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lOTRODUCTIOH

The l a n t  t h r e e  d e c a d e s  have  se e n  u n p r e c e d e n te d  s t r i d e s  

in  m r  knowledge c o n c e r n i n g  t h e  c h e m ic a l  r e a c t i o n s  c o n s t i t u t i n g  

t h e  l i f e  p r o c e s s e s  o f  t i s s u e s  and o r g a n s  o f  t h e  h i g h l y  e v o lv e d  

f o r a s  o f  a n im a l  l i f e ,  m  t h e  on® h a n d ,  and on th e  o t h e r ,  t h o s e  

a s s o c i a t e d  w i th  th e  s t a p l e  u n i c e l l u l a r  o rg an ise©  11 ice to o  

b a c t e r i a ,  y e a s t s ,  e t c *  A fu n d a m e n ta l  s i m i l a r i t y  o f  a l l  l i f e  

p r o c e s s e s  ©merged fro m  t h o s e  s t u d i e s ,  w hich  was i l l u s t r a t e d  so  

c l a s s i c a l l y  by th© manner i n  which  t h e  s t u d i e s  o f  th© m echanism s 

o f  u l c h o l i e  f e r m e n t a t i o n  o f  y e c s t a  and o f  m usc le  g l y c o l y s i s  

com plem ented one a n o th e r*

h o s t  o f  o u r  knowledge r e g a r d i n g  th e  t i s s u e  m e ta b o l ism  have  

b e en  o b t a i n e d  by th e  w arburg  t e c h n i q u e  in. whiuh a t h i n  s l i c e  

t r ie  t i s s u e  u n d e r  l a v e s “i  * t io a  i s  s t u d i e d  w i th  r e s p e c t  t o  

e i t s e r ,  1) t h e  r e q u i r e . f o r  i t©  m e t a b o l i s m ,  o r  2) t h e  

c h a r a c t e r i s t i c s  and t h e  f a c t o r s  a f f e c t i n g  a s i n g l e  r e a c t i o n ,  

i s o l a t e d  from  t h e  "whole r e a c t i o n  seq uence*  w e a l t h  o f  v a l u a b l e  

i n f o r m a t i o n  h as  boon o b ta in e d  r e g a r d i n g  th e  n a t u r e  o f  th© b i o ­

c h e m ic a l  r e a c t i o n s  o c c u r r i n g  in  th© l i v i n g  c e l l s , © s p e c i a l l y  

r e g a r d i n g  th e  m z y m  n p e e l f i c l t i e e ,  coenzyse  r e q u i r e m e n t s ,  

s p e c i f i c  i n h i b i t o r s ,  e tc *

The u se  o f  th e  t i s s u e  h o to  . e n a tc s  and more r e c e n t l y  th® 

r e c o n s t i t u t e d  enzyme sy s tem s w ere f u r t h e r  r e f i n e m e n t s  o f  th© 

t i s s u e  s l i c e  t e c h n iq u e *  T hese  m o d i f l e n t i o n s  w ere I n t r o d u c e d  

f o r  f a c i l i t a t i n g  th e  s tu d y  of a s p e c i f i c  r e a c t i o n  i n  g r e a t e r  

d e t a i l  th e n  v^as p o s s i b l e  w i th  th© t i s s u e  s l ic e © *  I t  i s  o b v io u s  

t h a t  i n  t h e s e  met nods th e  e m p h a s is  i s  p la c e d  on th e  a t  :,e.apt a t
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o n d e rs t  ♦ la g  in d iv id u a l e h o a ic ^ l  r e a c t io n s  r u t m r  %hm on 

th e  o v e r a l l  o f  tb« t i s s u e  or %'m or g m  t r m  -.slob

th e  t i s s u e  I t  ©bt:.-.ined •

I f ,  however, m  organ , I lk #  the  s a l a r y  &l&ad, i s  under 

i n v e s t i g a t io n  w ith  r e s p e c t  to  i t s  over& ll & etcboiis& , %im 

t i s s u e  a l i o s  techn ique  o r  any o f  I t s  ^ e d i f i c a t i o n s  l a  not 
a p p l i c a b l e ,  mainly'  because a p r o d u c t  o f  th e  ^©tebollftss, m  
co&plex m  & ilk , I s  involved  * **ilk a lthough  very ce&plex l a  

© opposition shows a rn * rk&bl© eosabmosy ia  c o p p o s i t io n  under 

ao rs .u lly  v a ry in g  physiol© Iced  eo-nttl Dions* I t  a n s i  be 

fch©refore, tm&t mil th e  o ioehem lcsl p ro c es se s  concerned » i th  

M ilk i t e r a t i o n  &m i n t e r r e l a t e d  aad ar# ta k in g  p lus*  slf&ttlt-amom** 

ly* The i s o l a t i o n  of ©a® r m o t i o n  nr mm m% o f  r e a c t io n s  f r  ©si 

the innum erable o th e r  reac t!© a s  a e o n r r i a g  l a  the  m^uMTf  g land 

w i l l  h&v© to  a w a i t  & ;§aor© com plete knowledge regertilog  the  

p ro cesses  involved* Bi© l a c  t a t  la g  bavin© aen&ury g l ,  ad. i s  on® 
o f  th e  n e a t  a c t iv e  organs of bh® to d y , s y n th e s iz in g  s im ultaneous­

ly  r e la t iv e ly  large  amounts o f  d i s t in c t  carbohydrate, f a t  and 

p r o t e in s ,  a l l  unique l a  the  &&!»&! kinriios* .-.t the  p re s e n t  

s t a t e  of  k n m ln r  i t  appears  d e s i r a b le  to  o , . ta ia  /aore inform s* 

t l o a  re g a rd in g  the p recu rso r*  o f  to©# of the&e e h o e lee i  

c o n s t i tu e n t s  o f  o ilk*

The a r t e r i o v e n o u s  d i f f e r e n c e  s t u d i e s  guv# e x t  r e a d y  v a lu *  

a b l e  i n f o r m a t i o n  re^u rd in# ;  t h e  a e t a b o l i t e s  o f  til© ^i&nd* G lu c o s e ,  

b # t s « h f d r o x y b u t y r i c  a c i d ,  a c e t i c  a c i d  mid •d-.&iuo a c i d s  a r e  

o f  t h e  * ' .© tabo l l tee  shown t o  be u t i l i s e d  by t h e  ,-:-u:u&&ry g l a n d  

i a  t h e  i n t a c t  no®,  The a r t e r i o v e n o u s  c i f f e r & n e e s  l a  *ny s t i b e t s a e e  

i n o ^  t h e  l o s s  o f  t h i s  s u b s t a n c e  d u r i n g  t h e  pan sag® of  t n e  b lood
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th r o u g h  th e  g l a n d .  The s u b s ta n c e s  l o s t  a r e  e v i d e n t l y  u t i l i s e d  

by  t h e  g la n d  f o r  i t®  m e ta b o l i s m .  I f ,  h o w e v e r ,  the g lan d  

c o u ld  b® I s o l a t e d  and m a in ta in e d  p h y s i o l o g i c a l l y  a c t i v e  by 

p e r f u s i o n  w i th  b lo o d ,  t h e  fa t®  o f  a  s u s p e c te d  m e t a b o l i t e  

added  t o  t u e  b lood  c o a id  be s t u d i o , , .  A p a s s a g e  o f  t h e  

b lo o d  th ro u g h  t h e  g la n d  t e n  time® would a c c e n t u a t e  th e  

er tcr io v ea to a s . d i f f e r e n c e  t e n  t im e s  a l s o  and  consequently  

s u b s t a n c e s  u t i l i s e d  I n  m in u te  am ounts c o u ld  be e s t im a t e d  

w i t h  g r e a t e r  a c c u r a c y .  Secondly, t h e  e f f e c t  o f  h eavy  d o s e s  

o f  i n d i v i d u a l  s u b s t r a t e s  la  t h e  b lood  c o u ld  be d e te r m in e d .  

T h i r d l y ,  t h e  nee- o f  t r a c e r  compounds- f o r  t h e  s tu d y  of m ilk  

s e c r e t i o n  u n c o m p l ic a te d  by t h e  p r e s e n c e  o f  o t h e r  o rg a n s  

would be p o s s i b l e *

R e a l i z i n g  t h e  a d v a n ta g e s  i n  th e  us® o f  th e  p e r f u s i o n  

t e c h n iq u e s  p h y s i o l o g i s t s  h av e  a t t e m p te d  t h e  p e r f u s i o n  o f  

o rg a n s  s i n c e  t h e  middle o f  th e  l a s t  c e n t u r y ,  P r a c t ic a lly  

a l l  o f  t h e  o rg a n s  o f  t h e  v e r t e b r a t e  body h av e  been  used, 

w i t h  mixed r e s u l t s .  The g e n e r a l  c o n se n s u s  o f  o p in io n  han  

b een  t h a t  o b t a i n i n g  a r a t e  o f  f lo w  e o t p a r a b l e  t o  t h a t  o f  

t h e  o rg a n  i n  th e  body h a s  so  f a r  been i m p o s s i b l e .

I t  h a s  b e en  m m a t t e r  o f  d o u b t  w h e th e r  an  o r g a n ,  ev en  

when s u p p l i e d  w i t h  adequate q u a n t i t i e s  o f  b lo o d  by a r t i f i c i a l  

p e r f u s i o n  was f u n c t i o n i n g  p h y s i o l o g i c a l l y  s i n c e  a  c o m p le te  

c e s s a t i o n  o f  t h e  b lo o d  s u p p ly  t o  th e  o rg a n  o c c u r s  d u r in g  th e  

i n t e r v a l  b e tw ee n  th e  s h e d d in g  o f  t h e  b lo o d  and the b e g in n in g  

o f  t h e  perfusion* R ecen t work (91) on c a r d io p u lm o a a ry  s u r g e r y  

o f  dogs have, been  h e a r t e n i n g . , i t  a p p e a r s  t h a t  no i r r e p a r a b l e
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damage i s  don© t o  any p a r t  of  t h e  body,  % i th  t h e  e x c e p t i o n  

©f the  b r a i n ,  by c o m p l e t e l y  w i t h o l d i n g  Use b lood  s u p p ly  f o r  

a s  lorn* a s  f o r t y  M a u t e s *  P r o a 't h i s ,  q u a l i t a t i v e l y  norm al  

r mmh©iism can r e a s o n a b l y  be e x p e c t e d  oy p e r f u s i o n  i f  th e  

fcia© l a p s e  i s  l e s s  t h a n  f o r t y  a l a u t e s *

t h e  f i r s t  p a r t  of  the stu d y  r e p o r t e d  in  th in  th e s i s  w&s 

u n d ertak en  t o  e s t a b l i s h  c o n d itio n s  n e c e s s a r y  f o r  M i n  t a i n  l a g  

t  ha I s o la te d  bovine majtaiery gland la  as c lo se  a physio  logic** 

e l  s t a t e  a s  p o s s i b l e ,  t h e  c r i t e r i o n  b e in g  t h e  r a t #  o f  f l o o d  

flov-j* r:\i© second  p a r t  o f  th e  s tudy  d a d s  ^ i th  t h e  o f f s e t  

o f  th e  ./reaaace of a c e t ic  ac id  i a  th e  f l o o d  ©a th e  u t i l i s a t i o n  

of b e ta -h y d ro x y b u ty rio  a o i i  by t h e  aam&mry g l a n d .  T h is  

I n v e s t ig a t io n  p rov ides m  example of th e  type of s tu d ie s  

t h a t  e*r, he ;?«de by t h e  us« of t h e  p e r f '.s lo n  tech n iq u e  * h i c h  

would be d i f f i c u l t ,  i f  n o t  im p o ss ib le , i n  &n i n t a c t  eot»#



f*j*i I

F a e to a p s  A f f e c t i n g  t h e  R a t©  o f  t f io o d i F lo w  

t o r o u n h  t h e  I s o l a t e d  B o ? in ©  Mmrnmf y  a ia n 4
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4 p e r f u s i o n  a p p a r a t u s ,  l a  e s s e n c e ,  c o n s i s t s o f  1) a pump 

w h ic h  s u p p l i e s  t h e  o rg a n  u n d e r  i n v e s t i g a t i o n  w i th  t h e  p e r f u s a t e ,

2) an o x y g e n a to r ,  t o  r e s t o r e  t h e  oxygon c o n te n t  o f  th e  b lood 

d e p l e t e d  d a r i n g  th e  p e a sag© o f  t h e  p e r f u s a t e  th ro u g h  th e  o rg a n ,

3) a r e s e r v o i r  from  ^ h lc h  th e  p e r f u s a t e  I s  pumped back  i n t o  th e  

o rg an  and 4 )  a  fcemporafcure c o n t r o l l i n g  d e v ic e *

t h a t  l i f e  m igh t be m a in t a in e d  i n  any  p o r t i o n  o f  t h e  a n im a l  

i s o l a t e d  f ro m  th e  r e s t  o f  t h e  body by a r t i f i c i a l  m ean s , e . g .  

p e r f u s i o n  vdbh b lood  was s u g g e s te d  in  1813 by La a a l l o l s  ( 4 8 ) .

I t  r e g a i n e d ,  how ever, f o r  o t h e r s  t o  a c t u a l l y  u n d e r t a k e  su c h  

e x p e r i m e n t s .  Hay (43)# i n  1828 , found  bha1 i r r i t a b i l i t y  i n  a 

d y in g  niiasols c o u ld  be m a in ta in e d  by p e r f u s i n g  i t  ; l t h  b lo o d .

. : la  l i a r  f i n d i n g s  t h a t  l i f e  c o a id  be p ro lo n g e d  i n  o t h e r  o rg an a  

by su c h  a r t i f i c i a l  means were r e p o r t e d  by o t h e r  w o r k e r s ,  drovm- 

Gequard 114) shoved th e  n e c e s s i t y  o f  th e  o x y g e n a t io n  o f  th e  

p e r f u s a t e ,  f r y  and G rub e r  (25) a t t a c h e d  t h e  p i s t o n  o f  a sy rin g e  

s u p p l y i n g  t h e  a r t e r y  o f  th e  o rg a n  t o  a m o to r - d r iv e n  v=heel and 

th u s  c r e a t e d  a m e c h a n ic a l  means f o r  p u s a t i l e  p r e s s u r e ,  th e y  

a l s o  d e v is e d  an &rr* s a t  by w hich  th e  movements o f  a pendulum  

i n t e r r u p t e d  th e  flow  o f  b lo od  i n t e r m i t t e n t l y  and th u s  c r e a t e d  

a r t i f i c i a l  p u l s a t i o n ,  fh e a e  e a r l y  works r e p r e s e n t e d  e x t r e m e ly  

c ru d e  a t t e m p t s  t o  s i m u la t e  n?i t a r s i  c o n d i t i o n s  and t h e  r a t e  o f  

f lo r?  o f  b lood  «es f a r  from  t h a t  o b ta in e d  th ro u g h  th e  o rg an  in  

v i v o .  O x y g en a t io n  was e f f e c t e d  by b u b b l in g  a i r  o r  oxygen 

th ro u g h  th e  b lood  w h ich  cau sed  c o n s i d e r a b l e  foam in g  and 

c o n s e q u e n t ly  embolism o f  th e  o rg a n .  In  o r d e r  t o  overcom e t h i s ,
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J 'ocobj (38) used t h e  l u n g  o f  an o th e r a n im a l  i n  which r e s p i r a t i o n  

was a r t i f i c i a l l y  m a i n t a i n e d  f o r  t h e  a e r a t i o n  o f  t h e  b l o o d .

S in c e  t h e s e  m e c h a n i c a l  m ethods o f  p e r f u s i o n  p ro v ed  h i g h l y  un­

s a t is f a c to ry #  f a r t i n  (55)» as f a r  back as 1881# a ttem p ted  t h e  

s t u d y  o f  th e  a c t i v i t y  o f  t h e  h e a r t  by d i r e c t i n g  a l l  o f  t h e  

b lo o d  from t h e  a o r t a  back  i n t o  t h e  r i g h t  a u r i c l e .  ,•* l i v e  h e a r t -  

lo n g  p r e p a r a t i o n  was t h u s  o f f e e  tad  i n  which t h e  c i r c u l a t i o n  o f  

t h e  b lo o d  was excluded from the  r e s t  of t h e  body .  B ainbridge 

and bvans  (6 ) , i n  1914# s u b s t i t u t e d  t h i s  l i v i n g  p re p a ra t io n  f o r  

t h e  a r t i f i c i a l  p e r f u s i o n  m ach in e ,  The o rgan  t o  ba p e r f u s e d  

r e c e i v e d  i t s  blood d i r e c t l y  from t h e  a o r t a  o f  t h e  p r e p a r a t i o n .

The blood i s s u i n g  o u t  o f  th e  v e i n  was r e t u r n e d  t o  t h e  r i g h t  a id e  

o f  t h e  h e a r t .  The p e r f u s e d  t i s s u e  t h u s  r e c e i v e d  b lood a e r a t e d  

by t h e  longs and t h e  p u l s a t i l e  p r e s s u r e  a/as s u p p l i e d  by t h e  h e a r t  

i t s e l f ,  .while t h i s  form o f p e r f u s i o n  gave  s a t i s f a c to r y  blood 

f low  t h e  s t u d y  of  an i s o l a t e d  o rg an  was com plicated  by t h e  

m e t a b o l i s m  o f  t h e  h e a r t  an d 'lu n g s  in  the  c i r c u i t .

g s i g n i f i c a n t  advance  was made by R i c h a r d s  and ijri .n-.er 

( 7 6 ) ,  i n  1915,  by t h e i r  d ev e lo p m e n t  o f . an o x y g e n a t in g  d e v i c e .

I t  c o n s i s t e d  o f  an i n v e r t e d  one l i t e r  u o t t l e  v . l th  t h e  b o t to m  

sawed o f f .  The b lood  i n l e t  tub© e n t e r e d  t h e  b o t t l e  froia  th e  

to p  and a s s  boot  i n t o  an h o r i z o n t a l  c i r c l e  p r o v i d e d  w i t h  a 

number o f  h o l e s  in  the s id e  so  t h a t  b lo od  would, s p u r t  o u t  

t h r o u  h t h e s e  h o l e s  o u tw a rd s  o n to  a c y l i n d e r  o f  m uslin  o r  

s i l k ,  a r r a n g e d  t o  suspend be tw een  th e  c i r c u l a r  i n l e t  t u b e  

and th e  w a l l  o f  t h e  b o t t l e .  Oxygen wag s u p p l i e d  by means 

o f  a 0 - t u b e ,  one a m  o f  w h ich  l a y  in s id e  t h e  m u s l in  c y l i n d e r
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n o i  thm o%hnr ou tn id®  w i th  th e  oxy ,*a m m npim g  i n r o u  , t  h o i# s

l a  th e  m s  o f  th «  IK tab© . Thus n# b lood  f loaec t H o a g  tii* 

m s l l n  ia % ta la  f i lm  i t  cw am  ia  a ou tse t  Hfch oxygon i h e re b y  

feasomlng o x y g e n * te d .  'ftm o x y ^ e n H e d  b lood  w«a removed th ro u g h  

th e  mouth o f  th e  b o t t l e #  ^o  •♦* »l*u, H  I?loot! wus o b s e r v e d .  

l in ing  a p l a t a n  felnd o f  puap sad  t h i s  o x y g e n a t in g  dev le e  th e y  

&rtompt©f3 th e  p e r f u n i o n  o f  t h e  m a t r u i  m r v a a e  sy a tea .  o f  e&te 

slid th e  kJU ney  o f  c n m  c u t  d id  n e t  o b t a i n  a s a t i s f a c t o r y  H ood  

flow* a s im ila r  Oxygenator % . * in tro d u ced  t-j Hooker (3 6 ) , i a  

1915, w h e re in  a ru b b e r  f isc  wan r o t a t e d  i a s i d e  a b e l l  jar by 

cnene  o f  a hub s$ad a p u l l e y .  b lood  w t i  a l lo w e d  t o  f a i l  on t h i s  

a l s o  and was t b r o v s  a g a i n s t  th e  w a l l s  o f  iu e  t o l l  j a r  and r s n  

eova  in :■;. U d a  f i l s  t h e r e b y  brnom iu^  o x y g ena ted  by to o  c o n ta in e d  

& ir  o r  pur@ ;>*j f . a e t h e r  i« t? ie#  f o r  m y m m t l m  i t  le t .  t i n g

th e  b lood  f la w  l a t©  a % * l i o a  t r a u  »* l M  ex po ftlag  f  H a s  o f  b loo d  

t o  exyK^t* by ^ e e n e  o f  a n m ih n t  o f  m r t i c a l l y  r o t a t i n g  c i r c u l a r  

f l e a s  p a r t l y  ij&mersed in  blood, The ‘ioo& er^ich& rds*;-. r  In  Her 

oxygon-,-.tor with. nM Ifie&tioas  i s  by f a r  the most predominantly 

u « # i .

