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TEE YMBUREYEST OF RSGIOIIfi CIHCULATIOH 

Rardin B. &ne8 

The d i i t r i b u t i o n  of tho o i rou la t ing  blood l r  marked br yoat differen008 

among 1,he manr re@ianr of the  body. The t i 8 o e r d  t i r ~ o r - t h o  l i v r r  and o r w r  

Of t he  p o r t d  dr8iMg0, th. kidneyr, th. br8in, t ho  BeCrObv  ghLd8, tb heart ,  

lung# and bone Mrrm m o u n t  t o  approxh8to ly  ten paroent 01 t h e  body w i g h t ,  bu t  

they  reoeive c o l l e c t i v e l y  t h e  bulk (86) of  tho  card ia0  output. 

of t h e  body ( tho  oaronra) which i B  oorrpsed O N d l y  of skin, murclo, f a t  and bone 

CUI be sxj-acted to be pmrfured by 1988 t h n  .p 8verago of 0.025 l i t e r s  of blood 

p r r  l i t e r  of t irruo per minuto. 

riaoerrl  t i8 rue8 ,  t ho  arerage of rhloh La npprozim8tely 0.6 l i t e r 8  of bloc& per 

liter of t i r r u e  pmr minute 8t rea t .  

The r d n d e r  

Thir i 8  in o o n t r 8 B t  to t ho  parfurion of t ho  

lnert garor are found to more i n t o  and ou t  of tho  body 8 t  ocrmp8r8blo 

r a t e r  (Tablo I). 

of nel&.ruranent (approldP.tely 6%), tho prOO0.B Of d i f f u r i o n  o r  p m e 8 t i o n  of t h e  

o r t r8 r8 rcu la r  8pp.00 aua t  be oonridored t0 bo r ap id  comprred t o  t h e  b8Bio l M t 8 t i O n  

of the porfurion of blood through tho  

therm BimF.10 NbrtlrrOeB i 8  ooncerned) 

exehang~ h r  boon lhom t o  bo 0qUiT.l 

t ha  t i s a u e r  ( r e o  oqu8tiOIi 8). 

Sinco t h e i r  r e l a t i v o  behavior# &re the rmo d t h i n  limit# 

k, of t h o  exponential 

perfialon h o t o r  throuzb 

Tho gmnor.1 I o m  of t h r  ga t ho  of 8everal 

b d e p n d e n t  Oxponenth1 p 8 r t B J  thB 

8ocording to inVeEtig8tOr m d  8%pOr 

varied h tho part 

.. L < * , ” ,  *. . 
& .; < ’  - , ,7c;  !? 

oliainrtion QWB o m  bo f o l l o n d  y o ;  vao+ty,&d -_ -. for 1anGSr pr iodr  of time, 
? = e + $ . % ; ;  

I t  C:M bo found tht thoro  must b o ~ ~ ~ e ~ ~ ; ~ ~ ~ o n o  more colnponent (10) and t h e  

oqwtioa becmms (approximte ly  f$ Q c E 2 p ; r  
0 
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8 o l u b i l i t y  mtiO VI U8ed. The t h i r d  o a p n o n t  I 8  in 8 g O O I b a t  d t h  t h e  VdUe8 

o b t d n r d  f rom t h o  rate8 of r a t u r 8 t i m  of ~ r d i o a c t i r e  garer (msarured by f - ray 

de t ec t ion  e t  tho 8urfaoo of r U 8 0 1 0  man808 of t h o  bo@) uhich have been obrerred 

to vary frcm 0.01 t o  0.010 Pin.'' f r a c t i o n a l  g.8 oxchnnge or  blood perfurion r a t e ,  

m r u r e d  a8 vclun08 of blood per  vduw of t i 8 8 U O  por minute. 

of tho  n i t rogen  e 1 M l u t i o n  equation u e  d i f f i c u l t  t o  O b r e m  beoauro of tho  

nrh5.n.g ou t  of t r a o o r  of n i t rogoo h h  t h  lung e 8  8p8008. Org8n8 m d  t i r r u e  

r e p n . t r  rhore PorL'udon i 8  g r e a t e r  tbpn 0.6 &." OUUot bo m p a n t o d  from the  

erentci o f  miiring of g r o r  in th4 l un  

u o  p w t r  of th brain, part8 of tho  1 

other  mall reghnr of tho  body. 

