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THE NORMAL VALUE AND PHYSIOLOGICAL VARIATIONS
OF ERYTHROCYTES AND HEMOGLOBIN IN MAN

I. NORMAL VAIUES

A. REVIEW OF RECENT LITERATURE

1. Introduction. Unlike most physiological constents com-

monly used in medioal praotice-;l the normal renges for erythrocytes
end hemoglabin have been based on a surprisingly small mumber of
observations cm normel subjects. It is only in :reoent years that
this fect has beéane gonerally recognized and that the esteblish-
ment of normal values based on more nearly adequate series has
has been attempted (Dyke, 1929; Boermer, 1931).

The values most often quoted for the normal erythrocyte
count, five million in men snd four and one-=half million in women,
sppear to heve originated with the observations of Vierordt in
1852 end Welcker in 1854, each of whom sempled two normal subjeots
in cach sex. These date have been aovepted down to the present
time end are to be found in most textbooks, slthough the whole
subject has been subjeoted to a rigid reexemination in recent
years.

The question of normal values in hemoglobin is complicated
by the oustom of designating emount of hemoglobin as per cent of
normal instead of in figures udioa‘bing en ebsolute quentity per
unit volume of blood. The momeal value which serves as one hund;-ad
per cent is of necessity sn arbitrary one in the sbsence of exten~
sive sampling under certein predetermined emd fully controlled



conditions. Indeed, en arbitrary standard might be practiceble
if the smme standard were universslly employed. uince this
sacris unlikely, after meny years' usege of widely differing
stendards, the designation of hemoglobin in grems per 100 CeC.
of blood is desirasble. With the recognition and wider use of
this method, and with the porfection of dependable and eccurate
methods for estimating hémoglobin. considerable progross toward
the establishment of normal hemoglobin values has been made.

2. Normel Erythrooyte Velues. One of the first studies

mede om the blood of & large series of adults was that of Emerson
(1907). . Tis study indicates that the mean erythrocyte count
for 171 healthy medical students is 5,43 million. The oounts
were made by the students themsélveé. Emerson later reports
(1921) a series of 176 men students with a moen érybhrocybé count
of 5.00 million.

Chamborlain (1911) conducted & study on the blood of 687
gsoldiers and found en averag'e. red oell count of 5.20 million.

Hadon (1922, 1928) undertock to reexemine the whole question
of erythrocyte and hemoglobin standards by meking careful studies
on 52 normel individuels of various ages. He found a meen count
of 5,08 million erythrooytes in 20 men between 18 end 30, = meen
count of 4;865 million for 20 men between 20 end 40” years of age.
This sories was later (Haden, 1933e) inoreased to 106. the data
of which are shorm in Tebles I end II. Heden (19331’) recently
published data acoumuleted from 1924 to 1930 from student counts
made on thelr own blood. These data show a mean count in 230 men
of 5.00 million. |

Gram and Norgaard (1923) undertook a similar study for the
purpose of esteblishing the releation betwe'en cell count, ceoll



volume end emount of hemoglobin in normal individuals. They
found for mesn erythrocyte count, 5.45 million in 10 men end
4,65 in 10 women.

Osgood (1928) eontinued the type of work begun by Haden and-
by Gram end Norgeard tut on a larger scales He studied a sories
of 137 men, finding a meean red cell count of 5.39 million in men.
His investipgation was continued {Osgood and Haskins, 1927) with e
corresponding study of the blood in 100 young women, The meen rod
001l count found was 4,80 million. .

Wintrobe and Miller (1929) followed with a study of nommal
men, n-value of 5,85 million erythrooytes being observed. Wintrobe
(1930) -also-studied 50 wamen, finding & mesn erythrooyte value of
4,93 million. . | ' |

If;cster end Johnson (1931) cerried out en investigation in
New Orleans similer to that of Wintrobe and 'ﬁiller, ﬂndiﬁg the
evorage erythrocyte count in 100 men between 18 end 50 to be
6.26 million. Price-Jones (1931) recorded e mean count of 5,43
for 100 male London subjoota exemined.

Other euthors who heve oarried out gtudies on smaller series
are Komooki (1924), Seckett (1925), Hommeffer 4(1928), Thorner
(1930), Ceabigting (1930), Parodi (1930) and Tenconi (1931)s The
values found by these investigators ere s'hcmi in Teble I, together -
with the meen erythrooyte count of the present study.

Chia Yu Tien (1931) found & mesmn value of 5.12 in 820
Chinese living in Menchuria and quotes xitashimn as huﬁng found
5.24 million and Sekai, 5.46 million as mean valnea .m studies m
normal Japanese., |

Wintrobe (1933) hes rooently published amother: sﬁx&j ‘of the



blood in 86 nomel men end 101 wamen. The erythrocyte sversges
were 5,48 end 4.82 milliom, respeotively. Goldhsmer end Fritzell
(1933) carried cut similar studies on 100 heslthy boys sged 12 to
17, in whom a normal meen erythrocyte value of 4.72 million was
found.

%. Normsl Hemoglobin Velues. One of the largest geries of

careful estimations of hemoglobin in normael individuals is that
of Williemson (1916) who made observations on 918 individuals
chosen from varicus age groups in hoth sexes. His ciata, however,
have beon questioned becanse of the method employeds The spectro-
photameter was used for determinations, a reorystallised solution
of hemoglobin serving as stendard. According to reters emd Ven
Slyke {1931), the sbsolute welues found by Williamson are inecour-
ate on this account, sines the process of reorystallization cannot
be effected without chemical alteration of the hemoglobin.

The nomél hemoglebin values obtained by Haldeme end Smith
{1800,1901), 13,8 grems per 100 0,6, for men end 12.3 grems per
100 c.o. for women, have been widely eocepted and heve been in
common use for over 30 years. Only recently have adﬁiti@ﬂ
studies oast doubt upon their aocurscy. The values obtained by
Haden (1922, 1923) comprised the largest acourats aeri.'es; of hemo-
globin determinations until the work of Osgood end Haskins (1926,
1927). Othor oxtensive studios in the U. S» have been made by
Wintrobe and Miller (1929), by Wintrobe (1930, 1928-29, 1933),
by Bster snd Johnson (1931) and by Price-Jomes (1931) with the
collaboration of Dill (1931). |

Other studies were mede in various sountries by Horneffer

(1928), Orias (1930a), Perodi (1930), Sokhey (1930), Parjono,



Radsma and Joonces (1930), Tenconi (1931), Thorner (1951), Schmoll
(1931) and by Jenkins end Dan (1933). These are given in Table II,
together with tho figuros cobtained by the author (Walters, 1934c).

4, Nomnl Packed Coll Volume Values. cokapdratis‘teljr fow care-

ful studies of the normal value for volume of raoked cells have heen
made. ‘Hadon's chservations (1922, 1933) included data I‘or'volmx_ie of
packed 0ells in normal individuals, an eSourate method being employed
end a pra\otiealiy isotonic anticoag’ulaﬁt- solution being used.

Since the procedure followed by Osgood (1926) and by Winlrobe
md Hiller (1929) amployed powdered oxelate as en smticoagulant,
sorrections were applied to their original fipures. Osgeod, using
20 mg. powdered oxalate for 10 t.c. of blobd, obtained an average
total volume of 44.84 c.0. of packed cells per 100 c.c. of blood
in the. 94 subjects who were so exemined. This figure was inorsased
by 3.5 per éent to correct for shrinkage of the cells, giving B To=-
viged figure of 46.4 o;o. packad cells pc;r 100 c.c. of blood.

Ninety per oent of the walues ranged betweoen 40 and 50 o.c.

The corrected mosn of Wintrobe snd Miller is 46.5 c.c. of
packed cells ver 100 c.c. of blocd. This was obtained by adjusting
for the €.7 per cent shrinkege in volume with the 40 mg. of oxalate
per 10 o.0. of blood used by theme Of the correoted values, 85 per
cent rengod between 40 and 50 G.0.

The series of Pearl and fmor (1927) is ono of the largest
single studies 6 packed oell volume in normel men. " Other studies
by Wintrobe snd Miller (1929), Wintrobe (1930, 19%3) and by Foster
and Johngon (1930-31) heve followed. These are given in Teble III
which includes also the author's own date. Edwntree, Brovn end

Roth (1929) studied tho packsd cell volumo of normsl men, Pinding



a mean value of 42,2 'c.c..in 49 subjeots of verious eges,. Howsver,
these individusels were observed under basel conditions, which, as .
will be showm, give values below the commonly ecoepbed nommal

level. .

