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THE NOmlAL VAllJE AUD PHYSIOLOGICAL VARIATIONS 

OF ERYTHROCYTES AND HEJlOGLOBIN IN MAN 

I. 'NomJAL VALUES 

A. REVIE\V OF RECENT LITERATUR.E 

1. Introduction. Unlike most physiological oonstents ocm-

monly used in medical praotioe, the normal ranges for erythrocytes 

end hGm.oglobin have been based on a surprisingly 8Dlall number of 
. . . . 

observations on normal subjects. It is only .in reoent years that 
' ' 

this fac1; has becane generally recognized end that the ·establish-

ment or nonnal values based on more nearly adequate serie·s has 

has been attempted (Dyke, 1929; Boerner, 1931). 

The values most often quoted for the nomel erythrocyte 

count,. five million in men end four end one-half million in 'WOlllen, 

appear to have originatec:l with the observations of Vierordt 1n 

1852 en~ l"/oloker in 1854~ eaoh of .,,hom. sempled two normal subjects 

in ea.oh sex.. These d.ata have been aooepted dovm to tho present 

time end are to be found in most textbooks, although the whole 

subject has been subjected to a rigid reexsnination in recent 

years. 

The question or normal values in hemoglobin is oomplicated 

by the oustom of designating mount of hemoglobin as per oent of 

normal instead of :tn figures indioa.ting en absolute quantity per 

unit voltmte or blood. ,he nonnal -relue wb.loh serves as one hundred 

per cent is or necessity an arbitrary on& in the absence of exten-

sive sampling under certain predetennined end fully controlled 
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oondi tions. Indeed. en arbitrary standard might be practicable 

if the same standard wore universally- employed. since this 

secm.s unlikely-. after mnny years• usage of widely ditf'ering 

standards. the designation of hemoglobin in grems per 100 o.o. 

of' blood is desirable. With the reoognition and wider use of 

this method, and with the perfection of dependable and e.ocurate 

methods .for estimating hemoglobin, coliai.dereble progress toward 

the establisbment of normal hemoglobin values has been made. 

2. Nonna! Ery,::t;hroozt:! Values. One of the first atudiee 

made on the blood of a large series or adults was that of Emerson 
' (1907). This study indicates that the mean erythrocyte oount 

for 171 healthy l!ledice.J. ntudents is 5.43 million. 'lhe counts 

were made by the students themselves. Emerson later repi;,rts 

(1921) a sories of 1'16 men students with a meen erythrocyte oount 

of 5.oo million. 

Chsmborlain (1911) conducted a. study on the blood of 687 

soldiers and i'~und en average red oell count or 5. 20 million. 

lladon (1922• 1923) undertook to reexamine the whole question 

of' erythrocyte and h8111oglobin standards by making careful studies 

on 52 normal individuals or various ages. He found a mean count 

of 5.08 million ertfthrocytes in 20 men between 18 end i10,- a mean 

count ot 4.865 million for 20 men between 20 end 40 years or age. 

This sorios was la.tar (Ha.den. 1933a) increased to 100. the data 

or whioh are shown in Tables I and II. lieden (193:Sb) recently 

published data accumulo.ted from 1924 to 1930 frcm. student counts 

made on their own blood. Those data show a mean count in 230 men 

or 5.oo million. 

Grom and Norgaard {1923) undertook a similar study for the 

puTposo or establishing the relation b&tween cell count, cell 



volume end, emount or hemoglobin in normal individuals •.. They 

.found for mean erythrocyte count. 5.45 milU.fJll, in 10 men end. 

4.65 in 10 wan.~n. 

Osgo~d (1926)' continued the type of work begun by Haden and· 

by Gre:m end Norgaard 'but on a larger scale.. He studied a series 

of 137 men,, f'inding a mean red cell count ot 5.39 million in men. 

His investigation was continued_ {Osgood and Haskins, 1927) with a 

corresponding study ot the blood in 100. young wan.en, The mean red 

cell count found was 4.80 million. 

Wintrobe and Miller, (1929) fcollowecl with a· atudy ot nomal 

men,· .a;value o~ 5.86 million erythrocyto-a being observed. Wintrobe 

(1930) ,also ,studied 50 woman,,:[find~ ,a m&&ll erythrocyte value of 

4.93 million.• 

Foster .end Johnson (1~131.) .c&rr-ied ?ut en investigation 1n 

New Orleans similar to that -0t Wintrobe end Miller, finding the 
l!V'orage erythrocyte Qount loo men between 16 and ZO to be 

5.26 million. Price-Jones (1931) reoorded a mean count or s .• 43 

for 100 male Lond,o:n. subjects examined. 

other authors who have- carried out etudiea on -smeller series 

aN Komooki (1924}. Saokatt (1925). Hornefter {1928). Thorner 

(1930). Cabigting (1S30),. Parodi (1930) and Tenconi (1931).- ~& 

values found by these 1nvestigatot"s are s~own in Table I,. together -

with the mean erythrocyte count of the present study. , 

Chia Yu Tien (1931) found a mean value of 5.12 in 320 

Chinese living in Manchuria and quotes Kitashima as having found 

5.24 million and Sakai,. 5.46 million as mean values in studies on 

normal Japanese-., 

Wintrobe (1933)· 'has reoently published another: study ·ot the 
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blood in 86 normnl man end 101 wanen. The erythrocyte averages 

'\'001'8 s.48 8!1.d 4.82 million. respectively. Goldhsmer and Fritzell 

(1933) oarriod out s!milar studies on loo he~thy boys aged 12 to 

17 • in whcm a normal mesn orythrooyte Tsl.ue oi' 4. 72 million was 

found. 
3. Normal Hemoglobin Values. One or the largest ~eriee o~ 

careful esti."llo.tions of hemoglobin in normal individuals is that 

of Williamson (1916} who mo.de observations on 919 individuals 

chosen frcm varieus age groups in both sexes. His da-ta. hcmever. 

have beon questioned because ot the method employed. 1he spootro-

photanetor was used for detopa!nations. a. J'80I"9'8tallized solution 

of hemoglobi~ serving as standard. According to Peters snd Van 

Slyke (1931). the absolute values found by Williamson ar& inaocur-

e.te on this aoaount, sinoe the process of reorystapbation cannot 

be ef'i'eoted without oh~oel alteration ot the hemoglobin. 

The normal hemoglobin values obtained by Haldane end Smith 

(1900.1901). 13.8 grams per 100 ~c. fo~men and 12.3 grsms per 

100 o.c,. for women. have been Widely accepted and he.ve been in 

common use· f'or r:1ffer 30 year8. Only reoently hm-e additional 

studies cast doubt upon their aocuracy. The valttes obtained by 

llo.dan (1922. 19:?3) 4:Jamprised the largest accurate seri~s. ot hemo-

globin determinations. until the work or Osgood end Haskins (1926. 

1927). Othor extensive studios in the u. s. hav~ been mad& by 

Wintrobe and Miller (1929),. by Wintrobe (1930, 1928-29,-' 1933), 

by 'Bster and Johnson· (193i) and by Price-Jones (1931) with the 

oollabore.tion of Dill (19:51). 

Other studies were made in various countries by Horn&fi'er 

(1928). Orias (1930a). Parodi (1930), Sokhey (1930), Parjono. 
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RadS'l!U\. and Joonoos (1930), Tenconi (1931), Thorner (1931), ·sohmoll 

(1931)· and by Jenkins end Dori (1933). These are given 1n ·Table II,. 

together m.th tho figuroa ob•tained by- ·ch& author (Walters, 19340). 