r ~ m ~ ~ a t e d  whole body n i t rogon o l imina t i  

The f i r r t  oomponent8 

In tu8 0 8 t O e V  

he thyroid,  m d  porrlbly 

E 8 t i a a  dlae ohtput' f r o m  t h e  

ing and mamating t i 8 8 U O  

the averago aooepted 

r,  d i l u t i o n  of oxchnging 

8 ,  i 8  pO88ib lb  

ga8 nuthod8 of ( r rd i ac  

u m m t  of t h e  oardiao output  a t  re&. 

f o r e i l p  garor i n t o  lung region8 of 81 

exp lumt ion  f o r  t h e  general ag reemnt  

output and the d i r o c t  I i o k  method ( 1  

Yothodr of r ad ioac t l ro  g88 h r o  boon proviondr 
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described (10, 28). 

of r e l a t i m  r8diomctirlty for r a l a t l v e  oonoen tn t ion  of t h e  sub r tmca  studied. 

Sansr d t t i n g  i n e r t  garer,  I, A m D  b80, urd d 4 1  hare been ured t o  measure t h e  

They d i f f e r  from c la s s i ca l  methodr only i n  t h o  r u b r t i t u t i o n  

eAchrP.ge betwe- the l u g 1  m d  t l s  ti8N18 m d  befreen th ti88lle8 a d  th lung8. 

Iden t i ca l  r e r u l t i  are obtainable e i t h e r  in m t u r a t l o n  o r  desa tu r r t l on  of I t i r r u e ,  

if the1 o q u a t i ~ r  a r e  f u l l y  rerolved in f i t t i n g  t h e  expe r lmnta l  r e r u l t s  and if 

during; r a tu ra t lon  the  concentration of the  gar i n  tha lungr l r  ualntnlned c o n r t l n t  

(10, 28). In either maturation o r  dera tura t ion  of t i r s u e r ,  t h e  gar exohmgo r a t e  

AA of a quantity of gar, A, oxcbnging be tmen  a t i s s u e  se 
d t  
- 

Dp8CB i r  described i n  tho r impla i t  romt 

g t 
d t  

bu t  uwually the re  u o  tn or  more independent oomponentr 

-k* t 
dA : k’A’ (1 0 
d t  
- 

A I  D b t e d  .bot@, the  g8r O X O h m p  mt.8 Of ths t i s d e 8  

determined by t h e  blood per fur ion  r a t e r ,  and exempt f o r  g a l  exa 

t i s m o ,  in r f . i oh  th. exchang. rat. i r  dowed by t he  r a t i o  of gm 

blood/ ro lubi l i tp  in tho t i r ~ o r ,  tho per fur ion  rat0 i 8  i den t io  

e 8  exch.nge 8 O U h t S .  &re ly  do08 & Si tua t ion  O d 8 t  in t h o . t i 6 ~ ~ 0 8 ,  however, h 

r l - h h  a ringlo t i 8 8 U O  h.8 tlloh prOOi8dp P n i f O t l n  p e r f u 8 l a  throughout, t h a t  a 

8ing11~ exponential oomponcnt A t  t &eokt 0.0 d08CtibO t& orohng. opantr. 

a r o  u d 1 y  h d i C 8 t t T e  of a t  h a r t  t*o day008 of blood perfur lon  rhich a r a  

detechable a8 d i f f e r e n t  oxchnge t ime con t t . n t r  in exchange equationr of tro o r  

mor. ~~ompmentr. .O+t of t h e  t I r m e 8 ,  ho-uoter, nro unifora in t h e i r  perfusion 

t o  t h r  mxtant of  70 t o  95% f o l l d n $  a ring10 o x p o n e n t i a ~  a x c h q p  rato. Theie 

vmlner are re fe r r ed  to a8 tha aodal sxahngo O r  modal perfurion of tho  f l r r u e #  d l  

ropmntr  of Nah’hlgher pml’urlan rater are  s u f f i o i m t  t o  br ing  t h e  avarngo blood 

par fur ion  of tb e r t r d t L e r  frm 8 modal prf’udon of 0.019 mln,” t0 an in tegra ted  

b m l t r  

. .  
\ 5 C , ’  . -  , ’  , t  
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arerage of 0.070 & t h e  thigh and t h e  l e g D  thoro  

betwoen avorrgo and modal va luer  which are os t l r a t ed  f r o m  

t o  be: 

