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is a v e r y  complex  cond i t ion  v, 1,, ~5 and  cas t ing,  wh ich  does 
no t  ensure  a t r ue  immobil izat ior t~,  ~, ~7. 
The  obse rva t i ons  on f ibr i l la t ion  d e v e l o p m e n t  in  t h e  con-  
t ro l  muscles  are r emin i scen t  of those  of Sa la fsky  e t  al. on  
the  same  muscles  5. Spina l  cord  section,  and  in some cases 
t e n o t o m y  or l imb  immobi l i za t ion ,  caused  f ibr i l l a t ion  in S 
to deve lop  more  s lowly and  g radua l ly  t h a n  in the  con t ro l  
muscles,  t hus  a p p r o a c h i n g  the  p a t t e r n  obse rved  in the  
fas te r  AT. Accord ing  to m a n y  authors~7 ~0, 22 p ro longed  
(2-4 weeks) muscu l a r  disuse causes t he  slow muscle  to  
become  faster .  I n  a few col la tera l  exper imen t s ,  we could 
no t  apprec i a t e  in v i t ro  a n y  change  in con t rac t i l e  p rop-  
er t ies  of S a f te r  a week  of disuse (unpub l i shed  observa-  
t ions),  b u t  i t  m i g h t  be  sugges ted  t h a t  t he  ' fas t '  p a t t e r n  
of f ib r i l l a t ion  d e v e l o p m e n t  r ep resen t s  a precocious,  
t h o u g h  indirect ,  ev idence  of t he  change  in muscle  p rop-  
erties.  The  effects of disuse on the  slow c o m p o n e n t s  of 
AT 5, 2s could s imi lar ly  exp la in  t he  s l ight  change  in f ibri l-  
l a t i on  d e v e l o p m e n t  w h i c h  was  obse rved  also in  t h i s  
muscle.  

Accord ing  to t he  t h e o r y  t h a t  a n e u r o t r o p h i c  fac to r  is 
coope ra t ing  in t he  con t ro l  of muscle  m e m b r a n e  proper t ies ,  
i t  would  be  possible  also to  specula te  t h a t  in  t he  disuse 
p r e t r e a t e d  muscle,  f ibr i l la t ion,  due  to  i ts  earl ier  onset ,  
develops  w h e n  t he  p e r i p h e r a l  ne rve  s t u m p  is still  re leas ing 
t he  t r oph i c  substance29,  a l t h o u g h  a t  a p rogress ive ly  re- 
duced  ra t e  ~0, w i t h  a r e su l t ing  slower change  in m e m b r a n e  
proper t ies .  However ,  t h i s  e x p l a n a t i o n  is m a d e  d o u b t f u l  
b y  t he  fac t  t h a t  t e n o t o m y  a n d  cas t ing  were p rac t i ca l ly  
as effect ive as c o r d o t o m y  in acce le ra t ing  the  onse t  of 
f ibr i l la t ion,  whi le  t h e y  did  no t  cons i s t en t ly  affect  t he  
s u b s e q u e n t  deve lopmen t .  
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Summary. Surgical  spec imens  of h u m a n  g a s t r o i n t e s t i n a l  mucosa  and  muscle  were i n c u b a t e d  in v i t ro  w i t h  t h i a m i n e -  
thiazole-2-14C. Labe l led  t h i a m i n e  u p t a k e  was uphi l l  in  mucosa l  t issues and  downhi l l  in muscle.  Smal l  i n t e s t i na l  m u c o s a  
a c c u m u l a t e d  label led t h i a m i n e  in a p h o s p h o r y l a t e d  form, while  gas t r ic  and  colonic mucosa,  as well  as muscu l a r  layers  
of all ga s t ro in t e s t i na l  segments  s tudied,  d id  not .  