4. Nomo.l Pticked Cell Velum.a Values. C«aparatively few care-

ful studies of tho normal value for volwne of paoked cells have hoen 

made. ·Haclon•a obsarvations (1922, 1933) incl\1dod de.ta for.volume or 
po.oked cell~ in normal indiTiduals, an acoutat9 m~thod b~ing mployed 

' . ' ' 
end a praotically iaotonio anticoagulant solution being used. 

Since the procedure foll~ by Osgood (19?..6) and by W5.ni;robe 

and JAiller (1929) em.ployed powdered oxalat-8 as an anticoagulant, · 

oorrootions were appliod to thoir original figu1.-es. Osgood, using 

20 mg •. powdered oxalate for 10 c.c .• or blood, obtained en average 

total volumo of 44.84 o.c .. o~ packed oells per 100 o.o. of blood 

in tho. 94 subjects who were so exmdned. Thia £:l.gure was increased 

by 3. 5 pel" cent to corroot for shrinkage ot the cell 5s giving a re-

vised tigure of 46.4 o.o .. paeked cells per 100 c.o. ot blood. 

Ninety por oont o~ tho iralu~s ranged between 40 end· 50 o.c. 

Tho correcwd· moan of Wintrobe and Miller is 46.5 e .. o. o.f 

packed cells ?er 100 c.o. of blood. Thia was obtained by adjusting 

£'or tho 6.7 per cent shrinkage in volume with the 40 mg. or oxalate 

por 10 o.o. or blood used by them. or tho corr90ted values •. 85 per 

cent ranged bet-ween 40 and 50 o.o. 

The series of Pearl end &nor (1927) ia one of the largest 

single studies S packed cell volume in notmal men. · other studiea 

by-Vlintrob& and Miller (1929). Wintrobe (1930. 1933) and by Foster 

and Jolmson (1930-31) have followed. These are given in Table III 

which includes also the author's own data.- Rowntree., Brown and 

Roth (1929) studied the packed cell volmna ot normal men. finding 
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a mean v:elue ot 42.2 c.c •. in 49 subjooto ot various ages., However. 

these individucls wre obsorvad under basal conditions. which; as , 

Will be shown. give values belcm the 001i1!.llonly ac.oepted · normal 

level., 

B • SiUDY OF 100 MOIDW. MEN IN KANSAS 

1. Methods. 'l'h.e present study is based upon the observations 

made on 100 men between ~he ages ot 20 and 30. The subjects wa1'8 

medical snd college students. all of 'Wh<lll had been found in good 

. heal th by thorough physical examine.ti on. Sinoe previous exemin• 

a.tion has shOWll that both musoular aotivi ty (Hawk., 1904) and re~t 

(Wal tors., 1933a. 1933b. l934a) produo0 aignifioant. fluctuations in 
., 

the erythrocyte count. the samples of blood 'W8re drawn as soon ae 

the subjects presented thomoolvee at the laboratory. No other 

effort was made to control physical t\Otivi ty. The data are. there-

fore, believed to be oomparable to previous studies in 'Wbioh the 

subjects. have., also, apparently beon oho sen at random w.t.th re spoot 

to physical aotivi i;y11 Host of the obuen-ation·s \9el'G made during 

the month of' September. 

A 6 o.o. quantity of blood was drawn fr(lll an arm vein, 5 c .. o. . . 
being placed in a 15 o. o. graduated centrifuge tube containing l 

c.o. or 1.6 per oent sodium oxalate solution.. The l o.o. of blood 

was plaoed in a second tube containing a smell SlllOUllt ot dry o:zalate 

and was later used for, making counts and hemoglobin deteminations. 

All tubes were tightly stoppered bmediately, and samples l'J8re 

contr.ifuged or diluted before eny known ohanges which would etreot 
. . . .I 

eny of the observations could oocu ... in the blood. Preosutions 

Vl8re taken to prevent stasis in arm veins when 'Withdraing 1:tlood. 



:Cell volume was ascertained by centrifuging the tubes OClll-

taining the 5 .o,.c. 0£ 'blood in l.o per cent· oxalate for one ·hour, 
. ' . . . ' 

w~ich is consideiied adequate by Haden (1930),. at a speed of 2800 

r.p.m. in a oentrifuge with_ a v,orking radius of lS.5 om. The 
. ,, 

tubes; 'W8l'e allovaed to return t.o room temperature before readings 

were .made. The percentage of cells was oaloulatad · from' the read-

ings (!f .-tho grsdue.ted scel& =- the tube. 

Erythrocyte oounts \18r&mado afte~ dilution in Trenner pip-. -

ette,s, in Le-vy-Haussar ohembers having improved Ne,u~auer ruling. 

all of which apparatus had been tasted by the U.- s. Bureau of 

Standards. The pipettes wore agitated £or three minutes in a 

mechanical shakor which was -carefully -ehecked to .eliminate the 

posaibility of any- meo~auical hemolysis.. At least two dilutions-

with Rayem•s solu~ion were made from eaoh smple and. if necessary, 

additional dilutions wre 111.ade until counts from separate pipettes 

·were obtained whioh agreed within 100.000, cells.., Blood was thor-

oughly mixed by repeated inversion of ~b&s be~ore samples were 

taken out. and diluted samples we-re allomd to settle oanpletely · 

in the chamber before c_ounting.. 'lrenn0r pipette& •re ohaoked 

with tr. s. Standat'd Thane. pipettes and •re found to give concord• 

ent readings. 

Hemoglobin was estimated by the liewcomor ~ethod. Determin-

ations were ma.de after :the acid heme.tin solution had stood for 

one hour. &11 readings were made by d6Ylight. Each reading re-

corded is the average of six observations of the colorimeter. In 

order to verity the dependability of the Newcomer disc. the appar• 

e.tus was checked against the Van Slyke oxygen capacity m:ethoci on 

10 different samples of blood. !he re'sults were as follows i 



Blood Sample Newcomer ~gen Capy. Variation of 
Number Method Method Newoaner 

l 10.86 10.84 + 0.02 

2 11.48 l0.89 + 0.69 

3 ll.83 11.86 + o.os 
4 13.35 13.34 + 0 ... 01 

5 14 .. 84 14.52 + o.s2 
6 15.23 15.24 - 0.01 

7 15.15 15 .. 30 .. 0.16 

8 16.12 15.19 + 0.3:S 

9 15.20 15.65 ... 0.65 

IO 25.18 25.al - o.03-

Bflceuse or the olose correspondence of this series of ocm-

parative determinations. no corrections wre applied to the New-

oomor readings. All oell counts end hemoglobin determinations 

ware made by the author. 

2. Presentation of Data. The mean erythrocyte count found 

in tho subjects of the present study was 4.84 million per oubiO 

millimeter of blood. the counts ranging from 4.10 to S.55 million. 

or this number, 90 per cent lay between 4.31 and 6.35 million. 

The average hemoglobin obsel'V'ed was 15.12 gm. per 100 c.c. 

ot blood. 90 per cent of the figures lying between 13.25 and 1? .03 

gm. The extremos 1'18ra 12.89 and 18 ... 70 e,n. 

The mean total coll volume in this series is 46.5 o.c. packed 

cells per 100 o.c. of' blood, with 92 per cent of the total ,rolume 

detormine.tions between 43 end 50 o. o. 

The data are given in f'ull in Table VII. 



