
OOCLMENT SOURCE 
University of California at Berketev I 

The Bancroft Libratyflhe University Archives,'Berkeley CA 
RECORDS SERIES TITLE 

722174 

P. ' . / / 7  
FOUND BYIDATE FOUND 

TEE HMSURII1ElT OF BgGXOIAL CIHCUUTXOB 

Ihrdin B. Jonea 

The d i a t r i b u t i o n  of t h o  c i r o u l a t i n g  blood i r  marked by great differenoea 

Mane t h e  m&ur regbar  01 the body. 

of  t h e  p o r t a l  drainage, the  kidneyr, tha brain, the aecrebory g l m d a ,  t h e  near t ,  

lun$s and bone marrow rmount t o  a ~ p r o x ~ t o l y  tea p e r c e n t  of t h e  body might, b u t  

t h e y  receive c o l l e c t i v e l y  t h  D d k  (w) of tho c a r d i a 0  output. 

of t n e  body (tho c a r o n r r )  which i r  composed c N e f l y  of &in, musclo, f a t  and bcne 

c m  be ex;ec ted  to be porl'uaed by l o r #  thon M averago o f  0.025 l i terr  of blood 

prr l i ter  of t i a r u o  per  minute. 

v i s c e r a l  t i a r u e r ,  t h e  averaEe of rhloh i r  a p p r o h t o l y  0.6 l i t e r r  of blocd por 

liter of t i a r u e  por dfnute a t  rert. 

The riroeral fi lN08--the liver . n d  organa 

The rerainder 

Thir  i r  i n  o o n t r a a t  t o  t h o  Ferfurion of t h e  

Inert gaaem are found to mora into M d  out of t h e  body a t  c m p a m b l o  

r a t e 8  (Table  I). 

of mearursment (approximately 6$), tho prococr of diffusion o r  permeation of t h e  

ortr~~vracular space suit bo oonridered t o  be r a p i d  compared t o  the  S a a i c  l i m i t a t i o n  

Since t h e i r  r e l a t i v o  behaviors  a r o  t h o  r a m  d t h i a  l i n i t a  

Tho Wr.1 f o r r  of th gar exchmge eqU6:ion i r  t h e  rum of reverd 

inde;endent oxponont ia l  prtst t he  number Of c~mponent r  hnr var ied  ha the p a r t  

according to investigator a n d  espr r t raentd  oonditiiinr. - 

o l b i n a t i o n  o u r r o  e m  bo f o l l o r n d  y e  preoiae-1y - .  &d for 1onKer period8 01 t ime ,  

It can DO found tbt t h o r o  must bo aaded a t  l9.,rt-.ono - more component (10) and t h e  

o q w t i o n  becap.$ ( a p p r o x d t e l y  fCr m i l 0  - )a  

%hen t h e  nitro,- 

- - 
- 

; -  

- - >  
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The equation r e p r e r e n t r ,  8pproris la te ly ,  Fn requencor 

Q88OulafiZOd seg~3r~ t r  c f  the body, (b) t h e  c a r c a s r  t i r e u e r  excopt ad ipLse  t i s c u o  

and (c) adipose  t i seuo .  

Give8 tt.e f o l l o r l n g  I r p p r o x h t e  equat ioni  

(&) t h e  r i r o e r a  and highly 

S t i l l  mor0 c a r e  in tho r e r o l u t l o n  of n i t rogen  exchange 

he f o u r t h  and l a r t  component again c8n 00 i d e n t i f l e d  8 8  t h e  rroJa8ngo 

in adipore  t i c r u e  S r a P  oxprr imentr  in  which two @ o r  of d i f f e r e n t  r r t r r - f a t  

r o l u b i l i t y  r a t i o  u o  umd. 

obt8in.d from t h o  rats8 02 8 8 t U r 8 t i O I l  of  zndloact ive gale8 (nsarured by f-ray 

d e t e c t i o n  8 t  t h o  8urf8CO of r u r c l e  aa6aer of t h o  body) uhich have been obrened  

to nry fror 0.03 t o  0.010 mfn." f ' r 8 c t i o ~ l  b88 oxchange o r  blood porIurion r8t0, 

1~888Ured 81 volumer of blood per  volume of t i r s u o  per minute. 

of t h o  nitrogen e l imina t ion  equation w e  d f f r i c u l t  t o  o b r e m  booaurs OS t h o  

nr.hing out of t r a o o r  of n i t r o g e n  in the lung gar r p o o o .  Oren8 and t i 8 8 U e  

8 0 p 3 t l  W k 0 8 0  pr lur ion  is g r e 8 t e r  than 0.5 

event8 cf miPirlng of p r o 0  in tho lun& r p r c  

u o  p u t .  of t h e  b r a i n ,  p a r t 8  of t h e  l i v e r  

o t h e r  anall reglonr of the body. 

r w ~ t e d  whole body n i t r o g o n  o l i r ~ h a t i o n  d i t 8  by m8th8t ing  and 8ummting t i r r u o  

p e r t u r i o n  i r  u s u a l l y  1.6 t o  2 l i t o r r  per  minute losa than t.% average aocepted 

w u n t  of t h e  oardiao output  a t  r e s t .  

i o r e i g n  p e e r  i n t o  lung region8 of 8 louly  mlxlnE gar I 

cxplmation f o r  the gOnOr81 agreerent  b e h e n  the rem 

output  8nd t he  d i r e c t  FLck method (10). 

