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The  o b s e r v a t i o n  t h a t  m o n o a m i n e  oxidase  a c t i v i t y  is 
p re sen t  only  in p a r t  of the  c i rcu la t ing  re t i cu locy te  pop-  
u la t ion  can  be exp la ined  b y  a more  r ap id  r a t e  of decrease  
of m o n o a m i n e  oxidase  a c t i v i t y  t h a n  of the  s u b s t a n t i a  
r e t i cu lo - f i l amen tosa  (which is respons ib le  for t he  s t a in ing  
charac te r i s t ics )  d u r i n g  the  course of red  cell m a t u r a t i o n .  
In  th i s  respect ,  r n o n o a m i n e  oxidase  obv ious ly  shares  
c o m m o n  characte~is t ic~ w i t h  o t h e r  enzymes ,  especial ly  
w i th  t h e  m i t o c h o n d r i a !  m a r k e r  enzyme,  c y t o c h r o m e  
oxidase :  i t  has  been  shQwn b y  ROSENTH*L e t  al. ~" t h a t  
the re  is a s imi la r  n o n l i n e a r  cor re la t ion  be t w een  cy to-  
ch rome  oxidase  a c t i v i t y  and  R N A  c o n t e n t  in  r a b b i t  
re t iculocytes .  The  la t te~ f ind ing  is in a g r e e m e n t  w i t h  t he  
resu l t s  of morpho log ica l  invest iga. t ions ~~ w h i c h  in-  
d ica te  a v e r y  r ap id  loss of / n i t o c h o n d r i a  d u r i n g  t he  
m a t u r a t i o n  of re t iculocytes .  

I t  m a y  the re fore  be  conc luded  t h a t  r e t i cu locy te  mono-  
amine  oxidase  is a m i t o c h o n d r i a l  enzyme;  th i s  conclus ion  

has  r ecen t l y  been  conf i rmed  in p r e l i m i n a r y  e x p e r i m e n t s  
in wh ich  a c e t y l - p h e n y l h y d r a z i d e  was used as an  i n d u c t o r  
of re t i cu locy tos i s  22. W i t h  respec t  to  i ts  s u b s t r a t e  a n d  
i n h i b i t o r  speeifici t ies 5, 22, a n d  also w i t h  respec t  to  i ts  
m i t o c h o n d r i a l  locat ion,  the  r e t i cu locy te  enzyme  is clas- 
sified as a 'classical '* m o n o a m i n e  oxidase,  
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Summary. In  all ear l ier  s tudies  on  a-amy!ase,  t he  inf luence  of d i f fe ren t  ions were s tud ied  in p h o s p h a t e  buffer.  The  
p r e sen t  r e p o r t  shows t he  effect  of differef~t" ions i n d i v i d u a l l y  w i t h  Tris and  amino  acid. T h o u g h  i t  has  been  c la imed 
r ecen t ly  t h a t  sod ium ion is an  a c t i v a t o r  of e -amylase ,  th i s  s t u d y  reconf i rms  t h a t  sod ium ion does n o t  a c t i v a t e  h u m a n  
sa l iva ry  amylase .  

