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Gallic acid exh ib i t ed  fung i s t a t i c  ac t ion  aga ins t  A l t e r n a r i a  
humicola ,  A. solani,  Cepha lospor ium saeehari ,  C u r v u l a r i a  
l una t a ,  C. pal lescens,  C ladospor ium h e r b a r u m ,  Chae-  
t o m i u m  ind icum,  F u s a r i u m  nivale,  F. oxysporum,  t-Iel- 
m i n t h o s p o r i u m  oryzae,  H. sa t ivum,  Memnonie l l a  echi-  
na ta ,  Nigrospora  sphaer ica ,  Paec i lomyces  fusisporus,  Py -  
t h i u m  a p h a n i d e r m a t u m  a n d  Rhizopus  n igr icans  a t  3% 
c o n c e n t r a t i o n  whi le  aga ins t  Aspergi l lus  variecolor ,  A. 
terreus ,  A. n idu l ans  and  L e p t o s p h e r u l i n a  tr ifoli i  a t  3 .5% 
concen t r a t i on .  However ,  Aspergil lus niger ,  A. f lavus,  
C h a e t o s p h a e r o n e m a  h e r b a r u m ,  Pen ic i l l ium fun icu losum 
and  P. oxa l i cum rema ined  unaf fec ted  (table).  

The  role of Pheno l s  as fung i tox ic  agen t s  is well  es tab l i shed .  
Pheno l i c  acids, viz., benzoic  acid, salicylic acid and  pro-  
t o c a t e c h u i c  acid, are well  k n o w n  a n t i f u n g a l  subs t ances  K 
Benzoic  acid and  salicylic acids h a v e  also been  recorded  
as a n t i f u n g a l  f ac to r  of Popu lu s  t remulo ides" .  However ,  
t h e  i so la t ion  of gallic acid as an  a n t i f u n g a l  f ac to r  f rom 
Rosa  ch inens is  in  p r e sen t  s t u d y  has  been  done  for t he  
f i rs t  t ime.  

5 C. It. Fawcett and D. M. Spencer, Aim. Rev. Phytopath. 8, 
403-418 (1970). 

6 M. Hubbes, Can. J. Bot. d7 (8), 1295 (1969). 
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Summary. Sect ion of the  sciat ic  nerve,  pe r fo rmed  a f t e r  a week of muscu l a r  disuse, is followed b y  f ibr i l l a t ion  earl ier  
in t he  soleus (S) t h a n  in t he  an t e r i o r  t ib ia l is  (AT) muscle  of the  ra t .  The  s u b s e q u e n t  d e v e l o p m e n t  of f ibr i l la t ion,  wh ich  
is d i f fe rent  in the  con t ro l  d e n e r v a t e d  S as com pa r e  d w i t h  the  con t ro l  d e n e r v a t e d  AT, t e n d s  to b e c o m e  s imi lar  in  t he  
d i su sed -dene rva t ed  muscles.  