Areraso porfurion 

h a d  0 070 

In g 0.019 

Thigh 0.026 

i a t  0.021 

Blood perlurion through t h e  hand i n  ropreren ta t ive  of t h e  

i r  l i t t l e  dif i orence 

radiokrypton exchange 

Nodal perf union 

0.026 

0.514 

0.019 

0.019 

r e m i n d e r  of t he  body 

OUO~NI  oxoept that t h o r o  i n  a r o l a t i v o l y  groat rogmnt  of h ighly  r a n o u h r i r e d  

tissue r t i t h  prorrpprbly i o  &in. 

have boon obta inod frcn exohango a? r ad imot iva  krypton and argon and n1trcg.n 

Valuer fo r  blood perfaanion through the hand that 

aro a,i f o l l o r r 8  
Xntenre l j  porfured region Modal 

FOrfUliOn 
rate 

lo .  5 of t h e  Vol. blood/ % of tho  
8ubjooto t i r ru .  d . n ~ / r o l ~  t ir tu .  

t i 8 8 U O  

Fat I t  
region Pwfurion Perf u8.d 
ferf urion rat. negion 

Vola blood/ Fat L 
min./tol. l o a r t  nin./rol. min./vol. 

r a t a  
Vol .blood/ Vol. blood/ 

t i 8 N O  porfured t i 8 N O  t i 8 8 U O  
region 

9 

11 

14.6% 0.17 79 e l %  

lnen t h e  h n d  i o  warm and flurhod 

wnrmd, t h e  o i r c u l a t i o n  inoroareo, valuer o 

40% c8f t ho  frnd tis61100 hrvo been Obsen  

t i c r u m  ( o h i s f l y  muicle) i nc rea re r  t o  0.0 

27.0 C. akin temperature, en l i t t t o  as 1% 

i n t e n r o l y  perfured. In t h i n  a h t o ,  t h e  m 

oh.ni;ed, th blood porfurion dooroaring 

f ac to rn  of 0.02L.024 min.”. 

el 

B6timtion of the  perfurlon r a t o r  o f  adipose and f a t t y  arm8 of tho 

body han been ca loula ted  from di raot  noarurar.nt  o? tho 0roh .ngr  of +.d loaOt i~O 

! ::, 1 , ., 
: L .  
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fat pAdB and by comparison of nholo body exchange of nitrogen, 

There valuer a r e  a 1  fol1-8; 

Modal 
k, nitrogen 

ercbAnge/mla. 

M a ,  r e r t  0.0047 ) 
1 

o'oo42 i exerc ise  

Cat , ananthetized (0.0046 } 

(data fraP % i t e l e y ) ( a )  (O.OG7 ) 
( 1 

0.015 to 0.025 

41 Asrumlag fat/rrter s o l u b i l i t y  r a t i o  of 6 and tht the  adipose t i s r u e r  am 
bD to 8S$ fat. 

Adipose t i n r u e  l a rge ly  COlEpBOd Of f a t  d rop le t# ,  hence t h e  Vi t a l  

tirmun h . ~  M offeotive p e r f u l h n  of 0.06 t o  0.12 when t h e  adipose t i r n r o  i r  

corretoted f o r  i t r  d i l u t i o n  by nonvi ta l  fat. The perfhaion of blood through 

adipods t i B 8 U e  i B  not  Bt r lOt ly  U n i i O m  in t e r n e  Of t h e  p a t t e r n  Of Open C a p i l l d O B  

( b r r h ,  8 ) ,  nnd by OonBidOratiW~ of t h e  f E O t  t h a t  gEr e x c h g e  of bdy f a t  i r  a t  

l e a i t  a two OOmFOnOnt exFonantial expression. 

t i r su r  apprOximatOB 0.006 dn.-l .  