Two k in d s  o f  puispis have  bnmn- u sed  In  g e n e ra  1 ,  1) Tie 

p i s t o n - t y p e ,  f )  the s u c t i o n  typ«* The f lu id  In b o th  in  a r . a n  

into a c h e a d e r  by M teuj  o f  a  t&cmaa aa4 i a  £h*m f o r c e d

ou t IPrOagfe *„u o u t l e t ,  ih© f lo w  timing &Httfc&lrxed i s  ib e  d e s i r e d  

a l r e e t io a  by o f s u i t a b le  m l?© a .

largo author of apparotua ham boon deeoribed la  the  

llber& tur©  for the perfusion of a aujabmr of organ.® vix . rat 

pancreas by Long (50),  Kidney by motim  (13),  Tieholx and 

verney (50) ,  g ,  lngeay ( 35 ) ,  ^'oneway, Tieigi.rdsofi emit T&rk (32) ,
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"dch&rde and r i ^ & t  (77 )  u*V. looker 0 5 ) ;  l i v e r  by K a p ia or 

and F o r l u o u r t  (44)» t e s t i s  by .Faff o t  .al 16 3 ) .  Otr»er apparatus® 

f o r  t h e  p a r f i io io n  o f  v i r io n ©  oxv-nt* a r t  da s a r i  bad by f o l i a t e

C34)t d i # s  ( i )» e o s t t r o  ( 2 ? i t r to w a rd  0 9 ) *  j r a m i  

a a y n o ld s  (751* O s l i i ^ .& i u i i i f i  {26)*.  o s d 2 J *  afici f l s l s o n  

(2 1 ).

Pasrf qa io n  f l u id .

Jim p h y s io lo g ic a l  p@ rfu s io n  of  s a y  i s o l  ,ted  c r ^ e a  w lta  

wholo t» lood was found by a llie s  I a l l  « n r iy  worker# bo b# a m utts#  

o f axtra& e d i f f i c u l t y .  The &oat Im p o rtan t d i f f i c u l t y  wm  tb® 

f a i l u r e  t o  o b ta in  a, sa tla f& c to ry  r a t #  o f  blo-od f lo e  tUrou h 

th e  organ* The prcaon©* o f soac v & n aco n str le tlv *  s a b c tta e #  

war ftuflpootsd st.nd rsnca a departure was mad# f r > the asu of  

blood ren d ered  uaco&gul&bla to  && a r t i f i c i a l  nediurn. I s o to n ic  

®or:iu& c h lo rid e *  a liic aan ^ ia iii i * Rin >r»LOCfc* and Tyrodo 

s o l u t i o n s  a l l  boon t r i e d  v d t h  c a n r l l e t i a p  r e p o r t s  ae  t o

t h e i r  sue ocas in  s a i a t s l s i s p  no rm al  phy ; , i o l © p i o a l  a c t i v i t y  as  

a blood s u b s t i tu te .  Three o r t i f ie i f e l  cedic aSlea contain only  

c r y s t a l l o i d s  in i s o l a t i o n  a r c  n o t  si>X« t o  e x e r t  t h e  c o l l o i d a l  

osm otic or *o n co tic"  p re s su re  oa which the  s&ai«t«q-:;#ioe of 

w ate r b a lan ce  la rg e ly  dtpitiids# Heato* alta© a.;ii a a u t ie f e c to r y  

f l e a  o f th e  perfumua# a a i  obt&lried th ro  a;-; a tb s  organ , Musia, 

dor sloped rather quickly* In order to ovarcoss# th is  unde s ir*  

-ifelo e f f e c t  o th e r  blood s u b s t i tu te s  have b j m  um d  a .p .  1) 

t-lood plifii§« and serum 2} he.:g>ly&ad blood *.?»4 3) beas og lob i n -  

ding# r  so lu tio a #  Dlood pisuma ana scram a lth o u g h  u ic e ly  used 

Is  perfusion  s ta p le s  tan !)# excluded os a su ita b le  a sa la  for
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urn study  o f b loahe& ieal mm p h y s io lo g ic a l  a c t i v i t i e s  o f  organs 

aaf* t i s s u e s  as? tncy  xr# iium poble of t r a n s p o r t in g  #.aa sap :;ly ing  

the  oxygen n ecessa ry  fo r  the  aoroM  furjcn 1.one? or ik@ tissue® * 

he&olyaecl Mood *#&« used in  a nasal*®r or ea rly  per*usioa 

MtrnlnBm Q p tn im  re& nrdina the f e a s i b i l i t y  o f the as# or t h i s  

m®(Hqm f o r  p e r fu s io n  #iLpcri-.rents a re  eonfcrs.hietory# xog.t o f th e  

w orkers found i t  to  m  t o x ic ♦ k in d e r {?#) ia  h is  s tu c ie s  on 

s a l t  baix-nce uxed a r-oiat ion of h r  led a e e f  bloon i s  x«.td:rt eiluU*& 

d i th  f iv e  port® of s M ia e  so lu tio n *  fo r  tfte p -a rftu laa  of fro g  

h ea rts*  He found so to x in  e f f e c t  on the fro g  h e a r t hue to  th e  

£ l v i n t ^ r r u t*■'?.! c e l ls *  'IxXIm* n o a - to x IM ty  or i-.-©^ oixo© ha® 

boesi reported ia  the l i t e r a t u r e  and has teen r e v i s e d  by tabersoa 

(,?)* fh# oonsftasu* of opinion was tha t the to x ic i ty  *as assoc i*;t«* 

o t  - i th  th e  s t r o a . . t *  nn& m t  the  h o x m rlo t in *  gcaxxiul (80 )  

separated ttm utrQ:mb& from ho&:ciyse8 bXom by cen tr ifu g a tio n  

y aci ?ho*®d th a t  t h e  str<x- • t& c io n #  were . respoaoio l t?  f o r  t h e  

s c e s le r o t io n  o f c o p u la t i o n  of olood* That. th e  tox in  e f f e c t  o f 

hxrr>ljr@d flood could. f t  co m p le te ly  prev-inted. by th e  removal o f 

s t f o ^ t a  was sho^n  by a number o f  w o rk e rs  (2 )*

-. ;nk^rros and --nx^r ( }}  I n v e s t i g a t e d  th e  v^rlou:; xx>di© fo r  

the p«rfuxlon of .x- xx i lx a  sa l ivary  fiends* die \ x m  of earns or 

n # f  1 b r  i n.-.■ -.©& f loo d *  M t h o u g h  p r e v e n t i n g  trie . ieve iopnen t  o f  ©ca..,©* 

d id  n o t  g i : x ■„ E ^o t ix fxo to ry  p e r f u s i o n *  xpparcr-fcly fu© t o  t&o 

presence of r  *ar©c*\nstricter rubst-. ao® or sut'&tanees* they 

to o n  d e v e lo p e d  x p e r f u s a t e  c o n s i s t i n g  o f  14 ;' ??©gatcl rrs.ao g l o o i a  

o u x p o n t lo a  i n  ;Mng#r~Loc©# o o lu t io fe  t f i t  o o i o i i r t d  ^ c t i s i h - o t o r y  

ra te s  of olood f lox .  ftecmufse of t m  afxegee of red ceil-- and



th e  t-onm n  e q u ilib r iu m  they  fount? t t u d  oxygen bound by hemo­

g l o b i n  ?«>&© n o t  e a s i ly  Made a v a i l a b l e  t o  th© t i s a n e ®  ou t  

concluded th a t  t h i s  d i s a d v a n t a g e  was more t h a n  ccm pe.nated 

f o r  by o th e r  ad v ou tage© ♦ The hem o g lo b in  In t h i s  p re p a ra t io n  

p@rfo.rais a d u a l  r o l e ;  1} t h a t  of m a i n t a i n i n g  & c o l l o i d a l  o sm o t ic  

p re ssu re  and 2} o f  t r a n s p o r t i n g  oxygen t o  the  perfused  organ* 

nay tfc (S?) used h ©aoglob in -  s a l  in© .in his- s tu d ie s  and found th a t  

th e  s o l u t i o n  could bo used r e p e a te d ly ,  i f  k e p t  s t e r i l i s e d *  The 

hem oglob ia-K irger look© s o lu t io n s  any  be s a t i s f a c t o r y  f o r  the  

psrfu& ion of . a r i l  oeg&ns but nhen d e a l i n g  w ith  l a r g e  o rg a n s  

ouch a s  the bovine ai&Kim&ry g i a n a  th e  p r e p a r a t i o n  o f  such  l a r g e  

amounts o f  hemoglobin t h a t  would Da req u ired  re n d e rs  t h i s  mociiuca 

cumbersome* Secondly , oxygon s u p p l y  c a n n o t  be e x p e c t e d  t o  be 

ad e q u a te , in  the  absence o f  c e l l s ,  f o r  m  a c t iv e  g la n d , e s p e c ia l­

ly  v-lth a m e c h a n i c a l  l u n g .

Slood a s  a jParf us io n  F l u i d

Blood, u n d o u b t e d l y  i s  t h e  m ost  d e s i r a b l e  nediua. f o r  p e r f u s i o n ,  

e s p e c i a l l y  when th e  norm al inetaboll8;a o f  an organ o r  t i s s u e  i s  

u n d e r  i n v e s t i g a t i o n *  Being a heterogeneous &edium, c o n s i s t i n g  

o f  a la rg e  number of know  and unknown chem ical c o n s t i t u e n t s ,  

i t  s u f f e r s  from many t e c h n i c a l  d isadvan tages*  B e s i d e s  tu© 

a d d i t i o n  o f  a n o n - t o x i c  and p h y s io lo g ic a l ly  i n e r t  a n t ic o a g u la n t ,  

car© m as t  be t e h o n  to  m la ird s©  homooone« « h r  n t i o n , foam iag, f i b r i n  

f o r m a t i o n ,  h e m o ly s i s  and t raum a  t o  the  © th a r  c e l l u l a r  © la m e n ts .

Bo c le a r  cu t o b se rv a tio n s  were m&de on the  v & s oc on a t r 1e t  i  on 

produced by whole blood u n t i l  a co n tinuous p e r fu s io n  c i r c u i t  

was e s ta b l is h e d  w ith a mecu-eoical pump and an oxygenator* The
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p r o b a b i l i t y  o f  b oh©mieel ag en t cau sin g  v asocons t r i c t i o a  baa

f i r s  I m entioned by booker (3&) v/ho shov-md t h a t  te e  v a s o c o n s tr ic t iv e  

p ro p e rty  of blood appeared to  hm a s s o c ia te d . w ith  the p ro ce ss  

of c l o t t i n g .  ■’■» sy s tem a tic  study  of te e  v a s o c o n s tr ic to r  was 

made fey Jen©way, a leh a rd so n  iM  F srk  139) ia  1918* They u s td  

a p ie ce  of c a ro t id  a r te r y  f o r  the  assay  of v a s o c o n s tr ic to r  

su bstances*  te a  tech n iq u e  c o n t i s ted of p a s s in g  the f l u i d ,  

c o n ta in in g  th© su b stan ce  to  0© a ssay e d t th rough  the c a ro t id  

a r t e r y  m e in te lre d  a t c o n s ta n t tem pera tar© in  a b a th  end te e  

re c o rd in g  of th© c e n u tr ic t io n  of th e  a r te ry *  Using th i s  tech n iq u e  

they  were a b le  to  d e te c t  ep in ep h rin e  in  B inger-Locke s o lu t io n  in  

a c o n c e n tra t io n  of one p a r t  l a  2 3 , 0 0 0 , 0 0 0  o r eve.a l a  50 ,000 ,000 . 

They found no c o n s t r i c to r  a c tio n  in  d e r a t e d  blood or plasm a.

Blood p l a t e l e t s  o f  ox, dog ana. pig yielded an e x t ra c t  t e ie h  

hod a pow erfu l v a s o c o n s tr ic to r  a c t i o n  which was n o t  o b t a i n e d  

f rom e i t h e r  e r y t h r o c y t e s  or  l e u c o c y t e s *  T h is  v a s o c o n s t r i c t o r  

su b s tan ce  was 'd i s t i n c t  from e p i n e p h r i n e ;  was n o t  £ p r o t e i n  and 

a p p e a r e d  to  be a c r y s t a l l o i d .  T h is su b s tan ce , a lth o u g h  p re s e n t 

i n  GO£gulfcted b l o o d ,  was n o t  d e p e n d e n t  on t h e  a c tu a l  f o r m a t i o n  

o f  b lood c lo t  f o r  i t s  p r o d u c t i o n ,  n o r  was i t  r e 1 . ted  to  any o f  

t h e  f a c t o r s  concerned i n  th© c o a g u l a t i o n  o f  blood , v-l th  t e e  

p o s s ib le  e x c e p tio n  o f  t h r o m b o p l a s t i n ,

s t e r l i n g  and verm y  IBB) mod  l i v e  h a a r t - l u a g  f o r  t h e  

p e r f u s i o n  of \ i  w/n  ana r e p o r t e d  good r a t e s  o f  f lo w  o f  

d e f i b r l a a t e d  b l o o d .  L l c h o l s  and v e rn e y  {20} i n v e s t i g a t e d  th© 

f a i l u r e  of k i d n e y  p e r f u s i o n s  , - l th  a e o a i m i e s l  pumps by p e r f u s i n g  

t h e  k id n e y  a l t e r n a t e l y  w i th  a m e c h a n i c a l  pump ana th© h c & r t - l u n g  

p r e p a r a t i o n .  I t  was found  that t h e  pomp gave - r o g r e s s i v e l y  

a ^ e r e a s i s g  r a t e s  of blood f l o w ,  ill©  t h e  :a^&.rt~liiny o r  a
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;.n;..Dir*atloa o f  a«s«,rt~iui3g a$x4 %im pm-p g a t s  a  f a u r - r  >Xu r a t e  

o f f la w  a ? # r  tn&fc <?o tw in ed  # i t h  t a n  .paitfi a lo n e *  They c o n c lu d e d  

t h a t  h e a r i - l o n g  t i n s u e s  o a s t  a# re& ov iag  th e  f n s o a o a s t r l e a > r  

imtn t  * ®» *v& aoten ia**  pro*e a t  i a  ta n  i i r f  I P r ia & ta d  blood* 

u n l i k e l y  p o t s i h i l l  ty  aa#  th e  a d d i t i o n  o f  sane  v & s o a i l a t o r  by 

th e  h e c r t^ lu a * :  p r e p a r a t i o n s *  .vca.ardlap t o  i h ^ m  vrorfcere th e  

In  d u a l - o n  of thi/ l u n g s  In  & p e r f u s i o n  sy s te m  $&s e s& e a ti& l  f o r  

i n o  reasons* * 1) w>ey a n t  a s  » © ch nn lcu l  f i l t e r  and 2) rtir,e  cno n g ee  

In  ta n  physieon-riOioieisl s t  l©  o f  th e  ulftOd nun to  ta n  a t s # n o e  o f  

t?;e iu n g e  and th e  p r e s e n c e  o f  th e  oxy&ar-i&tnr any le&d to  t a e  

. f o p a n t in ia  o f  i n r a i d e e  I n j u r i o u s  to  th s  nrg& n,% n<j^ln<y--&./ 1 3 2 ] ,  

i a  I$3Xt iavw# t i n t e d  t h e  d e t o s l f i e & t i o n  o f  V fesdaoae tr tc fcors  

t y  th e  l u n a r .  Hu found t h a t  to * in  p r o p o r t i « a  d e v e lo p e d  i a  th e  

b loo d  oa s tw g a& tion  f o r  fc-wo .aiaatftis P a t  *?ere r a t h e r  q u i c k l y  

removed fry lung®* Ta@ fc .-d l t ie a  o f  d e f ib r i? u fc s d  b lco it  a n io n  had 

been  sfr l a g  f o r  a ^ M l e  to  blood a i r p ^ r f u s i n g  a t  & 

s ie e d y  re t®  felireii.gh th e  k id n ey  sad  lu n g e  o f  a dog o&t*®ee ? s so ~  

c o n s t r i c t i o n .  of b o th  th e  k id n e y  and p u l^ e n c r ?  v e s s e l s  b u t  

d e t e x i f i c e t l o B  to o k  p l^ c e  v e ry  n u i c k l y .  l a  oa«? o f  t h e i r  

e x p e r im e n t s  th e y  uts#d k id n e y  alam ? t o  t e s t  a n o th e r  th e  k i  ±%$

IIv-b m  wan afcl# to  remove t h e  *v#eoto«i**w p a r t i  a l l y  o r  a n a l l y *

They o b t a i n e d  an i n i t i a l  r a t a  o f  f l o ^  o f  132 &l*/-nia* a l i l c h  

r o s e  t o  190 a X , / n i B # i a  s i x  a i a a t e e *  - t  t h i s  p o i n t  th e  lu n g e  

mmm  ended t o  t h e  c i r c u i t  -a ea  a is-^or  r y  s lo w in g  o f  t h e  r a t #  o f  
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hee«jSie s t e a d y  a t  b ^ tw te a  177^164 A l* m ia *  $e&©¥el o f  l u n g s  from  

th e  c i r c u i t  a f t e r  * s t e a d y  r a t©  o f  f lo w  ee»  a t t a i n e d  n e v e r  e&u&ed
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u
f in d  th e  lu n g  p e r fu s io n  n e c e ssa ry  to r  d e to x i f i c a t io n ,  as th e  

k idney  i t s e l f  mm  ab le  to  d e s tro y  the v s soeoas t r i e t o r s } and 

p rovided a l l  the  b leed  passed  through t m  k idney  once , a 

s a t i s f a c to r y  p e rfu s io n  r a t e  m e  ob ta ined  a fte rw ard s*  In  

c o n t r a d is t in c t io n  to  th e  o b se rv a tio n  o f Daly an# Thorp® (19)* 

th e  in c lu s io n  from. th e  beginning of the  p e r fu s io n  o f  cnmbrie 

f i l t e r s  In  th e  c i r c u i t  d id  n o t r e s u l t  in  any In c reased  r a t e  

o f  blood f lo e*

A nother v e e o e o n str lo t iv e  o r  vaee*preasar system  has been 

in v e s t ig a te d  by Page and eow orkere (65)* th e  k idney  s e c r e te s  

s su b stan ce  c a l le d  r e n in  and th e  p ro d u c tio n  o f  th e  l a t t e r  i s  

p a r t i c u l a r l y  marked under h y p e rte n s io n  ( 30) . Benin i s  

b e lie v e d  to  be a p r o te o ly t ic  ew yn e and v a r ie s  in  com position  

from  sp ec ie s  to  sp ec ie s*  F or th e  study o f  v a s o c o n s tr ic t io n  

by t h i s  s y s t om Page (64) developed th e  technique of p e rfu s io n  

o f  r a b b it* s  ear*  The r a t e  o f f l e e  o f blood through th e  e a r  

was reco rd ed  and any v a r ia t io n  due to  the in je c t io n  o f  

su sp ec ted  v a so c o n str ic to rs  noted* T h is p rocedure  o f a ssay  

has been used in  e x te n s iv e  s tu d ie s  by Page and oom&rkors 

(65) and Land!* ejLHjL 147)# P u r if ie d  re n in  w m  found to  

e x h ib i t  no v*so~preseer p ro p e r t ie s  in  Rlager^loeke s o lu t io n  

bu t when th e  f r a c t io n  o f th e  p la sm s, ^peeudoglobulin** was 

added I n te r a c t io n  occu rred  and a substance w ith  v a so p re sso r  

p r o p e r t ie s  was .p f  o f  need* '*  fcbeytieaH H e s u b s t ip o e ^ h lo h  was 

c a l le d  angioton ia  w i  is o la te d *  A ag le ten iif  i t s e l f  mm  found 

to  be non-vasnc-on' t r i c t l v e  as such b u t In  th e  p resen ce  o f m  

6H gloton ln *aetiv«ter -present'In  blood plasm a s su b s tan ce  was
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produced w ith  1 1 M  v a s o c o n s tr ic to r  a c t i v i t y .

The v a s o c o n s tr ic t iv e  a c tio n  o f  shad blood was in v e s t ig a t ­

ed in  g ro a t d e t a i l  u sin g  th e  r a b b i t  e a r  p e r fu s io n  technique  

by L andis ofc s i  (1 7 ). D e fib r ln a te d  blood m i  found to  Induce 

a marked v a s o c o n s tr ic t iv e  e f f e c t .  On eoaporiag th e  ru b es o f  

flaw  o f blood drawn I n to  h e p a rin  end drawn I n to  h e p a r in  a f t e r  

p re v io u s ly  fcep&rlalalng a donor ra b b it*  i t  m m  found th a t  

th e  p re h e p a r ia ia e d  blood m a in ta in ed  a  s te a d y  ro te  o f  f lo e  

o v er a p e r io d  o f  n e a r ly  two hours* w h ile  th e  r a t e  o b ta in ed  

w ith  blood drawn In to  h ep a rin  d ec lin ed  g ra d u a lly  u n t i l  i t  

a lm ost ceased  in  about f o r ty  m in u te s , l a  a second s e r ie s  

o f  t r i a l s *  th e  p erfu sion  mm begun with preheparla lsed  blood 

and th en  shed b leed  o r i t s  v a r io u s  f r a c t io n s  were added to  

the p e r f u s a te  a f t e r  a s te a d y  r a t e  o f flow  was o b ta in e d . 