C • SIGNIFICAUOE AND . INTERPRETATION OF NORMAL VAilJES . 

1. Hemoglobin Coefficient and Color IndO'x.. The term. hemo-

globin oooffioiont was introduced by Osgood (1926) end was defined 

by him as ttthe number or' grams of hellloglobin per hundred oubio 

centimeters ot blood oalculated to a red oell count of 5 milH.cm 

per oubio millimeter.tt For the oalculation of oolor index, for 
. . 

which sane arbitrary- 100 per cent standard is required,· this hemo-

globin ooaf'fioient is usually used. 

The hem.oglobin coef£1oient is, of course. somewhat' lower in 
. . . 

VJOmen than in men end shows consider-able variation in the hands 

of different investigators. Osgood .. on the basis o~ his own ob-
. ' . 

sorvations and the date. or previous investigator$. recommended the 

use ot the. homoglobin ooef'f'iolf'.nt_. 14 .. 7. gm •• to rep:reeant 100 per 

cent. Vfintrobe adopted, 14.6 e,ri. e.s a more-aorurate figure to rep-
resent 100 po~ cent. 

The inadaptability, or a hemoglobin ooettioient derived large• 

ly f1'0ltl ona or two aeries to, ell lm:salitiee is demonstrated by em• 

ploying the figure used as 100 per oent by, Wint;robe and Miller. 

in four of the sapai:e.tt> series being compared., !rhe da:t& of 0sgo~ 

and of Wint.rob~ and Miller, when so troa~d. show e. mean oolo;r index 

or 1. Hadont s -subjects show a inoan color index .of 1~07 and -:(;hose of 

·the preS!:)nt ~aries. 1.oa. 'With flintrobe• l'J 100 per cent figure. , It, 

hOW8ver• a hemoglobin ooe,f:f'icfont 1,s calcu'.b.tad from the oc:mbined 

data of Radon and o~ this study. tho resulting r:tgu~. l~.69 P••· 

vm.en used as 100 por oent hemoglobin~ gives a moan color index or 
1.006 tor the subjcots ot tho present series. 85 per cent or which 

aro between 0.85 and 1.15. 
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2. Volume Oooff'ioient end Volume Index. 11Volume coefficient" 

is the term proposed and defined by Osgood . (1926) e.s "tho volume ot 
packed red .cells per hundred oubio centimeters ot blood osloulatod 

to a red cell count or 5 million." In the calculation of volume 

index, this coefficient is employed as 100 per cent value tor paoked 

cell volUllle. 

In spite of the .tao~ the:t the various mrere.ge figures for total 

volume of packed cells agree so olosely~ the great divergence in red 

oell counts produces volume coefficients ill each instance which are 

widely separated. Osgood' s oorreoted volume coeffioiont is 43.04 . 
o.c.., whilo the high dveraga cell count found in Wintrobe and Mil-

ler• s subjects gives a volum.& ooetf'icient ot 59.94. Foster and 

Johnson calculated 44.4 as the volume coefficient of their 40 sub-

jects. Osgood, as -well as Wintrobe end lliller, employed 41 c.o. 

as 100 per- cent in their calculations, giving volume ind:1.oes of 

· 1.00 end 0.97 respeo.tively. The use of 41.0 o.c. as 100 per cent 

would give a volume index in Re.den' s group of 1.12 and in this 

series, of 1.18. Obviously, again, the standard chosen as 100 par 

oent xnust, judging f'rcm the above calculations~ be a local one# at 

least tor the present. It the data of Baden and of this series 

are combined, a volume oo~ffioient of 47 .4 o. o. is derived, 'Which, 

When considered ae 100 per oont total cell volmne, gives a mean 

volume index in this series of 1.017 with 90 per cent between 

0.89 and l.il:6. 

Saturation Index. The figure derived by- dividing color index 

by volume index has been designated as "satur~tion index" by Haden 

(1923). Its normal value is usually one. Romver, a.s may be seen 

from the resul to obtained by varioue inVest1gators (Table IV)• the 

ooeff"ioients '\Vhioh have been used as 100 per oent in the calculation 



of the indices vary widely •. While most of 'the indices sho~ · · 

el'e approximately· 1, the values would vary greatly' if the same 

hemoglobin. end volume coefficients nre employed in oaloulation 

or the indi()ea in all series. '!his is. of ocui-se, due to the 

widely different values t'OUJJd by various observers in red cell 

00W1t and liomoglobin. As will be mown below, the dirt'erenoea 

aro probably technical rather than aciual. 

-Although the· indice« have been iraluable ollnicellY in the 

cH.fterentiation or anondas, thei~ ~idespread uso has been pre-

vent~d by any- agreement as to the: standards llhich are to be em-

ployed a"s 100 po:r- cent normals. Employing the standards used 

.by Wintrobe • a hemoglobin coeffici~t ot 14.6 gm. 'and a volume 
coeff'ioiont of 41 c.o. • the 100 subjects of Wintrobe and Miller 

average 1.02, the Oregon men, O.98, and Haden''s Kansas City group, 
. . 

0.96 in saturation index. jhe series under Gonsiderationwould 

average o.·92. If', however·, 15.59. gm. hemoglobin' end 47.4 o.o. paoked 

oolls are token as 100 per cent standards., the mean saturation in-

dex obtainod· is' 0.99 in thi's serie·s, with 90 'per cent ranging be-
' ' tween 0,86 end 1.12. 

4, ·co;z:pusoular Constants. The method or oeloulatitlg mean 

oorpusoular volume, hemoglobin and hemoglobin conoentra.tion has 

been explained i'reque?rtly elsewhere {Haden. 1926J' Wintrobe, 1931), 

and is therefore omitted here. ' ileen oorpusoular volume refers to 
the average volume or individual erythrocytes, stated in cubic 

miorn. Mean oorpusoule.r hemoglobin express~s the average amount 

of hemoglobin in mioraniorograma (grams x l0.;.12) present in the 

erythrocytes. Mean corpuscular hemoglobin concentration expresses 

the amount ot hemoglobin in proportion to the volume ot the erythro-

oyte and is stated in percentage. 



The mean corpuscular v_olume• obtained iu :this study. 96.6 

oubio miora. is ·highe-r thM. :that found in any ot the other series 

canpared in Table v. The no:rma1· range, for the age group. sex. 
end conditions of this study .is found ~tween 82. ~d 101 oubio 

micra. since 90 per oent of tho observations ooourred Within 

those limits •. 

These figures tend to confirm the rel,ationship suggested by 

the work of :Emmons ·(1927-28) on various memmalien as well as human 

bloods. that the volume ot. the indi viduel eeythrooyte appears to 

vary imrersel;y wi:th iihe total number. found, a larger. corpuscular 

V{)lume tending to oompen$ate ~r the smaller :number of cells. 

Thus. the total volume of erythrocyte• woul4 'be S;ndependent ot 
geographic variati~., . 

. Haden' s ,average for- mem ~rpusoular volume in men ia 92 cubic 

m~ora. . Wlntrobe found 79.8 cubic micra for an average. while the 

maan. tigurG oalcu~ated trcm Osgood' a ,date. is 86.1 cubic miora~ 

Foster 8Dd Johnson• a figure is 86.9. 

