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INTRODUCTION

C h o lin e s te ra se  i s  th e  name suggested by  Stedman (1) in  

1932 f o r  th e  enzyme o r enzymes which hydro lyze ch o lin e  e s te r s .

In  view  of th e  im portance a tta c h e d  to  a c e ty lc h o lin e , whioh i s  

b e lie v e d  by many in v e s t ig a to r s  to  be th e  humoral agen t by  whioh 

th e  parasym pathetic  n erves tra n s m it  t h e i r  im pulses to  t h e i r  

r e s p e c tiv e  end o rgans, th e  fundam ental im portance of t h i s  enzyme 

in  l im it in g  th e  a c tio n  of a nerve to  i t s  end organ and c o n s ta n tly  

p ro te c tin g  th e  body a g a in s t p o s s ib le  a c e ty lc h o lin e  po ison ing  

becomes obvious.

In  s p ito  o f numerous re se a rc h e s  on th e  a c t io n , s p e c i f i c i ty ,  

d i s t r ib u t io n  and p h y s io lo g ic a l fu n c tio n  of th e  enzyme, th e re  are
0

many o b se rv a tio n s  whioh have n o t been ex p la in ed .

The au tho r began th e  s tudy  of c h o lin e s te ra s e  as a  r e s u l t  

o f tho  o b se rv a tio n  th a t  when th e  is o la te d  h e a r t  o f th e  m arine 

clam, Vonus M ercenaria , was b a thed  in  sea  w ater c o n ta in in g  a 

sm all q u a n tity  o f a c e ty lc h o lin e  (from .001 to  .000001 mg. p e r 

m i l l i l i t e r )  th e  h e a r t  would m om entarily s top  b e a t in g . Yfhen 

e s e r in e  was added ( .0 1  mg. p e r  m l.) , whioh i s  o r d in a r i ly  assumed 

to  be s u f f i c i e n t  to  i n h ib i t  c h o lin e s te ra s e  a c t i v i t y  com pletely , 

no in c re a se , in  s e n s i t i v i t y  to  a c e ty lc h o lin e  was n o ted . Dr. David 

G lick  v e ry  k in d ly  in v i te d  me to  v i s i t  h is  la b o ra to ry  and to -  

g o th er we s tu d ie d  th e  d i s t r ib u t io n  of c h o lin e s to ra s e  in  sev e ra l
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m arine form s. The r e s u l t s  of th e  s tu d y , th e  f i r s t  of i t s  k ind  

on sp ec ies  o f m arine in v e r te b ra te s  .common to  th e  New England
I

co as t abound Woods H ole, M assachuse tts , w i l l  be p re se n te d  as 

th e  second p o r tio n  of t h i s  t h e s i s .

From th e  summer of 1958 to  th e  p re se n t tim e , a la rg e  number 

of d e te rm in a tio n s  o f o h o lin e s te ra s e  a c t i v i t y  have boon made. 

S everal methods have been t r i e d .  Because o f th e  d i f f i c u l t i e s  

and l im i ta t io n s  a tta c h e d  to  a l l  o f th e  methods which have been 

d escrib ed  to  d a te ,  th e  seem ingly sim ple method p u b lish e d  by 

R inkel and P ijo a n  (2) was t r i e d .  T heir method used th e  Van 

Slyke manometrio ap p ara tu s  and in  t h e i r  summary th ey  s ta te d  th a t  

th e  method was, ‘'s im p le  and accurate*’.

P re lim in a ry  experim ents wero perform ed u sin g  t h e i r  exao t 

procedure on th e  c h o lin e s te ra s e  a c t i v i t y  o f r a b b i t ,  dog, h o rse , 

and human se ra . In  th e  l i g h t  o f p rev io u s  ex p erien ce  in  m easuring 

c h o lin e s te ra s e  a c t i v i t y  i t  was soon recogn ized  th a t  d e te rm in a tio n s  

made as th e y  suggested  were no r e a l  measure o f th e  t r u e  enzyme 

a c t iv i t y ,  s ince  th e  au th o rs  ap p a ren tly  f a i l e d  to  reco g n ize  a l l  

th e  chem ical re a c t io n s  upon which t h e i r  d e te rm in a tio n  depended. 

F u ll  c o n s id e ra tio n  o f th e se  f a c t s  w i l l  be ta k e n  up l a t e r .

I t  i s  th e  purpose o f th e  f i r s t  p o r tio n  o f t h i s  th e s i s  to  

p re se n t a method where by  th e  Van Slyke manometrio appara tus can 

be used to  o b ta in  as a c cu ra te  measurements o f o h o lin e s te ra s e
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a c t i v i t y  as th e  d es ig n  of th e  ap p ara tu s  p e rm its .

The r e s u l t s  o b ta in ed  by t h i s  new procedure  w il l  be oom-
/

pared  w ith  o th e r accep ted  methods and advantages and l i m i t a t ­

ions o f each w i l l  be d iscu ssed .
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A New Method fo r  D eterm ining C h o lin e s te ra se  A c tiv i ty .

' A* Chem istry o f C h o lin e s te ra se  D ete rm in a tio n s♦

The enzymatic decom position of a c e ty lc h o lin e  .proceeds as 

fo llo w s :

A ce ty lch o lin e  e ^ t^ h s £ >  °h °l in e  + a o e tic  ao id  (1)

S ince a c e ty lc h o lin e  i s  te n  thousand tim es as a c tiv e  

p h y s io lo g ic a l ly  as ch o lin e  i t s e l f ,  th e  e a r ly  methods m easured 

th e  a c t i v i t y  of th e  rem aining a c e ty lc h o lin e  on some s e n s i t iv e  

organ or o se rin iz ed -an im a l. These methods a re  su b jeo t to  con­

s id e ra b le  e r ro r  and have, f o r  th e  most p a r t ,  been abandoned fo r  

more p re c is e  and accu ra te  chem ical m ethods. No d isc u s s io n  o f
4

them w i l l  be undertaken h e re .

The e ig h t chem ical methods of enzyme assay  (1 , 2, '6, 4, 5, 

6, 7, 8 ,)  except th e  c o lo r im e tr ic  method of Abdon and Uvnas,

(9) depend 'on th e  faob  th a t  a c e t ic  ac id  i s  one o f■ th e  p ro d u c ts  

of th e  h y d ro ly s is  (Soo eq u a tio n  1 ab o v e). They d i f f e r  g r e a t ly  

w ith  reg a rd  to  d e ta i l s  of tim e , tem p era tu re , pH, s u b s tra te  used  

and c o n c e n tra tio n  of enzymo a n d -su b s tra te  employed.

The s im p les t p rocedures a re  tho  d i r e c t  t i t r a t i o n  methods 

of Stedman, (10) o t a l . ,  G lick , (6) Koepke (11) and A lle s  and 

Hawes (1 2 ). Tho b e s t  procedure of t h i s  ty p e  soems to  be t h a t  

of A lle s  and Hawes, in  whioh th e  a o e tic  a c id  l ib e r a te d  i s
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c o n tin u o u sly  t i t r a t e d  w ith  s tan d a rd  a lk a l i  to  a co n s ta n t pH 

by th e  a s s is ta n c e  of a g la s s  e le c tro d e . .
t

The, o th e r  type i s  th e  manometrio methods o f Ammon, (5)

Stedraan and Stedman, (4) L inder str/m -L ang and G lick , (5) and 

R inkol and P ijo a n  (2 ) . A ll o f th e se  depend on th e  re a c t io n  

o f th e  a c e tio  a c id  produced, w ith  sodium b ica rb o n a te  p re se n t 

in  th e  re a c tio n .m ix tu re . The C02 so produced, i s  measured raan- 

o m e tr ic a lly .

CHaC00H + NaHCOa—» CHaC00Na + C02 + H20: (2)

S ince th e se  p rocedures (se e  p ag e t 5bf o r  d e ta i l s )  u t i l i z e  a gas 

m ix tu re  c o n s is t in g  of 95$ N itrogen  and 5$ carbon d io x id e  to  keep 

th e  r e a c t io n  anaerobic and s a tu ra te d  vd th  carbon d io x id e , th e  

C02 r e s u l t in g  from eq u a tio n  2 w il l  d if fu s e  to  th e  vapor phase and 

e x e r t  p re ssu re  on a manometer. The method has g e n e ra l a p p lic a tio n  

to  e s te ra s e s  sinoe &t can be a p p lie d  v a l id ly  whenever th e  a c id  

re le a s e d  by th e  h y d ro ly s is  o f th e  e s te r  used as th e  s u b s tr a te ,  

i s  s u f f i c i e n t ly  io n ized  to  r e a c t  vd th  th o  b ica rb o n a te  in v o lu tio n  

and r e le a s e  C02 . O bviously,enough, b ica rb o n a to  ion  must be p ro -  

son t to  . e ac t w ith  th e  a o e t ic  (o r  o th e r  ac id ) as f a s t  as i t  i s  

l ib o r a te d ,  o therw ise  th e  second r e a c t io n  beoomes th e  l im it in g  

f a c to r .

In  g e n e ra l, th e  fo llo w in g  c r i t e r i a  can be a p p lie d  to  t o s t  

th e  adequacy of th e  v a rio u s  chem ical methods:
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1 . The enzyme a c t i v i t y  e . i . ,  th e  a c e ty lc h o lin e  s p l i t  o r

C02 p roduced ,should  g ive  a - s t r a ig h t  l i n e  fu n c tio n  w ith
/

•time.

2. T otal h y d ro ly s is  f ig u re s  should be c o rre c te d  f o r  th e  

c o in c id en t non-enzym atic or a lk a l in e  h y d ro ly s is  of th e  

e s te r .

3 . The pH and tem pera tu re  o f th e  enzyme s o lu tio n  should  be 

kep t as n e a r ly  c o n s ta n t as p o s s i b l e . .

. Examination o f th e  method and r e s u l t s  o f R inkel and P ijo a n  

(2) show th a t  t h e i r  method n o t . on ly  did ' n o t f u l f i l l  th e  .th ree  

above mentioned requ irem en ts b u t a lso  inc lu d ed  c e r ta in  o th e r  

p o in ts  of c r i t ic i s m  among which tho  fo llow ing  a re  most ap p aren t.

'4 .  No experim ental d a ta  are  p resen to d  to  prove t h a t  th e  

enzyme i s  n o t p a r t i a l l y  in h ib i te d  by th e  m eroury w ith  

whioh presum ably i t  comes in to  d i r e c t  o o n ta c t.

