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RED CELL VOLUME ~LITERS
5% B » $©

. ®

blood content per unit of body alge.’ ’l’huﬁhukhy

peruony with large cell volumes tend alsq (o have
lurge plasna volumes. © Thip is in contrast to the, per cent of the mneap) wus 5.1 per cent for hie: |

© situation in anemis snd pa[mtlmu. wa de~ " matogrit apd B.6 per cent for Vwb ufter regressjon
. " w weight and beight (Table 11).

' The rwksdrnmumm wpsrated by
various intervale of tme, ia 3§ members of the male

- savies led 10 the conclusion that wost of the .observed

variation of Vibc hetween ladividuals of the same

" was binlogical yagher they mathadological (1, 4‘)|

Tl

Sl

VO,
>
Y

&
3
T

'm Mntﬂ' ‘lw

sSELATON 70 %00y Wsont. The uoud Hne is described by

data for the 57 wamen woighing loss then T4 kg (wsolid circles).

1 SO of the mean Vb for pay given Id’b‘, Thqov(ncnrcln
Tnrge welghi; hw nm

" matocrit is regulated Vll\hlll dﬂ.ﬂ thaa the ﬁﬂw or excesy of cell niasa is often balunced by

" women showed no much relationship. -

A

]
20 100

reciprocal expansion or contraction of plasma (Y).
In this study, the egefficient of variation (SD as

men, those with the highest bamatocrits were apt
to be short and heuyy and those with the fowest
hamatocrits, wall and thin (1) [ Thi n\a’ for

s l i )

“ 87 e T Ty e
i SURFAGE Anlq -lm.wu muni

20 i

Fia 4. !Lu: CRlL VOLUME IN RELATION rlo SUMPACE ARKA AS CALCULATED YuoM DU Mois' roksun a
The solid lios ls deacribod by Equation 4, Talle 11, Guied to the dawa fus the 97 wuien weighing less
than 74 kg Caulid clrcles). The dotted Mues vepresant =1 SD uf the mean Vibe for any given sur-

face srea. MM-thuguruZuull

Awoug the !

A

RED CELL AND PLOOD VOLUMK 18 HRALTHY WOMRY; Gan B AL

A comparison of the blood voluines of women
and suen ought only 10 be made within comparabis
ranges of heights and weights.  Omisvion of the
women under 160 e in height and 54 kg in
weight, us well as the fuur unusuully heavy subs
jects, left 67 wonicn who were within the saagey
of heights and weights of the men previously pud-
isd (1). A residua) value for Vrihe and Ypi wes
calculated for each of these women by mens of

the prediction equations devived from the data go . eeel

men.' The mean residuals were Vebe - 214 ml

(SE 23) and Vpl + 83 ml (SE 29). Tha differs
ncp in blood conten betwecn woiien and rean of 2

the same height and weight i ong two sudiey
thua averages only about 130 nil.  Ig coutyayt, the
compilation by Alicy and usgciuten (10) of datg
acquired by various fechnigyes in Bpston, Stagke
holm, and Taipei shows an gverage ditference of - '
600 ml hetwden the bloud yolumes messured in

wonpregnant wunien aged ) to 50 and the pres
" dicted volumes fur mea of the xang heights,

yoights, and ages.
" The lower content of hemwglobin (11, 1), 1ed

" cells (19, 14), and blood (10, 15-17) per unit of

body alge 0 women thin i men § wspally at
tributed to the higher fut content of the female.
Jt Lus been repurted that the diffepence between
the sexes beconies insignificant when Vilig s ver
lated to Jean body mass caleuluted from body water
(14) ur when bluod volune is velated to total body
water (15).
the range of those predicted fur men when fat
thichness and girth were included wigh height and
weght as the bases of prediction (16). Dats for
Loth sexes fell on the sanie linear regression line
relating bloud volume, in milliliters per kilogram,
to total body density in the study of Allen and co-
workers (10).  Huff and Feller's findings (13)
for whole blood weve siilir, wlthough at any given
body density wonien tended 10 haye lower cell
voluies and higher plasina volues in millilicers
per kilugram thau oen.  The lutter suggests that
sex-associated factors other than hody density pr
far content may influence the Vibg and relpiive
cell volue.

