
15. X. 1965 Brevi eomunicazioni - Brief Reports 605 

by  the  muc in -con ta in ing  vacuoles,  and  which su r rounded  
the  nucleus,  i t  should be s t ressed,  however ,  t h a t  t he  con- 
t e n t s  of the  secre tory  vacuoles  of t he  goble t  ceils were  
usual ly  lost du r ing  the  processing of the  t issues,  so t h a t  no 
conclusion can  as ye t  be  d r a w n  regard ing  the  absence  or 
presence  of lac toferr in  in these  s t ruc tu res  9. 

Rdsumd. Les t echn iques  i m m u n o h i s t o c h i m i q u e s  on t  
pe rmis  de localiser la lactoferr ine  dans  les cellules s6reuses 
des acini des g landes  bronchiques .  
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Laboratoire de t4echerches de Pathologie interne des 
Cliniques universitaires Saint-Pierre, Lo~,vain 
(Belgium), March 18, 1965. 

9 Acknowledgment: This investigation was supported by Grant 
No. 461 from the t:lmds de la btecherche Scientifique M6dicale, 
Bruxelles (Belgium). 

Fig. 3. Comparative staining of serous and mucous acinar cells. 
Above: high-magnification view of bronchial biopsy section stained 
with fluorescein-labelled antilactoferrin. Below: same section after 
staining by the periodic aeid-Sehiff procedure. Se: serous cells. 

Mu : mucous cells. 

Effect of T h i a m i n e  A n a l o g s  on the Electrical  
Act iv i ty  of the Rabbi t  Vagus  Nerve  ~ 

In  an inves t iga t ion  of the  role of t h i amine  in nervous  
t issue,  ARMETT and  COOPER ~ found t h a t  pyr i th iamine ,  an 
an t ime tabo l i t e  of th iamine ,  w h e n  appl ied to the  non-  
m y e l i n a t e d  f ibers  of the  r abb i t  vagus  nerve  p roduced  an 
increase in t h e  amp l i t ude  of  the  c o m p o u n d  act ion po ten-  
t ial  t h a t  was  i r reversible  over  a 90 rain per iod (Figure 1). 
These  effects  could be p r e v e n t e d  by  p r e t r e a t m e n t  of t he  
nerve  w i t h  th iamine .  In  s u b s e q u e n t  b iochemical  invest i -  
gat ions  a, no corre la t ion  could be ob ta ined  be tween  the  
e lect rophysiologieal  effect  of p y r i t h i a m i n e  and  an in ter -  
ference wi th  t he  k n o w n  enzyma t i c  reac t ions  t h a t  require  
t h i amine  p y r o p h o s p h a t e  (TPP) as a coenzyme.  In  addi-  
t ion,  no inh ib i t ion  b y  p y r i t h i a m i n e  of t he  syn thes i s  of 
T P P  could be d e m o n s t r a t e d .  However ,  it  could be shown  
t h a t  i ncuba t ion  of the  vagus  ne rve  wi th  t he  an t ime t abo l i t e  
caused a release of t h i a m i n e  f rom the  nerve.  

In  an  ef for t  to  gain some in fo rmat ion  on t h e  specif ic i ty  
of t he  electr ical  effect  of py r i t h i amine ,  a va r i e ty  of o t h e r  
analogs  of t h i amine  were t es ted .  These  e x p e r i m e n t s  are 
the  basis  of th is  repor t .  

The  s t ruc tu res  of the  c o m p o u n d s  t h a t  were examined  
are shown in F igure  2; these analogs  were k ind ly  suppl ied  
by  Merck, Sharp  and D o h m e  Resea rch  Labora tor ies .  
Py r i t h i amine  and  th iamine  were ob ta ined  f rom Calbio- 
chem. 
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Fig. 1. The effect of pyrithiaminc on the compound diphasic action 
potential of the non-myelinated nerve fibers of the rabbit vagus 
nerve. The left-hand record is a control action potential and the 
right-hand record is the action potential 10 nfin after the addition of 

pyrithiamine (5 raM) to the bathing solutiou. 