6 .The co n s ta n ts  f o r  th e  Van Slyke ap p ara tu s  (19) whioh they  

used does n o t app ly  in , t h e i r  p rooedure .

6. S ince th e  on ly  source of b ic a rb o n a te  f o r  eq u a tio n  2 in  

t h e i r  method, i s  th e  1 m l. p o r tio n  of b lood which th ey  

u se , and th i s  in  many p a th o lo g io  oases may bo f a r  below  

th e  norm al, th o  l im it in g  f a c to r  in  t h e i r  p rocedure may be 

th e  b io a rb o n a te  co n ten t o f  tho  b lood .
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A low r e s u l t  m ight be due to  low b ic a rb o n a te  r a th e r  than  

too  low c h o lin e s te ra s e .
t

In  o rd er b e t t e r  to  a p p re c ia te  th e se  d i f f i c u l t i e s ,  th e  

au thor has tak en  the  l i b e r t y  of quoting  th e i r ,  o r ig in a l  method 

in  o rder t h a t  a c le a r e r  d isc u ss io n  of th e  s ix  d i f f i c u l t i e s  can 

be p re se n te d .

METHOD AMD PROCEDURE OF RINKEL AND PIJOAN (2)

tr REAGENTS. A o ety lch o lin e  c h lo r id e  C .P .; C02- f r e e  d is ­

t i l l e d  w ater; 1 N KOH.

PROCEDURE. The Van Slyke e x tr a c t io n  ap p ara tu s  having 
been c leaned  se v e ra l tim es vd th  d i s t i l l e d  w a te r , vd th  th e  
re a c t io n  chamber f i l l e d  w ith  m ercury, 1 oc. of serum i s  
adm itted  in to  th e  cup from a p ip e t to .  The serum i s  allowed 
to  run  in to  th e  re a c t io n  chamber nook and th e  stop-cock  
sea led  w ith  m ercury. Lower th e  bulb  u n t i l  tho  su rfa c e  of 
th e  m ercury (of-4;he-merour-j^ and serum i s  f i r s t  below tho  r e ­
a c tio n  chamber. C lose s top-cock  e (see  Von Slyke o n d 'N e ill 
fo r  d i re c t io n s  of gas e x tra c tio n )  and shako f o r  5 m inutes. 
Open stop-cock  e and allow  th e  m ercury to  r i s e  in to  the. 
chamber. Allow tn e  serum to  r i s e  in  d e l iv e r  cup. P lace  
3|oc. of COg-free d i s t i l l e d  w ater co n ta in in g  50 mgm. of 
a o e ty lc h o lin e  in to  d e liv e ry  cup and a llow  i t  to  run in to  
re a c t io n  chamber w ith  th e  serum, ta k in g  ca re  n o t to  allow  
any a i r  to  e n te r - in to  re a c tio n  chamber. Seal v d th  m ercury. 
Shako fo r  10 seconds and tak e  Po read in g  in  manomoter sca le  
w ith  tho le v e l  of serum a t  th e  2 mark. Lower to  h a l f  way 
in  re a c t io n  chamber. Do n o t shake, and tak e  read in g s  w ith 
serum le v e l  a t  th e  2 mark ovcry f iv e  m inutes f o r  20 min­
u te s ,  (P, P i ,  Pe , Pa , P4) . I t  i s  w ell to  keep th e  w ater 
tem pera tu re  in  th e  m antle surrounding th e  re a c t io n  cham- 

V b e r .a t 29°-30°C. A f te r  read in g s  have been tak en  fo r  20 
m inutes tho m eroury le v o l i s  brought to  th e  h u lf  way mark 
once more and 1 cc . o f 1 N KOH are  adm itted  in to  th e  r e ­
a c tio n  chamber. This w i l l  absorb th e  C02 evolved. A read ing  
vd th  th e  serum le v e l  a t  th e  2 mark v d l l  agree w ith in  2 to  
3 p e r oont of.^the i n i t i a l  Po re a d in g .”
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A stu d y  of t h e i r  procedure shews th a t  an undeterm ined 

p o r tio n  of tho  b io a rb o ra te  con to n t o f th o  serum i s  removod by
I

t h e i r  i n i t i a l  gas e x tr a c t io n . This ten d s  to  make th e  re a c t io n  

m ixture more a lk a l in e .  Also th e y  do n o t shake th e  enzyme mix­

tu re  no r do th ey  lovrer to  th e  f i f t y  co. mark. According to  

Van Slyke and Sendroy (15) th e  f a o to rs  -which th e y  use do n o t apply 

u n less  th e  m ercury i s  lowered to  th e  50cc. mark and th e  so lu tio n  

shaken 200 tim es or more p e r m inute.

The au th o r perform ed 25 i n i t i a l  d e te rm in a tio n s  on r a b b i t ,  

dog, h o rse  and human p r e c is e ly  as th e se  au th o rs  (2) s t a t e .  A 

ty p ic a l  curve i s  shown in  F ig . I .  For com parison, a curve show­

ing a d e te rm in a tio n  of' c h o lin e s te ra s e  a c t i v i t y  by th e  d i r e c t  

t i t r a t i o n  procedure (1 ) ,  and a lso  a curve ty p ic a l  of th e  Yfarburg

manometrio prooodure of Ammon.(5) a re  shown.
/i V

I t  can be seen th a t  whereas th e  second and t h i r d  methods 

g ive s t r a ig h t  l in e s ,  th e  f i r s t  g ivos a  curve whose slope changes 

ra p id ly . The r a te  ohanges during each 5 m inute in te v a l^ .

Expressed a s ’mm. of m ercury, th e  r a t e  v a r ie d  as fo llo w s:

" 0-5 m inutes 51 mm. 15-20 m inutes 20 mm.
5-10 m inutes 82 mm. 20-25 m inutes 10mm.
10-15 m inutes 44 mm. 25-30 m inutes 1 .5  mm.

R inkel and P ijo an  used th e  read ing  a t  20 m inutes as th e  r a te

b u t com parison of se v e ra l curves determ ined on d i f f e r e n t  samples
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showod th a t  t h i s  procedure f o r  e s ta b lis h in g  r a te s  m ight le a d  

to  e r ro r s  as g re a t  as 20;$.
I

R ea liz in g  th a t  to  make th o  method u sab le  would n e c e s s i ta te  

th e  in tro d u c tio n  of se rio u s  changes in  th e  p ro ced u re , th e  au th o r 

began an o rd e r ly  study of tho  e n t i r e  method,., in o lud ing  th e  fund­

am ental H enderson-H asselbalch eq u a tio n  upon which th e  determ ina­

t io n  i s  based .
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• B. Experim ental V e r i f i c a t i  on of a. Method fo r  

C a lc u la tin g  th e  pH.

B efore any s a t i s f a c to r y  answers to  th e  o th e r problems could 

be o b ta in ed , a method fo r  determ in ing  th e  pH during  th e  course 

o f th e  re a c t io n  had to  be d ev ise d . In  th e  p rev io u s  d isc u ss io n  

of th e  chem istry  o f th e  method i t  was shown th a t  when c h o lin ­

e s te ra s e  ac ted  on a c e ty lc h o lin e  s a l t s ,  a c e tio  ac id  was formed.

This in  tu rn  re a c te d  w ith  th e  sodium b ic a rb o n a te  in  th e  s o lu tio n  

to  form  sodium a c e ta te  and ca rb o n ic  a c id . I n  t h i s  case  th e  sodium 

b io a rb o n a te -o a rb o n ic  a c id  eq u ilib riu m  i s  a c tin g  as a  b u f fe r  system . 

This system  has been in te n s iv e ly  s tu d ie d  beoause o f i t s  im portance 

in  a c id -b ase  b a lan ce  in  p h y s io lo g ic a l s o lu t io n s .

In  o rd e r to  ex p la in  th e  a c t io n  o f  c e r ta in  b u f fe r s  which 

ten d  to  m a in ta in  th e  pH of p h y s io lo g ic a l s o lu tio n s  c lo se  to  th e  

n e u tr a l  p o in t ,  Henderson (14 , 15) used th e  w e ll known mass 

a c tio n  equ a tio n

K M  - [H+] x [a"J (5)

in  whioh [Ha} i s  th e  c o n c e n tra tio n  of th e  u n d isso o ia te d  weak a c id , 

[H+J th e  c o n c e n tra tio n  o f hydrogen ions and[a”] th e  c o n c en tra tio n  

o f th e  onion . K i s  th e  c o n s ta n t o f p ro p o rtio n  or d is s o c ia t io n .

He showed t h a t  Ostwald’ s d i lu t io n  law

K[Ha] .  [h*]*  (4)

whioh h o ld s  f o r  pure so lu tio n s  o f weak a c id s , can never be
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a p p lied  in  b io lo g ic a l  s o lu tio n s  s in ce  th e y  always c o n ta in  a lk a l i  

s a l t s  o f th e  a c id . T h e re fo re , f o r  th e  most p a r t ,  th e  £a  ]  

does n o t ’come from th e  d is s o c ia t io n  of th e  weak a c id  according 

to  equation  3 b u t r a th e r  from  th e  a lk a l i  s a l t s .  These s a l t s  

a re  p a r t i a l l y  io n iz e d , and we express t h e i r  io n iz a t io n  by th e  

equation

La"] = y[B a] ( 5)

where j^Ba] re p re s e n ts  th e  t o t a l  m olar c o n c e n tra tio n  of th e

s a l t  and y ', re p re se n tin g  th e  f r a c t io n  io n iz e d , has a  va lue

between 0 .6  and 0 .9 .  By s u b s t i tu t in g  y [B a ] : in  p la c e  o f [a“]

in  equ a tio n  3, Henderson o b ta in ed  equ a tio n  6 to  whioh h is
#

name i s  a tta c h e d .

K[Ha] -  M  * f[B a ) (6)

Now i f  we rea rran g e  t h i s  eq u a tio n  and l e t  K /f  » K*

we g e t th e  u su a l form  o f th e  eq u a tio n

1 0  ■ <7>

i s  sometimes c a l le d  th e  ,fap p aren t d is s o c ia t io n  c o n s ta n t’5.

