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Final ly,  i t  would  be in teres t ing to know the  effect of 
HCG on GA product ion  by  Fusarium monili/orme, the  
original source of GAla;  if inhibi t ion occurs, conce ivably  
this  m a y  prove  the  ideal sys tem for e lucidat ing the  mode  
of act ion of H C G  at  the  molecular  levelt~. 

Rdsumd. La gonadot rophine  chor ionique peu t  arr~ter 
la product ion  de l ' e -amylase  pendan t  la germina t ion  des 
grains in tac ts  d 'orge.  Par  contre,  la synthbse de l ' e -amylase  
controll6e par  l 'acide gibberel l ique dans les sections de 
grains d 'orge sans embryon  n 'es t  pas modifi6e. La  

gonadot rophine  chor ionique doi t  donc arr~ter la syn- 
th~se ou la sgcr6tion de l 'acide gibberell ique.  
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Hepatic and Renal Neutral Angiotensinases 

Although neut ra l  angiotensinase ac t iv i ty  has been 
found in var ious  tissues, i t  is not  clear how m a n y  enzymes  
are involved.  The  propert ies  of p lasma angiotensinases are 
well documented  1; t hey  appear  to be different  f rom those 
of e ry th rocy te  angiotensinases 2 bu t  s imilar  to those of 
k idney  angiotensinases 3. L i t t l e  is known about  l iver  angio- 
tensinases. The  locat ion of k idney  angiotensinase in micro- 
somes 8, 4 and of l iver  angiotensinase in the  cell sap 5 sug- 
gests the  possibi l i ty  of two different  enzymes.  The  purpose 
of this  paper  is to fur ther  define and compare  the  propert ies  
of the  neut ra l  angiotensinases in liver, k idney  and erythro-  
cytes. 

Materials and methods. Subcel lular  fract ions of ra t  tis- 
sues were prepared according to the  me thod  of I~AGAB 
et al. 6 for the  l i ter  and to t h a t  of SHIBKO and TAPPEL 7 for 
the  kidney.  E ry th rocy te s  were separa ted  f rom ra t  blood 
taken  wi th  d isodium e thy lenediamine  te t racet ic  acid 
(EDTA-Na2) as ant i -coagulant .  Af te r  washing twice wi th  
0.9% saline, e ry throcytes  were hemolyzed by  adding an 
equal  vo lume  of disti l led water  and centrifuged.  The super- 
n a t a n t  was di luted to an appropr ia te  concent ra t ion  with  
distil led water.  Samples  of l iver  celt sap, k idney  microsomes 
or hemolysate ,  which conta ined 0.8 mg, 0.1 mg and 2 mg 
of protein,  respect ively,  were incubated  wi th  0.25-0.5 ~xg 
of angiotensin I I  or i ts analogues in 4 ml of 0 .125M tris- 
acetic acid buffer  (pI2I 7.5) at  37 ~ for 30 min. One par t  
of the  samples was dialyzed against  EDTA-Na~ solution 
(0.22% in 0.9% NaC1) and then  against  0.9% NaC1 
(2.5 mM).  Di th io thre i to l  (DTT) (1 raM), p-chloromercuri -  
phenyl-sulfonic acid (PCMS), d i - isopropylf luorophosphate  
(DFP) (1 drop of a 5% solution in w / v  isopropanol),  or  
(5 mM) CaC12 was added to the  incubat ion  mix ture  as acti-  
va to r  or inhibi tor .  Af te r  r emova l  of proteins  by boiling and 
centr ifugat ion,  the  remaining  angiotensin was bioassayed 
in the  rat,  using ~Asn~, ValS~-angiotensin I I  as s tandard.  
Angiotensinase ac t iv i ty  was defined as percentage  of 
angiotensin inac t iva ted  dur ing incubat ion.  

Results and discussion. The Table  shows effects of 
inhibi tors  and ac t iva tors  on angiotensinase ac t iv i ty  of 
liver, k idney  and e ry throcytes  on [Asn I, VaP]-angio-  
tensin I I .  Values are percentages of the  ac t iv i ty  compared  
to t h a t  of un t rea ted  samples. 

Angiotensinase ac t iv i ty  of these 3 kinds of samples was 
inhibi ted by dialysis against  an E D T A  solution and 
restored by  addi t ion  of CaC12 bu t  was not  inhibi ted by  
D F P .  The  ac t iv i ty  of l iver  cell sap and t h a t  of hemolysa te  
were also inhibi ted by  PCMS whereas  microsomal  angio- 

tensinase of the  k idney  was resis tant  to this  agent.  Dithio-  
thre i to l  p reven ted  this inhibi t ion.  

Inhibition and activation of angiotensinase activity at pH 7.5 

PCMS PCMS EDTA EDTA DFP 
+ DTT + Ca 

Liver cell sap 0 94 0 78 111 
Kidney microsome 97 102 9 98 99 
Helnolysate 0 87 0 90 100 

ITSKOVlTZ and MILLER 2 showed t h a t  mercury  com- 
pounds inhibi ted most  of the  angiotensinase ac t iv i ty  of 
hemolysa te  bu t  not  of plasma.  Our observat ion  on the  
e ry th rocy te  enzyme is consis tent  wi th  thei r  findings. 
I~OKUBU et al. s repor ted  tha t  a purif ied e ry th rocy te  
angiotensinase which cleaved the  2-3, 4-5 and 5-6 bonds 
of angiotensin was inhibi ted by  ei ther  E D T A  or D F P .  
They  also s ta ted  tha t  the  inh ib i tory  act ion of E D T A  was 
not  reversed by  calcium or o ther  d iva len t  cations. This  
discrepancy from our  observat ions  could be explained 
by the  existence of more than  one enzyme in the  hemo-  
lysate  9 or by differences in puri ty .  L iver  cell sap and 
hemolysa te  inac t iva ted  bo th  [Asp 1, Ileb~-angiotensin I I  
and [Asn 1, VaP]-angiotensin  I I ,  bu t  had l i t t le  effect on 
[Arg 1, I le ~]-angiotensin II .  

Thus, the  angiotensinase ac t iv i ty  of the  l iver  cell sap 
is similar to t h a t  of hemolysa te  bu t  different  f rom tha t  
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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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