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THE MEASUREMENT OF REGIONAL CIRCULATION
Hardin B. Jones

The distridution of the ciroulsting blecd is marked by great differences
among the many regions of the body. The visceral tissuese~the liver and organs
of the portal drainapge, the kidneys, the brain, the secretory glands, the heart,
lungs and bone marrow smount to approximstely tem percent of the body weight, but
they receive collectively trhe pulk (80%) of the cardiac qutput., The recainder
of tne body (the carcase) which is composed chiefly of skin, muscle, fat and bene
can be ex;ected to be perfused by less than an sverage of 0.025 liters of blood
per liter of tissue per minute. This is in oontrest to the perfusion of the
wvisceral tissues, the average of which is approximetely 0.5 liters of blocd per
liter of tissue per minute at rest.,

Inert casen are found to move into and out of the body at comparsble
retes (Table I). Since their relative behaviors are the sare within limits
of measurement (approximately 5%), the process of diffusion or permeation of the
extravascular space must be oonsidered to be repid compared to the basic limitation
of the pertfusica of blood through the tiuuo capuhrzes a6 {ar as exchange of

these simple sudstances is concarned; -ne thrtimo conltmt k, of the exponential

the tissues (see equation 3). TETA L ;Ef__
The general form cof the gas chhl.nge eqution is the sum of several
inde;endent oxpon-ntiul parts; the number of componentl has veried in the past
according to investigator and experxmnnl condiunnl. When the nitrogen
elimination curve cen be followed nero prooiuly cnd for longer pericdas of time,
it can de found that there must be maod at’ lgut,ono more component (10) and the

equstion becomes (approximately for . 70 kno ﬂ.&)a
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B, (liters) 2 0,10 L (1 - ¢046%) 4 0.5 L (1« «70:04%) 4 0,51 (1. ¢70-005%) (1)
The equation represents, sapproximately, inm sequence: (a) the visocera and highly
vascularized segzents cf the body, (b) the carcass tissues except adip.se tissue
and (¢) adipose tissue, Still more care in the resclution of mitrogen exchange

gives the following spproximate eguationt

¥, (liters) Z 0.1 L (1 - 0% 40,17 L (2 - 6=0:1%) 2 008 L (1 = 670:02t)
4 06L (1 - ¢700008%) (5

.he fourth and last camponent again can be identified as the exchange
in adipose tissue {ram experiments in which two gases of different water-fat
solubility ratic are used, The third component is in agreement with the values
obteined from the rates of saturation of radicactive gases (measured by Y-rny
detection at the surface of muscle masses of the body) which have beea observed
to vary from 0,05 to 0.010 n:l.n."1 fractional . as exchange or bloocd pertusion rate,
measured a8 volumes of blood per volume of tissue per minutes The first components
of the nitrogen eliminstion equation are difficult to observe becsuse of the
washing out of traces of nitrogen in the lung ges spaces. Organs and tissue
segments whose periusion is greater than 0.6 min.*} cannot be separsted from the
events ¢f mixing of zases in the lung tpc;:cq_xy(l’_o(: Table II). In this categery
are parts of the brain, parts of the livéi';: fh§ k;dn;yl, the thyroid, and possidbly
other mmall reglons of the bdody. Estinaﬁoiz »cf the ?c;r%-dile ottput” from the
sumrated whole body nitrogen elimination dlto. b‘y u:ti;a;ting and summating tissue
pertusion is ususlly 1.5 to 2 liters per minute less tl;an the average aocepted
amount of the ocardisec output st rest. A_calpenu-tmee‘;ror. dilution of exchanging
foreign gases into lung regions of slowly Qginé :gc‘l l;{t&ce-, is a possible

explanation for the general agree:ent betwesn the fpfgign gas methods of @erdiac

output and the direct Fick method (10).

e b

1

¥ethods of radicactive gas exc}-ﬁgo:mniu'ruﬁtc have been previocusly
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oS-
described (10, 28). They aiffer from clessical methods only in the substitution
of relative radicsctivity for relative concentration of the substance studied,