‘B, STUDY OF 100 NORMAL MEN IN KANSAS

‘3;.’..3"5’.?.}.‘.‘?.@3: The present st{zdy is based upon the observations
made on 100 men bei:wéen the eges of 20 and 30, The subjects wore
medical end college students, ell of wham had been found in good
-health by thorough physical oxamination. Since previqua exénin—
ation has shown that both musoular sotivity {Hawk, 1904) and reé‘_b
(Walters, 1933a, 1955b, 1954a) produce significent fluctuations in
the erythrocyte count, the samplés"of blood ware drevn as soon as
the subjects preae‘r{rbed' 'l;hémse-lfee at the laboratory.‘ o other
effort was made to control physical aat'ivity.- The data are, there-
fore, believed to be campareble to previous studies in whit;h_ fhe-
subjeots have, alst;,. aéparently beon. ochosen at random with respeot
to physical aotivity., Most of the observatioms were made during
the month of September. ' '

A 6 G.0. quex:tity'oi‘ blood was drawn from sn arm vein, 5 6.0.
being placed in ® 15 6.¢. gradusted centrifuge tube cantaining 1
Cets Of 1.6 per cent sodium oxalate solution. The 1 c.0. of blood
was placed in a second tube oontaining a small smount of dry oxalate
end wes later used for meking counts end hemoglobin deteminations.
A11 tubos were tightly stoppered immediately, end samples wore
centrifuged c.;‘r diluted before eny kmmn ohangés v&xick would effeot
eny of +the observations oould qocn‘r”in the blood. P}aoantioms,

wero takenm to prevent stasle in arm veins when wifhd;_ming blood.
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“Cell volume wes ascertained by centrifuging the tubes o~
: tainingthe 6 cecs of blood in 1.6 perf cent oxalete for c}he ‘hour,
w}gi&h is aonsider'éd adequaf,e by Haden (19_36‘), at & speed of 2800
Trepsle in & centrifuge with a working rat_iius of 13.5 om, | The
tubes wors allowed to return 'ta ‘Toom temperature before readings
were made. T"he percentege of cells was oglﬁulated/ fmn_:_’."thé read=
ings of the graduated scale on the tube.

Erythrooyte counts wore mado aftor diluticn in Tremmer pip-
ettes, in lLevy-Hausser qham'bers heving improved Heubauer raling,
8ll of which spparatus had been tested by the U. S. Buresu of
Stendards. The pipettes werse agitated for thres minutes in e
mechanicel shaker w'hich’ was carefully ohecked to eliminate the
possibility of any mechanical hemolysis. At least two dilutions
with Héyam's solution w;ere made from easch semple and, if necessary,
additional dilutions were made wuntil counts from separate pipettes
wore cbtained which egracd within 100,000 cells. Blood wes thor-
oughly mixed by repeated inversiom of tubes before samples were
teken out, and diluted semples wore allowod to sattlé canpletely
in the chamber before counting. Trenner plpettes were chscked
with U. 3. Standard Thoma pipettes amd were found to give concord=
ant readings.

Hemoglobin was estimated by the Newsomor method., Determin-
ations were made after jhhé soid hematin solution had stood for
one hour. #All readings were made by daylight. ILach reading re-
corded is the everage of six observations of the colorimeter. 1In
order to verify the dependebility of the Neweamer disc, the eppar-
atus was checked egainst the Van Slyke oxygen cspaclty method on
10 different samples of blood, The results were as follows:



Blood Sample Newconer Oxygen Capy. Verietion of

Number Method Method Nowoomer
| h 10.86 10.84 + 0,02
2 11.48 10,89 + 0.69
3 11.83 11,86 "+ 0,08
4 13,535 13.34 + 0,01
& 14.84 14.52 + 0,32
6 15.23 15,24 - 0,01
7 15.15 15.30 - 0.16
8 16,12 15,79 + 0,33
9 15.20 15.85 - 0,65
10 25,78 25,81 - 0.03

Because of the close corresponderce of this series of com-
parative determinations, no corrections were applied to the New-
oomor readings. All cell counts and hemoglobin determinations
were made by the author.

2. Presentation of Datas The mean erythrosyte sount found

in the subjects of the present study was 4,84 million per cubic
millimeter of blood, the counts ranging from 4,10 to §.55 million.
Of this number, 90 per cent lay betwoen 4,31 and 5,35 million.

The sverage hemoglobin observed was 15.12 gm. per 100 C.Cs
of blood, 90 per cent of the figures lying between 13.25 snd 17.03
gne The extremes were 12,89 and 18.70 gm.

The mean total cell volumo in this sories is 46.5 0.C. packed
cells per 100 o.c. of blood, with 92 per sent of the total volume
determinations between 43 and 50 c.0.

The data are given in full in Teble VII.



C. SIGNIFICANGE AND INTERPRETATION OF NORMAL VALUES
1. Hemoplobin Coefficiont end Color Index. The term hemo-

globin coefficient was introduced by oégobd (1926) end x'm defined
by him as “the mmber of' grams of hemoglobin per hundred cubio
centimeters of blood calculated %o e red cell count of 5 milliam
per oubic millimeter.™ For the oalculation of oolor index, for
which some arbitrary 100'; per cent standard is requiréd,:this hemo~
globin coefficient is usizélly useds "

The hemoglobin ooéfi'ioient is, of course, somevhat lower in
women then in men end shows considersble variation in the hands
of different investigetors. Osgood, on the basis of his own ob~
sorvetions and the dete ;r previous Mestigators, recamended the
use of the hemoglobin coefficient, 14.7 gm., to represent 100 per
cont. Wintrobe. adopted 14.6 gm. as & more acmurete figure to rep~
resent 100 per, cent.

The inadeptebility of e h@@obh ocoefficient derived largo-
ly from one or two series to, 8ll localities is demonstrated by em-
ploying the figure used as 100 per cent by Wintrobe and Miller,
in four of the sepatate series being compareds, The data of Osgood
ad of Wintrobg and Miller, when so traoated, show a meen color index
of 1, Hadon's subjeocts show & mesn color index of 1,07 and those of
the present series, 1.08, with Wintrobe's 100 per cent figure.  If,
however, a hamoglobin ccefficient is calcuhied from the combined
data of Hadon and of this study, tho resulting figure, 15.59 gm.,
when used as 100 por cent hemoglcobin, gives a mean ¢olor index of
1.006 for the subjeots of tho present sories, 85 per cent of which
are between 0.85 and 1,164
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‘2.~?olume Coefficiont end Volume Index. ”Volume coefficient”

is the torm proposed end defined by Osgood (1926) as “the volume of
packed red o6olls per hundred cubic centimeters of‘b:‘l'ood oalounlated
to a red cell count of § million." In the caloulation of wvolume
index, this coeffioient is employed as 100 per cent value for paoked
cell volume.

In spite of the fact that the varlous aversge figures for total
volume of 'packad cells agree so -6iosely,- the great divergence in red
cell counts produces volume coefficients in each instance which are
widely separated. Osgood!s corrected volume ccefficient is 43,04
G+C., While the high a‘il;érage 601l oount found in Wintrobe and Mil-
lerts subjects gives a volume coofficient of 39,94, Fostor and
Johnson caloulated 44,4 as the volume .coefficient of their 40 sub-
Jects. Oégood, 28 well as Wintrobe end mné:-, employed 41 6.0.
as 100 psr cent in their calculations, giving volume indices of
11.00 and 0.97 rospeotively. The uss of 41.0 o.c. as 100 per cent
would give & volume index in Heden's group of 1.12 end in this
soeries, of 1.18. Obviously, sgein, the stendard chosen as 100 perh
cent must, judging from the ebove calculations, be a local one, at
least for the present. If the data of Haden end of this series
are combined, a volume coefficient of 47.4 o.c. is derived, which,
when oonsidered as 100 per cent total cell volume, gives a mean
volume index in this series of 1.017 with 90 per ocent between
0.89 and 1.15.

Saturation Index. The figure derived by dividing color index

by volume index has been designeted es “saturation index" by Haden
(1923). Its normal value is usually one. However, as may be seen
from the results obtained by verious investigators (Table 1V), the
acefficients which have beon used as 100 per oent in the celculation
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of the indices vary widely.  While most of ‘the indices shown
are epproximately 1, the values would vary gréétﬁly"if the aéﬁe
Hemog1obin end volume coefficients wers employed in ealoulation
of the indices in all series. This is, of course, due to the
widely different values found by various cbservers in red cell
oount end hemoglobin. As will be showmn below, the differonces
are probebly technicel rathor them sctual.

