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Fig. 3. The mean number (•  S.E.) of secretory granules of Paneth 
cells after Trasyiol* administration. The granule count per cell is 
marked on the ordinate. There is statistically a highly significant 
increase of the granule count per cell both in the duodenum and je- 
junum. Abbrevations: gran, granule; PC, Paneth cell. 
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Fig. 4. The distribution of the Paneth cells as a function of the num- 
ber of coarse cytoplasmic granules after Trasylol | administration. 
The number of granules per cell is marked on the axis and the number 
of Paneth cells on the ordinate. The average number of granules per 
cell is marked with dotted lines. The same material was used for 
Figures 3 and 4. 

for these diverse p h e n o m e n a  have  main ly  r emained  
obscure. I t  is shown t h a t  Trasylol| is able to  inhibi t  the  
ac t iv i ty  of zymogenic  proteases  of the  acinar  cells of the  
ra t  pancreas  ~s. The p resen t  resul ts  indica ted  t h a t  Tra- 
sylol| which  is an inhib i tor  of various prote inases  and 
t ryps in ,  has obviously  an ident ical  effect  on P a n e t h  cells 
of the  intest ine.  This appeared  as an increased n u m b e r  of 
secre tory  granules of the  cells as well as an increased 
granule size. Similar p h e n o m e n o m a  have  been descr ibed 
to occur in acinar  ceils of the  ra t  pancreas  af ter  soybean  
ingest ion which  conta ins  t ryps in  inhib i tors  1~. The origin 
and the  re la t ion of the  P a n e t h  ceils to o ther  cell types  in 
the  gas t ro in tes t ina l  t r ac t  is no t  whol ly  unders tood .  The 
presen t  observa t ions  fu r ther  suppor t  the  view t h a t  
P a n e t h  cells are morphologica l ly  and  funct ional ly  and 
even embryological ly re la ted  to  the  pancrea t ic  acinar cells, 
as suggested previous ly  on the  basis of numerous  morpho-  
.logical studies~K The under ly ing  mechan i sm for t he  
increase of the  counts  of secre tory  granules m a y  e i ther  
resul t  f rom increased p roduc t ion  of mater ia l  necessary  for 
granule fo rmat ion  or de layed ex t rus ion  of the  granules 
f rom the  cy top lasm of the  ceils into the  in tes t ina l  lumen.  
The marked  increase of the  granule size in the  p resen t  
Trasylol  | expe r imen t s  favours  t he  la t t e r  mechanism.  

Zusammen/assung. Nachweis ,  dass Trasylol  | ein 
t I e m m s t o f f  ffir p ro teo ly t i sche  Enzyme ,  im D u o d e n u m  
und J e j u n u m  der Maus eine Z u n ah me  der P a n e t h s c h e n  
Zellen bewirk t  und  ausserdem eine V e r m e h r u n g  der 
Sekre tgranula  pro Zelle verursacht .  
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S t e r e o l o g i c a l  M e a s u r e m e n t s  of  Atrial  U l t r a s t r u c t u r e s  in the  G u i n e a - P i g  

E x a m i n a t i o n  of the  exc i t a t ion-con t rac t ion  coupling 
process in a t r ia l  muscle has suggested t h a t  the  f requency-  
d e p e n d e n t  mechanica l  response of the  t issue 1,2 is asso- 
c ia ted wi th  calcium der ived f rom mul t ip le  calcium 
stores a-5. These stores have  been suggested to be the  
sarcolemmal  membrane ,  subsarco lemmal  cis terns (SSC), 
sarcoplasmic re t icu lum (SR) and mi tochondr i a  (Mr). 
E lec t ron  microscopic examina t ion  of these  and  o ther  
in t racel lular  s t ruc tures  have  been  per fo rmed  in several  
a t r ia l  p repa ra t ions  6,v. However ,  in order  to develop a 
be t t e r  unde r s t and ing  of the  contrac t i le  behav ior  of the  
tissue, a q u a n t i t a t i v e  examina t ion  of cell s t ruc tu re  is 
desirable.  Previous  de te rmina t ions  of th is  kind have  been 
made  on vent r icu la r  m y o c a r d i u m S - l l  and skeletal  
muscle 12,1~, In  th is  paper ,  we repor t  the  resul ts  of stereo- 
logical m e a s u r e m e n t s  made  on the  con t rac t ion- re la ted  
s t ruc tures  of a typ ica l  m a m m a l i a n  atr ial  p repa ra t ion  : t he  
guinea-pig  left a t r ium.  