I n  a p rev ious  p a p e r  ~, i t  was r epo r t ed  t h a t  the  onse t  of 
f ibr i l la t ion  in the  d e n e r v a t e d  so leus -gas t rocnemius  mus-  
cles of the  r a t  is g rea t ly  acce le ra ted  if t he  muscles  are p u t  
in to  disuse for some days  before  dene rva t ion .  
I n  t he  p re sen t  work,  i t  was i nves t i ga t ed  if disuse affects  
equa l ly  the  fas t  and  slow muscle  f ibres (bo th  of wh ich  are 
p r e sen t  in t i le  t e s t ed  muscu l a r  g roup  a, 4), or p re fe ren t i a l ly  
affects  one t ype  of fibres. U n d e r  the  same  e x p e r i m e n t a l  
cond i t ions  of disuse and  dene rva t ion ,  t he  onse t  of f ibri l la-  
t ion  was se lect ively  i nves t i ga t ed  in soleus (S, slow) a n d  
an t e r io r  t ib ia l is  (AT, fast) muscles.  The  s u b s e q u e n t  de- 
v e l o p m e n t  of f ibr i l la t ion,  b o t h  in con t ro l  and  expe r imen-  
t a l  muscles,  was also inves t iga ted .  
Methods. Spina l  cord  section,  or p las te r  cas t  immobi l i za -  
t ion  of t he  l imbs  were pe r fo rmed  in adu l t  a lb ino  rats ,  
250-300 g in weight ,  as descr ibed 2. The  d i s ta l  tendin.ous 
inser t ions  of S a n d  A T  were cu t  on one side. I n  a n u m b e r  
of cases, t he  whole  t endo  ca lcaneus  was cut .  U n i l a t e r a l  
(cordotomized,  immobi l ized ,  or con t ro l  animals)  or b i l a t -  
eral  ( t eno tomized  animals)  sect ion of t he  sciat ic  n e r v e  
was pe r fo rmed  6 7 days  la ter ,  nea r  t he  t r o c h a n t e r ,  a t  
3.5-4.0 cm f rom the  po in t  of ne rve  inse r t ion  in to  t he  
muscles,  t he  ne rve  s t u m p  to A T  be ing  2-3 m m  longer  t h a n  
t he  s t u m p  to S. 
E M G r a p h i c  records  were t aken ,  u n d e r  e the r  anaes thes ia ,  
v ia  a pa i r  of needle  electrodes,  in su la ted  excep t  for t he  
t ips,  w i t h  an  in te re lec t rode  d i s tance  of 2 ram, f rom the  
midd le  po r t i ons  of b o t h  S and  AT. R e p e a t e d  inse r t ions  
were pe r fo rmed  t r a n s c u t a n e o u s l y  in the  same an imal ,  
us ing  t he  f ibu la  as a reference  po in t  for S. The  records  
were f rom the  superf ic ia l  layers  of AT, where  succinic  
d e h y d r o g e n a s e  a c t i v i t y  is low 5, a t  a d e p t h  n o t  g rea t e r  
t h a n  2 mm,  a n d  a p p r o x i m a t e l y  f rom t he  cen t r a l  layers  
of S. I n  some cases, f ib r i l l a t ion  was acu te ly  recorded  f rom 
the  exposed S, a t  a d e p t h  of 1-2 mm,  t he  a n i m a l  be ing  
sacrif iced a f te rwards .  
The  d e v e l o p m e n t  of f ib r i l l a t ion  was e s t i m a t e d  b y  mea-  
sur ing  t he  i n t e g r a t e d  e lect r ica l  a c t i v i t y  of t he  muscles  
t h r o u g h  a B e c k m a n - O f f n e r  E M G  in teg ra to r ,  a t  12-24-h-  
in tervals ,  ove r  a per iod  of a week. F i b r i l l a t i on  a c t i v i t y  
was also m o n i t o r e d  on  a CRO. 

Results. In  the  p rev ious ly  t e n o t o m i z e d  S, t he  onse t  of 
f ib r i l l a t ion  was, on  an  average ,  as precocious  as r epo r t ed  
for the  so leus -gas t rocnemius  group  2, occur r ing  25.63 i 
1 . 1 4 h  a f te r  d e n e r v a t i o n  (mean  of 23 cases, • S.E.) ;  t he  
con t ro l  t ime  in t he  c o n t r a l a t e r a l  d e n e r v a t e d  muscles  was 
54.31 • 1.09 h. I n  t he  t e n o t o m i z e d  AT, f ibr i l l a t ion  arose 
cons i s t en t ly  l a t e r :  39.86 ~k 2.22 h a f t e r  d e n e r v a t i o n  
(mean  of 21 cases;  con t ro l  t i m e  55.87 • 2.13 h). 
The  difference be tween  S a n d  AT was still  g rea te r  in 
immobi l i zed  l imbs.  F ib r i l l a t i on  b e g a n  respec t ive ly  
26.26 • 2.29 h and  48.52 • 4.32 h a f te r  d e n e r v a t i o n  
(mean  of 10 cases). 
Less m a r k e d l y  d i f fe ren t  were t he  resu l t s  in t he  cordoto-  
mized  animals .  F ib r i l l a t i on  b e g a n  22.41 • 1.18 h a n d  
30.42 • 3.52 h a f te r  d e n e r v a t i o n ,  r espec t ive ly  in S and  
A T  (mean  of 15 cases). 
The  d e v e l o p m e n t  of f ib r i l l a t ion  was f i rs t  of all inves t i -  
ga t ed  in t he  s imply  d e n e r v a t e d ,  con t ro l  muscles.  In  S 
(see figure) f ib r i l l a t ion  increased  r a t h e r  quickly,  r each ing  
a p e a k  48 h a f te r  i t s  onset ,  b u t  a f t e rwards  i t  fell off m a r -  
kedly.  In  AT, f ibr i l l a t ion  deve loped  more  g radua l ly  d u r i n g  
t h e  f i rs t  2 days,  and  t h e n  leveled off, so t h a t  a f te r  168 h 
t he  e lectr ical  a c t i v i t y  was m u c h  a b o u t  t he  same  in AT 
and  S. 
I n  t he  an ima l s  w i t h  sp ina l  cord  t r ansec t ion ,  f ib r i l l a t ion  
d e v e l o p m e n t  in S and  A T  was r a t h e r  s imilar ,  inc reas ing  
v e r y  slowly and  v e r y  g r adua l l y  t h r o u g h o u t  t he  whole  
e x p e r i m e n t a l  per iod  (168 h). 
I n  t he  t e n o t o m i z e d  and  in t he  immobi l i zed  animals ,  t h e  
resu l t s  were less cons is ten t .  I n  some an imals ,  t he  devel-  