The md.1 ni t rogen  e x o h g e  of f a t t y  

rm t o  a i r  per cent oi t he  adipose t i r r u e  map 
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Kety ' r  method cirounventr  t f d 0  d i i ' f lou l ty  by Mung UIB of the inte-tod 

d i f f e r e m c e  I n  ooncentmt ion  of ar ter ia l  blood and jugular blood during t h e  

period of i n h a l a t i o n  of n i t r o u r  oxido. T h e  mearureecntr as a Fhenomena of 

gar o q n i l i b r a t i o n  a r e  not  t u t i i c i o n t l y  prolonged t o  pemdt eaoy r r o c l u t i o n  

B l r o r t  

iner t  

i n t o  

more t!mn a r i n g l o  exponent ia l  s a t u r a t i o n  ocrm;onent. 

exchan,;e processeo which are more ocm;.lex than a single exponential component, lead 

t o  an assumption tht  thm time c ~ n s t e s t ,  k, of the exponential t e n  i r  changing 

n-jth e:rperimental time. 

t o  lit d t r o p n  exckmge t o  8 tn conixulent exponential .quation. 

t i s o  conatant ,  k, OM be o t a b i l i r e d  in te ty ' r  marurOEsnt by f i t t i n g  t h o  data  with 

two componentr iaoterd ol a .ingle me. Thio b d i o a t s r  t h a t  t h o  p a r i b l o  pa t t e rn  

of cerebral c i r o u l a t i o n  i r  ouoh that  about le$ of the c e r e b r a l  t i r r u o  i o  perfured 

Attsnptr of t h i 8  r o r t  t o  f i t  

A rimilar paradox -8 mcountored by Beh& (1)  in attempting 

The "chmging" 

dth 1..4 V o l a 8 0  of blood per TOl \nne  Of t i B O U 0  p.r minute bnd 8G h . B  POrfuOhB 

n t o  of 0.35 

0.54 i h .  

of t h a  variable t i m  o o n r t m t .  

rolia1310 r e s o l u t i o n  of  the  c o r e b d  g.8 achng; .  data to  two OOPpmOllt8 P I  a rout ine  

t e s t ing  prooedure. In t 

perfusion i r  e a t h a t e d  f r  

evidsnoo for two or more 

oonform t o  grooa regionr 

r e l a t i o n  t o  t h e  r m d m  pbpOm of t 

u n i f a d t y ,  but here  and 

Tho oflootim .verb;. i o  the n l u e  caloulated by h t y ,  
-1 , nhloh has been oa l ibra ted  e g r i n r t  direct flow method8 d t h h  t h r  rang. 

Curront t.ohnlques rl.11 probably nct p o d t  a 

0 OP mrcle a n d  f a t  in rhioh blood 

Oubatancel, t h e r e  io p r a c t i a a l l y  a l m y 8  

?heso perfurion rater do n o t  necessar i ly  

tomioal o t r u c t i ~ r e ,  but probably have mort 

O&pillUieB, which h v 0  avorag0 

co of overlapping c a p i l l a r i s o  t h e r e  are  

f blood through tho thyroid g l a d  have 
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Stmloy (24) rn1n-m i n  normal man 
0.25 t o  1.0 min.” 

Valu011 in t ho  k t t o r  G o  rofore-r aro o r l o u b k d  f r o m  the rata af ugtako 

of r a d i o a o t l m  iodide frcn tho oiroulaf& bloed. 

i n t r a -mnmoly  d d n i r t o r o d  lodldo apparr  to ba rap id ly  d i r t r i b u t e d  ktrreen tho 

blocd and an  o r t r s r u m h r  #pa00 ( t h e  lodido rp.00). 

trm om f i 8 O U O  to  mothe r .  

iodide, a8 o ~ l d e n o o d  fro8 tbo r e m w b b l o  p r r a l l o l ~ r m  of the hboled iodldo oontont 

oi tho t.rt& t i r r u e r .  

sxohwngeable dth tho blood 1odLde. 

