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were e i ther  less effect ive or ineffect ive a t  these  sites, and  
s t imula t ion  of d i f fe rent  Sites resul ted  in o the r  effects  to  
be descr ibed more  comple te ly  elsewhere.  

These f indings suppor t  an hypo thes i s  developed f rom 
our fo rmer  work  which  has  indica ted  the  exis tence of a 
forebra in  inh ib i to ry  sys t em involving cortical,  basa l  fore- 
bra in  and  l imbic s t ruc tures  which descend to re t icular  
areas of the  mid-  and  h indbra in .  S t imula t ion  a t  t he  
ros t ra l  end of th is  sys t em (basal forebra in  or orbi ta l  
gyri) resul ted  in suppress ion of m o t o r  behavior  and  the  
induc t ion  of sleep. Inh ib i t ion  of t he  masseter ic  mono-  
synap t ic  ref lex poin ts  to  the  fact  t h a t  th is  suppres-  
sion can be ref lec ted  in t he  mos t  basic of neurophys io-  
logical mechan i sms  as well. This  par t icu lar  f inding is 
especial ly re levan t  since re laxa t ion  of the  an t i g r av i t y  
muscles resul t ing in opening  of the  m o u t h  in the  unsup-  
por t ed  lower j aw is usual ly  a behaviora l  corre la te  of the  
init ial  s tages of sleep. 

Zusammen/assung. Der monosynap t i s che  Ref lex  des 
Nervus  masseter icus ,  durch  e lektr ische Re izung  des 
Nucleus mesencephal icus  des Tr igeminus  he rvorge ru fen  
und  ve to  Nervus  masse ter icus  abgelei te t ,  k o n n t e  durch  
Reizung b e s t i m m t  umschr iebener  Gebiete  des pri iopti-  
schen basa len  Telencephalons  oder  durch  Reizung des 
Gyrus orbi ta l  im Ka tzen-Cor tex  effekt iv  g e h e m m t  wer-  
den. E n t s p r e c h e n d e  Reizung der  gleichen Hi rngeb ie te  
I i ihrt  zur Synchron i sa t ion  des E lek t rocor t i cogramms  und  
ruf t  Schlaf hervor .  

Fig. 2. The control masseteric reflex is illustrated in A and C. Follow- 
ing the artifact, can be observed first the antidromic volley and then 
the reflex volley as recorded along the masseteric nerve. In ]3 an 
almost complete inhibition of the reflexive response is observed 
during the stimulation of the ipsilateraI preoptic area, while D shows 
an even more pronounced effect during stimulation of the ipsilateral 

orbital gyrus. 
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Connective Tissue Degradation and Distensibil ity 
Characteristics of the Non-Living Heart 

I t  is well known t h a t  the  myoca rd ium is inf i l t ra ted  by  a 
considerable  a m o u n t  of connect ive  tissue. Al though  col- 
lagenous fibers p redomina te ,  the  m y o c a r d i u m  also con- 
ta ins  elastic and  ret icular  f ibers 1. These non-muscu la r  
componen t s  of hea r t  t issue are a r ranged  in such a w a y  as 
to provide  a mat r ica l  supers t ruc tu re  upon  which  the  
muscular ,  nervous,  and vascular  componen t s  are ar- 
ranged.  To w h a t  ex t en t  the  connect ive  t issue fibers con- 
t r ibu te  to the  s ta t ic  (much less dynamic)  proper t ies  of the  
hea r t  is largely unknown.  

Methods. Lef t  ven t r icu la r  d is tens ibi l i ty  was compared  
in 4 groups of r abb i t  hear t s :  (1) control ,  (2) t r e a t ed  wi th  
collagenase, (3) t r ea ted  wi th  elastase,  and (4) t r ea t ed  wi th  
t rypsin .  

