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A STUDY OF CERTAIN CHE.IIGAL GRANGES WHICH OCOUR IN RABBITS 

'.VITII EXFSIINENTAL DlrHTnERlA INTOXICATION

A lta  A shley  

INTRODUCTION

D ip htheria  i s  a d is e a s e  ch aracter ized  by both lo c a l  and

g en era lized  m a n ife s ta t io n s .  Though i t  i s  not always f a t a l  i t  o f ten

le a v es  permanent organic d iso r d e r s .  For t h i s  reason tne d is e a s e  has 

been the su b je c t  o f  many i n v e s t ig a t i o n s ,  which, fo r  the most p art,  have 

been l im ited  to the b a c t e r i o lo g ic a l ,  the anatomic p a th o lo g ic a l ,  and the  

immunological a sp ec ts  o f  the d i s e a s e .  Certain m etab o lic  d istu rb ances  

occurring in  the course o f  the d is e a s e  have been studied as w e l l .  But 

much remains to  be learned o f  the fu n c t io n a l  d is turbances  recognized  

c l i n i c a l l y  in  d ip h th er ia  p a t ie n t s ,  and o f  the chemical changes induced 

by the d ir e c t  or in d ir e c t  a c t io n  o f  d ip h th er ia  t o x in  on v a r io u s  t i s s u e s

o f  the body. A study o f  c e r ta in  o f  th ese  changes has been made the

su b jec t  o f  tne  p resen t t h e s i s .

Rabbits were in je c te d  with a standardized prep aration  o f  

t o x in .  In  tne course o f  the in t o x ic a t io n  thus induced s t u a ie s  were made of:

1. The e f f e c t  o f  the in t o x ic a t io n  on the d i s t r ib u t io n  o f

phosphorus in  the blood and on the ch lo r id e  content o f  

the c e l l s  and plasma.

2. The e f f e c t  o f  the in t o x ic a t io n  upon the g lu co se  to le r a n c e .

The e f f e c t  o f  the in t o x ic a t io n  upon the a c t io n  o f  in s u l in .

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



- 2 -

4 .  The e f f e c t  o f  the in t o x ic a t io n  upon the ery th ro c y te  count, 

r e l a t i v e  c e l l  volume, and blood s o l i d s .

Because o f  the su g g e s t io n  o f  the in t e r r e la t i o n s h ip  between 

th e  organic a c id - s o lu b le  phosphorus and the c h lo r id e  o f  the  c e l l s  which 

Guest and Andrus found in  t h e ir  in v e s t ig a t i o n s  on i n t e s t i n a l  o b s tr u c t io n ,  

s tu d ie s  o f  th e  c h lo r id e  conten t o f  th e  c e l l s  were made in  p a r a l l e l  w ith  

the s tu d ie s  o f  phosphorus d i s t r ib u t io n .

The e f f e c t  o f  d ip h th e r ia  in t o x ic a t io n  on the curve o f  the  

in organ ic  phosphorus o f  th e  blood fo l lo w in g  the a d m in is tr a t io n  o f  g lu co se  

was stud ied  in  order t o  s e e  i f  in  d ip h th e r ia ,  as in  d ia b e te s  m e l l i t u s ,  

th ere  might be found an abnormal phosphorus curve. Because i t  has been 

claimed by some th at  d ip h th e r ia  t o x in  has an in h ib i to r y  e f f e c t  upon 

th e  a c t io n  o f  i n s u l in ,  the  curves o f  the in organ ic  phosphorus and the sugar  

o f  the blood were fo llo w ed  in  two r a b b it s  a f t e r  th e  a d m in is tr a t io n  o f  

i n s u l in .

S tu d ie s  o f  the  e f f e c t  o f  repeated b lee d in g  and o f  f a s t in g  

in  normal r a b b it s  were made because, during th e  course o f  the  in t o x ic a t io n ,  

la r g e  samples o f  blood were taken from each r a b b it  fo r  chem ical a n a ly s i s ,  

and because a few days b e fo re  death  th e  animals refused food .

S in ce  in  d ip h th e r ia  in t o x i c a t i o n  n e p h r i t i s  may p lay  a 

p r in c ip le  r 3 l e  i n  the development o f  th e  observed chemical changes  

in  the blood a few experim ents were made on the e f f e c t  o f  b i l a t e r a l  

u r e te r  l i g a t i o n  on the phosphorus d i s t r ib u t io n  and the c h lo r id e  content  

o f  the b lood .
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KEVIEW

I .  CHEIICAL AND PHYSIOLOGICAL STUDIES Of DIPHTHERIA INTOXICATION

D iphtheria  has been recognized  as  a c l i n i c a l  e n t i t y  s in c e  

Eretonneau o f  Tours published  h i s  o b serva tion s  in  1321. The f i r s t  

d e s c r ip t io n  o f  the B a c i l lu s  d ip h th e r ia e  was made by Klebs in  1SS5, 

who found th e  b a c i l l i  in  the  pseudomembranes in  th e  th ro a ts  o f  diph­

t h e r ia  p a t i e n t s .  A y ea r  la t e r  L o e f f l e r  s u c c e s s f u l ly  c u l t iv a te d  the  

organism on th e  in jured  mucous membranes o f  a n im a ls .  In  c l i n i c a l  

o b serva tion  i t  had been long  recogn ized  th a t  th e  d is e a s e  was not one 

o f  lo c a l iz e d  i n f e c t i o n  a lo n e ,  but th a t  i t  had profound system ic  e f f e c t s  

as  w e l l .  The r e l a t io n  o f  the b a c i l l u s  found in  th e  lo c a l iz e d  in f e c t i o n  

to  the c o n s t i t u t io n a l  e f f e c t s  observed in  the d i s e a s e  was somewhat 

c l a r i f i e d  in  18SS when Roux and Y ers in  i d e n t i f i e d  th e  ex o to x in  whicn i s  

produced by the d ip h th e r ia  b a c i l l u s .  Welch and F lexner (1S91) found 

f a t t y  d eg en era t io n  o f  th e  l i v e r ,  s c a r r in g  o f  the k idn eys , and con gest ion  

and hemorrhages in  th e  ad ren a ls  fo l lo w in g  th e  in j e c t i o n  o f  pure c u ltu res  

o f  K le b s -L o e f f le r  b a c i l l i  ( B a c i l lu s  d ip h th e r ia e )  in to  lab oratory  an im als .

A year l a t e r  they  found s im i la r  l e s i o n s  when the e x o to x in  was in je c te d  

in  p lace  o f  th e  c u ltu res  o f  th e  l i v i n g  organism, (Welch and f l e x n e r ,  1S 92) .

Lyon (1904) found changes in  th e  k id n eys ,  such as  were 

d escr ibed  by Welch and f l e x n e r ,  in  r a b b its  dy ing  a f t e r  l e t h a l  doses o f  

d ip h th e r ia  to x in ;  but in  tn o se  anim als which recovered  from th e  in t o x i ­

c a t io n  th e r e  could be demonstrated no ev idence  o f  chronic l e s i o n s  caused
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by the to x in .  Pearae and E isenbrey ( l p l l )  s tu d ied  the l e s i o n s  pro­

duced in  th e  nidneys by d ip h th e r ia  t o x in  and concluded th a t  th e  in jury  

was mainly o f  the tu b u le s  in  tne e a r ly  s ta g es  o f  th e  in t o x ic a t io n ,  w hile  

v a scu la r  changes were found in  th e  l a t e r  s ta g e s .  Karsner and Denis ( 1914) 

demonstrated a r e te n t io n  o f  n itr o g e n  in  ca ts  a f t e r  d ip h th e r ia  to x in  

i n j e c t i o n s .  In  a study o f  the e f f e c t  o f  in f e c t i o u s  d is e a s e s  upon ren a l  

fu n c t io n  b'rothingham ( lp I S )  found an in cr ea se  o f  urea e x c r e t io n ,  but a 

d ecrease  in  phenolsu lfonphthalfc in  e x c r e t io n  during the f e b r i l e  sta^e o f  

d ip h th e r ia ,  but no ev iden ce  o f  a cu te  n e p h r i t i s ,  heduced ren a l fu n c t io n ,  

as  measured by the r a te  o f  e x c r e t io n  o f  p h en o lsu lfo n p h th a le in ,  p e r s is te d  

even a f t e r  the acute s ta g e s  o f  th e  d is e a s e  had passed .

Josephs (1 9 2 7 )  s tud ied  th e  e f f e c t  o f  d ip h th er ia  in t o x ic a t io n  

on the  n itr o g e n  metabolism o f  dogs. He found th a t  t o t a l  n itr o g e n  and 

c r e a t in e  e x c r e t io n  were g r e a t ly  in creased  in  th e  a f e b r i l e  period o f  the  

d is e a s e ,  in d ic a t in g  a d e s t r u c t io n  o f  p r o te in ,  presumably m ainly m uscle.

By fe e d in g  a d i e t  h igh  in  carbohydrate the in c r e a s e  in  t o t a l  n itro g en  

was prevented , but th e r e  was no d ecrea se  in  the c r e a t in e  e x c r e t io n .

Because o f  t h i s  f in d in g  Josephs f e l t  th a t  the a c t io n  o f  th e  carbohydrate  

was not a t i s s u e  sparing  one, but he was unable t o  ex p la in  i t s  e f f e c t  in  

d ecre a s in g  th e  t o t a l  n i t r o g e n  e x c r e t io n .  D ip h th er ia  in t o x ic a t io n  a l s o  

produced an i n i t i a l  r i s e  in  basa l m eta b o lic  r a te  and body temperature.

I h i s  was s h o r t ly  fo llow ed  by a f a l l ,  and in  th e  l a s t  s ta g e s  o f  the in to x ­

i c a t i o n  th e  dogs were unable to  m a in ta in  t h e i r  normal tem peratures when 

placed in  a co ld  environment. This i n a b i l i t y  to  reg u la te  body temper-
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a tu re  was in te r p r e te d  as evidence of' diminisned fu n c t io n  o f  the  adrenal 

glan ds .

A d ecrease  in  serum calcium  was found by Feola  (lpJO) in  

ca ses  o f  d ip h th e r ia  which showed toxem ia and p a r a ly s i s ,  idarkowa ( 1950) 

found a d ecrease  in  the c h lo r ia e  conten t o f  th e  blood in  e a r ly  s tages  

o f  c l i n i c a l  d ip h th e r ia  and s c a r l e t  f e v e r .  However, her measurements 

were done e x c l u s i v e ly  upon whole blood and were not corrected  fo r  

d e v ia t io n s  from the normal r e l a t i v e  c e l l  volume. S ince r e l a t i v e l y  

more c h lo r id e  i s  contained in  the plasma than in  th e  c e l l s  any in cr ea se  

in  the r e l a t i v e  c e l l  volume w i l l  d ecrease  th e  whole blood c h lo r id e  c o n te n t .  

According to  Schwentker and Uoel (1950) a c o n cen tra t io n  o f  the  blood does  

occur in  e a r ly  and a cu te  s ta g e s  o f  d ip h th e r ia .  Such changes might  

account f o r  Markowa's f in d in g s .  Wlademirowa ( 1950) observed an 

in c r e a se  in  th e  organic a c id s  of th e  blood in  s c a r l e t  f e v e r  and diph-  

tn e r ia  p a t i e n t s .  This in c r e a se  o f  organic  a c id s  varied  w ith th e  sever ­

i t y  o f  the d i s e a s e ,  and was accompanied by a d ecre a se  in  a l k a l i  reserve  

and a decreased  e x c r e t io n  o f  phosphorus in  th e  u r in e ,  (H artin son ,

Harkowa, Pocinkowa, and S la k in a , 1951)* These f in d in g s  may be dependent 

upon th e  decreased  ren al fu n c t io n  observed in  d ip h th e r ia  by other in ­

v e s t i g a t o r s .

A side from the above c i t a t i o n s  l i t t l e  work has been re­

ported concerning chem ical changes and p h y s io lo g ic a l  d is tu rb a n c es  in  

d ip h th e r ia  in t o x ic a t io n  except fo r  s tu d ie s  o f  carbohydrate metabolism,  

ih e  e f f e c t  o f  d ip h th e r ia  in t o x ic a t io n  upon carbohydrate m etabjlism  has ,  

however, rec e iv ed  much a t t e n t io n  both from the c l i n i c i a n s  and from
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lab ora tory  i n v e s t i g a t o r s .  In c l i n i c a l  o b sera t io n s  Hibbard and k o r r is s e y  

( 1599) observed a t r a n s i t o r y  g ly c o su r ia  in  most o f  t h e ir  f a t a l  cases  

and in  about o n e-fou rth  o f  t h e ir  m ild cases  o f  d ip h th e r ia .

( Iy25) found a r i s e  in  blood sugar fo l lo w in g  in travenous in j e c t i o n s  

o f  la rg e  amounts o f  d ip h th e r ia  t o x in  in  r a b b it s .  This r i s e  was h igh­

e s t  in  from th ree  to  f i v e  hours a f t e r  the in j e c t i o n  and then gradually  

disappeared . A marked hypoglycemia was p resen t before  death , .babbits 

in je c te d  with sm aller  d o ses  (such  as to  cause death  only a f t e r  tw enty-  

fou r  hours or longer) developed no hyperglycem ia, but hypoglycemia was 

p resen t b e fore  death. L e r e b o u l le t  and F ie r r o t  (1925) reported  hypogly­

cemia in  s e v e r a l  c l i n i c a l  cases  o f  sev ere  d ip h th e r ia ,  but they found no 

change from th e  normal blood sugar l e v e l  in  t h e i r  mild c a s e s .  S igns or 

a d ren a lin e  i n s u f f i c i e n c y , - l o s s  o f  m uscle ton e ,  low blood p ressu r e ,  e t c .  -  

accompanied the hypoglycem ia, and they b e l ie v e d  th a t  the degree o f  hypo­

glycem ia v a r ied  d i r e c t l y  w ith  the degree o f  a d re n a lin  in s u f f i c i e n c y .

R osen th a ll  ( 191*0 found th a t  a f t e r  la r g e  doses  o f  to x in  

there was an in c r e a se  in  blood sugar, fo llow ed  by a marked d ecrease  

togeth er  w ith  reduction  o f  the g lycogen  content o f  the l i v e r  and m uscles  

t o  a mere t r a c e  or l e s s .  There was a l s o  an i n i t i a l  r i s e  ana a term inal  

f a l l  in  the ad ren a lin  con ten t  o f  tne  blood. At autopsy the adrenals  

were found to  be markedly a f f e c t e d .  There was a red u ction  in  the  

amount o f  chrom affin  m a te r ia l  and hemorrhages in t o  the m edulla .

A ccording to  R o se n th a ll  and many o th ers  d ip h th e r ia  to x in  i s  a s p e c i f i c  

p o ison  fo r  the a d ren a ls .  K osenth a ll  b e liev ed  th a t  the d is tu rb an ces  in
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carbohydrate metabolism which occur in  d ip h th er ia  i n t o x ic a t io n  are  

brought about p r in c ip a l ly  by axi o v e r s t im u la t io n  o f  the a d ren a ls ,  

r e s u l t i n g  in  an o v e r s e c r e t io n  o f  a d ren a lin  which continues to  a point  

o f  exhau stion  o f  the g lands and ending in  a c e s s a t io n  o f  a d ren a lin  

production . The in creased  ad ren a lin  s e c r e t io n  causes  an in c le a s e d  

g ly c o g e a o ly s i s  in  the l i v e r  and m usc le ,  thus d e p le t in g  th e  g lycogen  

s t o r e s  o f  the body. The reason he f e l t  th a t  the e f f e c t  of d ip h th er ia  in ­

t o x ic a t i o n  on th e  l i v e r  was secondary to  th a t  upon the ad ren a ls  was the  

f a c t  th at in  c o n d it io n s  o f  primary l i v e r  damage, such as a cu te  phos­

phorus p o iso n in g ,  where the l i v e r  c e l l s  are a c t u a l l y  d estro y ed , there  i s  

no i n i t i a l  hyperglycem ia. On the o th er  hand Darrow auc Yonnet ( 1952) 

r e c e n t ly  s ta te d  in  a pre lim in ary  rep ort  o f  t h e i r  work on carbohydrate  

metabolism in  d ip h th er ia  th a t  the d is tu rb an ces  in  carbohydrate metabo­

lism  in  d ip h th e r ia  in t o x ic a t io n  i s  l a r g e ly  due to damage o f  th e  l i v e r  

c e l l s ,  form al rab b its  and rab b its  which had rec e iv ed  in j e c t i o n s  o f  

d ip h th e r ia  to x in  were s tarved  fo r  four or f i v e  days, a f t e r  whicn time 

they  were g iv e n  in travenous in j e c t i o n s  o f  g lu c o s e  and t h e ir  l i v e r s  were 

analyzed fo r  g lycogen  co n ten t .  The starved  normal r a b b its  syn th es ized  

co n s id era b le  amounts o f  g lycogen  in  t h e ir  l i v e r s  w hile  the starved  

d ip h th e r ia  r a b b its  f a i l e d  to  s y n th e s iz e  any l i v e r  g lycogen .