I f  we in v e r t  eq u a tio n  7 wo g e t

-JL. = / Q \
[ll+] K' [Ha] (8)
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Taking th e  lo g a rith m  of each s id e  and usin g  th e  co n n o ta tio n  of 

Sorensen , -  lo g  IT4, «* pH, e t o . ,  H asse lh a lch  (16) o b ta in ed  th e  

fo llo w in g  eq u a tio n

pH .  pK ' + lo g  ^  (9)

which we know as th e  H enderson-H asselbaloh e q u a tio n . In  th e  

example which we a re  co n sid e rin g  t h i s  becomes

pH -  pK' + lo g  |g j g a  (10)

In  t h i s  oase , to  be e x a c t, one should use th e  symbol pK*

sin ce  Buytenduyk (17) has shown th a t  th e  v a lu e  o f K in  th e
#

equation

k D w P  -  [ c O a ] j : [ H a q ]  ( X I )

i s  so h igh  t h a t  only  a  f r a c t io n  of a  p e rc e n t o f  th e  f r e e  oarbonio  

ac id  in  w ate r s o lu t io n  i s  in  th e  form o f H2COa ; over 99 p e r  oen t 

rem ains as  anhydrous C0a .

I n  o rd e r  to  avo id  con fusion  th e  au th o r h as adopted th e  

f o l lo w in g  a b b re v ia tio n s  and symbols.
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A b b rev ia tio n s  and Symbols

as th e  apparen t f i r s t  d is s o c ia t io n  c o n s ta n t o f 
ca rbon ic  ao id ;

to  re p re s e n t a l l  th e  unoombined carbon ic  a c id  
(HaC03 + C0a) in  s o lu tio n ;

t o  re p re se n t th e  te n s io n  o f C02 above a s o lu tio n  
in  m ill im e te rs  o f m ercury;

to  r e p re s e n t  th e  t o t a l  C0S oon ten t o f  th e  l iq u id  
and gaseous phases a f t e r  th e  s o lu tio n  has been 
a c id i f ie d ,  th e  c o n te n t expressed  in  m illim o les  
p e r  l i t e r ;

th e  t o t a l  C0a p re ssu re  above th e  s o lu t io n  a f t e r  
a o id ifjr in g  expressed  in  m illim e te rs  o f m ercury.

In  o rder to  be ab le  to  c a lc u la te  th e  pH in  th e  enzyme m ix tu re  

by means o f th e  H enderson-H asselbalch  e q u a tio n , th e  fo llow ing  

q u a n t i t ie s  must be determ ined .

1 . The amount o f b ic a rb o n a te  io n  p re s e n t  in  th e  s o lu tio n .

2. The amount o f carbon ic  a c id  (C0a + HaC03) in  th e  s o lu tio n .

3. The p ro p er v a lu e  o f  th e  co n s ta n t pR*.

To determ ine th e  b io arb o n a te  o o n ten t o f  a  s o lu tio n  co n ta in in g  

b o th  b ic a rb o n a te  io n  and oarbonic a c id , ' th e  fo llo w in g  procedure 

was d ev ised .
]

The t o t a l  b ic a rb o n a te  and carbon ic  ao id  co n to n t o f th e

pKi

HaCOa

pCOa

[c o g

P[coa!
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l iq u id  i s  determ ined by  th e  method o f Van Slyke e t  a l .  Van 

Slyke and S tad ie  (18) developed th e  eq u a tio n

V0°,760 P * W 1 M 4  t )  4  + S 3 r )  <12>

in  which V i s  th e  req u ire d  volume o f gas a t  s tan d a rd  c o n d itio n s ; 

P i s  th e  p re ssu re  o f  th e  gas i n  m illim e te rs  o f  m ercury; i  ̂ i s  

th e  re a b so rp tio n  c o e f f ic ie n t ;  a. i s  th e  f ix e d  gas volume a t  

which th e  p re s s u re  i s  read ; (1-+ 0.00384 t  ) i s  th o  c o r re c tio n  

f o r  th e  e f f e c t  o f tem peratu re  expanding m ercury more th a n  g la s s ;  

jS i s  th e  volume o f  s o lu tio n  i n  th e  a p p a ra tu s ; oc'is th e  r a t i o  

in  which carbon d io x id e  d i s t r ib u te s  i t s e l f  between equal Volumes 

o f aqueous and gaseous phases when e x tr a c t io n  i s  com plete; and 

A i s  th e  t o t a l  volume o f th e  gas chamber.

Van Slyke and N e i l l  (19) then , worked ou t a  ta b le  o f f a c to r s

fo r  v a r io u s  v a lu es  o f a , _i, and £  a t  v a r io u s  tem p era tu res  by 

which one can c a lc u la te  th e  £c0a"], as d e fin ed  on page 17, i f  th e  

p re ssu re  o f C0a above th e  a c id i f ie d  s o lu t io n  i s  known.

Sinoe

'* CCOa ]  " BHC0a ( l i q . )  + HaC0a ( l i q . )  + C0a (g a s ) .  (13)

th e n

BHC0a » [ c o j  -  [lIaCOa ♦ 00J .  (14)
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By means o f eq u a tio n  1 2 , , th o  sum o f th e  oarbonic a c id  co n ten t 

o f  th e  l iq u id  and th e  C02 in  th o  vapor phase can be c a lc u la te d  i f  

th e . te n s io n  of C0S, pC02 , above th e  s o lu tio n  i s  known. This 

can be determ ined e a s i ly  in  th e  Van Slyke manometrio a p p a ra tu s .

To g e t  th e  amount o f carbon ic  ao id  in  s o lu t io n  we u t i l i z e  

a  v a r ia t io n  of equ a tio n  12. In  equ a tio n  12, th e  l a s t  ex p ress io n

i s  a  c o r re c t io n  f a c to r  f o r . t h e  amount o f carbon ic  a c id  in  th e  

s o lu t io n .  I f  we r e p re s e n t t h i s  e x p ress io n  15, by th e  symbol 

U, th e n  U -  1 i s  t h a t  p a r t  o f th e  carbon d io x id e  whioh i s  d isso lv e d

th e  r a t i o  of th e  amount o f  C0a in  s o lu t io n  to  th e  t o t a l  C0a . 
/

Since oC i s  a  fu n o tio n  of th e  tem peratu re(19)

i t  fo llo w s t h a t  U-l/u w il l  v a ry  w ith  th e  tem p era tu re . The 

num erical value o f  th e  f r a o t io n  depends on th e  v a lu e  o f  

th e  tem p era tu re , and th e  q u a n t i t ie s  S and A-S. "When oC= 0 .84 , 

S ■ 3 ,0  m l.,  and A-S «= 47 m l. ,  U -l/U  i s  equal to  0.0545 a t  

20° C ., and 0.0425 a t  30° C. This f a o to r  w i l l  be r e fe r r e d  to  

as f a o to r  T. (Sec Table I . )

(15)

in  th e  s o lu t io n  and which we s h a l l  c a l l  *H2C03 . Then U -l/U  i s

OC ■ oC x Kt (16)
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Having oomputed f a c to r s  f o r  o b ta in in g  th e  b ic a rb o n a te  c o n ten t 

and th e  carbonic ao id  co n c e n tra tio n  o f th e  re a o tio n  m ix tu re , th e  

only  v a lu e  re q u ire d  to  c a lo u la te  th e  pH i s  th e  pK^. Van Slyke, 

Sendroy, H astings and N e i l l  (20) c a lc u la te d  t h a t  w ith  th e  

s o lu b i l i t y  co e ffic ien t,O f, equal to  0 .0 5 1 , th e  v a lu e  o f pKx 

should  be 6 .10 . Some of th e  c a lc u la t io n s  o f  a  more p robab le  

v a lu e  w i l l  be p re se n ted  l a t e r  b u t u n t i l  such d a ta  were 

a v a i la b le  th e  au th o r aocep ted  th e  v a lu e , 6 .1 0 .

To s im p lify  th e  c a lc u la t io n  of th o  pH, th e  au th o r has used 

tho  fo llo w in g  symbols to  d e s ig n a te  th e  d i f f e r e n t  f a c to r s .

pC0a x  f a c to r  R 3 C0a in  gaseous and l iq u id  phases
in  m M ./lito r .

pjjCOjJj x  f a o to r  S « fcO^] in  th e  s o lu tio n  a f t e r  a c id ify in g
in  m M ./lito r .

C0a in  m M ./lite r
x f a c to r  T = HaC0a in  m M ./l i te r .

The v a lu es  f o r  th e se  f a o to rs  f o r  v a rio u s  tem p era tu res  appear 

in  Table I .  An ex p lan a tio n  o f tho  d e ta i le d  a p p lic a t io n  of them 

in  th e  c a lc u la t io n  o f th e  pH w i l l  be reso rv ed  f o r  th e  s e c tio n  

on th e  p rooedure . The s ix - s te p  c a lc u la t io n  i s  as  fo llow s?

FORMULA A

1) pC0a x R « C0a in  m M ./l i te r .

2) p W x  S » in  m M ./lite r .

3) C p o J  •- C0a =• BHC0a in  m M ./lite r

4) C0a x T =» HaC03 in  m M ./lite r .

5) pKa, » 6 .10 + 0 .0 0 5 (3 7 -t)

6) pH ■ r v '  * l n C BHCOa m M :/lite r . 
* * t  HaC0a m M ./l i te r .
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TABLE I

I
FACTORS FOR CALCULATING pH IN CHOLINESTERASE ASSAYS

BY FORMULA A

t
t

S=3 m l.,  a=2 m l.,  1*1 .017 S=6.5 m l. , u=2 m l., 1=1.017

Temp. R S T R S T

20 0.0399 0.039.4 0.0545 0.0198 0.0195 0.119

21 0.0397 0.0392 0.0532 • 0.0197 0.0194 0.116

22 0.0394 0.0390 0.0518 0.0195 0.0192 0.113

23 0.0392 0.0388 0.0501 0.0194 0.0191 ... 0.110

24 0.0390 0.0386 0.0491 0.0193 0.0190 0.108

25 0.0388 0.0384 0.0477 0.0192 0.0189 0.105

26 0.0387 0.0382 0.0466 0.0190 0.0188 0.103

27 0.0385 0.0380 0.0456 0.0189 0.0186 0.101

28 0.0383 0.0379 0.0444 0.0188 0.0185 0.0981

29 0.0381 0.0377 0.0436 0.0187 0.0184 0.0962

30 0.0379 0.0375 0.0425 0.0186 0.0183 0.0942
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During th e  course of a  d e te rm in a tio n  th e  r a t io  of th e  b i ­

carbonate  co n ten t to  th e  carbon ic  ao id  o o n ten t in  th e  so lu tio n  

i s  c o n s ta n tly  changing. The a c e tic  a c id ,  l ib e r a te d  by the  e s te r ­

a se , makes th e  re a c t io n  m ixture more and more 'a c id . This i s  of 

course a d isadvan tage as th e  enzyme has i t s  optimum a o t iv i ty  a t  

a pH around 8 .4 .

