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et ic  s t i m u l a t i o n  were cons t r ic t ive .  I n  all  e x p e r i m e n t s  (25), 
t he  g rea te r  t he  s t i m u l a t i o n  f r equency  (ill r ange  f rom 
6-50 cps), t he  g rea te r  t he  m a g n i t u d e  of res i s tance  vessel  
r eac t ions  in  th i s  vascu la r  zone (Figure 3, r). Capac i t ance  
vessel  r eac t ions  were obse rved  t h r o u g h  t he  whole  r ange  
of f requencies  used. T he  m a x i m a l  va lue  of these  vessel  
r eac t ions  t o o k  place a t  t he  f r equency  of 20 cps, f u r t h e r  
increase  of f r equency  led to a lesser m a g n i t u d e  of vascu la r  
r eac t ions  (Figure  3, c). Response  l a t ency  for  res i s tance  
vessels a m o u n t e d  to  2.2 ~ 0.5 sec and  5.0 • 0.6 sec for 
capac i tance .  

The  g rea t  i nd iv idua l  v a r i a b i l i t y  of r es i s t ance  and  
capac i t ance  vessel  r eac t ions  ill d i f fe ren t  a n i m a l  sub jec t s  
a t  t he  same  p a r a m e t e r s  of e lectr ical  s t i m u l a t i o n  should  
be  noted ,  too. T h u s  u n d e r  s t i m u l a t i o n  of l u m b a r  s y m p a t h -  
et ic  ne rves  w i th  t he  f r equency  of 15 cps, t he  per fus ion  
pressure  increased  b y  6 m m  H g  w i t h  one a n i m a l  a n d  b y  
66 m m  H g  w i t h  ano the r ,  v e n o u s  o u t p u t  a t  t he  same  
f r equency  was 1.4 ml  ill one case and  5.6 ml  in t h e  o ther .  

Resu l t s  of e x p e r i m e n t s  showed  t h a t  t he re  is a g rea t  
di f ference b e t w e e n  f requencies  of s t imula t ion ,  i nduc ing  
m a x i m a l  r eac t ions  of res i s tance  and  capac i t ance  vessels 
for va r ious  va scu l a r  zones. 

Conclusion. (1) T he  m a x i m a l  reac t ions  of cerebra l  
res i s tance  vessels arise a t  t he  s t i m u l a t i o n  f r equency  of 
30 cps, t he  m a x i m a l  reac t ions  of capac i t ance  vessels a t  

t he  f r equency  of 10 cps. (2) Reac t i ons  of res i s tance  vessels 
in  t he  p u l m o n a r y  lobe increase  in t he  r ange  of s t i m u l a t i o n  
f requencies  f rom 11-50 cps, m a x i m a l  reac t ions  of pul-  
m o n a r y  capac i t ance  vessels are obse rved  a t  the  f r equency  
of 30-40 cps. (3) Reac t i ons  of res i s tance  vessels  s i t ua t ed  
below the  a b d o m i n a l  a o r t a  b i fu r ca t i on  increase  progres-  
s ively in t he  r ange  of f requencies  f rom 6-50 cps, t h e  
m a g n i t u d e  of capac i t ance  vessel  r eac t ion  reach ing  i ts  
m a x i m u m  va lue  a t  20 cps. 

BblB0~IbI. MaKCHMa~IbHble peaKIIHH pe3HCTHBHblX c0cy~IOB 
M03ra B03HHKaIOT FIpH qaCTOTe CTHMMJI~IILHH 30 HMFI/CeK, 
eMK0CTHblX - l0  HMII/CeK. PeaKIIHH pe3HCTHBHblX c0cy~IOB 
~erI<OFO 14 pacrI0~I0>I<eHHblX HH>I<e 6HdpypKatIHH 6pmmHO~ 
a0pTbI yBeJIHqHBaIOTC~I IIpH HapaCTaHHH qaCTOTbI CTHMyJI~II~HH 
~10 50 HMH/CeK. MaKcHMa~bHI, Ie peaKHHH eMK0CTHblX c0cy~10B 
~IerK0ro Ha6Jl~la~Hcb rlpH qaCTOTe 30-40 HMH/ceK, c0cy~10B 
pacn0n0~<eHHblX nn~<e 5Hqbyp~aaHH a0pTbl np~i 20 Hmn/ce~. 
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Inf luence  of s o m e  T h i a m i n e  A n t a g o n i s t s  on  Frog  

Accord ing  to  YON MURALT a n d  ZOTTERMAN 1, a c rude  
e x t r a c t  of ca rp  in t e s t ine  c o n t a i n i n g  a t h i aminase ,  s t rong ly  
i nh ib i t s  t he  response  of t a s t e  recep tors  to  chemica l  s t imul i  
w h e n  appl ied  to t he  surface  of t he  frog tongue .  As a resu l t  
t h i a m i n e  (T) has  been  he ld  to be  d i rec t ly  i nvo lved  in 
r ecep to r  ac t iv i ty .  