80, and hul have been used to measure the

Sazra emitting inert gases, X, ASO' Xr
exchange betwean the lungs and tle tissues and between the tissues and the lungs.
Identical results are obtu'.nuble either in saturetion cr desaturation o: e tissue,
if the eguations ere fully resolved in fitting tie experizental results and if

during saturstion tre concentration cf the gas in the lunzs is raintained cozstant

(10, 28). 1In eitler ssturation or desaturation of tissues, the gas eachange rete

dA of e quantity of gas, &, excranging betwesen s tissue segrent and the lung gas
at g ~ o e

space is described in the simplest form: PR &

@ oz ome S )
at T .
but ususlly there are two or more independent camponents

A okh Qe Ty (e ek Y s pear (1o KUY g,
at . ,

As stated adove, the gas exchange rates of the tissues n,r'o essentially
determined by the blood perfusion rates, and excent for gas exch-.nfgo;. in td}gﬁs‘oi
tissue, in wiich the exchange rate is slowed Dy the ratic of gas éo]:ubiii;y;lg \
blood/solubility in the tissues, the periusion rete is identical ﬂ{h t%o‘e;p;néntill
gss exchange constants, Rarely docs @ situation exist in the tissues, ho;-;ci.c in
wrich a single tissue has such precisely uniform perfusion throughout, that a
single exponential component Ay Aoc'n can describe the exchange events. Results
are usually indicative of at least two degrees of blood perfusion which are
detectable as diiferent exchange time ccnstants in exchange eguations of two or
more oomponents. Most of the tissuue, however, are unifomm in their periusion
to the extent of 70 to 95% following s single exponential exchanze rate. These
values are referred to a¢ the modal exchanpge or modal perfusion of the tissue; suall

segments of much hi her periusion rates are sufficient to bring the average blood

periusion of the extremities from e modsl perfusion of 0.019 lzin.'1 to an integrated

1161280
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aversge of 0.070 min.”}, In the thigh and the leg, there is little dif{ierence

between average snd modal values which are estimated from radiockrypton exchange

tc bes
Aversge perfusian Modal perfusion
iand 04070 04025
Leg 0,19 04014
Thigh 0.026 0.019
kat ; 0.021 0,019

8locd periusion thrcugh the hand is repressztative of the remainder of the body
carcass excopt that there is a relstively great seguzent oi highly vascularised
tissue which presumably is skin. Values for blocd perfusion through the hand that

have been ootained iram exchange of radicactive krypton snd argon and nitrcgean

are as follows: Fat Least
Intensely perfused region Nodal reglon Ferfusion Ferfused
Ferfusion Ferfusion rate Heglon
rate rate
No, % of the Vol. blood/ % of the Vol. blood/ Fat &  Vol.blood/ Vol. blood/
Subjeots  tissue min./vol, tissue min./vol. least min./vol. min,/vol,
tissue tissue perfused tissue tissue
region
) 14.5% 0.17 79.1% 0.021 5 - . 64% . 04020 004
1 4% 0.23 80% €.026 5 %

f

Wnen the rand is warm and flushed es in exercise, or l‘:}.on the hend s

b

warmed, the circulation increases, values of perfulion' rates éf;{l.? mn." " for

40X ¢f the :and tissues have been observed during‘ exercise 1n:'li:_z'ich case the modal
tissus (chiefly muscle) increases to 0.06. TWhen the hands Are oold, less than

] i . B
27,0 C. skin temperature, as little as 1% of the tissues of,t:hof. nand may be

intensely perfused, In this state, the modal ti&\.gc;_or *:hc and rezains little

chanced, the blood perfusion decreasing to 0.0165:51:;;: :rcnjugm.l perfusion

factors of 0.02l«,024 min."l.

