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of k i d n e y  microsomes.  W h e t h e r  t he  ang io tens inase  in 
l iver  cell sap is exac t ly  t he  same as t h e  e r y t h r o c y t e  enzyme  
r ema ins  to  be  s tudied .  An  a r y l a m i d a s e  in l iver  cell sap 
descr ibed b y  MAI~ADEVAN and  TAPPEL 1~ m a y  be  r e l a t ed  
to th i s  ang io tens inase  a c t i v i t y  s ince b o t h  are i n h i b i t e d  
b y  E D T A  a n d  th io l  reagent .  F r o m  t he  p r e s en t  r e s u l t s ,  
we can  d iv ide  t he  n e u t r a l - a c t i v e  E D T A - i n h i b i t e d  angio-  
t ens inases  in to  2 groups,  i.e., s u K h y d r y l - d e p e n d e n t  and  
- independen t .  These  2 groups  are  d i f fe ren t  no t  on ly  in  
t he i r  p roper t i e s  b u t  also in t h e i r  locat ion.  The  angio-  
t ens inase  in t he  l iver  cell sap belongs  to  t he  fo rmer  g roup  ; 
i t  is s u l f h y d r y l - d e p e n d e n t  and  is i n h i b i t e d  b y  e i the r  th io l  
r e agen t  or E D T A .  Microsomal  ang io t ens inase  of t h e  k i d n e y  
which  is i n h i b i t e d  b y  E D T A  b u t  no t  s u l f h y d r y l - d e p e n d e n t  
be longs  to  t he  l a t t e r  g roup  n. 

Rdsumd. L ' a c t i v i t 6  de l ' ang io t ens inase  n e u t r e  c o n t e n u e  
darts le sue des cellules h6pa t iques  est  inh ib4e  pa r  E D T A  
ou pa r  PCMS, mais  res t i tu6e  p a r  add i t i on  d ' i o n  de ca lc ium 
ou de compos6s th io l iques .  Ces propr i6t6s  r e s s emb len t  
celles de l ' ang io t ens inase  6 ry th rocy ta i r e ,  mais  d i f f6rent  
de celles de l ' ang io t ens inase  mic rosomale  d 'o r ig ine  r6nale  
laquel le  ne  n6cessi te  pas  la pr6sence de groupes  suKhy- 
dryles  11. 
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Sal iva  is  V i s c o e l a s t i c  

On read ing  AFRONSKY'S 1 s u r v e y  Of t h e  l i t e r a tu re  on  t he  
p roper t i e s  of sa l iva  one is lead to  be l ieve  t h a t  t h e  v i scos i ty  
of sa l iva  is d i rec t ly  r e l a t ed  to  such  fac tors  as d r y  we igh t  
of solids, p ro t e in  or muc in  con ten t .  H igh ly  viscous  sa l iva  
has  been  assoc ia ted  w i t h  ne r vous  disorders ,  p r e g n a n c y  
a n d  d ie t  3, a n d  n u m e r o u s  cor re la t ions  ex i s t  be t w een  sa l iva  
v i scos i ty  a n d  d e n t a l  caries a a n d  p l aque  format ion* .  The re  
is even  a r epo r t ed  r e l a t ionsh ip  be t w een  sa l iva  v i scos i ty  
and  ename!  so lub i l i ty  5. However ,  v i scos i ty  is def ined  as 
t he  r a t io  of shea r  s t ress  to  shea r  r a t e  for a N e w t o n i a n  
fluid, a n d  l ike m a n y  biological  f luids sa l iva  is far  f rom 
N e w t o n i a n  and  i t  will in some cases e x h i b i t  t h r e a d  fo rma-  
t i on  ( ' Sp inba rke i t ' )  6. I t  is u n f o r t u n a t e ,  therefore ,  t h a t  
a l m o s t  all  rheological  m e a s u r e m e n t s  on  sa l iva  h a v e  b e e n  
carr ied  ou t  w i t h  some fo rm of s imple  cap i l la ry  v iscometer .  
DEWAR and  PARFITT 7 seem to  be  u n i q u e  in t h e i r  a t t e m p t  
to  measu re  e las t ic i ty  b u t  were faced w i t h  severe  experi-  
m e n t a l  l imi ta t ions .  