D e flb r ln a te d  blood* d efib r ln a ted  blood c o n ta in in g  h e p a rin  

end blood serum were found to  have a pronounced vaso­

c o n s t r i c t iv e  e f f e c t ,  th e  blood flew  eeaelng alm ost 

in s ta n ta n e o u s ly *  The a d d it io n  o f  h s p a r ln ls e d  whole blood* 

hepurinlsed plasma* preheparlnlaeil whole b leed  and 

preheparlftlfeed p la te n  k id  n o t r e s u l t  l a  any, e i g a l f l e s t  

ad v e rse  e f f e c t*  -;t&c g>rebepartal*e$ plasm a showing ho t r a c e  

o f a c t i v i t y ,  th e  s tu d y  showed th a t .h e p a r in  i t s e l f  hod no 

e f f e c t*  harm ful o r  o th e rw ise . :S l ig h t  co o lin g  o f th e  e a r  

by the  opening o f the lscm bnto r door r e s u l te d  in  a low ering  

o f  th e  r a te  of b leed flew* acco rd in g  t e  th e se  worfcera* bu t 

i t  i s  d isp u ted  by rage  (6 5 )« th e  wor k  o f  L andis a t  a l  

( op. c i t .  1 appear-to  corroborate th e  su g g e s tio n  e f  faaem y  

e t  a l  (39} th a t  th e  developm ent o f  v a s o c o n s tr ic t io n  in  shed
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blood was somehow r e la te d  to  th e  d is r u p t io n  o f  blood p la te l e t s *  

A c r y s t a l l i n e  su b stu n es was I s o la te d  by K spport e|_ a l  (73) 

w hich bad tw ice  tb s  a c t i v i t y  o f  e p in e p h r in e , as  assayed  by 

r a b b i t  e a r  p e rfu s io n *  I t s  e lem en tary  a n a ly s is  co rresp o n d s 

to  tb s  f o m u ls  o r and ap p ea rs  to  be p re s e n t

in  tb s  form o f a su lp h a te  s a l t*  W hether th i s  I s  th e  su b stan ce  

th a t  has been I d e n t i f ie d  by th e  pharm aco log ica l a c t io n  as 

^vaso ton in*  I s  n o t c l e a r .  I t  ap p ears  to  be d i s t i n c t  from 

th e  vasopressor* th e  a c t iv a te d -a a g io to a in *  I t  seems more 

th an  l i k e ly  th a t  th e re  a re  a number o f v a s o c o n s tr ic to r  o r  

p o te n t i a l  v a s o c o n s tr ic to r  su b s ta n c e s . A b ro a o h o e o n s tr ie to r  

su b s ta n c e , "b ro eh o ten ia*  has been re p o r te d  to  be p re s e n t in  

th e  Jbleod of., some. sp « e ie s* : e*g», .dog.,aad_.gui,n#af^ig, bu t i s  

not" found l a  th a t  o f t i e  monkey*  ̂ ’

.'1 though i t  i s  g e n e ra lly  reco g n ised  th a t  most t i s s u e s  

a re  cap ab le  o f  d e s tro y in g  th e  "v aso to n in *  and th a t  a lung  

p e r fu s io n  was n o t e s s e n t i a l  f o r  a good r a t e  o f blood flow  

th rough  o th e r  o rg an s , Bebb end L in s e l l  (3 1 ), in  1951* found 

th a t  a n e a r ly  te a * fo ld  In c re a s e  ia  th e  r a t e  o f blood flow  

th rough  th e  mammary g la n d s  of dogs, g o a ts  and an te  was 

o b ta in ed  w ith  th e  in c lu s io n  o f th e  lungs in  s e r ie s  in  th e  

p e r fu s io n  u n it*  With th e  in c re a s e  in  th e  r a t e  o f  blood flow 

a co rresp o n d in g  d ec rease  in  the  p e r fu s io n  p re s su re  was a ls o  

noted*

Oxygenator

For th e  oxygenation  o f  blood d i f f e r e n t  w orkers have used 

d i f f e r e n t  gas m ix tu re s  viz* a i r  by B red ie  (13) and y aco b l (3 6 ) | 

p a re  oxygen by B jork (11) and P e te rse n  a t  a l  (68) and P e s te rs
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m i  «ls s a a r t  (6 6 ); and mixture® of l£  and Sjt o a r  boa d io x id e  

la  oxygon by Hehb and Lin& ell (3D *  ^*e lo t  tor-found that

a 5$ m ix tu re  o f  carbon  d io x id e  l a  oxygon ■ gave b e t t e r  r e su lts*  

sto k es  m i  Gibbon (91) Used '$6d» oxygen' and 4# earbea d iox id e  

f o r  oxygon*tion p r io r  to  p e rfu sio n *  They efeaervtd a r lo o  i a  

pHf. op to  a# h ig h  no -d*>5, i*d»e p o r t  oxygen «%s used* On the  

O ther hand t i e  use o f  t h e i r  gas f i x t u r e ,  daring th e  p erfu sio n , 

produced on eo ld io  co n d itio n , th e  pB going boon to  6*0 from 

? ,4 «  On th#  b o o ls o f  th o se  r e s u l t s ,  th ey  used the  gua m ix tu re  

fo r  th e  oxygenation o f  blood p r io r  to  the jperfasioa m i  p are  

oxygen during the portusion  i a  o rd e r  to  keep the pH o f  the  

blood w ith in  th e  p h y s io lo g ic a l  range# e jo rk  (11) a lg o  found 

th a t  th e  use o f 10014 oxygen caused m  eneeapens* tod o a r  bos 

d io x id e  d e f i c i t  accompanied by & r i s e  in  pH*

From a su rre y  o f  t h e  l i t e r a t u r e  i t  i s  obvious t h a t  a 

g re a t  d e a l of eoafanion  p o ra lo te  regarding a p h y s io lo g ic a l  

p e r fu s io n  o f  m  lo o lo to d  organ* fhore are f a r  to o  many 

p e r f u s i o n  apparatus d esc rib ed  f o r  t h e  r e s u l t s  ob tained*

(hi t h e  o t h e r  h a n d , a  num ber of' w o rk e r s  hav e  p r e s e n t e d  d a t a  

u s in g  t h i s  technique b u t  h a r e  n o t  p a id  a t t e n t i o n  t o  t h e  

c o n d i t io n ®  o f  t h e  p e r f u s i o n ,  w hich  abfces t h e  ev a lu a tio n  o f  

t h e  d a t a  v ery  d lfr io a lt*  A* m en tio n ed  by B e l t ,  Saslfeh and 

v&ipple ( 1 0 ) ,  e e r t u i n  c r i t e r i a  o f  the normal p h y s i o l o g i c a l  

s t a t e  o f  t h e  o rg a n  b e in g  p e r f u s e d  seed t o  be fo l lo w e d #  t h e y  

may be! 11 th e  r a t e  o f  f lo w  o f  blood a s  an i n d i c a t o r  o f  

t is s u e  norm«ldy( any  i n j u r y  t o  th e  t i s s u e  i s  i n v a r i a b l y

G enera l
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nceeapnAied by a d e e re a a e d  ra t®  o f  b loo d  f l o w  through th a t  

part}. 2) 1ho f u n c t i o n a l  a c t i v i t y  of  the  organ Bmh  a s  th e  

m easu rem en t o f  u r i n e  p r o d u c t io n  by th e  S id n e y ;  m ilk  a c c re t io n

by th e  saa«v-.ary g l a a d ,  3) u t i l i s a t i o n  o f  o sygen  by th e  o rg an  

m 4  4 )  th e  p ro d u c tio n  o f  edema, congestion . o r  h e n o rra g e *  

t h e  f a c t o r s  m a i n t a i n in g  an o rg a n  i n  i t s  p h y s i o l o g i c a l  

s t a t e  a r e  numerous and a p e rfu s io n  o f  t h e  o rg an  i s  m  b e t t e r  

th a n  i t s  w eakest p o i n t .  I f  any one o f  th e  f a c t o r s  a f f e c t s  

t h e  o rg a n  a d v e r s e l y ,  p e r f e c t io n  o f a l l  th e  o t h e r  f a c t o r s  

w i l l  n o t  remedy th e  d e f e c t *



wamtmnjiL mommm am sksulm

The p erfu sion  apparatus used in  the e a r ly  p a r t  o f t he 

s tu d ie s  m s  e s s e n t i a l l y  s im i la r  to  th e  one d e s c r i e d  by 

P e te rs e n , m m  and ¥i@seh®r (6 9 ).

The blood m s  drawn by th e  jm ap, whleh © east!tubed  tb s  

m echanical h e a r t ,  th ro u g h  a g la s s  c o i l  isepb immersed in  a 

th e rm o s ta t m a in ta in ed  a t  39° -4 0 °  0* The *hesrt* c o n s is te d  

of a g lea s  tub© ( s le e v e ) ,  app rox im ate ly  11* in  d ia m e te r  and 

6* in  le n g th , ta p e red  a t  bo th  ends to  1" in  d laiaeter, and 

provided w ith  a a id e  tube* a th ic k  ro b b er tu b e , 1** in  

dl&mstsr and 6** in  le n g th , wes panned through the  gl& ss 

s le e v e  and was k e p t in  plmee by m eans-of t i g h t l y  f i t t i n g  

rub b er s to p p e rs  pushed in to  th e  end® o f th e  ru b b er tab®, 

so t h a t  the  o u te r  w a ll of bbo ru b b e r  tube was pushed t ig h t*  

ly  aga in st th e  inner"  s a i l  o f  the; end s' ©f th e  g la s s  s le e v e . 

a SAprt g la s s  tubing., was passed through each o f  the stopp ers, 

one o f  them entry log  an in le t  f a i r s  I n s id e  th e  ru b b e r  ehsmber 

and th e  o th e r  an o u t l e t  s la v e  o u ts id e  th e  ohamber, so  th a t  

th e  blood weald be a lls e e d  to e n te r  th e  chamber th rough  one 

end and le a v e  the  chamber only  th rough  th e  o th e r  end . The 

v a lv e s  co n sis ted  of ey a-d ro p p er bu lbs vehioh were s l i t  long* 

i ta d ln a lly *  The a id #  tu b e  o f  th e  g la s s  s le e v e  was connected 

through a m ilking maohlne i n t e r r u p te r  (p u lsa ter ) to  a vasuum 

pump, a vsetttUB l a  th e  l in e  ©eased th e  expansion  o f  the  ru b b er 

chamber draw ing the  blood in to  the chamber from belowj on 

th e  r e le a s e  o f  t m  vaeuum th e  ru b b er chamber r e tu r n s  to  i t s



normal sir©  com pressing th e  blood in s id e  th e  chamber, w hich  

elosed  to e  I n l e t  v a lv e  m$ fo rc ed  the blood through th e  

o u t le t  v a lv e  i n to  th e  a r t e r i a l  tubing* TO® l a t t e r  was 

e©fm#©t#d by mean© o f a s u i t a b le  e&aula to  the {ternary a r te r y  

o f  th e  udder k^/t- in  a n e t  suspended from  th e  stand* 

fh# blood flow ing  ou t o f the v e im  o f  th e  gland was 

c o l le c te d  th ro u g h  a f i l t e r  s lo th  l a  a fu n n e l and passed 

l a t e  th e  oxygenating  chamber by g rav ity *

fh e  oxygenato r co n sisted  of an in v e r te d  10 g a l lo n  g la s s  

earbojF w ith  a h o le  of app rox im ate ly  1;?** la  d iam eter t r i l l e d  

in  th e  t e n t e r  o f the,.bottom * th e  oxygenator was provided  

w ith  as errea g ecea t f o r  th e  d i s t r i b u t io n  o f the  blood along  

the  in n e r  w e ll o f th e  chamber and i s  shown in  f ig u re  X. A 

g la s s  tube 3/ 4 * in  .d iam eter and app ro x im ate ly  3* in  le n g th  was 

f i t t e d  in to  the  rubber stopper* © losing th e  h o le  in  the  

bottom  o f  th e  carboy , so th a t  mm end of th e  g la s s  tube was 

f lu s h  w ith  th e  low er a id e  o f  th e  stopper*  To th e  ©tM©r end 

was f ix e d  a n o th e r  © topper, app ro x im ate ly  5* la , d iam ete r whleh 

e lo sed  the end o f  a n o th e r  tu b e , app rox im ate ly  e*  in  le n g th  

and p rov ided  w ith  tu e  blood i n l e t  tube  which was fus^d 

th rough  i t s  m ail* Th® blood d is tr ib u to r  o o sa isted  of a g la s s  

t h i s t l e  f u a n i l  b e  th e  stem  o f w hich m .i  fu sed  a g la s s  tu b in g  

through the middle., of the ©up, so that g la s s  tubes extended  

ahove end ;:b#lbw; the mp ei* the -funnel." rbomtube extending 
below massed thfongfc the g la s s  Ja c k e t mmnmtlm  th e  

oxygenating  ohmmher -end the  d i e t r i t u t o r  head* fhe  upuer end 

o f  th e  tube wasp a tta c h e d  to  a motor* The ©up of th e  fu n n e l 

r e s te d  on a b a i l  b ea rin g  which was f ix ed  in  a shallow
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d e p re ss io n  made in  th e  ru b b e r  s to p p e r  and which supported  

th e  w eight o f the  e n t i r e  blood d i s t r i b u t o r  system* In s id e  

th e  chamber th e  i n l o t  ta b s  fro® the furinal w&s connected  

to  an o th e r g la s s  tube b en t a t  « r i g h t  eag le*  th e  sad of 

which extended n e a r ly  up to  th e  in n e r  w all o f th e  carboy*

The venous blood poured In to  th e  fu n n e l and en te red  th e  

Btmm of thn fu n n e l through a number o f h o le s  in  th e  c e n t r a l  

tube* am th e  fu n n e l was r o ta te d  by th e  c o t o r  the  venous 

blood pou ring  in to  i t  was d i s t r ib u t e d  even ly  a long  th e  w a l l ' 

o f  th e  carboy  and beceae oxygenated by th e  oxygen in s id e  

th e  chamber* Oxygen or any gas m ixture used f o r  oxygenating  

th e  blood was bubbled th rough  w ate r to  s a tu r a te  I t  and 

e n te re d  th e  chamber th rough  th e  mouth o f th e  carboy# 

S a tu ra t io n  of th e  gas w i th  m o is tu re  was n e c e ssa ry  in  o rd e r  

to  p rev en t the d eh y d ra tio n  of th e  blood* The oxygenating  

chamber a l s o  formed th e  reser v o ir  whence th e  blood was 

drawn by th e  pump* ■

The p re s s u re  r e g u la t in g  d ev ise  c o n s is te d  o f m  a rran g e ­

ment s im i la r  to  th e  " h e a r t* ,  ex cep t f o r  a gooeh ru b b er
<

tubing s u b s t i tu t i i ig  th e  th ic k  ru b b e r  tube* and was kep t 

co lla p sed 'b y  m a in ta in in g  a known p re s s u re  (100-110 m « 

of, m ercury) on i t*  I t  was connected  to  th e  a r t e r i a l  tube 

by jean #  o f a IV tube* Blood flow ing  th ro u g h  th e  a r t e r y  a t  

a pros su re  in  ex cess  o f  th e  100-110 sm* neretiry caused ihe 

d is te n s io n  of th e  gooeh tu b in g  add th e  ex cess  blood was 

d iv e r te d  from th e  a r t e r i a l  system  in to  th e  "lung*1 chamber* 

V alves were found to  be unoeeeseary  in  th i s  system .



?.'ix to  e i g h t  l i t e r s  o f b lo o d  w ere  Q elleeted  In a wide 

mouth g l a s s  b o tt le  o r  « a  mem®  1 budkot with. a  tfciek p a r a f f i n  

s o t t in g  to  eeald  to® aoataat of to® bleed with tne ^ eta l  

surface* Heparin or oh loraso l fu s t  piak B wea m^-4 m  the 

rn n tlQ m m lant* A fter thorough f i l i n g  til® blood was flit® ro d  

throegb sev era l f  11 t o r s  c o n s is t in g  of eheeee c l o t h  and cheese  

c lo th  wrapped around oottcm and Hap Id F lo  f i l t e r s  {J®kmon 

and Johnson], in® f i l t e r e d  blood mm  oxygenated p rio r  to  

p m r fm lm *  A fter washing tao adder v i t a  s a l  la® on® of it®  

a r ter ie s -  oaa eenalated  and n a if  o f the odder uses perfused*

Hi® d a t a  obtained w ith  f it®  perfu sion  oxperi&enta a r e  

p re se n te d  l a  ta b le  I*

Ihe data la . t a b le  1 show that the ra te  -of blood flow  

o b ta in e d  in  th e  . f i r s t  f o u r  .p e r fu s io n s  was considerably  

below the p h y sio lo g ica l ret®.* The on set of the vasoooaetrle*  

t lo a  mi® q u it#  rap id , tho Mxlaam ra te  o f flow  obtained a t  

the i n i t i a l  stag® decreased p r o c e s s !  vely* 'fhe lo o t  

p erfusion  (**0* 12) showto a n 'I n i t ia l  inert*® in  the ratet
o f-f lh w  over It p e fled * o f'‘tn e tlt i jfeiiiatbB*wilibh'vo&bs^qaoatiy

.; ,- - ., - : ■ ' •' ' . . ■' ",- i. .f ■ ■ x '•■ ■ ■* ' '•'
iee lla< N  dorla#  the next iljr  m inutes from e 'h r ii& tlfe iy  high  

v t lu e  of 625 m i/e isu  . ■ i'tr f iis io n  of the other

h a lf  of the gland d id  h ot reproduce ••the .shot® i n i t i a l  ra te  

o f flow  and re su lted  in  a .serfes-d decrees® in  the r^te of

f l o w ;  v i s *  400 a l / m l r u  was ro d e o e d  t o  120 n l fm in *  i n  f i r ®  

S k l m t m *  The r e la t iv e ly  h ig h  ra t®  o f  f ie®  o b ta in s®  |hO0 « l /  

. s i n . )  op roared to  be due to  the extrem eIf sh ort time lap se



between th e  shedding  of th e  blood and the beginning o f the  

p erfu sion#  The poo r r e s u l t s  o b ta in ed  by th e  p e r fu s io n  of 

the  o th e r  h a l f  o f  th e  «ndder shows th a t  v a so co n str ic tio n  in  

the blood hM already developed*

I f  fo o t  o f  hung P e rfu s io n

l a  o rd e r  to  t o s t  w hether p r io r  p e r fa s io n  th rough  th e  

longs haws a fa v o ra b le  e f f e c t  m  the  r a t e  o f flew  o f  blood 

through the mammary g la n d , fo u r  p e r fu s io n s  were c a r r ie d  ou t 

a f t e r  th e  blood had passed th rough  th e  lungs* The d a ta  a re  

p re se n ted  In  t a b l e  2* A fte r  f i l t r a t i o n  the  blood was pumped 

th ro  gh th#  lungs once o r tw ice and then  one h a l f  o f  the  

g land  was perfused*  A p lig h t  b e n e f i c ia l  e f f e c t  appeared  to  

be in d ic a te d  from th e  r a te #  o f  flow  which were s ig n if ic a n t*  

l y  h ig h e r  than  th o se  o b ta in ed  la  e a r l i e r  p erfu sio n s w ith o u t 

th e  use o f  lungs ( ta b le  I } .  A lthough the  h igh  r a t e s  o f flow  

were n o t maintained f o r  any le n g th  o f  tim e* th e  d e c re a se  in  

flo w , i n  a t  l e a n t  one p e rfu o io n , (p e rfu s io n  10) was n o t ms 

ra p id  as o b ta in ed  in  the  d a ta  rep o rted  In  ta b le  1* Unis 

could have been f o r tu i to u s  so m  a d d i t io n a l  s tu d y  was made* 

Perfusion  of o n e -h a lf  of th e  gland was i n i t i a t e d  p r io r  to  

th e  lung  p e r fu s io n  end a f t e r  n o tin g  a d ec re ase  In  th e  r a t e  o f 

blood f le w , th© i t  low o f  - bleed lo th ©  gland  was d isc o n tin u e d  

and th e  blood was pumped th rough  lungs tw ice# The blood was 

thee .perfused* th rough  th e  h a l f  o f th e  g land  p o t  p e rfu se d  

before*  A more n e a r ly  c o n s ta n t r a t e  of flow  was ob ta ined  

over a period o f , 30 m inutes* i t  was f e l t  th a t  th e  f i r s t  h a l f  

o f th© udder m ight have had th e  blood v e s s e ls  b locked o f f
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and that the second h a lf  ©f the gland might hat# g iven  the  

same r e s u lt s  w ith  t in e a  n et .;< e r f  used through lungs* 8© the  

f i r s t  fc t lf  was perfused again* th e  data are shewn in  ta b le  

3* I t  u l l l  he see© th at the, gland mew gat© a rate o f  flow  

g rea ter  than obtained p r io r  t© lung p erfu sio n , and wm  

m  1 st aimed fo r  3© minutes*

Another p erfu sion  was carried  out In which the lung wee 

perfused  p r io r  to  the mammary gland,; p erfu sio n . A fte r  the  

ra te  o f flow  had alondjK-'ddtair eoe<^4ers$ly the e f f e c t  o f the  

1 trigs on the d e to x if ic a t io n  o f blood was tested *  The data  

are shown in  ta b le  4* U n favorab le  i f fo o t m n  observed*

That tike lung  p e r fu s io n  does n o t” alw ays r e s u l t  in  m 

b e t t e r  r a t e  o f flow  was shown in  p e r fu s io n  Ho* 16# ©me 

h a l f  o f th e  udder' 'teas' perfused" b e fo re  lung  p e r fu s io n  and 

an i n i t i a l  r a t e  o f  flow  of 2 4 © m l/m in. o f blood was o b ta in ed  

which d e c lin e d  In  1© m inu tes to  3© sl/m ln*  th e  lung  was 

then  p e rfu sed  so  th a t  th e  seven l i t e r s  o f  blood used passed  

th rough  th e  lung tw ice* th en  th e  o th e r  h a l f  o f  th e  g land 

was p e rfu se d  th e  r a t e  o f  flow  was n o t im oreased*

I f  f e e t  o f  ;:-iode of 3 us pens io n  o f th e  ©land

In  th e  l a s t  m entioned p e r fu s io n  {Mo* 16} a f t e r  th e  blood 

flow  had lsioefc e rased  th e  gland was suspended u p sid e  down by 

aeons o f the- t e s t e  to  determ ine w hether the  w eigh t o f  the- 

udder caused th e  c o l la p s e  o f  th e  blood v e s s e ls  < hen i t  was 

suspended in  a bag o r a net*  In  th e  p rev io u s  p e r fu s io n s  th e  

mammary g land had always been suspended in  th i s  manner* A 

f l a  r a t e  o f  5©© ml/mln* was obtaimed* Am a ttem p t was then
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msde be, suspend th e  g iaad  i a s u e h  a ..way* as be s ieea la te

th e  he t o r s i  Tblii was-.aonw by^suijteadlng ,the

udder from t i e  m& i m  suspensory  ligam ent by mem® o f  th r m  

o r fo u r  Hooka. Two- a d d ltlo n e! hoofcs wf re used m  e i t h e r  

s id e  o f t i e .  glead to  s tr e tc h  the sk in  around t i e  te a ts  so  

a a to  d i s t r i b u t e  th e  -weight o f the gland ®or# uniformly*

The d a te  m  two perfusions- a re  shewn la  ta b le  $* The time- 

la p s e  between th e  s la u g h te r  and the  be^Inn ing  o f th e  perfu sion  

was n e a r i f  two hours in  each o f  the  p e r fu s io n s ,  17 and IS* 

( ta b le  5)* The blood was n o t passed  th rough  a lung*

P e rfu s io n s  IS , 17 m i  IS show th e  im portance of th e  m nm r 

o f  suspend log the mmmmf gland t m i  th a t co n d itio n s  

approeohlng th e  n a tu r a l  s t a t e  in  the  hoi f  f a r o r  * b e t t e r  

p erfu sion  ra te *  The d a ta  a ls o  show th a t  a p r i o r  long  

p e r fu s io n  i s  n o t e s s e n t ia l  f o r  a good r a te  o f flow*

Mature- o f  A r t e r i a l  Flow

l a  * number o f p re llttia a ry  s tu d ie s  i t  i t s  observed that 

blood passed th rough  th e  gland under h y d ro s ta t ic  p re s s u re  

a t  a more un iform  r a te  over a f a i r l y  long p e rio d  o f tim e .