Materials and methods. Lef t  a t r ia  f rom guinea-pigs of 
e i ther  sex, weighing be tween  400 and 800 g, were isolated 
in oxygena ted  Krebs -Hense le i t  solut ion at  24~ Pr ior  to 

f ixat ion,  mechanica l  charac ter i s t ics  of the  t issue were 
examined  wi th  a s t an d a rd  isometr ic  recording appara tus .  
Only a t r ia  exh ib i t ing  normal  behavior  were p repared  for 
stereological  examina t ion .  
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A typical guinea-pig left atrial section employed in morphometric 
analysis. Mitoehondria (Mt), myofilaments (Mr1), Z-line (Z), sareo- 
plasmic reticulum (SR), subsarcolemmal cisterns (double arrow). 
Scale, 0.5 ~xm; • 29400. 

After m e c h a n i c a l  e v a l u a t i o n ,  a t r i a  were  i n i t iMly  f i x e d  
for  2 h in i ce -co ld  3~ g l u t a r a l d e h y d e  in  0.05 M co l l id ine  
b u f f e r  ( p H  7.4). S p e c i m e n s  w e r e  t h e n  w a s h e d  s eve ra l  
t i m e s  w i t h  0.3 M suc rose  in  0.05 M co l l id ine  b u t l e r  ( p H  
7.4) a n d  p o s t - f i x e d  in  a 1% o s m i u m  t e t r o x i d e c o l l i d i n e  
b u f f e r  s o l u t i o n  for  2 h.  A t r i a  w e r e  d e h y d r a t e d  in a g r a d e d  
ser ies  of  e t h a n o l  washes ,  f o l l owed  b y  p r o p y l e n e  ox ide ,  
e m b e d d e d  in  E p o n  D D S A  a n d  N M A  ~ a n d  s e c t i o n e d  on  a 
R e i c h e r t  u l t r a m i c r o t o m e  w i t h  a d i a m o n d  kni fe .  T h i n  
u n o r i e n t e d  s i lver  s e c t i o n s  w e r e  s t a i n e d  w i t h  a s a t u r a t e d  
s o l u t i o n  of u r a n y l  a c e t a t e  a n d  R e y n o l d s  l ead  c i t r a t e  a n d  
e x a m i n e d  on  a R C A  m o d e l  3 H - e l e c t r o n  m i c r o s c o p e .  I n  
o r d e r  t o  o b t a i n  a n  u n b i a s e d  s a m p l e ,  m i c r o g r a p h s  were  
r e c o r d e d  f r o m  t h e  u p p e r  r i g h t - h a n d  c o r n e r  of t h e  s q u a r e s  
of  t h e  s u p p o r t i n g  c o p p e r  gr id .  F o r  c a l i b r a t i o n ,  a c a r b o n  
r e p l i c a  c ross  g r a t i n g  (21,600 l i nes / cm)  w a s  p h o t o g r a p h e d .  
M e a s u r e m e n t s  were  m a d e  on  19 • 19 c m  p r i n t s  h a v i n g  a 
f ina l  m a g n i l i c a t i o n  of  33,600 a n d  on  20 x 2 3  c m  p r i n t s  
h a v i n g  a f ina l  m a g n i f i c a t i o n  of  18,500. 

P o i n t  c o u n t i n g  a n d  l ine  integration12,~5-~7 w e r e  
p e r f o r m e d  on  t h e  m i c r o g r a p h s  b y  c o v e r i n g  t h e m  w i t h  
t r a n s p a r e n t  s h e e t s  of t h i n  p l a s t i c  on  w h i c h  a s q u a r e  g r id  
(e i the r  0.65 or  0.3 cm/s ide )  h a d  b e e n  p h o t o g r a p h i c a l l y  
i m p r i n t e d .  T h e  g r id  a n d  p r i n t  were  i l l u m i n a t e d  b y  p l a c i n g  