1 This work was aided, in part, by a grant from U. I. L. D. M. 
(Unione Italiana Lotta alla Distrofia Muscolare), Sezione di 
Trieste. 

2 M. Midrio, F. Bouquet, M. Durighello and T. Princi, Expe- 
rielltia 29, 58 (1973). 

3 J .M. Stein and H. A. Padykula, Am. J. Anat. 710, 103 (1962). 
4 A.W. Sexton and J. W. Gersten, Science 157, 199 (1967). 
5 B. Salafsky, J. Bell and M. A. Prewitt, Am. J. Physiol. 275, 

637 (1968). 
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o p m e n t  of  f i b r i l l a t i o n  m o d i f i e d  as  a f t e r  c o r d  s ec t i on ,  
w h e r e a s  in  o t h e r  a n i m a l s  t h e r e  we re  n o  s i g n i f i c a n t  d i f f e r -  
e n c e s  w i t h  t h e  c o n t r o l  m u s c l e s .  
Discussion. T h e  i m p o r t a n c e  of  m o t o r  a c t i v i t y ,  p o s s i b l y  
a s s o c i a t e d  to  a ' t r o p h i c '  n e u r a l  f a c t o r  6-9, in  t h e  c o n t r o l  
o f  m u s c l e  m e m b r a n e  p r o p e r t i e s  h a s  b e e n  s t r e s s e d  b y  
m a n y  a u t h o r s  i n  r e c e n t  y e a r s  lO-,a. I t  w a s  s u g g e s t e d  a lso  
b y  o u r  e x p e r i m e n t s  o n  t h e  s o l e u s - g a s t r o c n e m i u s  m u s -  
c les  2, s h o w i n g  t h a t  d i s u s e  s t r o n g l y  f a v o u r s  t h e  o n s e t  of  
f i b r i l l a t i o n  f o l l o w i n g  d e n e r v a t i o n .  
F r o m  t h e  p r e s e n t  w o r k ,  i t  r e s u l t s  t h a t  e x p e r i m e n t a l  
d i s u s e  is in  g e n e r a l  l ess  e f f e c t i v e  in f a s t  m u s c l e  t h a n  in t h e  
s l ow  one ,  in  a c c e l e r a t i n g  t h e  o n s e t  o f  f i b r i l l a t i on .  T h i s  is 
i n  k e e p i n g  w i t h  t h e  o b s e r v a t i o n s  t h a t  d i s u s e  a f f e c t s  f a s t  
m u s c l e  t o  a l e s s e r  d e g r e e  t h a n  t h e  s l ow  one ,  a s  f a r  a s  
t r o p h i s m  1,, 15, h i s t o c h e m i c a l  c h a r a c t e r i s t i c s  is ,  i~ a n d  d y -  
n a m i c  p r o p e r t i e s  ~7-20 a r e  c o n c e r n e d .  I t  s e e m s  p o s s i b l e  to  
r e l a t e  s u c h  r e s u l t s  m a i n l y  t o  t h e  a c t u a l  r e d u c t i o n  in  
m u s c l e  u s e  c a u s e d  b y  t h e  e x p e r i m e n t a l  p r o c e d u r e s  r a t h e r  
t h a n  to  a d i f f e r e n t  i m p o r t a n c e  o f  m u s c l e  a c t i v i t y  in  
m a i n t a i n i n g  m u s c l e  p r o p e r t i e s .  T e n o t o m y  in  t h e  r a b b i t  2~, 
a n d  l i m b  f i x a t i o n  in  t h e  r a t  22, h a v e  b e e n  s h o w n  in  f a c t  to  
h a v e  l i t t le ,  if  a n y ,  e f f ec t  o n  E M G r a p h i c  a c t i v i t y  of  f a s t  
m u s c l e s ,  w h i l e  s t r o n g l y  r e d u c i n g  t h a t  of  t h e  s low o n e s ;  
o n  t h e  o t h e r  h a n d ,  f a s t  m u s c l e  is p h y s i o l o g i c a l l y  m u c h  
less  u s e d  t h a n  s l o w  m u s c l e  22, ~3. So i t  s e e m s  r e a s o n a b l e  to  
a s s u m e  t h a t  in  o u r  e x p e r i m e n t s  too ,  t h e  r e d u c t i o n  in  
m o t o r  a c t i v i t y  a f t e r  t e n o t o m y ,  l i m b  c a s t i n g  o r  c o r d o t o m y  
w a s  r e l a t i v e l y  less  m a r k e d  in  A T  t h a n  in  S, w i t h  a cor -  
r e s p o n d i n g l y  less  m a r k e d  e f f ec t  on  f i b r i l l a t i o n  , ac t i v i t y .  
A h i g h e r  d e g r e e  o f  d i s u s e  c a u s e d  in  t h e  m u s c l e s  c o u l d  