Smal l  in tes t ine  of several  a n i m a l  species is able  to  abso rb  
in v ivo  2-s or to t r a n s p o r t  in v i t ro  ~ -15 smal l  a m o u n t s  of 
t h i a m i n e  by  an  ac t ive  m e c h a n i s m  16. In  man ,  i n t e s t i n a l  
a b s o r p t i o n  o f t h i a in ine  was s tud ied  exclusively in vivol~ 20. 
The  results,  r ecen t ly  conf i rmed  by  T h o m s o n  21,22 and  
Levy 2a, suggest  t h a t ,  in h u m a n  in tes t ine ,  t h i a m i n e  ab- 
so rp t ion  involves  a process  s a tu r ab l e  b y  low c o n c e n t r a t i o n  
()f v i t a m i n .  However ,  a d i rec t  d e m o n s t r a t i o n  of an  ac t ive  
t r a n s p o r t  m e c h a n i s m  could be  b e t t e r  ach ieved  b y  using 
an  in v i t ro  t echn ique .  This  p r o m p t e d  us to  choose, in the  
p r e sen t  research,  an  in v i t ro  t i ssue  u p t a k e  p rocedure  for 
s t u d y i n g  t h i a m i n e  t r a n s p o r t  b y  h u m a n  g a s t r o i n t e s t i n a l  
t i ssue  i n c u b a t e d  w i t h  label led th i amine .  The  a im of th i s  
i nves t i ga t i on  was to s t u d y  : t he  ab i l i ty  of h u m a n  in t e s t i na l  
t i ssue  to a c c u m u l a t e  label led  t h i a m i n e ;  the  c o n t r i b u t i o n  
to a c c u m u l a t i o n  b o t h  of mucosa l  and  muscu l a r  layers  of 
g a s t r o i n t e s t i n a l  wall ;  t h e  t opog r aph i c  d i s t r i b u t i o n  of t he  
a c c u m u l a t i o n  s y s t e m  a long t he  a l i m e n t a r y  canal ,  p a r t i -  
cu la r ly  t he  smal l  in t e s t ine  ; t h e  chemica l  fo rm of t h i a m i n e  
wh ich  is a c c u m u l a t e d  and  the  func t iona l  m e a n i n g  of ac- 
c u m u l a t i o n  as re la ted  to d i f fe ren t  i n t e s t i na l  segments .  
Materials and methods. Spec imens  of sound  gas t r ic  and  
i n t e s t i n a l  (duodenum,  j e j u n u m ,  i leum and  t r a n s v e r s e  
colon) t issue were o b t a i n e d  f rom p a t i e n t s  a t  t he  t ime  of 
surgical  resect ion for gas t r ic  and  i n t e s t i n a l  ulcer  and  
tumors .  U p o n  removal ,  t he  t issues were p laced  in cold 
(3-5~ Krebs -Hense l e i t  (K-H) b i c a r b o n a t e  buffer ,  p H  
7.4, equ i l ib ra t ed  w i t h  5% CO~ in O22.. Mucosal  a n d  
m u s c u l a r  layers,  t h o r o u g h l y  s e p a r a t e d  b y  dissect ion,  
were cu t  in to  pieces of a p p r o x i m a t e l y  200-300 m g  a n d  
d i s t r i b u t e d  to i n c u b a t i o n  f lasks c o n t a i n i n g  gassed K - H  
b i c a r b o n a t e  buffer .  T he  t ime  i n t e rva l  f rom surgical  re- 
m o v a l  of t issues to  the  s t a r t  of i n c u b a t i o n  n e v e r  exceeded 
30 min.  His to logica l  tests ,  pe r fo rmed  b y  l igh t  microscope 
before  a n d  a f te r  i ncuba t ion ,  showed t h a t  all t i ssues  were 
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normal ,  mucosa l  and  muscu la r  layers being per fec t ly  
separa ted  and  cellular s t ruc tu res  in tact .  Thiamine  t rans -  
p o r t  was de t e rmined  by  means  of the  t issue up take  
procedure  of Crane and  Mandels tam~L The t issues were 
incuba ted  in 20 ml  of K - H  b ica rbona te  buffer,  p H  7.4 
(gassed only  a t  the  s t a r t  of the  incubat ion) ,  for 20 min a t  
37 ~ in a t h e r m o s t a t i c  shaker.  In  all tes ts ,  t he  K - H  bi- 
ca rbona te  buffer  con ta ined  0.2 ~M th iamine- th iazole-2-  
14C (Radiochemical  Center,  Amersham,  Eng l and ;  specific 