I n  o rder  to  o b t a i n  more  conclus ive  ev idence  for th i s  
hypo thes i s ,  we h a v e  i nves t i ga t ed  t he  inf luence  on  t a s t e  
recep tors  of o the r  a n t a g o n i s t s  of T like p y r i t h i a m i n e  (PT) 
a n d  o x y t h i a m i n e  (OT). 

The  a d v a n t a g e  of P T  a n d  OT over  t h i a m i n a s e  p repa ra -  
t ions  is t h a t  t he  fo rmer  are  pu re  c o m p o u n d s  whi l s t  t he  
l a t t e r  m a y  con t a i n  severa l  in t e r fe r r ing  subs tances .  

I n  a f i rs t  se t  of e x p e r i m e n t s  car r ied  o u t  on  i so la ted  frog 
t o n g u e  p repa ra t ions ,  PT,  e i the r  appl ied  to  the  t o n g u e  
surface or  infused in t ra -a r t e r i a l ly ,  p roduced  on ly  a s l ight  
and  t r a n s i e n t  decrease  of r ecep to r  response  to  chemica l  
s t imul i  2. However ,  t i le i so la ted  frog t o n g u e  is no t  a n  
a p p r o p r i a t e  p r e p a r a t i o n  for t e s t i n g  t he  ac t ion  of com- 
pe t i t i ve  i nh ib i t o r s  l ike P T  a n d  OT, because  n o r m a l  
exc i t ab i l i t y  of t he  t a s t e  recep tors  is m a i n t a i n e d  on ly  for  
15-20 rain  a f t e r  i n t e r r u p t i o n  of t he  b lood  supply  

B e t t e r  e x p e r i m e n t a l  cond i t ions  were o b t a i n e d  w i t h  frog 
t o n g u e  p r e p a r a t i o n s  i n t r a - a r t e r i a l l y  per fused  w i t h  oxygen-  
a t ed  t y r o d e  solut ion.  

U n d e r  these  e x p e r i m e n t a l  condi t ions ,  the  recep tors  
m a i n t a i n  t h e i r  response  to s t a n d a r d  chemica l  s t imul i  un-  
c h a n g e d  over  a per iod of severa l  h o u r s  F u r t h e r m o r e ,  b y  
th i s  t e c h n i q u e  i t  is possible  to  add  t he  t h i a m i n e  an t ago-  
n i s t s  in  k n o w n  c o n c e n t r a t i o n s  to  t h e  per fus ion  m e d i u m  
and  to  assure  t h e i r  i n t i m a t ~  c o n t a c t  w i t h  the  recep tors  
for t he  desi red l eng th  of t ime.  

All t h e  f rog 's  t o n g u e  p r e p a r a t i o n s  were pe r fused  t h r o u g h  
t h e  l ingual  a r t e ry  for  30 m i n  w i t h  a m p h i b i a n  ty rode  
solut ions ,  so t h a t  t h e y  m i g h t  ach ieve  equ i l ib r ium u n d e r  
t he  new condi t ions .  

Tas te  R e c e p t o r s  

After  30 rain  e i the r  P T  or OT was added  to  t he  per fus ing  
med ium.  Recep to r  response  was t e s t ed  e v e r y  15 min  b y  
app ly ing  a so lu t ion  of CaCI~ c o n t a i n i n g  0.75 • 10-4M/1 
Ca ++ to  t h e  surface  of t he  t o n g u e  for  30 sec. 

The  ac t ion  p o t e n t i a l s  were p icked  up  f rom one of t he  
g lossopharyngea l  ne rves  w i t h  a su i t ab l e  p ipe t te ,  m o n i t o r e d  
on  a T e k t r o n i x  c a t h o d e - r a y  oscil loscope a n d  coun ted  on  
a n  e lect ronic  scaler.  The  per fus ion  t e c h n i q u e  and  t he  
record ing  a s sembly  used in these  e x p e r i m e n t s  h a v e  been  
descr ibed e lsewhere  8A. 

Fou r  g roups  of e x p e r i m e n t s  were car r ied  ou t  to  assay  
the effect  of P T  on  t a s t e  receptors .  The  f i rs t  group of 
t ongue  p r e p a r a t i o n s  was per fused  w i t h  p la in  t y r o d e  
solut ion.  In  t he  o t h e r  3 groups,  PT,  T and  P T  + T 
respec t ive ly  were added  to t he  per fus ing  med ium.  The  
c o n c e n t r a t i o n  of each  ac t ive  c o m p o u n d  in t he  m e d i u m  
was a lways  1.2 x 10-4M.  

Three  s epa ra t e  groups  of e x p e r i m e n t s  were  carr ied o u t  
to  s t u d y  t he  effect  of OT on frog t o n g u e  p repa ra t ions .  I n  
1 se t  of e x p e r i m e n t s  OT was pe r fused  a t  a c o n c e n t r a t i o n  
of 2.6 • 10-4M,  in t h e  o t h e r  t he  c o n c e n t r a t i o n  was higher ,  
5.3 • 10-4M.  The  OT response  was c o m p a r e d  w i th  a 
s e p a r a t e  g roup  of con t ro l  p repa ra t ions .  F o r  each t r ea t -  
m e n t  8 e x p e r i m e n t s  were car r ied  out .  