Although the indices have bsen veluable clinicelly in the
differentiation of anemies, their widespread use has been pre-
vented by eny egreement as to the standards which are to be em-
ployed as 100 per sent normais. Employing the stenderds used
by Wintrobe, = hemoglobin scefficient of 14.6 gm. and a volume
coeffiolent of 41 ¢,0., the 100 subjects of Wintrobe and Miller
everage 1.02, the Oregon men, 0.98, end Heden*s Kansas City group,
0.96 in saturation index. The series under oonsidex_'atidn 'érould.
average 0.92. If, howover, 15.50 gm. hemoglobin end 47.4 ¢.0. packed
cells are taken as 100 per cent stenderds, the incen saturation in-
dox obtainod i 0,99 in this serio’a,. with 90 per cent ranging be-
twoen 0,85 end 1,12

4, COréuaoular Congtants. The method of celoulating mesn

corpusoular volume, hemoglobin and hemoglobin hohcentratiou has
been oxplained frequemtly elsewhere (Haden, 1926; Wintrobe, 1951),
eand is therefore amitted here., 'Mesn corpusculer volume refors to
the everage volume of individuel erythrooytes, stated in cubie
micra. Meen oorpuéoular hemoglobin exp}ééhéé' the everage amount

of homoglobin in mioramicrograma (grems x 10~12) present in the
erythrocytes. Mosn corpuscular homoglobin concentration ézpressea
the emount of hemoglobin in proportion to tiw volume of the erythro-
oyte end is stated in percentage.
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The meen corpugouler volume obtained in this study, 96‘.’5 ’
cubic micra, is higher than that found in any of the other series
canpared in Teble V. The nomal rangs. for the age group, sex .
end conditions of this study is found between 82 and 107 ocuble
micra, since 50 per cent of the observations ovcourred within -
those limits. :

These figures tend to confim the relatiomship suggested by
the work of Emmons (1927-28) om various mammelien as woll as humen
bloods, that ‘the volume of the individnel erythrooyte appears to
vary inversely with the total mumber found, a lerger ocorpuscular
volume tending to sompensate for the smaller number of cells,
Thus, the total volume of erythrocytes would be independent of
geographic varietion.

~Heden' s average for meen corpuscular volume in men is 92 cubic
miorss Wintrobe found 79.8 ocubic micra for en average, while the
mean figure calculated from Osgoo&‘a.dnta is 86.1,011'5!0 mioras
Foster end Johmson's figure is 85.9.‘

‘Since the caleulation of corpuscular volume, hemoglobin end
hemoglobin concentration is simple and does not involve any erbi-
trary standard, theﬁe constents have been recamended frequently
in “prbfer-enoe to the volume, color and saturation indices for
olinicel work. However, it is clear that even for the application
of these terms to speoific cases, well-established normels for the
given looality, age group, end sex should be knowmn. For exemple,
although Wintrobe (1931) states that "velues ebove 95 cubic micra
or below 75 cubic micre are probebly a menifestation of sbnormality",
moro than helf of the normal subjects observed in the prosent in-

vestigation showed a corpusocular volume grg&te_r then 95 cubic miora.
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The average figurs for mean corpuscular hemoglobin. found
in the subjeots of this study was 31.4 miocromiorogrems, with 92
per cent lying botween 25 snd 27 micromicrograms. This mean is
almost idenitioal with Haden's average of 31.0 misramiorograms for
35 men betwoen eighteen and thirty, and agrees olosely with the
evorege figure found by Foster and Johnson, 30,03 miocromicrograms.
The semme mean was observed both by Osgood end by Wintrobe end
Miller, 29.2 micromicrograma,.

The eversge found by the amthor for corpussular hemoglobin
concentration was 32,4 per oont, HNinety~one per cent of the oal=
culations lay betweon 27.5 and 36.5 pe1" cent. Haden's average of
3347 per cent end Osgoodts, 33«9 per cent, are in slose agrecment
with this figure. Wintrobe found zn sversge of 36.6 per ocent,
While Foster smd Johmson recorded & mean of 34.77. Hormeffer cal-
culated a mesn sorpuscular hemoglobin of 32.4 for his seriecs of 40
healthy men. fThe oriticism of .his".'metha'd of henoglobin determine .

etion has elrssdy been mentioned.:

D. FACTORS RESPONSIBLE FOR DIFFERENCES IR HORHAL VAIBES
1. Geogrephic looality., The ccmparatively wide differanoes
which heve 'beeﬁ found to exist in hemoglobin and erythrooyte count

have frequently raised the queation of possible geographio varia=
tions (He.den, 1929) other then the mll-recognized imrease with
altitude.

Parjono, Redsme end Joenoes (;950) éompile& data on blood
iron and oxygen cepacity in an effort to find some correlation
betweon tﬁe smount of ixeznoglobin and ge_ographic latitude. The data
used wore found insuffiocient to estsblish eny clear relationship.
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~ In Tebles I end II are listed erythrocyte and hemoglobin
detorminations from various geographic localities. From these
figures it is mpparent that any correlation on the basis of geo-
grephic locality is very difficult, since in several cases ine
vestizators working in the same looality have secursd widely
different results. There are, however, few striking differences.:

‘2. Living Hebits. Many other fectors than geogrephic loca=~

tion are doubtless existent, ‘as for exmmple, in the case of the
differonce found beiween poorer natives and the belter situated
students and native doctors in the Java group of Parjonmo. For
this particular difference, thege suthors suggest the prevalence
of ‘intestinal worns emong the poorer classes 28 & possible explen-
ation.

Oriss (1930b, 1930c) found a definite difference betwoen
common soldiers, officders emd students in Buenos &ii@s {Teble
11}, Ho ocomcludes that social condition is en importent faotor in
hemoglobin level. Hormsffer (1928) also moted this difference,
finding 16,25 gn. as the meen value for 20 students and 15.80 ga.
as the meen for 20 sold;ers. .

A8 & basis for explaming o difforence obaarved in the mean
hemoglobi.n level of subj eote in the Unived States end in Lundon,
Prico-Jones (1931) suggested thet the motoring hebits of Americen
subjocts may'hm produced a slow chronia peisoning by ocarbon
monoxide; as a result of which the oxygen pressure is ocmstently
being slighﬂ'y reduced and the bone marrow compensating for the
useless carboxyhemoglobin bymking more red cells end hemoglobin
and producing a relstive polyoythemia. fThat this suggestion has
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a reasonablo basis 1s show by the following. citations..

Eamitl::and grehen (1906) found that guinea pigs living con-
tinuously in & dilube carbm monoxide atmosphere were eble to im-
Srease the quantity of hemoglobin end. the mmber .of erythrooytes
to compensate for the loss in oxygem-~carrying bapaqity. This vas
confirmed by Egdahl (1923) who also noted a polyoythemie in humen
subjects affer repeated exposures to small or moderste smounts of
carbon monoxide. - Experiments by Sayers, Yent, Levy end Fulton
(1929) in which six men wore exposed four to seven hours deily over
a period of €8 days to mixtures containing two, thrée end four
partd of carbon monoxids per 10,000 parts of eir showed that a,
distinot inoroase in hemoglobin emd red. cells ocours under such
conditions. |

Jenkins (1832) aftor investigsting the blood of workers ex-
posed to motor exhaust fumes found that chronie or intemittent
exposure tn carbon memaxide vtemds’_to reise the hmggiobin conoens
tration hut considors _the_ stimulun inadegquate tn assoount for the
difference cited by Price=Jonos.

Gottler and Mattice (1933), aftor & oareful study of the car-
bon monoxide vantent of the blood of various groups of subjeots,
ceme to the sonolusiom that smoking is spt to be the moat conspic-
uous factor in determining the egrbo:qhemogzoﬁin of an individual
under normal conditions when he is not exposed Yo obwious high
poroentages of the gas, Heneon end Hastings (1933) found the hemo-
globin of smokers to he 3 to 4 per cent saturated with.carbo;z mon~
cxide while thet of non-emckers sversged 1.5 per cent saturation.

Table VI oampares the mesn erythrooyte count, total hm.zogldbin

end corpuscular hemoglobin in smokers and non-smokers, based on e
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sarvey of the subjects in the groups later designeted ms Series
I, IT end III in this study.

In practically ell suckers studied (Walters, 1954b), the
hebit was of two or more yeers* duration, emd virtually ell used
cigarets aﬁ:cluaivoly. Those using one packege of 20 or more per
day heve been designated for oonvenience as “heavy" smokers. The
subjects heve been chossn from two groups. In Series I, blood
semples ware drwm et remdom with reference to physical motivity,
while in Series II, the subjects were sampled after a one-half
hour rest pericd in bed.

The date of Teble VI indicate that meither the differences
botween emdkers snd non-smokers, uor between “heevy"smokers emd
non-smokers are significmnt, since no difference obgerved is greater
then four times its probable errore

S« Techmiocal Differenmces. 1t is likely thet one of the most

importent end perhaps the prinoipel faotor responsible for the
differences secn in Tables T end 11 ig some type of differsnce in
teclnioc employed. This is epparent when one considers the fact
previously mentioned, that differont investigators in the seme
looality heve cbtained widely different values.

It is mposs;ma to tell what specific differences may have
provailed. The oﬂiy technicsl difference which presents itself in
this study is the use of Tremmer pipettes. !fhese_,;, it is believed,
may heve influenced the counts on the side of greater acourscy,
since Thome pipettes in the hands of students frequently give
higher counts due to aspiration of the blood solumm beyond the
ruling, with subsequent withdrawal, which leaves cells adhering to
the walls of the bore.
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1I. PHYSIOLOGICAL VARTATIONS

A. INTRODUCTION

During & study in which normal mbjects mie fod with a
cubstence believed to heve hematopoietie proper‘biee, fotel onlf
liver, Walters and ¥oodard (1933) found thet unexplained tut sta-
tinticanv sig:nifioant physiologioal variations were so n\nneronu
and cf such megnitude 8s to render impossible the certain identi.—-
ficat_ion of chenges in quantity of erythrooytes as being due to the
substances admini stored,

B. EFFECT OF MISCULAR INACTIVITY

In = offort to ascertain imd_er vhat conditions an acourate
estimate of the erythrooyte count and hemogIobin is possible,
studies of the blood were made on g:‘:séries{brj 80 men (Series II),
fo1io?v$ng e ous~half hour rest in bed, with the idea of eliminating
tho exerciso ‘as & factor tending to inerease the red cell count.