0.8 

~ P h  

0.6 ~ To 

oN 
Mc Ms 
Stomach 

(10) 

O.4 

o= 

0.2 
-6 

i!~iiii 

_  iiiiii 

iliiiiiii  i 
::::::::: ::::::::: ::::::::: ::::::::: 

iiiiii 
::::-:: 

Mc Ms Mc Ms 
Duodenum Jejunum 

(10) (10) 

iii.iiii 
iii!::: 

iiii 

..... i 

. ....,.: 

i i i ' ,  t.:.:.:.:-;- I:::i:i:i 
;!~!~iiii ,,......... 
ii!!ii~i~:ii 

Mc Ms 
Ileum 

(3) 

Mc Ms 
Transverse colon 

(3) 

Fig. 1. Mean free (Fr), phosphorylated (Ph) and total (To) labelled 
thiamine content of human gastrointestinal mucosa (Me) and muscle 
(Ms), after 20 min incubation in Krebs-Henseleit bicarbonate buffer, 
pH 7.4, containing 0.2 tzM thiamine-thiazole-2A4C. The vertical lines 
on top of each bar refer to free and phosphorylated thiamine standard 
errors. In brackets, numbers of surgical specimens used. 
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Fig. 2. Mean T/M of human gastrointestinal mucosa (Mc) and muscle 
(Ms) after 20 rain incubation in Krebs-Henseleit bicarbonate buffer, 
pH 7.4, containing 0.2 [~M thiamine-thiazole-2-1*C. T/M, nmoles 
labelled total thiamine of tissue/nmole labelled total thiamine of 
medium. In brackets, numbers of surgical specimens used. 

ac t iv i ty  0.1 mCi/1.26 mg). B o t h  in incuba t ion  med ium 
and  tissues, labelled th iamine  was ex t r ac t ed  and  deter-  
mined  by  Rind i  and  V en t u r a  procedure  2~, using for the  
ch roma tog raph ic  separa t ion  of free and  phosphory l a t ed  
th i amine  the  m e t h o d  of Sha rma  and  Quastel~L Radio-  
ac t iv i ty  was measured  wi th  a Geiger-Miiller low back- 
g round  gas-flow counte r  (Nuclear Chicago, rood. 512). 
The s t a n d a r d  error  of the  m e a s u r e m e n t s  was less t h a n  2% 
and  efficiency 81%. The coun t s /min  of each sample,  cor- 
rec ted  for background,  were conver t ed  into nanomoles  
(nmoles) of t h i amine  by  dividing b y  the  coun t s /min  of a 
thiamine-thiazole-2-14C s tandard .  Unlabel led (endoge- 
nous) free t h i amine  of surgical specimens,  before in- 
cubat ion,  was de t e rmined  by  a modif ica t ion  of t he  micro- 
m e t h o d  of Burch  et  al. 2s. The con ten t s  of all the  forms of 
t h i ami n e  (labelled as well as unlabelled) were expressed 
as nmoles  per  ml of t issue water .  In  every  surgical 
specimen,  wa te r  was de t e rmined  by  evapora t ion  to  con- 
s t a n t  weigh t  unde r  vacuum.  Label led to ta l  th i amine  is 
the  sum of labelled free and p h o s p h o ry l a t ed  th iamine .  
T/M was  calcula ted as the  rat io of labelled to ta l  th i amine  
concen t ra t ion  in t issue and  med i u m a t  the  end of in- 
cubat ion .  
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Fig. 3. Labelled phosph0rylated thiamine in percentage of all the 
labelled phosphorylated thiamine found (i.e., sum of contents of 
single human gastrointestinal segments), after 20 min incubation in 
Krebs-Henseleit bicarbonate buffer, pH 7.4, containing 0.2 ~M 
thiamine-thiazole-2-14C. Labelled phosphorylated thiamine contents 
were (nmoles/ml tissue water) : 1.43, in mucosa and 0.36, in muscle. 
In brackets, numbers of surgical specimens used. 
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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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