Hector (1926) found a lowered g lu c o se  to le r a n c e  in  

d ip h th e r ia  p a t ie n t s  and a t tr ib u te d  i t  to  a slowed ab sorp tion  o f  sugar 

from the  i n t e s t i n e s ,  to  l i v e r  damage causea d i r e c t l y  by the to x in  

( t h e  degree o f  damage measured by le v u lo s e  to le r a n c e  t e s t s ) ,  and to  a 

d e le t e r io u s  e f f e c t  o f  th e  to x in  on th e  endocrine glands and on the
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nervous system , the combined e f f e c t  being a le sse n e d  a b i l i t y  of the  

t i s s u e s  to  u t i l i z e  g lu c o s e .  A lowered to le r a n c e  fo r  g lu c o se  in  

d ip h th e r ia  was a l s o  found by S lk e l s  and Keimann (1 9 2 3 ) .  T i s d a l l ,  Drake, 

and Brown (1926) found th a t  the a b i l i t y  to  remove in je c te d  g lu cose  

from the  blood was impaired in  puppies with d ip h th e r ia  i n t o x ic a t io n .

They s ta te d  th a t  th e  in t o x ic a t io n  brought about an in creased  g lycogeno­

l y t i c  fu n c t io n  in  the body, or an i n a b i l i t y  o f  the organism t o  s to r e  

carbohydrate. They did  n ot  f e e l  th a t  th ere  was an impairment in  the  

fu n c t io n  or production  o f  in s u l in ,  because the a d m in is tr a t io n  of  

in s u l in  in  ca ses  o f  i n t o x ic a t io n  (d ip h th e r ia  and other b a c t e r i a l  in to x ­

i c a t i o n s )  did not in c r e a s e  the r a te  a t  which in j e c te d  g lu c o se  was 

removed from the b lood . However, Sweeney (1923) was a b le  to  in cr ea se  

the to le r a n c e  fo r  g lu c o se  in  r a b b its  which had rece ived  in j e c t i o n s  or 

d ip h th e r ia  t o x in  by the a d m in is tr a t io n  o f  i n s u l i n .

I t  i s  w e l l  known th a t  d ia b e t i c s  req u ire  an in creased  amount 

o f  in s u l i n  during v a r io u s  in f e c t i o n s ,  notab ly  in  d ip h th e r ia .  I t  has 

been thought by many th a t  th e  decreased to le r a n c e  for  g lu c o se  which 

occurs during the course  o f  d ip h th e r ia  i n t o x ic a t io n  in  n o n -d ia b e t ic s  

i s  the r e s u l t  o f  the a d t io n  o f  the to x in  on the production  or tne  

fu n c t io n  o f  i n s u l in .  H arr is ,  R inger, and Lasker ( 1927) mixed d ip h th er ia  

to x in  w ith  in s u l i n  and in je c te d  i t  in t o  mice whose r e a c t io n  to  in s u l in  

had been p r e v io u s ly  t e s t e d ,  and they  found no a p p rec ia b le  change in  

the potency o f  th e  i n s u l i n .  Their co n c lu s io n s  were based e n t i r e l y  

upon the  p h y s ic a l  appearance of the m ice. No blood sugar d eterm in ations  

were made. N e tz le y  (1929 )  repeated t h i s  experiment in  r a b b it s  and
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found th a t  tne hypoglycemic a c t io n  o f  in s u l in  v/as impaired a f t e r  

i n s u l in  and d ip h th e r ia  to x in  had been incubated to g e th er  fo r  e igh teen  

hours. I t  v/as a l s o  impaired in  r a i i i t s  p r e v io u s ly  in je c te d  w ith  

d ip h th e r ia  to x in ,  from th ese  o b serv a t io n s  n e t z l e y  s ta ted  th a t  diph­

th er ia  to x in  not only a f f e c t s  the body c e l l s  in  such a v/ey th a t  the  

f u l l  a c t io n  o f  in s u l in  i s  prevented , but th a t  i t  r ea c ts  chem ica lly  

w ith the i n s u l i n ,  reducing i t s  potency . Lawrence and Buckeley (1927)  

considered  the e . i ' e c t  o f  d ip h th e r ia  to x in  on in s u l i n  a c t io n  to  be 

secondary to  a s t im u la t io n  of the th y ro id -a d ren a l  mechanism. In  

f a t a l  d ip h th e r ia  th ese  g lands e x h ib i t  p a th o lo g ic a l  changes which in ­

d ic a te  th at  the have been st im u lated  to  ex h a u stio n . Sweeney and Lackey 

( 1925) nov/ever, f e l t  th a t  the lowered to ler a n c e  fo r  g lu c o s e  occurring  

in  d ip h th e r ia  i s  p r im a r i ly  the r e s u l t  o f  a d is tu rb an ce  in  the a c t io n  

or the production  o f  i n s u l i n .  They found, contrary  to  H ector, no 

change in  the ra te  a t  which g lu co se  i s  absorbed from the in t e s t i n e s  in  

b i h th e r ia .
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l l .  THE ElST11I3UTIOil Of PN03IK0RUS III T:iE BLOOD

A. IN NOKvIAL CONDITIONS

According to  Bloor (1913 )  phosphorus compounds in  the  

blood can be d iv ided  in t o  tv/o d i s t i n c t  groups, e a s i l y  separated  from

each other by reason o f  t h e i r  s o l u b i l i t i e s :

1. A c id - s o lu b le  -  s o lu b le  in  d i lu t e  a c id s ,  and p r e c ip ita te d  

w ith  the p r o te in s  by a lc o n o 1-e th e r  s o lu t io n .

2- A lc o h o l - e th e r - s o lu b le  -  so lu b le  in  a lc o h o l-e ith er  s o lu t io n ,  

and p r e c ip i ta te d  with th e  p r o te in s  by d i l u t e  a c id s .

In gen era l th e  sum o f  t h e s e  two f r a c t io n s  equals th e  determined

t o t a l  phosphorus; hence the  presence o f  a p p rec ia b le  amounts o f  other  

forms o f  phosphorus not included in  th e se  two groups i s  d o u b tfu l .

hay and Byrom ( lp 2 7 )  have l i s t e d  the  forms in  which

phosphorus occurs in  th e  blood as fo l lo w s:

/ ' I .  Inorgan ic  phosphate

2 . N uceotid e , a d en in e -  and p o s s ib ly
a p y r in id in e -  

A c id -s o lu b le  Phosphorus 7 5 . F h osphoglyceric  ac id
E ster

r Piiosohorus
4 .  Reducing phosphoric ac id  e s t e r

< D. At l e a s t  one o th er  e s te r

A lc o h o l - e th e r - s o lu b le 6 . L e c i th in

or

Lip in  Phosphorus 

R esidual Fhosrhorus

7 . ueph alin

3 . Sphingomyelin

9 . N u c le ic  acid  phosphorus
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In Table I are  _ ive ..  tne va lu es  fo r  m e var iou s  pnosg .crus  

compound;-: in  normal human b lo .d  (Kay anu Eyrom, l y 27) axad in  normal 

dog blood (G uest suae Andrus, 1 9 3 2 )  . Values f  o r . .o r -a l  ra b b it  blood 

may be found on page ^5 o f  th is  t n e s i s .

Tne r . s iu u a l  or n u c le ic  acid  piiospacrua i s  fouua c h ie f l y  

in  t.,_ leu... cytws and p l a t e l e t s ,  which are extrem ely  r ic h  in  phospnorus. 

Under normal co n d it io n s  tne r e l a t i v e  voluae o f  the leu .-ocytes  i s  so 

S Q ill  tnat tne amount or phosphorus appearing a ;  n u c le ic  a c id  

phosphorus i s  almost n e g l i g i b l e .

The a c i d - i n s o lu b le  pnosphorus, trie va lu e  fo: wuich i s  

obtained by s u b tr a c t in g  the T otal A c id - s o lu b le  P from the Total F, 

c o n s i s t s  o f  l i p i n  ana " r e s id u a l” phos horus in  the whole blood, and 

o f  p r a c t i c a l l y  only l i p i n  phosphorus in  the plasma. Tne c e l l s  conta in  

60 -  7b,- o f  tne to a l  l i  in  piros h o r u s  o f  t . .e  v/holw blood. L ir in  

phospnorus i s  not hydrolyzed to  any ap p rec iab le  ex ten t  by Lone 

or muscle puos p h a ta ses ,  ( hay and ho b is  on, ly 2 4 )  .

The in o rg a n ic  phosphorus o f  tne b iooc i s  u s u a l ly  considerec  

to c o n s i s t  o f  a m ixture o f  BphFT^ and BH2FQ4 , and t. be p resen t  in  

n ear ly  ecu c l  con cd n tra tion s  i . .  tne c e l l s  j,uc plasma.

The organic a c i u - s o lu b le  phosphorus of tne bloou i s  

confined a lm ost e x c l u s i v e l y  t .  the c e l l s ,  althou^-. tne re i s  a small 

.amount, l e s s  ina 0 . 5  m il l ig r a m s  per hundred cubic  c e n t im e te r s ,  occur-  

tin^  in  t .n  p'lasna, (***artianu anu r.os~n, ly f c )  . map' anu ..000.3011 ^ly2~r)
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TABLE I

DISTRIBUTION OF PHOSPHORUS IN NQK.1AL HUNAN ADULT BLOOD 

(A ccording to  Kay and By ram)

Average v a lu e s  fo r  e ig h t  men and e ig h t  women

men Women

Inorgan ic mg.>b J . l 5 -2
T ota l a c id - s o lu b le 2 6 .6 24.9
E ster  (o r g a n ic  a c id - s o lu b le ) 2 5 .5 21 .7
Enzyme h yd ro lyzab le 6 .9 7-2
Enzyme n on -hydro lyzab le 16.9 14.5
L ip in  ( a l c o h o l - e t h e r - s o lu b l e ) 12.0 11.6
T ota l (by  a d d it io n ) 5 3 .6 5 6 .6

(b y  combustion) 56 .9
Phosphorus-Index 5 2 .7 o2 • S
R e la t iv e  C e l l  Vol. % 4 4 .6 4 1 .2

DISTRIBUTION OF PliOSFHOKUS IN THE BLOOD OF THIRTY NO TRIAL DOGS

(A ccord ing  to  Oueet ana Andrus)

Whole Blood Plasma C e l l s

Inorgan ic  nig.yS 2 .35 5 .5 2 2 .1 6
T ota l a c i d - s o lu b le 2 3 .2 5 .7 7 0 5 .2
Organic a c i d - s o lu b le 25.4 0 .25 5 1 .0
Total 4 5 .4 15.7 71-7
A c id - in s o lu b le 15.2 11.9 1 3 .5
L ip in  ( a lc o h o l - e t h e r - s o lu b le ) 14.2 12.2 I6 .7
Rbsidual 1 .0 -  0 .5 1 .3
Ester-P:RBC count r a t io 5 .46
R e la t iv e  c e l l  volune % 4 9 .5
Erythrocyte  count m ii l io n s /c .m m . 7-525

N o te : -  The Fhosphorus-Index o f  Kay and Byrom i s  tn e  q u o t ie n t  o f  
th e  whole blood organ ic  a c i d - s o lu b le  phosphorus express^c in  m i l l i ­
grams p erce n t  d iv ided  by the r e l a t i v e  c e l l  volume p ercen t .  This 
v a lu e  i s  i d e n t i c a l  to  th e  Organic A c id - s o lu b le  Phospnorus o f  the 
C e l l s  ( t n i s  la b o r a to r y ) .  The E ster-P : RBC count r a t io  i s  t .ie  q u otien t  
o f  the organ ic  a c i d - s o lu b le  phosphorus o fthe vmole blood expressed  
in  m il l ig r a m s  percent d iv id ed  by tne  e r y th ro c y te  count expressed  in  
m il l io n s  per cubic m i l l im e t e r ,  and rep re se n ts  t..e  e s t e r  phosphorus in  
m illig r a m s  X 10” per m i l l i o n  e r y th r o c y te s .
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found th a t  th e  organic a c i d - s o lu b le  phosphorus o f  th e  blood c o n s is t s  

o f  two f r a c t i o n s  -  one hydrolyzed by, th e  other r e s i s t a n t  to the a c t io n  

o f  the  phosphatase conta ined  in  th e  watery e x t r a c t  o f  o s s i f y i n g  

c a r t i l a g e .  The h yd ro lyzab le  f r a c t i o n  comprises l4  -  367° o f  th e  t o t a l  

a c id - s o lu b le  phosphorus o f  th e  whole b lood . Frobably none o f  the  

e s t e r s  o f  th e  plasma are  hydrolyzed by bone phosphatase.

Kay and Byrom (1927) found the r a t io  o f  the organ ic  a c id -  

s o lu b le  phosphorus o f  th e  vmole blood to  th e  r e l a t i v e  volume o f the  

e ry th r o c y te s  to  be remarkably co n sta n t  in  h e a l th  in  in d iv id u a ls  o f  th e  

same s p e c ie s ,  but to d i f f e r  w idely  between s p e c i e s .  This r a t i o ,  c a l le d  

by Kay and Byrom the Fhosphorus-Index, was 03 i n human b lood , S6 in  

r a b b it  b lood . Kay (1928) suggested  t h a t  the q u a n tity  o f  o rgan ic  a c id -  

s o lu b le  phosphorus in  th e  c e l l s  may be one o f  th e  fa c t o r s  that g iv e  

th e  c e l l  i t s  in d iv id u a l  c h a r a c t e r i s t i c s .  That i s ,  in  c o n d it io n s  which 

a f f e c t  the qu antity  o f  organ ic  a c i d - s o lu b le  phosphorus o f  the c e l l s ,  the  

ch aracter  o f  the e r y th r o c y te s  th em selves  i s  a l t e r e d .

' The e s t e r  phosphorus o f  tn e  c e l l  i s  e v id e n t ly  an in t e g r a l  

part o f  th e  c e l l  s t r u c t u r e .  The compounds d etera in ed  in  t h i s  f r a c t io n  

a re  f r e e l y  d i f f u s i b l e  through a semi-permeable membrane which holds  

bacn the blood p r o te in s ,  but in  the whole blood they  are a lm ost com­

p l e t e l y  confined  to  the i n t a c t  c e l l .  Kay and Byrom (1927) c a lc u la te d  

■the p o s s i b l e  osm otic p ressu r e  which th e s e  compounds might e x e r t ,  

and found i t  to  be o n e - s ix t e e n t h  o f  the t o t a l  osm otic  p ressu re  o f  a l l  

th e  c e l l  c o n s t i t u e n t s .
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P eters  and Van S lyke (1931) have suggested  th a t  th e  

organic a c i d - s o lu b le  phosphorus o f  th e  c e l l s  p la y s  an important  

part in  a c id -b a s e  eq u il ib r iu m  o f  th e  b lood . I t  a c t s  as  an ac id  

r a d ic a l ,  probably b in d in g  one e q u iv a le n t  o f  a l k a l i  fo r  each mol of  

phosphorus. Further d i s c u s s io n  o f  th e  p a r t ic ip a t io n  o f  th e  phos­

phate e s t e r s  o f  th e  blood in  the a c id -b a s e  r e g u la t io n  o f  th e  body 

w i l l  be tak en  up in  g r e a te r  d e t a i l  in  th e  f o l lo w in g  s e c t io n .

I I .  THE DISTRIBUTION OF PHOSPHORUS IN THE BLOOD (CONTINUED)

B. IN ABNORMAL CONDITIONS

In  acu te  n e p h r i t i s  and i n  the term in a l s ta g es  o f  chronic  

n e p h r i t i s  Byrom and Kay (1927) found an in creased  inorgan ic  phosphorus 

and an apparent d ecrease  in  th e  t o t a l  a c i d - s o lu b le  phosphorus o f  the  

whole b lood . The l i p i n  phosphorus o f  the wuole blood v/as p r a c t i c a l ly  

unchanged. However, th e  r e l a t i v e  c e l l  volume o f  th e  blood o f  these;  

ca ses  o f  n e p h r i t i s  was d ecreased ,  so  th a t  when th e  v a lu e s  f o r  the  

phosphorus con ten t o f  th e  c e l l s  v/as c a lc u la te d  i t  was found th a t  th ere  

v/as an a c t u a l  in c r e a se  i n  th e  organic  a c i d - s o lu b le  and l i p i n  phosphorus 

o f  the c e l l s .  The in c r e a s e  in  th e  organic  a c i d - s o lu b le  phosphorus of  

th e  c e l l s  was e n t i r e l y  i n . t h e  enzym e-hydrolyzable f r a c t i o n ,  the  

n o n -hyd ro lyzab le  f r a c t i o n  was s l i g h t l y  d ecre a se d . There was a l s o  a 

s l i g h t  in c r e a s e  in  th e  e s t e r  phosphorus o f  the  plasma which, to o ,  

c o n s is te d  e n t i r e l y  o f  th e  h y d ro ly za b le  e s t e r s .  These changes were 

p r o g r e s s iv e ,  and var ied  d i r e c t l y  w ith  the  s e v e r i t y  o f  th e  d i s e a s e .
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In  u n treated  d ia b e t i c  coma Byrom (1929 )  found an in cr ea se  

o f  in organ ic  phosphorus, a d ecrea se  o f  e s t e r  phosphorus, and p r a c t i ­

c a l l y  no change in  the l i p i n  phosphorus o f  th e  whole b lood . The l i p i n  

phosphorus o f  the plasma was h igh  ( confirm ing an o b serv a t io n  made by 

Bloor in  19 1 6 ) .  Byrom in te r p r e te d  t h i s  in c r e a se  in  plasma phospho- 

l i p i n s  as  th e  r e s u l t  o f  a f a u l t y  f a t  metabolism'. The in creased  inorgan­

i c  phosphorus was thought to  a r i s e  from a r e t e n t io n  o f  phosphates due 

t o  kidney damage, which in  some ca se s  lead to  complete a n u r ia .  Byrom 

thought th a t  i t  might a l s o  be th e  r e s u l t  o f  an increased  h y d r o ly s is  

o f  phosphorus e s t e r s  because o f  a s h i f t  o f  th e  r e a c t io n  o f  the  blood to  

th e  ac id  s id e .  Kay (1924 )  had found th a t  in  a normal in d iv id u a l  th e  

a c i d o s i s  produced by th e  in g e s t io n  o f  large  amounts o f  ammonium c h lo r id e  

lead  to  a marked d ecre a se  o f  the e s t e r  phosphorus in  the blood c e l l s .  