The t k l r d  ccmponont i r  i n  ageenent d t h  the valuer 

The f i r r t  conponantr 

o.rmot bo u p m t o d  from the 

6 k b l a  11). 

IddnOyr, t h e  thyroid, m d  porrlbly 

In t h i r  oatogory 
- - 

i ; r t ina t ion  ~ cf t h o  ? a y d i a c  oatput'  from t h e  

A oaapenr8tfng e r r o r ,  d i l u t i o n  of o r c h n g i n g  

6.8 nothod8 of a a r d i a c  
_ -  

i l l b 1 2 1 q  
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dorcr ibed  (10, 28). 

of r o l a t i m  r a d i o a c t i v i t y  f o r  r o l o t i v o  ooncontrrtion o f  t h e  rub6ttmco studied. 

S a y .  omitting i n e r t  gale., 1, AW, Ira, and Xel4 l  hare been used t o  mearure t h o  

OAChmgO Setmen the lung8 and tho t i r r u c r  and between t k u  t i r r u e r  and tho  lungr. 

I d e n t i c a l  r e r u l t r  a r e  obta inable  e i t h e r  in u t u r a t i o n  o r  d e s a t u n t i o n  oi e t i r s u e ,  

if t::e o q ~ a t i o n r  a r e  f u l l y  re ro lved  in f i t t i n g  t !o  e z p e r l z e n t a l  r e s u l t s  a3d ir 

dur ing  s a t u r a t i o n  tr.e concerLt ra t ion  CP the gar in tho  1un;r 11 Eain ta ined  c o z r t u t  

(10, 28). 

Tney d i f f e r  from c l a s s i c a l  w t n o d r  only  i n  t h o  r u b e t i t u t l o n  

i n  o i t k s r  s a t u r a t i o n  or  d e r a t u r a t i o n  cf t l r s u a o ,  t h e  gar e r c h ~ g e  r a t e  

~JI of quantity of gar, A, o x c k n g i n ~  be t reen  n t i s r u e  r e g a n t  
d t  - 1  

the lunc gar - 
r p c e  i r  descr ibed  I n  t h o  r impleat  forr: _ -  

d t  
but u r u a l l y  thoro  a r o  ho o r  more independent componsntr 

AI r t a t e d  .bote, t h e  gar exchange - tor  of t h e  t i 6 8 ~ e 8  are e # s e n t i a l l y  

d o t e m i n e d  by t h e  blood p e r f u r i o n  r8t.6, and exoo@ f o r  gar e x c h n g e  -~ in adipose ' 
t i s s u e ,  in r ! i o h  t h o  exchange rat. i a  rlowed by t h e  r a t i o  of gar 8 o l u b i l i t y  in 

b l o o d / / r c l u b i l i t y  in t h o  t i s m o r ,  t h o  porfur ion = t o  11 i d e n t i c a l  h i h  the exp&ntial 

gsa e ~ c h a n g e  oonrt .9tr .  

wAch a r i n g l e  t l rrue hor ouch p r e o i s e l y  uniform p e r f u r l o n  tkroughout, that a 

ring10 exponsnt la l  component A t  t 

&re u s u a l l y  i n d i c a t i v e  of a t  h a r t  trC dogreor of blood perfur ion  which a r o  

d e t e c t r b l o  81 different o x c h ~ n ~ e  t h e  C a 3 I b n t 8  i n  exchanp equat ionr  of tm o r  

mor. cw;mentr. 

t o  the oxtont of 70 t o  95% f o l l d n g  a r i n g l o  exponont la l  exchance rate. 

mluer are r o f a r r e d  to a1 tho  aodal  exohngo o r  modal perfur ion  of tho t i t a u e l  d l  

r o p e m t a  of muoh h i a o r  parlurion - t o r  VI ruffioiont t o  b r i n g  t h e  arerag0 blood 

p e r f u r i o n  of tho  8 X t r d t 1 0 8  fran modal per fur ion  of  0.019 min," to .II in togra tod  

- 

- .  : c '  a - _  
Rarely door r i t u a t i o n  * x i a t  in tho t i s m e r ,  howavor, Fo 

CM d e r c r i b o  ttm oxc?rngo events. & s u l t r  

Mort of t h o  t i s m t l e ,  hvuerer, are uniform In t h e i r  p e r i u r i o n  