Estimation of the perfusion rates cf sdipose snd fatty areas of the

body has been calculated from direct messurement of the exchange of radicsctive

1161261
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gas in superficial fat pads szd by compsriscn of whole body exchenge of ritrcgenm,

krypton and xencm. These values are as follows:

¥odal B3lcod periusion ®
k, nitrogen
exchange/min, k x sclubility in blood
solubility in fatty tissuces

Man, rest 0.0047 )
)
exercise 0.0042 )

) 0.015 to 0,025
Cat, arestretized (0.0046 )
( )
(cata from ¥niteloy)(29) (0.0C7 )

s Assuming fat/nter scludility ratic of 5 end et the adipose tissues are
60 to 85% rat.

Adipcse tissue is largely composed of fat droplets, hence the vital
tissus has an ef{{ective perfusion ot 0.06 to 0.12 when the adipose tissue 1s
corracted for it dilution by nomvital fate The perfusicn of blood through
sdipose tissue is zot strictly unilorm in terms of the pattern of cpen capillaries
(Gersh, 8), and b; oonsideration cf the fact that gas exchange of body fat 1s at
least & two comjonent exponential expression, The modal nltrogen sxohange of fatty
tiasue approximates 0,006 min.*l. Two to six per cent of the adipose tissue may
have gas exchange o¢f the order of 0.05 min."! and s corresponding perfusion rate
of about 0.2 min,"d,

Blcod perfusion through the brain has been estimated by gas exchange
(13, 14, 10). The methrod of Kety (13; Eas ?éof’uie_\of the erchange of dissclyed
nitrous oxide between blocd and cerebﬁl ti;n;o. ‘TI;e goneral wvalue of 0,76 liters
through the cerebral tissues per minu;cn_(l_s, 141- il?ﬂritted by exchange rutes of
radioactive krypton, except that the ,rjl;iouctﬁ; f::;ré‘;;ton exchanze is indicative
of two rates of gas exchange or perfusion of blq_oé' éhrough the cerebral tissuec.
There is gcreat diffioulty, however, in elimin;;tih;é‘ :he lung ges mixing effects which

are reflected in the arterial blocd conobntrntiéﬁg 6f the inmert gas rrocedurss.
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Kety's metiiod circumvents this diffioulty by meking use of the integrated
dif{erence in concentrstion of arteriml blood and Jugular blood during the srort
period of inhalaticn of nitrous oxide. The measurercnts as a phenomena of inert
gas equilibration are not sufiiciently prolonged to perwit easy resclution into
more tran e single exponential saturation com;onent. Attempts of this sort to fit
exczan ;e procesces which are acre complex than & single expcnential component, lead
to an assumption trat the time c.nsiaut, k, of tre exponential ters is cnanging
with experieatel times. A similer paradox wes enccuntered by Behnke (1) in atiempting
to 11t nitrofen exchan e to & two component expomentiel equation, The "cnanging”
tize ccnstant, X, csn be stabilized in Kety's messurezsnt by [itting the dats with
two components inatead of a single ome. Ihls indicates that the possible pattern
of cereoral ciroulation is such that bout 1BX of the cesrebral tissue is perfused
with 1.t volumes of blood per volume of tissue per minute and 8§24 has a perfusion
rate of 0.3 min."l, The effective avera_ e is the value calculated by Kety,
O.54 min..l, which has beem calibrsted against direct flow metbods within tne range
of the varisble time constant. Current techniques wili probably not permit &
relisole resolution of the cere>ral gas exclanze data to two components as a routine
testing rrocedure, In the brein and in aress of muscle and fat in which blood
perfusion is estimated tru’ t:hc cxé"r;né;:vf substances, the;'e i{s practically always
evidence for two or more p;rfulion nt_"; These perfusion rates do not necessarily
ooniorm to gross regions of different ;nitamicul structure, but probably have mcst
relation to the rsndom pattern of the opsmu capillariss, which have average
unifcrmity, vut here and there by coi&cidsnco of overlayring capilleries there are
sones of much more intenss &circulntiorxbxghm the mcdal perfusion cf the tiasus.
- mveoi
All estimates of the p&r!‘hlﬁn of blood through the thyroid glsad have

plsced it as one of the ho'uf Xntoxisqli perfused tissues:

fi1b1283
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Perfusion rates
Means (18) man 3.0 to 4.0 min.~d
Jones (10,9) ginimue in the rat 3.0 te 10.0 pin.~?
Mywnt, Pochin, Goldie (20) -
ninioun in man 0.5 to (15.0 min.”", hyperthyroidism)
Stanley (24) minisum in normsl men 1