The  a c t i v a t i o n  of m a m m a l i a n  a=amylases b y  chlor ide 
ion, a n d  less ef fec t ively  b y  ce r t a in  o the r  m o n o v a l e n t  
an ions  has  long been  k n o w n  1, ~, whereas  mic rob ia l  a n d  
d ias t a t i c  a -amylases  do no t  requi re  chlor ide ion as act i -  
v a t o r  a. The  va r ious  aspec ts  of sa l t  a c t i v a t i o n  of a - amy-  
lases m o s t l y  of p a n c r e a t i c  and  sa l iva ry  origin h a v e  been  
s tud ied  b y  d i f fe ren t  workers .  MYRBNCK 1 h a d  po in t ed  o u t  
t h a t  t h e  p H  o p t i m u m  of t h e  e n z y m e  shif ts  f rom 6.0 to  
6.9 on  be ing  a c t i v a t e d  in the  presence  of C1-. I t  is also 
r epo r t ed  t h a t  the  p H  o p t i m a  sh i f t  occurs  b y  the  add i t i on  
of o the r  an ions ;  a few of t h e m  a c t i v a t e  t he  e n z y m e  par -  
t ial ly.  BERNFELD et  al. ~ showed t h a t ,  a f te r  r e m o v a l  of 
such  a c t i v a t o r s  b y  e x h a u s t i v e  dialysis  of b o t h  t h e  en- 
zyme  and  t he  subs t r a t e ,  t he  a c t i v i t y  is r educed  to 15% 
of i ts  or ig inal  value,  wh ich  is en t i r e ly  res to red  i n s t a n t -  
aneous ly  b y  t he  inc lus ion  of 0.01 M NaC1 to t he  r eac t ion  
mix tu re .  Us ing  va r ious  chlor ides  and  o the r  anions ,  t h e y  
conc luded  t h a t  C1- is essent ia l  to  m a m m a l i a n  ~-amylases  
for full  a c t i v a t i o n  a n d  t he  ca t ion  has  got  no role in t he  
process.  Calc ium ion is be l ieved  to  be  f i rmly  b o u n d  to  t h e  
p r o t e i n  molecule  a n d  c o n t r i b u t e s  to  t h e  s t r u c t u r a l  s ta-  
b i l i ty  aga ins t  h igher  p H  and  p ro teo ly t i c  d e g r a d a t i o n  2. I n  
c o n t r a s t  to  the  a b o v e  f indings,  r ecen t ly  i t  h a s  been  shown  
t h a t  sod ium ion a n d  n o t  t he  chlor ide  ion is sole a c t i v a t o r  
for p a n c r e a t i c  a -amylases  5 of toad ,  repti le,  p igeon and  ra t .  
However ,  t he  l i t e r a tu re  fails to  p rov ide  enough  infor-  
m a t i o n  a b o u t  t h e  role of d i f fe rent  a c t i v a t o r s  i ndepen-  
den t ly ,  p a r t i c u l a r l y  anionic ,  s ince all of t he  earl ier  ex-  
p e r i m e n t s  were done  w i t h  p h o s p h a t e  buffer  which  i tself  
is l ikely to  a c t i v a t e  to  some ex ten t .  

I n  o rder  to  s t u d y  t he  a c t i v a t i o n  b y  an ions  i n d e p e n d e n t -  
ly and  b y  the i r  inf luence  on the  sh i f t  of p H  o p t i m u m ,  t he  
p r e sen t  i n v e s t i g a t i o n  was  ca r r ied  ou t  us ing  su i t ab le  buf -  
fers w i t h  and  w i t h o u t  p h o s p h a t e  a t  two d i f fe rent  p H  
va lues  viz. 6.0 and  6.9. This  r e p o r t  s imu l t aneous ly  t h r o w s  
l igh t  u p o n  ce r t a in  obse rved  d iscrepancies  in earl ier  re- 
por t s .  
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Fig. 1. Activation of c~-amylase by ions (salts). Numbers i to ~0 all 
in phosphate buffer. 1. buffer alone; 2. Na~CO3; 3. CuC12; 4. NaNOa; 
5. CHaCOONa; 6. NaBr; 7. CsCI~; 8. NH4C1; 9. KC1; 10. NaC1. 
Numbers 11 to 15 all i~ Tris buffer. 11, aspartate; 12, acetate; 
13, phosphate; 14, oxalate; 15, chloride. 
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Mater ia ls  and methods. Amylopec t in ,  Tris,  CsC12 a n d  
a spa r t i c  acid used were  of h i ghes t  pu r i ty .  The  res t  of t he  
chemica ls  were of a n a l y t i c a l  grade.  The  s u b s t r a t e  was  
p r e p a r e d  b y  dissolving anaylopect in  in 0.02 M of 5 dif- 
f e r en t  Tris  buffers ,  viz. a spa r t a t e ,  ace ta te ,  p h o s p h a t e ,  
oxa l a t e  and  h y d r o c h l o r i d e  of pt-I 6.0 a n d  6.9 a t  a con-  
c e n t r a t i o n  of 1%. Sa l iva  was col lected f rom n o r m a l  
h e a l t h y  persons  a n d  cen t r i fuged  for I/2 h a t  7000 r p m  a t  
10~ The  s u p e r n a t a n t  was  s epa ra t ed  a n d  s to red  a t  
0 -5~  un t i l  use. The  s u p e r n a t a n t  f rom t he  cen t r i fuged  
sal iva,  wh ich  showed  specific a c t i v i t y  be t w een  125-150 
un i t s  pe r  m g  of p ro te in ,  was  d i lu ted  200-250 t imes  w i t h  
respec t ive  buf fe r  a n d  used as enzyme.  