There 
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a r e r a g e  of 0.070 mla.ol. 

between avorage ml modal v a l u e r  which u b  estimated from radiokrypton exchange 

In the thigh and t h e  l e g ,  t h o r o  i n  l i t t l e  dtlroronc. 

t o  be, 

h n d  

T h i g h  

0 070 

0.319 

0.026 

0 e025 

0.314 

0.019 

t a t  0.021 0.019 

Slocd p e r l u r i o n  tbrcugh t h e  hand i r  r o p r e r e z t a t i v e  of t h e  r a a i n d e r  of t h e  body 

O U C ~ E S  e*cept that t h o r o  i r  a r o l a t i r e l y  groa t  8ego.eat 01 highly r a r o u l a r i r e d  

t i n r u e  which prorumably i r  &in. 

have been ootained :roe exohmgo of rad icnc t ivo  krypton a d  argon and n1t rcg .o  

Valuer f o r  blocd p e r f u r i o n  through t h e  ! - u d  tht 

a r e  ar folloarg Bat k a r t  
Intenoel j r  per fured  region Xodrl r e g i a  Perf urion Perf urod 

Forfurion Ferf u r i c n  rat.  He g l  on 
rat0 r a t e  

No. of t h e  Vol. blood/ 5 of t h o  Vol. blood/ Fat C Vol.blood/ vol. blood/ 
8ubj0otO t i 8 8 U e  dn. /VOL.  timouo nin./vol. l o a r t  min./vole min./vol. 

t i r n u e  t i s a u e  perfured t i 8 8 U @  t i r a u e  
region 

9 14.5% 0.17 79.1% 0.021 5 6 4  . 0.020 .OM - 
11 14% 0.2s 80% Q.026 

- - -  r 

lnsn the r m d  i n  mrm and f lurhrd  a8 in ammiae, o r  %en ths h n d  i r  

mrnmd, t h e  c i r c u l a t i o n  inorearea ,  valuer of perfurion r a t a  Of i . 7  min.-' f o r  

60% cf t h e  1-d t i s s u o r  have been o b s s n e d  dur lng  o x e r c l r e  in &oh oar. t h o  modal 

tis6ue ( c h i e f l y  murcle) i n c r e a r e r  t o  0.06. men kh. h a d 8  are 

27.0 C. rkin temperaturo, a i  l i t t l e  as 1% of t h o  f i r r u e 8  of th 

i n t e n s e l y  perfured.  I n  t h i r  r k t e ,  t h e  modal ti 

oh.n;ed, ths blood porfur ion  deoroaring to 0.016 

i a c t o r r  of 0.021-.024 dn.. 

0 

- 
or  the b.nd re=ainr l i t t l e  _ -  - 

1 

E s t i n n t i o n  of t h e  per fur ion  r a t e r  of adipose m d  f a t t y  ar-8 of tho 

body hnr  been C d C U h t e d  from d i r o o t  mwruratmt of t h o  oxoh.n@ of r d i o a o t i r .  

l l b 1 2 6 1  
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p a  i n  s u p e r f i c i a l  l a t  padr azd by compari.cn of whola body exchange OP c i t r c g e n ,  

krygton &m! xeacn. These v a l u e s  a r e  an f o l l o r s r  

UOdd a lcod  Feriusion 
k, n i t r o g e n  

Y m ,  rest 

exchange/min. k x r c l u b i l i t y  in blood 
r o l u b i l i t y  in f a t t y  t i r s u e r .  

0.0047 ) 

0.0042 : 
j 0.015 to 0.026 

e x e r c i s e  

Cat, a r . a s t h t i r , e d  (0.0046 ) 
( 1 

(data from Ehi te loy) (29)  (0.OG7 ) 

Adipore t i s r u e  i s  l a r g e l y  com~+sod o f  f a t  drOplet8, hence t h e  v i t a l  

correc ted  f o r  i t s  d i l u t i o n  by n c n v i t a l  :'at. The per fus ion  of blood t h m u g h  

adipode t i r r u e  i n  not r t r i o t l y  uniiorm In term8 of t i l e  p a t t a m  of  cpon c a p i l l e r i e r  

l o a r t  a two oom;onont exponent ia l  exprosr ion.  Pta u d a l  n i t r o g e n  axchurga of f a t t y  

have e 8  exolmngo cf  t h e  order  of 0.C5 min." and a corresponding p e r f u r i a  rats 

Slcod per fur loa  through t h  b r a i n  !ma b e e n  e r t i m t s d  by gar exc>.mje 

(13, 1 4 ,  10). Th. metkiad o f  h t y  (13j h3 ibrQI-U& _ -  

n i t r c u r  oxide between b lood  m d  c e r e b n l  tiirue. 3" general  value of 0.76 l i t e r a  

through t h e  c o r e b r a l  t i88U08 per  minuie_(lS, l 4 k  j '8 : t r r iPiod by exchange rmter of 

- 7  of' th. o \ c h n g e  of d i r s o l r e d  

" 

_ _  - - 
n d i o a c t i v o  krypton, O S C O p t  t M t  tb r8d108CtiVO &@ton exchnn,-e i 8  i n d i c a t i v e  

of two r a t e r  of gar  oxeh.nga o r  perfurica of b l w d  t k o u g h  t h e  c e r s o r a l  t i 6 8 U e E .  