Martland (1925)  found t h a t  the phosphoric e s t e r a s e  o f  the  blood i s  

extrem ely s e n s i t i v e  t o  changes in  r e a c t io n ;  th e  r a te  o f  s y n th e s i s  o f  

phosphate e s t e r s  i s  mOre rapid than  th e  r a te  o f  h y d r o ly s is  a t  a pH or 

7*3 or above, w hile  th e  r a t e  o f  h y d r o ly s is  o f  th e  e s t e r s  i s  g r e a te r  

than th e  ra te  o f  s y n th e s i s  below pH 7*3•

Byrom and Kay ( 192S) found an abnormal d i s t r i b u t i o n  o f  

phosphorus in  the blood in  anemia, leukem ia, and polycythem ia. The 

changes observed seemed to  be accounted fo r  in  la r g e  part by the  

changes in  th e  r e l a t i v e  volumes o f  th e  e r y th r o c y te s ,  le u k o c y te s ,  and

plasma which occur in  t h e s e  c o n d it io n s .  The Phosphorus-lndex and the  

r a t io  o f  th e  h yd ro lyzab le  to  th e  n o n -h y d ro ly za b le  e s t e r s  was normal in
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tue  blood o f  p a t ie n ts  w iln  secondary anemia. But in  s o - c a l l e d  primary 

anemia both tn e  Fnosphorus-Index ana the r a t io  o f  the h yro lyzab le  to  

the  non-hydrolyzable e s t e r s  ware a l t e r e d .  This change in  th e  character  

and quantity  o f  the phosphorus e s t e r s  o f  the blood in  primary anemia 

was considered by Kay and Byrom to be in d ic a t iv e  o f  a change in  the  

character  o f  tne ery th ro cy te .

Youngburg and Youngburg ( 1950) s tu d ied  the d i s t r ib u t io n  

o f  phosphorus in  the blood o f  tw enty-one normal and f i f t e e n  cancer  

p a t ie n t s  and found a low r e l a t iv e  c e l l  volume, low c e l l  in organ ic  phos­

phorus, low l i p i n  phosphorus o f  the plasma, and h igh  ester-and  l i p i n  

phosphorus o f  the c e l l s  i n  the blood from cancer p a t ie n ts  in  comparison 

with the v a lu e s  found in  the  blood from th e  normal in d iv id u a ls .

In  r i c k e t s ,  according to  Zucker and Gutman (1925) only  

th e  in organ ic  phosphorus o f  the blood i s  reduced u n less  th ere  i s  present  

a secondary anemia. In hypervitam inosis-D  Ashford (195^) found an 

increased  inorgan ic  phosphorus, but no change in  the organic phosphorus 

o f  the c e l l s ,  nor in  the r a t io  o f  the hydrolyzable to  the non-hydrolyzable  

e s t e r s .  On th e  other hand Guest and Warkany (1952) found, a f t e r  t o x i c  

doses ( s i n g l e  or repeated) o f  ir r a d ia te d  e r g o s te r o l ,  a la rg e  in crease  

in  the e s t e r  phosphorus o f  the  blood c e l l s  as w e l l  as  an in c r e a se  in  

the in organ ic  phosphorus. The in c r e a se s  in  the c e l l  e s t e r  phosphorus 

were grea ter  and o f  lon ger  duration  than the in c r e a se s  in  th e  inorganic  

phosphorus o f  the plasma.

Follow ing h igh  i n t e s t i n a l  o b s tr u c t io n  in  dogs marked; 

a l t e r a t io n s  in  the phosphorus d i s t r ib u t io n  in  the blood were found
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by Guest ana Andrua ( 19?2) ; and by Andrus, Guest, Gates, and Ashley  

(1 9 5 2 ) .  ' Dogs with sim ple p y lo r ic  or mid-duodenal ob s tru c t io n  

l i v e  from two to f i v e  days. Blood samples taken a t  in t e r v a l s  a f t e r  

th e  oper... t i o n  up to the  time o f  death  showed inarmed in c r e a se s  in  

phosphorus con ten t ,  th e  in cr ea se  being  mainly in  the e s te r  phosphorus 

of  the c e l l s  and the in organ ic  phosphorus o f  the  plasma, llany 

i n v e s t ig a t i v e  s tu d ie s  in  the p ast  few years have demonstrated the changes 

i n  e l e c t r o l y t e s  o f  the blood serum o f  animals witn simple h igh  ob­

s tr u c t io n ,  the more important o f  th e s e  changes being low c h lo r id e  and in ­

creased b icarbonate v a lu e s .  The low ch lor id e  i s  due to l o s s e s  o f  

c h lo r id e  by s e c r e t io n  in to  the stomach or obstructed  gut, whence i t  i s  

vomited or f a i l s  to  be reabsorbed; the  high bicarbonate  con ten t i s  a 

compensation fo r  the l o s s  o f  c h lo r id e .  I t  was f i r s t  pointed out by 

Gamble and Ross (1925) th a t  a s i g n i f i c a n t  fa c to r  in  the dehydration o f  

the body v/hich fo l lo w s  p y lo r ic  o b s tr u c t io n  i s  the  reduction  o f  th e  io n ic  

content o f  the body f l u i d s  by the lo s s e s  o f  e l e c t r o l y t e s  ( bases as w e ll  

as c h lo r id e ) . The e f f e c i e n c y  of- th e  a d m in is tra t io n  o f  NaCl s o lu t io n  in  

prolonging the l i f e  o f  animals w ith experim ental h igh o b s tr u c t io n  i s  one 

o f  th e  s tr o n g e s t  in d ic a t io n s  that the lo s s  o f  water ana e l e c t r o l y t e s  i s  

th e  p r in c ip a l  l e t h a l  f a c t o r .  In the s tu d ie s  o f  Guest and Andrus the changes 

in  ch lo r id e  and b icarbonate  content o f  the blood were compared with  

concomitant changes in  the d i s t r ib u t io n  o f  phosphorus. In a l l  the  

experiments there was a c l o s e  c o r r e la t io n  between the p ro g ress iv e

lo s s e s  o f  c h lo r id e  from the blood c e l l s  and the in crea ses  o f  organic 

a c id - s o lu b le  phosphorus. I t  seemed l i k e l y  th a t  as the organic phos­
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phorus compounds in creased  in  the blood they bound the a l k a l i  in  

th e  c e l l s  from which c h lo r id e  had been l o s t .

Further ev idence  o f  th e  r e la t io n s h ip  Of ch lo r id e  to  

organic a c id - s o lu b le  phosphorus in  th e  blood i s  bfought fo r th  

i n  some s tu d ie s  carr ied  out in  t h i s  laboratory  on a dog. This dog 

was fed la r g e  amounts o f  ammonium c h lo r id e  fo r  f i v e  days, v/hich pro­

voked a marked a c i d o s i s .  Two weeks la t e r ,  when the dog had apparently  

recovered , a b i l a t e r a l  u r e te r  l i g a t i o n  was performed. Blood samples 

were taken on the f i f t h  day o f  ammonim c h lo r id e  a d m in is tra t io n ,  and 

on the th ir d  and fo u rth  day fo l lo w in g  the u r e te r  l i g a t io n .  The dog 

died on th e  f i f t h  day. JJata on t h i s  dog are  g iv e n  g r a p h ic a l ly  in  

Figure VI. Feeding ammonium c h lo r id e  produced a marked r i s e  in  c e l l  

and plasma ch lor id e  and a decrease  in  c e l l  organic a c id - s o lu b le  phosphor­

us. A rter  b i l a t e r a l  u r e te r  l i g a t io n ,  on the contrary, th e r e  was a  

tremendous in cr ea se  in  c e l l  organic a c id - s o lu b le  phosphorus which was 

accompanied by a f a l l  in  c e l l  c h lo r id e .  I t  seems th a t  in  theBe two 

co n d it io n s ,  as in  s im ple p y lo r ic  and h igh  i n t e s t i n a l  o b s tr u c t io n ,  

ch lor id e  and organic a c id - s o lu b le  phosphorus bind a t  l e a s t  a part or 

th e  a l k a l i  o f  the blood when one or the other a c id  fa c to r  i s  l o s t  

from the system.

I l l  UAKBOHYDKATE AND PHOSPHORUS METABOLISM

Many in v e s t ig a t io n s  have been carr ied  out concerning the  

importance o f  phosphates in  the interm ediary metabolism o f  carbohydrates.  

Harden and Young found th a t  phosphates were n ecessa ry  fo r  th e  a lc o h o l­
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i c  ferm en tation  o f  f r u c t o s e  by y e a s t ,  furtherm ore, a h exose-d ip h os-  

phoric ac id  e s t e r  was i s o la t e d  from ferm enting m ixtures o f  y e a s t  and 

f r u c to s e  by Harden ( 1925) -  Barrenscheen and A lbers ( I92 S) found an 

in cr ea se  in  carbohydrate-phosphoric ac id  e s t e r s  in  green p la n ts  

during the  a s s im i la t io n  and u t i l i z a t i o n  o f  carbohydrates. Most o f  the  

evidence th a t  phosphorus p lays  an e s s e n t i a l  p art  in  the metabolism  

o f  carbohydrate in  the  animal body i s  based on the  e f f e c t  o f  the  

a d m in is tra t io n  o f  g lu c o se  and in s u l in  on the in organ ic  phosphorus o f  

th e  blood and on the exfcretion o f  phosphorus in  the  u r in e .  Only a 

few in v e s t ig a t io n s  have been made o f  th e  changes in  the phosphoric  

acid  e s t e r s  o f  the body during the s torage  or u t i l i z a t i o n  o f  carbo­

hydrates in  animal metabolism.

F isk e  (1920 , 1921) observed th a t  a f t e r  meals or a f t e r  the  

in g e s t io n  o f  g lu cose  th e r e  was a temporary d ecre a se  in  urinary  phosphor­

us e x c r e t io n .  Wigglesworth, Woodrow, Smith, and Winter (192?) found 

a low ering o f  the sugar and inorganic  phosphorus o f  the plasma and 

a d ecrease  in  the phosphorus excreted  in  the u rine  in  r a b b its  fo l lo w ­

in g  th e  in j e c t i o n  o f  in s u l in .  Blatherwick, B e l l ,  and H i l l  (1924 );  

and Sohkey and A llen  (1924) found s im ila r  changes in  human a d u lts  

and in  dogs, and suggested  th a t  during the a s s im i la t io n  o f  g lu cose  

a hexose-pnosphate s im i la r  to  th a t  formed in  the a lc o h o l ic  fermenta­

t io n  o f  f r u c to s e  by y e a s t  i s  formed before g lu c o se  can be stored as  

glycogen or burned. This organic phosphate, accord in g  to  Blatherwick,  

S e l l ,  and H i l l ,  i s  formed only tem porarily , and i s  broken down to  

g lu cose  and inorganic phosphorus whe.i i t  i s  s tored  as g lycogen  or burned
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as g lu co se .

Kay and Robison (1924) found a n ' in c r e a s e  in  the phosphoric  

ac id  e s t e r s  o f  the blood o f  rab b its  a f t e r  in s u l i n  i n j e c t i o n s .  The 

e s t e r s  were fonned a t  th e  expense o f  in organ ic  phosphorus and sugar in  

th e  blood. There was a l s o  an in c r e a se  in  th e  ” lactac idogen" content o f  

th e  m u sc les .  HLactacidogen" was thought to  be a hexose-phosphoric  

acid  e s t e r  s im ila r  to  th a t  found in  ferm enting m ixtures o f  y e a s t ,  fru c­

to s e ,  and inorgan ic  phosphorus. I t  was thought to be syn th es ized  in  
*■

th e  presence o f  in s u l in  from f r e e  sugar and in organ ic  phosphorus o f  

the blood.

Kerr (1928) was unable to  corroberate  Kay and Robison, 

and s ta ted  th a t  in s u l in  and pancreatectomy had no s i g n i f i c a n t  in f lu e n c e  

upon the phosphate e s t e r s  o f  the blood co r p u s c le s .

In  a p rev ious  t h e s i s  submitted to  t h i s  department (A sh ley ,  

1930) th e r e  were d escr ib ed  the changes which were observed in  the  

d is t r ib u t io n  o f  phosphorus o f  the blood o f  human a d u lts  during twenty-  

two g lu co se  to ler a n c e  t e s t s .  F o llow in g  the in g e s t io n  o f  g lu c o se  th ere  

was an in c r e a se  in  th e  organic a c id - s o lu b le  ( e s t e r )  phosphorus Of the  

c e l l s  in  e ig h t  c a se s ,  seven  o f  whom had d isturbed  carbohydrate meta­

bolism . In most normal ca ses  there was a d ecrease  rather than an 

in c r e a se  in  the e s t e r  phosphorus o f  the c e l l s .  I t  was thought that the  

decreases  may have been the r e s u l t  o f  the s e c r e t io n  o f  phosphates in to  

ih e  i n t e s t i n a l  t r a c t  by way o f  the d ig e s t iv e  j u i c e s ,  (Bergeim, I926) . 

One o f th e  most in t e r e s t i n g  cases  in  t h i s  s e r i e s  was th a t  o f  a woman 

admitted to  the h o s p i t a l  in  coma, resem bling d ia b e t i c  ccma, w ith  g ly c o -
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auria , a ce to n u r ia ,  and hyperglycem ia. She had a l s o  an advanced 

osteom alacia , m anifested  in  f r a g i l i t y  o f  the bones and bony changes 

demonstrable by Roentgenogram. From her case h is to r y  i t  was found that  

she was a v eg e ta r ia n  and had l iv e d  fo r  many y ea rs  on a d ie t  q u ite  

d e f i c i e n t  i n  phosphorus. I t  was thought th a t  t n i s  prolonged phos­

phorus s ta r v a t io n  was the b a s is  o f  the d istu rb ances  found not only  

in  t:_c bones but a l s o  in  carbohydrate metabolism. At the time o f  her 

adm ission to the h o s p i t a l  the ih organ ic  phosphorus o fth e  blood was 

l e s s  than 1 .6  m illigram s percent.  A fter  an adequate d i e t ,  ir ra d ia ted  

e r g o s te r o l ,  and u l t r a  v i o l e t  l i g h t  treatm ents had been g iven  the  

in organ ic  phosphorus approached the normal l e v e l ,  and the "diabeteic"  

con d ition  gradu ally  o isappeared , e n t i r e l y  w ithout in su lin - therapy.

Thus i t  i s  ev iden t  th a t  th e  abnormal carbohydrate metabolism in  t h i s  

p a t ie n t  was the r e s u l t  o f  a phosphorus rather tnan an in s u l in  in ­

s u f f i c i e n c y .

B o l l ig e r  and Hartman (1 9 2 5 ) ,  and Chang (1923) found that  

bhe ra te  o f  the d isappearance o f  inorgan ic  phosphorus from the blood 

fo l lo w in g  g lu cose  a d m in is tra t io n  depended upon the a c t i v i t y  o f  in ­

s u l in .  In  th e  normal in d iv id u a l  the ra te  o f  d isappearance was more 

rapid and recovery occurred sooner than in  the c i a b e t i c .  In complete­

ly  d ia b e t ic  organisms (d ep an crea tized  anim als) the ad m in is tra t io n  o f  

g lu cose  had no e f f e c t  upon the in organ ic  phosphorus o fthe blood.

Harrop and B enedict (1924) found tn a t  fo l lo w in g  the 

a d m in is tra t io n  o f  in s u l in  there was a decrease o f  blood sugar and 

inorgan ic  phosphorus and a., in cr ea se  in  la c ta c id o g e n  in  the m uscles.

In com pletely  depancreatized  dogs sugar and in o ig a n ic  phosphorus did
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not d isappear from the  blood a f t e r  the a d m in is tra t ion  o f  g lu co se ,  

nor was tuere an in c r e a se  in  tne la c ta c id o g en  conten t o f  the m uscles .

B o l l ig e r  and Hartman (1925) found an in crea se  in  the . 

t o t a l  phosphorus o f  the m uscles o f  ra b b its  fo l lo w in g  the xntravenous 

i n j e c t i o n  o f  in s u l in  and inorgan ic  phosphates. This was accompanied 

by a d ecrease  in  blood sugar, and was in terp re ted  as due to  a storage  

in  the m uscles o f  a sugar-phosphorus compound foimed from the free  

sugar and inorgan ic  phosphorus in  the blood.