I t  was f e l t  th a t  th e  pm p used - la  th ese  s tu d ie s  m ight have 

a  d e-tem la ea ta i e f f e c t  on the  p e r fu s io n  as th e  flow  o b ta in ed  

from I t  was not- p h y s io lo g ie s !  lassA seh as the pomp d e liv e re d  

blood in  m  in te r ru p te d  naaner* I t  th u s  d id  .not d u p lic a te  

th e  flow  obtained l a  th e  body by th e  pumping a c t io n  o f th e  

h e a r t ,  which s u p p lie s  a s te a d y  flow  o f blood w ith  pulsation, 

superimposed* The pmp su p p lied  blood l a  s p u r ts  fo llow ed  

momentarily by sampleto  c e ssa t io n  o f th e  flow* l a  o rd e r  to
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r*st>le 5

Sates o f Blood Flow da iraspoadiijg th® yd a or toy tho ',:«<}lsn 
5;USpeaBOry i . i g a s o a t .

Psrfutslon jfe tfa s ia a  t i s o  >.«ts o f olood
«o. ' (sale) : * flow  ( ra l/a ia )

1? 0 320
80 -  320
30 340
60 360
?0 400
85 472

100 480
115 560
130 536
145 480
150 400
160 400

18 0 700
30 640
45 640
75 :'80

105 720
120 780



n

m a in ta in  a* eo n s ta n & blood p re ssu re  th e  blood m® leapt in. & 

re ser v o ir  feb a h e ig h t o f  § bo 6 f e a t  and perfusion® were 

m rr led oat using th is  hood of blood. A ll the other co n d itio n s  

rem ained the  same e .g .  temperature of th e  blood f suspension  

o f  the adder* ameont o f  $.ntieo&fai&nt» f i l t r a t i o n  eto*

th e  d a ta  o b ta in ed  under.these c o n d itio n s  In  s p e r fu s io n  

{so. 3 t}  a re  shovn in  ta b le  b . The tlma*»l*pse betveas the  

sh ead in g  o f-b lo o a  an®, the  beg in n in g  of p e rfu s io n  m s  

approxim ately one h o a r . I t  ole© shove that one# ©.good r a t e  

was o b ta in ed  and maintain©© fo r  some t i^ e  ©hanging to  th e  

pump had no d e le te r io u s  o f fs e t*  perhmpe beeause th e  v& sealtir 

eye ten  of th e  gland i s  more s e n s i t iv e  to  v a r ia tio n *  in  blood 

pressure at the  beginning o f th e  p erfu sio n . H*is may be due 

to  the  gland having gone w ithou t blend supply In th e  i n t e r v a l  

b a tm e n  the shedding o f th e  blood and the beginning o f  th e  

p e r fu s io n . & f u r th e r  t r i a l  (perfusion: 33) ves eond'ueted. in  

which th e  a o r m lo y  o f the  b lood was- e s ta b lis h e d  by p e r fu s in g  

a- m&Mmtf glend -by means of g r a v i ty  f in s .  M r a t e  o f 4Q0 m l/ 

i?dn. O btained which «M,-aaiiitai&e& fprf.a-- e e i  e l d eta b le  tim e. 

Using th e  same sample o f blood the perfueIon  o f  another gland  

m s  a ttem p ted  u s in g  , th e  pustp, a l l ; the ' © thfr.eo iid  I t  io n s  remain** 

lug  the same. 4n i n i t i a l  m*&® o f 400 s l /m ln .  d eelined  to  

a lm ost n o th in g  w ith in  f iv e  m in u tes , t h is  experiment in d ic a te d  

th a t th e  unnatural nature o f  blood flow  obtained by u s in g  

t h i s  pump had a d e f i n i t e  harm ful e f f e c t  on th e  r a t e  of per* 

f u s io n .
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Table  6

H a te s  o f  Blood F Im  u n d e r  5 f e e t  o f  H e iao s tw tle  P r e s s u r e .

P e r f u s i o n P e r f u s io n  Time Mate o f  Blood Flow uemsrJcs
MO. '(.ml/m i n )

32 0 mt
10 600
20 606
30 750
40 750

g r a v i t y  f low  
c hangod t o  t h e
pump

30 7a0
60 750

f f f e c t  o f  H y p e r v e n t i l a t i o n

M'hile i n v e s t i g a t i n g  t h e  r a t e s  of  blood f lo w  o b t a i n e d  

V/lth v a r i o u s  sa m p le s  o f  blood th r o u g h  &he jmmm ry  g l a n d  i t  

was n o t i c e d  t h a t  a v enous  sam ple  o f  b loo d  p a s se d  t h r o u g h  th e  

mammary g la n d  a t  a r a t e  f a s t e r  t h a n  a w e l l  ox y g e n a ted  sam p le .  

I t  seemed d e s i r a b l e  t o  f o l lo w  t h i s  a c c i d e n t a l  o b s e r v a t i o n  

f u r t h e r  and t o  se e  w h e th e r  e x h a u s t iv e  o x y g e n a t io n  u s in g  

p u re  oxygen a c t u a l l y  had an a d v e rs e  e f f e c t  on th e  r a t e  o f  

p e r f u s i o n .

as much o f  t h e  b lood  a s  co u ld  be o b t a i n e d  from  one cow 

vias t a k e n  and d iv id e d  i n t o  two p a r t s .  One p a r t  was o x y g e n a ted  

th o r o u g h ly  w i t h  p u re  oxygen,  th e  tim e of o x y g e n a t io n  v a ry in g  

from 45 t o  60 m in u te s  i n  t h e  p e r f u s i o n  t r i a l s .  P e r f u s i o n  o f

t h e  maw..iary g lan d  was s t a r t e d  w i t h  th e  o n o x y g en a ted  sam ple

o f  b lood  and a f t e r  a s t e a d y  r a t e  was o b t a i n e d  th e  p e r f u s i o n



f lu id  was ©hanged to  th e  oxygenated sample o f b lood , 1&® 

rat#®  o f flow  war# measured a t  frequent in te rv a ls *  j& the  

oxygenated sampl® o f blood was g a la#  t h r o a t  th e  g land  th e  

venous o r poor I f  oxygenated sample was oxygenated, The 

oxfgoaatod sample th a t  had .goo® th rough  th e  gland one® wag 

used as rep resen tin g  tho  p o o rly  oxygenated sample* ffeus th® 

g land was p e rfu sed  a l t e r n a t e ly  w ith  M i l  oxygenated mod 

p oorly  oxygenated (•venous11) blood samples* G ravity flow  

was used th roughou t thoa® s tu d  it® , The time-laps® between 

th© shedding o f th e  blood and th e  bag igd ing  o f th e  .perfusion  

w arlad fro® 4 0  to  60 m in u tes . Oat® o n 'thro® p e rfu s io n s  

(Ho, 45§ 4t# a n d ' l a ' ; t o b l ® ®  ©OC9*

th ese  data' sho* t h a t ' a "hyperventilated sample of blood 

had © d e f in ite  h a m fu l o f f  ea t on the p erfu sion  rat#* Blood 

sam ples were analysed jssacnbetflaelly  (M ) fo r  th e ir  oxygen 

and eerbon d iox id e  eontenta in  p erfu sion  52* fh#s® data ar® 

pro©anted in ta b le  10,

I t  e&n be aeon th at tho h yp erteatil® ted  sample la  very 

n early  saturated  w ith oxygon* Ht® oarben d iox id e  oontents  

were oorrespendingly low,

I f  f e e t  o f the use o f  5# OQ? and 95$ o^

The low v a lu e s  f o r  carbon d io x id e  eontont of th e  

h yp erven tila ted  blood ©musing to eo a o n etr ie tio a . l a  th e  

vascu lar system  of th e  s e n a r y  gland  suggest th e  p o s s i b i l i t y  

th a t th e  d ep le tio n  o f earfeoa d io x id e  eaused by th® use o f  

p u re . oxygen, f o r  th e  oxygenation  o f  b lo o d , n ig h t  b® 

resp o n sib le  f o r  the v a so e o n str lo tlv e  o f f s e t ,  Two p e rfu s io n s



Tahla 7
Tho S ffo o t o f  H fp o ro o fitila t te n  oo th a  S a ta  o f  Bleed Flow 
(F offuo io tt 45}

F o rfu a lo n  t l m  Sato  o f  blood flow  Boaarko
(min) ( a l / a l a )

Oxygoaafeod Mood

0 390 -  vmokii blood
5 250
8 170

10 210
U  160
15 260

18 1 4 0
21 120
24 130
28 190
31 90
35 75
40 70
45 70

54 190
5 8  no
63 340
to 350
73 380
77 368

80 330
83 260
87 210

170

oxygenated blood

91 135
93 135
95 120
97 105

99 U 0
rW M M lM S H  blOOd
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Toblo t
E ffect o f U fpervaatilatloa oa tbo Rot* o f Blood Flew 
(Perfusion 48)

t l a #
(mln)

Hat# o f  blao0 flow  Remarks 
(aX /aia}

0 180 «***—  •* -▼oaous b leed
3 180
4 210
6 3^ A
9 2f0

15 275
x i 320
2 0 335

*«•««««*•»«»«»•» s& was&a ted  blood
22 390
2 4 280
25 125
a i 100
2$ 80
38 #0
32 90
35 90
37 90

W W W *** ■»«»«»«• if aa oa a 61ood
40 85
a *5
4 3 150
41 250
4 6 300
4 i J20

t&# pwrfassloa wa* stopped aft8 resumed a f t e r  40 rd iia te i
with til# *4*31

49 160
51 360
53 350
56 400
$a 310

. . . . . . « « .8 * ) f g j a a t » 4  blood
64 100
66 250
0® 350
70 360



3?

Tabla 9

a f f e c t  o f H y p e r v e n t i l a t i o n  oa tfce R ate  o f Blood f low
{f e r f u s l o a 52)

F e r f u r i o a t i& e  - a t e  o f  b lood  f lo w Remarks
la in ) 11 l /  a l n )

0 **■ ■»«» «•*»*•<»•>**•<■•■» fQiimis b lood
2 425
5 460
B 560

12 57S
14 610
20 010
29 610 »i»I111Ii! o x y g en a ted  Dlood
30 AOO
31 250
33 240
35 220
37 210
42 190

t e a  out § b l o o i
43 220
44 450
46 600
so 600

oxygen-, te d  b lood
52 >00

venous b lood
61 480
63 525
69 600
61 600
,:§ 620

oxygenated blood
>60

89 310
>0 300

venous b lood
32 450
95 610

104 600
113 600
116 610
X21 640
126 6a 5



( 
M

L
/a

II
K

)'

600

500

400

300

yp or o x y g e n a te d  b lo o d100

-• H y p o -o x v g en a ted  b lo o d

606040 100

T IM E  ( H  S )

F ig u r e  b .  The e f f e c t  o f  h y p e r Y e n t i l a t i o n  o n  th e  
r a t e  o f  b lo o d  f lo w .
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Table 10

Oxygen ant Carbon Dioxide oo& tm tu  o f b ioot samples in  
P erfu sion  $2.

Simple
$0.

Satur© o f  
blood

P e rfa a io n  
t in e  wMu 
sample drawn 
(a ih )

v o i.j l COg vo l.;

b loot a© r e e e lv e t  •
from tbe animal

6 ,0 4 49 * 76

b loo t as r e e e iv e t  
frott tbe anInal

5 . 6 8 44 .33

3

4

h yp erven tila te*  25

h y p erv en tila ted , 75
b lo o t passed th ru  
tn© g ia n t onee

1 8 .2 ?

9 .77

23.08

30.46

H y p e r v o a t i l a t a t 90 18.48 IS . 37
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11

vu* iiU « of ?low ia@& . I t h  &L&06 s&fcfe
5 ► cartoon i / h  .U a -ntf £5 * ©xjf^n *1 ta r«  &sd ^ o x ^ - a n a 1 
21  ->od (?*rf*u loa 5?)#

?*rfu$lc>a &t# or felwd fla n
V .a® C-Sil/
i ■ In J

150
200
225
250

24

4©
50

** A Jr/.aa.- t@4 i*od

p-arfu v i  >a ,1 ue-/>?t i l f iu s d  
f o r  l&ek. nt o*y t a d  
&lood f i r  15 1 i*u and 
oo .<»u<s«c w||i*is ,'iU i
o;«ys:fin j tad £» I oo<l •
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Table 12

.Hatea of Blood Flow a t ta in e d  *vith Blood Oxygenated w ith  
00^ and 95$ O2  and unoxygenafced Blood { F e rfas lo n  6 6 ).

?erfu® Ion Bat© o f flow Kei&arke
tim e (&l/& in)
(a to )

0 oacygon&ted blood
5 350

10 250
venous blood

20 375
35 350 11111*1•t1 oxygenated blood
50 325
90 225

venous blood
105 200
110 150
115 150
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o x y g e n a te d  w i th  $6 c a r b o n  d i o x i d e  r e l ie v e d  t im  v a s o ­

c o n s t r i c t i o n  produced  by th e  * p i e  o x y g e n a ted  w i th  pm*# 

oxygen to  n ea r ly  th e  a&nse ex ten t*  The d a ta  on the tare© 

p e r f u s io n ®  showing t h e  e f f e c t  o f  5% c a rb o n  d i o x i d e  l a  oxygen 

Is? giho^n g r a p h i c a l l y  l a  f i g *  3*

The hyo03*- ,*nd hyp©-© y g r a t e d  b lood  B a ^ p l m  In p e r f u s i o n  

66 a t  r e  n t a l  *d f o r  t h e i r  ox / . ;en  end ca rb o n  d i o x i d e  con to n  to* 

The d a t a  u r e  p r e s e n t e d  i n  t u b l e  14*

Table 14

Carbon wio x id e  and 
66} •

<>xygen C onten ts of  blood staples (^ e rfu s :

■ "■afcple 0^ v o l .  ■»*4 C0« V >3l. jc

11 > p o r-  ©xyg a £i a ted  
blood

1 6 .5 5 2 5 .7 4

'Venous blood 11 .11 2 2 .9 0

The d e g r e e  o f  y g e r ^ t i o n  o f  th e  blood d o s s  n o t  see.® to  

bti m ark ed ly  d i f f e r © a t  f rom  tuwt o b t a i n e d  u s i n g  pur© oxygon*

E ffec t o f C h l o r a l  H y d r a te

f l n c e  t h e  a c t i o n  o f  t h e  blood h y p e ro x y g e n u te d  w i th  pur© 

oxygen p r o d u c e s  a v i i e o e n . a e t r i c t i  on ©Isioet l E e t a a t a n e o u o l y g i t

a p p e a re d  t h a t  the  n e r v e  f i b r e s  o f  tfte v&ecttletr sy s te m  of  t h e  

i s o l a t e d  £"aw;:a e r y  p i^nd  & ust  s t i l l  b# u c t i v #  and t o u t  the



5 0 0

40 0

66

3 0 0

200

100
U noxygena ted  b 1 ood

lo o d  o x y g en a te d  v/i th p u re

Op co n t.

8 0 1004 0 60

T I  11 E ( L’I N )

F ig u r e  3 ,  R a te s  o f  f l o v r  o f  b lo o d  o x y g en a ted  e x h a u s t iv e ly  
w it h  p u re Op, Op c o n t a in in g  5y CÔ  and 
u n o x y g en a ted  b lo o d , ( P e r f u s io n s  9 66 and 6 8 )
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e n t i r e  s e c u l a r  system of  the  gland may be e f  f e e te d  through 

the  medium of the* ne rves .  p e r fu s io n  was oerformod to  

determined whether tha presone© of co lo r  1 hyd ra te  in  the 

blood motile p reven t  the  development of tn© v a s o c o a * t r i c 1 1 oa 

by th« oxygea-ny pervent11&ted blood* The ch io r  •-1 nydra to .  la  

be l ieved  to  n a r c o t i z e  or -mi . s o t h e t i z e  the ne rves  1ta o u t  

o f f e e t i n g  the  .,-©tabollrr .  of to© organ. Ter. mr^.s o f  c h l o r a l  

hydr *t© di- solved In « minimum q n e n t l ty  of * hyn 1s i n g l e c l  s a l i n e  

was added to  12 l i t e r s  of blood mix ad tho rough ly .  The blood 

mas then d iv ined  in to two m^rts ,  ora p a r t  being oxygenated 

thoroughly  u i t h  pure oxygen. The r e n t  of tne  proem., ure was 

the  naaio an in  the study of the e f f e c t  of h y e r v o n t i  1 a11 on 

( porf  Uiiiomi 4 $ f 47 and 52) .  Tee c a t s  are  a nova in ITale 15*

As the  d a t a  showed f l u c t u a t i o n s  d i f f i c u l t  t o  i n t e r p r e t  a n o t h e r  

p e r f u s i o n  s tu dy  was aa.de. The p e r f u s i o n  mas begun w i th  venous 

blood and a f t e r  a e t a a u y  r a t e  o f  b lood  f low  was o b t a i n e d  til© 

v ::;t o o o a r t r  ic  t i o n  mac o n t a b l i a h a d  by p o r f a  Ina: t h e  gpauti. a 1 th  

b lood  h y p e r v e n t i l a t e d  w i th  pur© oxygon. Tea; some h y p e r v e n t i l a t ­

ed blood c o n t a i n i n g  100 :.ap, p a r  c e n t  c h l o r a l  hydro  t o  was tn o n  

r-assad t h r o u g h  t o e  g l a n d .  The d a t a  a r e  g iv en  I n  t a b l e  10 and 

f i g u r e  4 .

Changes i n  t h e  pil o f  Blood

Tlio pa  v a l u e s  o f  b lood war© d e to rm in ^ d  in  aoaa o f  t h e  

p e r  f u s i o n s  f rom  t ime t o  bicie . Tnc i n i t i a l  pH v a l u e s  a t  z e r o  

t i n o  r e p r e s e n t s  t h e  v a l u e s  o s t a t r i e d  on blood a f t e r  

o x y g e n a t io n  and p ro c e e d e d  f o r  « t  l e a s t  t h i r t y  m in u te s  w i th  

p u re  oxygen .  The d a t a  e r a  sh o rn  i n  t a b l e  1? .