R e c e n t l y  t h e r e  ha s  been  in t e r e s t  in t h e  rheologica l  
cha r ac t e r i s a t i on  of biological  ma te r i a l s  us ing  t h e  l inea r  
v iscoelas t ic  mode l  as a c o n v e n i e n t  s t a r t i n g  p o i n t  s-10. Th i s  
has  t he  g rea t  a d v a n t a g e  of p r o v i d i n g  f u n d a m e n t a l  t e r m s  
such  as v i scos i ty  a n d  e las t i c i ty  wh ich  can  of ten  be  in te r -  
p re t ed  in t e r m s  of molecu la r  s t ruc ture .  R e s p i r a t o r y  m u c u s  
has  been  e x a m i n e d  in t h i s  m anne r ,  b o t h  b y  t h e  p r e sen t  
a u t h o r  1~ a n d  I-IWANG a n d  his  col leagues in A m er i ca  s,9 
and  we now r e p o r t  s imi la r  f ind ings  for sal iva.  

U n s t i m u l a t e d  samples  of Sa l iva  were col lected f rom a 
h e a l t h y  male  sub jec t  a n d  e x a m i n e d  w i t h o u t  de lay  w i t h  
a We i s senbe rg  R h e o g o n i o m e t e r  in  osc i l la tory  mode  a n d  
para l le l  p l a t e  geometry �9  

The  e q u a t i o n  of s t a t e  for a l inear  viscoelas t ic  m a t e r i a l  
unde rgo ing  forced h a r m o n i c  osci l la t ion oI sma l l  a m p l i t u d e  
can  be  w r i t t e n  as ~ :  

a = 2 ~ * y  

where  ~) is t he  shear  ra te ,  a t he  shea r  s t ress  a n d  ,/* t h e  
complex  d y n a m i c  viscosi ty .  T he  las t  t e r m  can  be  spl i t  
up  in to  rea l  a n d  i m a g i n a r y  p a r t s :  

7"  = n ' -  i (~ ' /~ )  

where  ~'  is the  d y n a m i c  v i scos i ty  and  G'  t he  d y n a m i c  
r ig id i ty .  r is t he  f r equency  of osc i l la t ion  in r ad i ans  sec-L 
G" is also k n o w n  as t h e  s torage  m o d u l u s  a n d  is a measu re  
of t he  ene rgy  s tored  and  recovered  per  cycle 12. One can  
also def ine a loss modulus ,  G" = ~1'co, as a measu re  of 
t h e  ene rgy  d i s s ipa ted  pe r  cycle. Ca lcu la ted  va lues  of 
these  p a r a m e t e r s  are  s h o w n  in F igure  1 for  a t yp i ca l  

sa l iva  sample .  The  va lue  of ~'  is ve ry  d e p e n d e n t  on  
f requency,  h a v i n g  a va lue  in excess of 10 2 Poise  a t  low 
f requency,  fa l l ing to  less t h a n  0.5 Poise  a t  h igh  f requency .  
These  va lues  m a y  be  c o m p a r e d  w i t h  those  o b t a i n e d  in 
p rev ious  i nves t iga t ions  (Table) a n d  t h e y  d e m o n s t r a t e  t he  
severe  l im i t a t i ons  of us ing  c o n v e n t i o n a l  v i scomet r i c  t ech-  
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Fig. 1. Dynamic viscoelastic data for saliva and sputum (25~ 
Ordinate: Viscoelastic parameters (log G', G", 7')" Abscissa: Fre- 
quency (rad sec -I) (log co). Sputum data from ref. 10 
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n iques  for complex  fluids. T he  g r a d i e n t  of t he  log 7 '  versus  
log m re l a t i on  is --  1.0 i n d i c a t i n g  t h a t  t he  p r o d u c t  ~ %  = 
(G") will  be  ef fec t ively  c o n s t a n t  ove r  t h e  same  f r equency  
range.  G' gradua l l y  increases  w i t h  f r equency  and  ha s  a 
va lue  b e t w e e n  10 an d  50 dyne  cm -~. Also shown  in F igure  1 
are  s imi la r  resu l t s  o b t a i n e d  in ear l ier  i nves t iga t ions  on  
s p u t u m  10. 

