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P r o t e c t i o n  Effect  of  P o l y h y d r o x y l  C o m p o u n d s  on  
H e a r t  L y s o s o m a l  S t r u c t u r e s  

Sucrose in isotonic concen t ra t ion  wi th  regard  to red 
cells (0.25M) is ordinar i ly  used in t he  p repara t ion  of 
tissue homogena tes  and in the  f rac t iona t ion  of subcel lular  
particles, due  to t he  p ro tec t ing  effect  of the  sugar  on the  
morphological  and b iochemical  proper t ies  of  cell  s t ruc-  
tures. The  pro tec t ion  does no t  depend only  on the  iso- 
tonici ty,  since salt  solutions,  isotonic for red cells, are no t  
capable of exer t ing  the  same protect ion.  This  difference 
between non-e lec t ro ly te  and  e lec t ro ly te  solutes With re- 
gard to  t he  p ro tec t ing  effect  upon subcel lular  s t ruc tures  
is c lear ly  ev iden t  in the  s t udy  of l a tency  of lysosomal  
enzymes z,s 

In  an  a t t e m p t  to  inves t iga te  whe the r  this  p r o p e r t y  is 
specific for sucrose, we h a v e  compared  its p ro tec t ive  effect  
on hear t  lysosomes wi th  t h a t  of o ther  p o l y h y d r o x y l  com- 
pounds. In  par t icu la r  we have  establ ished the  lowest  con- 
cent ra t ion  of po lyol  capable  of ma in t a in ing  the  ca ta ly t i c  
la tency of the  lysosomal  enzymes  a t  the  h ighes t  degree,  
best  preserv ing  the  in tegr i ty  of the  s t ructures  wi th  which  
the enzymes  are associated.  

Beef  hear t  lysosomes, prepared  according  to  ROMEO et  
a l . ,  (M 1 + M= fractions),  h a v e  been  washed wi th  and re- 
suspended in 0 . 4 M  glucose (Erba,  I taly) ,  0 . 4 M  glu- 
cosamine (Sigma, USA),  0 .25M saecharose (Erba),  0 . 2 M  
raffinose (Erba),  0 . 2 5 M  inositoI (Merck, Germany)  or  
0.4~0.8M glycerol  (Erba),  as well  as in mixed  solut ions 
of glucose, fructose (Merck) and galactose (Merck), a t  a 
final concen t ra t ion  of 0 . 2 M  for each  hexose.  The  ava i la -  
b i l i ty  of /%glucuronidase  (EC 3.2.1.31), acid r ibonuclease  
(EC 2.7.7.17) and /~-galactosidase (EC 3.2.1.23) to the i r  
substrates  was then  recorded a t  d i f ferent  concent ra t ions  
of the  polyols  in the  enzyme  assays".  The  ava i l ab i l i ty  
values are ca lcula ted  f rom the  ra t io  be tween  the  free and 
the  to t a l  ac t iv i ty" ,  the  l a t t e r  being measured  in the  
presence of 0.15% Tr i ton  X-100. 

E x p e r i m e n t s  h a v e  shown t h a t  the  ava i l ab i l i t y  of the  
acid hydrolases  decreases as the  concen t ra t ion  of t he  
po lyhydroxy l  compounds  increases in the  enzyme  assays 
(see Figure),  As repor ted  in the  Table,  the  l imits  of  t he  
concent ra t ion  range  a t  which  the  min ima l  enzyme  
avai labi l i ty  is reached are h ighes t  for the  monosacchar ide  
and lowest  for the  t r isaccharide,  whereas  the  disac- 
charide,  the  amino  sugar  and inosi tol  occupy in t e rmed ia t e  
positions. Fo r  the  mix tu res  of monosacchar ides ,  t he  sum 
of the  hexose concent ra t ions  coincides wi th  t h a t  of glu- 
cose alone. However ,  the  concentration of each mono-  
saccharide is abou t  t h a t  of the  disacchar ide if the  mix tu r e  
is formed by  2 hexoses, and is t h a t  of t he  t r i sacchar ide  if  
the  m i x tu r e  is formed by  3 hexoses.  E x p e r i m e n t s  carr ied 
out  w i th  glycerol ,  a t  concent ra t ions  as h igh  as 1 . 2 M  in 
the  enzyme  assays, have  shown t h a t  th is  polyoI  had  a 
small,  if any,  p ro tec t ive  effectS. 