The protocol  for all expe r imen t s  was as follows: (1) As 
much  fluid as possible was w i t h d r a w n  f rom the  left 
ventr ic le  and pressure  a t  th is  'zero '  vo lume was recorded.  
(2) Cont inuous pressure records were ob ta ined  while in- 
fusing physiological  saline into the  left ventr ic le  a t  a ra te  
of 4.12 ml /min  unti l  the  pressure  reached  40-50 m m  Hg. 
(3) The p u m p  was then  reversed and wi thd rawa l  was 
cont inued a t  t he  same ra te  as infusion. (The hydros t a t i c  

level of the  saline b a t h  was ma in t a ined  co n s t an t  t h rough-  
out  b o t h  infusion and  withdrawal . )  This  cons t i t u t ed  the  
f irs t  p ressure-vo lume (P-V) curve and  i t  was a lways  
ob ta ined  wi th in  10 rain af ter  isolat ion of the  hear ts .  (4) 
Af ter  60 rain t ime  lapse (when s t i f fening was maximal)  
the  second P-V curve was obta ined.  (5) I m m e d i a t e l y  a f te r  
the  second P-V curve was obta ined,  the  hea r t s  were 
s t re tched  one t ime  wi th  t he  same vo lume of fluid t h a t  was 
used to ob ta in  the  f i rs t  P -V  curve and  t h e n  the  th i rd  P -V  
curve was obta ined .  (6) The hear t s  were t h e n  i ncuba t ed  
for 90 rain a t  36.5 ~ in a solut ion which  con ta ined  e i ther  
collagenase, elastase,  t ryps in ,  or buffered  physiological  
saline (pH 7.1, p h o s p h a t e  buffer).  The enzymes  were  ob-  
t a ined  f rom the  Nut r i t iona l  Biochemical  Co., Cleveland,  
Ohio, U S A ;  the i r  concen t ra t ions  were:  col lagenase 1.5 
mg /ml  (pH 7.1, p h o s p h a t e  buffer),  e lastase 0.4 m g / m l  
(pH 8.8, ca rbona te  buffer),  and t ryps in  2 mg /ml  (pH 7.95, 
p h o s p h a t e  buffer).  The left  ven t r icu la r  c h a m b e r  and  the  
coronary  ci rculat ion were per fused  wi th  the  solution.  The 
hea r t s  were t h e n  immersed  in the  d iges t ion  mix ture .  

1 R. H. LICATA, in Cardiology (Ed. A. A. LUISADA, McGraw-Hill, 
New York, N.Y., USA) vol. 1, p. 61 (1959). 
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Following incubat ion ,  the  hea r t s  were washed  in saline, 
r esuspended  in the  expe r imen ta l  a p p a r a t u s  and P-V 
curve (number  4) recorded.  

At  the  t e r m i n a t i o n  of t he  exper iments ,  samples  of 
myoca rd ium were t aken  for histological  observa t ion  and,  
in some exper iments ,  for es t imat ion  of collagen. Sections 
were s ta ined  w i t h  Mallory 's  anil ine blue (collagen), 
Gomori ' s  a ldehyde  fuchsin (elastin), and hema toxy l in -  
eosin. Collagen was ex t r ac t ed  b y  the  m e t h o d  of FITCH, 
HARKNESS, and HARKNESS 2 and  es t ima ted  by  the  hy-  
d roxypro l ine  m e t h o d  of !X[EUMAN and LOGAN 3 as modif ied  
by  MARTIN and AXELROD 4. 

Results.  Changes in P-V curves  under  contro l  condi t ions  
are depic ted  in Figure  A (this figure is r ep resen ta t ive  of 
those  ob ta ined  f rom 6 exper iments ) .  As expected ,  dis- 
tens ib i l i ty  was grea t ly  decreased 60 min following isola- 
t ion (curve 2, Figure  A). I m m e d i a t e l y  following passive 
s t re tch  (curve 3, Figure  A), d is tens ib i l i ty  was approxi -  
ma t e ly  hal f  t h a t  of control .  90 min  af ter  the  pass ive  
s t re tch ,  the  organ ' s  P-V curve had  shi f ted  f a r the r  to the  
left  (Figure A, curve 4). The fact  t h a t  curves 2 and 3 are 
dissimilar  indicates  some phys icochemica l  change;  t h a t  
th is  change  was par t i a l ly  reversible is indica ted  by  
curve 4. 