T test whether differcnces in fat content goyld
have accounted entively fur the sax dilfferenges

AVihe (b} = (86 K height) + (186 % weight) = 430
(S 190). YVl (ml)& (199 X height) +(13.1 X weight)
=2,000 (5D 240). .

Bl voluinies of wopmen were i’

found in ap# studies, we delerminad lmlﬂ vl
ues for Vebe and Vpl foy the 67 woroen over 10/
em in height and 34 kg in weight, vsing the pre
m;uou equations for wmpn as sbows, hut multigly
Jng the woight factor by 8S.. fastor wy
phioscn qn the ground thet it Arprsnimat
dightly the digrenes. i stomgs fat botwee
;woman and svm, which pphably le sbout 13 10 1
o ot oy e (18 B). T ne
duals

iﬂd were Yrbe ~
ml (SB’ +Q0 csz m S Mthm
-t corr uﬂd
mll mqw m
mmuw may. play - rola i
dcmmlnm the Mmm hetwesn: the' Vrbe ¢
wen and wemen. - Drabkin has that
bll of hemogiqbin dya o cptamenia and g e
way opntritmts (13).) Tho.fading of Conalatent]
. positiye’ residuala and. higher than ‘average vo-
,4mos n thp oldes and moqmenstpuating women ¢
pur serigs'sonld be attributed to the ccamation ¢

- gatamanis. Tt lg copoelvalie, however, that PW
| menopausl mth endocring factore br

fluencing sgyth were mpnulbk A
-ghough the pumber of ‘older pecple in buth ov
_.‘mdl..wmu the sendency was for residua”

tnbcnqn)inluwm4pmldvehramw

he uge \ B
‘ ’”o..“ Sy * T

1. Red dl oluing was measyred wu Cev
lubclcd oelfs im lOl n ully active vopen wh
had beep weroenod fur ganeral haalth.  Valume
of whole blood and of plasma we‘e derived ind
wactly from venous hematocrite.

2. The data were collecte.d and freated se di
cribed previously in a similar study on 2
helllhy omen. In the women, the degree of residu-
‘variation, aftcr relation of the volwues 0 helgh®
weight, height and weight counbined, or to sw
face area, was about the same s that found in me
Trivariste regreselan equations relating valui
W height and welght combined weors derive:
A chast represcating the squations graphically s
lows eonvenient prediction of rad cell and plasn:
volumes for & woman of given height and 1+ igh

3. Sixty-scven women weore of heights an
weights such that they gould he campared wit
the men provigusly studied: The red cell volum
of the individual women was qn thy averags 21
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r i+ ml smaller and the plasma valume 85 mi larger
As«' + than would be predicted for men of comparable
h’l‘ht md umght. <

8 Thompson, W. O, Thompson, P. K, and Dailey, M.
E. Tha effect of posture upon the composition and
volumse of the blood in mun. J. clin. luvest. 1923,

) s, 823,

‘ o + . % Brown, B, Hogper, J., Jr,

o A BEFW“S o , <" Dlood yolume and ity regulation.  Aun.

| w R, B . Physiol 1957, 19, 231.
5 ,""'L"'“',"‘, wg‘ vt 3o :m"‘“" W, Alles, T. Hy Pog, M. T, Chen, K. P, Huang, T ¥,
L N, snd Bradicy, B.  Red call, plasma, sad bood *"MC.,M Fang, H. S. Pudnllonoiluh-ud
. voluma in hesithy mes messured by rediochromigm o, volume and edipasity in uwa fium budy weight
I»(c(-)“umww Md'.‘ . and cobe of height Metabollvm 1956, §, 328..
.. oa%, wommiotype and habits of physical activity e -l Eionrand, T, The total quantity of hemoglobin in
T the variance sfter regrossion of volumes to helght - ;- wan and ity yelation 1o age, sex, bodyweight und
md-nhmﬁnd, b db.lu!ﬁ. l“ﬂ,&
ﬁq

und Weanesland, R.
Rev.