Since the a9+oulation of o~rpusoular volume. hemoglobin end,_ 

hemoglol:>in cono.m,tr~tion is simple and does not involve any arbi-

trary standard.. these constants hflVe been reoam:iended frequently 

in preference to the- volume., oolor and saturation indices for 

olinioel work. Howver~ it is o1aaT that ~en £or the app~ioat1on 

of these tenns to speoif'io oa~:s, well-established normals for the 

given locality, age group_ and sex should be ~ovin. For exmnple• 

al thOl?,gh Wintrobe (1931) states that "values above 95 oubio n:dcra 

or below '15 cubio micra are probably a manifestation of abnormali'ty",-

inoro than hf4f of the nomal subjects observed in the. prosent in-

vestigation showed a corpusoular volume greater than. 95 cubic miora. 



The average · :tigure for moan oorpusou.lar • hemoglobin, tound 

in the su'bj&ots of this study was :n.-4 mfcrtmicrogr-oms~ with 92 

per cent lying between 25 and 27 mioromiorograms.. · 'rbia mean ia 

al.moat identioal with Haden• a ut1erage of 31.,0 mioranior'ograms. for 

35 men batmen eightaen and thirty• and agrees closely With the 

average- flgure found .by Foster end Johnson. 30.03 mioramiorograms. 

The seme >mean was o'bservod both· by Osgood·. oncl by Wintroba and 

Miller. 29~2 micromicrograms. 

Th0 UV'4'.lrage found by the author tor· oorpusaular hanc,globin 

conoantratiou was 32.4 per- oent.~ Ninety-<1n8' per cent . of the cal-

culations lay betweon 27.5, and .36,.5 per cent. Baden• s average ot 
33. '1, per cent end Osgood• s,. $3.9 per ·~.'are in oloae agreement 

with this figura-. Wintrobe fcmid an average of 36-.6 pEJr oent. 

While Foster and Johnson reoorded a mean of· 34.?7. Boimef'fer oal-

culatad a·mean corpuscular hemoglobbl of 32.4 :tor his series of 40 

healthy men. 1'he critioiSi!l of his_'.method o:r hmoglob:in .determin• 

o.tion has already been .mentioned.• · 

D. FACTORS RESPONSIBLE FOR DIFFERENCES IN NORMAL VAillES 

1. Geographic Locality. The oan.par~tively wide difterenoes 

vmioh have been tound to .exist in hemoglobin end erythrocyte ooun't 
' ' . . . . , 

have frequently raised the question of possible geographic varin• 

tions (Haden, 1929) othor than tho WDll-reoo~ized imrease With 

altitude. 

Parjono. Radama end Joenoes (1930) compiled data on blood 

iron end oxygen oepacity in an effort to find some correlation 
. ' ' 

betweon the amount ot hG!lloglobin end geographio latitude. The data 

used 119re found inauf'tio1ent to establish any clear relationship. 
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In Tables I and lI are listed e?"ythroeyte and. hemoglobin 

determinations from. various geographic looalities,.. From theise 

figures it is apparent thai; any- correlation on th9 basis of' gao• 
graphic io::ality is very difficult. since in several oas8' in• 

vestigators working in the' smno locality have secured widely 

different results. There ate_: hOWGVer,- few striking differences., 

· 2. Living Habits. Many other f'aotol"a than geogre.phio loca• 

tion nre doubtless ex!stsnt. ·as for exmnpl&• in the case ot the 

diftnronce. found bet-ween poorer natives 8l'ld the bet-tar situated 

students end native doctors in the Java group of Parjono. For -

this particular di:tference, · these ·authors suggest the prevalence 

of' intestinal worms mnong the poonr cluse& as · a possible &xplan-

at:i.on. 

Orias (1930b• 19300) fourid a definite difference be~en 

oamnou soldiers.,: officers and stn.~,nts in Buenos Aires (Table 

II). He oonoludea ·that social condition· is an important faotor in 

hemoglobin level. Hornsf'fer (1928) also noted this dif'ferenoe, 

finding 16,.25 gm. e.s the mean value for 20 students and 15.80 ~• 

as the moan f-or ro · soldiers. 

As a basi·s· for explaining a diffe3renoe ob·served iD;. tbe 1118an 

hemogiobin level or subjects in tha Unii:ad States end in London, 

Prioo--Jones ('J.931) suggested that the motoring habits of Amerlcan 

oubjects may have produced a slow ohronia poisoning by carbon 

monoxide, as a result of which the oxygen preasul'e is eanstantly 

being slightly reduced and the bOJJe marrow oompensating for the 

useless oarboxyhamoglobin by-ing more red Cfllls end hemoglobin 

end produo1nr; a ~lative polyoythem:ia. ~at this suggestion has 



a reasonable basis is shdWll by tha f'ollowlng.citations. 
"A; 

Nasnith ·end Grahem-{1906) foµnd thnt guinea J?igs living oon .. 

ti.nuously in a d!lu+,e ca.tbt11l monoxide. a1:mosphere 'Ere nble to ill• 
Crea.ea .the quantity of hemoglobin end the nrmi.ber of" erythrocytes 

' . -

to Oo..'ltponsate for- the loss in oxyge:a-oareying oe.paoity. This was 

con£intted by Egd~ (1923) wll.~ also noted e. polyeythemia in human. 

subjec~s ~...al" ~epoa~d oorposu?as to Sl'llall ot" modon,;m m<runts ot 
carbon monoxide. b:periments by Snyera, Y~t• _lPly· and Fulton 

(1929)· in which six men ,rare exposed tour to S8V8Jl hours daily over 

a period or es «fays to mixtures oontaining two •. three en~ foul" 

ps.~t13'. ot carbon rnono,d,ds p,r-1C>10000 parts o,r dr shmJ&d tho.t a , 

distinct. inoroaae in hemoglobin and rod, o~lls oooul's under suoh 
aondi~ions •. · 

,Jenkins (1932)_ artnr i1t11'estigating-thG blood -of workors ex• 

posed to motor exhaust i\unes found ~t ohronic or in~m.i1.-tent 

e:,i::posura t'l carbon mcnoxide tends to rn$.se :the hsnoglobin oonoen• 

+.ration but oonsidors tha stimulun hladeq-t.\ata to account tor .the 

difference oi ted by Priae-Jones. 
r. 

Gettler and Mattioo (19,33 ) •. attor . s. o:u-efu.l . ,rtudy ot tho car-

bon monoxide omtont of the blood ot varfous groops of'_ oubjeots• 

eema to the 'lonolusion that smoking ta apt to. be the moat conspic-

uous f'sotor in dotenninfng th& csarbo:yhemoglob1n flf en individual 

under normal conditf.Ol'lB 'When he is not oxposed to obvious high 

poroontages of tho ~an. Jtanson end Hastings (1933). fot:md thE> hemo-

globin or smokers to be 3 to -4 per oent saturated w:l th . Ot\l'bon mon• 

oxide whilo that of non-snokers averaged l.5 per cent satur~tion. 

Tabla VI oanpares the m.em eryt~ooyte oount. total hemoglobin 

end corpuscular hemoglobin in smokers and nan-smokers_. baned on a 
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survey ot the subjects in the groups later d&sign&ted a.s Serie a 

l. II end lll in this study. 

In pre.otioally all smokers studied (Walters., lS34b), the 

habit was of two or more years-• duration, and Virtually ell used 

ciga.rets exclus1v&ly.., 1.hose using one package ot 20 or m:ore per 

da.y have been designated tor convenience e.s "heavy" SillOkers. The 

subjects have been ohosen fran -two grcups., In Series I, blood 

semples wore drawn at random with reference to physical a.otivlty, 
,. 