I t  o c c u r re d 'to  th e  au tho r e a r ly  in  th i s . s tu d y  th a t  i t  would 

be much sim pler and more a ccu ra te  i f  th e  pH could  be kep t con­

s ta n t  by means o f a  s u i ta b le  b u f fe r  as in  th e  o th e r two methods, 

namely, t i t r a t i o n  and th e  Warburg manometrio p ro ced u res . Such a 

b u f fe r  would have to  b e , th e  s a l t  of an a c id  w ith  an io n iz a t io n  

co n s ta n t lower th a n  th e  f i r s t  apparen t io n iz a t io n  c o n s tan t of 

carbon ic  a o id . O therw ise th e  s to ic h io m e tr ic  r e la t io n s h ip  b e ­

tween th e  q u a n tity  of a c e tio  a c id  l ib e r a te d  and th e  in c re a se  in  

C02 p re ssu re  above th e  l iq u id  would be a l t e r e d .  I f  th e  ion­

iz a t io n  c o n s ta n t were h ig h e r b ica rb o n a te  would r e a c t  w ith  th e  

b u f f e r .  An i l l u s t r a t i o n  o f t h i s  i s  th e  w e ll known re a c tio n

NaH2P04 + NaHCOa -----» Na2HP04 + H2COa (17)

O bviously, any C0a so produoed would n o t depend on th e  a c t i v i t y  

o f c h o lin e s te ra s e .

I f  th e  b u f fe r  chosen was th e  s a l t  o f  an ac id  weaker than 

oarbonic  a o id , such as sodium p h en o la te , th en  H2COa a lread y
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formed would ro a o t w ith  i t .

Ha00'a + NaCeHe0 — NoHC03 + C6He0H (18)

There may be some s o lu t io n  to  t h i s  apparen t dilemma

b u t so  f a r  none of th e  a ttem p ts  to  m a in ta in  th e  pH o o n stan t

have been  s u c c e s s fu l .  The problem  in  th e  case o f th e  Van

Slyke manometric' ap p ara tu s  i s  e n t i r e ly  d i f f e r e n t  th a n  in  th e

o th e r  two p rocedures a lre a d y  r e f e r r e d  t o .

The c a lc u la te d  pH was compared, w ith  th e  pH as determ ined

by a g la s s  e le c tro d e , tThe g la s s  e le c t r o d e . ( Leeds and N orthrop)

was s ta n d a rd ize d  b efo re  and a f t e r  each d e te rm in a tio n  a g a in s t

a 0 .05  M s o lu tio n  of s p e c ia l ly  p u r i f ie d  po tassium  ao id  p h th a la te
#

which has been shown to  have a  pH of 4 .0 0 0 .

The d e te rm in a tio n  of th e  pH was made a l t e r n a t e ly  by  th e  two 

methods on a  s tan d a rd  m ixture c o n ta in in g :

7 m l. sodium b ica rb o n a te  s o lu t io n  (co n ta in in g  about
8 mg. NaC03 .)

8 m l. human serum

33 m l. R inger s o lu tio n  
48 m l. T o ta l volume

I n  each o f th e  experim ents i n 't h e  group No. 221 ~ No. 230,

3 m l. o f t h i s  s tan d a rd  m ixture was used . In  th o se  in  which th e  

pH was to  be oa .lo u la ted , th e  l iq u id  was in tro d u ce d  in to  th e  

Van Slyke manometric ohamber, and shaken under vaouum ( u sing  

re g u la r  Van Slyke gas e x tr a c t io n  procedure) u n t i l  a  o o n stan t
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p re ssu re  read ing  was o b ta in ed . This read ing  i s  th e  pC02 to  

be s u b s t i tu te d  in to  form ula A. Then 0 .5  ml. o f 1 N l a o t io  ac id  

was in tro d u ced  and pfecQ w as determ ined in  th e  u su a l technique 

f o r  manometric b lood gas a n a ly s is .  F in a l ly  th e ’ C02 was absorbed 

by in tro d u c in g  0 .2m l. of 5 N NaoH. From th e se  th re e  read in g s  

th e  pH can be c a lc u la te d  and was c a lc u la te d  by means of form ula 

A. The read ings were c o r re c te d  by b lan k  d e te rm in a tio n s  on th e  

re a g e n ts . These w i l l  n o t be d esc rib ed  s in ce  th ey  were c a r r ie d  

out according  to  th e  d ir e c t io n s  g iven in  P e te rs  and Van S lyke. (21) 

In  th o se  analyses in  which th e  pH was determ ined by g la ss  

e le c tro d e , th e  l iq u id  (3 m l.)  was e x tra c te d  as befo re  and when 

c o n s ta n t pC02 read in g s were o b ta in ed , th e  l iq u id  was allow ed 

to  r i s e  s owly from th e  50 m l. mark u n t i l  about h a l f  o f  th e  

e x tra c tio n  chamber was f i l l e d  w ith  m ercury. Then the stop-cock  

a t  th e  top of th e  e x tr a c t io n  ohamber was o a re fu lly  opened u n t i l  

th e  co n ten ts  of th e  chamber came in to  eq u ilib riu m  w ith  th e  atmos­

p h ere . The l iq u id  was then  t r a n s f e r r e d  by means of an Ostwald- 

F o lin  p ip e t te  d i r e c t ly  in to  a s p e c ia l chamber so designed  th a t  

a  pH d e te rm in a tio n  could  be mole on 3 .0  m l. o f f lu i d  w ithou t 

a p p re c iab ly  exposing i t  to  a i r .  This procedure made i t  p o s s ib le  

t o  remove th e  l iq u id  from th e  chamber and y e t r e t a in  th e  same C02 

uension  above th e  so lu tio n  th a t  was p re se n t during th e  gas ex­

t r a c t io n .
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The r e s u l t s  of th e se  p a ire d  d e te rm in a tio n s  a re  shown in  

th e  ch a rt below.

TABLE I I

D eterm ination
Humber

pH as c a lc u la te d  
from  C0a co n ten t

D eterm ination
Number

pH by g la ss  
e le c tro d e

221. 8.17 222 8.38

224 8.13 223 8.27

226 8.29 225 8.35

228 8.31 227 8.36

230 8.30 229 8.33

D eterm ination  No. 222 was probab ly  in  e r ro r  s in ce  th e  pH 

read ing  f lu c tu a te d  v e ry  much during  th e  d e te rm in a tio n . The f i r s t  

read ing  taken  7/as below 8 .3 0 . This i s  more in  agreem ent w ith  th e  

n ex t d e te rm in a tio n , No. 223, made only  30 m inutes l a t e r  on an­

o th e r p o r tio n  of same s o lu tio n , which gave a pH read in g  o f 8 .27 .

Because of th e  te c h n ic a l  d i f f i c u l t i e s  o f h an d lin g  3 ml. 

o f  f lu id  and th e  need of a s p e c ia l chamber which perhaps i n t r o ­

duced some e r ro r ,  a s im ila r  s e r ie s  of experim ents were perform ed 

using  a volume of 6 .5  m l. in s te a d  of 3 ml. used b e fo re . This 

p e rm itted  us to  use th e  re g u la r  g la s s  e le c tro d e  chamber. The 

f lu id  was t r a n s f e r r e d  more q u ick ly  to  th e  g la s s  e le c tro d e  and w ith  

even le s s  co n tao t w ith  a i r .  However, to  p ro te c t  th e  g la ss

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 2 6

e le c tro d e , no o i l  o r mercury was used to  m ain ta in  anaerobio 

c o n d i t io n s . . No ap p rec iab le  change was no ted  when subsequent 

d e te rm in a tio n s  of th e  pH were made on th e  same s o lu tio n . Since 

th e  te n s io n  of C02 above th e  s o lu tio n  i s  so much lower th an  in  

b lood , th e  p re c a u tio n s  a g a in s t lo s s  of C02 a re  n o t n ecessa ry  

(22, 23).

For t h i s  s e r ie s ,  th e  fo llow ing  m ixture was made and 6 .5  

m l. of i t  was used fo r  each experim ent.

60 m l. b io a rb o n a te  R inger (O lick ) (5)
20 m l. human serum ( J . J . )

180 m l. R inger s o lu tio n  (w ith o u t b ica rb o n a te )

260 m l. T o ta l volume

0

Using th e  same techn ique  as d esc rib ed  b e f o re ,p a i r s  of 

d e te rm in a tio n s  were perform ed, and th e  pH, as determ ined by 

c a lc u la t io n  from C02 c o n te n t, was compared w ith  th e  pH as d e te r ­

mined by g la s s  e le c tro d e . The r I t s  of th e se  experim ents are  

given in  Table I I I  on th e  fo llow ing  page.
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TABLE I I I

D eterm ination
Number

pH as c a lc u la te d ' 
from C0a co n ten t

D eterm ination  
Humber f

pH by g la s s  
e le c tro d e

254 8.27 . 233 • 8 .30

236 8.27 255 8.34

238 8.27 237 8.36

241 7.68 242 7.70

243 7.69 244- . 7.79

246 7.74 247 7.84

250 7.82 251 7.92

252 7.83 253 7.93

255 7.81 245 , 7 .90

259 7.86 260 7.96

262 7.89 261 7.98

In  F ig . 2 th e  pH v a lu e s , as determined, by g la s s  e le o tro d e , 

are  p lo t te d  a g a in s t  th e  pli as c a lc u la te d  from C02 d e te rm in a t­

io n s . I t  oan be seen th a t  a l l  tho  d e te rm in a tio n s  l i e .  on th e  

r ig h t  s id e  o f a l in e  connecting  equal pH v a lu e s , when pK^ *» 6.10 

i s  used .

This may perhaps mean th a t  th e  pK{ used , namely, 6 .10 , 

which y / u s  determ ined fo r  blood a t  38°. does n o t app ly  e x a c tly .
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According to  C u llen ,K ee le r and Robinson (J .B .C . V ol. 66,

301 (1925) th e  pK^, o f carbon ic  a c id  decreases  as th e  tem pera tu re  

r i s e s  and th e  decrease  i s  equal to  about 0 .005 u n i t  p e r degree 

c e n tig ra d e . From th e  graph F ig .  2, i t  can be seen th a t  most of 

th e  p o in ts  f a l l  v e ry  c lo se  to  th e  l in e  -which connects p o in ts  of 

equal pH v a lu e  i f  pK* i s  assumed to  be equal to  6 .16 fo r  25 ®C. 

in s te a d  o f 6 .10  which was th e  v a lu e  used in  th e  c a lc u la t io n s .