The  b e h a v i o u r  of sa l iva  over  t he  f r equency  r ange  
1.6 • 10 .3 to  60 r ad  sec -1 is t yp i ca l  of a n  uncross - l inked  
po lymer  in  w h a t  is k n o w n  as i ts  p l a t e a u  region of visco-  
e las t i c i ty  n.  No a t t e m p t  has  been  m a d e  to  r ep re sen t  t h e  
d a t a  in  t h e  fo rm of a r e t a r d a t i o n  s p e c t r u m  b u t  i t  is e v i d e n t  
f rom t h e  p l a t eau  t h a t  a whole  r ange  of r e t a r d a t i o n  t imes  
will  exist .  On a molecu la r  basis,  sa l iva  can  be  t e n t a t i v e l y  
descr ibed  as be ing  m a d e  up  f rom a t r a n s i e n t  n e t w o r k  
of p o l y m e r  cha ins  t h a t  c an  be  fo rmed  e i the r  b y  t he  
adhe rence  of i n d i v i d u a l  molecules  a t  wide ly  s epa ra t ed  
po in t s  or b y  some e n t a n g l e m e n t  m e c h a n i s m .  A h igh ly  
b r a n c h e d  s t r u c t u r e  w i t h  side cha ins  of d i f fer ing l eng ths  
would  give rise to  a wide  d i s t r i b u t i o n  of r e t a r d a t i o n  t imes .  
This  p i c tu re  compare s  f a v o u r a b l y  w i t h  e s t ab l i shed  bio- 
chemica l  s t ruc tu re .  Sa l i va ry  muc ins  are rod  shaped  glyco- 
p ro t e in s  w i t h  a molecu la r  we igh t  a r o u n d  106,1~, z6. The i r  
c a r b o h y d r a t e  m o i e t y  is a t yp i ca l  s i a lomuc in  c o n s t r u c t e d  
of n u m e r o u s  sho r t  p r o s t h e t i c  side cha ins  l inked  to  a poly-  
pep t i de  ske le ton  b y  m e a n s  of h e x o s a m i n e  a n d  h a v i n g  
sialic acid in  t h e  t e r m i n a l  pos i t ion  15,1~. 

I t  is t h e  viscoelast ic ,  po lymer ic  n a t u r e  of sa l iva  t h a t  
gives i t  i ts  excep t iona l  l u b r i c a n t  proper t ies .  A t  low shea r  
r a t e s  viscous  a n d  elast ic  c o n t r i b u t i o n s  will  give sa l iva  a 
cons iderab le  s t r u c t u r e  of a gel-l ike na tu re .  Th i s  ha s  
obv ious  imp l i ca t i ons  in  t h e  role t h a t  sa l iva  p lays  in  d e n t a l  
h e a l t h  a n d  t h e  r e m o v a l  of par t ic les  of debr i s  f rom crevices 
in  t h e  t ee th .  Poss ib le  cor re la t ion  b e t w e e n  sa l iva  e las t i c i ty  
and  d e n t a l  caries  would  be  w o r t h  inves t iga t ing .  The  sug- 
ges t ion  b y  MIZUMA 5, t h a t  a r e d u c t i o n  in sa l iva  cons i s tency  
b y  ar t i f ic ia l  m e a n s  would  ac t  as a caries  p r e v e n t a t i v e ,  is 
also w o r t h y  of f u r t h e r  t h o u g h t .  