There i r  g r e a t  d i f f i c u l t y ,  m i e v e r ,  l a  rliminetlng t h e  lung gar mlxlng ef fect8  wPLch 

are r r f l o c t o d  b the a r t e r i a l  blocd c o n o e a t r a t i w c  if t n e  i n e r t  p a  ~rooeduror.  
_ .  

http://compari.cn
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K e t y ' r  metirod circumvent8 t t i l8  d i t f i c u l t y  by -king US. of thb l n t e p a t e d  

difference i n  concent ra t ion  or a r t t r i a i  b lood  and jugular blood dur ing  t n e  rrort 

per iod  of i n h a l a t i o n  of n i t r o u r  oxide. 

gar e q t i i l i b r a t i c n  a r e  not  r u f l i c i a t l y  Frolon&ed t o  p e r n i t  eary rerolution into 

pore  t r a r  B s ingle  exponent ia l  saturation aan;oneut. 

t t . e  aesrureu.entr a s  a Fhenomena of i n o r t  

A t t e . p t 8  of this a o r t  t o  f i t  

exc:an;e processer  w.Uch a r e  a c r e  ooq;ler ti-- a single expcnent ia l  coaponent, lead 

t o  hz~ asb-.jlr;tion t:rt the t h e  c -ns tmt ,  k, 01 t s e  exFonentia1 term i r  czangic; 

rLtt e i ;a r iuento l  tine. 

t o  i r t  n i t r o p z  excian;e t o  a tm ccm;oncnt 8rponent:al equation. 

t b e  cccstant ,  k, ann be atab i l i red  in h t y ' a  D6alUOUnt by l i t t + n g  t h o  data r i t h  

two colr.ponent8 in i terd oi a ringle one. fh i8  inaioater tht tb posnib le  p a t t e r n  

of c e r e a r a l  c i r c u l a t i o n  18 ruoh t h a t  hbout le$ of the c e r e b r a l  t i r m e  i o  p e r i u r e d  

with 1.4 volmne8 of b lood per  rolme of t i e r u e  por minute and 82$ ha6 a p ? f u l i O n  

A r i ln i la r  paradox *a8  enccuntered by Behnke (1)  i n  a:tamFting 

Tne "CM-iging" 

r a t e  of 0.55 sin.". 
-1 

0.S da. 

of t h e  v a r i a b l e  t i n e  aonstarlt.  

reliaDle r e s o l u t i o n  Of tha  c e r e 3 r a l  gar .xchn;e  data tu two oomponentr 88  a r o u t i n e  

t e a t i n s  ;rocedure. 

perfss ion ie e r t d t e d  from tho rxcinn@ -of r-brta3cer, t h e r e  i 8  p r a c t i c a l l y  r l n j 8  

evidence f o r  two o r  more psrfullon r a t o r ,  Theso perfublon rater do n o t  n e c s r s a r l l y  

ooniora  t o  g a r 8  region8 o f  d i f f e r e n t  m r t o d c a l  r t r u c t u r e ,  but probably b v e  m o r t  

r e l a t i o n  to t h e  rmdm p a t t e r n  of the open  c a p i l l a r i e r ,  rnich h v o  aoerap 

u n i f c r a t y ,  au t  h e r e  and t h e r e  by cofncidencs of OrerlaFFinC c a p i l l a r i s r  t t e r e  a r e  

zener of much more intenme c i r c u l a t i o n  than tho modal per fur ion  of the  t i a s L e e  

WYSID 

Tt.o o f f o c t ~ w  avem,. i n  t h e  v8lus  c a l c u l a t e d  by Kety, 

, which has  beea o a l i b r s t e d  againrt  dtrect flow method8 dttizl t n e  tango 

Current teohniqueuer d l i  probably l l O t  p e d t  a 

k t h e  - brrin and in are88 Of nuncle rad t a t  in which blood 
- r 

7 

A l l  e r tLnuter  of the prrfrnlon of blood through the  thyro id  glasd have 

placed it an one of tin m o r t  b t e n s d y  perfured t i r r u e e a  

1 1 ' 0 1 2 8 3  
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PrtiLIrion rat.. 
3.0 t o  4.0 min.’L 

’B 

.?OW8 (10,Q) m i n i r m m  in tho  rat 3.0 t o  10.0 mineg1 

m n t ,  Poohin, O a l d i o  (20) 
r(nlmm i n  man 0.6 to (15.0 min.-’* hyperthyroidirm) 

S t a n b y  (24 )  minbum i n  normal m n  
0.25 t o  1.0 sin." 