On th e  b a s is  o f th e  c lo se  correspondence of c a lc u la te d  

pH v a lu es  w ith  th o se  determ ined by th e  g la s s  e le c tro d e  i f  one 

assumos pKj, equal to  6 .16 , a l l  subsequent c a lc u la t io n s  were made 

u s in g  t h i s  v a lu e  f o r  th e  a p p a ren t f i r s t  d is s o c ia t io n  co n s tan t 

f o r  carbon ic  a c id .

An e x o e lle n t review  o f ' th e  work o f v a r io u s  au th o rs  concern­

ing  th e  use o f. th e  H endorson-H asso lba lch .E quation ,‘th e  th eo ry  

o f th e  d is s o c ia t io n  c f  carbonio  a c id  and d e te rm in a tio n  and 

v a r ia t io n  of th e  co n s ta n ts  used i s  in c lu d ed  in  P e te r s  and Van 

Slyke V ol.I,pages874~917. The e n t i r e  C hapter XVIII, tfCarbonic 

Acid and Aoid -  base Balance” , i s  recommended by th e  au th o r as 

a most concise  e x p o s itio n  o f th e  whole problem .

The au th o r d iscovered  th a t  th e re  was a lo g a rith m ic  r e l a t io n ­

sh ip  betw een th e  carbon d iox ide  te n s io n , b e fo re  r e fe r r e d  to  us 

pC02 , th e  t o t a l  b ic a rb o n a te  and C02 c o n te n t, f o r  which we have 

used th e  symbol IK ). and th e  pH. This d isco v e ry , which m ight
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have been deduced from  th e  work o f P e te rs  (24 , 25) i s  v e ry  use­

f u l  s ince  i t  e lim in a te s  th e  need of c a lc u la t in o  th e  pH. P e te rs  

had p o in ted  ou t t h a t  th e  equation

[C 03 « 0.1316oc(10pH -  pK̂  + 1) p (19)

con be reduced to  th e  fo llo w in g  sim ple eq u a tio n  = c o n s ta n t

x  p i f  th e  pH i s  k ep t o o n s ta n t. Taking th e  lo g  o f  bo th  s id e s  i t  

becomes

log  [ p o 2  = lo g  C onstant + lo g  p . (20)

This i s  a  r e c t i l i n e a r  equation  o f th e  form y = a + x in  

which th e  slope o f th e  l in e  i s  45°.

The au th o r d isco v ered  th i s  f a c t  q u ite  a c c id e n ta l ly  w hile  

t ry in g  to  g e t  a g rap h ic  method which would p e rm it one to  read  

o f f  th e  pH d i r e c t ly  when th e  pC02 and p [CO^ a re  known.

Such a  graph i s  shown in  F ig . Ho. 3 , To c o n s tru c t  such a 

c h a r t  r e la t in g  C03 te n s io n , 0 * 0  c o n ten t and pH?i t  i s  n ec e ssa ry  

to  la y  o f f  on x  and y  axes of lo g a rith m ic  p ap er v a lu es  o f th e  

[c°*] c o n te n t in  m illim e te rs  o f  mercury and C0a te n s io n  re sp e c t­

iv e ly .  Then s u b s t i tu t in g  known v a lu es  in to  th e  form ula A page

18, th e  fo llow ing  ta b le  (See Table IV) wfas c a lc u la te d . This 
fig. 3,

o h a rt^ c o n s tru c te d  from Table IV a p p lie s  e x a c tly  when th e  t o t a l  

volume i s  6 .5  m l. and th e  tem pera tu re  i s  25° C.
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TABLE IV

pH V alues C orresponding to  V arious pCOg and p \0Q ^ R eadings. 

Volume o f s o lu tio n  = 6 .5  m l.

Temperature 

pKi a t  25° C.

» 25.0° C. 

» 6.16

p M

pC02 100 mm. Hg. 200 mm. Hg. 300 mm. Hg.

pH ' pH pH

10 mm. Hg. 8.10 8.42 8.61

20 mm. Hg. 7.75 8.10 8.29

50 mm. Hg. 7.52 7.90 8.10

40 mm. Hg. 7.33 7.75 7.96

50 mm. Hg. 7.15 7.62 7.84

60 mm. Hg. 6.98 7.52 7.75

70 mm. Hg. 6.79 7.42 7.66

80 mm. Hg. 6 .57 7.33 7.59

90 mm. Hg. 6.25 7.24 7.52

100 mm. Hg. 7.15 7.45
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In  o rd e r  to  determ ine what e f f e c t  tem pera tu re  has on th e  

pH when pC02 and p[C0^] are  kep t c o n s ta n t, th e  pH a t  v a rio u s  

tem p e ra tu re s , 20° -  3 0 ° ,C ., was c a lc u la te d  when pC02 = 10 mm. 

Hg. and p[C0^] = 100 mm. The e f f e c t  of temperatures on pH and
t **pKi shown in  F ig . No. 4 . As oan he seen from th e  c h a r t  th e  

pKi d ec rease s  w ith  in c re a s in g  tem p era tu re , w hile th e  pH as c a l ­

c u la te d  in c r e a s e s .  The fo llo w in g  c o r re c tio n s  to  th e  read ing
■f I Q .  3 ,

app ly  when th e  graphAr e la t in g  C02 te n s io n , LCOgl c o n ten t and pH 

i s  used  a t  some tem peratu re  b e s id e s  25°.

TABLE V

Temp. C o rrec tio n  F ac to r Temp / C o rrec tio n  F ac to r

20° -0 .026 26° +0.005

21° -0 .0 2 2 27° +0,009

22° -0 .016 CO
« +0.016

23° -0 .009 29° +0.019

24° -0 .005 30° +0.023

25° 0.000

Thus a t  30°, th e  pH read  from th e  c h a r t  would be 0.023 

pH u n i t s  to o  low, w hile  a t  20°, th e  pH as  re ad  from c h a r t  would 

be 0.026 to o  h ig h . By means of th e se  c o r re c tio n s  th e  lo g -lo g  

graph oan be used fo r  any pC02 from 4-400 mm. and p JCÔ j from
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10-1 ,000  mm. a t  any tem pera tu re  from 20°-30° C ., a lthough  fo r  

p ra c t ic a l 'p u rp o s e s  on ly  pC0a p re ssu re s  from 4-200 mm., and p[j30aj 

p re s su re s  from 80-500 mm., aro used because o f* the l im i ta t io n s  o f 

th e  h e ig h t of th e  mercury manometer from which th e  p re s s u re s  a re  

re ad .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 3 6 -

C. Non-enzymatic H y d ro ly s is . of A ce ty lch o lin e  S a l ts
t

I t  has long been recogn ized  th a t  in  a c cu ra te  d e te rm in a t­

io n s  of th e  amount of a c id  l ib e r a te d  when a c e ty lc h o lin e  s a l t s  

a re  hydrolyzed by c h o l in e s te r a s e ,  a  c o r re c tio n  f a c to r  should 

be a p p lie d  fo r  th e  amount of a c e ty lc h o lin e  which i s  decompos­

ed by th e  a lk a l in i t y  o f th e  enzyme s o lu tio n . I t  i s  s u rp r is in g  

th a t  R inkel and P ijo a n  (2) re p o r te d  no such c o r re c t io n s .  But 

perhaps t h i s  may be ex p la in ed  by t h e i r  prooedure in  whioh th e  

pH oould n o t be determ ined . O bviously, i f  th e  pH of th e  enzyme 

re a c t io n  i s  n o t known, no ac c u ra te  c o r re c tio n  fo r  th e  non- 

enzym atic h y d ro ly s is  would be p o s s ib le .
0

Since th e re  was now a v a ila b le  a form ula by whioh th e  pH o f 

th e  s o lu t io n  oould be determ ined , th e  problem  o f app ly ing  

ac cu ra te  c o r re c tio n s  fo r  a lk a l in e  h y d ro ly s is  of th e  e s te r  was 

g r e a t ly  s im p lif ie d .

I t  i s  assumed th a t  anyone u sin g  th e  method would w ish to  

make one or m ore.b lank d e te rm in a tio n s  to  be c e r ta in  about th e  

c o r re c t io n  fa o to rs  a t  th e  tem p era tu re , pH and s u b s tr a te  concen­

t r a t i o n  being  used . For t h i s  reaso n  th e  au th o r has n o t a ttem p t­

ed to  determ ine th e  amount of th e  a lk a l in e  h y d ro ly s is  a t  a l l  

p o s s ib le  pH v a lu es  and a l l  p o s s ib le  tem p era tu re s .

When one c o n tro ls  th e  te iip e ra tu re  in  th e  Van Slyke man­

u a l ly ,  25° i s  a v e ry  conven ien t tem peratu re  to  u se . Sinoe.
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t h i s  tem peratu re  was th e  one most used in  t h i s  s tudy , v a lu es
4

f o r  th e  non-onzym atio h y d ro ly s is  a t  t h i s  tem p era tu re  were 

determ ined a t  v a rio u s  hydrogen-ion  c o n c e n tra tio n s . The c h a r t 

below g iv e s  th e  c o r re c t io n s  which should be appJied  a t  v a rio u s  

pH v a lu e s  when th e  t o t a l  volume of so lu tio n  i s  (3.5 m l. con­

ta in in g  50 mg. a ce ty lo h o lin e  io d id e .

TABLE VI

pH C o rrec tio n  F ac to r pH C o rrec tio n  F ao to r

7 .0 .67 cmm./30 min. 7 .8 5 .6  cmm./30 min'.

7 .2 .80 omm./30 min. 8 .0 '  8 .8  cmnu/30 min.

7 .4 1.33 omm./30 min. 8 .2 12.8 cmm./30 min.

7;6 2.67 omm./30 min. 8 .4 18.0  cmm./30 min.

The e f f e c t  o f tem p era tu re  on th e  non-enzym atic h y d ro ly s is  

was a lso  s tu d ie d . Tho same c o n c e n tra tio n  of s u b s tr a te  was u sed , 

and th e  pH was about 8 .30 . The r e s u l t s  a re  shown in  F ig . No. 5.