Camperison of tho mesn velues for this group with thoso of
Subjeots 1~-30 (Table VII) vhich aro designated as Series I showed
decidedly lower values in the resting subjeots (Teble IX).

A third group of 20 men was then studied, first after rendom
activity, subjects being sampled immediatoly upon entrence into the
leboratory, then one hour later, after spending the intervening
time in a state of musoular insotivity, lying in the recumbent
position. ‘This group, Subjects 81-100, is designated es Series
11I. Comparative data for these individuels are shown in Teble
X. The data of Table X show that the averege erythrooyte ocount
after an hour of muscular ineotivity is .44 pinion lower then
before lying down. A diminution in erythrooyte count is seen in
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all of the 20 subjects, the greatest decroase being 780,000

oé’l-le. In quentity of homoglobin, a:decreese-is-ssen in 16, no
change in three and en inorease in one of the 20 subjeots. The:
average deoreese is 1.05 gm. and the meximum, 3,39 gn. per 100 c¢.0.
of bloode

A11 subjeots except one show & deoline in volume of pecked
cells after imsoular inectivity, The mean difference after rest
is 3.1 ou0s end the maximum deorease is 5.5 @.0. packed ¢ells per
100 ¢.0s blood, The average packed oell volume of 42.2 o.c., found
by Rovmtree, Brown and Roth (1928) in 49 nomel men of various eges
under basel conditions is in accord with the data of this study.

In order to ascertain whethor the decreases found are of suf-
ficiont magnitude to be othor than of fortuitous origin, the sta-
tistioal significance of each difference was celculated. For the
difference betwoen Series I end Series 1I, the following formula
was epplied (Dunn, 1929):

Probeble Error of Difference = (PEyo.n 1)° + (PEyoan 1)
In the case of Series III, the probeble error of the difference was
‘oaloulated by applying the usual formule for probable error of the
mean to the difference between rendom sotivity end rest for each
subject. A difference has been considered statistioally aigxzificant
vhonever it is greater than four times its provable error.

The difference between the subjeots of Series I and those of
Series II in erythrooyto count, quantity of hemoglobin end volume
of packed ¢ells is in each oage too great, according to the statise
ticel enalysis, to be due to chance. This is also true of tho seme
differences between the rendam end resting values of the individuels
in Beries III.
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A significently lower figure is geen in mean ocorpuscular
hemoglobin and meen corpuscular hemoglobin concentration in.the
subjects of Series II vho were .sampled after ons-helf hour of
inaotivity then in tho rendam motivity group, Series I. Since
no significemt change occurred in the corpuscular values of Sories
111, vhere the same subjects wore oxamined both before and after
rest, and since the corpuscular:volume differenos is negligible,
the interpretation of this signifioant docrease:is not olear.

“The fact that the corpusculnr values show no signifiocant
change in the observationa of Series III suggests that the
altorations seen in total hemoglobin snd total wolume of packed:
'o'e'lls are due -to a deoresse in the proportion of erythrocytes in
the oiroulating blood rather than to any modification in individuael
cél1s. Two types of chenge conld euse such a fall in red oell
count: (1) An incremse in plasma volume which would produsce a
relative deoresse in mmber of cells, or (2) a redistr.ibution of
cells in the ciroulatory tract with the withdrawal. of oiythrooy‘bes #
into storage depots, which would cause en ebsolute deoresse of
cells.

Cs DISCUSSION OF VARIATIONS IN ERYTHROCYTES AND HEMOGLOBIN
1. Fluotuations Duo to Alterations in Plasme Volume. Thompson,

Thompson snd Lailey {1928) demonstrated & definite increase in
plasma volume in patients assuming the supine position after having
-mainteined the standing still position for sanc time. These inves=
tigators oonoluded that there is & loss of epproximately 11 per cent
of the total plasma volume due to ospillary filtration when subjeots
oantimo the stending stfll positfon for 20 to 50 mimutes, which is
mede up again. in the ssme length of time efter the reoumbent po-
sitfon is assumod., These results were verified by Waterfield (1931)
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in a study of eight normal subjects. It is doubtful, howover,
thet these findings are applicsble to the subjects of Series II
end IIX, since their physical -ﬁetivity,.. although purposely left
uncantrolled, was always preceded by & walk of at least fifty to.
one hundred yards to reach the leboratory.

Cassinis and Bracaloni (1930) found thet the hydremio curve
of blood varies less than ome per oent during one to three hours
of repose and also that in 40 to 130 minutes of walking, the curve
~does not differ in any noteworthy degree from that of repose.

This is in egrecment with the work of Lee, Carrier snd Thipple
.(1922), who obgerved that dogs exeroised at a run for 20 minutes,
although decreasing in wolight as much es 12 ounvces by fluid loss,
meinteined a constent plasma volume. Broun (1922) noted a slight
inoreass of plasme volume in most of his dogs after short periods
of exercise, but tho varlation eversged only sbout 3.6 per cent.

Priestley (1916) noticed that drinking 1 per cent sodium
chloride solution produced s lowering of blood hemoglobin, although
ingostion of water did not. Stebbins end Leske (1927) noted &
slight fall in the spacific gravity of human ‘b]:ood after the inges~
tion of food. Solarino and Cattaino (1930) observed in dogs snd
in man en erythropenia following administration of & memt meal or
of hrdrochloric moid having aspproximatoly the samo ooncentration
as that of gastric juice. The number of erythrooytes in the blood
roverted to normal in three to four hours. Solarino (1931) found
a ocorresponding eugmentation in water content of the blood which
roached its height during the seoond hour of digestion. A coll
doorease during digestion was also observed in rabbits by Reposo
and Fevereiro (1931). Watorfield (1981), on the contrary, after
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determining bleod volume in & sub;egt,-, first in the fasting state,
then after the taking of food, toncluded that _ej?fen a‘llarge meél has
no apprecieble effect on blood v’olume. Rud (1922-23) and Smith (1931)
found that maals produced no signiricant change in erythrooytes.

-Qf the BO subjoots in Series fI, 61 woro semplod between 2300
and 2330 p.m., or ebout one emd one-half to two hours after thp noon
meel. The mean erythrocyte count in these subjects is 4,53 milllon.
Fifteen subjects of the series were sampled betwsen §:00 end 3:30
psms or two end ane-helf to three hours after the noon meel. These
subjects showed a mean count of 4.68 mill@on. .

It is diffioult to tell what proportion of the 25 million
everege difference botween the subjeots of Series I and II is due
respectively to digestiw effect end to the per:lod of inaotivity.
That the latter is an importent factor is indicated by observations
on the _snbjgﬁts of Series III, most of whom were sempled at ebout
10100 and 11100 m.m, Sinoe ell subjeots attended 7:30 a.m. olasges,
this was epproximately three and féur hours efter breskfast. Thus,
during the fourth hour of digestion when, according to Solarino,
the erythrocyte count should heve recovered from the digestive
effect and returmed to nomal, a drop much lugeé than the differ-
ence botween Series I smd II 1s seon, -

2, Fluctuations Due. to Alteration in Number of Circulating

Erythrooytes. = That musailar activity, even for short pariods of

time, results in noteble increases in oirculating eryt! crocytes has
long been knowne The older literature was reviewed by Hevk (1904)
vho also did considereble work on the subjoot, and h:ls,. ﬁndings
have been veriffed many times by subsequent ;me.atigat.ors. ~The
mechanism of the erythrooytosis producadl by mqsctildr gotiﬂ_.ﬁy is
now falrly well understoods
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' The extensive researches of Beroroft (1931), of Binet (1930),
end of Scheunort and Krzywsnek (1927) have definitely established
the _spleeh ‘a8 a storege depot of blood cells, ospeble of increasing
the axygen-cerrying ospacity of the blood by the extrusion of cdne
sidereble quentities of éxy&hr_&cytes.' _&lthough these investigators
worked almost entirely with lower animals, the experiments of Ben=
hemovi, Jude end Merchioni (1925) with the effects of exerofse end
epinephrin upon splencotanized humen subjects end those of Yeng
arid Chang (1930) upon tmen subjects with splonamegaly indicats
that the spleen performs & similar funotion 4n man,

The sensitivity of the spleen to emotional dfsturbences was
showa by Hargls end Mann (1925) in doga end confirmed by Baroroft
(2930) end by Izquierdo and Camnon (1928) demenstrating the faot
that an emoﬁié&iﬁi polysythemia mey oocur very ebruptly. The seme
type of reaction was seecn in human subjects by Benhemou, Marchicmi
end Nouchy (1929) using radiographs. As Arnold and krzywéxiekh(i’gza)
have pointed out, since the venspuncture is diétabbehii to some g
individuals, the determination of an sbsclute resting velue in °
humen subjects mey be diffioult, The wide variation in the emocunt
of decroase seen for various subjoots in Series III may perhaps be
expleined cn this basis. ‘

Wiether other aress of the vascular tract are elso capsble of
storing and Gamoentrating blood has lorg been @ guestion. Erlanger's
(1921) review article discusses the literature to 1921 on this ques-
ﬂon.in oconnection with its Baariug' o relative blood volume changes.
Lemson (1921) considered the 1iver responsible for epimephrin
erﬁh%oytbsié._. ' Kahlstorf end Ludwig (1931) 2180 coneluds, from
their experiments upen guinea pige end rabbits, in which indie ink



injected into the blood stromm showed m deleyed mixing with the
blood of liver eapillaries, thet this orgen acts in the capacity
of & bidod maeﬂoir.