0.25 to 1.0 min.”
Values i{n the latter two references are calculated from the rate of uptake
of radioactive iodide from the oiroulating bloed. In rats, mie and in men,
{ntrevencusly sdministered iodide appears to be rapidly distributed between the
blood ard an extravassular space (the lodide space), This spece varies oonsideradly
from one tissue to another. The soft tissues remain in equilibrium with bload
{odide, ss ovidoneod from the remarkable parallelism of the labeled lodide oontent
of the various tissues. Thus, the lodide in this space is considered freely
exchangeable with the blocd icodide.

Values for thyrcid rerfueion were slso made from caloulstions of the
rate of disapvesrancs of labeled iodide from the plagma and the rate of apbearanos
in the thyroid. Both of these velues were corrected for the alight urinary
exaretion. This method was used to caloulate thyroid perfusion rates in Curtis-
Dunning rats saarificed up to two hours after intravenous {njeotiocn of a tracer

dose of radioactive iodide. Thyrcid perfusion wés-found:ite be st the minimm in

these rats: 3.3, 4.1, 4.9, 4.5, 4.9, 5.7, a.zg 8.2, s;o?vijii:}m- of blood per
volums of tissue per almte. The average #as ;.i _l,lil.h.":ff :Fgon studiss ¢f normal
and hypophyssctomized rats (Mortcn et al., 18), :ixoml lnd' k:;pophyuotomiud rats
can be comparsd. In spite of tne sinilar thyreid mass n'nc:f '_;_ﬁyroxtn oontents in
these two geries, the hypophysectorized rat hu ™ 1«:1&- nuguko from the iodide
spaoe (the {odide speos 1s also tne sums in the two grmgp:) %r only 1% per hour
whish ealoulates to be s minimum thyroid pero.;aion ofo.—Yjvéhmu of blood per

volume of tiasus per minute. o

L6128y
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The tkyroxin utilization of rats is estimted at 20 to 40 mg. thyroxin
iodide per day (see Table III)., This means that the thyroid must add to the plasma
0.02 ug. thyroxin iodide per min. The plzsma level of protein-bound (thyroxin)
{odide is o.os/ng./ll. and the mini-um zinute flow of tlcod te the rat thyroid is
egtimated to be 0.045 to C.1% ml. of plasme per minute. Therefcre, it ssems that
the thyrcid smust add to the bleod perfusing throuch it 4 to 17 times the prevailing
plasma oconscentration.

The icdide fixation requirements are low:

nge of lodtde par kg. body weight per minute or 1.4 to 2.8 mg. I/kg. per day. 'rbo :

present (18,28). The available icdids in meny expsrimental animals troquontly
approsches e minimum on the basis of thyrold utilizetion of the icdide. for thyroxino
synthesis. Some investigutors are sttempting to caloulate thyroxin nynthelil trom “

the amount of iodide that sooumlates in the thyroid after lasbeled i.odldo Adninutnticn

Ho.ever, the thyreid hus a considerable reserve ospacity for iodide uptako nit.htn

I

whish it can retain s very efficient removal of iodide from the blood (24) '!hui;
in rats (200 g.), if 50 ag. iodide ure given, 2% of the iodide is removed by the

thyroid in two hours. Therefore, the azount of thyroxin formation is:

50 ug. x .02 = 0.041pmg. I'kg./min. or 2.5 g. 1/kg./r.our--fixed by the
120 min. x 0.2 Eg.

thyroid. Similarly, in other rats (100 g.) given a dose of a8 ug., 12+ has been
observed to be fixed in 4 hours or an iodide fixetion rate of C.34 puz. I/xg./win.--
or 20 k. 1/kg./hour--whioh s obvicusly & high vale.