R ecently  i t  ha3 been found th a t  " lactacidogen" as d eter­

mined by Bnbden’ s method ( th e  method used by ±la.y and Robison, and by 

Harrop and Benedict) i s  composed not only o f  hexose  thospnoric  

acid  e s t e r s ,  but a l s o  o f  phosphodreatine (F is k e  and Subbarow, 1929) 

and adenyl-pyrophosphoric ac id  (Lohmann, 1950)* Using a m o d if ic a t io n  

o f  a method developed by Efabden and J o s t  fo r  tne determ ination  o f  only  

the hexose-phosphates in  the m uscles Cori ( l 9 p l )  measured the hexose-  

phosphate conten t o f  the gastocnem ii o f  ra ts  a f t e r  in j e c t io n s  o f  

in s u l in  and ep inep hrine . He found th a t  ep inephrine caused an in ­

crease  in  the hexose-phosphate’ conten t o f  the m uscle , w hile  in s u l in  

did so only when epinephrine s e c r e t io n  was st im ulated  by tne onset o f  

hypoglycemic co n v u ls io n s .  In  adrenalectom ized r a t s  or in  r a ts  which 

had rece ived  s u f f i c i e n t  g lu cose  to  counteract hypoglycemia no in crea se  

in  hexose-phosphate o f  the  muscles occurred a f t e r  in s u l in  i n j e c t i o n s .  

To exp la in  the f a l l  in  the in organ ic  rhosphorue o f  the blood fo l lo w in g  

the a d m in is tra t io n  o f  both in s u l in  and g lucose  Cori su g g ests  that  

th e  g lycogen  stored under tn ese  con d it io n s  may con ta in  phosphorus.
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‘ Goodwin and R ob ison  ( 1924) i s o l a t e d  two barium s a l t s  o f

phosphoric a c id  e s te r s  from the organic a c id -s o lu b le  f r a c t io n  o f the

whble b lood . One was p r a c t ic a l ly  in s o lu b le  in  w ater, sp arin g ly  so lu b le

in  cold d i lu t e  a c id s ,  but r e a d ily  so lu b le  in  warm HOI. I t  did not reduce

if'eh l in g ' s  s o lu t io n . I t  c o n stitu te d  th e g rea ter  p art o f  the organic a c id -

so lu b le  phosphorus and contained  th e e s t e r s  n ot hydrolyzed by bone

phosphatase. The o th er s a l t  was r e a d ily  s o lu b le  in  w ater. I t  reduced

f e h l in g 's  s o lu t io n . I t  was le v o r o ta to r y . I t  was p r a c t ic a l ly  com pletely

hydrolyzed by bone ch osvh atase . The r a t io  reducing power as xucose
phosphorus

in d ica ted  th a t  i t  was jrob ab ly  a hexosemoaophosphate e s t e r .

Greenwuld (192b)) i s o l a t e d  from p i g  b lo o d  t h e  barium s a l t  or  

a l e v o - g l y c e r i c  a c i d  o f  t h e  e m p e r ic a l  fo rm u la  G jH gO *^ and s t r u c ­

t u r a l  fo r m u la :
H H

H-U ,6-uooh
• 9  9
OPv Opp
Hcf OH HO OH

This acid  represented  from 12 .2  -  19*5 m£ v /;> ° f  phosphorus, and from 

5 0 .0  -  4l.9;fo o f  th e  t o t a l  a c id -s o lu b le  phosphorus o f  th e  whole b lood.

This substance was is o la t e d  from dog and human blood as w e ll as from 

p ig  b lood , but q u a n t ita t iv e  measurements could n o t be done because o f  

th e  d i f f i c u l t y  in  o b ta in in g  s u f f i c i e n t l y  la r g e  samples fo r  a n a ly s is .

The s tr u c tu r a l formula was e s ta b lish e d  as th e above, and two barium 

s a l t s  o f  th e  acid  were obtained: ( 1) a pentabarium s a l t  p r e c ip ita te d  

from aqueous s o lu t io n  by barium hydroxide; (2 )  a tribarium  s a l t  pre­

c ip ita te d  from acid  s o lu t io n  by a lc o h o l .  In (1 )  th e  H -ion o f  each 

nydoxyl group was s u b s t itu te d , w h ile  in  (2 )  on ly  one hydroxyl group
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in  each phosphoric a c id  r a d ic a l was s u b s t itu te d . Greenwald proposed 

th e name d ip h o sp h o -l-g ly c e r ic  acid  fo r  t h is  new compound.

EXPERIMENTAL

I .  METHODS

Elood fo r  phosphorus d is t r ib tu io n  s tu d ie s  was obtained by 

card iac puncture w ith  s t e r i l e  tech n iq u e and w ithout a n e s th e s ia . The 

blood was drawn in to  a i r - t i g h t  sy r in g es  and d ischarged  as fo llo w s:

2 -  5 c . c .  in to  a v i a l  co n ta in in g  heparin  ( 0 .5  a i l l e -  

grams per cubic cen tim eter o f  blood) fo r  r e la t iv e  

c e l l  volume, ery th ro cy te  count, hem oglobin, and 

blood s o l id s .

6 c . c .  in to  a graduated 15 c . c .  c o n ic a l c e n tr ifu g e  

tube con ta in in g  about 2 c . c .  o f  p a r a ffin  o i l  

fo r  serum c h lo r id e s . The blood was introduced  

under th e o i l  by means o f  a g la s s  adapter in  

such a way th a t no a ir  was adm itted under the o i l .  

When c lo t t in g  was com plete th e c lo t  was loosened  

by means o f a f in e  g la s s  rod , th e  o i l  drawn o f f ,  

and th e  tube sea led  w ith p a r a ff in . When the p ara f-  

T fin  had hardened the tube was c e n tr ifu g a liz e d ,  

and th e  serum removed from th e  c lo t  as soon as 

p o s s ib le .

1 2 - 1 5  c . c .  in to  a tube co n ta in in g  potassium  o x a la te
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( 2 - 5  m illegram s per cubic cen tim eter o f blood) 

fo r  phosphorus d is tr ib u t io n ,  sugar, n on -p ro te in  

n itr o g e n , whole blood c h lo r id e , and plasma p ro te in .

A fter  a sample o f  normal blood had been obtained from a 

rab b it th e  anim al was allow ed to  r e s t  a week or more b efore in je c t io n s  

o f d ip h th er ia  to x in  were begun. When the anim al showed s ig n s  o f  

marked in to x ic a t io n  he was watched c a r e fu lly  and a second sample o f  

blood Wjs taken from th e  h eart as near as p o s s ib le  to  th e  expected  

tim e o f d ea th . In  a few in sta n ces  sm all sam ples o f  blood were taken  

from the ear or from th e  h eart to  fo llo w  th e chem ical changes in  the  

blood in  th e  progress o f  th e  in to x ic a t io n .  I f  the r a b b it-o u t liv e d  

th e removal o f  the second la rg e  sample o f  blood fo r  more than fo r ty -  

e ig h t  hours a th ird  sample w^s tak en . But in  th e  in te r p r e ta t io n  o f the  

changes observed in  such la s t  samples i t  i s  recogn ized  th a t the lo s s e s  

o f  blood may in flu e n c e  th e  r e s u l t s .  Sm all sam ples o f blood ( 2 - 6  c . c . )  

were u su a lly  obtained from th e  e a r . The v e in s  o f  th e  ear were d ila te d  

by rubbing the ear w ith  x y lo l .  A n ic k  was made in  the m arginal v e in  

in  such a way th a t th e blood flowed f r e e ly ,  but could be e a s i l y  stopped  

by p ressu re . The blood was allow ed to  drop d ir e c t ly  in to  a tube co n ta in ­

in g  potassium  o x a la te  c r y s ta ls  ( 2 -  5 m illegram s per cubic c e n t i­

m eter o f  b lo o d ) .

The fo llo w in g  a n a ly t ic a l  methods were emplqyed:

R e la t iv e  c e l l  volume and ery th ro cy te  count according  

to  Guest and S i le r  (u n p u b lish ed ).

Hemoglobin and GO cap acity  accord in g  to  Van Slyke  

and H i l le r  ( 1928).
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Blood and u rin e  phosphates accord ing to  F iske

and Subbarow (1925 ) w ith s l ig h t  modi­

f i c a t io n s .

Blood ch lo r id es  according to  F iske (u n p u b lish ed ).

Blood s o l id s  accord in g  to  th e  fo llo w in g  manner: -  

0 .5  c . c .  o f  blood or plasma were p i­

p e tted  in to  weighed b o t t le s  con ta in in g  

f i l t e r  paper d ried  to  con stan t w eight; 

the b o t t le s  and t h e ir  con ten ts were then  

d ried  to  con stan t w eight a t  110° C ., 

and th e  percentage s o l id s  by weight 

was computed.

Plasma p r o te in  accord ing to  h'euhausen and Rioch 

( 1925)* u sin g  th e  r e fr a c t iv e  index  

obtained  w ith th e  Abbe refractom eter .

Sugar and n o n -p ro te in  n itr o g e n  on the f i l t r a t e

from unlaked Blood prepared according  

to  F o lin  (1 9 5 0 ); sugar accord in g  to  

F o lin  ( I 9 2 9 ) ;  n o n -p ro te in  n itro g en  

accord in g  to  F o lin  and Wu (1919)*  

D eterm inations o f th e chem ical c o n s t itu e n ts  o f th e  whole 

blood and plasma were made, and the v a lu es  fo r  the c o n s t itu e n ts  o f  

bhe c e l l s  were ca lc u la te d  by means o f  th e formula:

mg. -  (mg. X  volumes percent )
Ei£. . .  _ whole blood olasma plasma ..

c e l1 3  •  1 p e r c e n t ^ H s -------- -- ----------- *  1W
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D ir e c t  measurements o f th e c e l l  c o n s t itu e n ts  were not employed because 

o f  the d i f f i c u l t y  in  o b ta in in g  w ell-packed  c e l l s ,  the danger o f  th e occur-  

ance o f  chem ical changes in  the blood during th e  n e c e s s a r ily  long c e n tr i -  

fu g a liz a t io n ,  and the d i f f i c u l t y  in  a ccu ra te ly  m easuring the packed c e l l s .

Three r a t io s  have been used to  measure a b so lu te  changes 

w itn in  the c e l l s  which are  indpendent o f  t o t a l  blood vo lu n e, c e l l  s i z e ,  

water lo s s  and so fo r th . The r a t io ,  grams o f  hem oglobin in  the whole 

blood d iv id ed  by th e ery th ro cy te  count in  m il l io n s  per c.mm., has been  

d esign ated  Hb:RB0 count r a t io  and rep resen ts  th e hemoglobin in  grams 

X 10 per m il l io n  e r y th r o c y te s . The r a t io ,  mg. o f  organic a c id -s o lu b le  

phosphorus in  th e whole blood d iv id ed  by the ery th ro cy te  count, has been 

d esign ated  Ester-P:KBO count r a t io  and rep resen ts  t h is  phosphorus 

f r a c t io n  in  m illigram s X 10“ per m il l io n  e r y th r o c y te s . The r a t io  

a i l l i e q u iv a le n t s  o f  c h lo r id e  in  the c e l l s  o f  1 c . c .  o f  whole blood 

d iv id ed  by th e ery th ro cy te  count in  m il l io n s ,  has been d esign ated  

0 1 :RBO count r a t io  and rep resen ts  tn e  ch lo r id e  in  m il l ie q u iv a le n ts  

X 10“°  per m il l io n  e r y th r o c y te s .

The d ip h th er ia  to x in  used was su p p lied  tnrought th e  courtesy  

o f  Dr. Benjamin White o f  the A n tito x in  and V accine Laboratory o f  the  

M assachusetts Department o f  H ealth in  Boston. Two samples o f  to x in  

were u sed . In  the e a r ly  experim ents to x in  $ 5 9 0 , MLD 0 .0 1 5  was used.

la t e r  experim ents th e  to x in  used was S ch ick  Toxin 58M (5l), MLD 0 .0 1 5 ,  

3 -2 6 -2 9 . The a c t io n  o f  th e  second to x in  d if fe r e d  from th a t  o f  $590 in  

fh a t i t  produced no p a r a ly s is .  The to x in  was d ilu te d  fo r  used 1:100 w ith
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0.85/0 NaCl s o lu t io n

The in s u l in  used was E l i  L i l ly  10-U I l e t i n .  The g lu co se  

which was used fo r  g lu c o se  to le r a n c e  t e s t s  was C .P. D extrose . This was 

made up in  w ater s o lu t io n , a u to c la v ed , and ad m in istered  w ith  s t e r i l e  pre­

c a u tio n s .

The ra b b its  used in  t h is  in v e s t ig a t io n  were o f  both sexes  

and se v e r a l breeds, c h ie f l y  New Zealand reds and New Zealand w h ites .

Large an im als were s e le c t e d  in  order to  m inim ize th e  e f f e c t  o f  b lee d in g , 

s in c e  la r g e  blood sam ples were needed fo r  a n a ly s is .

In  th e  e a r ly  p art o f  th e  study th e  r a b b its  were segregated  

accord in g  to  sex  and k ep t in  runs, each  run accom odating about a 

dozen r a b b it s .  L ater each rab b it was kept in  a sep ara te  ca g e , which, 

to g e th e r  w ith  th e food and water d is h e s ,  was s t e r i l i z e d  once a week.

The m etabolism  cages which were used fo r  the c o l le c t io n  o f  u r in e  were 

f i t t e d  w ith  a truncated  cone-shaped Monel m eta l bottom and w ire screen  

o f  wide mesh which a llow ed  th e u r in e  and fe c e s  to  drop though. The 

e x cr e ta  passed  through a h o le  in  th e bottom o f  th e  cage in to  a fu n n e l 

which was f i t t e d '  w ith  a bulb to  separated  th e f e c e s  from th e  u r in e , and 

th e  u r in e  was c o l le c te d  in  a b o t t le  co n ta in in g  to lu e n e . The u r in e  b o t t le  

was changed d a ily  and th e  cage was r in sed  a t  t h i s  tim e w ith  water to  

wash out the fe c e s  and h a ir  which adhered to  th e  bottom o f  the cage.

The d ie t  c o n s is te d  o f  P r a t t ' s  Rabbit Feed, a food m ixture  

p ressed  in to  p e l l e t  form, and c o n s is t in g  o f  th e fo llo w in g  in g r e d ie n ts :  

d ried  b u tte rm ilk , r o l le d  o a t s ,  ground wheat, ground b a r ley , cod l iv e r  

o i l ,  corn g lu te n  m eal, corn m eal, m o la sse s , a l f a l f a ,  bran, o a ts ,
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bone m eal, 0.75% calcium  carbonate, 0.25% calcium  phosphate, and

0.5% io d iz ed  s a l t .  The m a n u factu rers’ a n a ly s is  i s  a s fo llo w s:

Crude P ro te in  1?%

Carbohydrate

Crude Fat

Crude Fibers

N -fr e e  E xtract 5.1%

7/ater waa fu rn ish ed  f r e e ly  to  a l l  r a b b its

Toxin v/as in je c te d  in to  th e  ear v e in s  in  d ilu te d  form in

doses c a lc u la te d  to  cause death in  from four to  te n  days. In ea r ly  

experim ents th e e n t ir e  d ose  was g iv en  in  one in j e c t io n .  The ra b b its  

died  suddenly w ithout d ev e lo p in g  s ig n s  o f  toxem ia, so the c a lc u la te d  

dose v/as g iv e n  in  th ree in je c t io n s  every  o th er day fo r  th ree in j e c t io n s .  

U su a lly  a dose o f  1 c . c .  o f  to x in  d ilu te d  1:100 was s u f f i c i e n t  to  

cause death  in  the d e s ir e d  tim e. However, i f  th e rab b it was r e s is ta n t  

to the amount o f  to x in  g iv e n  la rg er  d oses were in je c te d  a t  in te r v a ls  

u n t i l  the r a b b it developed  s ig n s  o f  in c r e a s in g  in to x ic a t io n .  The 

r a te  o f  w eigh t lo s s ,  th e  l e v e ls  o f  th e  in organ ic  phosphorus and o f the  

n o n -p r o te in  n itro g en  o f  the b lood , axid the p h y s ic a l appearance o f th e  

ra b b its  were used as in d ic a t io n s  o f  tne p rogress o f  in to x ic a t io n .

n o n -p r o te in  n itro g en , su gar , and plasma p ro te in  were determ ined in  a l l  

ca se s  where the d is t r ib u t io n  o f  phosphorus in  tn e  blood was determ ined. 

In  the r a b b its  in  wnich g lu c o se  to le r a n c e  t e s t s  and t e s t s  fo r  th e hypo­

glycem ic a c t io n  o f in s u l in  were made plasma p r o te in  and n o n -p ro te in

E rythrocyte cou n t, r e la t iv e  c e l l  volum e, hem oglobin,
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n itr o g e n  were determ ined in  every ca se ; c e l l  cou n t, r e la t iv e  c e l l  

volume, and hem oglobin were determ ineu in  only a few c a se s .

I I .  RESULTS

The course o f  th e  in to x ic a t io n  in  r a b b its  which rece ived  

in j e c t io n s  o f  to x in  58M(51) was f a i r l y  co n sta n t. For th ree  or four  

days the r a b b its  remained apparently  normal, they  a te  norm ally and main­

ta in ed  or even in creased  th e ir  w eig h t. Then fo llo w ed  a period  o f  a 

few days when they began to  lo s e  t h e ir  a p p e t it e s ,  and t h e ir  w eigh ts  

began to  d e c r e a se . T heir a c t iv i t y ,  however, was not markedly reduced. 

A fter  t h is  came tne period  o f  sev ere  in to x ic a t io n .  This period  la s te d  

two to th ree  days, d uring  which tim e the r a b b its  refused  food and water; 

they became q u ite  in a c t iv e ,  s c a r c e ly  moving from one p o s it io n ;  th e ir  

eyes became d u ll;  they developed d iarrh ea  ana became a n u ric . S h ortly  

b efore  death  they  became le th a r g ic  and were unable oo sup; o r t ih em selves. 