Sa l iva  f rom the  s ame  sub jec t  va r i ed  in cons i s tency  
f rom d a y  to  day,  no  d o u b t  due to  fac tors  such  as t h e  
m e t h o d  of collection,  t i m e  of day,  and  d i e t a r y  in take .  The  
p H  r e m a i n e d  a l m o s t  c o n s t a n t  b u t  t h e r e  was a no t i ceab le  
d i f ference in d r y  we igh t  con ten t .  The re  appea r s  to  be  a 
far  more  s a t i s f ac to ry  co r re la t ion  b e t w e e n  e las t i c i ty  and  
d r y  we igh t  t h a n  w i t h  d y n a m i c  v i scos i ty  (Figure  2). Th i s  
is p e r h a p s  as to  be  expected ,  for  a n  increase  in  p o l y m e r  
c o n t e n t  will lead to  a g rea t e r  gel s t r u c t u r e  a n d  gel s t r e n g t h  
b u t  h a v e  l i t t l e  effect  on  t h e  v i scos i ty  of t h e  s u r r o u n d i n g  
fluids. E l a s t i c i t y  is, therefore ,  of far  g rea te r  i m p o r t a n c e  

The viscosity of saliva 

Method Viscosity Shear rate Reference 
(Poise) (see -1) 

t h a n  t he  usua l ly  q u o t e d  'v i scos i ty '  w h e n  cons ider ing  t he  
theologica l  p roper t i e s  of sa l iva  and  the i r  r e l a t ion  to  organic  
c o n t e n t  a n d  d e n t a l  hea l th .  DENTOSr e t  a12 h a v e  r ecen t ly  
a r r ived  a t  s imi la r  conclus ions  for r e sp i r a to ry  m u c u s  a n d  
i ts  role in cilia t r a n s p o r t .  

The  s imi la r i ty  be tween  t he  resul t s  for sa l iva  a n d  s p u t u m  
suggests  to  us  t h a t  i t  m a y  be  possible  to  employ  sa l iva  as 
a r ead i ly  ava i l ab le  and  easily cha rac t e r i zab l e  model  for 
assessing t h e  ac t ion  of muco ly t i c  agen t s  in  v i t ro .  I n  t h i s  
way  we should  be  able  to  h a v e  a g rea te r  u n d e r s t a n d i n g  
of the  mode  of ac t ion  of such  drugs  a n d  be  able  to  q u a n t i f y  
t he  p o p u l a r  s t a t e m e n t  in  p r o m o t i o n a l  l i t e r a tu re  con- 
cern ing  ' r educ t ion  in m u c u s  v i scos i ty '  in  theo logica l ly  
mean ing fu l  t e r m s  such  as v i scos i ty  a n d  elas t ic i ty .  E v e n  
t o d a y  the re  is no cohe ren t  p ic tu re  as to  w h a t  t he  ideal  
muco ly t i c  agen t  shou ld  achieve  and  f indings  such  as those  
of L u c o s  and  DOUGLAS ~s, who  showed t h a t  t he  t h i cke r  

t i I 
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o16 o18o/o 
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Fig. 2. Correlation of viscoelastic parameters with dry weight 
content of saliva. Ordinate: Top; log dynamic viscosity (log~'). 
Bottom; log dynamic rigidity (logO'). Abscissa: % dry weight. 
Selected frequencies (rad sec-1). A, 2~; It, 2~ • 10-1; | 2~ x 10 -2. 

Ostwald U-tube 1.4 x 10 -2 Variable and 1 
viscometer unknown 
Hess viscometer 3.5-18 x 10 -2 Variable and z 

unknown 
Epprecht viseometer 1-3 • 10 -~ Not stated 18 
Ferranti-Shirley 1.0 • 10 -z 750 14 
viseometer 
Rheogoniometer 3.8 • 10 ~ 5.4 • 10 .8 This work 
(in oscillation) (maximum) 

2.0 • 10 1 2.1 
(maximum) 
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and  denser  t h e  s t r a nds  of m u c u s  t he  more  eff ic ient  t h e  
u p w a r d  m o v e m e n t ,  requi re  r a t iona l i za t ion .  