F igureB shows P -V curves t h a t  are represen ta t ive  of 10 
hea r t s  incuba ted  in collagenase. Curves 1, 2, and  3 are 
similar  in shape  to the  same curves p resen ted  in Figure A. 
Fol lowing incuba t ion  for 90 rain in collagenase, the  P -V  
curve was displaced to the  r igh t  (curve 4, Figure B). This  
s tands  in sharp  con t r a s t  to the  curves  s imilar ly  ob ta ined  
af ter  incuba t ion  in saline (Figure A), e lastase (Figure C) 
or t ryps in  (Figure D). 

Figure  C shows a P-V plo t  of a typ ica l  resul t  ob ta ined  
when  6 hea r t s  were i ncuba ted  for 90 min in a solut ion con- 
ta in ing elastase.  This  figure does no t  differ subs tan t ia l ly  
f rom the  control .  Since some degree of t issue macera t ion  
was no ted  in t hose  hea r t s  sub jec ted  to collagenase and  
elastase,  ano the r  group of 6 hear t s  was incuba ted  in a 

solut ion which  con ta ined  t rypsin .  This  was an a t t e m p t  to 
produce  a p p r o x i m a t e l y  the  same degree of t issue macera-  
t ion  as seen in the  o the r  hear ts .  Thus  the  t ryps in  group 
served as an addi t iona l  control .  Rep re sen t a t i ve  P -V  
curves are shown in Figure D. Fol lowing 90 min incuba-  
t ion in a solut ion which conta ined  t ryps in  (Figure D, 
curve 4) the  d is tens ib i l i ty  was no t  changed,  essentially,  
f rom t h a t  ob ta ined  immed ia t e ly  following passive s t re tch.  

W h e n  a s ta t i s t ica l  compar ison  of volumes  required t o  
ob ta in  pressures  of 0, 10, 20, 30, and  40 m m  Hg  was made,  
the  only group t h a t  differed f rom the  contro l  was the  
group t r ea t ed  wi th  collagenase. Only in t he  pressure 
range f rom 0-20 m m  Hg was the  in t raven t r i cu la r  volume 
s ignif icant ly  grea te r  (p < 0.01) in the  collagenase t r ea ted  
group. 

Discussion. W h a t  con t r ibu t ion  do collagen and  elast in 
make  towards  t he  d is tens ibi l i ty  character is t ics  of the  
m a m m a l i a n  vent r ic le  ? I t  seems clear t h a t  collagenase 
t r e a t m e n t  of t he  r ab b i t  hea r t  resul ts  in a significant  in- 
crease in d is tens ib i l i ty  of the  left  ventr ic le  and  t h a t  th is  
increased d is tens ib i l i ty  is more  ev iden t  in the  low pressure 
range.  On the  o the r  hand ,  t r e a t m e n t  wi th  elastase pro-  
duced no s ignif icant  change in the  d is tens ibi l i ty  charac-  
ter is t ics  of the  isolated ventricle.  These f indings s t and  in 
sha rp  con t ras t  to  those  of ROACH and BURTON 5 for ar- 
teries. This in i tself does no t  necessari ly indicate  any  
qual i ta t ive  difference in the  proper t ies  of the  collagens in 
the  2 loci bu t  can reflect  differences in the  geometr ical  
a r r angemen t  of t he  fibers in ar ter ies  and the  hear t .  

2 S. M. FITCH, M. L. R. I'{ARKNESS, and R. D. HARKNESS, Nature 
776, 163 (1955). 

a R. E. NEUMAN and M. A. LOGAN, J. biol. Chem. Y84, 299 (1950). 
4 C. J. MARTIN and A. E. AXELROD, Proc. Soc. exp. Biol. Med. 83, 