They d ied  q u ie t ly ,  w ith ou t con vu lsion s or dyspnoea.

Toxin $590 produced a s im ila r  t r a in  o f  symptoms except 

th a t  a few days b efore death  a p r o g r e ss iv e  p a r a ly s is  d evelop ed , in ­

v o lv in g  f i r s t  th e  lower e x tr e m it ie s ,  then  m ounting to  tne upper ex­

t r e m it ie s ,  and term in a tin g  in  a d iaphragm atic p a r a ly s is .  Death in  

th e se  c a se s  wa?. accompanied by dyspnoea and c o n v u ls io n s .

The gross p a th o lo g ic  changes found in  tne ra b b its  wnich 

succumbed to  d ip n tn er ia  in to x ic a t io n  were s im ila r  to  those described  

by Welch and F lexner (1 5 9 2 ) ,  Lyon ( 1904), and LiacNider (1 9 2 4 ) . They 

were tn e fo llo w in g :
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l i v e r  -  f a t t y  d eg en era tio n , f r a g i l i t y ,  sontim es con­

g e s t io n ,  sometimes anemia 

pancreas -  d egen era tion  

h ea rt -  f a t t y  d egen era tio n

lungs -  g e n e r a lly  norm al, som etim es bronchopneumonia 

kidneys -  sca rr in g  o f  th e  c o r te x , paranchymatous degen­

e r a t io n , f r a g i l i t y  

urinary b ladder -  u s u a lly  empty, sometimes p a r t ia l ly  

f i l l e d  w ith  cloudy u r in e  

stomach and duodenum -  in  some c a se s  red u ctio n  o f  f a t  in  

th e  stomach w a ll ,  m u lt ip le  g a s tr ic  and duo- 

^ denal u lc e r s ,  in  other c a se s  no apparent

a b n o r m a lit ie s .

A l l ’au topsy  f in d in g s  were based on th e  gross exam ination , 

no m icro sco p ic  s e c t io n s  were made. A u to p sies  were performed as soon  

a f t e r  th e  r a b b it  d ied  as p o s s ib le .  In  m ost c a s e s  th e  r a b b its  were 

k i l l e d  by quick  e th er  a n e s th e s ia  a f t e r  blood sam ples had been obtained  

and the an im als were in  e x tre m is .

A. progressive changes in  diphtheria intoxication

P ro g r ess iv e  changes in  th e  blood d u rin g  d ip h th e r ia  in to x ­

ic a t io n  were fo llow ed  in  s i x  r a b b its .  Sm all sam ples o f  blood ( $ c . c . )  

were taken  from the ear a t  freq u en t in te r v a ls  and d eterm in ation s o f  

in o rg a n ic  phosphorus and n o n -p r o te in  n itr o g e n  were made. As a gen era l 

r u le  th ere  was a sharp r i s e  in  the in o rg a n ic  phosphorus th e  day fo llo w -
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in g  an in j e c t io n  o f  t o x in .  This r i s e  a id  n o t, however, become 

marked u n t i l  th e  anim al began to  lo s e  w eigh t. IVith the o n se t o f  a 

sudden f a l l  in  w eight th e in organ ic  phosphorus rose  ra p id ly  u n t i l  

death or u n t i l  th e anim al recovered from th e a c u te  e f f e c t s  o f  the  

in t o x ic a t io n s .  I f  a su b le th a l dose had been g iv e n  and the anim al 

began to  recover th e  in o rg a n ic  phosphorus dropped, reach ing w e ll  

below th e  normal l e v e l ,  and the r a b b it  began t o  ga in  w eig h t. I f  

a t  t h i s  tim e a le t h a l  d ose  o f to x in  was g iv en  th e  w eight a g a in  began

to  drop and th e in o rg a n ic  phosphorus to  r i s e ,  co n tin u in g  so  u n t i l

d eath . The n o n -p ro te in  n itr o g e n  o f  th e  blood fo llo w ed  a course sim­

i l a r  to  th a t  o f  th e  in o rg a n ic  phosphorus.

U rine s e c r e t io n  in  m ost o f  the r a b b its  stu d ied  was q u ite  

ir r e g u la r , and as a consequence th e  d a ily  phosphorus e x c r e t io n  as 

measured was a ls o  ir r e g u la r .  However, .in  a l l  th e  ra b b its  th e  ex­

c r e t io n  o f  phosphorus dropped p r a c t ic a l ly  to  n oth in g  in  th e la t e  s ta g e s  

o f  th e in to x ic a t io n .  U rine volume a ls o  d ecreased  m arkedly. Rabbit 

#23? was an u ric  fo r  seven ty -tw o  hours b efore  d ea th , and a t  autopsy th e  

urin ary  b ladder v/as found to  be empty.

S in ce  th e  marked in c r e a se s  o f  in o rg a n ic  phosphorus and 

n o n -p ro te in  n itr o g e n  a re  accompanied by marked lo s s e s  in  w eight and 

a decreased  e x c r e tio n  o f  phosphorus in  th e u r in e  i t  i s  apparent 

th a t  th ey  can be accounted  fo r  by d e s tr u c t io n  o f  body t i s s u e  and a 

f a i l i n g  u r in e  s e c r e t io n .

Changes i n  w e i g h t ,  i n o r g a n i c  p h o sp h o r u s  and n o n - p r d t e i n  

n i t r o g e n  o f  t h e  b lo o d ,  and t h e  p h o sp h o ru s  c o n t e n t  o f  t h e  u r i n e  o f  

t h r e e  r a b b i t s  w i th  d i p h t h e r i a  i n t o x i c a t i o n  a r e  g i v e n  i n  F i g u r e s  l a  and b .
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figure lb

Pn o a e  assure. C/t-#roas m  &
X n -T IX t

32 7- t
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In org , P mg.^ in o rg a n ic  phosphorus in  whole
blood x 10

REN m g .fo  n o n -p r o te in  n itr o g e n  in  whole
blood

U rine P mg. phosphorus ex cr e ted  in  24 hours
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B. THE DISTRIBUTION Of PHOSPHORUS MU Of CHLORIDES IK THE

BLOOD Of NORMAL MB BITS 

The fo llo w in g  are  th e  average v a lu e s  fo r  the d is t r ib u t io n  

oi' phosphorus and c h lo r id e s  in  the blood o f tw enty-one normal a d u lt  

r a b b its , e le v e n  m ales and ten  fem a le s , used in  th e  p resen t study. The 

average v a lu e s  fo r  th e m ales seemed to  d i f f e r  s l i g h t l y  from th ose  o f  

the fem a le s , but s in c e  th e  v a r ia t io n s  w ith in  th e sex es  were sometimes 

g rea ter  than  th e  v a r ia t io n s  between the sexes th e  v a lu es  fo r  a l l  the  

ra b b its  were averaged r e g a r d le ss  o f  se x .

Whole Blood Plasma' C e lls  

In organ ic P ag.j^ J . 5 5  5*90 2 .8 7

T otal a c id - s o lu b le  P J o .  2  8 0 .5

Organic a c id - s o lu b le  P 51*6 8 2 .4

T ota l P 4 5 .9  9 .0  9 9 .2

A c id - in s o lu b le  P 8 .7  0 .6 *  15 .9

E ster  P: RBC count r a t io  0 .7 0

P -Index ( Kay and Byrom) 85*5

C hloride mEq./L. JO  101 oO

Cl:RBC count r a t io  5*56

N on -p rote in  n itr o g e n  mg.^b JO

R e la t iv e  c e l l  volume f t  J 3 . ^

RBC m illio n s/cu .m m . 0 .0 2

* T o ta l o rgan ic  phosphorus
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0 , THE EFFECT Or DIRHTHERIA INTOXICATION ON THE DISTRIBUTION OJT 

PHOSPH.RUS AND OP CHLORIDES IN THE BLOOD 

S tu d ie s  o f  th e  d it r ib u t io n  o f phosphorus in  th e  blood  

during d ip h th e r ia  in to x ic a t io n  were made in  seven  r a b b its , th r e e  m ales  

and four fem a le s . The same g en era l changes were produced in  a l l  th e  

r a b b its , but th e se  changes varied  g r e a t ly  in  m agnitude in  d if f e r e n t  

r a b b its , fo r  t h is  reason  average v a lu e s  fo r  the group cannot be used, 

and v a lu e s  obtained from in d iv id u a l ra b b its  w i l l  form th e  b a s is  for  

d is c u s s io n . Phosphorus d is t r ib u t io n  in  the whole blood w i l l  be em it­

ted  from th e  d is c u s s io n , because o f  the g rea t f lu c tu a t io n s  which occur­

red in  th e  r e la t iv e  c e l l  volume during d ip h th e r ia  in to x ic a t io n .

In  a l l  c a se s  th ere  was an in c r e a se  in  th e in o r g a n ic , organ ic  

a c id - s o lu b le ,  and t o t a l  phosphorus o f  th e  c e l l s  ana plasm a, th e  g r e a te s t  

in c r e a se s  b e in g  in  the organ ic a c id - s o lu b le  phosphorus o f  th e  c e l l s ,  

and in  the in o rg a n ic  phosphorus o f the plasm a. The changes in  the  

a c id - in s o lu b le  f r a c t io n  o f  both th e  c e l l s  and p]»3ma v aried  accord ing  

to  sex: in  th e male r a b b its  i t  in crea sed  in  both the c e l l s  and plasma, 

w hile  in  th e  fem ales i t  remained p r a c t ic a l ly  co n sta n t in  the;.plasma  

and in creased  in  th e c e l l s .  In  one fem ale th e r e  was a marked d ecrease  

in  both th e  c e l l s  and plasm a. F igure II  g iv e s  a graphic i l lu s t r a t io n  

o f  the changes which occurred in  a m ale and a fem ale ra b b it w ith  a 

marked d ip h th e r ia  in to x ic a t io n .

The in c r e a se s  o f  the!inorganic phosp.iorus o f the plasma we;re 

en om ou s. In  ra b b it #288  th e  plisma in organ ic  phosphorus ro se  from 

2 .9  to  2 9 .0  m illegram s p erce n t. T his ra b b it was h y p e r e x c ita b le  a t
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FIGURE II*

P D i s t r i b u t i o n  m  D i p h t h e r i a  I n t o x i c a t i o n

NPN

<— StXX-JS— f

R a b b i t  2 £ 3  £  R a b b i t  Z S 7  ?

*In th e se  f ig u r e s  th e  columns 1> 2 , and 5 rep re se n t tn e t o t a l  P as  
m g .%  in  th e  v/hole b lood , c e l l s ,  and plasma, r e s p e c t iv e ly .  In  th e  columns 
the s o l id ,  cro ss -h a tch ed , and blank p ortio n s in d ic a te  r e s p e c t iv e ly  th e  
organic a c id - s o lu b le ,  th e  in o rg a n ic , and the a e id - in s o lu b ie  P. Non­
p r o te in  n itr o g e n  i s  exp ressed  as mg.^ in  the whole b lood. The f ig u r e s  
fo r  the Ester-P:RBC count r a t io ,  the Hb:RB0 count r a t io ,  tn e  Cl:RBC 
count r a t io ,  and the RBĈ  count in  m il l io n s  per c.mm. have been m u lti­
p lie d  by 10 fo r  the sake o f  c l a r i t y .
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t h i s  tim e, and could be thrown in to  t e ta n ic  co n v u ls io n s by a sudden 

n o is e  or by a g e n t le  tap  on the hind q u a rters . U nfortu n ately  no 

measurements o f  serum c a lc iu n  were made. Presumably the ca lcium  was 

reduced, as Peola  ( 1 9 3 0 )  found i t  to  be in  c a se s  o f  sev ere  c l i n i c a l  

d ip h th er ia  accompanied by p a r a ly s is  and toxem ia .

The in c r e a se s  o f  the c e l l  organic a c id -s o lu b le  phosphorus 

were g rea te r  than th o se  in  th e  in o rg a n ic  phosphorus o f e i th e r  the c e l l s  

or the plasm a. The g r e a te s t  in c r e a se  was observed in  ra b b it #28S . The 

c e l l  organ ic a c id - s o lu b le  phosphorus rose  from 32 mg.7° to  124 .6  mg./o, 

and the Ester-P:RBC count r a t io  in crea sed  from 0 .9 4  to  9*00*

D u r in g  a  s e t  o f  e x p e r im e n t s  on e x p e r im e n t a l  d i p h t h e r i a  

i n t o x i c a t i o n  done e a r l i e r  i n  t h i s  l a b o r a t o r y  i t  was n o ted  t h a t  t h e  

l i p i n  p h o sp h o ru s  was r e d u ce d  i n  t h e  b lo o d  o f  r a b b i t s  r e c e i v i n g  d ip h ­

t h e r i a  t o x i n .  T a s h ir o  and S chm idt (1 9 5 1 )  fou n d  marked d e c r e a s e s  i n  

l i p i n  p h o sp h o ru s  and g a s t r i c  u l c e r s  i n  two r a b b i t s  w h ich  had r e c e i v e d  

d i p h t h e r i a  t o x i n .  The f i r s t  r a b b i t  d ie d  i n  t e n  d a y s  a i ' t e r  r e c e i v i n g  

t h e  t o s i n ,  and d u r in g  t h e  p e r io d  o f  i n t o x i c a t i o n  th e  l i p i n  p h osp h oru s  

d e c r e a s e d  2 6 . 673. The s e c o n d  r a b b i t  d ie d  i n  t w e n t y - f o u r  d a y s  w i th  a  

d e c r e a s e  o f  s i . 2"/a i n  t h e  l i p i n  p h o sp h o r u s .

Of the r a b b its  in  th e p resen t s e r ie s  in  which v a lu e s  fo r  th e  

d is t r ib u t io n  o f  phosphorus in  th e blood were obtained  a f t e r  d ip h th er ia  

to x in  in j e c t io n s  on ly  one developed g a s tr ic  u lc e r s .  No d ir e c t  measure­

ments o f  the l ip in  phosphorus by a lc o h o l-e th e r  e x tr a c tio n  were made, 

but s in c e  th ere was no in c r e a se  in  leu k o cy te  volume during th e  in to x ­

ic a t io n  th e  changes in  th e a c id - in s o lu b le  phosphorus f r a c t io n  are
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p r a c t ic a l ly  e q u iv a le n t to  the changes in  tne l i p i n  phosphorus. This 

r a b b it , #289 fem ale, had m u ltip le  g a s t r ic  and duodenal u lc e r s  and, 

contrary to  e x p e c ta t io n s , an in c r e a se  in  the a c id - in s o lu b le  phosphorus 

o f the whole b lood, plasm a, and c e l l s .

Whole Blood Plasma C e lls

A c id - in s o lu b le  P b e fo re  to x in  mg./'o 3*5 6 .0 * 11 .2

ii ii ii 10 th  day o f  
in to x ic a t io n

1 1 # -  6 .7 ,- 2 0 .2

P ercentage change i- 555* + p . 1# + 80/i

* T ota l organ ic phosphorus

Rabbit # 287 , fem ale , had th in  p atch es in  the stomach w a ll,  

but no u lc e r s .  In t h i s  r a b b it th e a c id - in s o lu b le  phosphorus was 

decreased .

Whole Blood Plasma O elli

A c id - in s o lu b le  P b efo re  to x in  mg.;h 10 .6 6 .6 * 16.4

■1 H it 8 th  day o f
in to x ic a t io n

8 .0 D.6 12.0

P ercentage chaiage -  20/o -  10 . 1̂ 0 -  26.8;O/o

* T o ta l organ ic  phosphorus

U nfortu n ately  f i v e  o th er  ra b b its  which developed g a s t r ic  

u lc e r s  during th e course o f  d ip h th e r ia  in to x ic a t io n  died suddenly or 

p e r i t o n i t i s  from p erfora ted  g a s tr ic  u lc e r s  b efore  any blood vas od-  

ta in ed  fo r  a n a ly s is*

A p o s s ib le  ex p la n a tio n  fo r  the c o n tra d ic to r y  o b serv a tio n s
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made in  the e a r l ie r  and in  th e  more recen t experim ents may be th a t  

in  th e  e a r l i e r  experim ents done in  t h i s  la b o ra to ry  and in  th e  two 

experim ents reported  by Tashiro and Schmidt to x in  # 5 9 ®  was used .

The a c t io n  o f  t h is  t o x in ,  as s ta te d  e a r l ie r ,  was d if f e r e n t  from 

th a t o f  Shhick  Toxin 5811(51), the to x in  used in  tn e  g rea ter  p art  

o f  th is  stu d y . # 5 9 ®  to x in  produced p a r a ly s is  in  n early  a l l  sub- 

acu te  in t o x ic a t io n s ,  whereas to x in  58M (5l) produced no p a r a ly s is .

V a r ia tio n s  in  the c h lo r id e  con ten t o f  th e  blood during  

d ip h th er ia  in to x ic a t io n  were not co n sta n t. In  some cases th ere  was 

a s l ig h t  d ecrea se  in  both th e  c e l l s  and plasma, in  o th ers a s l ig h t  

in c r e a se , ana in  s t i l l  o tn ers  a d ecrease  in  one and an in c r e a se  in  

th e  o th er . The r t io  o f  the o r g a n ic -a c id -s o lu b le  phosphorus o f  the  

c e l l s  to th e  c n lo r id e  co n ten t o f  the c e l l s  was in cr ea se d , however, 

in  every c a s e . I f  the organ ic a c id - s o lu b le  phosphorus compounds 

o f  th e blood behave as a c id s ,  and tn ere  i s  reason  to  b e lie v e  th a t  

th ey  do, th is  in c r e a se  o f  organ ic a c id - s o lu b le  phosphorus may be 

an im portant fa c to r  in  th e  a c id o s is  o f  d ip h th e r ia  in to x ic a t io n .