F r e q u e n z b e r e i c h  von  2.5 • 10 -3 bis 10 H z  u n d  yon  400 
bis  0.1 Poise bewegt .  

S. S. DAVIS 

Zusammenfassung. U n t e r s u c h u n g e n  m i t  d e m  Weissen-  
berg-IRheogoniometer  zeigen, dass  Speichel  v i skoe las t i sch  
• u n d  dass  dessen d y n a m i s c h e  Viskosi t / i t  sich fiber e inen  

Pharmaceutics Department, School of Pharmacy, 
University of London, London W.C.L (England), 
25 May 1970. 

The Development of 3",5'-cyclic Nucleotide Phosphodiesterase in White and Brown Adipose Tissue 
of the Rat 

I t  is now well  e s t ab l i shed  t h a t  l ipolysis in  adipose  t issue 
is i nduced  b y  cyclic adenos ine  i n o n o p h o s p h a t e  1. Th i s  
c o m p o u n d  is fo rmed  f rom A T P  b y  a cyclase and  is b r o k e n  
down  to A M P  b y  phosphod ies te rase .  T he  presence  of 
b o t h  enzymes  has  been  d e m o n s t r a t e d  in a d u l t  w h i t e  
adipose  t i ssue  1. No d a t a  are ava i l ab le  for b r o w n  adipose  
t issue and  n o t h i n g  is k n o w n  a b o u t  t he  d e v e l o p m e n t  of 
e i the r  e n z y m e  in b o t h  wh i t e  a n d  b r o w n  adipose  tissue. 

I t  has  been  shown p rev ious ly  t h a t  t he  a c t i v i t y  of 
h o r m o n e  sens i t ive  l ipase in r a t  adipose  t i ssue  increases  
w i t h  age 2 and  th i s  m i g h t  be  r e l a t ed  to  changes  in  t h e  
ac t iv i t i es  of adeny l  cyctase or phosphodies te rase .  H e n c e  
phosphod ie s t e r a se  a c t i v i t y  was d e t e r m i n e d  d u r i n g  pos t -  
n a t a l  d e v e l o p m e n t  of t he  ra t .  

Adipose t i ssue  was homogen ized  in an  all  glass homo-  
genizer  w i th  0.252Vf sucrose, in 10 vo lumes  for in te r -  
scapu la r  a n d  2 vo lumes  for g lu tea l  wh i t e  tissue. Phospho -  
d ies terase  was d e t e r m i n e d  accord ing  to  * in  0.1 ml  of t he  
f a t  free s u p e r n a t a n t  o b t a i n e d  b y  cen t r i fug ing  t he  homo-  
gena te  in t h e  cold a t  10,000 • g for 20 min.  T he  super-  
n a t a n t  was i n c u b a t e d  w i t h  25 ~zmoles Tris HC1, 2.5 ~moles 
MgC12, 10 [zmoles a m m o n i u m  sul fa t  and  0.75 ~moles cyclic 
A M P  for 20 ra in  a t  37~ Af te r  bo i l ing  in wa te r  a n d  
cooling, snake  phospho l ipase  (Crotalus adamanteus venom)  
was a d d e d  a n d  i n c u b a t i o n  was  c o n t i n u e d  for a n o t h e r  
20 min.  The  r eac t i on  was s t opped  w i t h  10% t r ich lor -  
acet ic  acid. 

I t  is ev iden t  f rom t h e  Tab le  t h a t  in  b o t h  types  of 
ad ipose  t i ssue  phosphod ie s t e r a se  a c t i v i t y  is h ighes t  in  
t he  younges t  age groups.  Pe r  u n i t  we t  we igh t  a c t i v i t y  
is a lways  h igher  in b r o w n  adipose  t issue t h a n  in whi t e  
adipose  tissue. Pe r  u n i t  p ro t e in  con ten t ,  however ,  a c t i v i t y  
is h igher  in  b r o w n  t h a n  in wh i t e  t i ssue  on ly  in t h e  
suckl ing  period.  