The  ~-amylase  a c t i v i t y  was m e a s u r e d  as ou t l ined  b y  
BERNFELD6 wi th  m i n o r  mod i f i ca t ions ;  1 mt  of t h e  sub-  
s t r a t e  was i n c u b a t e d  w i t h  1 ml  of t he  e n z y m e  for  3 m i n  
a t  25~ The  r eac t i on  was s t opped  b y  a d d i n g  2 ml  of 
3 ,5-dini t rosal icyl ic  acid r eagen t .  The  m i x t u r e  was k e p t  
in boi l ing  w a t e r - b a t h  for 5 min,  cooled and  m a d e  up  to  
25 ml  w i t h  water .  The  colour  deve loped  was m e a s u r e d  b y  
doub le  w a v e l e n g t h  m e t h o d  ~, wh ich  pe r t a in s  to  a modi -  
f i ca t ion  of op t ica l  m e a s u r e m e n t s  w i t h o u t  c h a n g i n g  t he  
pr inciple .  Our  s t a n d a r d  cu rve  was d r a w n  b y  t a k i n g  AA 
(difference in ab so rb ances  a t  570 and  700 nm) aga ins t  
ma l to se  c o n c e n t r a t i o n  (0.5-3.0 mg/25  ml). I n  a s epa ra t e  
se t  of expe r imen t s ,  t he  same was r epea t ed  w i t h  0.02 M 
p h o s p h a t e  buf fe r  i n s t ead  of Tris  buf fe r  a t  p H  6.9 con-  
t a i n i n g  v a r y i n g  c o n c e n t r a t i o n s  of NaC1, NaBr ,  NaNOa, 
CHaCOONa,  Na2CO 3, KC1, NH4CI, CuCI~ and  CsC1 v The  
u n i t  of e n z y m e  a c t i v i t y  was def ined as m g  of ma l to se  
l i be ra t ed  per  3 m i n  a t  25 ~ 
: Results  and discussion. The  effect  of add i t i on  of dif- 
f e r en t  sal ts  in  t he  r e a t i on  m i x t u r e  cons is t ing  of exhaus -  
t i v e l y  d ia lyzed  s u b s t r a t e  a n d  e n z y m e  has  been  t h o r o u g h l y  

i n v e s t i g a t e d  b y  Bt~RNFELD 4 a n d  we avo ided  t he  r epe t i t i on  
of t h e  same.  The  p r o b a b i l i t y  of d e n a t u r a t i o n  b y  ex- 
h a u s t i v e  dia lysis  c a n n o t  also be  ruled Ju t ,  and  in t he  
p r e s e n t  work  b o t h  t he  s u b s t r a t e  a n d  t he  e n z y m e  were 
t a k e n  und ia lyzed ;  Tris  rep laced  p h o s p h a t e  buffer .  I t  is 
n o t e w o r t h y  here  t h a t  in  ou r  i nves t i ga t i on  t he  t o t a l  Na+ 
a n d  C1- c o n c e n t r a t i o n  p r e s e n t  in t he  reac t ion  m i x t u r e  
t h r o u g h  r eagen t s  were ca lcu la ted  and  found  to be 1.8 a n d  
0.8 m i c r o e q u i v a l e n t s  per  r eac t ion  mix tu re ,  wh ich  are far  
be low the  a n t i c i p a t e d  a c t i v a t i o n  level. 