In  g e n e ra l, th e  r e s u l t s  agree w ith  th o se  of G lio k  (6 , 8) 

and A lle s  and Hawes (1 2 ). I t  i s  notew orthy to  p o in t  out th a t  

u sing  th e  same c o n ce n tra tio n  of s u b s tra te  and th e  same tem pera­

tu r e ,  G lick  re p o r ts  f ig u re s  f o r  a lk a l in e  h y d ro ly s is  which d i f f e r  

among them selves as muoh as ZO/0. For t h i s  reason  i t  i s  custom ary
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to  in c lu d e  a d e te rm in a tio n  of th e  a lk a l in e  h y d ro ly s is  each 

tim e a s e r ie s  of manometric d e te rm in a tio n s  are  made on th e  Y/ar- 

burg a p p a ra tu s . S o lu tio n s  o f a c e ty lc h o lin e  which have been s to re d  

in  th e  ic e  box n o t in f re q u e n tly  give somewhat d i f f e r e n t  v a lu es 

f o r  th e  non-enzym atic h y d ro ly s is  th an  so lu tio n s  f r e s h ly  made.

The reason  fo r  t h i s  has n o t been ex p la in ed . A lle s  and Hawes 

a ls o  m ention t h i s  phenomenon in  reg a rd  to  one o f th e  compounds 

th e y  used.
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® Ef f ec t  of  Mercury on C h o iin e s te ra s e .

/

Having found a method fo r  determ ining  th e  pH, which made 

i t  p o ss ib le  to  app ly  a cc u ra te  c o rre c tio n s  fo r  th e  non-enzym atio 

h y d ro ly s is , a f u r th e r  im portan t d e ta i l  b e fo re  o u t l i n i n g  th e  

g en era l procedure was a study  of th e  e f f e c t 'o f  meroury on c h o lin -  

e s to ra se  a c t i v i t y . -

E a rly  in  t h i s  study  a s e r ie s  of d e te rm in a tio n s  of th e  e f f e c t

of m ercury on c h o lin e s te ra s e  a c t iv i ty  in  normal ho rse  serum was

made. At th a t  tim e i t  was found th a t  m e ta l l ic  m ercury d id  no t

produce any a p p re c ia b le  in h ib i t io n  of o h o lin e s te ra s e  a c t iv i ty .

of normal horse serum. L a te r ,  however, when th e  method was t r i e d
#

a t  Woods H ole, r e s u l t s  on th e  e s te ra s e  c o n te n t of Limulus g an g lia  

led  th e  au th o r to  q u es tio n  th e  v a l id i ty  of th e  method.

C onsequently , a  more thorough study was made o f th e  e f f e c t  

of m ercury on th e  c h o lin e s te ra s e  a c t iv i ty  o f v a rio u s  t i s s u o  ex tracts.

The g en era l procedure was id e n t ic a l  w ith  th a t  o f G lick  (2 4 ).

The f re s h  organ was minced, a sm all sample ground f in e ly  w ith  

sand, th e  e x tr a c t  d i lu te d  w ith  s u f f ic ie n t  R in g er-b ic a rb o n a te  (5) 

so lu tio n  to  g ive good read in g s on the  manometer. Then a small 

p o r tio n  of th e  whole e x tr a c t  was p ip e tb ed  in to  th e  s id e  arm of th e  

V/arburg v e s s e l .  An a p p ro p ria te  amount o f a c e ty lo h o lin e  io d id e  or 

c h lo r id e  d isso lv ed  in  b icarb o n a te -R in g er s o lu tio n  was in tro d u ced  

in to  th e  main v e s s e l .  In  h a l f  o f the  chambers, a sm all amount
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of m e ta ll ic  m ercury was in tro d u ce d . 'A f te r  th e  u su a l p ro -
(

ceduro o f -a tta c h in g  tho  f l a s k s ,  s a tu ra t in g  w ith  th e  gas m ixture 

c o n s is tin g  o f 95% Ns and 5%> C02 , and e q u i l ib r a t in g  in  th e  con­

s ta n t  tem p era tu re  b a th , th e  ta p s  were c lo sed  and read in g s  were 

taken a t  convenien t in te rv a ls  depending on th e  a c t i v i t y  of the 

e x t r a c t .  The pH of th e  f lu id  was about 7 .3 .

From th e  r e s u l t s  in  ta b le  V II, i t  can be seen th a t  in  serum 

and a l l  th e  crude e x tr a c ts  th e  e f fe o t  o f m ercury on tho  enzyme 

was alm ost n e g l ig ib le .  For a tim e th e  a u th o r co n sid e red  th a t  

m e ta l l ic  m ercury d id  n o t ap p rec ia b ly  e f f e o t  o h o lin e s te ra s e  a c t­

i v i t y .  R ecen tly  c e r ta in  s p e c ia l ly  p u r i f ie d  enzyme p re p a ra tio n s
#

have been measured on th e  Van Slyke manomettic ap p ara tu s  and from 

p re lim in a ry  experim ents i t  appears th a t  p u r i f i c a t io n  ta k e s  away 

from  th e  enzyme something whioh p re v io u s ly  p ro te c te d  i t  a g a in s t 

po ison ing  by m ercury. A ty p ic a l  curve o f th e  a c t i v i t y  o f a  p u r i ­

f ie d  enzyme p re p a ra tio n  from human serum i s  g iven in  F ig . No. 6 . 

Tho curve shows an ab ru p t le v e lin g  whioh i s  q u ite  d i f f e r e n t  from 

th a t  o f th e  normal serum. The r e s u l t s  o f th e se  experim ents are  

s im ila r  to  those  of Sumner (25) who-showed t h a t  p u r i f ie d  urease 

oould n o t be used in  th e  manometric d e te rm in a tio n  of u rea .

No ex p lan a tio n  of t h i s  w i l l  be attem pted  h e ro . The au thor 

i s  studying  th e  e f f e c t  o f adding th e  v a r io u s  c o n s ti tu e n ts  of 

normal serum in  an a ttem pt to  f in d  out something about tho  n a tu re  

o f  tho  substanoe , or substances re sp o n s ib le  fo r  th e  d if fe re n c e .
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TABLE V II

E ffe c t o f  Mercury on C h o lin e s te ra se  A c t iv i ty

Enzyme Source Amount C oncen tra tion  A c t iv i ty  cmm.CQg/30 min.
used of W ithout VVith 0 .5  m l. 10$

E x tra c t Mercury Mercury E x tra c t

Horse serum 0 .5  ml. 10$ s o l. 150.0 148.0 148.0

Horse serum 0.5  "ml. 5$ s o l . 63 .0  , 62.7 125.5

Horse serum 0 .5  ml. 2 . 5/£ so l • 45 .0 38.0 . 152.0

Human
p la c e n ta 0 .5  ml. 10$ e x t. 3 .0 2.83 2.85

Beef h e a r t 0 .5  ml. 20$ e x t. 1150 ' 1.50 1 .50

C alf b r a in 0 .5  m l. 20$  e x t . 29.0 29.0 29.0

Beef l i v e r 0 .5  ml. 33$ e x t. '  1.48 1.50 0.45

Beef kidney 0 .5  ml. 33$ e x t. 16.9 15.7 4.71

Cal£ sp in a l 
cord 0 .5  ml. 20$ e x t. 34.6 33.6 16.8

Sheep m uscle 0 .5  ml. 20$  e x t. 1 .75 1.70 0.85

Rabbit b ra in 0.1  ml. 32$ e x t. 94 .7 93 .4 145.6

Rabbit submax-
i l l a r y  g land  0.2  ml. 8 .3$  e x t. 8.65 8 .4 25.2
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E. New Method and Reoommended Procedure

I
In  th e  d iscu ss io n  th a t  has p receded , c e r ta in  fundam ental 

problems have been d isc u sse d . The so lu tio n s  to  th e se  problem s 

were a  means by which i t  was hoped th e  b e s t  procedure f o r  

determ in ing  o h o lin e s te ra se  a c t i v i t y  by th e  Van Slyke man­

om etric ap p ara tu s-co u ld  be determ ined. In  th e  l i g h t  of these,- 

f in d in g s  th e  procedure f i n a l l y  adopted i s  as fo llo w s :

Procedure

R eagen ts:

1. A ce ty lch o lin e  io d id e  (o r  c h lo r id e )  C.P.

2 . R in g e r s  s o lu t io n  co n ta in in g  0 .2  g . sodium 
b ica rb o n a te  p e r l i t e r .

3. 1 N l a c t i c  a c id .

4. 5 H NaOH.

5. B oiled  d i s t i l l e d  w a te r.

In to  th e  w e ll-c le a n e d  e x tr a c t io n  chamber o f th e  Vun Slyke 

manometric ap p ara tu s , th e  sample to  be assayed i s  d e liv e re d  by 

means o f a  rubber t ip p e d  p ip e t t e .  According to  th e  s iz e  o f  th e  

sample, enough g a s - f re e  d i s t i l l e d  w ater i s  added to  make a  t o t a l  

volume of 3.S m l. Then 2 m l. b ica rb o n a te -R in g er s o lu t io n  and 

1 m l. o f a c e ty lc h o lin e  s o lu t io n  (c o n ta in in g  e i th e r  52.5  mgm. 

a c e ty lc h o lin e  c h lo r id e  o r 50 mgm. a c e ty lc h o lin e  io d id e ) a re  de­

l iv e re d  su c c e ss iv e ly  in to  th e  chamber, making a t o t a l  volume
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of 6 .5  ml. The upper s to p -co ck  i s  sea led  w ith  m ercury and th e  

chamber evacuated u n t i l  th e  m ercury meniscus i s  low ered to  th e  

50 m l. mark, and shaken f o r  o d c  m inute. In  th e  case o f e x tr a c ts  

c o n ta in in g  co n s id e rab le  p r o te in  some foaming may be encountered .

I t  has been found by ex p erien ce  t h a t  r a p id ly  r a i s in g  and low er­

ing th e  le v e l  o f  th e  m ercury in  th e  e x tra c t io n  chamber w i l l  quick­

ly  b reak  tho  bubbles and p e rm it on a c cu ra te  read in g  o f th e  gas 

p re s s u re . The m ercury i s  th e n  adm itted  to  th e  chamber (seo 

P e te rs  and Van Slyke V ol. I I ,  page 277, f o r  s p e c if ic  d ire c t io n s  

f o r  C02  an a ly ses) and th e  gas volume brought to  2 .0  m l. A read ­

ing i s  taken  on th e  manometer, and th e  meroury m enisous qu ick ly  

low ered to  th e  50 m l. mark and th e  c o n te n ts  shaken f o r  3 m inu tes. 

Subsequent p re ssu re  read in g s  a re  tak en  a t  each 3 m inute in te r v a l ,  

care  be ing  tak en  to  keep th e  tom perature in  th e  w ate r ja c k e t 

c o n s ta n t.