47

Table IS

Ike 8f fe e t of Addition of Chloral hjrdrebe to the Blood on 
the Rates of Blood Hew (Perfasion 54).

Perfusion tla e Rete of .bleed flow m m & t m
(jeIb ) t» l/« la )

0 t m m a m  fcO-ood
2
5

200
450

7
10

450
500

13 500
17 55©
21 S3©
26 50©
28
30 81
32 450

mmmm m mmmm ******

36 $ m
38 4&§
41 m
45



4S

Table 16

l im  V f f e e t  o f  ^ e d i t i o n  o f  C h l o r a l  t i f d r a b e  t o  th e  u y ^ e ro  vygeu t« 4  
dLood on th #  / a t© « o f  Blood Flo?? { P m r f m i m  551*

T e r f a s I o n  sub# o f  f lo w  Reasrfeo
t l  m  ( a l / s i a )
(aim.)

0 mm mmmmmmmmmm-mmmmmmmmmmm 1j?#f|0a?% blOOd
3 300
6 240

10 250
13 310
17 350
19 390
22 400
27 410

30 275
35 225
37 200

43 375
47 425
51 425

Uf, ~tw> - - 1 tod
blood

hy p r j v  o x y ^ u . t e d
closet o on l i n i n g  
c n l o r a l  h y d r a t e



4 0 0

5 0 0

o

•  Hyper o x y g e n a te d  B lood

contg

6020 40

T I  M E (H I  N)

c h lo r a l

F ig u r e  4* The e f f e c t  o f  C h lo r a l H ydrate on th e  
v a s o c o n s t r i c t i o n  p ro d u ced  b y  h y p e r -  
o x y g en a te d  b lo o d .
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Table 1?

The tx 'eo t  o f  P e r f u s i o n  on pi* o f  ijlood*

p e r f u s i o n  fTlsm pu o f  b id e d  *-V
To, fain}  A r te r ia l .  Venous T if fe re a c e

0 7 .1 0
3 0  7 .20  5.U> o #20
60 7 . 0 5  7 .0 5  0 . 0 0
30 7 ,1 5  7 .0 5  0 ,1 0

0 7 .7 0 «* m
35 7 .5 0 7 .1 5 0.35
60 7 .4 0 7 ,0 5 0.35

0 7 .6 0 m ♦
20 7.63 7 . 5 5 \ j , oa
44 7 . 7 0 7 .6 0 Q.X0
^5 7 .7 0 7 . 5 3 0 . 1 7



The mv.3jit®amCQ ®t m  i s o la te d  o rg a n  In  i t s  

p h f id o l© g l e a i l y  fu n c tio n a l  s t a t e  i s  t m  g ea l o f the  

p e r fu r io a  te -u n iq u e s . T his t a s k  I s  w ith  Innum erable

d i f f i c u l t l y  i ,  m a in ly  because of  t h e  n e c e s s i ty  o f  mol&t&ln* 

la g  blood in  a norm al p h y s io lo g ic a l s t a t s  i f  olood l a  used 

a a t ii#  p s r f  us&te* O ther media which a r c  a r t i f i c i a l l y  

p re p a re d » #70ii I f  composed o f  blood c o n s t ! tu e a t s ,  can a t  

b a s t fee co n s id e red  only  a s u b s t i tu t e  f o r  b lood . Of th e  

v a r io u s  slood s u b s t i t u t e s  used h e a o g lsh in -a iag*r"»Leefco s o l u t ­

i o n  i s  t h e  c l o s e s t ,  p h y s io lo g ic a l ly , ' t o  b lo o d . T his s o lu t io n  

I s  capab le  o f  c u r r y i n g  o u t  a d e q u a t e  r e s p i r a t o r y  f u n c t i o n  in  

l i v e  a n im a l s  (4 )  end h a s  th e  a d v a n ta g #  o f  g i v i n g  a  good r a t #  

o f flow  in  th e  p e rfu s io n  o r  1 so la  tad  o rg a n s , i t  s u r f e r s ,  

however, f ro m  a g r e a t  d i s a d v a n t a g e  when a p p l i e d  to  the  study  

o f m ilk  s e c r e t io n  by the  mammary g lan d . All  the c o n s t i tu e n ts  

o f  b lood  t h a t  t a k e  p a r t  I n  m i l k  s e c r e t io n  a r t  n o t  known 

and hence th e  p re p a ra t io n  o f as a r t i f i c i a l  medium com plete 

in  a l l  n u t r i e n t s ,  as  f a r  as req u irem en ts  f o r  m ilk  s e c re t io n  

I s  concerned , i s  mu im p o s s ib i l i ty .  The mm Qf a r t i f i c i a l  

m e-la la c k in g  la  one o r  more e s s e n t i a l  #0 t a n o i l  to  '-on Id be 

in tro d u c in g  co m p lica tio n s  and would d e fe a t  trie purpose o f 

p e r fu s io n , *h ich  a t  t h i s  s ta g e  I s  • o s tu d y  the  a o r ta l  a c t i v i t y  

o f th e  i s o la te d  mammary K.laad and t o  d eterm ine  the n a tu re  and 

q u a n t i t i e s  of -etc bo 11 te e  rer.ioved frosi th e  blood f o r  th e  

sy n th e se s  of in d iv id u a l c o n s t ! f a c e ts  of o ilc *  nheuld a
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s u s ta in e d  r a t e s  o f blood f i lm  were o b ta in ed  in  perfusion®  

where th e  tim e lap s#  between the b le e d in g  of th e  m l m l  and 

the  b eg in n in g  ©f lb© perfusion  was s h o r t  I p e r f a s ‘on 10 in  

ta b le  2 and 12 in  ta b le  1)# The g e n e ra l pattern  of th e  e a r ly  

perfusion* vse* always th e  su n s , an i n i t i a l l y  h ig h  r o te j o f  

flow  shet-ing dewn rath er  quick ly  u n t i l  the blood flow  

a lm ost sensed* P r io r  p erfu sion  of blood through  lungs d id  

n o t in d ica ted  m f  s ig n if ic a n t  b e n e f ic ia l  o ffo o t  in  th e se  

s tu d i e s ,  a s l i g h t  b e n e f ic ia l  e f f e c t  was observed in  

p e r fu s io n  5 ( ta b le  3) b u t no e f f e e t  In  p e r fu s io n s , 7 (ttab le  

'4 ) and 16 ( t o r t ,  page 27)• The e f f e e t  o f  th e  lung p e r fu s io n  

has boon e sc r ib e d  to  th e  f i l t e r i n g  a c t io n  of th e  lu n g  end 

seco n d ly , the  d e to x ify in g  a c tio n  on th e  v a s o c o n s tr ic to r  

su b stan ces*  The a b i l i t y  o f e l l  t i s s u e s  in  d eto x ify in g  

tem porary  v a s o c o n s tr ic to r*  i s  w ell %&mm ( 9 ) ,  and as long  

a s  th e  blood c o n ta in s  on ly  tem porary  v a so to n in s  they  & r e  

d es tro y e d  by the blesue® , bu t a  perm anent r a s © c o n s tr ic t io n  

produced in  th e  blood due e i t h e r  to  s ta g n a tio n  or a g ita t io n  

i s  a c t  destroyed*  These two a i s t i .n e t  e o n s tr ie t iv e  phenomena 

m ight exp la in  the  f a i lu r e  of th e  e a r ly  perfusions* Because 

©f th e  f a i l u r e  to  o b ta in  a good r a t e  of flow  i n i t i a l l y ,  the 

blood was a g ita ted  la  the  p m f  to  a .g r e a t e r  e x te n t  th e reb y  

le n d in g  to the production of permanent tee©*one t r i e t io a ,  

which would t im m m  th e  r a t s  ©f,. flow, fu r th e r*  ;?©*e... o f th e  

sau ces  of  the- l a i t i h l  lW  .pits '  o f :'flow ’m ight be t h e "unnatural 

manner o f  a©sponsion, the e f f e c t  o f th e  u n n a tu ra l flow  o b ta in ed  

by th e  pump by the., bioefclhg o f  - th e  b le e d  ceeaela- of the  organ 

by f i l t e r a b l e  sub*tenses or th e  excess se c r e tio n  o f epinephrine
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dm® to  o x c ita t io a  p r e se t ln g  toll Hag*

m o manner o f suspension  has a denidad o f fo o t  on (tot

perfusion  rata* This tan be m m  from th t inform ation  

githared  in  p e rfu s io n  id* . F erfmelons 17, i t  ( ta b le  5) mud 

3a ( ta b le  6) shew that* ease-<t‘ good r a t #  of (load  f l a t  w it  

obtained through the'gl&nd in i t ia l ly #  i t  eontinned fo r  a 

lon g .p eriod  o f t i m  t f t a  with' (fit  ptiap used in  "these stu d ies#  

the l a t t e r  feat data f'taad^ ts> h ate a d e f in i t e  detr&amntal' 

o f f s e t  (p erfu sion  33# te x t  page 3 2 J* A good rat® o f  flow  

through tli® system  :doee not m a m  m f  rM ant a g ita t io n  o f  

tba blood in s id e  the "heart* la  (to® apparatus used or m f  

ata&ncfciQA la  any ether part o f  ttoa ap;arata® sad .eonaeq^e.t*. 

ly  the e n t ir e  quan tity  o f  blood weald be maintained la  a 

uniform a ta ta  of motion* This might be expected to  temp tba 

blood fro  a from vaseecm strletars#  a® a l l  bit# blood la  

eo n ste iit ly  passing through tba gland# th e re b y  d e to x ify in g  

any v & eo a en a ifie to rU ) produced#

th e  harm ful a f fa a t  o f  (be pomp# no mentioned befo re#  any 

be due to  the nea«pfcyslo log iea i m ature o f tb a  blood d e liv e r y  

cau sin g  an I r r i t a t i o n  of tb a  blood- te a se ls#  I t  has bean' 

n o t lead freq u en tly  th a t  rough h an d lin g  o f  th e  a r te r y  cau ses  

i t  to  c o n t r a c t  end bane® on in te r m i t te n t  blood flow  being  

fo rced  in to  tb a  a r te r y  l a  amides v io le n t  sp u rts#  w ith  eaea a 

n eg a tiv e  pressure i n t e r aparsed in  between spurts# could be 

expea tad to  m u m  c o n s id e ra b le  i r r i t a t i o n  and# consequen tly#  

eon# i r l o t ion  o f the  n r (a r ia s  end th e  o th e r  blood v e s ic le *  

th e  blood r e u s e I s  a p p a re n tly  a re  mere s e n s i t i s e  a t  tbe



^ g laa iH ig  o f  tho p m fu B tm  tii.au labor*  p&rh&p® hooous# of 

th# o o ^ lu s io a  of blood flow i s  tfee in& srvul Uotwooa tU« clood* 

la g  of th# aB.liin.l and tfc# sevor&ao# o f th s  a t*#r f ro #  t&o 

body* :fo®t workor# otsph&oi*# t&# utm ost oar® l a  fch# mmmmX 

o f ill® organ to  bo perfuse!.*  Tto* co n d itio n #  u&dor whioh th e  

:a&~-s#ry p luw ts o f etwsi war# ofetalnoi f r a *  tho s i  a h t« r  ho us# 

oaa bo «■’ as litrro fl sdsqufci# f o r  ..physio logies!

of a pro©!®# aa tu ro *  fh#  s tu a a la g  of th#  u n im l  undoubtedly

r « s u l t#  l a  to# l lb o r o t lo a  of eoaslO#r#bX# #pi&#p&rIo#v sad

hen## th® blood to s o o is  o f  th#  © aiaa ls  a t  ih© f ts »  of b lo o d in g  

any a lr# a d y  b# l a  a © o astrio to d  s to to *  Th# pr»soa©# o f 

#pia©fStria® l a  th e  blood m y  a i m  m ® o m t  fo r  %m lo m ro d  flow  

m tm n  a t  t m  bog la iilag  o f this p#rftt*loit« 4a id®& o f tho 

# sib rasa# • o a a l t l v l t f  o f tb# gland o f p osts  0 m  b#

o b ta in ed  froei th# r a lu # # ?*45 x 1 0 -^  g* of © dr«a#liii# p#r 

grmit of M-ja^ry -tis-sa# ;h-amd by H#bb &nd L in ^ o l l  (31) to  

prodaa# rasoo^ i® '■ r i a t t a i u  lii® valoos fo r  t a t s  and dogs war# 

o f th#  s-^ e ardor*

Th# # ffo o t  of ^yp#r»osygoaatloa was as o sitiro ly  urn** 
f a c t o r  tho rafc® of &lood flow* l > »  th#

nut#  pr«##ut#d la  to b lo  9 *n4 rig*  S» i t  0m  b© ###& th a t

ta© r# sp aas#  of th* an ,.%*«. ry aland. to  hypsrosygsa&tod blood 

i s  alm ost iAntsataasott® as svidsneed  ty ih# rapid i m l i m  

of th# rlood flow* the r#©ov«ry of th# blood fo ilo o la -:  b&# 

us# of hyp©~oxyg#&®tod feioad i® eq u a lly  dm aaaiflt* Th# 

®ogg«#tio*i fro# ' ta l#  o b so rso tio a  th a t  th#  asrv o u s 

mm i*rrol*#d in  aoa# j&unaor found ao.a.:rimafion l a  th# 

r@au.Xfs o b te la s i w ith blood to vhiofc oftlor&l hyarut# hod *##a

mailto:r@au.Xfs


added ( t a b le s  15 *;• nd 16 nb f ig .  4 ) .

l a  thlm connects or. the re ten t ion .  of  the t & o i t a b l i i t y  of 

the  v a s © e o ri f. b r  i c i  1 v e nerve f ib r e a ,  c a r r ie d  by the e x te rn a l  

ayarnatlo nerves of the m-*:.rusry gland, found oy Hebb and 

U n w e l l  (31) throughout the n r a t io n  of t h e i r  p e r f u s io n  i s  

o f  l a te res fe .

The node  of  a c t i o n  o: thT. vhboc  e-na t r i o t i v e  e r f s e t  l a  

p e r p l e x  lap# Tho o ayuum c o n t e n t s  o r  b lood o x yg e n a ted  w i t h  pure  

oyyoen a no oxygen containing 51 carbon dioxide ( tab les  10 

^nd 1 4 ) a r e  n o t  s i g n i f i c a n t l y  b’l f f o r o a t ,  t h e  o i  ; f e r e n e e  be ing  

o n ly  a p p r o x i m a t e l y  2 a 1* or  oxygen p e r  ICO m l .  a . b lo o d .  I t

i s  c u l t  a poo- i h l a  t h a t  *.& n e « r  th e  aufcar&tion p o i n t  t h i s

a l i g h t  d i f f e r e n c e  any r a v e  . wwr’-ed i n f l u e n c e *

Th© d e s i r a b i l i t y  o f  ucing a carbon d ioaIde-oxygen mixture 

has been -en t lo n o d  .g vorlcme ao rd e r s  ( 31* 91)# btolcas and 

Oiboon ( h i )  found thmt the pH o.f the blood oxygenated w ith  

pure oxygon rose  to  .»» hi-:h a va lue  an 0 .5  a re ro a s  us ing  4a 

carbon d io x id e  in  oy.y.^n maintainefi the pH. a t  about tho sa..© 

l e v e l .  In t h e i r  %ark owygon.-.tion fo r  approxl?;©teiy 30 minutes 

--. i t h  pure oxygen, inc reased  the pi I value in  t h e i r  experiment 

from 7 .5  to  T.3 r is inm  in  the  next  t h i r t y  minutes to  6.5*

Ho such  a i d e  f l u c t u a t i o n -  h, ve been  o b s e r v e d  i n  th e  pH v a l u e s  

d e t e r m i n e d  i n  t h e  c o u r s e  o f  t h i s  c a r i e s  o f  s tu b i s a s ,  a u e re  

p u re  o rygen  used f o r  oayge.a, fcion ( t a b l e  1 7 ) .  the  pH

v a l u e s  o b t a i n e d  f o r  a r t e r i a l  blood ran ged  &etvr«en 7 .0 5  t o  7 . 7

v i t h  a mean d e c r e a s e  o f  0,.19 u n i t e  f o r  v tooun  b lo o d .  I t  ’would 

a p p e a r  from t h i s  t h a t  i t  i n  n o t  t im  pH o f  t h e  b lood  t h a t  

r e g u l a t e s  th e  ra t©  o f  clootl f l o w ,  s i n c e  t h e  blood --hich lies
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$&$• trmirarsmd; fc&a glakd matttally &©#* through th# glmad 

a t’ a aarkadly ia#rems#d ra t#  #*#m fchon&h th® pH km* mat 

dtu?tig#d * ig ftlfi*& atlf«
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A ce ta te  and B eta-n^drexybufcyrata M etabolism  o f 

ta e  P erfu sed  L&otafclng Boy Inn m m m r f  aland 9



u tsr a to k k  a m m

O rig in  o f M ilk f a t

The h y p o th e s is  th a t  th e  m il*  f a t  i s  formed in  th e  mammary 

g land from  th e  blood p h o sp h o lip id s  was f i r s t  p a t  forw ard by 

Meigs e t  al. (59) in  1919* th e  b a s is  o f  t h e i r  co n c lu s io n  was 

th e  d if fe re n c e  in  th e  p h o sp h o lip id  c o n te n t between th e  b lood 

drawn from ju g u la r  blood (assumed to  be th e  a r t e r i a l  sam ple) 

and th e  mammary v e in  {Kaufmano-Magae tech n iq u e) of 

l a e t a t i n g  ©ows. That t h i s  te ch n iq u e  g a te  e rro n eo u s r e s u l t s  

was shown c o n c lu s iv e ly  by Blackwood and S t i r l i n g  (12) in  1932, 

who p re sse n te d  ev idence  f o r  a c o n s id e ra b le  hem oconcontra tion  

in  th e  blood p ass in g  th ro u g h  the head re g io n  due to  the  

rem oval o f  w a te r  by th e  s a l iv a r y  g lan d s  o f  sows* Subsequent 

war leers u sin g  a r te r ic -v e h o u s  an a ly se s  o f f a t  c o n te n t have

shown c o n c lu s iv e ly  th a t  a m ajor p o r t io n  o f th e  m ilk  f a t  of
<

ru m in an ts  com© from  th e  blood t r i g l y c e r i d e s . For i n s t e n t s ,  

L in tz e l  (49) found a rem oval 6-10 mg. o f f a t  p e r  100 m l. o f  

b lood p a s s in g  th rough  I n s ta t in g  mammary g lan d s  ©f g o a ts .  The 

value 's o b ta in ed  for. l a e ta t in g :  bovine mammary g lan d s  a re  

a s  fo llo w s : 4*1 mg./lGO ml, o f  blood (average  o f 244 

d e te rm in a tio n s )  by Orsha®, «Tones and Kay (2 S ), 3-52 a*g*/

100 ml* o f plasm a by Maynard a t  a l  (5 6 ) ; 4-14 ®g*/50O m l. 

o f  b lood by Shaw and P e te rse n  (8 4 ) .

The t o t a l  amount o f blood t r a v e r s in g  th e  iiasmary g land 

of a l a e t a t i n g  eow was c a lc u la te d  fro®  th e  ca lc ium  and 

phosphorous se c re te d  l a  m ilk  in  24 h o a rs , by Shaw e t  a l  (8 6 ) . 

I t  was c a lc u la te d  th a t  494 volumes o f blood needs to  go
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th ro u g h  th e  gXaM fo r  th* eee re tlem  o f ©a© velum© o f m ilk . 

F ro a  t h i s  blood volume to  m ilk  r a t i o n ,  I t  was found th a t  

th® f « t  removed by th© glut##. from th#  blood aeeeu& ted f o r  

© tout 93$ of th© f a t  © aerated l a  m ilk*

o f  Milk F a t

Th# pr#etir*or* of th® s h o r t  eh a ia ' f a t t y  © olds, whieh 

e o a s t i tut© h o c r ljr  10$., by .weight- of th# to ta l- f a t t y  so li®  

p r e s e n t  l a ; th #  s till;  f a t -of rum inant® , .has; baea ■ %tm stib jee t  

o f  in te a s iv e  study d u rin g  th® la a t  tea  to  f i f t # * a  years* 

Thro* p o ss ib le  methods hdve b##a ii##u® s*#i I )  they may 

fee formed by th# degrade#!©# of long ©ha in- f a t t y  acid® l a  

th® msmmry g land  $ 2) they  may b© *yath *a ls* i from omrfeo* 

hydratea $ 3} th ey  nay  fee syafcbtaiEed frost th# v o la t i l e  

a c id s ,  m ia ly  a o a tlo  s o ld ,  absorbed by th® mammary g land  

fro® th© b lood .

