  a 'convuls ion '  behavior  
has been seen and  a score of 3 is assigned to t h a t  S. If  no 
'convuls ion '  behavior  is seen, the  S is l if ted t h ro u g h  a 
ver t ical  p lane  of abou t  3 cm as an addi t ional  inducer  of 
the  ' convuls ion '  behavior .  If  convulsions are observed,  
a score of 2 is assigned for t h a t  S. Failure to observe the  
behavior  af ter  th is  s tage signals the  expe r imen te r  to  spin 
the  S gen t ly  t h ro u g h  an arc of 180 ~ If  the  mouse  then  
'convulses ' ,  a score of 1 is assigned for it. Fai lure of these  
handl ing  procedures  to  produce  any  'convuls ion '  be- 
havior  is recorded as zero. 
Results. 10 un t r ea t ed  mice had  a mean seizure score of 
0.26 i 0.06 and  10 mice receiving artificial CSF  alone 
had  a m e a n . s c o r e  of 0 . 3 2 : 6  0.07. Mice t r ea t ed  wi th  
methyse rg ide  a t  10 [zg/animal i.c. in con junc t ion  wi th  
CSF had  a mean  seizure score of 0.12 _-h 0.05 calcula ted 
over a 5-h-period. 10 mice t r ea ted  wi th  methyse rg ide  a t  
10 ~g/animal  admin is te red  in t racerebra l ly  30 rain prior  
to  an in t racerebra l  in ject ion of a m p h e t a m i n e  a t  50 ~g/ 
an imal  had  a mean  seizure score of 1.44 • 0.22 whereas  
animals  t r e a t ed  wi th  CSF  30 min pr ior  to a s imilar  injec- 
t ion of a m p h e t a m i n e  had  a mean  seizure  score of 0.88 
:t= 0.37. 

The table  shows fu r the r  the  effects of me thyse rg ide  on 
d - a m p h e t a m i n e - i n d u c e d  convuls ions in mice. A signifi- 
can t  increase of the  convuls ive  response  was ob ta ined  a t  
the  1st (p < 0.05) and 2nd (p < 0.01) h following drug 

10 J. Glowinski, in: Effects of Amphetamine Oll Various Aspects of 
Catecholamine Metabolism in the Central Nervous System of the 
Rat. Raven Press, Milan 1970. 

11 K. Y. Ng, T. N. Chase, R. W. Colburn and I. J. Kopin, Science 
172, 487 (1971). 

1.2 T. J. Haley and W. G. McCormick, Br. J. Pharmae. 12, 12-15 
(1957). 

13 D. B. Goldstein, Psychopharmacologia 32, 27-32 (1973). 



15.2. 1977 Speeialia 215 

inject ions.  However ,  a l though  significance was no t  
reached  f rom the  3rd to the  5th h, the  convuls ive  score 
was h igher  for me thyse rg ide - t r ea t ed  mice compared  to 
cont ro l  mice receiving CSF  prior  to  an in ject ion of d- 
a m p h e t a m i n e .  
The figure i l lustrates  the  peak  in tensi f ica t ion effect  of 
me thyse rg ide  on a m p h e t a m i n e - i n d u c e d  convuls ions elic- 
i ted by  hand l ing  in mice. Af ter  2 h following drug  ad- 
minis t ra t ion ,  mice p re t r ea t ed  wi th  methyserg ide  (10 ~xg/ 
an imal  i.c.) plus a m p h e t a m i n e  (50 ~g/animal  i.c.) had  a 
mean  seizure score of 1.0 =~ 0.15. These results  indicate  
t h a t  me thyse rg ide  intensif ied the  convulsive response of 
a m p h e t a m i n e  by  63%. These f indings provide  evidence 
for an inh ib i to ry  role of 5HT in the  a m p h e t a m i n e -  
induced convulsive response.  
Discussion. The f indings of this  s t u d y  indicate  t h a t  inter-  
rup t ion  of serotonergic  recep tor  ac t iv i ty  by  ut i l izat ion of 
methyserg ide ,  a serotonergic  receptor  blocker,  results  in 
an enhanced  convuls ive  response induced  by  d - a m p h e t -  
amine  in mice. 
I t  is i m p o r t a n t  to po in t  out  t h a t  a m p h e t a m i n e  has a 
d i rect  act ion on serotonergic  receptors  in a va r i e ty  of 
smoo th  muscles1*, 15. In  addi t ion,  our f indings are in 
comple te  ag reemen t  wi th  previous  expe r imen t s  repor t ing  
e n h a n c e m e n t  of a m p h e t a m i n e  act ion af ter  in te r rup t ion  
of ascending serotonergic  p a t h w a y s  ~6. 
As previously  discussed, there  has been considerable  
con t rove r sy  concerning the  mechan i sms  of a m p h e t a -  
amine  act ion on behavior .  Along these  lines, Havl icek  e 
suggested t h a t  poss ib ly  CA's released by  a m p h e t a m i n e  
m a y  be p a r t  of a feedback mechan ism t h a t  inhibi ts  ex- 
cessive exci ta t ion  induced by  the direct  ac t ion of a m p h e t -  
amine.  The possibi l i ty  exists  t h a t  DA released by a m p h e t -  
amine  enters  serotonergic  neurons  n and release 5HT 
which m a y  serve as the  inh ib i to ry  modula tor .  