The exohange of other substances has besn sconsidered &s a method of
wesasuring regional perfusion rotes. There {s an obvious sicilarity between
inert ges exohange and exochange within the body of administered radicactive sodium
fon., *hen sodium is injected intravenocusly, it quiokly beocmes distributed in the
highly perfused regions of the body. Tissues of these reglons by staying in

approximate equilibrium with the blood sodium form a scdium space contimious with

F1b1285
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the blood which perfuses the next most intensely perfused tissues, eto. Ihis
process of sodium squilibration produces s dspendsnt series of exponential com-

porents for the dilution of the labeled sodium in the plesma, Cp :

¢, = 1980 o~ 1%t | 5gg ¢70+28t | 540 970085 4 g ¢=0-0028t (4 ggn ¢~0.00005t
amount of sodium unexereted),

The tize sonstants of the dilution processes are relsted to the psrfusion rates

of blood through the tissues and may be gompared epvroxivately to the gas exchange

time ccnstant., The parsmeters deteraining the values of these time oonstants also
fnoiude the effecstive volume of the perfusate with reference to the scdium

spece that precedes esoh new dilution camponent. Ilms far, no one has been sble to
sralyse these parameters sc that the physiclogioal variables in the sedium distribution
ecnstants oan be made use of sxperimentally. A recent new approach to sodium

exchenge by Kety (12) cirounvents the sbove difficulties wxhioh necessitate similtaneous
ecnsideration of the whole body equilibration of administersd sodium, by messuring

the dissppearance of & small amocunt of int-rsésnlly sdministered redicective sodium.
The disasnearancs of ¢ small amcunt of interstitially {njeoted radiosctive

sodium is entirely smalogous to the sl tuation with inert gas exehange. The sodium
oontents of ti» bleod and the tissues are comparable and the exponentis] disaprearance
of sodium should be highly related to the blood perfusion rate, asit seems to be (12).
The radioscdium is removed from the site by exshange of scdium in the blood against

the vest pool of sodium in the body and in this rnpoet the stuation is entirely the

saze as in gas exchange wherein the arterial blood ir.kopt it & genstant level by
exchange with the ventilated lung geses. The dimamlona e! @to exponential time
econstant in tne oase of disappearance ef lodiun rro- ‘the imjicte* s{te should de:

K = ooncentration of scdium in the blcod x wume of \slcod/nin.
ecnoentration of sodium in the tissues z vclum of tissuen

fhe oonoentration of sodium in the blood is Approxixutoly tﬂoo that of the tissues,

whereas in ipert gss exshange there ia the same sc lnbillty dl;tributton in blood

R

g T,

1161286
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and tissues. Therefors, it would be expacted that tne time oonstant of sodium
exchange should be twice as racid as inert sas exchange., Tiis is the ouse;
Kety (12) reports an everage of miscle exch&nge rate of ky = 0.050, range 0.033
to 0.036 min.-l; whereas the gas exofange k is 0.015 to 0.C28 win.”! for misole
(10). It is insecure experizent:ticn, hLowever, to measure regicnal oiroulation
at the very site where & hypoderzic needle has delivered an aliquot cf labeled
sodiuz. In our laboratory, Pece (unpublished) has net yet been able to get the
saze rate of disapvearance xith diffsrent injeoted amcunts of rediosodium (the
me<loa should be independent of physical dose). This may mesn that the injeotion
hae scoewhat disturbed the blood perfusion of the region. These technical
dirfioultiess should be oontrolisble. The method, however, represents a technique
of great promise dus to the fact that reglonal perfusion rates ocesn dbe measured
with this method rapidly end wiikh the axposure of the subject to cnly very small
quan<isiss of radicactive matorisls.