Range of concentrations of polyhydroxyl compounds in the enzyme 
assays at which the lowest enzyme availability is reached (see Figure) 

Thus,  excep t  for glycerol,  all  t he  p o t y h y d r o x y l  com-  
pounds  tes ted  exer t  a s tabi l iz ing effect on lysosome s t ruc-  
ture,  which  m a y  be expla ined  as arising f rom a s imple  
p h e n o m e n o n  of osmot ic  compensa t ion .  Since, however ,  
for t he  sacchar ides  tes ted  there  is a s t r ik ing inverse rela-  
t ionship  be tween  the  n u m b e r  of h y d r o x y l  groups in  the  
molecule  and the  concen t ra t ion  a t  which m a x i m a l  pro-  
t ec t ion  occurs, a d i rec t  inf luence of  t he  hydrophy l i c  
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Variation of availability of ~-glueuronidase, acid ribonuclease and 
~-galaetosidase to their substrates as a function of the concentra- 
tion of polyhydroxyl compounds in the enzyme assays. The acti- 
vity of the 3 hydrolases has been measured as reported by ROMEO 
et al. 3, --(]D-- glucose; -- A-- saech arose; - x - raffinose; - [] - glucose -b 
fructose; : J -  glucose + fructose ÷ galactose; - O -  glucosamine; 

- o -  inositol. 

Glucose 0.38-0.44 M 

Glucose + fructose 
(each) 0.19-0.22 M 

Glucose -b fructose 
-b galactose (each) 0,12-0.14M 

Inositol 0.20-0.24 M 

Glucosamine _< 0.2M 

Saccharose 0.22-0.26 M 

Rafflnose 0.12-0.15 M 
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groups of the  polyols  on the  m e m b r a n e  l ipoproteins  ~ can- 
no t  be ruled out.  Devia t ions  f rom this  re la t ionship  are 
found for inosi tol  and glucosamine,  which,  however ,  differ 
f rom the  o ther  polyols  used in t h a t  the  former  bears only 
secondary hyd roxy l  groups and the  la t te r  has  an  addi-  
t ional  even  more  polar  group.  

The  fact  t h a t  glycerol  fails to p ro tec t  the  lysosomal  
s tructures ,  a t  least  a t  the  concent ra t ions  tested,  m a y  be 
due  to  i ts  ab i l i ty  to  pene t ra te  rapid ly  in to  a l ipoprote in  
m e m b r a n e  ~. I n  fact ,  the  ton ic i ty  of a solut ion for a 
membrane- l imi ted  organelle is de te rmined  by  the degree 
of pe rmeab i l i t y  of the  m e m b r a n e  to the  solute  molecule.  
On the  o the r  hand,  i t  is well known t h a t  sucrose, t he  
most  c o m m o n  polyol  used to stabil ize in t racel lu lar  s t ruc-  
tures,  does pene t ra te  into a l ipoprote in  membrane ,  e.g. 
t h a t  of  the  mi tochondr ion  ~. One m a y  then  assume t h a t  
also the  o ther  polyols  pene t r a t e  in to  a l ipoprote in  mem-  
brane,  the i r  ' l ip id-solubi l i ty '  being the  main  factor  re- 
sponsible for the  ra te  of the i r  diffusion across the  m e m -  
brane  L I f  this  is the  case, an a l t e rna t ive  exp lana t ion  of 
our  da t a  would  then  be tha t  the  number  and the  type  of 
polar  groups in t he  po lyol  molecuIes would  reguIate the  
ra te  of pene t r a t ion  of t he  di f ferent  solutes into the  lyso- 
some membrane  and consequent ly  determine,  for each 
polyol,  the  concent ra t ion  a t  which the  highest  p ro tec t ion  
of the  Iysosomal s t ructures  occurs s. 