There  is considerable  evidence t h a t  5HT exer ts  an in- 
h ib i to ry  effect  on a va r i e ty  of behaviors .  The deple t ion  
of 5HT by  lesions or drugs  leads to an enhanced  wake-  
fulness 1~, enhanced  lever press ing  for in t racrania l  s t imu-  
la t ion  ~, and  enhanced  respons iveness  to  painful  s t imul i  19. 
An a l te rna t ive  exp lana t ion  is based on the  poss ibi l i ty  
t h a t  a m p h e t a m i n e  exer t s  its p r i m a r y  act ion on the  
ea techolaminergic  sys tem.  If  we assume this  to be the  
p r i ma ry  mechan i sm of a m p h e t a m i n e - i n d u c e d  exci ta t ion,  
then  the  reIeased CA's  are normal ly  under  the  inh ib i to ry  
control  of the  serotonergic  sys tem.  Thus,  the  deple t ion  
of 5HT by  p-ch lorphenyla lan ine  ~~ Medial Forebra in  
Bundle  (MFB) lesions or serotonergic  receptor  b lockade  
(obtained in these studies),  reduces  the  inh ib i to ry  in- 
f luence and  allows a m p h e t a m i n e  to exer t  a s t ronger  ef- 
fect  on behavior .  
Never theless ,  our  expe r imen t s  fu r the r  suggests  t h a t  a 
full unde r s t and ing  of the  behaviora l  effects of a m p h e t -  
amine  m u s t  take  into account  the  role of the  serotonergic  
sys t em in the  cent ra l  act ion of amphe t amine .  

14 J. R. Vane, in: The Actions of Sympathominetic And, ms on 
Tryptanfine Receptors. Little, Brown and Co., Boston 1960. 
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16 T. K. Green and J'. A. Harvey, J. Pharmac. exp. Ther. 190 (1), 

109 117 (1974). 
17 M. Jouvet, i~: Serotonin and Sleep in the Cat. Academic Press, 

New York 1973. 
18 t3. P. H. Poscbel and F. W. Ninteman, Physiol. Behav. 7, 39-46 

(1971). 
19 J. A. Harvey and L. M. Junger, in: Relationship Between 

Telencephalic Content of Serotonin and Pain Sensitivity, Aca- 
demic Press, New York 1973. 

20 P. D. Mabry and B. A. Campbell, Brain Res. dg, 381 39! (1973). 

Cycl ic  nuc leo t ide  leve l s  in the perfused  rat hear t  subjected  to h y p o x i a  
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Summary. Isolated ra t  hear t s  were subjec ted  to hypoxic  perfus ion on a reci rcula t ing Langendor f f  appara tus .  Fol lowing 
a 30-min-period of aerobic s tabi l iza t ion the  hear t s  were perfused for 30 min wi th  media  equi l ib ra ted  wi th  84% N2, 
1 2% O 2 and 4% CO2.-At the  end of the  hypox ic  per iod myocard ia l  concen t ra t ions  of cyclic AMP and  cyclic GMP were 
de t e rmined  by  rad io immunoassay .  Exposu re  to hypox ia  resul ted  in a s ignif icant  increase in cyclic AMP (p < 0.01) 
and  a decrease in cyclic GMP (p < 0.05) as compared  to hear t s  perfused for 60 rain wi th  media  gassed wi th  96% O2, 
4% CO~. 

The convers ion of a s t imulus  such as work  overload,  
i schemia  or hypox ia  to a b iochemica l  signal in i t ia t ing the  
increase in R N A  and pro te in  synthes is  observed  in cardiac 
h y p e r t r o p h y  is no t  clear. One of t he  earl iest  even ts  no ted  
in models  of h y p e r t r o p h y  such as pressure  over load 3, and  
c a r d i o m y o p a t h y  4 is an increase in adeny la te  cyclase 
ac t iv i ty .  The isolated perfused  ra t  hea r t  p repa ra t ion  sub-  
j ec ted  to hypox ia  has  been used in th is  l abora to ry  in 
series of s tudies  a imed at  clarifying the  possible sequence 
of even t s  leading to cardiac h y p e r t r o p h y .  We have  de- 
m o n s t r a t e d  t h a t  exposure  of the  perfused hea r t  to  30 min 
of hypox i a  results  in a 60-100% increase in myocard ia l  
R N A  synthes is  following reoxygena t ion  5. The purpose  
of the  p resen t  s t u d y  was to  de te rmine  whe the r  cyclic 
nucleot ide  levels are a l tered in hear t s  sub jec ted  to 
30 min  of hypoxia ,  preceding  the  increase in R N A  syn- 
thesis  observed in th is  model.  

Materials and methods. H ear t s  f rom 230-250 g male 
Wis t a r  ra ts  (Charles River  ]i,aboratories) were per fused  
on a modif ied  reci rcula t ing Langendor f f  appa ra tu s  as 
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