F r o m  F igure  1, i t  is seen t h a t  a t  p H  6.0 the  inf luence  
of d i f fe ren t  an ions  in Tris  buffer  are c o m p a r a t i v e l y  less. 
A t  p H  7.0, all o t h e r  an ions  excep t  chlor ide  showed de- 
cline in ac t iv i ty .  However ,  f rom MYRBXCK'S obse rva t i on  1 
we f ind  t h a t  t he  ac t i v i t y  decl ined f rom p H  6.0 to 7.0 in 
p h o s p h a t e  buf fe r  alone, whereas  i t  increased  for t h e  same  
change  of p H  in presence  of o t h e r  anions .  Since in our  
work,  the  p a r t i c u l a r  an ion  is p r e sen t  i n d e p e n d e n t  of 
p h o s p h a t e ,  n a m e l y  Tris -aspar ta te ,  Tr is -acetate ,  Tr is-  
oxa la te  etc. t he  possible r ea son  for t he  e n h a n c e d  a c t i v i t y  
a t  p H  7.0 b y  d i f fe rent  an ions  as sugges ted  b y  MYRBiiCI~ 
a n d  o the r s  1,2 should  no t  be a t t r i b u t e d  to the  effect  of 
p a r t i c u l a r  ion b u t  a c o m b i n e d  effect  of t he  same w i t h  
p h o s p h a t e .  This  is also s u p p o r t e d  b y  t he  fac t  t h a t  t he  
r eac t ion  m i x t u r e  c o n t a i n i n g  p h o s p h a t e  buffer  and  chlor ide  
shows a l i t t le  h igher  a c t i v i t y  t h a n  t h e  r eac t ion  m i x t u r e  
in TrisChydrochloride (Figure 1, co lumn  10 and  15). 

The  a c t i v i t y  of s a l i va ry  ~-amylase  obse rved  b y  a d d i n g  
d i f fe ren t  sa l ts  of v a r y i n g  c o n c e n t r a t i o n  to the  r eac t ion  
m i x t u r e  are p re sen ted  in F igure  2. I t  is ev iden t  f rom t h e  
f igure t h a t  all t he  chlor ide  sa l ts  t es ted ,  excep t  cupr ic  
chloride,  a c t i v a t e d  t he  e n z y m e  a lmos t  to  t he  same ex ten t .  
These  resul t s  are in  per fec t  a g r e e m e n t  w i th  those  of 
BERNFELD a n d  o the r s  1,~,4. The  presence  of CuCI~ in te r -  
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fers wi th  the  reduct ion  of 3,5-dinitrosalicylic acid, the  
chromogen  by  reducing sugars, p roduc t  of amylolysis ;  
and hence remains  inconclusive.  The size of the  h y d r a t e d  
cat ion seems to be i r re levant ,  since CsC12 could ac t iva te  
the  enzyme a lmost  to the  same degree as by  sodium, po- 
t a s s ium and a m m o n i u m  chlorides. Sodium bromide  ac- 
t i va t ed  the  enzyme to  some exten t ,  while b o t h  NaNOa 
and  CHaCOONa had  no such action. The enzymic  ac t iv i ty  
was inhib i ted  by  Na2COa as expected ,  since the  p H  of the  
react ion mix tu re  was raised. These observa t ions  regarding 
bromide  and aceta te  are also in ag reemen t  wi th  the  
earlier f indings.  According to BERN~'ELD*, NO a- exhibi ts  
some ac t iva t ion  b u t  we failed to get  the  same as MYR- 
BACK and others.  

In  a recen t  repor t  5, pe rhaps  the  only  one so far, sodium 
ion has been claimed to be the  ac t iva to r  of pancrea t ic  c~- 
amylases  of toad,  reptile,  pigeon and  rat.  Using NaC1, 
Na~COa, KC1 and CuCI~ in p h o s p h a t e  buffer,  t h e y  had  
shown t h a t  while NaC1 and  Na~COa ac t iva ted  the  enzyme 
b o t h  CuCI~ and BIC1 did not .  I t  is a l ready  repor ted  in the  
l i te ra ture  s t h a t  ra t  sa l ivary  and liver amylases  are ac- 
t i va t ed  by  KC1, as also conf i rmed by  us. The failure to get  
any  ac t iva t ion  by  CuCle is r a the r  to  be expec ted  and the  
reasons are discussed earlier. Unlike the  f indings of these  

authors ,  ac t iva t ion  by  Na2CO a could no t  be conf i rmed in 
our l abora to ry  since addi t ions  of Na2CO 3, as low as 2.5 
/ ,moles in the  2 ml of react ion mix tu re  caused a change  in 
pH.  However ,  wi th  Tris-carbonate buffer  a t  p H  7.0 
similar ac t iv i ty  was ob ta ined  as wi th  Tris-phosphate. I t  
can  be men t ioned  here t h a t  me thodo logy  ad ap t ed  and 
concen t ra t ions  of KC1, CuCI~ and Na~CO3 used by  us were 
the  same as repor ted  by  themS. 