I n  r r t r ,  a b  ard in 

Thlr r p o o  ~ a r l e o  ooruiderably 

The 8& t i r s u e o  romain in e ~ i l i b r i u r  w i t h  b l o d  

-8, tho iodide i n  t h l r  r p o o  L aonr1dor.d t r o e ~ y  

Valqer f o r  t h p o l d  p r f i r i o n  wero a h 0  mute from oa lou la t lom of t h o  

rhk  of d i rap ’mr8noe  of labolod iodido from t h e  plarm and thm r a t e  of apwaranoo 

in t he  thyro id .  

oxoi r t ion .  

Dunnlng r a t 8  88Qrif10.6 up t o  two hmrr a f t o r  i n t r s n n r u r  in joot ion  of 8 t r aoe r  

dorr of r a d l m o t i m  iodide.  

tbero rats: 3.5, 4.1, 4.Qe 4.QD 4.9# 6.f ;  8. 

T O ~ U  of t i a w e  par rlauto. T h  aternge war 

and h ~ ~ a o t a a i r o d  rat. (Wr ton  e t  el., 18 

o m  bo o m p r o d .  

tharo two gerior, tho hypophyreotomitod ra 

Both of t h e m  m h e r  were oorreoted for  tho . l ight u r i M r y  

TMr mthod  -8 used t o  o a b u U t .  t hy ro id  psrfirion rat08 tn Air t i r -  

T h r c i d  per 

pophm.otmild f a t i  

In @pita  of th. shllat 

f r a  the i od ide  

O p O O  (w iodide .pa* ab0  th. 8IrO 

e l o h  oaloulakr tc bo a m i n h  thyroLi 

ram af tbru. par Pinot.. 

1 1 5 0 :- 1; i: 
6 J .: ‘3 
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iod ide  per day (nee Table 111). Thfr meanr tht tho thyroid ~ r t  add t o  t h e  plarma 

0.02,ug. thyroxin iodide p r  ain. 

lodid,e f a  O.OS,ug./ml. and thr mlnfmm Irlnute f l a  of blood t o  t h o  rat  thyro id  i n  

ertimated t o  bo 0.045 t o  0.15 al. of plarma per minute. Therefore, it reemr t h a t  

tho  thyro id  amrt add t o  tho blood p e r f i r i n g  thrm:h it 4 t o  17 timer t h e  prevai l ing 

phrnra oonoentratfon. 

The p t m  l o w 1  of protein-bound ( thyroxin)  

Tho iodide f i x a t i o n  requfremontn at0 lm: 0.001 (manD 14) t o  

p g .  OS iod ide  p r  kg. body m i g h t  per  mimto  or 1.4 t o  2 . 8 p g .  I[/LCg 

plarnm iodldo leva1 i r  so low tb.t it i r  m g l i g i b l o  oompared t o  tho or  

prerwnt (UD26) .  The arr.iL.blo iodide i n  many experfmont.1 animala t r  

apprcW0h.r a rinimm on t h e b a r l a  of thyroid u t i l l r a t i o n  of t h e  icdido 

#yr&;h.rir. 

tho m w n t  of icdldo t h a t  a o a r m l a t e r  in the t h y o l d  after h b o l e d  i 

Eoro~rer ,  t h e  thyro id  ha0 a oonolderable r e r e m  oapaoi ty  ?or lodide 

uhioh it oan r e t a i n  a very  e f f i o i e n t  removal o f  iodide from t h e  b l o  

i n  r a t a  (200 g.)D if 6 O p g .  lodido a r e  g iwn,  & of tho iodide La roaoved b y  the 

t b y r o i d  in tu0 haurr. 

s o n  i n n r t i g o t o r r  a r o  a t t a a p t i n g  t o  oaloulato thyroxin r 

Therefore, tho a n a m t  of thyroxin formation i o :  

sopg.  s .02 8 0 . W l ~ g .  I/kg./min. or 2.6 g. I/kg./r.our--iired by tho 
-0 oh. x 0.2 kg. 

thyroid.  

o b r a n e d  t o  bo f h o d  in 4 h m r r  o r  a n  iodide f i x a t i o n  rato or 0 . ~ p 6 .  I/kg./min.-- 

or 2 : O p g .  I/kg./hatr--uhioh i r  o b v l a r l y  a high *.Le. 