461 (1953). 
5 M.R. ROACH and A. C. BURTON, Can. J. Biochem. Physiol. 35, 681 

(1957). 
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A, Saline control (time after isolation): curve 
1, 10 min; curve 2, 60 rain; curve 3, 62 rain; 
curve 4, 150 rain. (Heart weight 6.9 g.) - B, 
Coltagenase (time after isolation): curve 1, 8 
min; curve 2, 61 rain; curve 3, 64 mill; curve 
4, 163 rain. (Heart weight 7.3 g.) - C, Elastase 
(time after isolation): curve 1, 8 rain; curve 2, 50 
rain; curve 3, 54 rain; curve 4, 161 rain. (Heart 
weight 5.6 g.) - D Trypsin (time after isolation) : 
curve 1, 9 mill; curve 2, 60 min; curve 3, 62 
rain; curve 4, 150 rain. (Heart weight 7.7 g.) 
-Temperature - 37.5 ~ (See text for protocol.) 
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I t  m i g h t  be  p rope r ly  a rgued  t h a t  t he  increased  dis- 
t ens ib i l i t y  p roduced  b y  col lagenase ac t ion  was t he  resu l t  
of de s t ruc t i on  of t he  s a r c o l e m m a  b y  the  enzyme,  b u t  
t he re  was no microscopica l  ev idence  of such  des t ruc t ion .  
More i m p o r t a n t ,  however ,  is t he  fac t  t h a t  t r y p s i n  ac- 
t iv i ty ,  wh ich  indeed  p roduced  t issue macera t ion ,  fai led 
to  p roduce  a n y  s ign i f ican t  change  in d is tens ib i l i ty .  T h u s  
i t  would  a p p e a r  t h a t  t he  effect  seen was due  to degrada-  
t ion  of ex t race l lu la r  col lagen and  no t  solely to  de s t ruc t i o n  
of t he  sa rco lemma.  The  col lagen c o n t e n t  of h e a r t s  t r e a t e d  
w i t h  col lagenase was 0.077 • 0.011 (SEre) g soluble  col- 
lagen/100 g we t  t issue whi le  the  col lagen c o n t e n t  of t h e  
con t ro l  g roup  was 0.118 :[: 0.017 g soluble  col lagen/100 
m g  wet  t issue. The  di f ference be tween  t he  2 m e a n s  was 
s ign i f ican t  a t  t he  0.05 level  ( S t u d e n t ' s  t test) .  

No chemica l  e v a l u a t i o n  of t he  eff icacy of e las tase  or  
t r y p s i n  ac t i v i t y  was u n d e r t a k e n  o t h e r  t h a n  t he  h is to-  
logical sect ions  m e n t i o n e d  previously .  The re  was some 
his tological  ev idence  of b e a d i n g  of e las t in  and  of t issue 
m a c e r a t i o n  in  those  h e a r t s  sub jec ted  to e las tase  an d  
t r y p s i n  respect ively .  C o n c e n t r a t i o n  levels of t he  enzymes  

used were in excess of those  k n o w n  to  p roduce  s ign i f ican t  
e n z y m a t i c  effects ~-s. 

Zusammen/assung. Isol ier te  H a s e n h e r z e n  w u r d e n  im 
I n k u b a t o r  in  3 G r u p p e n  v o n  E n z y m g e m e n g e n  b e h a n -  
del t ,  ih re  A u s d e h n u n g s c h a r a k t e r i s t i k a  d u r c h  Druck-  
v o l u m e n - M e s s u n g e n  b e s t i m m t .  Von  den  v e r w e n d e t e n  
E n z y m e n  Collagenase,  E la s t a se  u n d  Tryps in ,  e rzeugte  
n u r  Collagenase e inen  W ech s e l  in de r  A u s d e h n u n g .  
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Experimental ly Produced Ependymal Inclusions 
in the Brain of Xenopus laevis 

I n  t he  course of a n  i nves t i ga t i on  on the  inf luence  of 
te lencephal ic  in jur ies  on  h y p o t h a l a m i c  neurosec re t ion  in 
Xenopus laevis 1, i t  was n o t e d  t h a t  por t ions  of t he  l a te ra l  
ventr ic les ,  pa r t i a l l y  or  comple t e ly  i so la ted  f rom the  re- 
m a i n d e r  of the  ven t r i c l e  sys tem,  deve lop  s t rong ly  ch rome  
h e m a t o x y l i n  (Gomori) pos i t ive  inclusions in the  ependy-  
mocytes .  These  Gomor i  pos i t ive  inclusions  (GPI)  are 
p re sen t  in the  p e r i k a r y a  and  p ro longa t ions  of the  ependy-  
mocytes ,  be ing  f r e q u e n t l y  found  even  in the  mos t  d is ta l  
p a r t s  of the  p ro longa t ions  wh ich  form men ingea l  end- fee t  
a t  t he  b ra in  surface (Figures 1-3). 