1 This work was supported by grants from the US Public tlealth 
Service, Merck, Sharp and Dohme, and The l~,urroughs \Vellcome 
Company. 
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Vagus  ne rves  were dissected f rom r a b b i t s  ki l led b y  t h e  
in j ec t ion  of a i r  i n to  t he  m a r g i n a t  ea r  v e i n ;  t h e y  were  t h e n  
d e s h e a t h e d  a n d  m o u n t e d  in  a c h a m b e r  s imi la r  to  t h a t  
des igned  b y  ECCLES 4. T h e  evoked  c o m p o u n d  ac t ion  po-  
t en t i a l  was  recorded d iphas ica l ly  t h r o u g h  a p a i r  of ex-  
t e r n a l  p l a t i n u m  electrodes.  The  m a i n  e l eva t i on  of t h i s  
ac t ion  p o t e n t i a l  was a func t ion  of t he  n o n - m y e l i n a t e d  (or 
C) f iber  a c t i v i t y ;  t he  s t imulus  used to  evoke  t h e  ac t ion  
po t en t i a l  was  0.5 msec in d u r a t i o n  a n d  a b o u t  30 V in  
a m p l i t u d e ;  a n y  change  in t he  a m p l i t u d e  of t he  m a x i m a l  
ac t ion  p o t e n t i a l  on  a 10 m i n  exposure  of t he  n e r v e  f ibers  
to  the  t e s t  c o m p o u n d s  was r ecorded  L 

The  c o m p o u n d s  were d isso lved  in  L o c k e ' s  so lu t ion  of 
the  fol lowing compos i t ion  in m m o l e s / t :  NaC1, 156; KC1, 
5.6; CaCI~, 2.2; dex t rose ,  10.0; s o d i u m  p h o s p h a t e  buf fe r  
p H  6.9, 2.0. W h e n  necessary ,  t e s t  so lu t ions  were re-  
ad ju s t ed  to p H  6.9 b y  t he  careful  a d d i t i o n  of N a O H .  

Results  and conclusions. T he  resu l t s  are s h o w n  in t he  
Table.  A m p r o l i u m  ( I I I )  p r o d u c e d  some increase  in t he  
a m p l i t u d e  of t he  ac t ion  po t en t i a l ,  b u t  t he  resu l t s  were 
v a r i a b l e ;  in two of the  e x p e r i m e n t s  t he  n e r v e  was  subse-  
q u e n t l y  exposed  to  p y r i t h i a m i n e  (5.0 mmoles/1) a n d  a 
f u r t h e r  increase  in  a m p l i t u d e  was  obse rved .  A m p r o l i u m  
is a cocc idos ta t ie  a g e n t  t h a t  is p r e s u m e d  to  a c t  b y  in te r -  
fer ing w i t h  t h e  a b s o r p t i o n  of t h i a m i n e  5. 

-When t he  v a g u s  n e r v e  was exposed  to  I V  (L-593045- 
1-2) a t  a c o n c e n t r a t i o n  of 0,5 to  5.0 mmoles /1  i ts  evoked  
act ion p o t e n t i a l  a lways  increased.  U n f o r t u n a t e l y ,  a 
l imi ted  supp ly  of th i s  a g e n t  p r e v e n t e d  f u r t h e r  exper i -  
m e n t s  to  d e t e r m i n e  t he  lower  l imi t  of po t ency .  U n q u e s -  
t i o n a b l y  th i s  c o m p o u n d  is m u c h  more  p o t e n t  t h a n  pyr i -  
t h i a m i n e  since the  l a t t e r  was  on ly  occas iona l ly  effect ive  
a t  a c o n c e n t r a t i o n  of 2.5 mmoles/1 a n d  r a r e ly  h a d  a n  effect  
on  t he  ac t ion  p o t e n t i a l  a t  1.0 m m o l e / i  2. Th i s  f ind ing  w i t h  
I V  is of in te res t ,  s ince in  e x p e r i m e n t s  in  v i v o  i t  h a s  b e e n  
found  t h a t  I V  is a t  l eas t  t e n  t i m e s  more  p o t e n t  t h a n  
p y r i t h i a m i n e  in  p r o d u c i n g  po l yneu r i t i s  in  e x p e r i m e n t a l  
an ima l s  6. 

W i t h  V (L-58257-1-I)  t he  ac t ion  p o t e n t i a l  of t h e  ne rves  
also increased ;  no s ign i f i can t  a d d i t i o n  to t he  a m p l i t u d e  
of the  ac t ion  p o t e n t i a l  occur red  w h e n  t he  n e r v e  was  sub-  
s equen t ly  exposed to  p y r i t h i a m i n e ,  

The effect of thiamine analogs on the action potential of the non- 
myelinated nerve fibers of the rabbit vagus nerve 

Test compound Concentration % increase 
(mmoles/1) in amplitude 

of action 
potential 

I. Thiamine 5.0 

II. Pyrithiamine 5.0 

III. Amprolium 5.0 
5.0 
5.0 

IV. L-593045-1-2 5.0 
5.0 
1.0 
0.5 
0.5 

V. L-58257-1-1 5.0 
5.0 
5.0 
2.0 

VI. L-522132-0-0 5.0 
5.0 

VII. L-584424-0-1 5.0 
5.0 

VIII. L-591515-0-4 5.0 
5.0 

0 • 

47.5 4- 9.1 
(S,E.) b 

2.5 
33.0 
11,5 

13.5 
36.5 
53.5 
26.5 
58.0 

40.0 
6.0 

18,0 
20.0 

0 
0 

- -  7,5 
-- 25,5 

8,5 
5.5 

Average of 10 experiments, b Average of 14 experiments. 