I t  is t e m p t i n g  to  re la te  these  d e v e l o p m e n t a l  changes  
in phosphod ie s t e r a se  a c t i v i t y  to  changes  in t he  ac t i v i t y  
of h o r m o n e  sens i t ive  l ipase ~. The  p o s t n a t a l  rise in  t he  
ac t i v i t y  of t he  l a t t e r  e n z y m e  m i g h t  be  due  to a decrease  
in t he  r a t e  of b r e a k d o w n  of cyclic A M P  d u r i n g  t h a t  
per iod  of deve lopmen t .  A n o t h e r  fac t  t h a t  is in  a g r e e m e n t  
w i t h  such  a m e c h a n i s m  is t he  h igher  r a t e  of s p o n t a n e o u s  
lipolysis in  whi t e  t h a n  in b r o w n  adipose  t i ssue  in t h e  
n e o n a t a l  per iod  ~, In  whi t e  ad ipose  tissue, however ,  t h i s  
r a t e  decreases  w i t h  age, a change  no t  to  be  expec ted  if 
phosphod ie s t e r a se  were t he  decis ive f ac to r  for lipolysis.  
U n d o u b t e d l y  m a n y  fac tors  r egu la te  t he  r a t e  of l ipolysis 
in  adipose  t i ssue  a n d  p r o b a b l y  con t ro l  of a d e n y l  cyclase 
a c t i v i t y  is more  i m p o r t a n t  t h a n  t he  r egu la t ion  of phos-  
phodies te rase .  I n  b r o w n  adipose  t issue a t  least ,  a d e n y l  
cyclase ac t i v i t y  does no t  seem to change  du r ing  p o s t n a t a l  
d e v e l o p m e n t  5, t h o u g h  i ts  h o r m o n e  sens i t i v i t y  does, and  
hence  i t  is possible,  t h o u g h  no t  p roven ,  t h a t  t he  post -  
n a t a l  decl ine in phosphod ie s t e r a se  a c t i v i t y  in  b o t h  types  
of b r o w n  adipose  t i ssue  is r e l a t ed  to t he  h igh  fa t  d ie t  
consumed  b y  t he  r a t  du r ing  t h a t  pe r iod  6 a n d  t he  a s sumed  
lesser need  for lipolysis.  

Zusammenfassung. Nachweis  e iner  A b n a h m e  der  Phos-  
phod ies t e ra se  im b r a u n e n  u n d  weissen F e t t g e w e b e  m i t  
dem Al ter  erklXrt  die e r h S h t e  H o r m o n e m p f i n d l i c h k e i t  
der  D e p o t f e t t g e w e b e  be• ~ l teren  R a t t e n .  
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Phosphodiesterase activity of white and brown adipose tissue 

Age ~zmoles P released/ [xmoles P released/ 
mg protein g wet weight 
B.F. W.F. B.F. W.F. 

Fetus 0.49 -4. 0.015 - 10.8 -4. 0.32 - 
3 days 0.50 -- 0.010 0.31 -4- 0.02 11.0 -4. 0.31 2.2 -4. 0.16 

10 days 0.52-4.0.02 0.11 -4.0.006 11.2.4.0.40 0.8-4.0.06 
20 days 0.19 -4. 0.011 0.09 -4. 0.010 3.5 -4. 0.15 0.8 -4. 0.05 
30 days 0.21-4. 0.009 0.15 -4. 0.01 2.0 -4. 0.11 0.8 -4. 0.04 
Adult 0.11-4. 0.006 0.105 -4. 0.007 1.9 4- 0.10 0.8 4- 0.031 

4 to 6 determinations for each group • S.E. 
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