D. THE EFFECT OF DIPHTHERIA INTOXICATION AND REPEATED BLEEDING 

ON THE RELATIVE CELL VOLUME, ERYTHROCYTE COUNT, AND 

SOLIDS OF THE BLOOD 

The e f f e c t  o f  d ip h th e r ia  in to x ic a t io n  upon the r e la t iv e  

c e l l  volume and e ry th ro c y te  count was determ ined in  e i; h t r a b b its .

Two ra b b its  were bled o n ly  one during th e  course o f  the in t o x ic . t io n .
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Qf th ese  two ra b b its  th e  c e l l  count and volume rose  in  one and f e l l  

in  the o th e r . In  th e s i x  ra b b its  which were b led  more than once 

during the development o f  th e in to x ic a t io n  f iv e  showed an in c r e a se  

in  c e l l  volume and count in  sam ples taken e a r ly  in  tne in to x ic a t io n ,  

and a marked drop a t  th e  tim e o f d eath . The l a t t e r  r e s u lts -  were 

obscured because la r g e  amounts o f  blood were tak en  from the ra b b its  

during the course o f  th e in to x ic a t io n .  I t  was..not c le a r  whether i t  waa 

the in to x ic a t io n  or th e lod s o f  blood which caused th is  drop in  c e l l  

volume and count in  th e  la t e  s ta g e s  o f  th e  in to x ic a t io n .  For th is  

reason  three, normal r a b b its  were tak en  fo r  b le e d in g  c o n tr o ls ,  and 

d a ily  sm all sam ples o f  blood were taken  fo r  c e l l  count and volume 

from one r a b b it during th e  course o f  d ip h th e r ia  in to x ic a t io n .

V alues fo r  th e  c e l l  volumes and c e l l  counts o f  th e  th ree  

normal r a b b it s ,  and o f  fou r  ra b b its  w ith  d ip h th e r ia  in to x ic a t io n  

are g iven  in  Table I I .  The d a ily  changes in  c e l l  count and volume 

in  ra b b it 7/ 5 6 9 , during p r o g r e ss iv e  d ip n th er ia  in to x ic a t io n ,  are  p lo tte d  

in  F igure I I I .

I t  can be seen  from Table I I  th a t repeated  b leed in g  did  

low er the c e l l  count and volume in  normal r a b b it s ,  but t h is  low ering  

was not as marked as th a t  which occurred in  l a t e  s ta g es  o f  d ip h th er ia  

in to x ic a t io n .  In th e e a r ly  s ta g e s  o f  in to x ic a t io n  th ere  was an in c r e a se  

in  th e  c e l l  count and c e l l  volume, but as th e  in to x ic a t io n  progressed  

th e r e  was a d ecrease in  both . SchWentker and N o e l ( I9 5 O) observed s im i­

la r  changes in  ra b b its  fo llo w in g  th e in j e c t io n  o f  d ip h th e r ia  to x in , and 

a ttr ib u te d  th e  in cr ea se  o f  c e l l  count in  acu te  sev ere  in to x ic a t io n s
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FIGURE I I I
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TABLE II

THE EFFECT OF REPEATEL BLEEDING AND DIFHTHEKIA INTOXICATION ON 

THE RELATIVE CELL VO LITHE AND ERYTHROCYTE COUNT

PART I NORIAL RABBITS

RABBIT SAMPLE RBC RBC REL. CELL c. c . BLDuD
# M/c.mm. V o l.#

269 i n i t i a l sample 6 .0 5 59-7 15
4 8  h rs . la t e r 5 .5 0 5 5 .9 15

289 i n i t i a l sample 5 .0 0 5 8 .4 25
96 h rs. la t e r 4 .9 0 5 7 -7 25

192 hr a. la t e r 5 .0 0 5 7 .4 25

599 i n i t i a l sample 5 .4 1 4 2 .4 50
24 hua. la t e r 4 .7 8 5 5 .8 20
72 h r3. la t e r 4 -7 5 5 5 .5 20
96 h rs . la te r * 5 -9 8 5 1 .1 20

*Bad 3 n u f f le s , ra th er  s ic k

P art II  D ip h th eria  R abbits

526 b efo re  to x in 5 .8 0 4 5 .6 50
7th  day o f  in t o x ic a t io  5 .9 7 4 2 .9 20

10 th  day o f  in to x . 5 .0 0 5 4 .4 50

288 b efo re  to x in 4 .6 5 5 5 .8 20
17th  day o f in to x . 7 .5 5 5 0 .6 25
20th  day o f  in to x . 6 .0 0 4 2 .5 50

285 b efo re  to x in 6 .0 5 5 6 .5 15
8 th  day o f  in to x . 5 .8 5 5 7 .8 50

10th day o f  in to x . 4 .7 5 2 6 .6 50

569 b efo re  to x in 4 .9 5 55-5 10
1 s t  day a f t e r  to x in 5 .1 5 4 .5 10
2nd " 11 11 4 .8 7  (? ) p 5 . 7 10
5rd " 11 it 4 .8 8 5 4 .5 10
4 th  " 11 11 # * 4 .5 8 5 2 .1 10
5 th  " 11 n 4 .1 5 5 1 .5 10
6 th  11 11 it 4 .5 4 5 2 .7 10
7 th  " 11 it 4 .6 9 5 5 -6 25
8 th  " 11 11 5-77 2 6 .6 10
9 th  " n 11 5 .4 8 2 4 .4 10

**Second dose o f  Toxin
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to  a co n cen tra tio n  o f  the blood by dehydration; th e d ecrea se  in  c e l l  

count in  in to x ic a t io n s  o f  longer d u ra tio n  was a ttr ib u te d  to  a to x ic  

d e s tr u c t io n  o f  the e r y th r o c y te s . No ev idence o f  to x ic  d e s tr u c t io n  of  

th e ery th rocy .tes, sucn as d is c o lo r a t io n  o f  th e plasma, was observed in  

th e  p resen t study . The red u ction  in  the number o f  c e l l s  seemed rath er  

to  be th e  r e s u lt  o f  an in h ib i t io n  o f  h em atop o ietic  fu n c tio n  by the  

in to x ic a t io n ,  s in c e  th e  d ecrea se  in  ery th rod yte volume was fa r  g rea ter  

in  d ip h th e r ia  in to x ic a t io n  a f t e r  repeated  b lee d in g  than i t  was in  

normal r a b b its . As fu r th e r  c o n tr o l o f  th is  f a c to r  d eterm in ation s o f  

th e  total blood volume in  d ip h th e r ia  in to x ic a te d  ra b b its

are to be done in  the near fu tu r e .

Blood s o l id s  were determ ined in  th r e e  ra b b its  during  

d ip h th er ia  in to x ic a t io n .  In  every case  th ere  was an in c r e a se  c f  

s o l id s  in  th e plasma ana^cells. Whole blood s o l id s  were in creased  

in  two ca ses  and decreased  s l i g h t l y  in  the th ir d . S in ce  th e whole blood  

v a lu es  are  a f fe c te d  by changes in  r e la t iv e  c e l l  volume in te r p r e ta t io n s

o f  the changes observed in  the whole blood must be made in  regard to

changes in  th e  c e l l  volum e.

The fo llo w in g  are  th e  v a lu e s  found fo r  th e blood s o l id s  

in  th e  th r e e  r a b b its .

Wh. Blood Plasma C e lls  C e ll  V ol.70

$526 Normal 18.9^  8 . 2% 55*0^ 4^.6%

IQth day o f in to x ic a t io n  18 .5  9*7 57*5 ? 4 .4

#524 Normal 17«0 7 -6  5 1 .8  5 9 .0

8tn  day o f  in to x ic a t io n  21-5  1 1 .1  3 y .4  4 5 .9
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R'h. Blood Plasma C e lls  C e ll V ol,fo

$28S Uormal 16 .9  7«9 $ 4 . 0  55*5

20th  day o f  in to x ic a t io n  2 0 .5  9*7 5^ .0  4 2 .5

D ip h theria  in to x ic a t io n  causes an in c r e a se  in  the s o lid s  

o f  both plasma and c e l l s ,  even though the r e l a t iv e  c e l l  volume i s  

dim in ish ed . Blood s o l id s ,  as they  were measured in  the p resen t study, 

c o n s is t  o f  th e  c e l l  and plasma c o n s t itu e n ts  minus th e  su b stan ces which 

are v o l a t i l e  a t  110°C. The c h ie f  v o l a t i l e  constituent o f  blood i s  

w ater. T herefore, d ip h th e r ia  in to x ic a t io n  produces a r e la t iv e  in crea se  

in  s o l id s  a s  compared to  water in  th e  plasma and c e l l s .

E. THE EFFECT OF REPEATED BLEEDING OH THE DISTRIBUTION OF PHOSPHOR­

US AND ON THE CHLORIDE CONTENT OF THE BLOOD

Four ra b b its  were used a s  b leed in g  c o n tr o ls , two m ales and 

two fem a les. Two sam ples o f  15 c . c .  each were taicen from r a b b it  $269 

fo r t y - e ig h t  hours a p a rt. Three sam ples o f  25 c . c .  each were taken  

from ra b b it  $294 two weeks a p a rt. R abbit $599 was bled fo u r  t im e s: -  

pO c .c .  were taken  th e  f i r s t  day, and 20 c .c .  a t  tw en ty -fou r  hours, 

seven ty -tw o  hours, and n in t y - s ix  hours a f t e r  th e  i n i t i a l  b leed in g .

F igure IV i l l u s t r a t e s  th e  changes which occurred in  two o f  th e se  

r a b b its .

The most s ig n i f i c a n t  changes which occurred fo llo w in g  

th e  lo s s  o f  la r g e  amounts o f  blood was an in c r e a se  in  th e organ ic  

a c id - s o lu b le  phosphorus o f  th e  c e l l s ,  and an in c r e a se  in  th e  E ster-P:

RBO count r a t io .  Changes in  th e  o th er phosphorus c o n s t itu e n ts  o f
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were ir r e g u la r  and n ot o f  g rea t m agnitude. Changes in  th e ch lo r id e  

con ten t o f  Uie c e l l s  and plasma were a ls o  ir r e g u la r . The in crease , 

in  th e organ ic  a c id - s o lu b le  phosphorus o f  th e  c e l l s  w. s n o t n ea r ly  as 

marked a f t e r  repeated b leed in g  as i t  was in  d ip h th er ia  in to x ic a t io n .

F. ThE EFFECT OF FASTING ON THE DISTRIBUTION OF PHOSPHORUS AND 

ON THE CHLORIDE CONTENT OF THE BLOOD 

I t  was n e c e ssa r y  to  determ ine th e e f f e c t  o f  f a s t in g  on 

th e  d is t r ib u t io n  o f  phosphorus and on th e  c h lo r id e  con ten t o f  the 

blood because during the course o f  d ip h th e r ia  in to x ic a t io n  th e  ra b b its  

u s u a lly  re fu sed  a l l  food  a few days b efore  d eath . Three normal ra b b its  

were fa s te d  fo r  v a r io u s  le n g th s  o f  tim e fo r  t h i s  purpose. The r e s u lt s  

obtained  from the a n a ly se s  o f  t h e ir  b loods are  rep resen ted  in  F igure V.

The changes which occurred in  the blood o f f a s t in g  ra b b its  

were s l i g h t  in  comparison to  th o se  which occurred in  the blood o f  ra b b its  

w ith  d ip h th e r ia  in to x ic a t io n .  There was a d ecrea se  fa th e r  than an 

in c r e a se  in  th e organ ic a c id - s o lu b le  phosphorus o f  th e  c e l l s  and in  th e  

Ester-P:RBC count r a t io .  The changes in  th e co n cen tra tio n  o f  ch lo r id e  

in  th e  c e l l s  and plasma were ir r e g u la r , but th e r e  was an in c r e a se  in  

the r e la t iv e  amount o f  c h lo r id e  to  organic a c id - s o lu b le  phosphorus in  

th e  c e l l s .  This i s  in  d ir e c t  c o n tr a s t  to  d ip h th e r ia  in to x ic a t io n .  The 

n o n -p ro te in  n itro g en  was s l i g h t ly  in cr ea se d . Lennox, O’ Conner, and 

B e llin g e r  (1926) found a tendency fo r  the n o n -p r o te in  n itr o g e n  to  in c r e a se  

in  the ea r ly  s ta g es  o f  s ta r v a t io n  in  human s u b je c ts .

From the r e s u l t s  o f  th e se  th ree experim ents i t  may be sa id

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



-4 3 -

FIGUBE V
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th a t  th e  e f f e c t  o f  f a s t in g  in  r a b b its  i s  to  m in im ize, ra th er  than to  

augnent, the e f f e c t s  o f  d ip h th er ia  in to x ic a t io n  on th e phosphorus and 

ch lo r id e  in  the b lood .

G. THE EFFECT OF BILATERAL URETER LIGATION ON THE DISTRIBUTION 

OF FHOSPHQRUS AND ON THE CHLORIDE CONTENT OF THE BLOOD 

To study the e f f e c t  o f  th e  su p p ression  o f  u rin e s e c r e t io n  

upon th e d is t r ib u t io n  o f  phosphorus in  the blood b i la t e r a l  u re ter  

l ig a t io n s  were made in  th ree  m ale r a b b its . The op eration s were per­

formed under eth er  a n e s th e s ia  w ith  s t e r i l e  tech n iq u e . A s in g le  mid­

l in e  in c i s io n  was made in  two c a s e s ,  in  th e th ir d  case two la t e r a l  

in c is io n s  were made. The kidneys were d ecapsu lated  and a l ig a tu r e  

was p laced  as near as p o s s ib le  to  th e  p o in t a t  which th e u r e te r  

le a v e s  th e k idney. The in c is io n s  h ea led  q u ick ly  and w ithout in fe c t io n .  

Blood sam ples were taken  from th e h ea r t fo r  th e  d eterm in ation  o f  

phosphorus d is t r ib u t io n  a week or more b efore  th e  o p e r a .io n , and a t  

the moment th a t  the ra b b it ceased b rea th in g . Sm all saar.les fo r  the  

d eterm in ation  o f  in organ ic  phosphorus and n o n -p ro te in  n itr o g e n  were taken  

d a ily  from the e a r . . The ra b b its  su rv ived  th e  o p era tio n  1^2, 1J4, and 

112 hours.

At autopsy th e  kidneys were sw o llen  and n e c r o t ic ,  there  

was co n g estio n  and enlargem ent o f  th e  l iv e r  and sp leen , co n g estio n  o f  

th e a d r e n a ls , and f lu id  in  th e  abdomen. N e c r o s is  o f  th e k idneys was 

so advanced th a t  th e whole kidney surgace was spongy. Probably much 

o f  th e f lu id  which accum ulated in  the abdomen was forced  through th e
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kidney t i s s u e ,  s in ce  th e  l ig a tu r e s  about the u r e te r s  seemed to be 

in t a c t .

The changes produced in  th e ra b b its  a f te r  b i la t e r a l  u r e te r  

l i g a t io n  were s im ila r  to  th o se  produced in  th e  dog mentioneu e a r l ie r  

in  th is  paper. There was a marked r i s e  in  th e  in o rg a n ic , organ ic a c id -  

so lu b le ,  an... a c id - in s o lu b le  phosphorus o f  both th e  c e l l s  ana the plasm a, 

the g r e a te s t  changes b ein g  in  the in organ ic  pnosphorus o f  the plasma and 

in  the organ ic  a c id - s o lu b le  phosphorus o f  the c e l l s .  The ch lo r id e s  

were g r e a t ly  d im in ish ed , about e q u i l ly  in  th e  plasma and c e l l s .  The 

ery th ro c y te  counts and c e l l  volumes were reduced. The n o n -p ro te in  

n itro g en  v a lu e s  were' g r e a t ly  in c r e a se d . As in  th e dog, th e  r e la t iv e  

aaounts o f  organic a c id - s o lu b le  phosphorus to  ch lo r id e  in  th e  c e l l s  

were in c r e a se d . F igure VI rep resen ts  g r a p h ic a lly  th e  changes observed  

in  one o f  th e  ra b b its  (# 5 8 8 ) and in  th e  dog(#259) a f t e r  b i la t e r a l  u r e ter  

l i g a t io n .  The e f f e c t  o f  ammonium c h lo r id e  a d m in is tra tio n  to  dog #259 

i s  shown in  th e  same f ig u r e  fo r  comparing th e e f f e c t s  o f b i la t e r a l  

u r e te r  l i g a t io n  w it.i th o se  o f  ammonium c h lo r id e  a d m in is tra tio n  on th e  

organic a c id - s o lu b le  phos horus and th e  ch lo r id e  conten t o f  the c e l l s .

H. THE EFFECT OF DIPHTHERIA INTOXICATION ON THE CHANGES OF INORGAN­

IC FHOSPHORUS AND SUGAR OF THE BLOOD FOLLOWING INTRAVENOUS 

ADMINISTRATION OF GLUCOSE 

Seven r a b b its  were giioen g lu co se  to le r a n c e  t e s t s  b efore and 

a f t e r  th e a d m in is tra tio n  o f  d ip h th e r ia  to x in  and th e  in o rg a n ic  phosphor­

us o f  th e  blood was determ ined in  p a r a l le l  w ith  th e  blood sugar d e te r -
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m in a tio n s. Blood was obtained  from th e  ear ex ce p t la t e  in  the in to x i­

ca tio n  when the ra b b it became p ro stra ted  and the blood p ressu re  was 

so low th a t  th e  blood did not flow  f r e e ly  from th e  ear v e in . In  th ese  

in s ta n c e s  blood was obtained  by card iac puncture. The r a b b its  were not 

restra in e d  v/hen they were bled from th e ear u n le s s  they became r e s t l e s s ,  

in  which ca se  th ey  were wrapped in  to w els  throughout the t e s t .  This 

was done to  m inim ize m uscular movement.