I n  F igure  1 t h e  a c t i v i t y  of t he  t a s t e  receptors ,  recorded 
du r ing  per fus ion  in our  expe r imen t s ,  is r epo r t ed  as a 
p e r c e n t a g e  of t he  ave rage  recep to r  response  ob t a ined  for  

1 A. vo• MURALT alld Y. ZOTTERMAN, Helv. Physiol. Acta 70, 279 
(19521. 

2 V. PERRI, G. RAPUZZI and L. CHIESA, Boll. Soc. ital. Biol. sper. 
43, 1466 (1967). 

s G. RAPUZZI, Boll. Soc. ital. Biol. sper. 40, 1051 (1964). 
4 C. CASELLA and G. RAPuZZI, Archo Sci. biol. 41, 191 (1957). 



15.1. 1969 Specialia 41 

100- 

80 

O0 
N 
r  

c o  

' ' ' liO 150 30 60 90 

Time of perfusion(min) 

Fig. 1. Response of taste receptors to chemical stimulation 
(Ca ++ 0.75 • 10 4M) in frog tongue preparations perfused 
with tyrode solution (�9 pyrithiamine 1.2 • 10-4M ( e ) ,  
thiamine 1.2 X 10-4M (A) and pyrithiamine 1.2 • 10-4M + 
thianfine 1.2 x 10 ~M (11). Standard errors of the means are 
indicated. 
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Fig. 2. Response of taste receptors to chemical stimu- 
lation (Ca ++ 0.75 • 10 4M) in frog tongue preparations 
perfused with tyrode solution (O), oxythianfine 
2.6 • 10-4M (e), oxythiamine 5.3 • 10-4M (A). 
Standard errors of the means are indicated. 

each p repa ra t ion  dur ing the  initial  equi l ibra t ion  period.  
I t  can be seen t rom the  da t a  t h a t  perfus ion wi th  t y rode  
alone or wi th  1.2 • 10 4M solut ion of T did no t  produce  
any  effect  on receptor  act ivi ty ,  which was ma in t a ined  at  
values near  90% of the  init ial  discharge ra te  for 2.5 h. 

PT at  1.2 • 10-4M, on the  contrary ,  p roduced  a reduc-  
t ion  of receptor  act iv i ty ,  which  at  the  end of the  experi-  
men ta l  per iod was down to 34.9% of the  s t a r t ing  values. 

The fact  t h a t  the re  was no such reduc t ion  when  PT  + T  
1.2 • 10-4M were perfused demons t r a t e s  t h a t  the  effect  
is specific. Sta t is t ica l  t r e a t m e n t  of the  values  of receptor  
discharge shows t h a t  the  responses  to chemical  s t imul i  
p lo t t ed  agains t  t ime  are well r epresen ted  by  a set  of 
s t ra igh t  lines. The lines calculated f rom the  da t a  af ter  
tyrode,  T, PT  + T perfus ion have  regression coefficients 
no t  s ignif icant ly  di f ferent  f rom zero. The line ob ta ined  
wi th  PT  perfus ion alone has  a regression coeff icient  of 
- -  0.4218 wi th  p < 0.001%. 

OT t r e a t m e n t  a t  bo th  the  concen t ra t ions  used (Figure 2) 
p roduced  no s ignif icant  reduc t ion  of receptor  d ischarge as 
compared  wi th  its own controls.  

Our resul ts  are cons i s ten t  wi th  the  hypo thes i s  t h a t  
th i amine  is an essent ial  fac tor  in the  process  of t a s t e  
receptor  exci ta t ion.  This is clearly p roved  by  the  specific 
inhibi t ion exer ted  by  PT  on their  response  to  chemical  
stimuli.  

The lack of any  depress ing act ion of OT can be ex- 
pla ined by  consider ing t h a t  OT acts  as a compe t i t ive  
an tagon i s t  of cocarboxylase  only when  p h o s p h o r y l a t e d  

and  t h a t  its ra te  of in vivo phosphory l a t i on  is very  low ~. 
On the  o ther  hand,  i t  is well known t h a t  in vivo PT  
act ively inhibi ts  the  phosphory l a t i on  of T by  the  th i -  
aminok inase  sys t em 6. 

Bo th  the  depress ing act ion of py r i t h i amine  and the  lack 
of any  influence of o x y t h i a m i n e  suggest  t h a t  t h i amine  is 
involved in the  exc i ta t ion  processes of t a s t e  receptors  only  
in the  phospho ry l a t ed  form. 

Riassunto. La p i r i t i amina  su preparaz ioni  di l ingua di 
r ana  perfuse depr ime  n o t e v o h n e n t e  la r i spos ta  dei recet-  
tor i  gusta t iv i  alla s t imolaz ione  chimica.  Questo ef fe t to  
dovu to  alla sue azione an t i t i amin ica  perch~ scompare  in 
presenza  di quanti t& equimolecolar i  di t iamina .  L 'oss i t i -  
a m i n e  al cont rar io  non  ha mo s t r a t o  ques to  azione. 
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