‘Rein (1933} end his collaborators, by me&ur&ng the inflow
end outflow of blood entering the liver, showed that it 18 ompsble
of withholding an smount of Hood from the circulation equal to
as much as helf its own weight. Bauer, Dale, Poulsson and Rich-
ards {1932) have demonstrated the sluice mechenism which regu-
1ntes blood outfiow from the liver in dogs. Baroroft, Nisimara
end Ray (1932) conclude fram their experiments with carbon mon-
oxide thet the liver msy contein large quentities of blood whioch
are oapable of tremsfor, but that it is not a store, since a red
corpusole apenda a relatively short tima traversing the orgen in
omparison with the spleen._‘. Baroroft, ﬂex}gtt,- _Gregson and Nisi=
maru (1981) heve eleo dancnstrated by the carbon monoxide method
thet under vartein conditions the subpapillary plexus of the skin
mey store considerable quentitics of* blood.

Acoording to Rein (1933), the mormal orgenism has a tendency
to meintein the lowest degree of oiroulatory aotivity consistent
with ’.H;s' requirement et eny given time, end 'wil_l sccordingly withe
drew blood into storage ereas whenever poscible, The inmvestigations
of Cook and Rose (1930) are in egreement with this view. They
showed thet in cats recovery of the contracted sploen following
musoular 'aotivity comences within one minute after cessation of
- the exorcise. |

The drop in erythrooyte count, hemoglobin end packed cell
volumo seen in the subjects of Series III after a one-hour period
of inaotivity seems to represent an sbsolute deoresse in the mmber

of ciroulating erythrooytes, oeused by the withdrawnl of cells into
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storage, prinoipelly into the spleen, Where Bar;:ro,;.‘jl::‘ end Florey
(1928 ) heve shom soncentration may oocur through the drainage
of _ﬂéid' by lymphaticss Scheunert end Krzywenek {1927) failed to
find any evidence that the erythrooyte storege function hed been
taken over-b;; eny other orgen in dogs which had been splencctomized
one year proviously. The efforts of Benhamou, Jude and Marchioni
{1929) to prodvucek erythrooytosis wore likewise ‘negative in humen
subjeots with splensctamy of ss long es three end six yeers dura-
tion. =

T!-xe decrease in resting subjeots probsbly represents the
converse of the erythrocytosis which ocours in exeroise, emotion,
eto., both types of djustment rsﬂeéﬁng the delicate balence
vhich at ell times appears to adept the oxygéﬁmarr&ing capacity
of the blood to the requirements of the tlssuss. |

3+ Diurnel Variations. It is _possiblé- that the changes which

have boen designated es "diurnal veristions® mey be ‘only manifosta=
tions of splenic activity. This e:q;la;xatim is suggosted by the
observations of Rebinovitoh end strean (192¢) who noticed that

the vgriatidns in hemoglobin were ';'ery small in patients with ed-
veiood heart feilure, end of Mills (1926) who foun& the ssme con=
dition in patients with scoondary ememls. Sinve the splepn con~
traots in response to emoxemiam in the spinal cord, it is possible
that ne splenis reserve exists in mich patients es those oited,

in whom some degroe of oxygem want is probably prosent. The
oonstent hemoglobin level observed suggests sbolitiom og the

splenio discherge end re-storage of red cells desoribed gbove.
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D. -TEE DIRECTION OF FUTURE RESEARCH

* The whole subject of diurnal verlastions and the "bone
merrow thytim" fluctuations of Sebin (1928), Cunninghem, Doen
and Kindvell (2925} m;d thorough investigation. Before a.
thorough study is possible,-:-h&ve'ver, tho 1limits of error in.
blood counting need .clearer ‘&efinition,. It will also be neces~
sary to agdertein the limit of ‘error in the hamatoorit methods
employeds Vhon these are kmom, it will then be necessary to
learn what 1inits of variation exist in blood sempling itself,
for the blood is probebly not a hamogenecus suspension of cells,
end immedistely consecutive semplos will doubtless show oconside
erable varistion.

' When these 1imits of error in technio are.well Imown,
serial studies in the erythrocyte end hemoglobin level wiil be
eble easily to establish or disprove the existonoce of constant
diurnal veriations and signiricant-ﬂuewations due to bane

merrow aotivity.

The enthor makes grateful ecknowledgement to Dr. 0. 0.
Stoland for his kind snd helpful counsel. No is olso obligated
to Dre Relph I. Cemuteson for leboratory facilities in Watkins
Uemorisl Hospitel end to members of the T34 and %35 medical classes

who volunteered as subjects,
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ERYTHROCYTE COUNT IN VARIOUS LOCALITIES

IRVESTIGATOR I.OGALITY
Chemberlain Philippine ‘Is.
Emerson Baltimore
Haden Kemsas City
Heden Kensas City

(Student Counts)

Kamoeki Polend
Sackett Kensas Gi‘by’
Osgood and Oregon
Heskins
Horneffer Germany
Wintrobe and  New Orlesns
. Miller

Parodi Buexnos Aires
Ceabigting. Philippine Is.
Thorner Sustordem =

(Olympic Ath.) o
Sohmoll Gormeny
Foster md Hew Orleens

Johnson S
Tensoni Buenos Alres
Prico~Jones London
Tien Memchuria
" {Chinese) ‘
Wintrobe Beltimore
Walters Kengas

TABLE

I

o Ta g i
SUBJ. RANGE COUNT
702 «=e 5,20
176 20-25 5,00
70 18-50 4.95
250 wew- 5400
17 20-40 ~ 5.97
14 mme " B0
187 19-30 ' 5.89
40 19-29 4,97
100 20-30 5.85
50 18-30 5450
22 16up 4.78
42 20-30 5.24""
115 18-30 b5.26
50  mwe 5.30
100 me=  5.43
820 19-64 5,12
86 ===  5.48
100 20-30 4.84

. Wemeny - -
A "

'SUBJ. RANGE COUNT

mne

LT

30

100

60

2
- e

179

-anue

| 5

‘oo as o

101

- -

—aten

1850 4,38
18-80 4480
17-30 4.93
15 up 4,26
19-30 4,66
——- 4,82



‘TABLE 11
HEMOGLOBIN IN VARIOUS LOCALITIES

(Nowe.~V.3.)

Yen . Women
INVESTIGATOR.  LOCALITY WO, TAGE T ENO=- N0 AGE  HENO-
(Hothod) SUBJ. HANGE GLOBIN . SUBJ. RANGE GLOBIN
-Heden Kansaas City 70 18~60 15.84 .80 18-50 13,37
(Van Slyke) . :
Osgood-Hasking Oregam 137 19-30 16,76 ‘100 18-30 13.7
(HOdt RovwBe= .
Ven Slyko)} . L
Horneffor Germeny 40 19-29 16.03 ——— - —
(Burker) ' '_ N
Wintrobe«iiller New Orleens 100 20-30 17.0 §0 17-30 13.76
(HGWO.-V.S.) . : .
Ories A!‘gentinﬂ nm - 14. 46 e ‘evenve aean
{Bewccmer) (Soldiers) , . ,
Orias | Argentine 65 w1506 — —— —
(Newc.=V.5.) (Officers)
Oriag . -
(Nowe.-¥.S, ) Argentine- ‘82  wm= 15,3 116 === 13,93
(Students) <
{Wewoomer)
Sokhey Bombey 121 —— 1523 101 oo 12.
(Ven Slyke) ‘
Parjono, et ul. Jevwa. 19 wem 14,83 e - ————
Van Slyke) {Poorer Nativea)
Parjono, et sl. Java e 16412 - e - -——
(ven 8lyke) {Students end _
Dootors) . ...
Tenooni Argentine 50 e 14,8 —— v ——
(Newo.~¥.S,) L g _
Thomer Jmaterden 42 20-30 14.42 .- - ——
" (Burker) (Olympic Ath.) o , _

Foster-Johnson HNow Orleems 116 18-30 15,63 —— —— —
(Van slyke) ; . _
Price-Jones London 100 20-851 14,5 —— ——— ——

. (Van Slyke) , -
Dill Boston 40 - 16,4 — ——— ———
(Ven Slyke) . e , "
Sohrioll Germeny — e — 40 20-30 13.70
{Burker) : ‘ . . '
Jenkins-Don Englend 118 mew 15,85 ——— — —-——
(Burker-V.5.)