'While in Series n. the subjects •J'.'9 sem.pled after ·.a one-half 

hour re st period in bed. 

fhe data of !able VI indicate -that .noither the ditterenoea 

botwe&n Sl!lokers and :non•smokers, nor between •beavy"srnokers end 

non-snokers are- significant., since no dit'£erence observed is greater 

than four times its probable error,. 

3. Teolmioal Differences.. lt is likely that. one of the moat 

important and perhaps the prinoi pal faotor responsible tor the 

differences aeon 1n Tablea l end II is some type. of ditte:renoe 1n 

teolmio em.ployed.. '!'his is apparent when one cousidei"s the fact 

previously mentioned, that different investigAtora in the same 

locality hµve obtained Widely different values. 

It i a ilnposs~ble: to tell What specif:;.o. diff'erenoea may have 

pTOvailed. The anly technioel difference which presents. itselt in 

this study is the use of Trenner pipettes. fhese_,, it ia believed.-

may have intluenoed the oounts on the Gide <,f' greater accuracy, 

sinoe Thoma pipettes in the hands of students frequently give 

higher· counts due to aspiration o!: -the blood column beyond the 

ruling_. 'With subsequent withdrawal. whioh lee;vea oolls adhering to 

the walls ot the bore. 
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I!.: PBYSIOLOGIO.AL VARIATIONS 

A. lNTRODUOTIOH 

During a study -3.n which normal snbjeote wei,e fed l'iith a 

oubstenoe believed to havs hematopoietie: properties. tetel. oa.lt 

Uw.r,- Walters nnd Woodard (1933) foand that unexplained wt sta-

tistically aignif'ioant physiological variations were so numerous . . 
and of such magnitude as to render impossible tho certain identi-

fication ot chongeQ in quent!:tw' ot er--;throoytea as being due to the 

substrmoes a.dministe~ed4 

• l 
B. EF.FECf OF WOOULtut lNACTIVlff' 

J.n an effort to · ascertain under 1ldl.at conditions an accurate 

estimate of the erythrocyte. count and hemoglobin is possible. 

studies ot th~ blood -were made on il ~eries ·of' 80 men {Series II)~ 

i'ollmving a. one•halt' hour l'ea'b in ,bed., Wi. th the idea ot eliminating 

tho exeroioo '11s e. factor tending to increase the red cell count. 

Oomperison of the mean values for this group with those ot 
Subjects 1-80 (Table VII) which aro designated as Serie-a l ehowed 

decidedly lower values in the resting aubjeots (Table l.X). 

A third.group of 2D men was.then studied,.,fil"st after random 

e.otivi ty,, subjeota being sampled immediatoly- upon entrance into the 

iahoratory,, then one hour later. after spending the intervening 

time in a. state ot mttsoular inaotivify., lying in the reownbent 

position. '5:his group. Subjects e1-100, is designated as sei-iee 

III. Canparative datn tor these individuals are shawn in Table 

x. The data of Table X show that the average erythrocyte eount 

after an hour ot muscular inaotiVity is .44 million 1011'8:r then 

before lying down. A diminution in erythrocyte count is seen in 
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all of the 20 subjects, the greatest decrease being 780,000 

cells. In quantity of homoglobin. -a,deorEllas&-is"eoen bl 16, no 

ohmige in tllree and en increase in one of the 20 subjeets. The· 

average decrease is 1.05 f.!PI• and the mexi!llum., 3.39 lJ!l• per 100 c.o. 

ot blood. 

All subjects except one show a deo.Une in volume of paoked 

cells after JllUSOular inactivity.. The mean difference after Nst 

is 3.1 o.o. and the maximum deorease is 5.5 o.o. packed cells per 

100 c.c. blood. ~e average packed -cell volUtlle of 42.2 o.o. found 

by ROV1J1tree, Brown and Roth (1929) in 49 nomal men ot various ages 

under basel. conditions is 1n accord w:l. th the data or this study. 

In order to ascertain 1Vhethor -the decreases tOUlld are of- su:t• 
tioiont magnitude to be other than of fortuitous origin, the sta-
tistical significance of ~aoh differenae was calculated. For the 

difteronoe between Series l and Se_rios lI, the following tormula 

was applied (Dunn, 1929)1 

Probable l!.'l"ror ot Difference • (PExean 1)2 + (PEuean n>2 

In the case of Series III• the probable error of the difference was 

calculated by applying the usual formula for probable error of the 

mean to the difference between rendcm activity and ·rest tor eaoh 

subject. A ditterenoe has been considered statistioally s1gnitiomt 

whenever it is greater than four times its probable error. 

The difference between tho subjeota ot Series l and those of 

Seriea II in erythrooytc:, oount11 quantity ot hemoglobin end volume 

ot packed cella is in each oaae too great. according to the statia• 

ticel analysis, to be due to ohanoe. This is also true ot the same 

differences between the randCllll and re sting values of the individual a 

in Seriea III. 
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A s1gnif'icontly lower figure is saen in m:een corpuscular 

hemoglobin end mean corpuscular hemoglobin concentration in° the 

subjeo-ts of Series II who 'Wen .aempled after one•helt hour of 

inactivity than in tho rmd<m aotivity group11 Series· I. Since 

no significant change occurred in the corpuscular values of Series 

Ill, where the · same subjects ware fl:amined both· before and after 

rest• and sinOe the corpu.souial"•V01Wl» ditterenoo is negligible• 

the interpretation ot this s:i.gnlfioant docreaae, is not olear. 

· The fact that' the O(Uptl~le:r values shmr no signtfioant 

change in the observati,ona of' Series III suggests that the 

aJ.wiations $8811 in total hemoglobin .a:Dd total volume of pa.eked, 

cells are due to a decrease in the proportion of erythrocytes in 

too circulating blood rather than to any modification; :ln indiVidual 

cells. 1.'wo type a or oh8l'lg& oould cause such a f'all in red cell 

count: (1) .m increase in plasma volume which would produce a 

relative decrease-in mmiber ot cells. or (2) a redistribution of 

calla in the circulatory tract 'With the 'Withdrawal; ot ol';ythrooytes 

into storage depots,. which would cause an absolute deorease of 

calls. 

c,. DISCUSSION OF VARIATIONS lli,ERYTBROCYTES AND HEMOGLOBIN 
1.,; · Fluotuatlona Due· 'to Alterations in Plasma. Volume. Thcmpaon. 

'l'hanpson and· T;ailey (1928) demonstrated a definite increase 1n 

plasma volume i?i patients aenuming tho supine positiw after having 

maintalned·the ·stand!ng still position for sano time~ These inves-

tigators oonoluded that there is a loas ot eppro,dme.tely 11 per cent 

·or tho · total plasma volume due to oepillary · i'll tration when subjects 

oontlnuo the standing stfil position for ro ·to ~O minutes.- whioh ia 

made up again, in the same length ot time after .the reoum.bent po-

sition 1B assum.od. These results 118re verified by Waterfield (1931) 
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.in a study ot eight normal subjects. It is doubt:f'ul.,. homver, 

that then findings ere applicable to the subjects of Sari.es Il 

end III,. since their physical activity, although purposely left 

uncontrolled.. was alw8¥s preceded by a walk of at least fifty to. 

one hundred yards to ree.oh the laboratory ... 

Caasinis and Bl"aoaloni (1930) found that th& hydremio curve 

ot blood varies less then one per oent dur!ng one to three hours 

of: repose and also that in 40 to 130 minutes or walking. the, curve 
does 11ot differ In~ noteworthy degree trm: that of repose. 