“xohange of inert ges in the kidneys is too ra id to measure as & neans
of measuring renal perfuslon (10). Special methods, however, have been developed
for measuring the regional blocd perfusion through the liver and spleen using
oolloidal radioanctive ohranis prosphate disapresrance rates, Intravenous}y

administered partioculate chromis -hcsphate of about 2.8,1 dismeter is evidenoced
by s rapid deposition of 95 to 98% in the livers and splsens of dogs, aige, rats

and man after intravencus sdministrution, kabbits mere found to localizm only

3C to 90% {n the liver and spleen. the nt};or _lCFtp 20% was deposited in the bone

— - Tz ,_:
marrow. This seens to be a species differencs, " Gther oclloids (8) oan be made

S s =
with more specifie affinity for deposition S;\'tﬁ_sibom marrow in several aspecies
iroluding man. The clsarance of t!is oolloi'd_'_il’ ’éroater then 85 so that liver
perfusion oan be messured directly from the rate ‘_bt disspvpearance of chO‘ from the

blcod. Liver siroulation measurezents are summarized in the follewing table (Dobsen,B)

1161287
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Minimuz blood tiasue Clearance Maximue blood tissue
perfusion factor vol. through perfusion vol, bload/
Animal blood/vol. liver/min, liver vol. liver/min.

D°‘ 102 i 0.3 0n85 l.4
anesthetized®
Rabbit 0.74 & 0.12
normal 1.12 _‘. 0.13 0088 1.3
Mouse
normal 1.4 i 0.1
anesthetired:: 1.7 & 0.1 0.79 2.2
kat
normal 1.2 ¢ 0.1
TRecbutel

Disavoearanae of injected shromic ptosphate from the dloud is approximately e

six-le eaxponentidl function:
% in bleod ® % injeoted x okt
The colloid is oontained within the oirouleting blood until it is removed by the
liver or the splesen. The time scnstant of disappearsnce in this case, k, is equal
to the fraction of the ciromulating bdlood volume perfusing the liver per unit tims,
Blood perfusion through the spleen has been estimated from the reletive
uptake of spleen to liver in saorifioed animals.

Minizum volume of blood per volume
of spleen per minute

Dogs (anesthetized) 0.8
Kabbit (normal) 4.9
kabbit (anesthetiseds) 4.7
Mowse (normsl) N - _3 0.34

Mouse (anesthetized) Q.48

;-blhltll . s s - ¥
Vesouler changes appear to take p.lvsco'fin the body osroass, such that the

average blood perfusion of the modal tissue :o!' f:'ho oarocess is deoressing froa 0.026

win.”} at 18-20 yun»to 0.01C min.~3 at 25 yoars. These determinstions are made
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from the rete of nitrogen exchranze frozm the whele body (10). They are in close

coinzident agrecment with the rate c¢f acquisition of proteotion to decompression

sickness ty oxygen inhalation in six seperately tested grouose of subjeots (10).

The rate at which @ "bends" susoceptible tissus can aoquire protestion to bends
depends upon the rapidity of its inert gas exohange wi.ioh i3 fixed by the “~issue
cireuletien. Aitrcoren elimination measurements have rot been curef lly extsnded te
greura cver 25 yeurs of age, but trere se:zs to be & progressively decrcasing
perfusion rete such that 3b6-year-clds are estimated to have bende susceptitle

tiesves receiving conly 0.005 min.'1 (10). To s less extent, respirstory gas exohange
is also deterzined by tissue perfusl on. Berg devised a system of measuring the

speec of resoovery from a mild exercise bout. The rate of repayment cf the oxygen
debt and the oarbon dicxide excess olearly follows the sazs principles as inert gea
exchenge. And these rates of reocvery sre alse highly relatei toc sge. The osorrelation