Wintrobe Baltimore 86 wew 16,0 101 mee 14,1
(Nem.-V-S-)

Walters Kenseas 100 20-30 1b.12 ——— — v



TABIE III
© VOLUME OF PACKED CELLS IN VARIOUS LOCALITIES

Hen {{amen
, Number Volume  Number Volume
Investigator Looality  Subjects Subjects
HADEN Rensas City 70 45.6 30 39.8
056000 Oregon 157 46.48 100 42,40
PEARL-MINER IMilwemkes . 272 45,69 == -
WINTROBE- . New Orleens 100  46.5 50 59.5
FOSTER« -  New:Orleans . 40 46547 e —
JORNSON = - A o . .
WINTRODE  Beltimore 86 47.0 101 42.0

WALTERS EKonsas 100 46,5 - -



TABLE IV

VOLUME AWD HEMOGLOBIN CCEFFICIENTS IN VARIOUS LOCALITIES

HADES
HADER
03G00D
0SG00 D~

HASKINS

. WINTROBE~-

MILIFR
WINTROBE

WALTERS

Humbeyr
Subjects

70
30
137
100
100

100

Box

P EEREEE

Hemoglobin . Volume
Coeff. Index Coeff. Index
16,60 1,00 46  1.00
15,26 .99 45,6 .99
14.66 1.00 43.0 1.00
14.3 1,00 42.8 1.00
14,63 1,00 30,9 .97

13.97 .98 40,3 93

15,71 1.01% 48,3 1,02

satu
Index

1,01
«99
1,00
1.00
1.02
1,05
*99



TABLE ¥V
GORFUSCULAR VALUES IN MEN ARD WOMEN
Hon Women

IHVESTIGATOR ~HO. — COKP. CORP, CORE. " . " »
. SUBJ. VOL. HB °HB CON.  SUBJ. VOL. HB HB CON.

Heden 70 92 31.0 33.7 80 91 80.5 33.5
Osgood end 137  B6.l 20,2 33.) 100 8845 28.5 52,2
Haskins | | ‘ R |
Hornef'fer 40 - S2.4 - . ‘ - - )
Wintrobe . 100 79,8 29.2 36.6 50. . B0.1 28.0 '35.2
end Millor - '
Thorner 42 e 278 = . - - -
-Prioe-'.ibnest 100 —, 126.7 “, - — '.-..5'" " —
Foster end 100 85,9 30,02 34,8 J
Jo}msm l; s . . . et R PR
schmo’_l - - - o 20 - 302 -
Wintrobes 86 B85.8 20,2 34,01 101  87.1 20.3  35.6
Bie .ond Holler 10 . 83,9 26,7 351.8 .10  81.7 28,1 . 34,4
Grem emd 7 . 85.2 27.6 3524 .8 BBJO.27.9 . B1.7
Norgaard ' '

Walters 100 96.5 31.4 32,4 - = em e



TABLE VI

CQMPARISON OF ERYTHROCYTE COURT, TOTAL HEMOGLOBIN
AND CORPUSCULAR HEMOGLOBIN IN 100
SHOKERS AND NON-SHOKERS

Sories T == Sampled After Reandom Activity

. No.  Erythrooytes Total Hemoglobin Corpuscular
. Subjects (Million) (Gm. per 100 o.c. Homoglobin
Blood) {Mioromiorogrems)
HON-SMOKERS 28 4,77 # 0418 15,28 + ,1689 2.1 + .4538
Difference #11 #0714 72 4 5344 2.2+ L7754

Sorios 11 == Sempled After 1/2 Hour Rost

NON-SHOKERS 26  4.59 4 »0432 13.46 4 .0014 20.6 4 .5134
ALL SMOKERS 36 4,58 4 .0342 14,01 & 1503 50.6 + 2208
HEATY"
SHORERS 20  4.52 4 .0496 13.86 4+ .1804  30.7 + ,3264
Differcnce -
Smokers end Non- :
Smokers +01 # 0551 +55 4 ..1604- 1.0 + .3883

Differenco = .
"Heavy" Smokers " ¢
mdn Non=-Smokers 07 : <0667 ' «40 : « 2022 1.1 + .4524
1



TABLE VII

BLOOD FIRDINGS IN 100 NORHAL MEN AGED 20 TO 30

Ho. Age Erythro- Totel “Hbi  Vol.
"Hb  Coeff, Pkd.

1 22
2 21
3 21
4 28
=8 22
8 20
7 23
8 27
9 20 -
10 20
11 21
22 26
13 25
14 20
16 20
is 20
17 22
18 £0
19 21
20 .20
21 20
22 21
23 .21
24 20
256 20
26 20
27 20 -
28 22
29 21
80 20
31 25
52 20
33 22
34 20
386 22
86 20
37 21
38 '. 20
39 20
40 21
41 23
42 21
43 26
44 21
48 26 .
48 22
47 21
48 20
49 22
60 28

oytes
4.81

5.33
5.29
4.83
4.93
4,72
4.83
4,72
4,38
5.09
4,66

4,47
4,10.

4.77
4.40
5.06

4.29 .-

5.38

13.44 15.59
13.44 12,61
15.64 14,78
15.50 16.46
15,64 16.86
17t05 18&04
15,90 18.38
14,03 14.86
16474 19.20
14,80 14.62

16:1? 1?135'

16,39 17.22
16,80 19.39
168,46 17.24
14,80 16.95
15.90 15.74
14.90 17.37
16.90 14.78

17,08 17,17

16.17 16.47

17.66 18.49

15.14 13,89
17.34 19,01
17.34 18.77
15.14 16.82
15.90 15,90
18.44 12.66
15.64 16.46
13.68 14,11
16.64 17.23
15,90 18.568
14,80 15.486
16.64 16.48
15,90 17.44

16,74 17.06

15.14 16.82
13,63 15.42
14.90 16,20
13,07 14.46
17.34 18.3%7
15,14 14,96
14,22 15,08
113,82 13.46
14,44 14,21

L~ 14,22 14.53

16.46 14.82
~13.44 14.74
14,67 14.64
13.65 13.36
13.82 12.96

Cells
48.8

46.6 -

44.0
48.9
44,6
46.1
45.6
44.6
45.5
45,3
46.8
43,4
44.8
47.9
41.1
$0.0
47,4
48.8
45.7
48.8
47,0
43.1
50.0
48.7
45.0
A4
44,2
45.7
43.1
48,3
44.6
42.2

46.8

48.0
60.0
43.9
47.1

46.5
47,9

46.8
46,1
43,7
42,7
47.4
46.8
47.0
4,1
48,4
45.9
49,4

SERIES 1
Vol. Corp.
Coeff. Vol.
56,6 113.2
43,7 87.4
41.86 B3.l
50.68 101.2
45,2 90.4
4&&8 97{7
50.5 100.7
47,2 94,56
49,9 99.8
44,58 89.0
60s2 100.4
48,6 97.1
'5405 109&5'
50.2 100.4
48,7 93.4
49,8 99.0
§6.3 110.5
45,3 90.7
46,1 92,1
49,7 99,4
51.9 105.8
89.5 79.1
54.8 109,6
52.7 1056.4
50,0 100-0
44,4 88.8
41.6 85.2
48.1 96.2
44,6 89.2
47.7 98.4& -
52.1 104,2
43.8 87.6
49,3 98.5
82.6 106.3
50.9 101.8
48,8 97.6
53.3 ‘106.6'
50.6 101.1
3.0 108.0
49.6  99.2
45,6 1.1
46.8 92.6
41.8 83.2
46,7 83.3
43.0 95.9
42,3 84.7
45.1 950.1
48.3 98.6
45,0 90.0
48.3 92.7

Corp. Corp.
Hb.' Hb'
Cono.
3.2 27,5
25.2 28.8
29.6 36,5
32«5 32.5.
31.7 35,1
861 38,9
38.7 3€.6
29,7 31.56
58.4 38.4
29.3 82.9
34,7 84,6
34.4 35.5
38.8 35.b6
34,5 34,3
83.9 36,3
31.4 81.8
34,7 Sl.4
29.6 32.8
34,3 27.3
32.9 33.1
39,0 37.6
27.8 35,1
38‘0 54.7
37.5 36.6
83,6 33.6
31.8 $56.8
25,3 50.4
32.9 34,2
28,2 28.2
34.4 36,1
37.1 35.7

©.30,9 36,3

52.9 33,4
34,9 83,1
34.1 853.5
33.6 34,5
80,8 28.8
32.4 82.0
28,9 27.3
8647 57.1
. 29.9 32.8
50.1 32.5

2649 32.4 -

28.4 30.5
29.1 80,4
29,5 $5.0
29.5 52,7
29.3 30,3
26.7 29.9
25.9 28.0

flolor Volume Satur,.