This is in agreement with the work ot Lee, Carrier and md.pple .. 
(1922).. who obaervod that dogs exeroised. at a nm tor 20 minutes. 

although decreasing in weight as much as 12 ounoes by fluid loss. 

maintained· a oonstant plasma volume1! Broun (1922) noted a slight 

1noreaae or plasma volume in most ot his dogs after short periods 

of 8XE)1'Cise. bu.t tho variation averaged only about 3.6 per cent. 

Priestley (1916) noticed that drinking l per oent sodium 

chloride solution produced a loweTing of blood hemoglobin• although 

ingestion or water ~id not. St.ebbins and Leake (1927) noted a 

slight fall 1n the speo:lfio grmrity ot human blood after the inges-

tion ot food. Sols.rino and Oattalno (1930 l observed 1D dogs and 

in man an erythropenia following administration ot a meat meal or 

ot hyd?'oohlorio acid having appronmatoly the same• concentration 

as that or ts.stria jui~. 'lhe nuniber ot erythrocytes in tho blood 

roverted to normal in· three to tour hours. solarino . (1931) found 

a oorreepondlng augmentation ·5n water content of the blood wiioh 

rea.ohed its height during the second hour of digestion. A coll 

deore·ase during d~gestion was also observed 1n rabbits by Raposo 

end Fevereiro (1931). Waterfield (1931), on the contrary. ·after 



determining blood :volume. in a subjeot. first in tho_ tasting state. 
' 

then after the taking ot tood. oonoluded that even a largo meal has 

no appreciable effect on lllood volume. Rud (1922-23) and Smith (1931) 
' . ' . . .· ' ' . 

found that me,els produced no significant change in e~hrooytea • 
. . 't-: 

or the 80 aubjeo~a. 1n Series 11 .. 61 •ra semplod between 2J00 

and 2:30 p .. m •. .,. or abo~t. one l!llld one-hal:t to two hours _after the noon 

meal. The mean erythrocyte oount 1n these, subjects is 4. 53. million. 

Fifteen subjects of the $Gries tvere sampled bet.en 3a00 end 3130 
•. 

p .. m. or two and one-half' to three hours after the noon meal. These 

subjects. showed a mean count of 4.88 million. 

I~ is difficult to tell what proportion ot the e;25 million 

average ditf'erftnoe .. between -the subjoots of Serl.19& I end. II is due 
t 

respectively to dige-stiw etteot to the poriod ot .!naoti,ri ty,. 

That the latter 111 an important factor, ls indicated by <>bservationa 

on the .subjects of Series IIZ. most of 'Whan wre sampled at about 
! : ' 

l0a00 and 1h00 a.m.. SixloEJ all subjects attended 7&30 a.m. olaases,. 

this was approximately three and four hours af'te~ breakfast. . Thus, 

during the fourth houl' ot ?1gestio:n vdlen, aooording to Solal"ino,. 

the erythrocyte oonnt should have reoovere_d trom the digestive 

effect and r~turned to nomal,, a _~op muoh larger than the ditter-

enoe botween Series I 8lld lI is .seen. 

2 •. Fluotua~ipns ])le. to Altoration in Number of Circulating 

Erythrocytes-.. !rha-t lllUSCll la.r activity_.. even lf?r short. periods ot 
tSme11 results in notable_ increases, bl oir~ulating, erythrocytes has 

long .been known.. The older litere.tu_re was reviewad by Rm (~904) 

"'10 also did oonsiderable -work on the aubjeot,: and hill, findings 

have beon .verified many times 'by subsequent investigators. fhe 

mechnnism of the eey:throoytosia produoed, by m.usctiler actiVity 1a 

now fairly wall understood. 
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The extensive researches of'.Baroroft (1931). of _:Binet (1930h 

and of Soheunert: and xrsywsnek (1927) have definitely established . 

the spleen '-as a storage depot of. blood _cells., .capable of illcreasing · 

the oxygan-oe.rrying oapaoity of the 'blood by the 'extruoion of Cdn• 

siderable quantities 'of ~ryt~~s. . Al~ough these investigators 

worked almost 'E>Dtirely with 10\\181" ardm.als., the experiments of Ben• 

hmnoli., Jude end lfarchioni (1929) 'With the effects of exeroiee end 

epinephrin upon spleneotamized human subjs_ots and those .of Yang 

arid .'Chang (1930) upon human subjects ~th splenomogaly indicate 

that the spleen performs a similar fu~ti~ fn man. 

The sensitivity of the spleen to em.otional. disturbances was 

shown ~r Bargt's end Menn (1925) in dogs en.¢ co~d by Barcroft 
... •i:-

(1930)' end 'b;v lzq~iGrdo and Cannon (1928) dem.austrating the fMt' 
·t, . •·· 

that en ettotional polyoythemia may oocur very :abruptly. 1'he some 

typ& of reaction was ~en. in human subjects. by Benhamou• Marohioni 

and Nouchy (1929) 'uaing rad1ograpba. As Amold and Xrzywmiek, (1928) 

have pointed out •. sinee the venapunotut"e is diste.stetui to sane 

indiViduels,: th& determlnation ot an absolute re~t:lng value in ' 
human subjects may be difficult. 1he wide variation in the anouni. 

of qecrease seen for various m1bjoots in Series III may perhaps be 
rutpleined an this 'basis. 

'Wliether other areas of-tho vascular tract aro elso capable ot 
storing sl1d doncettbrating blood has lorig been a question. Erlanger• a 

(1921) review ~tiole disousses the literature 'to 1921 on this ques-

tion .tn oonnoct!on with ita bearing an relati~ ·blood volume ohangea. 

Lamson {1921) considered the liwr responsible for ep!nepbrin 

eryth~ooytosi~ .. , Itahlstort end Ludwig (1931) 'a1eo cooelude• from. 

their. e'.xperllltents upon guinea .pigs· and rabbits., in which intli& ink 
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injeoted i!lto the blood streem showd • delqed mb:1ng with the 

blood of liver capillaries,, that this organ acts 1n the capacity 

of a blood reservoir. 

Rein (1933) end his colle.boratora. by measuring the inf'low 

end outfimr of.' blood entering the liver. showed that it is capable 

of 1dthhold1ng an e:motm-1: of blood £r<111 tho circulation equal to 

as much as halt i'l.s own weight. Bauer. Dale., Poulsson and Rich-

ards (1932) han demonstrated the sluice mechanism 'Which regu.-

lates blood. outflow from the liver in doga. l3aroro~, Bismaru 

and Ray· (1932) conclude from their experiments 'With carbon man-

ozide that the liver mq contain large quantities of blood whioh 

are capable of transfer,,. but that it 1a no't a 'store, sinoe a red 

corpusolo spends a relat1ve·1y short tim.e traversing the organ in 

oampars:son with th8 spleen., l3aroroi"t~ Benatt;.c . Or~eeon and Bisi;. 

maru (1931) have also daonstrated by the carbon monoxide method 

that under certain oonditions the aubpe.pillary plexus of the skin 

may store considerable quantities of' blood~ 

Aooording to Rom (1933}. the normal . orgauisn haa a tendency 

to maintain tho l0T19~t degree ot circulatory aot1vity oone:lsten'b 

with its requirement at any given time., encl will nocordingly with• 

draw blood into storage areas whenever possible. The inVestigaticma 

of' Cook and nose (1930) are in egresmont with this 'View. They 

ehomd that in oats recovery of the contracted spleen following 

mueoular aotivi ty commences within one minute after cessation of 

· the exorcise. 