Rdsumd. L'e f fe t  p ro tec teur  de la glucose, de la sac- 
charose et  de la raffinose e t  d ' au t res  compos6s hydroxyl6s  
(glycerol,  g lucosamine e t  inositol) sur  les lysosomes de 
cceur de boeuf a 6t6 ~tudi6 en su ivan t  la va r i a t ion  de la 
la tence  ca ta ly t ique  des hydrolases  acides (fl-glucuroni- 
dase, r ibonucl6ase e t  fl-galactosidase). L a  plus faible ac- 
t iv i t6  ca ta ly t ique  l ibre (le m a x i m u m  de pro tec t ion  sur la 
m e m b r a n e  lysosomale) a 6t6 observ6e £ diff6rentes con- 
cent ra t ions  des polyoles,  Ia plus basse 6rant  celle de la 
raffinose, la plus 61ev6e celle de la  glucose e t  en t re  les 
deux  celle de la saccharose, de la g lucosamine et  de l ' ino- 
sitol.  Le  glyc6rol ne donne aucune pro tec t ion  dans  les 
condi t ions  exp~r imenta les  indiqu6es darts l 'ar t icle ,  
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Secretory Responses and Choline Acetylase of 
the Rat's Submaxillary Gland After Duct Ligation 

Liga t ion  of the  duc t  of the  ra t ' s  submaxi l l a ry  gland 
causes a marked  glandular  a t rophy  1. His to logical ly  the  
decrease in the  size of the gland has been found to cor- 
respond to an  a t rophy  of the  acini while the  tubules  are 
less Mfected 2. I n  the  present  inves t igat ion,  the  secre tory  
funct ion of the  duct - l iga tured  submaxi l l a ry  gland of rats  
was de te rmined  by measur ing  the  secretory responses to 
s ialagogue drugs.  This  seemed to  be of par t icu la r  in teres t  
since the  tubules  are v e r y  l ikely of great  impor tance  for 
the produc t ion  of sal iva (see OHLI~) .  In  addit ion,  the  
effect  of duc t  l iga t ion on the  pa r a sympa the t i c  neurones 
of the  g land was s tudied by  es t imat ion  of the  a c t i v i t y  of 
choline acetylase.  The  acetylchol ine-synthesiz ing enzyme 
is localized in t he  cholinergic fibres of sa l ivary  glands ~. 

28 female  ra ts  weighing abou t  200 g were used. The  
r ight  submaxi l l a ry  duc t  was l igatured in all rats.  In  15 
rats  the  secretory responses to s ialagogue agents  were 
de te rmined  and in 13 tile a c t i v i t y  of choline acetylase.  

To s tudy  the  secre tory  responses, the  ra ts  were anaes-  
thet ized wi th  chloralose (100 mg/kg) i.v. af ter  p re l iminary  
ether.  The  submaxi l l a ry  duc ts  were cannula ted  with  fine 
glass eannulae  g iv ing abou t  100 drops ou t  of 1 ml  of 
disti l led water .  The a m o u n t  of sal iva secreted appear ing  
a t  the  t ip of the  cannula  was noted  af ter  i.v. inject ions of 
20 #g /kg  adrenal in,  10 / ,g /kg methachol ine ,  and pito- 
carpine g iven  in increasing doses of f rom 50-1000 /~g/kg 
every  30-60 sec unt i l  the  max ima l  secre tory  ra te  was 
reached.  The  secre tory  responses were s tudied  1 day  to 
4 weeks (see Figure) af ter  the  duc t  was l igatured.  A t  the  
end of the  exper iments ,  the  posi t ion of the  l igature was 
control led and the  submaxi l l a ry  glands  were dissected, 
careful ly  c leaned and weighed. 

The  ac t iv i ty  of choline acetylase  in the  submaxi l l a ry  
gland was de te rmined  t week af ter  duc t  l igation,  as pre- 
v iously  described 4. The  enzyme ac t iv i ty  was es t imated  
in 2 groups of ra t s ;  1 group conta ined  pooled glands  f rom 
6 animMs and the  o the r  f rom 7. The  ac t i v i t y  is expressed 
as to ta l  ac t iv i ty ,  ~g ace ty lchol ine /h /g land,  and concen- 
t r a t ion , /~g  ace ty lchol ine /h /g  acetone powder .  
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The weight of the rat's submaxillary gland after duct ligation (~ L) 
in % of that of the control gland (= C) at different time intervals. 
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