Indox

1.00
0.81
0,94
1,06
1.02
1.15
1.17
0.98
1.22

0.94

l.11
1.11
1.24
1.11
1.09
1.01
1.12
0.96
1.10
1,08
1,24
0.89

1.22

1.21
1.08
1.02
0.81
1.06
0.90

'1010

1.18
1.00

105

1.12
1.09
1,08
0.99
1.04
0.92
1,18
0.96
0,97
0.886
0.92

- 0,93

0.96
0.95
0.94
0.86
0.83

Index Index
1.19 0.83
0.92 0.88
0,88 1,08
1.05 0.99
0.96 1.08
1.03 1.12
1.06 « 1l.l11
0.99 0.96
1606 1.16
0.94 1.00
1,08 1.06
1.08 1.08
1.16 1.07
1.06 1,06
0.99 1.10
1,04 0.97
1.16 0.96
0.96 0.99
70.97 ' 1014
- 108 1.01
1.08 1.14
0.83 1.07
1.16 - 1.06
1,12 1.08
1,06 ° 1.02
0.94 1.09
0.88 '0.92
1.01 1.04
0.94 0.96
1.00 1.10
1,09 1.08
-D.83 1,08
1.04 1.01
1.11 ' 1.01
1.07 1.02
1.03 " 1.04
1.13 0.88
1.06 0.98
'1.11 0083
" 1.06 ‘1,12
0.98 1.00
" 0.88 0.99
0.87 0.99
0.99 0,83
1,01 0.92
0.89 1.07
0.96  0.99
1,02 0.92
0.96 0.90
0.97 0.86



TABLE VII
{Continued)
Ho. Age Erythro- Total Hb Vol. Vol. Corp. Corp. Corp, Color Volume Satur.

cytes Hb Coeff. Pied. Coeff. Vol. Hb Hb. Index Index Index
Colls Conc.
61 23 4.49 14.03 15,59 47.4: B2.8 .105.6. 31.2. 29.6. 1.00 1.11 0.9
52 24 4.88 15,14 15,51 48.9 60.1 100.2 351.0 31.0 .0.99 1.06 0.94
653 20 4.89 16,74 17:12 50,0 5l.1 102.2 34.2. 33,56 1.08 1.07 1.02 .
54 26 4.88 15,90 16.29 43.9 45,0 90.0 3Z.6. 36,2 l.04 0.85 1.09 .
66 23 4.99 ‘17,05 17.06 49,6 49,7 9%9.4 34,1 34,3 1,09 1,05 1,04
56 25 4.54 15,14 16.88 46.9 B5l.7 103.3 33,3 82,5 1.07 1.09 0,98 .
87 21 4.27 18,83 15.96 46.8 b54.8 109.6 31.9 29,1 1,02 1.16 0.88
68 21 4.88 13.25 13.58 43.5 44.6 89.1 27.2. 30,6 0,87 0.84 0,92
59 21 4,97 15.64 15.73 £5.9 46,2 92.4 31.7. 84,1 1.0 0.93 1.08 .
60 23 4.80 15.39 16,05 44,7 46,6 93.1 32,1 34.4 1.03 0.98 1,05 .
61 20 4,74 13,63 14.38 43.5 45,9 91.8 23.8. 31.3 0.92 0,97 0.95 .
62 20 4.67 1Z.44 14.39 45.6 48,8 97.6 28,8 29.56 0.92 1.05 0.90,
84 20 4.89 14,44 14,77 48.9 50.0 100.0 29.5 29.5 0.95 1.05. 0.90.
66 21 4.53 14,67 16,15 45.8 £0.6 101,2 S2.4 32.0 1.035 1,07 0,97 .
66 22 4,99 13.44 13,47 47.8 47.9 95,8 26.9 28.1 0.86 1.01 0.85 .
67 22 4.85 13.82 14.24 47.9 49.4 98.8 28,5 28.9 0,82 1.04 0.88
68 22 b.45 12,89 11.83 61,1 46,9 93.8B 23.7 26,2 0.78 0,93 0.77 .
69 20 6.14 13,07 12.71 48.0 46.7 93.4 26,4 27.2 0.82 0,98 0.83 .
70 20 5.23 16.17 15.46 44,7 42,7 85.6 30,9 $6.2 0,99 0.90 1.11.
72 20 4,92 14,083 14,26 40.7 41.4 82,7 28.5 34,5 0,92 0,88 1.06.
74 22 4.68 14,90 15.92 46,0 48,2 98,3 31.8 3J2.4 1.02 1l.04 0.99.
78 21 5.08 18,70 18,41 51.0 50.2 100,4 3T6.8 36.7 1,18 1.068 1.11,
76 21 4.87 15.39 15.80 45.1 48,3 92.8 31l.6 34.1 1.02 0,98 1.04.
7 20 6.7 14,56 14.08 48.8 47.2 94,4 28.2 29.8 0,90 1.00 ©.90,
78 22 4.486 15.02 15.456 45,0 46,3 82.6 30,2 35.4 0,99 0,98 1.01.
79 20 5.15 15,14 14,70 48.5 47.1 94.2 20.4 81l.2 0.94 0,99 0,95
80 21 4,61 14,13 15.83 24,4 48,9 6.3 30,7 31.8 0,99 0,98 0.97.
81 20 4.27 13,68 15,96 49,3 BE7.7 115,56 31.9 27.6 1.02 1l.22 0.84
82 21 4.43 13,92 15.71 48.7 65.0 109.9 81.4 28.68 1.00 1.16 0.86
83 21 4490 1580 16,22 48,8 B0.0 99.6 32,4 82,6 1.04 1.08 0,99,
‘84 26 4,94 15439 15,58 46,8 47,6 94,80 31l.2 32,8 1,00 1.00 1.00.
‘85 22 4.99 14444 24,47 47,4 47,5 94,9 28,9 '30.56 0,93 1.00 0,93,
86 26 5.05 14444 14430 48,0 47.6 95,0 28.6 30,1 0.92 1,00 0.92.
87 22 B.39 17.34 16,09 53,8 49.9 99,8 32,2 382.2 1l.03 1,06 0,97,
88 26 4,32 14490 17.25 4647 5249 1056.8 3I4,5 32,6 1u12 1e13 0.99.
89 23 b5.19 13472 13,22 4940 4T.2 5484 2644 28,0 085 0,89 0,85
90 28 5.086 14408 13,80 4444 44,0 87,9 27.8 31,6 0,89 0,93 0.96.
91 24 4,78 14467 15,35 44,7 46,8 938 80.7 32,8 0,98 0,98 1.00.
92 28 4.96 14.90 15,05 4345 44,0  87.8 30.0 34.3 0.97 0.93 1.04.
93 29 4,86 13482 14,26 49,0 50,56 101.0 28.5 28,2 0,92 1.06 0.,86.
94 22 4.86 14,56 14,98 45.0 4644 92.8 30,0 32,4 0,96 0,08 0,98,
96 26 4,68 15402 16,40 47.4 61«7 103.5 32.8 31.7 1.04 1.089 0.96.
96 21 6G.11 16,02 15.68 48,2 47,2, 94,3 3l.4 33.2 1.01 1.00 1,01.
97 21 5.85 16459 15.51 47,9 44,8 89,5 31.0 34,6 0,09 0,94 1.05.
98 27 4.6} 14,67 15,91 44.4 4842 96.3 31.8 3%.0. 1,02 1.02 1,00
99 23 6.23 14:.56 13.9]1 49,56 473 94,6 27,8 29.4 0.89 0,99 0.8%.
100 26 6,19 1631 16,71 4645 4448 B89.6 314 35,1 1.01 0.94 "1.07.
MEAN 4,84 16.12 15,71 46,5 48,3 96.5 3l.4 32,4 1,01 1,02 0,99



TABLE VIIX
uWEHMWMINWNWMLmnmmemm SAPLED AFTER
A 1/2 HOUR PERIOD oF INACTIVITY == smms 1I
Subjeot Eryﬁn}o—- Total + Total Vol.: Corpe ‘Corp. -Corpe ﬁ'b.