R. M. ECCLES, J. Physiol. 1/7, 181 (1952). 
5 D. POLIN, E. R. WY~ASKY, and C. C. PORTER, Poultry Sci. d2, 

1057 (1963). 
6 b2. F. ROGERS, personal comnmnication. 
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The  add i t i on  of  VI (L-522132-0-0) to  the  vagus  nerve  
had  no effect  on the  ac t ion  poten t ia l .  Similar ly V I I I  
(L-591515-0-4) h a d  an  ins igni f icant  effect.  The  add i t ion  
of V I I  (L-584424-0-1) p roduced  a s l ight  decrease in t he  
amp l i t ude  of t he  ac t ion  po ten t ia l .  

A l t h o u g h  l imi ted  in scope,  these  e x p e r i m e n t s  sugges t  
t h a t  b o t h  the  pyr id ine  and  pyr imid ine  r ing of pyr i th i -  
amine  are requi red  for i ts  effect  on the  act ion po ten t i a l  of 
the  n o n - m y e l i n a t e d  ne rve  fibers of the  r abb i t  vagus  nerve.  
The  grea te r  sens i t iv i ty  of the  nerve  to  IV c o m p a r e d  to  I I  
(pyr i th iamine)  m a y  be a ref lect ion o5 ease of t r a n s p o r t  
since th is  agen t  w i th  an  e thy l  g roup  on the  1 pos i t ion  of 
the  py r imid ine  r ing would  be more  lipid soluble t h a n  
p y r i t h i a m i n e  w i t h  a m e t h y l  group on th is  posi t ion.  

The h igh  corre la t ion  be tween  the  effect  of these  analogs  
of t h i a m i n e  on the  electr ical  ac t iv i ty  of the  ne rve  f ibers  
and  the i r  e f fec t iveness  in p roduc ing  po lyneur i t i s  in ani-  

mals  ~ suggests  t h a t  a fu r the r  inves t iga t ion  wi th  th i s  in 
v i t ro  s y s t e m  m a y  be useful in e luc ida t ing  the  e t io logy of 
t he  n e u r o p a t h y  t h a t  is associa ted  w i t h  a t h i a m i n e  defi- 
c iency s ta te .  

Zusammen/assung. Der Einf tuss  e iner  A n z a h l  T h i a mi n -  
analoga  auf  die e lektr ische Akt iv i t / i t  des  Vagus  wurde  
un te r such t .  Das  A thy l ana logon  des P y r i t h i a m i n s  h a t t e  
m indes t ens  die zehnfache  VVirkung des P y r i t h i a m i n s  auf  
die E r h 6 h u n g  der  Ampl i tude  des Akt ionspo ten t ia l s .  Die 
Resu l t a t e  s t i m m e n  g u t  i iberein m i t  de r  FAhigkei t  d ieser  
Ant ime tabo l i t e ,  in v ivo  Po lyneur i t i s  he rvorzurufen .  

C. J .  ARMETT a n d  ] .  R.  COOPER 

Department o[ Pharmacology, Yale University School o/ 
Medicine, New Haven (Conn. USA),  June 14, 1965. 

P o t e n t i a t i o n  o f  the Cerebral V a s c u l a r  A c t i o n  

o f  Bradykinin by the 'Bradykinin Potentiating 
F a c t o r '  ( B P F )  i n  t h e  D o g  

The vasodi la t ing  effect  of b r adyk in in  upon t he  cerebra l  
vessels has  a l ready  been  descr ibed  l-a. I t  has  also been  
ind ica ted  t h a t  b r adyk in in  m a y  p lay  a role in t he  phys io-  
pa tho log ica l  con t ro l  of the  cerebral  c i rcula t ion ~,2. On the  
o t h e r  hand ,  t he  ' b r a d y k i n i n  p o t e n t i a t i n g  fac to r '  (BPF) ,  a 
pur i f ied  e x t r a c t  f rom the  v e n o m  of B. ]araraca, has  been  
shown to  ac t  in v i t ro  as well  as in vivo*. 