Valuer i n  t h o  l a t t o r  two roSeren000 a f o  oalou2.t.d from the rat. Oi u$&o 

of r n d i o a c t i m  iodide  iraa t h o  o i r m l a t i n g  blood. I n  r a t r ,  m f r  and i n  ma, 

in t raornc tar ly  a d d n i r t o r o d  lodido apparr  t o  bo rap id ly  d i r t r i b u t s d  k t w o e n  tta 

b l e d  m r d  a n  oxtra+.rouLr rpaoo ( t h e  lodido r p o o ) .  Thfr r p o o  var ier  oonrlderably 

from om t i 8 8 U O  t o  another .  The s o f t  tissuer ronain in e ~ i l i b r i u r  with b l d  

iod ide ,  a8 oridenoed from tbo rewirkable para I l o l i m  o f  th@ hboled lodido oontont 

of tho  vmr1ar t h u o r .  b r ,  t!m iodide i n  t h l r  r p o o  18 o o n r i d o r d  freely 

exchangeable w i t h  the blood iodide. 

Valuer for thyroCd Qri tr ion  were a180 -de from oalmletionr of the 

rat.  of dir.p3..ranOO of I r h l o d  iodide from tho plasra end tho  r a t r  of apwaranoo 

i n  t h e  thyro id .  Both of t h e r e  vaber  were oorreofed f o r  tho  i l i g h t  urinrry 

oxare t ion .  Thio nsthod -8 used t o  c a h h t .  thyroid parfirion ratrr i n  Ourtir- 

h n n i n g  r a t a  I80rifiO.d up t o  two hour8 aftor int ravonour  fn;eotion of a traoer 

1 l l b l 2 8 4  
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The thy-rcuin u t i l i z a t i o n  of r a t 8  i r  e r t i r t o d  a t  20 t o  4 0 p g .  thyroxin  

iod ide  per day (nee Table 111). 

0.02,ug. thyroxin  l a i l d e  p r  a i n .  

i c d i d e  1s O.OS,ag./d. and t h e  m i n i u m  lrtnute flow of blood t o  tho rat t h y r o i d  i r  

er t imato?  t o  bo 0.045 t o  0.15 m l .  of plaru.6 per rinute. Therefcre ,  it reen6 t h a t  

ttd t h y r c i d  mU6t add t o  tho blood perfasing thraach it 4 t o  17 t lmei  t h e  o r e v a i l i n g  

T h i s  mean8 tkt tho thyro id  m r t  add t o  t h e  plarme 

The p k r m  love1 of protoin-bound ( thy rox in )  

p l a r a  o onoontrs t ion .  3 L  

Tho  iodide f i x a t i o n  requirement6 hro lm: 0.001 (man, 14) t o  0.02 ( 
_, 

pg. of iodido p r  kg. body weight per  minuto or  1.4 t o  2 . 8 p g .  I/kg. per bay 

plarrmr iodldo lev01 18 80 la that it f r  nogl ig ib lo  oompared t o  tho  organio i c d i d e  E 
p r e r o n t  (18,26). 

apprcaahoo a mlniarn on the b a i l ~  of thyroid u t i l i z a t i o n  of t h e  lodido f o r  thyroxine  

r y n t h o r i r .  

tho aoount of todido t h a t  a o m m l a t e r  i n  the  thyroLd aftar leboled iodido .dmini8 

&,over, t h e  t h y r o i d  hnr a o o n r i d a r a b b  r e m m  oapaoi ty  f o r  iod ide  uptako - rlthlnf 

lrhioh it oan r e b i n  a very  e f f i o i e n t  removal of iodide from t h o  blood' (24f. 

i n  r a t r  (203 g.), lf 6 O p g .  lodido bre g l u m ,  2% of tr10 iodide i r  ronored by t h e  

t b y r o l d  in t w o  h a r r .  

Tho ava i lab le  i cd ide  i n  many experiment.1 a n i m I r  f r o q u o n t l y  ~ 

. -  

- 

Soma l n w r t l g ~ t o r r  a r e  a t tempting t o  oa loula to  thyroxin  ryntherir from 

~ L. 
- 

- -  - _  - , .  - -  
dhU8; 2 

Therefore, t h e  az.arr,t of thyroxin formation i r :  

thyro id .  

o b r e n e d  Co bo f L o d  i n  4 hour8 o r  en iodide f i x a t i o n  rat. of 0 . M p q .  I/kg./min.-- 

o r  2 3 ~ ~ .  I;'kg./hmr--rhioh ir  o b v i a r l y  high mho. 