t h e m  on  a n  X - r a y  v i e w i n g  box .  T h e  f r a c t i o n  of cell  v o l u m e  
o c c u p i e d  b y  a ce l lu lar  c o m p o n e n t  i w a s  d e t e r m i n e d  b y  t h e  
r e l a t i o n  Vi/Vcaz ~ P,/Pce~z 16, in w h i c h  P ,  is t h e  n u m b e r  
of p o i n t s  fa l l ing  on  t h e  c o m p o n e n t  i, a n d  P~,~ is t h e  t o t a l  
n u m b e r  of  p o i n t s  fa l l ing  on  t h e  m y o c a r d i a l  cell.  T h e  sur~ 
face  to  v o l u m e  r a t i o  of  t h e  ce l lu la r  c o m p o n e n t  i was  
c a l c u l a t e d  f r o m  t h e  r e l a t i o n  A~/V~a~ = (~/2) (Cl/aPe~zz)16, 
in  w h i c h  A ,  is t h e  e x t e r n a l  m e m b r a n e  a r e a  of  t h e  c o m -  
p o n e n t  i, C, is t h e  n u m b e r  of  i n t e r s e c t i o n s  of  t h e  e x t e r n a l  
m e m b r a n e  of  c o m p o n e n t  i w i t h  t h e  v e r t i c a l  l ines  of  t h e  
gr id ,  a n d  a is t h e  l e n g t h  of  one  s ide  of  t h e  s q u a r e  on  t h e  
m e a s u r i n g  g r id  d i v i d e d  b y  t h e  f ina l  m a g n i f i c a t i o n  of t h e  
p r i n t .  T h e  t h e o r e t i c a l  c o n s i d e r a t i o n s  i n v o l v e d  in  s t e r eo -  
log ica l  m e a s u r e m e n t s  of n o n - o r i e n t e d  b u t  a n i s o t r o p i c  
t i s sue  a n d  t h e  m e t h o d  of  c o u n t i n g  n e c e s s a r y  to  o v e r c o m e  
s u c h  p r o b l e m s  h a v e  b e e n  d i s c u s s e d  b y  o t h e r s  12, ~ .  

Resul/s and discussion. T h e  s t r u c t u r a l  o r g a n i z a t i o n  of  
t h e  g u i n e a - p i g  a t r i a l  cell  (Figure)  is s i m i l a r  to  o t h e r  m a m -  
m a l i a n  a t r i a l  p r e p a r a t i o n s 6 ,  v, p o s s e s s i n g  a m e a n  cell  
d i a m e t e r  o f  7.6 ~xm. T h e  q u a n t i t a t i v e  m e a s u r e m e n t s  m a d e  
of t h e s e  s t r u c t u r e s  a n d  t h e i r  r e l a t i o n s h i p  to  o t h e r  m y o -  
c a r d i a l  cells  a re  s u m m a r i z e d  in t h e  Tab le .  T h e  c o n t r a c t i l e  
p r o t e i n s  o c c u p y  41 .4% of t h e  cell  v o l u m e  a r r a n g e d  in  
i r r e g u l a r l y  s h a p e d  g r o u p s  of  myof ib r i l s .  T h e  nuc le i  (4 ,1%) 
a re  c e n t r a l l y  l o c a t e d ,  b e i n g  a s s o c i a t e d  w i t h  a p r o m i n e n t  
Golgi  c o m p l e x  as  wel l  as  a t r i a l  g r a n u l e s  a n d  ves ic les .  T h e  
m i t o c h o n d r i a  (14 .4%)  are  a l i gned  in  c le f t s  b e t w e e n  t h e  
m y o f i l a m e n t s  as  wel l  as  in  t h e  j U x t a n u c l e a r  c y t o p l a s m .  
T h e  s a r c o p l a s m i c  r e t i c u l u m  (1.7~ is r a n d o m l y  o r i e n t e d ,  
m e a n d e r i n g  for  s h o r t  d i s t a n c e s  ac ross  t h e  b a n d s  in  a n y  
d i r ec t ion .  T h e  t u b u l e s  of  t h e  s a r c o p l a s m i c  r e t i c u l u m  m a k e  
spec i a l i zed  coup l ings  w i t h  t h e  s a r c o l e m m a ,  i n c r e a s i n g  t h e  
t o t a l  S R  f r a c t i o n a l  cell  v o l u m e  to  2.2 o/0. T h e  s u b s a r c o l e m -  
m a l  c o u p l i n g s  a p p e a r  as  f l a t t e n e d  saccu les  pa ra l l e l  t o  t h e  
s a r c o l e m m a  a n d  s e p a r a t e d  b y  a n  i n t e r s p a c e  p o s s e s s i n g  
p e r i o d i c  dens i t i e s .  