E i g h t  dogs, weighing 18 to  22 kg, were employed  in the  
exper imen t s .  The an imals  were  anaes the t i zed  w i t h  mor-  
p h i n e  (2 mg/kg,  s.c.) and  chloralose (90 mg/kg,  i.v.) a n d  
the  in t r a -c ran ia l  pressure  recorded  b y  m e a n s  of  a c a t h e t e r  
i n t roduced  in a cepha tad  d i rec t ion  t h r o u g h  the  ex t e rna l  
j ugular  vein  5. The t rac ings  of the  in t ra -cran ia l  blood pres- 
sure t oge the r  w i th  the  femoral  ar ter ia l  b lood pressure  and  
the  resp i ra t ion  were  s imul taneous ly  recorded  in a Grass,  
6-channel  Po lygraph .  Syn the t i c  b r a d y k i n i n  ( B R S  640 
Sandoz),  kal l idin ( K L  695 Sandoz),  e ledoisin (ELD 950 
Sandoz)  and  h i s t amine  were admin i s t e r ed  t h rough  a small  
ca the te r ,  p laced  in to  t h e  l ingual  a r t e ry  and  d i rec ted  to -  
wards  t he  caro t id  ar tery .  Drugs  were  d i lu ted  in saline and  
0.2 ml  of th i s  solut ion followed by  0.2 ml  saline were  in- 
j ec ted  each  t ime.  The  same  rou te  was  used for t he  admi n -  
i s t ra t ion  of ]3PF (10 mg  in 0.3 ml  of saline). T h o u g h  by  
slow in jec t ion  no effects  could be observed,  when  the  fac- 
to r  was  in jec ted  quickly,  a m o d e r a t e  fall in ar ter ia l  blood 
pressure  t o g e t h e r  w i th  mild  acce lera t ion  in r e sp i r a to ry  
m o v e m e n t s  and  increase of 3 to  5 c m  H20  in t h e  in t ra -  
crania l  venous  pressure  occurred.  Consequent ly ,  in  all 
e x p e r i m e n t s  p resen ted  in con t inua t ion ,  the  fac tor  was in- 
j ec ted  slowly, in a b o u t  30 sec (0.3 ml). 

The  in t ra -ca ro t idea l  in jec t ion  of b r adyk in in  in doses 
va ry ing  f rom 0.01 to  0.1/~g, according to  t he  sens i t iv i ty  of 
t h e  p repa ra t ion ,  p roduced  a c lear -cut  rise in t he  in t ra -  
cranial  Mood pressure ,  r ang ing  f rom a b o u t  1 to 6 cm H~O, 
w i t h o u t  a n y  change  in t he  sys temic  blood pressure  and  
resp i ra t ion  (Figure 1). Similar  effects  were ob ta ined  wi th  
the  o the r  th ree  agonists ,  kal l idin being in all cases more  
p o t e n t  t h a n  b radyk in in ,  and  h i s t amine  being a lways  less 
effect ive t h a n  e i ther  agen t ;  eledoisin was  more  p o t e n t  in 
some e x p e r i m e n t s  and  less in o the r s  (Table). N e a t  dose-  

Effect of BPF upon the cerebral vascular action of bradykinin, 
kallidin, eledoisin, and histamine 

Experiment 
number 

Increase in Potentiation ratio 
intra-cranial 
venous pressure 
(em H20) 
before after BK KL ELD H 

I Bradykinin (0.01/~g} 1.25 7.20 5.7 - - - 
Histamine (0.4pg) 5.30 3.12 - - - 0.6 

II Bradykinin (0.01 pg) 1.25 2.50 2.0 - - 
Histamine (0.03/2g) 1.25 1.88 - - 1.5 

III Bradykinin (0.1tlg) 5.95 9.68 1.6 - - - 
Histamine (1/2g) 5.30 5.30 - - - 1.0 

IV Bradykinin (0.02/~g) 5.30 14.20 2.7 - - 
Eledoisin (0.04 l~g) 4.68 10.30 - - 2.2 - 
Kallidin (0.02/~g) 8.10 14.28 - 1.8 - - 

V Bradykinin (0.01/,g) 5.61 18.80 3.3 - - - 
Eledoisin (0.05 pg) 5.30 3.75 - - 0.7 - 

VI Bradykinin (0.1/~g) 4.68 9.05 1.9 - - - 
Eledoisin (0. I/zg) 7.20 8.41 - 1.2 - 
Kallidin (0.1/,g) 12.45 10.30 - 0.8 - - 

v i i  Eledoisin (0.1/,g) 12.20 9.69 - - 0.8 - 
Katlidin (0.005/~g) 5.61 9.35 - 1.7 - - 

VIII Eledoisin (0.2~g) 7.80 6.75 - - 0.9 - 
Kallidin (0.005 pg) 3.12 12.45 - 4.0 - - 

Mean potentiation ratio 2.9 2.1 1.2 1.0 

~The values presented refer to the increase in intra-eranial venous 
pressure due to the drugs injected, respectively, during the 10 min 
time interval preceding (before) and the 10-20 rain interval following 
(after) the intra-carotideal adnfinistration of BPF (10 rag). 
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