The drop in orythz-ooyte count, hanoglobin .end paoked cell 

volU11\9 seen in the subjects of Series III ai'ter ono•hour period 

~t inaotivitf 8881118 to represent an absolute deorease in the number 

of oiroulating erythrooyt:ea,. caused by the w1.thdrawnl of oella into 



storage, principally into ttle spleen,, where Baroro,ft and Florey 

(1928) have shown .. concentr&Uon m9¥ occur through the drainage. .. . . "· 

of t'lpid by lymphati~s~ Sohemiert and Xrzywanek (1927) failed to 
find any evidenee that the erythrocyte- storage function had been 

. 

taken over by other organ 1n dogs whioh had been aplenectarnized 

one year previously. The ettorts of Benhsmou. Jude and llsrchiani 

(1929) to produce erythrooytosis were lik8Wi.se negative in human 

subjects with splenectany·-ot as _long e.s: three end six years dura.• ·- . . ·· .. ·· . 

tion. 

!he decrease in resting subjects probably repre88llts the 

converse ot the erythroaytosis which _ooour~ in exercise• emotion, 

eta •• both t,pes of adjustment refle~id.ng the delicate balanoe 

which at all times appears- to adapt tb& oxygen-carrying oapaoi ty 

of the blood to the requil'8lltents of the tissues~ 

"3. Diurnal Variations. It is possible that the changes which 

have boon designated aa ttdiurnal Te.riationa" may be only manit'eata-

t:ions or- splmdo activity. Thia e~lenation ia suggested by the .. 
observations of Rab!navitoh end Stri,on (1924) who noticed that 

,I,. 
the ve.riations in hemoglobin-~ yery mall in patients with ad-

vtaio._o~ heart failure, and or Milla (1926) who :found th& same con• 
I . . . 

dition in patients with seaondary anemia. Since the splern, oon-

tre.ots in response w anoxenda in tho spinal oo-l"ct. it is possible 

-that no splenio reserve exists in such patients as those cited• 

in 'Whcm some degr~ or- oxygen want is probab1y present. The 

constant hemoglobin level observed suggests abolition of the 

splenio discharge aDd re-storage of red cells described above. 
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n. . m&-; DllmCTIO!l ·oF ·J.i'U'.'f'URE· RESEARCH 

1'lw whole subject of diurnal varlati<>nS and· tho "bone 

marrow ·rhythm". fluctuations .of Seb1n. (1~28)., Ounninghmn, Doan 
~· 

and Kincivall (1925) mod thorough in'Vestlgation. Before. a . 

thorough study· is possible,,· however• tho limits of error in 

blood counting need .elearel" definition,. It ~ll also be nooe~ 

sary to aeoertain the .ltm1t ·ot ·error 1n ·the ·hanatoorit methods 

employed. llhen -these are lcnoym• it will then be nocosaary to 

learn what limits of variation eziat m blood sflllpling itself', 

for the blood ia p~obe.bly not a hc:mogoneous suspension of oellB, 

Md 5.mmediately consecutive samples will doubtless show, oonsid• , 

arable variation. 

· · When these limits· ot error in technio are ,'ffl)ll known, 

serial st.i1dies !n the. erythrocyte and hem.oglob~ level mll be 

able e$sily to establish o~ disprove the·existenoe or oonstant 

diurnal variations and significent. fluctuations due to bone 

marrow aativity. 

The nuthor ·maket1 gratef\11 e.cknowledgement to Dr. o. o. 
Stoland for his kind .end helpful counsel. Ra !s el.so obligated 

to Dr. Ralph 1. Canut&aon fo-r. laboratory 'faoiliticis in Watkin.a 

Memorial Hospital and to members ot the •34 and ~35 medical cl~sse1 

'Who volunteered e.s subj ecto. 
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TABLE I 

ERYTHROOYTEtOUNf lllARIOUS LOCALITIES 

Hen ; Wan.en . ' 

INVESTIGATOR LOCALITY .. Ni'.i. Alm l!JH!ffl • Do .. Ad.B iIBYfit. 
SUBJ. 'RANGE COUNT 'SUBJ• RANGE COUNT 

Chamberlain Philippine 'Is. 102 -- 5.20 - --- --
Emerson Baltilltore 176 ro-25 s.oo --- --- -
Raden .Kansas City 70 18-50' 4.96'. ··30 18-60 4.38 

Hedon Kansas Oi-ty 2SO _;....,_. s.oo --- -- --(Student Oounta) ,. •· lanocki Poland ; 1'1 20--40 -- 5.91 --- -- ---
Sackett Kansas City ''14 -- s.09··· --- - -
Osgood and Oregon 137 19-SO 5.39 100 18-30 4.80 

Haskins 
Hornef'i"er Germany 40 19-29 4.97''' ... .:. - --
Wintrobo and New Orle~s 100 20-30 6.85 '• 60 17-30 4.93 

Hiller 
Parodi Buenoi! Aires so 18-30 5.50 ' --- ------
Oabigting Philippine'Is. 22 15 Up 4.75 179 15 up 4.26 

Thorner .Arn.sterdem . ·42 20-30 s.24'·" . -· -- -- ---( Olympio Ath.) 
4o Sohmoll Germany -- - - 19-30 4.66 

Foster and· JilewOrlea:ns 115 18-30 5.26 - - ---Johnson 
'fenooni Buenos Aires 50 , ..... 5.30 -- ---- --
Prioe-Jon8s London 100 - 6.43 -- -- --
Tien Ufl!lohuria 520 19-64 s.12 --- --- --(Chinese) 
Ylintrobe Baltimore 86 - 5.48 101 -· 4.82 

Walters ltanaas 100 20-30 4.84 -- - --



!ABLE II 

HEMOGLOBIN IN VARlOOS LOCALITIES 

Hen Wanon 
INVESTIGATOR LOCALITY 'Ho. · AGE mlto- '"''No. · .AGE Hii:&o-

(M9thod) SUBJ. · RANGE GI.OBIN SUBJ. RANGE GLOBIH 

He.den Kansas City 70 18-50 15.34 zo 18-60 13.37 
(Ven Slyke) 

Osf:°od-Haskina Oregan 137 19-30 16.76 100 18-30 13.7 
Mod. llowo.-
Ven Slyka) 

Horneffer Gem.any 40 19-29 16.03 - --- --(Burker) 
20.:So 

·•. 

13.76 Wintrobe•Millor New Orleans 100 l'T~O 50 1'1-30 
(Nowo .... v .s.) 

14~46 Ori.as Argentine U04 -- -- -(Nev10omer) (Soldier8)' 
16;06 OriM , Argentine 65 -- -- --- --(Newc .• -V .s.) (Officers) 

Orie.a 
(Nowc.-V .s. ).Ar~tine· 82 , ...... 15.S 116 - 13.93 

Students) 
Parodi Arg(lntine 60 18-30 15.4 - - -(Nev;oomer) 
Sokhey Bomba:, 121 -- 15.8 lQl -- l?.9 

(Van Slyke} ' 

Pa,ono:t et al. Joa. , 19 --~ 14.63 ..... -- -Van Slyke) . {Poorer Badvea) 
Partmo. et al. Java ' "16 ·- ·16,12 · -- ·--- --Van Slyk:e) (Students end 

· Doctors) 
14~8 

_,,; ... ; . ., 
Tenooni . Argentine 50 - -- -- -(Newo.-v .s.) 