Readings a re  made a t  3 m inute in te r v a ls  f o r  a s u f f ic ie n t

number of in te rv a ls  to  determ ine th e  r a te  in  mm. o f  m ercury p e r

3 m inute p e r io d . U sually  6 o r 7 read ings a re  s u f f i c i e n t ,  b u t 

more may be n e cessa ry  when th e  enzyme a c t i v i t y  i s  sm a ll.

When the  r a te  has been e s ta b lis h e d , th e  l iq u id  i s  l e f t  a t

th e  2 m l. mark and 0 .5  m l. o f 1 N l a c t i c  ao id  i s  d e liv e re d  in to

th e  chamber th rough  th e  upper s to p -co ck . Then th e  stop -cock  i s  

ag a in  sea led  w ith  m ercury and th e  mercury m eniscus ag a in  low ered 

to  th e  50 ml. mark. The c o n te n ts  of th e  chamber a re  shaken fo r
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3 m inu tes. Then mercury i s  adm itted  in to  th e  chamber and a 

read in g  made on (the manometer, when th e  gas volume has  been 

b rough t to  2.0  m l. as b e fo re . When two su ccess iv e  read in g s  

ag ree  w ith in  1 mm., th e  f lu id  i s  l e f t  a t  th e  2 m l. mark and

0 .2  m l. of 5 N NaOH in tro d u ced  in to  tho re a c t io n  chamber.

The etop-cook i s  again  sea led  w ith  m eroury. The f l u i d  con­

t e n t s  a re  allow ed to  r i s e  in to  th e  neck of th e  chamber in  o rder 

to  tho rough ly  mix w ith  th e  a l k a l i .  The m ercury m eniscus i s  low er­

ed to  th e  50 m l. mark and th e  r e a c tio n  chamber shaken fo r  3 

m in u tes . The gas volume i s  again  reduoed to  2 .0  m l. by ad m itt­

ing  m ercury and a read ing  ta k en .

The a d d it io n  of th e  l a c t i c  ac id  and NaOH have no th ing  to  

do w ith  determ in ing  th e  a c t i v i t y  o f th e  p re p a ra t io n  being  

assayed  b u t perm ib th e  c a lc u la t io n  of th e  pH to  be made.

In  o rder to  c o r re o t  th e  p re ssu re  read in g s f o r  th e  e f f e c t  

o f  change in  volume and d isso lv e d  gases, a  b lan k  d e te rm in a tio n  

on th e  reag en ts  i s  made. In tro d u ce  6 .5  m l. a c id i f ie d  R inger 

s o lu t io n  in to  th e  chamber as b e fo re , and re p e a t th e  ex ac t p ro ­

cedure as in  th e  e s te ra s e  d e te rm in a tio n . A f te r  c o n s ta n t 

p re ssu re  read ings a re  o b ta in ed , 0 .5  ml. o f  1 N l a c t i c  ao id  i s  

in tro d u ced  and a f t e r  shaking , a  p re ssu re  read in g  i s  made w ith  

th e  gas volumo a t  2 .0  m l. mark. Then 0 .2  ml. o f 5 N NaOH i s  

in tro d u ced  and th e  p re ssu re  read ing  made as  b e fo re .

Tho f i r s t  read ing  in  th o  b lan k  i s  o a llo d  P t h e  reading
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a f t e r  in tro d u c in g  th e  l a c t i c  ao id  i s  c a l le d  and th e  read ing  

a f t e r  adding th e  NaOH i s  c u lle d  P3 .

YJhen c a lc u la t in g  th e  pH, th e  read in g  o f th e  C02 te n s io n

a t  th e  p o in t  in  th e  assay  where th e  pH i s  d e s ire d  i s  c a l le d  P i ,

th e  read in g  on th e  manometer a f t e r  tho  l a c t i c  a c id  has been added 

i s  c a l le d  P2, and th e  f i n a l  read ing  a f t e r  adding NaOH i s  o a lle d

Pa-

To app ly  th e  c o r re c t io n s ,  th e  v a lu es  a re  s u b s t i tu te d  in  

th e  fo llow ing  form ulae:

FORMULA B 

pC02 = P i -  [p3 + ( p ' -  p ') ]

p [co 2] = [p2 -  (p'2 -  P i)J  -  [ p a + (P i -  P3 )]

%
In  order to  i l l u s t r a t o  th e  method, a  ty p ic a l  a ssay  (No.

267) i s  reproduced in  f u l l .

F i r s t  e x a c tly  0 .5  m l. o f d i lu te d  h o rse  sorum (1 ml. horse 

serum + 4 m l. R inger s o lu tio n )  was p ip e t te d  in to  th e  cup. This 

was washed in to  th e  chamber w ith  2 .5  m l. of C0a - f r e e  d i s t i l l e d  

w a te r , added in  sm all p o r t io n s .  Next 2 .0  m l. of b io a rb o n a te -  

R inger s o lu t io n  a re  in tro d u ced  and f i n a l l y  1 .5  m l. o f a c e ty l- 

cho lin o  ch lo r id o  s o lu tio n  co n ta in in g  32 .5  mg. The stop-cook was 

sea led  and th e  co n ten ts  mixed a t  1 :1 6 .
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AUALYSIS HO. 267

/

Time Temperature Reading D iffe ren ce

1:19 25.0° 159.8

1:22 25.0° 169 .0
9 .2

1:25 25.0®. 177.0
8.0

1:28 25.0® 185.0
8.0

1:31 25.0® 193.0
8 .0

1:34 25.0® 201.0
8 .0

1:37 25.0® 209.0
8 .0

1:40 25.0® 216.5
7 .5

1:43 25.0® 225.5
9 .0

1:46 25.0° 232.0
6 .5

1:49 25.0® 240.0
8 .0

.5  m l. 1 N degassed l a o t i c  a c id  i s  added

1:59 25.0® 510.5

.2  m l. 

2:13

5 H NaOH i s  added 

25.0® 144.7

2:16 25.0® 145.0
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l'hen, a t  tho  beginning  o f th e  a n a ly s is ,  P i = 159.8 mm., 

w hile a t  th e  end of th e  a ssay , P i = 240.0 mm.; Pa =* 510. 5 mm.; 

w hile  Pa « 145.0 mm.

A b lan k  d e te rm in a tio n  on th e  re a g e n ts  gave p [  = 96 .7  mm.;

P2 = 99 .8  mm.; and Pa = 98 .9  mm.

(Pa -  Pr)- = 2 .2  mm.

(P'z -  ? i )  = 3-1 mm.

To c a lc u la te  th e  i n i t i a l  pH v a lu e  th en

pC02 = 159.8 -  [ l4 5 .0  + 2 . 2] 

pC0a = 12.6 mm.

p[C°2]  = [510.5 -  3 . i ]  -  { l4 5 .0*+ 2 .2 ]  

p [cog = 360.2 mm.

The f a c to r s  from Table I  f o r  form ula A on page 18, have 

th e  fo llo w in g  v a lu es  a t  25° C.

F a c to r  R * 0.0188 

F ac to r S * 0.0192 

F a c to r  T » 0.105 

S u b s t i tu t in g  th e  above v a lu es  and th o se  f a c to r s  in  fo rm ula A

C02 » 12.6 x 0.0189 * 0.2376 nM. C02 / l i t e r .  

i> a =  360.2 x 0.0192 =* 6.899 mM. [ c o j  / l i t e r .

6.899 -  0.238 » 6.661 mM. b ica rb o n a te  / l i t e r .

J
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S u b s ti tu t in g  th e se  v a lu es  in  th e  H onderson-H asselbaloh 

equation  we g e t ,

pH = 6.16 * 1 . 6

• pH = 6 .16 + 2.43 

pH = 8.59

By th e  same s e r ie s  o f c a lc u la t io n s  th e  pH a t  th e  end of 

th e  a ssay  when P i » 240.0 mm., i s  7 .62;

S ince th o se  c a lc u la t io n s  a re  r a th e r  le n g th y , th e  g raph ic  

method using th e  lo g -lo g  c h a r t ,  F ig . 3 , though a l i t t l e  le s s  

a c c u ra te , g ives r e s u l t s  s u f f i c i e n t ly  c lo se  fo r  o rd in a ry  p u r­

po ses.

To c a lc u la te  th e  r a t e ,  one may use th e  f a o to rs  in  Table 

V III  which perm it:; one to  exp ress  h is  answer in  m S i./ l i te r ,  volumes 

p e r  c e n t, or in  oubic m illim e te r  of C02 produced in  u n i t  tim e . 

P ijo a n  and R inkel (2) exp ressed  t h e i r  r e s u l t s  in  volumes p e r  c e n t. 

In  o rd e r to  compare th e  r e s u l t s  o f t h i s  method w ith  th e  r e s u l t s  

of th e  o th e r two methods (1 , 3) whioh have been r e fe r r e d  t o ,  i t  

i s  co n v ien ie n t to  ex p ress  th e  r a te  in  cmm. C02 produced in  some 

u n i t  tim e , suoh as 30 m inu tes.

I f ,  in  d e te rm in a tio n  No. 267, we tak e  th e  average increm ent 

p e r  3 m inute in te rv a l  as 8 mm., th en  bhe r a te  would be

8 x 10 x 0.1245 = 9 .96  m M ./lite r/3 0  min.

8 x 10 x 0.2972 * 25.776 volumes p e r  cen t /3 0  min.

8 x 10 x 2.729* a 218.33 cmm./30 min.
vV'The f a c to r  f o r  co n v ertin g  mm. of Hg. in to  cmm. i s  o a lo u la te d  

by eq u a tio n  12 .
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TABLE V III

/

F ao to rs  fo r  Converting P re ssu re  Readings in  mm. Hg. 

in to  m M ./lite r , Volumes Per C ent, or Cubic mm. C02

.‘/hen a = 2 , i  = 
S = 3 ml.

1.017 and Vfhen a = 2, i  = 
S = 6 .5  ml

1.017 and
•

Temp. 
C.

mM. per 
l i t e r

Volumes • 
p e r  cen t

cubic
mm.

mM. per. 
l i t e r

Volumes 
p e r  oent

cubic
mm.