Th© f i r s t  th eo ry  th a t  th# s h o r t  ©hula f a t t y  acid® a r e  

th® d©gr#da t io a  prodm ots o f  long ofeain uasaturated mold# 

was advance® by. K ilrlitah  m 4  ©allaborator*.' (33) m  th #  oasi*  

o f th® stu d y  of th® g ly e er ld e  path# m  of th# fo o d , depo t and 

m i l k  f a t s ,  th* glyeerld©  ©truetar# suggested th a t  th# m ilk  

fa ts  are formed from ol*o«br llnol#© * g lyoerld e*  and th a t  th#  

s h o r t  ch a in  f a t t y  aoirfs &r© format by a pro###® of omega 

o x id a tio n , follow#®: sim ultaneously  by a reduetioa  o f th© 

o l« io  o r  l i a o l e io  m id part of th#  (ihSAt-urated g lyaerid ee*  

fu rth er su p p o rt f o r  t h i s  theory are*  1) the p o s it io n  o f th e  

double bond In n i l  %m un.-atur#*#® ©aid® con ta in ing  te a  

eerboa or more I s  slw ays' th® east* a s  l a  © lei# a#Id t i l *
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between tli#  n in th  m& tit# te n th  oarbest a nd 2} th#  in v a rs#  

r e la t io n s h ip  observed  between th #  s h o r t  e h a ln  f a t t y  s o ld  

a a i/b h #  tweet orated  J'eM y/aeld d^aiehts ©f/piifc[fetiu*i.,-u&y 

tre a tm e n t 'w iiie h  sa tis# s th# d e o rs s se  o f  th#- s h o r t  ekeift f a t t y  

so ld  c o n te n t o f  m ilk  f a t ,  ©.#*• in a n i t io n ,  e o d - i iv e r  o i l  

f e e d la g  e te * f l a  always &©oQ&$&iai#d by an ia e r e a s e  la  th#  

p ro p o rtio n  of th# a n s a to ra te d  f a t t y  &eMi» a lthough  

c i r c u m s ta n t ia l  ev idence  l a  fav o r of th in  hypoi-hesia i s  s tro n g  

th #  lo o k  of d i r e c t  ev idence  o f  th#  occurranoa o f omega* 

o x id a tio n  o f  f a t t y  4 o ld s  in  the  mammary g land  p re v e n ts  th #  

g e n e ra l  accep tan ce  o f th #  theory*

Th# theory th a t th# sh ort chain  f a t t y  ©olds or# format 

fro© carbohydrate sours© la  based e n t ir e ly  m  th# resp ira to ry  

q u o tien ts  obtained fo r  In sta tin g  msam&ry glands 174)* a 

value of h igher than o u lty  has been taken to  s ig n i f y  th#  

form ation o f  f a t  fro® some carbohydrate source* Th# r* h*

I s  now g e n e ra l ly  ad m itted  to  be s o t  d e c is iv e  l a  th# draw ing 

o f  e o n o la tlo n s  re g a rd in g  th#  aebafeolle pathway &jid henc# t h i s  

th e o ry  bcs l a t e ly  besom  mors o r  l e s s  o b so le te*

The theory th a t  th e  low er’ f a t t y  so ld o , ms-Inly se e  t i e ,  

m ight 6# th o  p re e a se r#  of th#  v o l a t i l e  f a t t y  ©aids o f  m ilk  

fm t  gained con sid erab le grounds ever s in ce  i t  m& shorn  th a t  

the rumen or ruminants produce r e la t iv e ly  large' « a e a a i i  o f  

lo w er f a t t y  ©olds (70) tthloh e re 'a b so rb e d  from th e  ru n es ( 7 ) .  

A sotats Metabolism o f the hum aaht .-frlaadf

Kettfvtann sad Rhaw (42) showed t l a  I f 45# th a t  th e  

v o l a t i l e  s o la s  of  m ilk  f a t  were c lo s e ly  a s s o c ia te d  w ith the
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d ie ta r y  ca rb o h y d ra te*  and ted that* th e  ca rb o h y c rttiss

a l^ h t  be converted  l a t a  the  n ec e ssa ry  p re c u rs o rs  l a  the  

ruaen  by & ierobiol© glei&  ac tio n *  I t  hud been ahown 

ly  by Shan, Pow ell and Khoat ( i6 )  th a t  th© Hei©her fc«>^Is a 1 

number and foien&k# number, a r t  m  l a  ic a t io n  o f  the

q u a n t ity  o f th e  v o l a t i l e  a@Ms in  th e  m ilk  r e t ,  do m% 

dftptad upon th e  le v e l  o f blood g lu c o se . I t  was observed 

what I s  k e to t ie  a n i a a l s  with marked hypoglycem ia t he R.M* 

value o f m ilk  f a t  d id  no t d s a l in e  «*s long as  the  oow was s t i l l  

©a fe ed ; c o n v e rse ly , th e  H* M* v a lu e s  of s i l k  f a t  deereused  

c o n s id e ra b ly  ©a f a s t in g  th e  an im als , #?©a f o r  s h o r t  p e r io d s  

o f  time (12 to  24 hour®) w h ile  th e  g lucose  le v e l  i a  th# 

blood was s t i l l  the same* dw&a sad Shaw (53 )  th ea  approached 

th e  pro# lea; l a  a d i f f e r e n t  way* They attem pted  to  p rev en t 

the  d#or«ai§@ i n  Um P .  value i a o  to  i n a a l t i m  by eo n tin aan s  

ebom asul f e e d i n g  of  g o a t s  end in tra v e n o u s  f e e d i n g  o f  sows 

w ith  v a r io u s  su sp ec ted  p re c u rso rs  o f  s h o r t  ch a in  f a t t y  a c id s  

o f  m i l k  fa t*  t h e  su b s tan ce s  t r i e d  were g l u c o s e ,  g lu co se  and 

"p o p tlee se*  {a p r o t « i n  h y d r© ly sa te ), so a lu a  o la a te ,  

sodium a c e t a t e  and so a lu a  hiibyrate* E xcep tin g  sodium 

butyrafce a l l  th e  o t h e r  su b s tan ce s  f a i l e d  t o  p rev en t t h #  

l o w e r i n g  o f  R* -U v a l u e s  i n  s p i t e  o f  r e l a t i v e l y  heavy c o x e s  

o f  th e  gubtsta n .e s  used* sodium butyrat©  i n  th e  f i r s t  t r i a l  

n o t  o n l y  m ain ta ined  th e  !<* u* v alue  f o r  a p e r i o d  o f  36 hours 

b u t an a c tu a l  in c re a s e  i n  Polanske va lue  mm obtained* 

f i l l s  s ig n i f i c a n t  f in d in g ,  how ever ,  c o u ld  n o t  m  repeated*

•The presence  of r e l a t i v e l y  l a rg e  amounts of  v o l a t i l e  

f a t t y  a u id s  in  tho  a r te r ia l !  blood o f  rum inants wah shown by
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mOlfmmt IS7I* For %hw t&ia©© r f m  7 fc© 12 

mt* p®f 100 a l ,  of ©load or vol&til®. aiiiis ®xpr®&«©d s®
©®®ti® ©old, m*ifmm% (§2) k1©o found that th© %lm€  

t*mv*g 2 to 0 * of ©ootat© p#r 100 s i*  of fcl©©df vhi«h

m  & p#r#0 &inct tat©!* r©pr©«®nt« 40 t© 20 p%r ®mt of t&©

&rt<srUl 1***1* Tble high ©©luo f m  soot©to

u&illtii oioft tej th© mmamrf glm€  pain m  oa® of

ot&Jor sotafcolit®®*

in  a -#€iri#n ©f pa pore |  .Foil©? t&4 fronoii (22* 23 t 14) 

deesiritod thoir ©̂j?fc oa th© «.©©&«to of tho mn&aarf

glaiici ky t&® o^rfoari t«©fcai®fc©* ffc*/ fount th&t th© &#;*• of 
rusiaaist mmm t j  glm4 mm invariably aigftur tam  unity ~mm 
too tat* *0 H© usod ss stnhotrist©* ©&4 las® in.m unity «ith  

flaeo®»* *, nm^rw'dn «*« sansmrf g i ta i ,  ots th© © r*aad.#

&6Y© an II*a* !©*» tana  u n i t y  with  aootat© g r « a t # r  th©&

u nity  ■slth ,.;:.la€ @* Th©©© ©b©•*■©©tion© of F o iloy  ©ad yroaofc

n©a©lu©lv*ly that th© ro&iiiaat ^ m m r f  &r© particular*

ly  skd©pt©4 t© ia® a tlX ix a tlo a  o f &o©t©t« fa r  t&oir 

js&«Waalias »M that a«©t©t© wo® feting atllla© ©  for th®

•«y»th©o*© of pounds r©X&tl?oly poor#r la  ©xygas, o.g* fa ts  

©r f a t t y  »®X4§* Thor©. sd ^ h t  b« m m  ©ritioioa o f th©

©onolattloa* dr&oa oa th© hm l®  o f R,-.-v. on Hotm® ilia®© 

roguraiag ta© aatur® of naiiaoollgi-sf p a r t ic u la r ly  ohoa ta® 

ti-:: â© i s  ao ktsnl and XobhXar ©* th© aiaaaerf glan«!# *&ieh

th© ©fitting ©f ualfom ©©otloa© ©try difficu lt*  f-ooaad*
Xy# ih« ©novoa ant Xatjf ©©®tl©oj 0h t* la«4f ao dauat an© to  %m 

alroolar th® d©t«raila©tii»B of th® thlcka©®® of
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th e  s e c t io n s  d i f f i c u l t .  F c lie y  and French determ ined th e

th ic k n e s s  o f l i v e r  s l i c e s  c u t under s im i la r  co n d itio n s  and 

used t h i s  v a lu e  f o r  the  th ic k n e s s  o f the  &&mraary g land t i s s u e ,  

a p rocedure  th e  v a l i d i t y  o f  which m ight be - questioned* 

e s p e c i a l ly ,  when th e  thickness? of th# t i s s u e  had been observed 

to  be n e c e s s a r i ly  l e s s  than 0 .4  mm. th ic k  and an In c re a se  in  

t h i s  th ic k n e s s  y as  much ®« 0 ,2  am. led  to  I r r e g u la r  and 

haphazard  r e s u l t s .  I l l k  p re s e n t In  th e  a lv e o l i  o f th e  t i s s u e  

s l i c e s  I® a n o th e r  co m p lica tin g  f a c t o r .  However, th e  u n ifo rm ity  

o f th e  d ata  o b ta in ed  by th e se  w orkers which could  be 

s a t i s f a c t o r i l y  reproduced  perhaps makes th e se  c r i t i c i s m s  l e s s  

Im portant*

An ijk v ivo s tu d y  o f  th e  a c e ta te  m etabolism  was conducted 

on a g o a t by P o p jsk , f re n c h  and F o lle y  (71) u s in g  sodium 

a c e t a t e ,  la b e l le d  w ith  0^6 in  th e  carboxy l g roup . I t  was 

found th a t  n e a r ly  80& o f th e  in je c te d  a c e ta te  was o x id ised  

to  carbon d io x id e  in  about 6 hou rs and th e  h a l f - l i f e  o f th e  

body acet&fee was abou t 50 m in u tes . The r a p id i ty  w ith  which 

a c e ta te  i s  u t i l i s e d  by th e  mammary g land can be gauged from 

th e  f a c t  th a t  5 of the  amount o f r a d io a c t iv e  carbon r e ta in e d  

by th e  whole body appeared in  m ilk  in  6 h o u rs . The h a l f -  

l i f e  of th e  a c e ta te  in  th e  fo rm a tio n  o f m ilk  f a t t y  a c id s  

appeared to  be 4 h o u rs , from th e  p re c u rso r-p ro d u c t r e l a t i o n ­

sh ip  s tu d ie s  I t  could  be concluded th a t  plasm a f a t t y  a c id s  

a r e  n o t the  so u rce  of th e  v o l a t i l e  f a t t y  a c id s  of m ilk  f a t ,  

n e i th e r  i s  plasma c h o le s te ro l  th e  ©ouroe of m ilk  c h o le s te r o l .

Cowle e t  jgi (16) p erfu sed  th e  o x y to c in  s i  1 Iced-out 

udder o f  a cow, w ith  th e  p e r fu s io n  a p p a ra tu s  @f P e s te r s  and
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' i s r s r r t  \ d th blood co n ta in in g  l a b e l l e d  a c e t a t e ,  The c o n t ro l  

h a l f  was perfused  i- i th  blood co n ta in in g  l a b e l l e d  sodinft 

o ic^rbnan be. by comparing the s p e c i f i c  a c t i v i t i e s  of  th® 

var ious  chemical c o n s t i t u e n t s  of the under tU ioue and 

i t  seemed c l e a r  t h a t  th e re  .was c o n s id e ra b le  o x id a t io n  of 

f r e e  a c e t a t e  end the syn theses  of the  var ious  v o l a t i l e  f a t t y  

a c id s  (£4. 6^ )  took p la ce  by a condensat ion  o f  Q ■, u n i t s .  Hie 

l a t t e r  conc lus ion  r<us drawn from the f a c t  th a t  the s p e o l f i o  

a c t i v i t y  of  the f a t t y  ac id s  decreased with the in c re a s e  in  

ch<;. in  l e n g th .  meetat© was in c o rp o ra ted  in  a i l k  c h o l e s t e r o l  

and l a c to s e  c l  no. The s i t e  of s y n th e s i s  of milk  c h o l e s t e r o l  

was the  msca-iury gland i t s e l f .  On the  examination of the 

s p e c i f , c  a c t i v i t i e s  o f  the  v a r io u s  f r a c t i o n s  of g ly c e r id e  

f a t t y  a c id s  i t  could be seen t h a t  uho co n c e n t r a t io n  of 

was 7-10 ,c g r e a t e r  in  the gl-nd f a t  than in  the corresponding  

f r a c t i o n s  in  tho milk f a t ,  v-hieh. could man a consider:,  ole 

d i l u  ion of the  milk sec re ted  du r ing  tae  p e r fu s io n  time w ith  

preformed .milk not removed by ono milking a f t e r  a t i n g l e  

oxy toc in  i n j e c t i o n .  A r e l a t i v e l y  m p id  u t i l i s a t i o n  of acet-.-te 

by the gland f o r  the syn theses  of h igher  ac ids  could a l so  

ex p la in  the  r e s u l t s .

i x ,  Pete rson  and f t r u u s s  (61)  conducted a s i m i l a r  

p e r fu s io n  experiment using  th '  same q u a n t i ty  of l a b e l l e d  

a c e t u t ® v i z . ,  1 u d l l i c u r i® .  These workers r e p o r t  a c t i v i t y  

in  e l l  f r a c t i o n s  of g ly c e r id e  f a t t y  - e l d s ,  c h o l e s t e r o l ,  c a s e in ,  

non-cur,ein p r o te in ,  n t> n -p ro ts ln -u i t rogcn  t r a c t i o n ,  c i t r i c  a c id ,  

1actos© ©to. On comparing th® s p e c i f i c  a c t i v i t i e s  of the water 

s o l u b l e  v o l . t i l e  ac id  ot tho daod f a t ,  th® f r a c t i o n  g iv ing
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%m mzxim tw  a c t iv i t y  Im th e ir  data* * lth  th© a c t iv i t y  o f  

tm  corresponding fr a c t io n  o f  am*!* £$, &  t l6 )«  ^ecoadly,

* h ll#  Cowl* r t  j | ,  obtained f o r  the m i l k  f a t t y  a c i d  f r a c t i o n s  

a s p e c if ic  a c t iv i t y  value o f 7«*10$ o f th# va lu e obtained f o r  

th# oorrespoadiag fra c tio n #  obt&iaed fro® th# lidder t i s s u e ,

Mx 14  i i  obtained on ly  0*7# # f  tte .'g ian t-u lsr  a c t iv i t y  i®

m ilk  f a t  f ra c t io n s *  T his could on ly  m##n sho t UXil fj& 

p r h o t lc a l i f  ho  h l l i  sy&t&ehls' l a  % m  *Ub«S&i# »# .loo
•**■. ■ '■ - - " > 4 -. ;'■ ." * ; ■ T ? c L'*"‘'

ac 0*16 p®T< h i t tu t•  p%$ m illia rd ®  o f carbon  a m  re p o rte d  wiftb 

o r*  %m I m  f o r  t h # ' o f  © aaolesions*

fro® # study o f- 'th e  iatraveftou# in je c t io n  of la b e lle d

a e e te te  to  th# la t e s t  # o e f K lclbcr £fc (45) fouad that of 

%m  carbonyl earboa of # c # t# te 9 1> 1# obtained in  l# c te s « f 

1# in  ca se in  and 9£ 1® m ilk f a t  w h ile  the eorrespaadlag' 

m l m n  t r m  methyl carbon se r e  2 , 2  i M  12& f o r  la c to se*  

c a s s ia  aad m ilk f a t  resp ectiv e ly *  This study a ls o  gave 

evidence f  o r  the &er* or le a s  d ir e c t  condensation o f  the 2 

oerfeoa iiftit# of a ce ta te  to  for® f a t t y  at Id s , ‘«& iie * sub- 

f it« n tl* l p ortion  of the ear.-ea atom* of a ce ta te  ending, la  

la c to s e  cad ®**el® p#*» through the carbonate pool of the body 

of %h® cow*

The a l lk  fa t  obtaiaed fro® the goat In jected  w ith  lab& iled  

a c e t a t e ' l a  th# s t u d y  o f  F o p j a k ,  F re n ch  cad F o i l e y  ( ? l j  was 

subjected  to  furth#r d e ta ile d  study fey Popjuk, fra n ca , 

liiiator sad m artin (72)* Ttoey d ivided  .the f a t  la  to  I to  free*

t i m i i  1)  obt o la*d ®to 12 h o a r #  a f t e r  i n j e c t i o n  a n t  2 )

t h a t  o b t a i n e d  b e tw een  12 t o  4 i  h o u r s#  Tin? f a t t y  a e lc s  o b t a i n e d

f ro ®  e ach  o f  t h o s e  m i l k  f a t s  were  f r a c t i o n a t e d  so d  t h #
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f r a c t lo f i  oii« h ig h e s t  s p e c i f ic  a c t i v i t y  was o b ta in ed  l a  th© 

steam  v o l a t i l e  w ater in s o lu b le  f a t t y  a c id s  th© so lu b le  a c id s  

coming next* Around 12 hour© a f t e r  in je c t io n s  th e re  was a 

c ro s s in g  over o f  th e  s p e c i f ic  a c t i v i t i e s  sc  t h a t  a t  23 hours 

th e  o rd e r  of th e  s p e c i f ic  a c t i v i t i e s  w ereinon v o l a t i l e  

s o l id  no id  s^>In so lu b le  v o la t iv e  ac id s^so lu b l®  v o l a t i l e  aeid^> 

non v o l a t i l e  l iq u id  acids*  s p e c i f i c  a c t i v i t y  d e te rm in a tio n s  

o f  in d iv id u a l  a c id s  showed th a t  a c e ta te  In c o rp o ra tio n  in to  

f a t t y  a c id s  in c re a se d  w ith  o h - in  le n g th  upto  and In c lu d in g  

ac id  ( e a p r lc )  in  th e  f i r s t  tw elve hours w h ile  l a t e r  on 

i t  in c re a se d  up to  m y r is t lc  and p a lm itic  a c id s .  B u ty ric  

a c id  had an a c t i v i t y  low er th an  any ac id  la  both  p e r io d s ;  

u p to  la u r lo  in  th® f i r s t  tw elve hou rs and l a t e r  on low er 

th an  p a lm i t ic .  B u ty ric  was found to  b© la b e l le d  e q u a lly  

l a  th e  ca rb o x y l carboa  (o r  carbon 1) and carbon  3# carbons 2 

end 4 being  in a c tiv e *  a  s tep w ise  d eg rad a tio n  o f cap ro io  

a c id  showed th a t  t h i s  a c id  was formed by th e  co n d en sa tio n  

o f  a C'2 u n i t  w ith  b u ty r ic  ac id  s in c e  th e  a c t i v i t y  of ca rb o n 3 

to  6 was found to  be the  same a© b u ty r ic  a c id . S u rp r is in g ly *  

th e  s p e c i f ic  a c t i v i t y  ©f th e  ca rboxy l carbon was 2 ,5  tim es 

th e  a c t i v i t y  of Cj and G j, t h i s  was ex p la in ed  by the  

author®  by p ro p o sin g  th a t  th e  b u ty r ic  a c id  sy n th e s iz ed  

from  a c e ta te  was d i lu te d  2 ,5  tim es by b u ty r ic  a c id  from 

some o th e r  so u rc e . This s u p p o s itio n  a ls o  re q u ire d  th a t  the 

so u rce  oy p re c u rso r  of' b u ty r ic  h o ld ‘he a 4 - c a r to n  compound, 