The rab b its , were a llow ed  water but no food fo r  tw en ty-fou r  

hours p r io r  to  th e to le r a n c e  t e s t .  At l e a s t  one t e s t  was made on

each ra b b it b efore  th e  a d m in is tr a tio n  o f to x in . When th e r a b b it

showed s ig n s  o f  marked in to x ic a t io n  a g lu co se  to le r a n c e  t e s t  was made, 

and t e a t s  were repeated every  day or every o th er day u n t i l  th e  ra b b it  

d ied . Blood samples were taken  accord in g  to  one o f  two sc h e d u le s .

From r a b b its  #25 and #25  blood was obtained  b efo re  th e g iv in g  o f  g lu co se , 

and in  7 m in u tes , 50 m in u tes, 1, 2 , and 5 hours a f t e r  th e g lu c o se . The

o th er ra b b its  were b led b e fo te , • and in  5 “ 5 m in u tes , 50 m inutes, l i -,

and 2|- hours a f t e r  r e c e iv in g  g lu c o se .

R abbit #25  rece ived  u  m assive  dose o f  to x in  #590 (2  c . c .  o f  

a 1:20 d i lu t io n )  in tra v en o u s ly  two and o n e -h a lf  hours b efo re  r e c e iv in g  

g lu c o se . Blood sugar and in organ ic  phosphorus were fo llow ed  a t  freq u en t  

in te r v a ls  between the tim e th a t  th e  to x in  was g iv e n  and tn e  g lu cose  

was re c e iv e d . The to x in  in j e a t io n  provoked a sudden r i s e  in  blood 

sugar in  the f i r s t  h a l f  hour, and th en  a s l i g h t  f a l l .  The in organ ic  

phosphorus, which was ra th er  h igh  i n i t i a l l y ,  f e l l  s t e a d ily  fo r  the  

f i r s t  hour and a h a lf ,  and then  remained co n sta n t u n t i l  th e  g lu cose  was
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rec e iv ed . The to x in  had l i t t l e  e f f e c t  upon th e  ra te  o f  the d isappear­

ance o f  g lu co se  and in organ ic  phosphorus from th e  blood, as shown in  

Figure V II . The in organ ic  phosphorus f e l l  to  a low er le v e l  than th a t  

which i t  reached in  a prev ious t e s t  when the ra b b it was norm al, and 

th e blood sugar remained s l ig h t ly  e lev a ted  even a t  the end o f th ree  

hours. But th e ra te  o f  th e  d isappearance o f th e g lu co se  from the  

blood was p r a c t ic a l ly  i d e n t i c a l .w ith  th a t  a t  which i t  had disappeared  

in  the p rev iou s t e s t .

Figure VIII shows the e f f e c t  o f  to x in  58M(5l) on th e  t o l e r ­

ance fo r  g lu c o se  and th e  hypoglycem ic, a c tio n  o f  in s u lin  in  ra b b it § $ & 2 . 

In t h is  anim al a ls o  th e ra te  o f  th e  d isappeai’ance o f  sugar from the 

blood a f t e r  i t s  in travenous a d m in istra tio n  was not decreased  in  diph­

th eria  in to x ic a t io n . As th e fa s t in g  le v e l  o f  th e  in organ ic  phosphorus 

rose  w ith th e progress o f  in to x ic a t io n  grea ter  d ecreases  o f  inorgan ic  

phosphorus fo llow ed  th e  g lu co se  in j e c t io n s .  I t  seems , th e r e fo r e ,  

th a t the in te r a c t io n  o f sugar and in organ ic phosphorus during the 

p rocess o f  th e  a s s im ila t io n  o f  in tra v en o u sly  adm in istered  g lu co se  

i s  not a lte r e d  in  d ip h th e r ia  in to x ic a t io n .

t

I .  THE EFFECT OF DIPHTHERIA INTOXICATION UPON THE HYPOGLYCEMIC. 

ACTION OF INSULIN AND UPON THE CHANGES OF THE INORGANIC 

PHOSPHORUS AND SUGAR OF THE BLOOD FOLLOWING THE ADMINISTRA­

TION OF INSULIN 

S tu d ies o f  th e  a c t io n  o f in s u lin  in  d ip h th er ia  in to x i­

c a tio n  were made in  two r a b b its . Ten u n its  o f  L i l l y ' s  I l e t i n  were
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g iven  subcutaneously . Blood was obtained from th e  ear b efo re  th e  

g iv in g  o f  in s u l in ,  and in  1 , 2 , ? , and 4 hours a fte r  th e  in s u lin .

I f  co n vu lsion s occurred g lu co se  v;as g iven  in tra v en o u sly .

In su lin , in  th e  la r g e  d oses in  which i t  was adm inistered  

in  the p resen t study , had no d im inished  hypoglycem ic a c t io n  in  d iphther­

ia  in to x ic a t io n .  In  f a c t  i t  had a grea ter  e f f e c t  in  th e  ra b b its  

when they were in  a s ta t e  o f  sev ere  in to x ic a t io n  than i t  d id  when 

they were normal. (S ee  F igures V III and IX .) In  both ra b b its  the  

fa s t in g  blood sugar was e lev a ted  a t  the tim e o f  severe  in to x ic a t io n ,  

y e t  hypoglycem ic con vu lsion s occurred fo llo w in g  the a d m in istra tio n  

o f  in s u lin ,  a lthough no con vu lsion s had occurred in  the normal rab b its  

a f t e r  a s im ila r  dose o f  in s u l in .  There was a s l ig h t  d elay  in  th e  f a l l  

o f  the in organ ic  phosphorus o f  thejblood fo llo w in g  th e a d m in istra tio n  

o f in s u lin  in  d ip h th er ia  in to x ic a te d  r a b b its , but the f a l l  was. greater  

and o f lon ger duration  than th a t which occurred when in s u lin  w._s 

g iven  to the rab b its  under normal c o n d itio n s .

N etz ley  ( 1929) found an in h ib it io n  o f  the hypoglycem ic 

a c t io n  o f  in s u l in  in  ra b b its  w ith  d ip h th er ia  in to x ic a t io n  when 0 .2  

u n its  o f  in s u lin  were employed. This he a ttr ib u te d  to  th e  in te r a c t io n  

o f  the to x in  w ith the in s u l in ,  and a fa ilu r e  o f  th e in s u lin  to  prevent 

the form ation  o f new 3ugar which i s  c o n tin u a lly  being m ob ilized  in  

d ip h th eria  in to x ic a t io n  because o f  the o v erstim u la tio n  o f  the a d ren a ls .

In the p resen t study ten  u n its  o f  in s u lin  were u sed . These doses are  

so la rg e  th a t any in te r a c t io n  o f  the to x in  and in s u l in  or any over-
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s tim u la tio n  o f th e  a d ren a ls  probably have l i t t l e  e f f e c t  upon the n et  

a c t iv i t y  o f  th e  in s u l in .  The d if fe r e n c e s  in  th e  a c t io n  o f  th e  in s u lin  

in  normal and d ip h th er ia  in to x ic a te d  ra b b its  are  perhaps, in  th e case  

o f  the p resen t study, due to  th e  f a c t  th a t in  th e  in to x ic a te d  rab b its  

l i v e r  g lycogen  has been d ep le ted  to  a minimum, due to  o v erstim u la tio n  

o f  the a d ren a ls . The con vu lsion s which occur in  d ip h th er ia  in to x ic a ted  

rab b its  may be due to  th e  f a c t  th a t  th e  l i v e r  g lycogen  i s  d ep leted  

to  such an ex ten t th a t l i t t l e  or no sugar can be m ob ilized  to  combat 

hypogl ycemi a. . . .

CONCLUSION

L. D ip h theria  in to x ic a t io n  in  ra b b its  caused a marked 

in crea se  o f  tn e  organ ic a c id -s o lu b le  phosphorus o f  th e c e l l s ,  and o f  

th e  in organ ic  phosphorus o f  the plasma. The organ ic a c id -s o lu b le  

phosphorus in cr ea se  in  th e  c e l l s  was not always accompanied by a de­

crease  in  th e ch lo r id e  conten t o f  th e  c e l l s ,  but th e r a t io  o f  th e  

organic a c id -s o lu b le  phosphorus to  th e  ch lo r id e  in  the c e l l s  ( e x ­

pressed  a s  th e Ester-P:RBC count r a t io  and th e  Cl:RBC count r a t io )  

was in creased  w ithout ex c e p tio n . This in d ic a te s  th a t th ere  i s  some 

r e la t io n  between the changes in  th e  organic a c id -s o lu b le  phosphorus 

and th e  c h lo r id e  o f  the blood in  d ip h th eria  in to x ic a t io n .

2 . F astin g  and repeated b leed in g , though a l t e r in g  to  some 

ex ten t th e  organ ic a c id -s o lu b le  phosphorus o f  the c e l l s  and other  

chem ical c o n s t itu e n ts  o f  th e b lood , did not a f f e c t  m a te r ia lly  the
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changes which occurred in  th e blood in  th e  course o f  d ip h th er ia  

in to x ic a t io n .

p . In  d ip h th e r ia  in to x ic a t io n  in c r e a se s  in  n on -p ro te in  

n itrogen  ana in organ ic  phosphorus o f  th e blood were accompanied by 

lo s s  o f  w eigh t, decreased  u rin e volum e, and decreased phosphorus 

conten t o f  th e  u r in e . The in creased  n o n -p ro te in  n itro g en  and 

in organ ic  phosphorus con ten t o f  the blood in  d ip h th er ia  in to x ic a ­

t io n  can be accounted fo r  in  part by r e te n t io n  and by t i s s u e  d es­

tr u c t io n .

4 . During th e  ea r ly  s ta g e s  o f d ip h th er ia  in to x ic a t io n  

th e ery th ro cy te  count and r e la t iv e  c e l l  volume in creased . In  la te r  

s ta g es  o f th e  in to x ic a t io n  th ere  was a decrease in  both. The blood 

s o l id s  were in crea sed .

5 . The r a te  a t  which g lu c o se  d isappeared from th e  blood 

was not a lte r e d  in  d ip h th er ia  in to x ic a t io n  in  ra b b its  when th e g lu co se  

had been g iv en  in tra v en o u sly  in  th e  v e in s  o f  th e  ear.

6 . The in org a n ic  phosphorus o f  the blood was markedly 

depressed fo llo w in g  the in travenous in je c t io n  o f  g lu cose  in  d ip h th er ia  

in to x ic a te d  r a b b its . The meaning o f  t h is  exaggerated d ep ress io n  i s  

n o t c le a r , but i t  i s  ev id e n t th a t  th ere  was no in s u l in  in s u f f ic ie n c y  

in  th ese  r a b b its .

7 . The hypoglycem ic a c t io n  o f  la r g e  doses o f  in s u l in  was 

not d im inished  in  d ip h th er ia  in to x ic a t io n . The in organ ic  phosphorus 

o f  the blood was markedly depressed and th e tendency to  develop
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hypoglycem ic con vu lsion s appeared to  be in creased  in  ra b b its  with  

d ip h th eria  in to x ic a t io n .

8 . B ila t e r a l  u re ter  l ig a t io n  produces changes in  th e  

blood in  ra b b its  s im ila r  to  th ose  produces in  u ip h th er ia  in to x ic a t io n .

9> A f a i l i n g  urine s e c r e t io n  seems to  be the most im­

portant fa c to r  co n tr ib u tin g  to  the blood chem ical changes which 

occurred in  the d ip h th er ia  in to x ic a t io n  produced under tn e ex p er i­

mental co n d itio n s  o f  th e  p resen t in v e s t ig a t io n .

* * *  * * * * * * * * * * * * *
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PROTOCOLS

PROGRESSIVE CHANGES IN DIPHTHERIA INTOXICATION

Rabbit #239

Date Weight Inorg.P NPN Urine V ol. U rine P /24° Remarks

5 /1 0 2860 Placed in  cage 9AM
5 /1 1 28p0 • 100 4 7 .6
5 /1 2 2885 110 5 0 . -1
5 /15 2760 140 5 0 .0
5 /1 4 2815 5 .0 8 29 lpO 4 7 .8 0 . 2cc . to x in  4PM
5 /1 5 2860 120 5 0 .5
5 /1 6 2810 5-79 25 240 8 7 .4 0 .4  c c . to x in  5PM
5/17 2775 lo s t ---
5 /1 8 2755 205 8 6 .5 0 • 0 0 . to x in  2PM
5/19 2750 5-65 4 l 170 4 4 .4
5 /2 0 2710 120 15 .5
5 /2 1 2640 6 .67 108 l o s t  (about 20 cc . ) Glue. T o l. Test
5 /2 2 2555 9 .5 2 162 0 0
5/25 2445 14.0 219 0 0 Glue. T .T ., P D is t .

Died a t  Noon

Rabbit #569

5/ 28-
5 /5 1

4 /6
4 /7
4 /8
4 /9
4 /1 0
4 /1 1
4 /1 2
4 /1 5
4 /1 4
4 /1 5
4 /1 6

5055
3065 5 .9 6 28 170 2 5 .0
5170 4 .8 8 25 0
2960 4 .2 3 50 230 2 5 .0
5150 4 .5 2 29 110 8 8 .0
3110 5 .69 29 75 16 .8
3100 4 .0 0 52 0
3085 4 .79 6 7 100 2 .1
2960 6 .11 111 90 3 .6
2750 7 .56 180 45 1 .8
2650 10.6 90 4 .4

4;?.5 Av. fo r  four days

Exp. s ta r ted  8AM 
0 . 6 oc. to x in  9AM

0 .6 cc . to x in  9AM

L osing a p p e tite  
I n s u lin  T est. No food  
No food
No food . Died Noon

In  th ese  ta b le  in organ ic  P, n o n -p ro te in  n itro g en  are expressed  as 
m illigram s p ercen t, w eight in  grams, u rin e volume in  cu .cm ., and 
urine P as m illigram s per 24 hours.
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PROGRESSIVE CHANGES IK DIPHTHERIA INTOXICATION

Rabbit #527

Date Weight Inorg.P NPN U rine V ol. U rine P/24 0 Remarks

2 /6 2857 2 .74 51 0
2 /S 2645 250 127.5 0 . 2 C C .  to x in
2 /9 2760 0 0 .4  c c . to x in
2/10 2645 200 129.0
2 /1 1 2625 0
2 /1 2 2522 225 108 .5
2/15 2610 0
2/14 2460 170 1 5 .5
2 /1 5 2407 lo s t ____
2/16 2440 20 5 .0
2 /17 2485 5 .57 75 0
2 /1 8 2248 lo s t -------
2/19 2170 5 .0 0 76 25 10.9
2 /2 0 2140 4 .7 5 58 60 4o.o
2 /22 2292 2 .60 46 130 104 .5 0 .4 c c . to x in
2 /25 2265 2.15 55 0
2 /24 2225 1.47 50 180 4 0 .5
2 /2 5 2455 0
2 /2  6 2460 I .76 55 • 160 1 .7
2 /27 2450 0
2 /2 8 2560 175 2 .7
2/29 2480 0
5 /1 2535 5 .1 0 58 165 1 8 .8
5 /2 2465 0 0 .5 c c  to x in
5 /5 2565 175 4 5 .0
5 /4 2430 l o s t -----—
5 /5 2540 0
5 /6 2515 l o s t ------- not e a t in g
5 /7 2150 0 n ot e a tin g
5 /8 1955 11.5 258 160 2 2 .4 D eveloping s n u f f le s

Not very  s ic k , d ied  
fom h ea rt puncture.
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PHOSFHORUS DISTRIBUTION NORMAL AND AFTER DIPHTHERIA TOXIN

Rabbit #287 Nev/ Zealand Red, fem ale . D ip h theria  to x in  58M (5l), d i l ­
uted 1:100. R eceived 1 /4  0 .2 c c . ,  1 /7  0 .2  c c . ,  1 /8  0 .4  c c . ,

1/9 0 . 2  c c . ,  1/10 0 .2  c c . ,  1 /11 0 .2  c c . ,  in tra v en o u sly

Days a f te r  Toxin
Weight grams

Blood c e l l s ,  T ota l V o l . f a
RBC on ly ,
RBC m illio n s/c .m m .