9" height  Agia physlol. scand. 1949, 18, 324.
1088.

. :‘l&w D L. Mptabolism of the hemin chrumo.
zs;-mx.,.pdcm,sj Wd . Physiol. Rev. 1951, 31, 345.

1, clrculatiog red call vohany In opn wn by . L, and Fellgr, D. 1), Relation of circulating
¥ oo chromiug. J. clis, Inyest, 1960, 9, MW, ,,:.:\,, dh. m" bady decsity pud vhesity. ).

: a- )‘ Wintrobe, u. )L Clinical . Hematology, ? WW | 2 X ‘l'h- :'auwump of wial red celt
, Philadelybla, Lan & Fohiges, 1961, o. 10;' w' .,...,’Q,'w.....um Clin. Sci. 1957, 16,

Q.W;uahll’.llml,lh”’ (.,‘|u
'.) ’ G ges, J. L, Jr, By g , G A, and Rarle, D). P. Bloud volune aid bl
S, periences 'MMMM““- “'P:“. W pormal hospital subjects. J. Lab cl'u:

00T sermination of rod cell volgms, - Scand 1 B ;u‘,' -'.«' Mod 1957, 0, 504

oo Lab Tovest 1982, 14,365 - ! C D. A, Hope, A, Turnbull, A. 1., and Verel,

i b Build and Blood Pressurs, 1989, vola. | and ' Com: " D, The sstimation and peediction of normal bood

e e wd pubinhad hy oy of Acomran, N2 v, . B, 1956, 1, 557

L, s 10160 Tt U Werlin, N, L, Hyde, G M., Pucsous, K. J., Lawsece,
. 7 Y

- (8 {.
;v veloclty rae, physical mesawssments, age sad sex 1§ Keys,
-‘n"-;l:\;v normal bumany, J, cim Lavesy, 19327 '
8 : P o
Samct, P., Frita, H W, Jy, Fishman, A. P, and '
Cournad, A, The blood volume in beart digeass.
Medicing 199,31,211. 1954, 44, 108,

A,
Physiol, Rev. 1953, 33, 245. |
W. Johnston, L. C., and Bumum L. Body conpn
" sition snd oxygen cunsumption uf (ntu'wcl&hi nor
J Vab. chin Med

: .?
' mal sad underweight women.

; - N o ' Lu M . . '
ii" : . . et - : . .A) S i
.1?/. - ) ‘ l §

2 6 Gibsan, J. G, 11, and Bvens, W A, Jr, ' Cliniost g4 He, and Port, Bloud volumie ol the nurnl
©o; sudies of the blood volwma 1L The relation of “..\g‘ fenwle 09 dotermined with P* labcled red bluod |
plauna and wul bload 10 wepous pressurs, blood *' (»  calls Proc, Sog, exp. Biol (N. Y.) 1951, 76, 831, |

aod Broiek, ). Hody fat i adult wan. .

Previous studies (1, 2) have demouptrated lh“
glucau uptake by muscle of the forearm of mag -
is inadequate to account for mure than aboug \q
" . per cant of its observed oxygen consumption, Bgy
. causg foreurm reapiratory quotient (R(1) s spr

proxhmately 0.7, which suggests combustioy of

long-chaln fatty acids, it was predicied what the
T fraction of plusna lipid known ag frec furty acida

(FFA) would prove to be'the iniusing subigtrate

of forearm muscle.  Extensive examination of

this problem ha}, 'huwever, failed to demanstraty

consigtently positive arterio-deep venous (A = DV)

FFA differencey acrows the homan forearm (2).