C o m p a r i s o n  of  t h e s e  f r a c t i o n a l  cell  v o l u m e s  to  t h o s e  
o b t a i n e d  in o t h e r  m y o c a r d i a l  f i b re s  (Table)  d e m o n s t r a t e s  
a n  a p p a r e n t  s t r u c t u r e - f u n c t i o n  r e l a t i o n s h i p .  T h e  v e n t r i c n -  
Iar cells a s s o c i a t e d  w i t h  e l ec t r i ca l  t r a n s m i s s i o n  (i.e., 
p u r k i n j e ,  b u n d l e  b r a n c h  a n d  p s e u d o t e n d i n o u s  f ibre)  
posses s  a less d e v e l o p e d  i n t r a c e l l u l a r  s t r u c t u r a l  o rgan i za -  
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1~ H. SITTE, in Quantitative Methods in Morphology (Eds. E. R. 

WEIBEL and H. ELIAS; Springer-Verlag, Inc., New York 1967), 
p. 167. 
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Comparative stereological measurements of mammalian myocardial structures 

Myocardial cell Volume (~ma/~zm 3) 

N Mt SR SSC Mfl 

Guinea=pig 1. atrium b 0.041 -~ 0.012 0.144 =~: 0.008 0.017 i 0.001 0.005 z~: 0.000 0.414 ~ 0.006 
Rat 1. ventricle 9 0.34 • 0.01 0.035 ztz 0.002 -- 0.481 ~z 0.009 
Rat 1. ventricle 1~ --  0.358 • 0.006 0.035 t 0.002 --  0.476 -t- 0.007 
Calf 1. ventricle n 0.029 -5 0.008 0.307 ~= 0.044 --  --  0.387 ~= 0.018 
Sheep purkinje s 0.009 ~ 0.002 0.103 of- 0.006 --  --  0.234:1- 0.009 
Calf 1. bundle branch n 0.024 :~ 0.014 0.110 ~ 0.016 --  -- 0.214 =}- 0.030 
Calf I. pseudotendinous fibre 11 0.027 • 0.006 0.113 -4- 0.025 --  0.212 4- 0.039 

Values are fractional vohlmes of structure i as a function of cell volume, b Atrial results are given as means • SEM. Ill all cases, the standard 
error has been calculated with n = 8, since 8 left atria were employed. For each atrium, observations were made on ar~ average of 7 micro- 
graphs. 



580 Specialia EXPERIENTIA 31/5 

t ion,  w i t h  t he  myof ibr i l s  and  m i t o c h o n d r i a  compr i s ing  
on ly  32% of the  cell volume.  Similar ly ,  t he  f rac t iona l  cell 
vo lumes  of the  myof ibr i l s  and  m i t o c h o n d r i a  in r a t  (82%) 
and  calf (69%) ven t r ic les  are g rea te r  t h a n  in gu inea-p ig  
a t r i u m  (55%), be ing  associa ted  w i t h  t he i r  ab i l i t y  to  
deve lop  g rea te r  con t rac t i l e  tens ion .  The  f rac t iona l  cell 
vo lumes  occupied b y  t he  s a r c o t u b u l a r  sys t ems  in a t r i a l  
and  v e n t r i c u l a r  muscle  are app rec i ab ly  less t h a n  in skele ta l  
muscle  (13%) ~a. This  implies  a decreased s torage  c a p a c i t y  
which  is cons i s t en t  w i th  t he  r ap id  effect  of a l te red  ex t ra -  
cel lular  ca lc ium c o n c e n t r a t i o n  on  deve loped  t ens ion  in t he  
m y o c a r d i u m  ~s 