Slmi lar ly ,  i n  other  r a t r  (100 E.) given a d a e  of bB)ug., 1s ha8 been 

The O X O ~ U ~ ~  Of other  rubrt.no00 h 8  been OOMideed a8 e rethod of 

m e n r u r f q  regiorul p e r f i d o n  r a t o r .  

i n a r t  gar  oxohango and o x o t r n y ; ~  wi th in  t h e  bcdy of a d d n i 8 k r . d  r a d i o a c t i v e  rodiur 

ion. "hen rodium i r  Lnjeoted intrat .nchlrb$,  it qulokly b o o m 8  d i r t r i h t e d  in tho  

higt.ly psrfirod region8 of t h e  bcdy. 

a p p r o l i m b  oqui l ibr lum with t h o  blood scdium form a radium r p o o  o o n t i m m r  w i t h  

There is an ObViCU8 r l d l a r i t y  b e t r e e n  

Tb8uer of the80  region8 by r t a y i n g  in 
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exohango wi th  t h e  v e n t i l a t e d  h n g  garer. 

eonatan t  i n  tno ea80 of dirapp.arano0 d rodiul  f ? ~  the it$?ttI! r i t e  r h m l d  bm: 

The dimeruionr at ?&e o r p o n e n t l a l  tine 

.. 
t = ooneent ra t ion  of rcdiuo i n  the bl tod  x duma o?>leod/da. 

rho o o n o n t r a t i o n  of rodlum i n  the  blocd I8 approxirP.t.ly , -  t r f o o  that of tho  t18N08, 

rherear i n  lwr t  gar orohango thoro (8  tho 8- so lub i l i ty  d b t r i b u t l o n  in blood 

eOnOOntratiOn Of rodill8 thO.ti88UO8 X Val- Of ti68U.8 

_ -  
_ I  

_ -  - - . L  
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FOUND BYIDATE FOUND 

SJ\,-? \, Y 21. I 1  / / & / 9 4  1 

I 
oxohnnge Ih,FUkl bo twioo a6 rac id  ma i n e r t  rpe e r o h a n ~ e ,  

Kety (12)  reports an arerag. of m U 6 C l e  eroknge rate of kNa 

t o  0.0515 mtn,-’; rhoroar tho  gar exota ige k i r  0.015 t o  0.C26 afn.’’ f o r  us010 

(IO). It i r  i n s e c u r e  rxparicenti  tic?, t.oneter, t o  meamre r e g i c n a l  o i r o u l a t i o n  

at the very r i t e  ahero a hypderzlo needle heir d e l l w r e d  an a l i q u o t  cf labeled 

rodiun. I n  our  l abora tory ,  %?e ( u z p b l i s n e d )  r a n  n e t  y e t  been ab10 t o  €et t h e  

raze r a t 0  of disaF”e8rance a i t n  d l f f s r e n t  i n p o t 0 4  ancunt r  of radioroditim (tho 

metf.oa st,mld ba ladependent of pr.ysioa1 dore) .  

h r  scnouhat d i r t x r b e d  the blood perfirion of t h e  region. 

diffloii lt ler a h l d  bo o&?tro;ihble. The nethod, however, r o p r s r e n t s  a teohntquo 

of g r e a t  p r d a e  due t o  tho f n c t  ::at r e g i o n a l  perf ir ion rates o m  be menlured 

w i t h  t h b  ps’hod r a p i d l y  end ritt tne axporaro of the nub+& t o  cnly viry  rm8ll 

p a n - , l t l - r  of r a d i o a c t i v e  a8.torlalr .  

Ti.18 is t h o  oare; 

0.050, rang .  0.033 

Tnlr may mean t ha t  tho i n p o t i o n  

T b a e  t eohnloa l  

Paohango o? i n e r t  p h i  13 t h e  kidneys is t o o  r a r l d  t o  meamro €16 a w a n 8  

S p a i n 1  mettodr, horever, h r e  been dewlopod of m e a u r l a g  ronal p r f u r i o n  ( l o ) .  

f o r  zeanurlng t h e  regional blocd p e r h a i o n  tLhrcugh tho l i v e r  and rploen urln& 

o o l l o l d a l  r a d i ~ c t i v o  o h r a ~ l o  pr.os$*te d1nap;earanoe r a t e r .  

admintatered p a r t l o u l a t o  ohromia Ihcsphate  o f  abcut  2 . 8 ~  dl8moter i o  oridcnoed 

by 8 rapid depooi t lon  of 95 t o  9& in u.0 l i v e r 0  and r p b e n r  of do@, d o o r  r a t 8  

Intrrnnaur~y  

and -,an a f t e r  l n t r a t e n c u r  a d c i n i r t r a t i c n ~  k5bbi t r  were tarnd t o  l o o a l i m  only - -  - _ - -  , 

bo m ~ a r u r e d  d i r e o t l y  from tho rat. bf diS8ppOAraDOO of Crm4 f r a  tb 

o i r e u l a t i o n  mearurea.0t8 aro mumrartsod f n  tho f o l h d n g  t a b l a  (Dobron,6) 

- 

p r f i r i o n  eaa 

b l c d .  Livwr 
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-1 1- 
Yininua blood t i @ r u o  CLUanW U X i r u m  blood t i r r u e  
$e rh l r ion  h o t o r  vel .  thrcugh perh r r ion  rol. b l e d /  
blood/vol. 1 irer/mln. l ivor  701. livor/min. 