Shaw and Khodt (S3) had p re v io u s ly  suggested hota*
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hydroxyhu ty rle  a c i d  m  a p o s s i b l e  p re c u rs o r  f o r  b u t y r i c

three ahead©al compounds, bsta-hy& rcxybutyrie s o l i ,  

aeetoaoabio ad Id and acetone are g en era lly  grouped under the 

term* *ketaBe* or "acetone* bodies* I t  i s  g en era lly  agreed

th a t  th e  Ketone bodies a re  formed m ainly  from fa te *  The 

form ation o f  ace to & cetic  to ld  saa f i r s t  explained fey Dafeln 

(1?) on th e  b a s is  o f J&oop'e. (4 6 ) eerk on phenyl s u b s t i tu te d  

f a t t y  asid®* He p o s tu la te d  the b e ta -o x id a tio n  o f f a t t y  a s id e ,  

acco rd in g  to  which f a t t y  a s id e  a re  broken down by th e  su e e ss iv e  

o x id a tio n  and s p l i t t in g  o f  two carbon atom s, from  the  carbo­

x y l carbon o f th e  fatty... neide. to  form  see t i e  ac id  u n t i l  a 

fo u r  carbon com poundrem ained 'w hich m n  also- o x id ised  a t  

th e  feeta^dnrboa but was n o t s p l i t ,  (,V T his .theo ry  p rov ided  

fo l. one Xmoieeul^ of th e  fo u r  -carton -compound* e e e to e e e t le  

a d d ,  fo r  each m olecule o f f a t t y  a c id  o x id ise d . The fo rm ation  

o f  p r o p o r t i o n a t e l y . . ' s « e t o a c e t i e  ‘ n e id ‘ from lo n g e r  ch a in  

a c id s  (4 1 ) , low er consum ption o f oxygen than  re q u ire d  by th® 

theory and th e  f a i l u r e  t e - id e n t i f y  th© p resen ce  o f a c e t i c  

m id  i n  th e  l iv e r  led  H artley (3 ? )  to  p r o p o s e  h is  th eo ry  o f  

.m u ltip le-a ltern a te  o x id a tio n *  T his th e o ry  exp lained  the  

o x id a tio n  o f f a t t y  a c id s  fey assum ing sim ultaneous ox id ation  

a t  a l t e r n a te  eer&oa atoms w ith s p l i t t in g .o f  the  m olecule in to  

unit® of fo u r  carbon atoms.,. M th is  th e o ry  a l s o  d id  n o t 

e x p la in  a l l  th© observations e*g« the  p r o d u c t i o n  o f  ketone 

b o d ies  frm i  v a le r ic  ac id  observed by Jowett and Q uests!
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(4 0 , 41) and lioXay <52). th# laor#a*#& production o f

km%om bodlas w ith  th® ms# o f a o o tst#  obt&lAod by k#&*y * t #1 

(5 1 ) t MaiOiy nad eoworMora (52) prop#*#* th* eu rr*atly  aoaopta* 

thooyy o f  b«t*<»oxid*ti#& follow ** Of th# condensation o f two 

a e « t ie  so ld  a a lecu la #  to  for*  aootoaaoti#  a e ld . C o a flra stio a  

o f  th is  th o o r / o*a* f r  * to* ty«t*#f s tu d io s  of '.?*lahoua#9 

Mod#* and Ifloyd (95) aa4 Mohsaan «ad ooworkors (15)* Th* 

o r lc a t lo a  o f  ©arbory-l&boilod n-oot^noi© so ld  by l i t e r  iisa u *  

rosolfeod la  th# production o f  a*#tos©#fci# so ld  la  *hiofc both 

the carboxyl and ourban/I groups, war# U h o llo d  m  observation  

oxplalBatol* only by th* #**d*A*atl*a o f two earhon f r  notion© 

to  fora  aootooootie  a* 14*

aooton* oodloa although otmald#r*d by o a rI f  p h y s io lo g is t*  

to  ho ohaorsal product* duo to  iao& splst#  coftbasbloa o f  f a t t y  

mold* or* sow rooo&aixad a* a o m s l m otahollto* or ***£ o f  

th* arfcdh# .'sad tl&oa'oavof th* i;©dy -(6?k fJ tlJ s  ^

shorn#* by th# porfu^'loa o f ?m is o la te d  h^ortNioag th a t tho 

o sto a t  of beta»hydroxy. b u tr /r lo  &old u t i l i s a t io n  #♦*

T m fflc lo a t t o  account f o r  BOf of th *  consoled* *i*ic

sod itru ry  (96) found th#  u t i l i s a t i o n  o f  h o t*  h y d roxybu ty ri*  

s a id  to  d#p«nd upon i t *  ao n o o n tra tlo n  In blood op to  th#  p o in t  

whor# I t  aeoouat#* f o r  sh o o t f©£ o f- th #  oxygon eo tk tum * .

Th* u t i l i s a t i o n  o f  ho t*  hydroxybn ty rio  sa id  by th# 

I d o ta t la y  bovlao r^mvrnrf g land  was f i r s t  *h*»n by ::;h*w an* 

gnodt (0 3 ) , Oa comparing tfc« tt* t& b*ll*a of th#  **fc<uary g load  

o f  a o r t a l  oows und so#® w ith  katosl®  /;h*w (01) found th a t  th#  

l a t t o r  us#& a?or ICO,;! o f  th#  oafta^ tyaroxy*bu ty ric  a c id  

m otabolixod by th*  gl&ad o f  th*  adr& nl sow* l a  c o n t r a s t  to
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t&s f i l i n g  ©f wtok and Drary {$&}/Bhm did a o t f i m i  that  

%hm mtlllimtlmm of bet#»hyiroxybutyria amid «tapp«i w lt n ' 

Ik# quantity #©@©umtiii§ for f#H o f tm# o^ygtm ©omstiAoi , 

©©•tudag ©amyl#*# oxlim tl#** tmi* ©iffor#®## ©©a Im 
•6ft»id#?*di w it aim &&• lim it#  ©£ ©xfarX&matal orror* fto# 

work ©f Ska# «xmI.. ©omorttr# aloo'.olioteoi tfe.at o o ly 'th #  bota- 

&fdr#.xyhmtyrio mat© frto tlom  o f th* ka.ton# '©oil## .of bloo© 

mas a till# # ©  fey tlia/ma-ammrjr glam©*

Xm ord*r to  study th# ©ohavlor o f Wo slam© toward#
' h# ta«»hy#?©xy fcuty r l#  ael#  in  l i t  j>?*#m#o ' of glut©##* atom 

mad ? stars#® ($51 psrfusoiksY io# msmmrf .glam## «ikh hi©## 

oomtmlaiag varyi.au amomta o f  h»t«*fcr#:ro3yfcatyyi# s o l i#  

lima porfmslom t r i a l  #' c ©isf 1 rmt# th# X&y§#. up taka o f bm%m~ 
feyiroiyhufcyri# n o li  s m ith #  a©a*mtlXlsmtls«i o f «##tom# ami 

aoot*#*?t#o m old*.. 1m on# ...##%»ii*i fe&lane«- sft^ty- : t%# hot**
: ;; .. •/ _ ■■ ■ .'■ - v; /■ ." ; .' it' ■

bjirozyMiyvlp--&tiii utlX iz«3 M eouatW  fb$ IS%;of oxjrg«e 
ooa*aae4. TMtt W» loer.6#st^ .tteil4®s(%loa o f  bofcft-l̂ tJrfixy-
tjutyri# mold was mot' #u« to  th# mom a v a i la b i l i t y  of elm©©## 
mm# alt© brought ©at lm this sstaiy*
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t J t i i l x a t l e a  of Ace t a t#

A ce ta te  u t i l i z a t i o n  by th e  p e rfu sed  mammary gland mm 

s tu d ie d  in  fo u r  p e r fu s io n  t r i a l s #  The a p p a ra tu s  h as  teem 

d e sc rib ed  l a  a p rev io u s  se c tio n #  Pumps were ad j u s t  ©a to  

g iv e  a p u l s a t i l e  flow  a t  a  s y s to l i c  p re s su re  o f 100~110 

mat* o f m ercury. One h a l f  o f th e  gland was p e rfu se d f w h ile  

th e  o th e r 'h a l f  s e rv e d .a s  a c o n tro l* .  Using a 20ji so lu tio n *  

th e  a c e t ic  acid  co n te n t o f th e  blood was In c reased  to  any

d e s i r a b le  l e v e l  a t  the  beg in n in g  o f  th e  p erfu sio n *
t i "■ ' ■. “ ; M I

fh o ” v o l a t i l e  T a ib y -a c id s  o f th e  blood', tmim  ’determ ined

by th e  m ethod. S o a r ia b r ic k  (79) u sin g  Markham*® ($4 ) ap p a ra tu s

and were exp ressed -a® a c e t ic  ac id  in  mg# p er 100 ml* of b lood .

Th® v o l a t i l e  f a t t y  acid® o f th e  udder t i s s u e  were determined

by e e o e ra t ia g  th® gland* re n d e r in g  th e  m o e re te  s l i g h t l y

a lk a l in e ,  b o il in g  cad u s in g  th e  f i l t r a t e  f o r  " a c e ta te "

d e te rm in a tio n  by the method used f o r  blood#

The amount o f a c e ta te  removed from the  blood by th®

gland  was determ ined by the a n a ly se s  of a c e ta te  a t  th e

beg inn ing  and a f t e r  th e  te rm in a tio n  of th e  p erfu sio n *  ih e

d if f e re n c e  in  th e  c o n te n ts  o f th e  v o l a t i l e  f a t t y  a c id s  of

th e  p e rfu sed  and th e  c o n t ro l  h a lv e s  o f  th e  udder see

assumed to  he th e  noa-m etabo llzed  a c e ta te *  S u b tra c tin g  the

non^m etabollxed a c e ta te  c o n te n t from the  amount o f a c e ta te

absorbed  from th e  blood* th e  amount o f a c e ta te  m etabo lized

by th e  g land was o b ta in ed  and expressed  a s  m illig ra m s  o f

a c e ta te  u t i l i z e d  by 1Q0 gram® of th e  g la n d u la r  t i s s u e  p e r
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100 si 1 .  o f  b loo d  pa a a l a g  th r o u g h  lb*  th© d a t a  a r e  g iv e n  

l a  t a b l e  18*

a  c o n s t a n t  u t i l i s a t i o n  o f  a c e t a t e  p e r  u a i i  w ^ i :-nt o f  

t b s  t i a s u e  p e r  u n i t  volume o f  b lood  f lo w in g  th ro u g h  i t  

was n o t lo a d *

A f a r t h e r  s tu d y  was aad© t o  d e te rm in e  w h e th e r  t h e  

h o t  in© m&mjaary g la n d  shows any  p r e f e r e n c e  betw een  th e  two 

s u b s t r a t e s *  s o s t s t s  and b e ta * h y d r o x y b t t t y r a t e .  I t  was f e l t  

t h a t  t b s  a r t e r i o v e n o u s  d i f  f o r e s e e s  o f  th o s e  s u b s t r a t e s  

would **ive more r e l i a b l e  d a t a  th - a th e  a n a l y s t s  o f  b loo d  

a t  th© b e g in n in g  and th e  end o f  th e  p e r f u s io n *  f o r  t h e  

f o l lo w in g  r e a s o n s  ? 1} th e  a r t e r i o v e n o u s  d i f f e r e n c e  in  m t a ~  

O o l i t e s  r e p r e s e n t s  a t r u e r  p i c t u r e  o f  t h e  m e ta b o l ism  o f  th© 

g l a n d f a f t e r  e q u i l i b r i u m  h a s  b e ta  e s t a b l i s h e d  be tw een  th e  

b lo o d  and th e  g l a n d u l a r  t i s s u e *  2} &a a c c u r a t e  a sse sa s ien b  

o f  the  m e t a b o l i t e  i n  t h e  p e r f u s e d  g land  i s  d i f f i c u l t ,  a s  t h e  

p r o p o r t i o n  o f  th© s e c r e t o r y  t i s s u e  i n  th #  g la n d  a s  

d i f f e r e n t i a t e d  from  th e  a d ip o s is  t i s s u e  c a n n o t  he a c c u r a t e l y  

d e te rm in e d  b e c a u s e  o f  i t s  r a t h e r  uneven  d i & i r i s u t i o n ,  and 

3) th e  p r e s e n c e  o f  milk: i a  t h e  a l v e o l i  i s  o a o tn o r  c o m p l i c a t in g  

fa c to r*

The p e r f u s i o n  a p p a r a t u s  d e s c r i b e d  In. © p r e v io u s  s e c t i o n  

was u sed  w i th  th e  f o l l o w in g  m o d i f i c a t i o n s ;  1) th e  g la n d  was 

© ac lo sed  l a  a g l a s s  c a rb o y  and  2) a  r u b b e r  l i n e d  e o a t r i r u & a l  

pump ( o b t a in e d  from  & ehaa? and C o . ) was u sed  f o r  th© d e l i v e r y

o f  t h e  4̂; t e r  la  1 b lood . th© blood flow* thus* mm non* 

p u l s a t i l e .
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B eta^hydrory lm byrle  so ld  m u  added befo re  In tro d u c in g  

th e  blood in to  th e  appara tu s*  At l e a s t  one com plete passage 

o f th e  e n t i r e  amount o f  blood used th ro u g h  % be g land  m s  

a lie n e d  b e fo re  ta k in g  tb s  f i r s t  set- o f  a r te r io v e n o u s  samples* 

Two subsequen t s e t s  of sam ples were ta k e n » one s e t  f o r  each 

passage* The feeba~hydroxybt*tyrle mold in  th e  blood was 

determined by t i e  net tied o f  eelekselbettn. end Sosegyl (94) •

T ie t o t a l  q u a n t i ty  o f  a seton® bodies determ ined by t i l s  

method was expressed  as  m illig ram #  o f  feeb@ -hydroxybutyria 

ac id  p e r  100 m i l l i l i t e r s  of bleed*

A fte r  t i e '  th i r d  s e t  o f a r te r io v e n o u s  sam ples was drawn, 

sodium aeetate was added in  s u f f i c ie n t  amounts to  g ive  

approxim ately.: 20*2$ i l l i t e r a t e *  p e r 100 m il l  11 i t e r s  of. blood.. 

One com plete passage mm  a llow ed f o r  th e  a tta in m e n t o f 

e q u il ib r iu m  between th e  a e e t a t e :o f  t i e  blood end t i e  a c e ta te  

feeing m e tab o lised  in  t i e  g la n d . Two to  th re e  s e ts  o f  

a r te r io v e n o u s  sam ples were tak en  in  subsequen t p assag es  o f 

b lo o d , A ce tie  a c id  was determ ined in  th e se  blood sam ples by 

t i e  method o f S c a r le b r io k  a s  b e fo re . U su a lly , an a ly se s  could 

fee made only  on the  f i r s t  two s e t s  o f  sam ples a s  th e  blood 

sam ples f o r  a e e ta te  d e te rm in a tio n  d e te r io r a te d  r a th e r  q u ic k ly . 

T ie  a d d i t io n  o f sodium f lu o r id e  o r  thymol a# p r e s e rv a t iv e s  

in te r f e r e d  w ith  th e  a n a ly s is*  The feeta-hydroxyb ttty rlo  ac id  

c o n te n t was determ ined  in  a l l  th e  sam ples,

k p re lim in a ry  s tu d y , l a  wfcleh th e  b e ta -h y d ro x y b u ty r ia  

so ld  was n o t an a ly se d , showed a c o n s ta n t a c e ta te  u t i l i z a t i o n  

by a Instating mammary'gland a f t e r  45 m inutes of p e r fu s io n , 

l i e  d a ta  e re  p re se n ted  in  ta b le  19,
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Table 19

t l t i l i z a b i e a  o f r e s t a t e  by th*  Mammary Oland a f t e r  one Hour 
o f  Perfmelon ( p erfu sion  74)

F e rfu s lo a Bate o f M e t i s  a c id A-T
tim e blood f l e e in  b leed dlff*reuc*
{mini (m l/a la ) i m  i ) 1 l m  $ )

I r l e l r l e l  Aeneas
0 m ,

10 500
2 5 440
45 500
45 * 32.52  26 .64 5 .8 8
90 *» 23.26  17 .28 6 .0 0

1 2g A ce ta te  was added a t  4 6  m inu tes p e rfu e io n  tim e .

th#  d a ta  shoe t h a t  th*  g land  was s t i l l  f u n c t io n a l  

a f t e r  4 5  m inu tes and th a t  t h i s  p ro ced u re  o f  s tu d y  m ight be 

expected  to  g ive  c o n s is te n t  r e s u l t s .  Some p re lim in a ry  

s tu d ie s  had shown th a t  u n le ss  s u f f i c i e n t  blood passed  th rough  

th e  gland, e q u il ib r iu m  between th e  m e ta b o li te s  o f  th e  blood 

and g land ware n o t ob tained* A lso , a d ry  g land  showed ao 

w lthdraw l of a c e ta te  from  th e  b leed  a f t e r  th e  i n i t i a l  p ro cess  

o f d i f fu s io n  had e q u i l ib r a te d . Thea# o b se rv a tio n s  in d ie e te d  

the  r e l i a b i l i t y  of the  procedure*

The d a ta  on th re e  p e r fu s io n  s tu d ie s  a re  p re se n te d  in  

ta b le s  2Q, 21 and 22 . They ohow more o r lee© c o n c lu s iv e ly  

th a t  th e  a te  l i a b i l i t y  o f a c e ta te  in h ib ite d  th e  u t i l i s a t i o n  o f 

b e ta -h y d ro x iy b u ty rio  ac id  by the  mammary g la n d .
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f*bl© 20

Th© S ffoct © t  th© Addition of Aoetate on th© a tillzm tiaa  o f
iMta-hfdrosfbntjrrio .-old {P«rfa©ien 7 0 ) ,

l&m 
t i  am
(nisi)

o f
k lo o i

.. flow  
(Bl/si®)

3©t©»hydroxf0tttfrie A eetie  ©eta in  blood  
neld la  blood (ag £)
(ag %)

i r t a r in l  Venous 4-T A r tsr ia l V©noua A -f
© if f . d i f f

0 ©»
11 2$0
10 520
28 m 24*66 20.56 4.30
44 600 21.92 16.32 5.60
03 600 9.74 4.02 3.72

100 650 12.59 12.22 0.17 15.72 9.12 6.60
i a i 650 15.55 12,91 2.44 12.00 6.96 5.04
136 650 9.26 t .a o 1.60 * * ©*

1 2 « . ©odluA ae©t«te add©4 ©t SO minutes porfaeloa t lt t>
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The o f f s e t  o f  th e  . E d i t i o n  o f  h .c e ta tc  on th #  U i l l i a t a t l o a  o f
0#ia~hy>'3 ;o * y t» u t/r t c - t l a  O ' t r f  u a lo n SO)

P t r f u s ~  
it-a 
%im 
( a i a )

R at#  o f  
b lo o i  
f lo w  
( i l i / : a i a j

mcfc&~fcydrosyb u t y r i c  o
a o ld  l a  b lo o d
i m  h)

. c e t i o  a c i d  im t l o o d l  
( a g  0)

•’. f i e  r i a l  'V6aduo ••O rttr ia l  Veaou* ,>V
G i r r . u i f f

0
5 520

22 » 49*76 4 0 .6 3 a.  93
35 450 3 9 .2 4  3 2 .5 4 o .7 0
4S * 3 - .S 6  3 0 .0 0 0 .1 6
07 485 3 1 .5 3  31 .53 0 .0 0 1 4 .4 0  S . 52 5 .9 8
80 «■* i t *31 3 1 .2 0 V * / io*44  1 1 .5 2 4*92

1
2 ■•••?. aodluis a c a te te  added a t  5 0  a la i i te s  p a r fu s io a  t in t*
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Table 22

The S ffe c t  e f  the b ad ition  of A cetate or the tTtlllaftbloa  
o f  B eta^hyaroxyim tyrlQ  -o ld  (?erfusi& &  82)

Perfe* '
1 os
ties#
(mla)

•  Hate o f
blood  
t low 
{o d /^ la )

Bete«lgrdrox3rb u ty r l6 A eetio  a o id  l a  blood*- 
a c i d  l a  blood 5)

 ̂*8&J A )

A r te r ia l Vehbde ..•■■>•**IT i r t # r i - i ' l  Venous a.<*¥

A

a l f f .  d i f f

V
3

23
«oo
950 3 6 .7 2 5 a.  28 2*44

36 l fC60 33*40 4 3 .7 8 0 * 62
50 1 ,1 0 0 47 # 37 4 3 .3 8 3 . 49
65 1,200 4 1 .4 7 4 0 .7 2 0.75  9*96 4*>2 5 .0 4
71 i-, 3 b o 42.24 3-7.21 3*03 1*20 *» *»

1
2 g . sodluo: a~Ued tit 52 &!&«&£** perfusion  ti^e*



Th& fo u r p«r£ii$ ioii*# f l i k h  th® t o t a l  amount o f  

aeot&t® Of th® gluad  n # n  atudi«6» tear# doa® l a

tli® o a r ljr  #taga® of it*®. oom onoe^aat o f - t h i a  *tu®?* fa®

ra te®  o f  blood flot® obt&iaod war® poor o r «ia i n i t i a l  &if§& 

r a t a  of flow  itoeliiSfMI m r x * u l f  d a r ia ^  i&o co u rse  of tfc® 

p e rfu s io n *  Th# rat® * o f blood flo®  obtained i a  p e rfu s io n #

6 ®ad 7 a r t  g ir e a  ia  lmbl®» 1 and 4 itoJfp®otit»ljr and la  

parfu&leii* f  and 10 l a  ta b le  2* la  *p lt*  o f th# *id«

® uri® float ;i& i t #  r#b# :‘#f >Xo®4 f l f ^ ' i k e  1®#«I 

l a  %h% blood &ad t i i t  wftlgiit® ’of t t «  &#r,^arf g land t ‘s 

r e l a t i v e l y  ett& ateai ;®C£t«t# # l l l i a a t l6 &  m s  ob ta ined ' p#y 

su ilt *#i<$nt o f  t l i t  "glaa# p e r d n i t  toiurn# o f blood fgoiag 

th rough  tls® gland* Thi* showed th a t  aa r#  %hm m gl& pl# 

n a t t« r  o f  d i f fu s io n  «#s iavo lv«4  and. a ls o  %hmt t m  ®®#c.oitf 

o f th e  gl&ad to  x a ta to ll* ®  at® fixed*

Th# mmm% o f  a c « t# t#  -m tabolia#®  Of th#  g i *.ud «*# 

obtained bjr M&trftqtiag th® v o la t i le  fa tty  told® gained Of 

th#  g lead  from too  q u a n ti ty  o f th#  v o le t i l#  f a t t y  told®  

rtmovad from iii# blood* f i l l s  asirnaM  tn « t  t m  v o l a t i l e  ac id #

raaaiaiii^  ia  ta« gland m s  ta« mrnmtm  removed f r m  %m 

bloed vMote m »  not M tab o litod *  Th® :o i# till# tl® m  procedure 

o f ~® sri#briek do to m  la®# @11 to# fy®# v o la t i le  mold®, im *  

b utyric sold o r .o a f  h igher v b l* i i l#  acIds sy a ih eg ited  from 

a c e ta te  but s o t  incorporated la t e  tfc* tflyoerlde# would ho 

iaoludoa ia  the a# data a« aoa aootat®*

Th# 'm rk  of F o lle y , ^opjak and ootvorkoro ( l o 9 71} and
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K i e l and hi© group (4$) show that there &r# aaay pathway* 

bjr which a c e ta te  i s  m etabo lised#  I t  i s  a«#n f ro *  ill# r e s u l t s  

©f th e s e  w o rk e rs  til ml  a c e ta te  i s  u sed  by th e  » a ^ a r y  g l a M  

f a r  the syntfce&ee of © holest e r o l ,  i& o tos# sn.4 e a s e ls  i n  

a d d it io n  to  toe f a t t y  ac id  a l a  u t  t r ig ly c e r id e s  of m i l k .