Mi tochondr i a l  cell vo lume  d e t e r m i n e d  b y  m o r p h o m e t r y  
exh ib i t s  r easonab le  cor re la t ion  to  vo lumes  ca lcu la ted  b y  
m e a s u r i n g  copper  c o n t e n t  19. Guinea-p ig  left  v e n t r i c u l a r  
wal l  a n d  left  a t r i u m  possessed copper  c o n t e n t s  of 0.33 and  
0.19 ~moles Cu/g d r y  weight ,  respect ively .  Stereological  
e x a m i n a t i o n  of these  cells p rov ided  m i t o c h o n d r i a l  
vo lumes  of 0.35 and  0.144 ~m3/~xm ~ cell vo lume  (Table),  
respect ively .  F o r  a m p h i b i a n  a t r i a l  t r abecu lae ,  GREEN 
et  a l )  ~ d e t e r m i n e d  t he  m i t o c h o n d r i a l  vo lume  as approxi -  
m a t e l y  15%. The  lower m i t o c h o n d r i a l  vo lume  observed  
in a t r i a l  muscle,  as well  as t he  lower myo i ib r i l l a r  c o n t e n t  
per  un i t  d r y  weigh t  2~ m a y  reflect  a lower t o t a l  consump-  
t ion  of A T P  b y  t he  con t rac t i l e  a p p a r a t u s  of the  cells. 

Ai/V,a~ for a t r i a l  s a rco lemmal  m e m b r a n e ,  d e t e r m i n e d  
on r a n d o m l y  or ien ted  sections,  was 0.24 • 0.03 ~m2/~m 3 
wh ich  was in r easonab le  a g r e e m e n t  w i th  va lues  de t e rmin -  
ed in v e n t r i c u l a r  cells% 1~ 0.30 • 0.02 tzm2/~m 3. Our  
inab i l i t y  to  o r ien t  t he  t i ssue  necess i t a ted  d e t e r m i n a t i o n  
of t he  sa rcoplasmic  r e t i cu lum surface to vo lume  ra t io  b y  
the  r e l a t ionsh ip  (Asr/As~) (Asz/Vcaz), where  Asr/As~ is 
i n d e p e n d e n t  of the  sec t ion ing  angle  n,  lL The  ra t io  
d e t e r m i n e d  for t he  sa rcoplasmic  r e t i cu lum was 0.36 • 

0.04 as c o m p a r e d  to 1.2 ~m2/~xm * for v e n t r i c u l a r  muscle  9, ~0 
The  lower Asr/Voa* d e t e r m i n e d  for a t r i a l  muscle,  as 
c o m p a r e d  to v e n t r i c u l a r  muscle,  is associa ted  w i t h  a 
smal ler  sa rcoplasmic  r e t i c u l u m  f rac t iona l  cell v o l u m e  as 
well  as a decreased  dependence  of a t r i a l  muscle  on  in t ra -  
cel lular  ca lc ium stores  ~2. 

Zusammen/assung. Mit  m o r p h o m e t r i s c h e n  M e t h o d e n  
wurde  be im  Meerschweinchen  eine q u a n t i t a t i v e  Ana lyse  
yon  V o l u m e n  u n d  Ober f l / i chenarea l  der  U l t r a s t r u k t u r -  
k o m p o n e n t e n  der  H e r z v o r h o f - M u s k u l a t u r  durchgef i ih r t ,  
die m i t  dem E r r e g u n g s - K o n t r a k t i o n s - K o p p l u n g s v o r g a n g  
und  de r  E r sch l a f fung  v e r k n i i p f t  sind. 
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Influence of Antihistamine and Compound 48/80 on Healing 