0.66 1.4 /Ani-. DOC anor tho t ired* 1.2 O.S 

Rabbit  0.74 0.12 
aornal 1.12 0.1s 0.88 1.3 

h U 8 0  
no?m81 1.4 0.1 
anertnottrod<:- 1.7 f 0.1 0.79 2.2 

kat 
normal 1.2 2 0.1 

c-knbut.1 

Dirao3earanoo of 1nj.ct.d ohromlo pk08Dhaw from t ho  blood b approxlmatrly a 

r h - l e  orponont i&l  f inot ion:  

< t n  blood I: % injsoted x 

The oo;lo%d La O O n t 8 i r i e d  r i t L i n  tho  o i r o u l a t i a g  blood u n t i l  it ir r r o m d  by tb 

l i v e r  or tho  aploon. Tb. ti= oonrt.nt of dfaapp. ran00 in t h l r  oar., k, 1s .qual 

to tho fraation of th. o l r a l n t l q  blood r o l u n  porfir3q tho 1ip.r per u n i t  ti-. 

Blood pe r fu r lon  through thr r p t e n  h a  been 0rtimt.d from tb r o l a t i r e  

uptako of rp l son  t o  liver i n  8aOrifiOOd aninmlr. 

Yinlmum r o l u v  of blood per v o h m  
of rplson per minut. 

Doga ( anor tho t i rod )  0.8 

b b b i t  ( n o r m l )  4 .D 

h b  bi t (aneat he t 1s od3 ) 

~ o r a .  (normal) 

- re ( anor the t i rod )  

c)ImbUt.l 

Vumlu changer appear t o  -0 phoe  i n  tne body oaroasa, 8UOh that the 

4.7 

0.51 

- 0.4Q 

- - _ -  
- _  

7 -  

~ - -  - 
- _  

a m r a p  blood por fur ion  Ot tho mod81 that0 of thm o a r o ~ r a  i r  deoroarhg from 0.026 

.in.-’ a t  1&20 p a r a  t o  0.OlC .la.-” a t  26 y o W i .  
- 

Thoro dot.rminstion8 aro made 

l l b 1 2 8 8  
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from the  rat. of nLtrop;en e x c t a n ~ s  from t-.e nhcle body (13). 

ooinzi3er.t agretxnent with tt.0 rat. c f  a a p u l a i t i o n  of protcoticn t o  deoo;rprosrion 

r ioknosr  by oxyy;en i n h . h t f O n  i n  riX r e p r r a t o l y  t e 8 t e d  $rcb?r of m u b j e o t r  (10). 

The r a b  a t  r n i o h  “bsldr” N m o p t i b l o  t i r ~ o  oan aoqui ro  prateat ic i  t o  bendr 

depondr u w n  the r a p i d i t y  of its i n e r t  gar oxohsage w j  ioh l a  f i x e 4  by tne tisrruo 

c i r m i  l e t i o n .  

gr?u?a cver 25 p u r r  of aye, bu t  tr.ere SP:II t o  be a proEre:s?ueiy dooroaring 

perl’usioc; r a t e  nuoh t n a t  S6-par-oldr  a r o  e a t l m t e d  t o  h v o  bends rusaeptfble  

t i c s z e s  r o s e i r i n g  only 0.005 ciin.” (13) .  

is a l r o  d e t s m i n e d  by t t a r u o  p e r f i d o n .  

rped of reoovery from a mild e x e r o i s e  b a t .  

d e b t  and tt.0 oarbon dfoxido oxoerr o l e a r l y  f o l l o a s  t h e  r a m  p r i n c i p l e s  a r  i n e r t  gar 

oxo>ango. 

bet,\e:r. age and 002 oxohnge ra*a i. r = 4.90, bet reen  age and 02 cxchar.p;o r a t a  is 

4 . 7 1 .  ?he oxypon reoovery p r o o e ~ r  1s l i k e l y  l e r r  r o l i a b l s  an index of o l r o u l a t i o n  

t t e  t i r s u o  o x y p n  u n l a d i n g  i r  g r e a t l y  modified by t h e  o x y e n  d b r w i a t l o n  of 

They aro i n  o l o r o  

h i t r o r o n  oliminatlon mearureasntr have r.ot becn c x e , 2  :?y extended t o  