I n  th i s  s t u d y  s imi lar  lesions were pe r fo rmed  as those  
p rev ious ly  m a d e  in the  t e l encepha lon  of a d u l t  spec imens  
of X. laevis 1. As the  resu l t  of the  opera t ion ,  the  o l fac to ry  
lobes were i so la ted  f rom the  res t  of the  bra in .  The  cu t  
cauda l  end  t h e n  hea led  ; a smal l  i sola ted ven t r i c l e  r ema in -  
ing in the  pos te r io r  pa r t .  Somet imes  on ly  a t r ace  of a 
ven t r i c l e  was  seen;  b u t  in  eve ry  case where  e p e n d y m o -  
cytes  were present ,  G P I  developed.  In  t he  o l fac to ry  lobes, 
G P I  were also seen in glial  cells (Figure 6). T h e  cauda l  
ex t r emi t i e s  of t he  hemispheres ,  when  isolated,  were also 
f r e q u e n t l y  the  site of GPI .  Most  f requent ly ,  G P I  were 
s i t ua t ed  basa l ly  w i th  respec t  to  t he  cell nucleus  (Figures  
2 a n d  4). However ,  a t  s i tes where  t h e y  were p a r t i c u l a r l y  
a b u n d a n t ,  G P I  could be  seen also in t he  apica l  po r t ions  
of t he  e p e n d y m o c y t e  pe r ika rya .  I n  such  cases, t he  l u m e n  
of the  isola ted ven t r i c l e  showed  t he  presence of i n t ense ly  
Gomor i  pos i t ive  a m o r p h o u s  p rec ip i t a tes  (Figure 1). G P I  
were n e v e r  found  in t he  e p e n d y m a  of a n o r m a l  b ra in .  

G P I  are oval,  spherical ,  or  bean- l ike  shaped  granules ,  
0.5-2.0 /z in  size, s i t u a t e d  in t he  cy top lasm.  T h e y  fre- 
q u e n t l y  form aggrega tes  which  coalesce in to  large Gomor i  
pos i t ive  masses  (Figures 2 and  6). In  p r e p a r a t i o n s  s t a ined  
w i t h  Gabe ' s  a ldehyde  fuchsin,  G P I  are also s t rong ly  
posi t ive.  T h e y  are s t rong ly  pe r fo rmic  ac id-Alc ian  blue  
pos i t ive  b u t  nega t ive  or on ly  weakly  pos i t ive  in  t he  P A S  
procedure .  I n  u n s t a i n e d  p r e p a r a t i o n s  G P I  are colourless.  
T h e y  do no t  con t a in  acid mucopo lysaccha r ides  a n d  are 

d i s t i nc t  f rom lipofuscin,  as s h o w n  b y  the  nega t ive  resu l t  
of t h e  s ta in ing  w i t h  0 .1% Alc ian  b lue  in 3% acet ic  acid 
a n d  the  nega t ive  o u t co me  of t h e  H u e c k  an d  Lillie m e t h -  
ods. Thus ,  G P I  are p r o b a b l y  of p r o t e i n  c h a r a c t e r  w i t h  a 
cys t ine  c o n t e n t  of over  4%.  

As shown  b y  t h e  resu l t s  p re sen ted  above ,  the  G P I  in 
t h e  e p e n d y m o c y t e s  of t h e  i so la ted  ven t r ic les  of t h e  X.  
laevis b r a i n  are, a t  leas t  w i t h  all  t h e  m e t h o d s  so far  em- 
ployed,  h i s tochemica l ly  s imi la r  to  t h e  Gomor i  pos i t ive  
inclus ions  n o r m a l l y  found  in t h e  p e r i v e n t r i c u l a r  glial 
cells of the  h y p o t h a l a m u s  a n d  some o t h e r  b r a i n  areas  in  

Fig. 1. Isolated ventricle with ependymal Gomori positive inclusions 
(GPI) in a hemisphere remnant. In the lumen Gomori positive preci- 

pitate can be seen. Chrome heniatoxylin-phloxin (CHP). x 110. 

1 Z. SREBRO, Folia biol. Krak6w 13, 397 (1965). 