There is svidence, based on jsotopic studies by

Friedberg, Klein, Trout, Bogdonuff, and Estes

’:‘ (3), that the human furearm does reniove FF
’l;unn arterial blood, and the possible factors re-
“spunaible for our faiture o denonstrate this by
simple measuranent of A — DV concentration
differences have been treated i detal) elsewhere
(2). In brief, while FIFA s being extracted from
plasma by foreann muscle, adipese tissue, inti-
wiately surrounding s de, adds fatty acid to ve-
nous plasiia. The net A - DV FFA difference
i deternined by the relative rales of these two
|rocesses.

The vahidity of this hypathesis could be tested

if there were an agent that indulited release of
1 FEA from adipuse tissue without also affecting
FEA uptake by periphieral tissues.  Insulin may
be such an agent.

® Aided in part by Conteact Nong-248(34) (NR Wi-
241) between the Omice ol Naval Kesearvh, Departiment
of the Navy, and The Joluis Huophine Usiversity, Balii-
more; by a grant-in-aid from e Muscular Dystrophy
Associations of Amevica, b, and by € S, Public
Heulth Scrvice Reseurvh Garanns A-750 and A-5524 and
Graduate Teaining Gram 2A-5232, Natioual hutitute of
Asthritis and Mctaholic Disesses, Hetheada, Md.  Repros
duction in whole of in patt i> porwitled by the authors
fur any purpose of the United States Guverment; pege
missiun of publisher required,

1 During tenure of a Welleane Kesearch Travel Grgnt,
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There is a0 doubt that ingulin ighibits FFA ", ~
Isass {fom adipose tissuc, 8 fact demonstrated. i
bath in vivo by Gordon (4), WMMm'
(%), and Blerman, Schwarts, sad Dolg (4), as.
iy witrg (2, B). There is, bawever, gonflicting '+
syidencs ou whether or ot insulin inflyences FFA O

upake by periphcral tissues, In excisad adiposg' v
tpme, in the prescnce of hoth glucase Mhﬂfﬁ
lig, FFA igcorporation is increaged (7). Bue, !
thare is no quch eyidence from experiments fa
vive.

i ‘r-l;f}

der any circumstances. Bragdon and Gordon (9) - ‘

found only 1 10 2 per cent of injected palmitic .t
8glg-1-C** in adipose tissue, a figure not htumed

* by priur adwinistration of glucose, which stimus, .

tates insulin secretion. 1t haw been demonastrated
by Spitzer aud Hohiculcitner in the dog (10) and
by Scuw, Kobert, and Chequick (11) i isolated
rat parametrial adipose tiasue that, while et pro~
duction of FEFA by adipose tissue was inhibited hy
msulin, signincant net uptake by adipuse tissue
wus not produced. With I'Crptl:( 10 3 possible ef-
feot of insulin on FIFA uptake by uscle, experia -
wents capable of testing this crucially s vive have *
uot been done.  Absence of any such action, bhow-
wver, i3 suggested by the fact that turnover rates
o FFA, measured. by nsc of isutopes in the dug,
are nut changed by sulin (6. 12). Friz (13)
howed that oxidation of paluatic acid-1-C¢ by
excised rat diapheagiun was not sltcred by insulin,
Thus, while it is not establishied that jnsulin may
not influence FFA uptake by peripheral tissues,
most of the available data suggest that it does -
uot do su in the intact animal.  In the light of
previous studics showing thut the humaa foreann
i> remarkably scnsitive tu locsl intra-aeterial ine
fusion of small concentrations of insulin (14), &
technique was available to establish the effects of -
insulin, injected intra-arterislly at a final concen-’
tration pf several hundred microunits per milll-

Tndead, it is unproven that there is subx '
wansial FFA uptake by adiposs tissue in vive un- - B

y