To a l ess  oxtent ,  r e s p i r e t o r y  gar oxohango 

Berg d e v i s e d  a 8y~t.r of meamring t h e  

The r a t a  of ropaynent cf tno oxygon 

4nd there r a t o r  of reocmry & r e  a h a  h i g h l y  r e l h t e i  t o  ago. The o o r r e h t i o n  

homoglobin. 

w i t h  app both a t  rent a d  under oonditionr of aild e x e r o i r r .  

an i r p o r t a n t  p r t  of tno  ro-oallod qily pro0008 ir-takiq plaoe during a w r y  

early p r i c d  cf e d b l t  iu0. she ther  tn0  OirOUhtOfy3hnE* bduoor aging o r  aging 

produoor tno o i r o u l a t o r y  doorehr. w o u l d  a t  thiJ poin t  be’. p6llorophloal  quoi t ion .  

pa00 ( 2 1 )  MI r e o e n t l y  ahom a r t r i k i n g  doorear. i n  exohngo rat .  of  oarbon monoxide 

w i t h  inoreaging ago. Thir o f f e a t  

t h r ,  t h e r e  ir e r i d ~ n o e  f o r  dsoroared per.%rion of tho oaroacr  t i r r u o r  

I t  10 sup,gestivo t h a t  

- - .  . -  - _  - -  

- 
to bo Of th iamo u g n i t u d e  18 t h e  gar 

~ x o ! - A ~  t i r r u o  p e r f i r i o n  c h n g o  s i t h  agea but there ea7 bo other  f a a t o r r  N o h  a0 
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Whoh b d y  *:.ohan@ of inert p r o r  mmarured for t r o  i n e r t  gram during t h e  maw 

0.69 0.022 

0.49 0 4 2 8  t 

0.45 0.088 0.020 -? 
"2 
Kr 0 A 0  0.090 0.019 -? 

0.63 0.097 0.020 0.00781 

0 .bo 0.001 01022 0.00--1 

-t  0.48 0.087 0.024 0.0047 

i ... 
- I  

> .  

. .  - . .  
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Tfi.BL? I1 

Reglonnl ?erP;.sion hates i n  U n  ( b 7 C  Kilo)  

Vol. blocd/vol. tirsue/min. Liters of blcod,'zin. 

3.0 t o  10.0 0.10 

5 e 0  1.33 

0.60 

0.16 

1.13 

0 -76 

0.30 

1.60 - 
4.09 

0.20 - 
4.29 l l t e r r / m h  

Direct Fiok i n  man e s t i n r b d  a t  5.89 l i t e r r b i n .  (3) 

Blocd parfiring 11111010, skin, f a t  and bone rhould averago - 4029  l'terr'Ein* 0.026 Voi.  blood/vol. tt.rue/min. ..- 60 litera of tfrsue 

"Atat8g." perfurion of rertinc 1~1a01o 0.01 t o  0.030 Av. 0.021 per m l n ,  

'.4voragoR parfurion of &dipore tircue 0.021 

rator of tho  pllmonary sa4 rohms durlry norm1 quiet breathing - - -  
* -  

- - hopLd rat. Slow r a t .  _ _  
.. . ,,. - .- 

V o l u w  of rerpirntmy E 8 1  2,Sf 0.9 lltorr 0.71  .09 l i t e r r  
- 

1.6 2 0 .4  mafn. hlf-tlm of oquil lbratlon 2 0.13 nin. 

T l a o  oonr-nt, k, e t  oqulllbratlon 1.85 2 0.4Q.'min. 0.44 2 .13/min. 
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TZB;S I11 

Thyroxins i i t i l l r o t l o n  fiates 

(Rat) Doc  ( 2 7 )  

yenb (15)  

100 g.l?.'i.'t ( 4 )  bioaaray with th imrac  

2X g., hat, oa lou iabd  from turnover 

tllorogram of organfo bound iodido 
ured per day per kg. body weight 

8 . 4 p g .  I/kg.,'day 

2Apg. I/kg.iday 

1 37. /ug. I,'kg./day 

ourver  
19. ,ug. I 'kp. day) 

2 l . 5 ~ ~ .  I/kg.,/aay) f r o e  turnover of 

12. pg. I 'kg,dhy ) 

Ylnlmur va luer  

labeled organie 
brund iodide  

-- 
' kadLoaottvo p o t s i n - b a n d  iodide una takon from rata that  had roooivma largo 

doeor of radicaotlro iodide.;, The potan-bound iod ide  was i n p c t s :  intraronwrly  

i n t o  dogs and tho rata of dicapwaranoe mearured. 

tho bar 's  that  the rat  protelr.-ba.md iodide behaver t h e  &Bze am tne wtiro  protein- 

rhlr v a b o  l r  oalculatad on 

b 
:aloulr.t.d by Stanley from tno rat. of dlrapaaranoa of L b s l s d  iod ide  to tho 

t.hyroid and tho t o t a l  amount of iodido l n  tho ularma. 
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