betwe:n ags and 002 exohange rate is r = =0.92, between age and Oy excharge rate is
~0.71. The oxygen recovery progsecs is likely less reliesble an index of oiroulation
as the tissue oxygen unloeding is greatly modified by the oxygen disscoietion of
hemoglobin. Thus, there is evidsnoe for dasreased perfusicn of the carcess tissues
with age both at rest and under conditions of alld exsroise. It ls sugzestive that
an importent part of the so-oalled aging process _h_"c}k}ng place turing s very
early peried <f adult iife. ~hether the eirou htor;':chlngt- !:pduou aging or aging
produces the eiroulatory desreuse would at thij point bon :pgilolophionl question.
Pace {21) has recently shown & striking doerec;o:“iﬂ sigkéx\-;go?rlu of oarbon monoxide
with inoreasi ng age. This effeot seeus to be ~ot the same -n’;_:gnlmde ag the gas

exchange tissue perfusion chunge =ith age, but there may po:"othgr fasctors such as

heroglobin binding as nell.
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TABL® 1
Whole body exchsnge of inert gases measured for two inert gases during the scme

experimental time. Hesults are given in terms of tie tize constants of the egquation:

R = R'ekit 4 prg-k2l 4 guigkst
k
x) X ks 4
0.69 0.022
%
Kr 0.69 0.022
0.49 0.028
L
Be 0.49 0.028
L} 0.45 0.088 0.020 -1
2
Kr 0,40 0.080 0.019 --?
N 0.53 0.097 0.020 0.0078?
2
.2‘“ 0-“ 0-087 0.024 0.0047 -7
Xoi: 0.36 0.087 +0008

)
AT

I3

Wit e
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TABL® II
Eegional Perfusion kstes in Man {~70 Kilo)

Yol. blood/vols tissus/min.

Tryrcid (9,19,24) 3.0 to 1040
Kidiney (23) 5.0
Eratn (13,14,10)¥1.4 )

0.35) 0.50
karrow (10) 0.16
iver (1C,5,2) 1.12

¥gtimated for heart (0.15 liters /win.) and for 10C g. of
szall plands (testis, prostste, adrenslis, se lvary gland)
estizate 0,06 Jiters/min.

Direct FPiok in man estizsted at 5.89 liters/mian. (3)

Blood perfusing musole, skin, fat and bone should average
5.89 « 4,29 liters/vin., =
~ 80 liters of tissue

"Average” perfusion of resting muscle 0.01 to 0.030 Av.

“iverage" perfusion of adipose tissue

Liters of blcod tin,

0.76
0.30

1.40

4.09

0.20

4.29 liters/min.

0.026 Voi. blood/vol. tissue /min.

0.021 per min.

0.021

Mizing rates of the pulmonary g2 yolume during normal quiet breathing

: o : kapid rate
Voldme of respiratery gas ‘ ' 233—: 0.3 liters
Falf-time of equilibration o ) 'o;."u; 4 0.18 min,
Tize oenstant, k, of equilibration 1;55’; 0.49/min.

1161291 e

Slow rate
0.71 & .09 liters
1,86 & 0.4 min.

0.44 & .10/min.
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TABLE III

Thyroxins Utilization Rates

Miorograms of organic bound iedide
used per day per kg. body weight

(Rat) Dog. (27) 8.4 pg. 1/kg. /dey
Ken® (15) 2.4 pg. 1/kg./day
100 g./tst (4) btloassay with thiouracil 37. me- I/kg./dsy

20C g., Hat, calouiated froa turnover ourves

19. pmge 1’kg. day)
Ninimum values

21.5/ug. 1/kg./dey) froe turnover of
o labeled organie
12. pg. I-kg/day ) beund lodide

24. g I/kg./day)

500 g., Ouinea pig 2.5 pee I/kp. isy)

* radioactive pr otein~-bound lodide was takon from rats that had receiwed large

l; The protein-bound iodide was injectei intravenously

doses of radloactivo_iodido
into doge und the rats of _-d‘i.cjapoenrance meagured. This value is calculated on
the bas‘s that the ret proteir-bound 4ocdide behaves the ccze as tne nutive protein-

bound Lodide of the dog.

b o7
Caloulnted by Stenley from the rate of dissposarance of labeled iodids to the

thyroid snd the total amount of iocdide in the plasma.
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