In  view of the  above,  the  following conclusions have  
been  drawn.  Chloride ion shows increased ac t iva t ion  from 
p H  6.0 to 7.0 while mos t  o ther  anions including phospha t e  
do the  reverse.  Act iva t ion  by  chloride ion is h igher  com- 
pa red  to o the r  ions a t  bo th  the  p H  values. The presence 
and size of the  cat ion is i r relevant .  Essen t i a l i ty  of Ca++ 
as an t i c ipa ted  t h ro u g h  earlier inves t iga t ion  can ev iden t ly  
be ruled out  as shown by  the  resul ts  of oxalate ,  ace ta te  
and  a spa r t a t e  in Tris buffer. 
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Summary. a-Chlorohydrin  (I) is ox ida t ive ly  metabol ized  to /3-chlorolactic acid (III) and oxalic acid (IV). Deposi t ion 
of calcium oxalate  wi th in  the  renal  tubules  is responsible  for t he  toxic effects of c~-chlorohydrin and  a similar  act ion 
on the  epid idymis  or ep id idymal  blood vessels  could ini t ia te  the  format ion  of spermatocoeles  f rom this  and o ther  male 
an t i fe r t i l i ty  agents.  

The male ant i fer t i l i ty  agen t  2 c~-chlorohydrin (3-chloro- 
propan- l ,2 -d io l ,  I) has  two  effects on the  male ra t  re- 
p roduc t ive  t ract .  Consecut ive low dai ly  doses (5 • 10 mg/  
kg) cause an immedia te  and  reversible phase  of infer- 
t i l i ty  3 by  inhibi t ing spe rm glycolysis 4, whereas  a single 
high dose (100 mg/kg) produces  ep id idymal  lesions or 
spermatocoeles  5. These lesions occlude the  ductul i  ef- 
ferentes,  block the  passage of tes t icu lar  spe rm and pro-  
duce prolonged or even p e r m a n e n t  infert i l i ty.  As the  
main  metabol i te  6 of r the  epoxide glycidol 
(2 ,3-epoxypropan- l -o l ,  II) has  a similar ant i fer t i l i ty  
act ion to the  low dose regime of e -ch lorohydr in  3, bu t  does 
no t  induce spermatocoele  format ion,  the  possibi l i ty  
arose t h a t  ~-chlorohydrin  m a y  be conver ted  b y  ano the r  
route  to a metabol i te  responsible  for the  ep id idymal  
lesions. 

Chromatograms  of ra t  urine collected wi th in  8 h of 
e i ther  oral or i.p. admin i s t r a t ion  of a~Cl-c~-chlorohydrin 
(100 mg/kg) revealed the  presence of 3 radioact ive  com- 
ponents .  These were ident i f ied as CI-, unchanged  c~- 
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The metabolism of c~-chlorohydrin in the Rat. fl-chlorolactic acid 
(BCLA, III) was isolated from the acidified urine of male Wistar 
rats dosed with cr (100 mg/kg), by continuous ether 
extraction and chromatography on a column of Merck silica gel G, 
elution with ethyl acetate: 40-60 ~ petroleum ether (2:1) giving 
white plates, m.p. and mixed ~s in.p. 78-79 ~ Characterization was 
by reverse isotope dilution, mass spectroscopy {M+ 125/127, base 
peak 79/81 (M-H-CQ)} and GLC (retention time of a spiked 
sample 11.30 m on a 1 m• inin i.d. 5% FFAP on 80-100 mesh 
Chromosorb (~ at 150 ~ with N 2 inlet pressure of 14 psi). Urinary 0r 
chlorohydrin (I) was identified as the bis-benzoyl derivative as 
previously described 6, chloride ion by the method of SEILER and 
KAF~ENBElaGER ~1 and oxalic acid (IV) according to PARKE and 
WILLIAMS 2~. asC1-BCLA and uniformy-labelled 14C-BCLA were pre- 
pared from a6Cl-~-ehlorohydrin~ and uniformly-Iabelled 14C-c~-chlore- 
hydrin e3, respectively, by mild nitric acid oxidation 2~. Rf values 
(Merck pre-coated silica gel G TLC plates, 0.25 mln) were 0r 
hydrin (0.73), BCLA (0.30), calcium oxalate (0.10) and CI- (0.01- 
0.15) in chloroform : methanol (7 : 3). 