The  concep t ion  of t he  h i s t a m i n e - f o r m i n g  capac i ty  
(HFC) of t i ssues  a n d  t he  poss ib i l i ty  of a l t e r ing  the  H F C  
exper imen ta l ly ,  more  specif ical ly of e l eva t ing  it, has  
p rov ided  t he  poss ib i l i ty  of acce le ra t ing  t he  r a t e  of 
w o u n d  hea l ing  1-~. Il l  t h e  t i ssues  f rom skin  w o u n d s  of t i le 
ra t ,  t h e  H F C  has  been  found  consp icuous ly  e l eva ted  
c o m p a r e d  to  t h a t  of i n t a c t  skin,  whereas  t i le h i s t a m i n e  
c o n t e n t  of w o u n d  t issue was low. The  H F C  of t he  skin  
can  be  e x p e r i m e n t a l l y  increased :  R e p e a t e d  in jec t ions  of 
c o m p o u n d  48/80 or p o l y m y x i n  deple tes  t h e  skin  of 
h i s t amine ,  w h e r e b y  t h e  h i s t id ine  deca rboxy lase  ac t i v i t y  
is c o n c o m i t a n t l y  increased.  I n  r a t s  t r e a t e d  for a 3-day 
per iod  w i t h  da i ly  in jec t ions  of 48/80 or p o l y m y x i n ,  
w o u n d  hea l ing  has  been  found  to  be  acce le ra ted ;  b o t h  t he  
tensi le  s t r e n g t h  of t he  e x p e r i m e n t a l  w o u n d  and  the  
col lagen c o n t e n t  in  t he  g r a n u l a t i o n  t i ssue  were signifi- 
c a n t l y  increased.  This  increase  pers i s ted  t h r o u g h o u t  the  
whole  per iod  of f ib roplas ia  of t he  hea l ing  wound .  The  
s t i m u l a t i o n  of hea l ing  was t e n t a t i v e l y  accoun ted  for b y  a n  
earl ier  f o r m a t i o n  of f ib rob las t s  and  t h e r e b y  an  earl ier  
onse t  of col lagen f o r m a t i o n  4. 

The  pha rmaco log ica l ly  l i be ra t ed  h i s t amine ,  wh ich  
reaches  t he  skin  v ia  t he  b lood-s t ream,  i.e. ex t race l lu la r  
h i s t amine ,  does no t  enhance  heal ing,  since, on  in j ec t ing  
long-ac t ing  h i s t amine ,  t h e  tensi le  s t r e n g t h  of t he  w o u n d  
was the  same as t he  con t ro l  w o u n d  in t he  u n t r e a t e d  ra t ,  as 
shown  b y  KAHLSON et  al. 5. 

Material and methods. I n  order  to  s t r e n g t h e n  f u r t h e r  
t he  ev idence  of t he  ineffec t iveness  of ex t race l lu la r  
h i s t a m i n e  in e n h a n c i n g  heal ing,  r a t s  were t r e a t e d  w i t h  

t h e  a n t i h i s t a m i n e  sho r t l y  before  rece iv ing  t he  h i s t a m i n e  
l i be ra t ing  drug.  The  tens i le  s t r e n g t h  of 5-day-old  hea l ing  
sk in  incis ions  was m e a s u r e d  w i t h  a t e n s i o m e t e r ;  t he  
t e c h n i q u e  a n d  p rocedures  i nvo lved  h a v e  been  descr ibed  
in d e t a i l 4 , t  A con t ro l  w o u n d  was f i rs t  t e s t ed  on  each  
an imal .  The  a n t i h i s t a m i n e  was t h e n  in jec ted  followed b y  
48/80 15-20 min  later .  The  a n t i h i s t a m i n e  m e p y r a m i n e  
(neoan t e rgan  | was  g iven  i.p. in  a dose of 25 m g / k g  a n d  
48/80 i.p. 1 mg/kg.  This  t r e a t m e n t  was  g iven  3 days  before  
the  e x p e r i m e n t a l  w o u n d  was inf l ic ted.  

Results. The  dose of a n t i h i s t a m i n e  was effect ive  aga ins t  
ex t race l lu la r  h i s t amine ,  because  48/80 a lone p roduced  
signs of h i s t a m i n e  shock ;  w i t h i n  15-20 ra in  t h e  r a t s  were 
ly ing sti l l  in t h e i r  cages w i t h  s t r idor ,  cyanosis ,  s igns of 
i t ch ing  a n d  some t imes  oedema  of nose and  paws.  The  
m o r t a l i t y  in h i s t a m i n e  shock  in our  p rev ious  s tud ies  was  
20% 4. W h e n  t he  r a t s  h a d  a n t i h i s t a m i n e  pr io r  to  48/80, no 
signs of shock  were seen;  t he  r a t s  m o v e d  a b o u t  in t he  
n o r m a l  way, looked una f fec t ed  a n d  no  d e a t h s  occurred.  
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