Slmilar ly ,  in other  rat. (lo0 g.) g1-n demo of bBPg., 16 &r beon 

T h o  oxohmgo of other mbrtanoor h r  been ooruidered a8 a method of 

mem-urin~; r e g l a r v l  p r f i r l o n  r n k r .  

I n e r t  gar oxohngo and oxahngo within the body of adain l r tored  r a d i o r o t i r e  sodium 

ion,, Wmn rodiur  is in jeo ted  i n t r a n n o u r 4 ,  it p i o k l y  b e o m r  d f r t r i b u t e d  in tho 

highly pr'hrred reglonr of t h e  body. 

a p p r a x i m t o  e q u l l i b r l u r  with t h e  blood rodlum form a rodium r p o o  o o n t i m a ~ r  w i t h  

There 10 an  obr iaur  rimllarity k t w e e n  

T ~ N O B  of thoro reg ioni  by rtaying in 
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prmemr of rodium equ i l ib ra t ion  p r d u o e r  8 dependunt a e r i e r  of exponential 00- 

penentr for  the  d l l u t i o n  of the  h b e l e d  .odium in the plarma, cp : 

c = :~ggo + 580 .-0-28t + 640 ,-0*085t + 90 .-0*0028t ( 6  963 ,-0*b0006t 
8muunt of . o d i u m  unoxerokd) .  P 

The t'irno oonrt.ntr of the  d i l u t i o n  prooorrer aro r e l a tod  t o  tho pritlrion r a k r  

of blood thrcugh tho  t i r m o r  8nd m y  be oompred approximately t o  tho gar oxohango 

ti- cionrtant. Thr p a r u s t e r r  determining tho ralneo of the re  tin e o w t a n t r  a l r o  

lnolutis tho o f f o o t i ~ a  rahw of tho pe r f i r a t e  with roforonoo t o  tho rodium 

r p m  tlut precedes 080h w d i l u t i o n  oanponent. 

ans lyro  thoro ptamobrr r o  that t h o  p h f r i o ~ o g i o a 1  t u i a b l e r  in t he  rodit18 d i r t r i h t i o n  

e o n r t r n t r  o m  bo m d e  UIO of orp.riment.lly. 

exohango 

oons ldera t ion  of tho  rho lo  body oqu i l ib ra t ion  of admiairtorod 8odiUm, by r a r u r i n g  

tb d i r a p p u a m o  Oi a awl1 umnt of l n t o r r t i a l l y  d r i n i r t o r e d  r ad ioao t i r e  roilurn. 

The d i e a p p a r a n m  of L maul1 u m n t  of i a t o r r t i t i a l l y  injeotod radioaotivo 

b r  far, no o n  har been ab10 to 

A reoont nor approsoh to sodium 

atr (12) oirorrmentr tho .bo+. d l ? ? i e u l t ~ o r  rh loh  ruoorritat. r lml t anemar  

it 
n 

8odbJ8 i 8  O n t i n 1 7  aUBlOgar t o  tho d t a a t i o n  d t h  ilutt OXOhaI#O. T b O  rodfor 

oontent.  o f  tb blood and tho ti08U.8 a ro  o a ~ p r a b l o  an6 tho oxponoatial  dirappearanoo 

of r e d h m  rhaold k highly ro l a t ed  to tho blood p r h r i o n  r a t e ,  a r i t  so- to bo (12). 

The radioadinm ir t . r m e d  from tho a t t o  by oxsbango of redfu8 in  tho blood aga ina t  

I i  

the vart pool of radium in tho body md l n  t h i  

name ar in gar o x o h ~ n ~  rho ro ia  tho uteri.1 b 

e x o h g o  r l t h  tho ven t i l a t ed  lung garor. The 0 o r p o m n t i a l  tima 

oonrtant in tno oar0 oP d i rappa ranoo  e? rodfu 

ation i r  o n t i r o l y  tho 

ooa r t sn t  le= 1 by 

5 q ' , j 1.1 . .  
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and t!L88U08. Thorofore, it rouM bo expaotod that  the time oonr tan t  of s o d i u m  