20 0.1364 0.2628 2.628 0.1464 0.2820 2.820

21 0.1358 012616 2.616 0.1454 0.2802 2.802

22 0.1351 0.2603 2.603 0.1445 0.2784 2.784

23 0.1344 0.2589 2.589 0.1434 0.2763 2.763

24 0.1358 0.2577 2.577
#

0.1425 0.2746 2.746

25 0.1331 0.2565 2.565 0.1416 0.2729 2.729

26 0.1325 0.2552 2.552 0.1404 0.2706 2.706

27 0.1319 0.2541 • 2.541 0.1399 0.2696 2.696

28 0.1312 0.2529 2.529 0.1391 0.2779 2.679

29 0.1307 0.2518 2.518 0.1383 0.2665 2.665

30 0.1301 0.2507 2.507 0.1375 0.2650 2.650
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The average c o r re c tio n  f a c to r  fo r  tho  non-enzym atio

h y d ro ly s is  of a c e ty lc h o lin e  a t  t h a t  tem peratu re  and s u b s tra te

c o n ce n tra tio n  i s  8.8  cmm./30 m in ., th e re fo re  th e  co rre o ted  r a te

would be 209.5 cmm./30 min. f o r  0 .10  m l. of normal ho rse  serum.

From th e  r e s u l t s  of th e  l a s t  a n a ly s is ,  No. 267, (See F ig . 7)

i t  con be seen th a t  th e  prim ary o b je c tiv e s  of t h i s  th e s i s  have

been accom plished, ijmethod has been dev ised  fo r  assay ing  serum

and crude enzyme p re p a ra tio n s  to  determ ine t h e i r  c h o lin o s te ra se

a c t iv i t y  u s in g  th e  Van Slyke monomotric ap p a ra tu s . The method

f u l f i l l s  th e  requ irem ents o u tlin e d  on page 9 .

I f  th e  analy ses  a re  made according  to  th e  p re ca u tio n s

given v.-hen th e  Van Slyke raanometrio appara tus i s  used f o r  b lood
0

gas an a ly ses , d u p lic a te  d e te rm in a tio n s  w il l  agreo w ith in  +_ 1%. 

A lle s  and Hawes s ta te  t h a t  th e  t i t r i m e t r i o  method using th e  g la ss  

e le c tro d o  has an accuracy  o f about hh 2$. The accuraoy u s u a lly  

claim ed fo r  th e  manometric method of Ammon i s  about +_ 5/0.
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F. SUMMARY

1 . The method of R inkel and P ijo an  has been c r i t i c a l l y  

examined and a new procedure has been dev ised  which avoids the  

'in h eren t l im ita t io n s  o f t h e i r  o r ig in a l  method.

2 . A form ula and s e t  of f a c to r s  a re  g iven  by which one can 

c a lc u la te  th e  pH from d e te rm in a tio n s  of th e  t o t a l  C02 and H2COa 

co n ten t of th e  re a c t io n  f lu i d .  A graphio  method f o r  determ in­

ing th e  pH i s  a lso  d e sc rib e d . The c a lc u la te d  v a lu es  agree c lo se ly  

w ith  th e  v a lu es  ob ta in ed  w ith  a s tan d a rd ized  g la s s  e le c tro d e  i f  

the  v a lu e  of th e  app aren t f i r s t  d is s o c ia t io n  c o n s tan t o f carbonio 

ac id  a t  25° C. i s  assumed to  be 6 .1 6 . This va lue  agrees w ith  th e  

accepted  va lue  fo r  t h i s  tem pera tu re .

3. Measurements o f th e  non-enzym atic h y d ro ly s is  a t  d i f f ­

e re n t pH v a lu e s , and a t  v a rio u s  tem pera tu res  have been made and 

c o r re c tio n s  fo r  th e  non-enzym atic h y d ro ly s is  a re  g iv en .

4. The e f f e c t  o f m e ta l l ic  mercury was alm ost n e g lig ib le  on 

crude c h o lin e s to ra s e  p re p a ra tio n s  and d id  n o t in h ib i t  th e  oho lin - 

e s te ra s e  a c t i v i t y  of normal s e ra . Mercury d id  appear to  poison  

th e  enzyme in  p u r if ie d  p re p a ra tio n s .

5. The new method and procedure are  do scrib ed  in  d e t a i l .

I t  i 3 more accu ra te  th a n  p rev io u s ly  d esc rib ed  methods, th e  accur­

acy being  +_ 1%.
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I I .  THE CHOLINESTERASE ACTIVITY OF EXTRACTS OF SOME 

INVERTEBRATE TISSUES

A. In tro d u c tio n .

In  th e  course of experim ents on th e  e f f e c t  o f c h o lin e rg ic  

d*rugs on in v e r te b ra te  t i s s u e s ,  i t  was found th a t  in  th e  case o f 

th e  h e a r t  of Venus m ercenaria , which i s  ex trem ely  s e n s i t iv e  to  

ch o lin e  e s te r s ,  no p o te n t ia t io n  of th e  in h ib i t io n  norm ally  p ro ­

duced by th e  a d d itio n  of v a rio u s  oho lin e  e s te r s  occurred  when 

th e  h e a r t  was e s e r in iz e d  in  th e  usual manner. T h is o b serv a tio n  

suggested  th a t  perhaps th e  olam h e a r t  co n ta ined  l i t t l e  or no 

o h o lin e s te ra s e  a c t i v i t y .

A study  of th e  l i t e r a t u r e  re v e a led  th e  f a c t  t h a t  to  date  

d e te rm in a tio n s  o f th e  o h o lin e s te ra se  a c t i v i t y  in  in v e r te b ra te s  

had been e n t i r e ly  confined  to  European sp e c ie s . I t  was th e  

purpose of th e se  experim ents to  p ro v id e  some d a ta  concerning th e  

d i s t r ib u t io n  of o h o lin e s te ra se  in  tho  h e a r ts  of some o f th e  in ­

v e r te b ra te s  oommon to  th e  reg io n  around Woods H ole, M assachusetts , 

as a b a s is  fo r  f u r th e r  s tu d ie s  on t h e i r  p h y sio lo g y . A more com­

p le te  stu d y  of Limulus polyphemus was made s in ce  t h i s  animal has 

been th e  o b je c t of im portan t s tu d io s  in  in v e r te b ra te  neurophy­

sio lo g y .
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B. Experim ental P a r t ,

1
METHOD. Tho method used was e s s e n t i a l ly  th a t  of Ammon 

(3) and G lick  (2 4 ). The t i s s u e  to  be used was removed, washed 

once w ith  b io a rb o n a te -R in g er, d r ie d  q u ick ly  on f i l t e r  pap er and 

weighed in  a c lo se d  ta re d  v e s s e l .  The t i s s u e  was then  q u ick ly  

ground v /ith  sand u n t i l  a smooth suspension  was ob ta ined  when a 

c a lc u la te d  amount o f b ica rb o n a te -R in g er (5) as shown in  th e  

Tables 9 and 10, was added. In  some experim ents th e  suspension ' 

was c e n tr ifu g e d  and th e  a c t iv i ty  of th e  su p e rn a tan t f lu id  and 

th e  re s id u e  were determ ined s e p a ra te ly .  P rec au tio n s  were taken  

to  keep th e  m a te r ia ls  as cool as p o s s ib le .

The s u b s tr a te  used in  each oxperim ont c o n s is te d  of 15 mg. 

o f a c e ty lo h o lin e  c h lo r id e  d isso lv ed  in  1 .5  m l. o f b ica rb o n a te -  

R in g er. The s u b s tr a te  was p laced  in  th e  main v e s s e l ,  and 0 .5  ml. 

o f th e  enzyme suspension  was p laced  in  th e  s id e  arm. The v e s se ls  

a re  th en  a tta c h e d  to  tho  manometers and s a tu ra te d  w ith  a m oist 

gas m ix ture co n ta in in g  95 p a r t s  n itro g e n  and 5 p a r t s  carbon d io ­

x id e . The f in a l  pH a f t e r  s a tu r a t io n  i s  7 .2 . The co n ten ts  of th e ' 

f la s k s  wore mixed and p laced  in  tho c o n s ta n t tem p era tu re  b a th . 

A f te r  e q u i l ib r a t io n ,  the  ta p s  a re  c lo sed  and read in g s  o f th e  p re ­

ssu re  made a t  convenien t in t e r v a ls ,  u s u a lly  each 5 m inutes fo r  30 

m inutes or lo n g e r .

A summary of th e  r e s u l ts  i s  g iven in  Tables 9 and 10, and 

in  F ig . 8 and 9.
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DISCUSSION The c o n ce n tra tio n  o f o h o lin e s te ra se  a o t iv i ty  

seems to  p a r a l l e l ,  in  g e n e ra l, th e  amount o f nervous t i s s u e  p re ­

se n t. This i s  w e ll i l l u s t r a t e d  by th e  f a c t  th a t  co n s id e rab ly  

h ig h e r a c t i v i t i e s  wore noted  in  th e  5 - 6  segments o f th e  Limulus 

h e a r t  as compared w ith  th e  1 - 2  segm ents. The 1 - 2  segments a re  

known to  have few er nerves and g a n g lia  th a n  th e  5 - 6  segments.

The a c t i v i t y  o f e x t r a c ts  of th e  Venus h e a r t  ag rees  w ith  i t s  

h is to lo g y  and ex p la in s  c e r ta in  in te r e s t in g  o b se rv a tio n s  on i t s  

pharm acology. No ex p lan a tio n  can be g iven  f o r  th e  v ery  h igh  a c t­

i v i t y  foupd in  th e  Modiolus dem issus h o a r t .  F u r th e r  experim ents 

on i t s  physio logy  a re  p lanned.

The r e s u l t s  ag ree  w ell w ith  th e  f in d in g s  o f o th er in v e s t i ­

g a to rs  who have measured tho  o h o lin e s te ra se  a o t iv i ty  o f a la rg e  

number o f European m arine and f re s h  w ater in v e r te b ra te s .

• SIM1ABY

1 . Assays o f 12 d i f f e r e n t  t i s s u e  o x tra c ts  from a t o t a l  of 
»

s ix  sp ec ie s  o f m arine in v e r te b ra te s  shows th a t  a l l  e x tr a c ts  s tu d ie d  

have o h o lin e s te ra s e  a c t i v i t y .  The h ig h e s t  a c t i v i t y  was found in  

nervous t i s s u e ;  th e  lo w est, in  tho  m uscle o x tra c ts .

2 . The a c t i v i t y  o f tho  v a rio u s  e x t r a c ts  seemed to  p a r a l l e l  

tho  amount o f nervous t i s s u e  found th e r e .

3 . Tho o b se rv a tio n  th a t  th e  h o a r t  o f th o  clam, Venus mor- 

c e n a r ia , i 3 n o t s e n s i t iz e d  to  a c e ty lc h o lin e  by e se rin e  can be ex­

p la in e d  perhaps on th e  b a s is  of i t s  low o h o lin e s te ra se  c o n te n t.
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