Cowls @t j l  observed a e a r ly  4$d* in c o rp o ra tio n  of th#  la b e l le d  

a o s ta t s  lo  tb s  f a t t y  m id s  w ith  s ig n i f i c a n t  amount® i a  l a s to s s  

and c h o le s te ro l#  Al©hough no to t ls m tio o  could Us mads of 

the amount o f  a c e ta te  o x id ised  to  carbon d io x id e  th e  r a p id i ty  

with, which th i s  r e a c t io n  ta k e s  p lace  In  ry  gland

was shown by the high s p e c i f ic  a c t i v i t y  ©f the cdocxt careen  

d io r ld s  at th# beginning o f the perfusion* The a p e c if ie  

a c t i v i t y  of the blood carbon  d io x id e  a t  aero  tim e was 3 to  ? 

tim es th e  Value o b ta in ed  subsequen tly*  th e se  d a ta  and the 

d a ta  on in  t a c t  m i m l n  in d io a t#  th a t  th e  com bustion of a c e ta te  

I s  one o f the most predom inant rem otions of t le a u e  n o teb o llam . 

th e  work o f E le ib e r  e t  j i i  (45) a ls o  in d ic a te s  th a t  th e re  a re  

m etabolic pathway# fo r  the  syn th eses of la  © toss and ©ass in  

from s e e ta te  o th e r  th an  th ro u g h  the  o x id a tio n  to  carbon 

d io x id e  m i  i t s  subsequent f ix a tio n *  The s ig n i f l e n t  d i f f e r ­

ence in  th# in c o rp o ra tio n  o f c a rb o x y l-  and t;*y 1-e a r  bon atoms 

o f th e  a c e ta te  i s  th o se  compounds a ls o  augment® d i f f e r ©at 

laec nanisms fo r  the m etabolism  o f th# two d i f f e r e n t  c a r  bon 

a to a s  of a c e ta te *  J e t t y  a c lu a  as the  o th e r  band appeared to  

be fo rced  i*ore o r l e s s  e x c lu s iv e ly  by a d i r e c t  condensation  

of aoebitt# m olecu les or a t  l e a s t  soao tw o-carbon u n ite*  Tbs 

e x tra o rd in a ry  com plex ity  o f a c e ta te  m etabolism  in  the mammary 

g land  i a  thus very  ob v io u s#



so

The a c e ta te  u t i l i m t i 0 a l a  thee* fo u r p e rfu s io n  

ex p erim en ts m m m i from Qmc? to  0*1? M UIgrs..?; par 100 

m i l l i l i t e r  of to! m i  c a r  100 gram 0? the g la n d u la r  t i s s u e  w ith  

a 3.0<sa o f c,13* Taking in to  account th e  f a c t  lM% %m

f r e e  f a t t y  © aids sy n th e s iz e d ,  f ro *  a c e t a t e  i a  a s t  inc luded  i a  

th e se  m l u m 9 th ^ m  f ig u re s  re p re s e n t th* ainlm tm  mmmat o f 

aantiit®  a e teb o liz e d #  ".niehever the  pathway of m etabolisa. 

th# a c e ta te  fa U e w e i, a «.aJor p o r tio n  of I t  had goae f a r th e r  

th a n  c o n d e n s a t io n  t o  form l o a d e r  c h a in  fr& e f a t t y  a c i d s .

I f  longer cfenln acids fom«d they %ere ino orpine toe la te  

the glyceride nolecules* The conoid©ruble excess of the 

acetate £>etat>oll zed over the fraction aasu&ed to toe scotate  

©nd regaining uaaetab0Used would also tend to ©how tn&t 

m etabo lic  r e a c t i o n s  did  tak e  p leee  i a  the p erfu sed  h sa^ary  

gland to ss appreel &*e extent#

The s tu d y  of th e  co m p e titio n  between betft~hyC rv*ybatyrio  

ac id  and a c e t ic  ^cid. show t a a t  th e  gland, p re fe r^ d  a c e ta te  t o  

th e  former# l a  th e  : e r f  us le a  d esc rib ed  l a s t  (io* 821 a its re  

o r  l e e s  c o n s ta n t u t i l i z a t i o n  o f  &eta«hyd.ro.qrimtyrlc ac id  

s oata.iaed i a  ta e  f i r s t  th re e  a r te r io v e n o u s  a n a ly se s  p r i o r  

to  t h e  a d d it io n  o f  a c e ta te #  The a b so rp tio n  o f  b eta*  

hydroxyfcutyric a id  ran  suppressed  oa the  a d d i t io n  of a c e ta te  

(sihom by ttm  a r te r io v e n o u s  a n a ly se s  a t  6$ ruinates}# :jy the  

tia®  the nex t .*«*? * * le s  %ere draws a l l  th e  a c e ta te  was 

u t i l i s e d  rod felio u t i l i s a t i o n  of b e t* « h y d ro sy b u ty ric  ac id  

began ag^in# :Thi® shmstii in  th® f i r e t  p lace  th a t  th# g laud 

was s t i l l  a c t iv e  and th a t  a s  loa*j u§ a c e ta te  was av © liab le  

to  th e  g land beba-h y d ro x y b u ty rie  a c id  was n o t  u t i l i z e d *
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f r m  th e  v a lu e s  p re se n te d  I t  e m  b& seen  (excep t sons o f  

f ig u re s  in  p e r fa s io n  76) th a t  th e  a r t e r i a l  le v e l  ©f beta*  

h y d ro x y b u ty ria  m  14 was ap p ro x im ate ly  th e  as th e  venous 

l e v e l  o f th e  p rev io u s  s a t  o f  sam ples when t h i s  eaapotixid m s  

be in . ' u t i l i z e d  by the g la n d , Oa th© a d d i t io n  of a e e te te  to  

the  blood th e  v a lu e s  of b e ta  hydrexyfettfcr/rle so ld  co n tin u ed  

to  be of th e  sane o rd e r , f a r t u s r  oo aflim in g  th e  non- 

u t i l i z a t i o n  of t h i s  s u b s tra te *  F o r in s ta n c e , in  p e r fu s io n  

§2 tb s  I n i t i a l  v a lu e  o f 56,72 a i l l ig r a i#  p e r  s e n t s t e a d i ly  

d eo lin ed  to  43*88 g d llig ra ia  in  50 m in u tes , F o r th e  n e x t 

20 m inu tes w h ile  nee to  to  was being  u t i l i s e d  th e  v a lu e  of 

b e ta  h y d ro x y b u ty r le 'a c id  rem ained n e a r ly  th e  same and mhm  

most of the  a c e ta te  of th e  b leed  had been d ep le ted  th e  b e ta  

h y d rex y b n ty rle  mold was u t i l i z e d  a g a in ,

th e  a r te r io v e n o u s  d if fe re n c e  in  n e s t le  so ld  in  a l l  the 

fo u r  p e rfu s io n s  ranged from  4*92 mg, to  6 ,6 ,  mg* p e r 100 ml, 

o f b lood , m ost o f th e  v a lu e  a be in g  between 5*6 m illig ra m s , 

Bm h  co astan eey  o f  v a lu es  a re  n o t  l i k e ly  to  be f o r t  e l  tone* 

fhese v a lu es  opxBpare very  w e ll » i th  th e  a r te r io v e n o u a  

l i f f e r e n e e s  o b ta in ed , by M O lf& m t  (58) on l iv e  o n es . The

ra lu e s  ob ta ined  f o r  the b e ta -h y d ro x y b u ty ria  a e ld  In  th e se
"■ •■ - ■' J- • k.

s tu d ie s  e e r e  More variable-';: and in  g e n e ra l/ te n d  eh to  be 

s l i g h t ly  h ig h e r  than  the' v t lu e i  o b ta ilsd l "%y £khw; (81) in  

oows Yfith fee toe i s .  However, the f ig u r e s  in  a l l  the 

p e r fu s io n s  exderpt; th e f i r s t  "two in  p e r fu s io n  80 a re  ©lose 

enough to  th o se  ob ta in ed  in  i n t a c t  sews to  p rec lu d e  th e  

p o s s l b l i l l t y  ©f abnorm al m etabolism  in  th e  p e rfu se d  mmmm:ry 

gland*
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A p re fe re n c e  f o r  a c e ta te  ovar b e ta  hydroxybubyrl©  

ac id  h y th e  mmm&Tf g land «©uld su g g est th a t  the  so two 

netftboilte&  are  used by th e  g land fox  d i a l l e r ,  I f  no t 

i d e n t i c a l ,  m e tab o lic  fu n c tio n s*  C o n tra r iw is e , the iaiepeni** 

eaee o f het*«’hydroxybatyrio a© 10 u t i l i s a t i o n  to  the  luces® 

le v e l  (82) can bo tak en  to mean t h a t  the©# two m eta b o lite s  

or® used by the  mammary g land  fox d i f f e r e n t  fu n c tio n s*  30aw 

Bad P e te rse n  (84) c a lc u la te d  th a t  alm ost a l l  o f the  g lu co se  

taken up by th® gland was n ec e ssa ry  fo r  la©too® sy n th e s is  

so  th a t  vary l i t t l e  weald bo a v a ila b le  fox  o x id a tio n  fox  

energy  purposes* Assuming t h i s  c a lc u la t io n  to  b-.v c o r r e c t ,  

th e  energy f o r  th e  various s y n th e tic  p oees<;,es of th e  gland 

most be obtained by th e  com bustion of soae o th e r  m etabolite*  

A ce ta te  la  undoubted ly  one such m e ta b o lite  and I f  th e  I d e n t i ty  

o f  the  m e tab o lic  fu n c tio n  o f b e ta  hydroxy im tyxate w ith  a c e ta te  I s  

i s  assumed, b e ta  feydrexybutyret* would be a second m e tab o lite*  

Shaw (81) c a lc u la te d  th a t  in  th e  norm al g land  >7$ o f the  

oxygen consumed can be accounted by assum ing com plete 

o x id a tio n  of faeta-hydroxybu ty rle  so ld  w hile  p r a c t i c a l l y  a l l  

o f th e  oxygen would be re q u ire d  fox the o x id a tio n  of t h i s  

m e ta b o lite  in  feetot1* oowa« Such c a lc u la t io n s  of course do 

n e t  n e c e s s a r i ly  mean th a t  th ese  r e a c t i o n  do tak e  p la c e  but 

on ly  su g g es t a p o s s ib i l i ty *

S ince  a c e ta te  has been d e f in i t e ly  shown to  be used fox  

th e  sy n th e se s  o f lo n g e r  ch a in  a c id s  of m ilk  f a t ,  i t  la  

p o s s ib le  th a t  b e ta  h y d ro x y b u ty ric  meld lik e w ise  i s  used fox  

such syn theses*  Added su p p o rt f o r  t h i s  assum ption  comes 

from  th e  d a te  o f F ep jek  (72) on th e  s p e c i f ie  a c t i v i t i e s
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o f  in d iv id u a l  carbon atom  o f e&yrele a old o f  th e  m ilk f a t  

o b ta in ed  f r a n  g o a t in je c te d  ia trev e& eeu sly  w ith  la b e l le d  

a c e t a t e .  These w orkers c a lc u la te d  th a t  th e  c u ty r ie  a c id  

fo rced  from a c e ta te  co n d en sa tio n  was d i lu te d  2 *$ tim es w ith  

some other source of b u ty r ic  a c id  and suggested  b e ta*  

hydrexybutyrlo ac id  as a p o s s ib le  precursor* t h i s  being th e  

on ly  kao\m 4  carbon  m etabolite  of th e  mammary gland*

th e  r o le  o f  b e ta  faydroxybutyria ac id  a s  a p re c u rs o r  f o r  

th# low er f a t t y  acid® of. a l l k  f a t  was co n sid ered  by Shaw and 

Knodt (83) bat was abandoned (86} because o f th e  marked 

low ering  of R e ic h e r t- - te ls a l  and Polenske v a lu e s  of cows w ith  

k e to s i s .  I t  m& argued t h a t  s in c e  th e  v o l a t i l e  f a t t y  a c id  

c o n te n t o f  milk f a t  d ec rease s*  in s p i t e  o f  th e  g r e a te r  

a v a i l a b i l i t y  and u t i l i s a t i o n  of b e ta  h y d ro x y b u ty ric  a c id  In  

k o to s i s ,  t h i s  compound canno t be th e  p re c u rs o r  o f th e s e  f a t t y  

a d d  s .

I f  th e  in d ic a t io n  from  th e  d a ta  p re se n te d  h e re  th a t  

a e e te te n e a d  b e ta  h y d ro x y b u ty ra te  a re  used f o r  id e n t i c a l  o r 

a t  l e a s t  s im i la r  b io -c h e a ic a l  r e a c t io n s  have any v a l id i ty *  

th en  tho  iio e ta t#  ap p ears  .to be used w ith  g r e a te r  f a c i l i t y .

The u n a v a i la b i l i ty  o f  a c e ta te  to  th e  g land would th en  change 

the cou rse  o f  th e  m etabolic®  to: th e  'txmg* o f bete*hydrexy«> 

b u ty r ic  a c id .  The r e l a t i v e  c o u n t s  o f a c e ta te  mad b e ta -  

h y d ro x y b u ty ra te  tak en  up by; th e  g land  under norm al c o n d itio n s  

i s  d i f f i c u l t  to  determ ine* as th e  a c e ta te  absorbed by the 

g land  under norm al c o n d i t i o n  i s  d i f f i c u l t  to  determ ine* a s  

th e  a c e ta te  absorbed by th e  gland has been shewn to



va t f  w ith  i t s  a r t e r i a X  l e v e l  th e  a r t e r i a l  l e v e l  i a  

known to  f lu c tu a te  c o n s id e ra b ly  ( Ith. t i n e  a f t e r  feed in g  

(57y 58)# The p r o b a b i l i ty  o f using, both th e se  eompoaada f o r  

th #  s y n th e t ic  p ro ee s ' as  u n d e r  a o m i l  c o n d itio n s  e re  s tro n g  

h u t  c o n c l u s i v e  evidence t h a t  e a c h  i s  th #  c a s e  w ill  have  to .  

a w a i t  t r a c e r  s t u d i e s  w ith  bete#»hydroxybutyrle a e id*



Urn p e r fu s io n  of b m lm  g lant wltist blood

p ra a a n ta  o b t a i n  t i r f i o n l t l a *  %Uic& ta n  m  m m ® m m  in  

Mm parfaaioa  of tlta organa o f ana XX ©mimlt# kmp&x%&»
1 siing to# «aU a!  boforo blaadlngt tn#'alaug& tar o f  th# 

animal a lth  l i iv t la  sm X tm m m t by tba us® o f  am atbkaties, 

ptrfuftioa of to# gland in  s i t u  st#» nr# pro-

h lbifclra in  bovina «4da? parfnalaaii in  flaw  oaf tfea ®##i 

inralaad* "Thw&a prae&tibioa® i f  t&kaa aanld undoubtedly, 

re -su it im b e t t o r  p e r fu s io n s .

Burring e l l  tbaa* faatara* m m  of bk# natura o f 

the a r t# r ie l  blood flow , ifcs blood prasatira and tk# node 

o f  guep an gles bat d a f ia lta  o ff# #  to on bk# parfuaion rate*  

fboroogh f i l t r a t io n  of tk® blond fenfora to# p erfu sion  

wag Tory a a sa n tla l a s  a a orta la  annnot c l o t t i n g  alm ost 

always talcs* pel® a whm bundling largo ^ a t i t i e s  of 

bloot* P erfu sion  of a lung p rior  to tb* p erfu sion  o f  

tka aanaarjr g ia n t sppaargt to  note a bsnafXol&l a f f e c t  in  

a faw parfoaioas*

* biU tnrto nnesp lclnablo  a a so a o n str io tiv n  o f  fo o t  da* 

to  th® oxygon* tlaa  o f  blood w itfcparo o&fgan was o baa ro o t#

5 par oaa i oarbomdloxid* in  oxygon,' &© w a ll as t&* a d o itio n  

o f  ohlor&l hydrat* prataata tfe* vaaoooootriatlaxu  . Tka

.X attar'oonfirfN ^ stM  Ittralvsmaat o f ik e  -aar### as too ia  tad
v r -  - f - ,  '■; >. ' .  '-■ ° f

wltfe th* p ree lec tion  o f ? m m  o o s t r 1* % io n , sag g astad  by

tbs r a p id ity  o f tk* ok saga* o f  rota* of -blood flow .

Tko a a tsb o lia  a d t i f i t y  of tk* parftiaad glsuw undoub­

te d ly  weald a* a legar' to  normal ^ ith  sh orter  tla » * la p a e
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h m tm m  th#  h lo o d ' o f %&+■' ta la -v l m t  fete

o a tftb ll&km®% M %k® blm4  c ifcu la fe lo n  with th# &pp&r*feu*« 

&*%$$ tilMi feoohalqtio tfee ia flu onttf of fete

prtacmot o f  aoot&t# in  tfe« hloo# Qa-fete'iipfeate o f hoto- 

hydroxyttttyria we# tefetrmiaod*- It mw mm that 'th# 
prm m m  e f  &e#tat# ln h lh lta  th# aptate o f t&« ktta.no body 

m m  ?-hm tte# la t t e r  -m® io  rather high level#*

flash % e e » p » t l t lo a  m&wmn th o rn  %m tmp^t%m%. m fe e b tilt ms 

infieefee# m identle&i or at le##fe * ib i U r  main &efe«t e l l e  

pathwayf ia  h lsh  the aeotot#  i f  one a to p .»&*«# of too  

UefeahyOroxyfeuhyrio **!&• f t e  poivplblllfey af l i t  hel&g ms#4 

for eosvepfiM. to tatjrrie' i# intpootod tefc eoaclaelv# proof 
of guth a r o a t t l o n  e ta  t t  ob ta in#*  only  by she no# of 

l a t e 11#* b e te^ h y g ro x y b a ty rle  a#14*
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In d ia n  I n s t i t u t e  o f  s c i e n c e ,  1945-1947

B a n g a lo r e ,  I n d i a  

U n i v e r s i t y  o f  f& ryland 194$-

P u b l i c a t i o n s s

1 . C ytochem istry  o f  T o a s t  I .  s tim e tio n  of T o ta l  Chromatin* 

Bhimeswar, B. and Kumar, s .  I .S c i .  and I n d .  Boasearch 

( I n d i a ) . 21, 9 ,  131 . 194S

t .  H y p e r v e n t i l a t i o n  and O th e r  F ac to rs  A f f e c t i n g  Rat® of 

Blood Flow i n  P e r f u s i o n  of Jatoi sad Bovine Mammary 

G la n d s .  Puiaar, ' 3 . ,  Lo.'v^hmanun, 3 . ,  C o rb in ,  1 .  A* unci 

nhaw, F. C. Am* I .  P h y s io l. ( To appear in  A p ril 

i s s u e  1953 i 

P o s i t i o n s  h e ld ;  

l e c tu r e r  in  C h e a i s t r y ,  A g ric u ltu re  C o lleg e , Kanpur 1947-4$ 

R esearch A s s is ta n t ,  Dairy D epart a e a t ,  U n iv e rs ity  o f  Mary­

la n d , C ollege P ark , 194$-