O X O ~ A I I ~ O  a h m u  ba twioa rapid a8 i n e r t  6.8 eroh8np.  T h i 8  16 t h e  O U O ;  

Rety ‘(12) r o p o r t r  an arer8ga of m a o t  erohange rat4 of km 

to 0.056 min. ’; whoroar t h a  gar exohange k is 0.015 t o  0.026 oin.” f o r  misola 

(10). It i a  i n 8 0 ~ ~ r O  oxperiaentet icn.  however, t o  maamre reg iona l  o i r o u l a t i o n  

a t  t h o  very ri te whoro a hy-poderrnio needle ha8 del ivered  an a l i q u o t  of labeled 

rodlu13. 

same rat.  of disapcearanoo d t h  d i f f e r e n t  ln jeo ted  amount8 of r8diorodium ( tho  

methoi r h m l d  bo i d o p e n d e n t  of phyri081 dore). 

b r  6 a A O W h a t  d i s t u r b e d  the blood perfurion of the region. 

d i f f i ~ ~ I t i O 8  r h l d  be oontrol lable .  

of p e a t  p r d r o  due t o  tb fac t  tbt regional  p ~ r h i ~ i o n  r a t e r  oan be meamred 

w i t h  t h h  lpsthod rapidly and w i t h  t he  axporuro of the  rubjeo t  t o  only r s r y  1-11 

q u a n t i t l e r  of rad lcaot ive  a a t e r l a l r .  

0.050, rang.  0.033 - 

I n  o w  lnboratory, h o e  ( u n p b l i r h e d )  ha8 net  y e t  been ab10 t o  g e t  t h e  

Th18 may mean that tho l n j e o t i o n  

Tbere tsohnio.1 

The method, however, raprerent6 a teohnlquo 

Rrohngo of i n e r t  661 l o  the kidnoys fr t o o  r q l d  t o  mealuro ar a moans 

Speoia l  methods, however, hato been deroloped of meauring r a n a l  perf ir ion (10). 

f o r  meamring t h e  reg iona l  blood perfur lon thraugh tho l i v e r  and rpleon urnlag 

o o ~ ~ a i i d 8 l  r8d ioae t ivo  o h r d o  phorphte  d i s a p p a r a n o e  ra tor .  f n f z r ~ n & r ) y  ‘ 

d m i r i i r t e r e d  p . r t l o u l a t o  ohroeio rhorphat. of .bat 2.8p dkmete r  l a  orfdenoed 

by e rapid drporition of 96 t o  9 6  in th. l i ver r  and r p b e n r  of dogr, ai-, r a t 8  

and man after in t ra ranaur  ad8inir 

80 t o  9 6  i n  tha liver and r p l e r n  

marrow. Thlr room8 to bo a r p o i e r  

d t h  mora r p o l i e  affinity f o r  dep 

inoluding man. Tho ole8rrnoa of t h  

p r f i l r i o n  oaa bo mamrad d i r e o t l y  

bloul .  J.,imr 0 i r e ~ l 8 t 1 0 n  mearure od i n  tho f o l l d q  t a b l o  (Dobron,S): 

re f a n d  t o  t o a l i a  only 

20s; -8 dep08it0d in tb bow 

her ool lo idr  ( 0 )  oan bo y d o  

o w  marrow i n  mmnl a p o i a r  

mater than 85% IO tht li-r 

dir.pp.r&nOO of WpO, f r a  tb 

1 ls i ; : ! i  j 
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RECORD!$ SERIES TIRE 

DOC 1.2 f 0.s 
ana r tho t i r ed9  

0.05 1.4 
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Yinlnun blood t l r r u o  Charam0 Y u i l a r m  blood t l r r u o  
perfur lon hotor r o l .  thraugh p o r i l r i o n  to1. blord/ 

Animal b lood/.rol. llrer/mi n . l l r o r  TOL. litsr/min. 

Babbtt 0.74 2 0.12 
norma 1 1.12 2 0.1s 0.88 

MLlU8W 
no1.m.l 1.4 2 0.1 
aner th . t i rod*  1.7 0.1 0.79 

1.3 

2.2 

Rat 
normal 1.2 f 0.1 - 

Jthmbutal 

uptah  o? rpleon t o  l i t o r  I n  raor l f iood  a n i m l n .  