Koo oy‘bas Hemoglobin Packed 09118* Volune Hemoglobin ' Cone.
103 4,39 13.26 42.8 97.6 3049 31.0
104 4,58 - 13.64 44,6 87.4 29.8 30.6
106 4442 13.66 - 84,2 100.0 30,9 30.9
108 4,08 12,73 42,4 105.2  31.6 0.0
107 8486 13.04 44,6 115.8 3349 29.2
109 4,01 12.98 45,5 113.5 ' 32:4 28.5
110 4,65 14,73 . 45,8 100.8 3146 31.4
112 4,45 12.81 4340 96.7 28.8 29.8
113 4,81 15,02 48,0 99.8 29,0 29,0
114 4,87 12465 48,4 95.4 25,9 2641
1186 4,80 15,638 45,0 95.8 28,4 '30.3
116, 4.59 14.13 45,6 99,3 30,8 31,0
3177 4.31 13,63 42.1 97.7 31a.6 3244
118 4.56 18.92 45,6 100,0 30.5 30,6
119 4,57 12,556 40,9 89.5 2756 30,7
120 4,42 13.63 - 43,0 97.3 3048 31.7
121 4,66 14,79 ... 47.8 102,6 517 30,9
122 4,66 13.26 - 7 42,7 01.6 28.4 31.0
123 4,92 13,265 48,0 5345 2649 ‘ 28.8
124 4.41 134636 2 1 42,1 96.56 30.7 32,1
126 3.81 10.20 37.6 98.7 26.8 271
126 4.82 12.63 47,0 97.5 26,2 2649
127 4,47 12,31 45,6 102,0 27.5 27.0
128 4.07 11.29 42,5 10404 270? 26.6
129 ’ 4.57 12.(’? . 4 43-9 4 cl 26.4 27.5
131 4,80 13.34 46,3 K 93‘5 * 27.8 28.8
132 4,76 12.81 4344 ’ 91,2 ' 26.9 29.56
133 4,96 13,27 46,8 91.7 2648 29.2
134 4.57 15,63 41,1 89.9 ° 29.8 3342
135 4,89 1415 47.5 97.1 ' 2849 29.7
136 5.00 14,13 . 4348 87.0 283 32.5
137 4,98 14.46 45,4 9le2 29,0 31.9
138 4,55 12,89 7 46,0 98,8 ' 2843 ' 28,6
139 4,62 14.56 42,2 91,3 3146 34,5
140 4,44 13.63 419 94,4 50.7 32.8
14) 4459 14,13 4344 54.6 30«8 32.6
142 4,14 12.47 39,56 95,4 3041 31.6
143 4.53 18.44 41.7 52.1 29.7 32,2
144 4,86 13.92 ° 43,0 88.5 28,6 32,4

146 ' 4,90 14,56 45,1 9240 29,7 323



TABIE VIII =~ ({Contimed)

Subject Erythro= Total Total Vol.  Corp, Corpe. Corp. Hb .
Nos cytes  Hemoglobin  Packed Cells Volume Hemoglobin Comd.
146 4,99 16,26 46,1 T 92,4 30.6' 33,1
147 5.07 14.22 42.9 84,6 28,0 ‘38,1
148 3.97 14421 435.8 110,35  '35.8 32,4
149 4,13 13,44 48.8 118.2 52.6 ' 27,6
150 4,62 14,22 42,7 92.4 30,8 33,3
161 4,61 " 13.92 " 41,9 " 90.9 §042 ' 3348
152 4498 15,03 T 44,3 © 8940 30.2 "+ 3349
163 4,37 14,34 44.4 "101.6 ' 32.8 " 3248
154 4,64 " 14,56 45.7 ' 9B.5 = 3l.4 T 31.9
155 4,94 ' 15.51 46,6 0 94,3 .3l | 83,3
156 - 4,935 15.39 | 45,3 ~ 91.9 3l.2 S4.0
167 4,20 114,13 41,6 T 99,0 ' 33.6 - 34,0
158 ‘4,92 T 16,51 473 96,1 ' 33.6. ¢ 34,9
159 4,18 1 13.72 T 42,3 "101.2 5248 | 324
160 4,92 " 14.56 C 48342 © 87.8 28,6 - 33.7
161 '4.16 © 12,16 " 89,0 93.8 29,2 _ 3lé2
162 44,23 © 12,41 " 382 D 90,3 1 29.3 - 52.5
163 4,74 18,02 T 43,7 " D242 33.8 - 367
164 ‘4,64 14.68 45,7 ' 98.5 ' B8l.6 T 8261
166 4421 - 13463 " 40,0 T 95,0 | 32.4 C 3461
166 ‘4,92 " 14,76 T 43.6 | B846 | B3040 . 8349
167 4,87 T 14,34 © 4643 ' 93.0 . 29.4 817
168 4,98 " 16,02 © 45,8 1 92,0 ' 82,2 " 8640
169 382 " 12.89 T 40,4 '105.8 337 . 31.9
170 4,47 13472 ! 41.8 " B2.4 30.7 . 532
171 ‘4,59 " 15,39 © 43,3 ' 94,3 . 8345 ~ 3656
172 ‘4,41 13,44 T A2.7 © 96,8 30.5 . 81.6
173 2,66 14.56 ' 45,6 © 97,9 ' 81.2 319
174 4442 15,92 43.1 " 97.6 = 3146 T2
176 4.54 13,92 T 42,3 ©93.2  30.7 32,9
176 . 4,83 14,03 40.8 " 84.5 29.0 . S 3444
177 4,45 © 13425 41,8 ' 93,9 29.8 . | 31,7
178 '4.65. ' 13,07 - 42,2 - 90,8 . 28.1 . 8140
179 4,95 - 13,82 45,4 - 9.7 - 27,9 - 30.4

180 4441 i 12.89 4l1.2 , 934 29,2 . 8lad

Yean ‘4,569 13.742 ' 43,790 96,18 30,14  31,42°



TABLE IX
COMPARISON OF SERIES I AWD IT

Afber After
Rendom Aotivity Helf Hour Rest Difference
Subjects 1-80 Subjects 81-160

ERYTHROCYTES 4,820,000 4,570,000 250,000
HEMOGLOBIN 16,17 13.74 ;.43
: vozmm PACKED cm.zs 4.8 43.8 2.5
m?m CORP, vomrm 96.2 861 a
MEA¥ CORP, EEWOGIOBIN. 316 0.1 1.5

¥EAY CORP. mmm_a:m coNC. sz_.e 31.4 1.2



ERYTHROCYTE COUNT, QUANTITY OF HEMOGLOBIN AND PACKED CELL

TABLE X

VOLUME FOR 20 SUBJECTS BEFORE AND AFTER & CNE-HOUR
PERIOD OF IRACTIVITY

Subject Erythrooyte Count ‘Qum'k'i‘i‘.y of Hemoglobin Pecked Cell Volume
Kos . Before After Deors or Before After feor« or Beofore After Decr.or
Incronse T _Inomaee Inoroase
81 427 421 .06 13465 15.65 .00 49.3 46.8 2.5
62 445 430 .24 13.92 18,92 400 48,7 446 41
85 4.90 443 .47  15,90-15.82 2,08 48.8 43.6 5.2
84 2,98 4,36 .58 15,59 13.82 1,57 6.9 42.8 4.1
85 4,99 4,55 .46 14,44 15,72 72 7.4 459 1.8
86 5.05 4.59 .46 1444 16.59 .95 48.0 47.4 .6
87 5.52 4,99, .40 17.34 15,90 1.44 63.8 50.8 5.0
88 4,32 4,26 .08 14.90 18,82 1.08 45.7 45,0 7
.89 5,19 4,41 .78 13.72 13.72 .00 49,0 45,7 3.3
80 5.05 4.76 .29 14,05 12,81 1.22 44,4 42,5 1.9
91 4,78 4,04 74 14.67 13,07 1.60 48,7 44,0 T
92, 4.95 4.44 .61 . ., 14.90 14,35 .55 43,5 43.6 1
93 4,85 . 4.60. .25 13,82 12,72 1.10 49,0 45,9 8,1
94 4,86 2.46 . .40 14,66 13,16 1,40 45.0 40.6 4.4
95. . 4.58. 4,07 LBl 15,02 11463 8.39 47.4 41,8 6.6
96 5,11 4,52 .69 . . 16402 15,89 .63 48,2 43.4 4.8
97 5436 4,88 A7 16.59 15,64 .95 47,9 45.2 2.7
80 4.61 4.28 .33 14,67 12,72 1.95 44,4 40.0 4.4
99 5e23 4,56 67 14,56 13.25 1.31 49.5 46,0 3.5
100 5419 4,60 .59 16431 15.30 .92 46,5 41.0 5.5
MEAR  4.90 4.46 .44 14.94 13.89 1.05  47.4 4483 3.1



TABLE XI
STATISTICAL SIGNIFICANCE OF DECREASE IN CIRCULATING
ERYTHROCYTES AND HEMOGLOBIN FOLLOWING INACTIVITY

Difference between mean .. .. Difference betvoen mean
velues of Series I, sempled velues of Series III
after randam activity end after random motivity
Series I1, sempled after & and after 1 hour of in-
hour of inectivity. activity.

Difference Diff. Sig- Difforence Diff. Sig-
: Pro'_'ba'ble Error Fo - nif. .t Pro'bable Error P. E. nifo

ERY THROCYTES 260,000 # 33,000 7.6 +  440,000420,700 14,8 ¢
HEMOGLOBIN 1434, 4326 114 ¢  1.064 139 7.6 4
VOLUME PACKED CELLS  2.5. . ..257, . 9.7...4,... Bl & 4262 11.8 4
MEAN CORP. VOLDNE o4 W76 L3 - 25 4 801 2,9 =
UEAN.CORP. HEMOGLOBIN. . 1.5. .4, ..309 4,8 + 6 4 838 1.8 =
MRAN CORP EEMOGLOBTN .. . | ... )

CONCENTRETION 1.2 2 277 44 o+ 2 4 281 W7 -
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