Hemoglobin, Whole Blood g .%
C e lls  

Nb: RBC count rnt.in

Plasma P ro te in  g .%
N on-protein  N itrogen  mg.%

'Phosphorus D is tr ib u t io n  
Whole Blood

1 . Inorgan ic mg.^o
2 . T o ta l a c id -s o lu b le  
5* Organic a c id -s o lu b le
4 .  T ota l
5 . A c id -in so lu b le

Ester-P:RBO count r a t io  
Plasma

1. Inorgan ic
2 . T otal a c id -s o lu b le  
5« Organic a c id -s o lu b le
4 .  T otal
5 .  A c id -in so lu b le

C e lls
1. Inorgan ic
2 . T ota l a c id -s o lu b le  
5 . Organic A c id -so lu b le
4 .  T ota l
5 . A c id -in so lu b le  

♦T otal Organic

B efore 8 a f t e r  is t .
5188 5068

4 0 .7 57-4
4 0 .0 5 6 .5

5 .8 0 5 .5 5

1 2 .1 11.6
5 0 .2 5 1 .8

2 .09 2 .17

7 .2 2 7 .4 2
24 500

5 .p l 17 .4
5 6 .5 6 4 .1
5 5 .2 4 6 .7
4 7 .1 7 2 .1
10 .6 s .o
5 .7 2 8 .7 2

5*72 2 0 .2
2 2 .8

2 .6
10.5 2 8 .4
6 .6* 5 .6

2 .7 0 12 .8
8 4 .5 155.5
8 1 .6 120.5

IOO.7 145.2
16.4 12.0
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EFFECT OF REPEATED BLEEDING

Rabbit #599

Hours a f t e r  i n i t i a l  b lee d in g 0 ° 24° 72o
*

96°
Weight grams. o 5505 5465 5565 5525
Cc. Blood taken 50 20 20 20

Blood c e l l s ,  T otal V o l.# 4 2 .4 5 5 .8 5 5 .5 5 1 .1
RBC only 4 l . 6 5 4 .5 5 4 .5 5 0 .1
RBC m il l io n s /c J.Bffl. o .4 l 4 .7 8 4 .7 5 5-98

Hemoglobin, Whole Blood 14.5 11.9 11.0 9 .6
C e lls 2 p . l 2 8 .3 5 1 .4 52 .4

Hb:RBC count r a t io 2 .64 2 .4  9 2 .5 4 2 .41

C hloride Whole Blood m E q ./l. 82 81 84
Serum 101.5 99 -5 102
C e lls 5 5 .5 43 45

Cl:RBC count r a t io 4 .5 4 5 .56 5 .5 2

Phosphorus D is tr ib u t io n
Whole Blood

1. Inorgan ic mg.# 2 .74 2 .6 4 5 .5 5 5-79
2 . Total a c id -s o lu b le 5 6 .2 55 -8 5 7 .6 55-5
p .  Organic a c id -s o lu b le 5 5 .5 5 1 .2 54 .0 29*5

Ester-P:RBC count r a t io 6 .69 7 .0  6 7 .19 7 .4 1

Plasma
1. Inorganic 2 .56 2 .8 7 5 .9 5 5 .7  6

C e lls
1. Inorganic 5*23 2 .24 2 .8 2 5-75
2 . T otal a c id -s o lu b le 8 3 .7 9 6 .6 9 8 .6 9 8 .6
p .  Organic a c id -s o lu b le 35 .4 9 4 .4 9 5 .8 94 .9

*-Has bad s n u f f le s .  Looks s ic k .
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effect of a single bleeding

Rabbit $ 2 69

Hours a f t e r  i n i t i a l  b leed in g  0 °  4 8°
Weight grama 53-20 53-20
Blood taken cc . 15 15

Blood c e l l s ,  T ota l V o l.76 5 9 .7  5 5 .9
RBC only 5 9 .2  5 5 .4
RBC m il lio n s /c .m a . 6 .0 5  5 .p 0

Hemoglobin Whole Blood g.% 15.4  IO.5
C e lls  _ 3 4 .2  29 .0

Hb:RB0 count r a t io  2 .2 2  1.95

Phosphorus D is tr ib u t io n  
Whole 31ood

1. Inorgan ic a g .^  4 .2 6  5 .O5
2 . T ota l a c id -s o lu b le  5 9 .1  5 4 .5
5 . Organic a c id -s o lu b le  5 4 .8  5 1 .5
4 .  T ota l 4 7 . I  4 2 .1
5 . A c id - in s o lu b le  8 .0  J .6

Eater-P;RBC count r a t io  5 .5 6  5 .9 5

Plasma
1. Inorganic 4 .7 1  3 .5 6
2 . T ota l a c id -s o lu b le  
5- Organic a c id -s o lu b le
4 .  T otal 8 .5  6 .9
5 . A c id -in so lu b le  5 . 8* 5 .5*

C e lls
1. Inorgan ic 3 .5 6  2 .4 5
2 . T ota l a c id -s o lu b le  91*5 9 0 .1
5 . Organic a c id -s o lu b le  8 7 .7  8 7 .6
4 .  T ota l 105 .7  105 .0
5 . A c id - in so lu b le  l4 .4  14 .8

*T o ta l Organic

I
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e f f e c t  Oc EASTING

Rabbit 7f5S8

D uration o f  P a st 0 °  72°
Weight . grams 5825 56OO

Blood c e l l s ,  T o ta l Vol.>h 4 ^ .9  4 0 .0
RBC only  _ 4 5 .0  5 9 .7
RBC m illio n s /c .im n . 6 .6  0 . 9

Hemoglobin Whole Blood g.;i 14.7  15*1
C e lls  5 4 .2  5 2 .9

Hb: RBC count r a t io  2 .25  2 .2 1

Plasma P ro te in  g.%  6 .6 5
NPN mg.*fc 28 57
Sugar 152 99

C hloride Whole Blood m E q ./l. 8 6 .5  86
Serum 104 102.5
C e lls  64 61

0 1 :RBC count r a t io  4 .2 4  4 .1 5

Phosphorus D is tr ib u t io n  
Whole Blood

1. Inorgan ic mg.% 5*85 4 .2 1
2 . T otal a c id -s o lu b le  59*^ 5 4 .2
5- Organic a c id -s o lu b le  5 5 .6  50 .0
4 .  T ota l 4 7 .1  4 2 .4
5 . A c id -in so lu b le  7*7 8 .2

Ester-P:RB0 count r a t io  5 .4 0  5 .09

Plasma
1." Inorgan ic 5 -8 8  4 .9 1

T ota l 7 .7  I5 .5
5 . A c id -in so lu b le  5 . 8* 8 .4*

C e lls
1. Inorgan ic 5-78  5 .O5
2* T ota l a c id -s o lu b le  86 .9  78 .0
5 . Organic a c id -s o lu b le  8 5 .1  7 5 .0
4 .  T ota l 9 9 -8  86 .0
5 . A c id -in so lu b le  12 .8  8 .0

♦T ota l Organic
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EFFECT OF FASTING 

Rabbit $590

D uration o f f a s t  B efdre 9 6 °
Weight grama 5715 5485

Blood c e l l s ,  T o ta l Vol.?i 44*9 5 8 .6
RBC only 4 4 .5  3 6 .2
RBC m illio n s/c .m m . 6 .0  5 .1 5

Hemoglobin Whole Blood g .fo  lp .2  11.5
C e lls  2 9 .8  5 1 .8

Hb: RBC count r a t io  2 .2 0  2.25

Plasma P ro te in  g .%  6 .49  6 .O5
NPN mg*/;o 26 58
Sugar 116 118

C hloride Whole Blood m E q./I. 8 0 .5  8 1 .5
Serum 10J .5  97*5
C e lls  48 55 .5

Cl: RBC count r a t io  5*59 ^ •18

Phosphorus D is tr ib u t io n  
Whole.Blood

1. Inorgan ic mg. % 4 . 67 4 . 12
2. T ota l a c id -s o lu b le  4 0 .4  51*2
5* Organic a c id -s o lu b le  55*6 27*1
4 .  T ota l 4 5 .7  4 0 .0
5 . A c id - in so lu b le  5 .5  8 .8

Ester-P:RBC count r a t io  &»95 5 .20

Plasma
1. Inorganic 4 .8 4  4 .5 7
4 .  T o ta l 8 .9  9*4
5 . A c id - in so lu b le  4 .1 *  5 .0*

C e lls
1. Inorgan ic 4 .6 6  5*75
2. T ota l a c id -s o lu b le  84 .0  72.9
5 . Organic a c id -s o lu b le  79*5 69 .2
4 .  T ota l 9 0 .6  88 .6
5 . A c id - in so lu b le  6 .7  15.6

*T ota l Organic
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EFFECT OF FASTING 

Rabbit #587

D uration o f f a s t  Before 120°
V/eight grams 4115 5604

Blood c e l l s ,  T o ta l V o l .%  4 2 .5  56 .5
RBO on ly  4 2 .1  55 .9
RBO m illio n s/c .m m . 5 .9 5  5 .8

Hemoglobin Whole Blood g .%  15*2 10.8
C e lls  5 I .5  5O.O

Hb:RBO count r a t io  2 .2 1  1.86

Plasma P ro te in  g .%  6 .0 8  9 .16
NEN mg.% 22 58
Sugar 76 91

C hloride Whole Blood mEq./L. 81 79
Serum 105 97
C e lls  . 4,8.5 47

Cl:RBO count r a t io  5 .4 5  2 .95

Phosphorus D is tr ib u t io n  
V/hole Blood

1. Inorgan ic mg.fb 3*69 5*24
2 . T ota l a c id -s o lu b le  59 -1  30*5
5 . Organic a c id -s o lu b le  5 5 .4  27*1
4 .  T ota l 4 7 .8  5 8 .5
5 . A c id - in so lu b le  8 .7  8 .2

E ster-P: RBO count r a t io  5 .9 5  4 .6 4

Plasma
1. Inorgan ic 3*53 5*24
4 .  T o ta l .  9 .7  7 .8
5 . A c id - in so lu b le  6.4* 4 .6*

C e lls
1. Inorganic 4 .1 9  5-25
2 . T ota l a c id -s o lu b le  87*5 77*4
5 . Organic a c id -s o lu b le  S5-5 7 4 .1
4 .  T ota l 100.0 92 .5
5 . A c id -in so lu b le  12 .5  15.1

♦ T ota l Organic
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effect of bilateral ureter LIGATION

R abbit #388

Hours a f t e r  Operation B efore 152
Weight grams. - 3615 5280

Blood c e l l s ,  T otal Vol.% 4 3 .9 2 8 .3
BBC only 4 5 .0 2 7 .1
RBC m illio n s /c .n m . 6 .6 5 -8

Hemoglobin Whole Blood g.%> 14.7 8 .0
C e lls 3 4 .2 2 9 .6

Hb:RBC count r a t io 2 .23 2 .1 1

Plasma P r o te in  g .% 6 .6 5 7 .9
N on-protein  N itrogen  mg.jS 28 231
Sugar 152 187

C hloride Whole Blood mEq./L. 86 .5 69
Serua 104 78
C e lls 64 46

Cl:RBC count r a t io 4 .2 4 3-42
Phosphorus D is tr ib u t io n  

Whole Blood
1. In organ ic rag.% 3 .83 14.2
2 . T otal a c id -s o lu b le 39-4 4 6 .1
3« Organic a c id -s o lu b le 55 .6 3 1 .9
4 .  T otal 4 7 .1 5 9 . I
5 . A c id -in so lu b le 7 .7 13 .0

Ester-P:RBC count r a t io 5 .40 8 .39

Plasma
1. Inorgan ic 3-88 I 6 .9
2 . T otal a c id -s o lu b le 18 .5
3« Organic a c id -s o lu b le 1 .6
4 .  T otal 7-7 29-5
5 . A c id -in so lu b le 3-8* 10 .8

C e lls
1. Inorganic 5-76 7 0
2 . T otal a c id -s o lu b le 86 .9 116.0
5* Organic a c id -s o lu b le 8 5 .1 108.7
4 .  T otal 9 9 .8 134.6
5 . A c id -in so lu b le 12 .8 18 .6

♦T otal Organic
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EFFECT OF ammonium chloride feeding  and of

BILATERAL URETER LIGATION 

Dog #25 9

Normal NH4 CI U reter L ig .
Blood Sample I

5 th  day 4 th  day

Blood c e l l s ,  T otal V o l.# 4 5 .7 5 5 .0 4 7 .6
RBC only 4 2 .4 5 5 .4 4 5 .1
RBC m il l io n s /c , .mm. 6 .9 0 6 .9 7 7 .1 5

Hemoglobin Whole Blood &•% 16.7 17.9 16.2
C e lls 5 6 .8 5 5 .4 5 6 .O

Hb:RBC count r a t io 2.59 2 .5 6 2 .2 8

Plasma P r o te in &•% 8 .7 8 8 .7 2
N on-protein  N itrogen mg.fb 46 27 244
Sugar 75 97 140

C hloride Whole Blood mEq./L. 89 95 68
Serum 106 117 86
C ells 70 8 9 .5 48

Cl:RBC count r a t io 4 .6 8 5 .8 2 5 .25

Phosphorus D is tr ib u t io n
’//hole Blood

1. Inorganic mg.# 4 .7 6 2.^4 11 .2
2 . 'Total a c id -s o lu b le 5O.7 15.6 4 6 .7

Organic a c id -s o lu b le 25.9 15.5 5 5 .5
4 .  T otal 4 8 .8 5 5 .4 6 6 .7
5 . A c id -in so lu b le 16.6 17 .8 2 0 .0

Ester-P:RBC count r a t io 5 .6 8 1.90 4 .9 8

Plasma
1. Inorganic 5 .84 2 .4.7 14 .7
2 . T otal a c id -s o lu b le 6 .09 15.5

Organic a c id -s o lu b le 0 .2 5 0 .6
4 .  T otal 2 2 .0 19 .2 52 .9
5 . A c id -in so lu b le 15.9 16.8* 17.6

C e lls
1. Inorganic 5 .55 2 .24 7 .4 5
2 . T otal a c id -s o lu b le 5 8 .2 2 6 .5 81 .5
5 . Organic a c id -s o lu b le 5 4 .7 2 4 .1 75-9
4 .  T otal 7 8 .8 4 5 .0 105.9
5 . A c id -in so lu b le 20 .1  . 18 .7 22 .6

*T otal Organic
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EFFECT OF A MASSIVE LOSE OF TOXIN ON GLUCOSE TOLEPANCE

Rabbit #25

Normal 6 /7

Time in te r v a l  
a f te r  g lu co se

A fte r  Toxin 6 /2 8

B l. Sugar 
m g .fo

Inorg. P
mg.%

B efore 119 5 .0 6
R eceived 8 cc . 10/o g lu co se  

in tra v en o u sly  
5 m in. 259

50 min. I7O
1 h r. 119
2 h r s . 116
5 h r s . ljA

4 .9 7
4 .8 5
4 .7 4
4 .5 2
4 .6 5

Time B l. Sugar 
mg.$

Inorg. P 
mg./£

6.0610:25AM 111
10:^0 2 .0  c c . #590 to x in

d i l .  1 :20, in traven . 
125 5 .8 8
154 5 .65
125 5 .16
127 5 .20

10:40*
11:05
12:05

1:05
1:10 Received J . 5  cc . 20% 

g lu co se  in traven ou sly  
267 5 .00
157 4 .6 5
145 4 .5 5
151 4 .5 5
150 4 .1 5

10:00PM Appeared weak 
10:45 40 cc. blood frcm h eart
11:00 D ied.

♦E xcited
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EFFECT OF DIPHTHERIA INTOXICATION ON GLUCOSE TOLERANCE AND INSULIN ACTION

R abbit #592

T est #
Day o f I n to x ic a t io n

1
Before

2 
15 th

5
16 th

4 
17 th

I n i t i a l  Blood Sugar
11 " Inorgan ic P

mg Jfo 118
5 .5 0

160
1 1 .0

152
I6 .5

191
17.5

Amount G lucose in tra v en o u sly  
or In su lin  subcutaneously

5 c c . 55^ 
g lu co se

2 c c . 50fo  
g lu co se

2c c . 5Ofo 
g lu co se

10 u n its  
in s u lin

Second Blood Sugar
11 n Inorganic P

m g.% 229
5 .0 5

505
1 0 .7

284
1 6 .0

187
17.4

Third Blood Sugar
11 " Inorgan ic P

155
2 .7S

248
10.6

222
15.5

158
17.4

Fourth Blood Sugar
" 11 Inorganic P

88
5 .10

210
10.9

158
15.0

90
16.7

F if th  Blood Sugar
11 " Inorganic P

78
5 .0 1

174
1 1 .0

167
15.7

59*
15.9

S ix th  Blood Sugar
11 " Inorganic P

55*
15 .8

N on-protein  N itrogen 25 146 171 216

Weight grams 5450 5000 2750 2700

*C onvulsions

In  th e  g lu co se  to lera n ce  t e s t s  blood samples were taken  b efore th e in je c t io n  
o f  g lucose and in  5 m in u tes, i |- ,  and 2 s  hours a f t e r  the g lu c o se . In th e  
in s u l in  a c t io n  t e s t  sam ples were taken  b efore th e a d m in istra tio n  o f  in s u lin ,  
and in  -g , 1, 2 , 5> s-nc* 4  hours a f t e r  th e  in s u l in .
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EPFECT OF DIPHTHERIA INTOXICATION ON THE HYPOGLYCEMIC ACTION

OF INSULIN 

Rabbit #369

Time in te r v a l
Normal 9 days a f t e r

a f t e r  in s u lin Sugar
mg.^

Inorg. P
mg.^

Sugar
m g.%

Inorg .
mg r%

B efore 102 5 .7 5 145 6 .1 1

I n su lin  subcutaneously 10 u n its 10 u n its

50 m inutes 62 5 .16 85 5 .9 5

1 hour 2 .p i 55 5 .2 7

2 hours 45 2 .51 57 5 .6 6

5 hours 44 2.74 59 5 .2 8

4 hours 4 l 5 .14 57* 2 .76

N on-protein  n itr o g e n  mg. p 29 111

Weight grams 3 0  85 2960

*Y/eak, co n v u ls io n s , g iv en  g lu co se  in trav en o u sly •
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