Ylnlmua rolumo of blood per tolw 
OS rpleon par r i n u k  

Dop ( a n ~ r t h ~ t l ~ ~ d )  0.8 

Rabbit (normal) , 4 * @  

h b b i t  (mor the t i rO&) 4.7 
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from the  rat. of nitrogen erohange from t h e  whole body (10). 

ao inc i3ent  agrernent  w i t h  the  r a t a  o? aoqui r i t ion  of protootion t o  dsoomprasrion 

rioknesr by oxygen inha la t ion  In r h  r e p r a t . l y  t e s t e d  grou?r o f  rub jeo t r  (10). 

'Ihe mtr mt rbiah a "bendam suroopt ibla  thnro omn aoquire proteation t o  b e d r  

depmdr upon the r a p i d i t y  of i t 6  i n o r t  gar oxohango wt:ioh is fixed by t h e  tissue 

o i r m l a t i o n .  

groupr ovor 25 p a r r  of age, but there sedn6 t o  be a p r o g r e s s l w l y  dsorearfng 

perfisLon ra te  m o h  t h 8 t  S6-yeer-oldr a r o  ortimated t o  hm bends 8 u s o e p t i b h  

t i s r u e r  reooiring only 0.006 mine-' (10). 

18 a l so  detsrmlnad by t irruo perftidon. 

a p e d  of reoovery from a mild oseroire bat. 

d e b t  and tho oerbon dioxide O X 0 . 8 I  o l e a r l y  follOR6 t h e  r a m  prinolpler  a8 i n e r t  gaa 

oxohango. 

betweon ago and 002 o x a h q p  ra t .  b r : -0.92, botreen age and O2 exch~ngo r a t r  i s  

-0.71. Tho oxygon reomeq  pro0088 i r  l i k e l y  l a w  r o l i a b l o  an index of oircrulation 

as t h e  t i smo o x y e n  u n l a d i n g  i 8  g r e a t l y  modified by tho oxygen d b r o o i o t i o n  of 

hemoglobin. T h r ,  thoro id etldenae f o r  deoroa8ed p a r f i r i o n  o? tho oaroar8 ti8m08 

wi th  ~ago both at re8t .ad uader oonditionr of m i l d  exeroiro. It 11 ruggectivo t h a t  

an iriportant p r t  of tho  BO-oallod aging pr- 

e a r l y  pried of adult iW0. flhether t h e  oirou 

ptoduaer the oi roula tory  doorearo muld a t  thi 

pa00 '(21) b o  reoent ly  rhom a r t r i k i n g  de0 

with  lnoreamng ago. 

They are i n  oloro  

' 

N i t r o ~ o a  al lmlnatfon msarurensntr have c o t  been c a r e f i l l y  extended t o  

t o  a l O s 8  oxtent ,  r e s p i r a t o r y  gar o x o b n e  

Berg devised a r p k a  of meamring t h e  

She r a t a  of repayment of tho oxygon 

A n d  thoro rater of r o o o ~ t y  are  also h i g h l y  r e h t e d  t o  ago. The o o r r e l a t l o n  

00s aging or  a g i w  

1orophio.l que ti on. 

r a k  of orrbon monoxide 

?hi8 Offsot  8eem t o  

homoglobin biding mil. 
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TABLE I 

Rho101 bcdy oxohary OS inert  gams aoamured for two inert p a a s  during the sa- 

experimntnl ti-. beults are givon i n  tema ai the t h e  oonrtants of the  equmtion: 

= R*.-kit + ~n*-k2t + ~ m 8 ~ ~ k 3 t  - 
It1 k2 ks t 

4 0 a68 0.022 

K r  0 e69 0.022 

0.49 0.028 

0 -025 
4 
8. 0 e49 

% 
Kr 

4 
B. 

0 -46 0.005 0.020 -T 

0 A 0  0.090 0.019 - T  

0.63 0.097 0.020 0.00787 

0.00-T 0 -50 0.094 0.022 

- T  0.48 0.00'1 0.024 0.-7 