s i m i l a r l y  be  t h e  r e a s o n  w h y  c o r d o t o m y  w a s  m o r e  e f f e c t i v e  
t h a n  t e n o t o m y  or  c a s t i n g  in  f a v o u r i n g  f i b r i l l a t i on  a lso  in  
A T :  n o t w i t h s t a n d i n g  t h e  r e s u l t i n g  d r a m a t i c  c h a n g e s  in  
p h y s i o l o g i c a l  c o n d i t i o n s ,  c o r d o t o m y  is p r o b a b l y  7, 24 a b e t -  
t e r  w a y  of  e l i m i n a t i n g  m u s c l e  u s e  t h a n  t e n o t o m y ,  w h i c h  

6 S. Thesleff, Ann. N. Y. Acad. Sci. 228, 89 (1974). 
7 D .B .  Draehlnan, Ann. N. Y. Acad. Sci. 228, 161 (1974). 
8 E . X .  Albuquerque, J. E. Warnick, F. M. Sansone and R. Onur, 

Ann. N. Y. Acad. Sci. 228, 224 (1974). 
9 E. Gutmann,  in: The Motor System: Neurophysiology and 

Muscle Mechanisms, p. 5. Ed. M. Shahani. Elsevier Scientific 
Publishing Company, Amsterdam 1976. 

10 R. Jones and G. Vrbov~t, J. Physiol. 210, 144P (1970). 
11 D . B .  Dracblnan and F. Witzke, Science 176, 514 (1972). 
12 D. Purves and B. Sakmann, J. Physiol. 237, 157 (1974). 
13 T. Lomo and R. H. Westgaard, J. Physic;1. 252, 603 (1975). 
14 J .C .  Eccles, J. Physiol. 103, 253 (1944). 
15 P. Hnik, in: The Denervated Muscle, p. 360. Ed. E. Gutmann.  

Publishing House of the Czechoslovak Academy of Sciences, 
Prague 1962. 

16 R.M. If. McMinn and G. Vrbovfi, Q. J. exp. Physiol. 49, 424 
(1964). 

17 F . W .  Booth and J. R. Kelso, Pflfigers Arch. 342, 231 (1973). 
18 A . J .  Buller, J. C. Eceles and R. M. Eccles, J. Physiol. 150, 399 

(1960). 
19 G. Vrbovfi, J. Physiol. 169, 513 (1963). 
20 J . F . Y .  Hoh and C. Dunlop, Int. Cong. Ser. 334, p. 50. Excerpta 

Medica, Amsterdam 1974. 
21 G. Vrbovfi, J. Physiol. 166, 241 (1963). 
22 G.D.  Fisehbaeh and N. Robbins, J. Physiol. 201,305 (1969). 
23 E. Henneman and C. B, Olson, J. Neurophysiol. 28, 581 (1965). 
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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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T h i a m i n e  t r a n s p o r t  by  h u m a n  in te s t ine  in v i tro  1 
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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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