20~0 1~42 Thomer .Ameterd.011 42 -- -- -(Barker) (01,mpio Ath.) 
18~30 1s;ss Foeter•J ohneon Bow Orleans 115 -- -- -(Van Slyke) 

Prioe-Jones tondm 100 26,:;51 14;5 -- - -(Van Slyke) 
Dill Boston 40 - 15;4 ·-- -- --(Ven Slyke) 

' 20.;.so 13.70 Sohmoll Germany -- -- -- 40 
(Burker) 1s;ss Jenld.ns-Don England 118 -- - -- -(Burker .. v •. s .. ) 

W!ntrobe Baltim.ore 86 -- 16.0 101 -- 14.1 
(liewo. •V. s.) 

Walters ltansaa 100 20-30 15.12 - - -(Howo.-v.s.) 



'l'ABIB III 

VOUJME OF PACKED CELLS llf VARIOOS LOOAL!TIES 

lien tlomen 

Number Volume liumber Volume 
Investigator tooelity Subjects SUbjeots 

HADEN Kansas City 70 45.5 30 S.9.8 

OSGOOD Oregon lS7 46.4• 100 42.4• 

PEARt-u:nnm ltilwm:tlcoo .. 272 45.59, ... ... 
Wt?rl.'ROBE- · New• Prleans 100 46.5 50 39.5 

·nLLER 
FOS'l'ER- New•Orleana 40 46.1 .... -JOliNSOB · 
Wlm'P.ODE Baltimore 86 47.o 101 42.0 

WALTl?.'RS Kansas 100 46 .. 5 - --· 



?ABLE XV 
voumm AND REl!OGto:am OOEFFICIEN'lS IN VARIOOS LOCALITIES 

Number Box Hemoglobin Volume Satur. 
Subjects Ooeff., Index Coetf. Index Index 

HADEN "/0 l( 15.50 1.01 46 1.00 1.01 

BADEN 30 p 15.26 .99 45 .• 5 .99 .99 

OSG-OOD 137 • 14.66 1.00 43.0 1.00 1.00 

OSGOOD- 100 F 14.3 1.00 42.a 1.00 1.00 
HASltI?JS 

.· W.CWTROBE• 100 u 14.53 1.00 39.9 .9? 1.02 
l!ILLER 

WINTOOBE 50 F 13 .• 91 .98 40.Z .93 1.05 

WALTF.t'RS 100 11 15.11 l.OJ.• 48.3 1.02 .99 



TABLE V 

CORIUSCULAR VALUES IN MEN AND WOJB 

Man Wanen 
nTVESTIGATOR 'NU. coms: toms. CORP. ffo. · cbRP. CORP. tofiP. 

SUBJ. VOL. BB BB COlf. SUBJ. VOL. BB BB CON. 

liaden 70 92 31.0 33.7 50 91 30.5 33.5 

Osgood and 137 86.1 29.2 33:.l 100 88.5 28.6 52.2. 
Haskins 

Horneff'er 40 -- 32.4. - - - - --
Wintrobe 100 '79.8'29.2 36..6 60, ' 80.1 28.0 ·35.2 

and Uillor 
Thorner• 42 -- 27.5 - ·- - ·-- -
Prioo-Jones• 100 ,, 26.'1 - - ---. -- -

' Foster and 100 85.9 30.0! 34.8 - - - -Jolmson ;.:_ 

Sobmoll - -- - ·- w -- 30~2 --
Wintrob~ 86 as.a 29.t• 34.0l. 101 87.1 29.3 33.6 . . '. ' .. ~::• . 
Bie ,end Jloller 10 , 83.,9 .26.? s1.s .10 a1.v.2a.1 , 34.4 

GrBtll and ., . ss.2 :z-1.s sa •. 4· '. 6 88~02?.9 . 31.? 
Norgaard 

Tenconi•. 50 -- 27.9 ·- -- .... - -
Welters 100 96~5 31.4 32.4 - - -- -



TABLE VI 

OC&n?ARISOI OF :ERnllROOY'ffl COUNT. roTAL HEMOGLOBIN 

AND CORPUBCULA.R lJEMOGLOBIN ID 100 

. No. 
Subjeota 

IiON-SMOXERS 28 

SMOJOilRS 

Ditference 

11 

SMOKERS Alm lfON•SKOXERS 

Serl.es I .- Sampled After Randan Activity 

Erythrocytes total BElllloglobin Corpuscular 
(Million) (Gm. por 100 o.o. Botnoglobin 

Blood) (Mioramiorog19ems) 

4.1'1 + .041S 15.23 + .1589 32.l + .4538 - - -
4.88 + .• 0583 14.51 + .2943 - -· 

.11 + .0'114. .,2 + .3344 2.2 + .7764 - -· -
Serioa :11 - S9led After 1L2 Bou?' Rest 

NON-SMOKERS 26 4.59 + .0432 13.46 + .0914 29.6 + .3134 - - -
ALL SWEERS 36 4.58 + .0342 14.0l + .1303 30.6 + .2293 - - -
"HEAVY" 

IMOJUmS 20 4.52' + .0496 13.86 + .1804 so.1 + .3264 -· - -
Difference-~ 

Smokers and won-
Smokers .01 + .0551 .ss·+ .1604· 1.0 + .3883 - - -

Diftel'ence -
ttileoy" Smokers t 
end" Bon-Smokors .01 + .oos1 .40 + .2022 1.1+ .4524 - - -



i'ABLEVll 

BLOOD FnIDINGS IB 100 NODAL MEN AGED 20 TO SO 

SERIES 1 

Jo. Ago Erythro• Total · Hbi~ Vol. Vol. Corp. Corp. C.:>rp ... Clolor "f'olmne Satur. 
oytee m, Coeff. Pkd. Ooeft. Vol. lib. Hb. lndox Index Index 

Cells Oona .. 
l 22 4.Sl 13.44 16.59 48.8 58.6 115.2 Sl.2 27.5 , 1.00 1.19 0.83 
2 21 5.33 13.4412.61 46.6 43it1 81.4 25.2 28.8 0.01 0.92 o.ea 
3 21 5.29 15.64 14.78 44.0 41.5 .Jm.l 29.6 36.5 o.94 o.ss 1.08 
4 28 4.83 16.90 16.46 48.9 so.,s 101,.2 32.5 32.6. la06 1.05 o.99 _, 6 22 4.93 15a64 16.86 44.6 46.2 90.4 3la? S5.l 1.02 o.96 1.08 
6 20 4a'12 17.0S 18.,04 46.l 48.8 97.? -36.l S6.9 1.15 1.03 1.12 
'I 23 4.33 15.90 18.36 43,6 60.3 100.1 sa.1 ze.s 1.17 1.00 1.11 
8 27 4.?3 14-.03 14~86 44.6 47.2 94~6 29.7 31.6 0.95 0.99 o.se 
9 20 . 4.36 16.14 19.20 45.5 49.9 99.8 38.4 38.4 1.22 1.06 1.16 

10 20 5.09 14.9014.62 45.3 44.5 89.0 29~3 a2.s -o.94 o.94 1.00 
11 21 4.66 16.17 l'l.35 4:6.8 so.2 100.4 34.7 84.6 1.11 1.06 1.05 
12 20 4.4'1 15.S917.22 43.4 48.6 97.1 34.4 35.& 1.11 1.03 1.os 
13 23 4.10. 15.9019.39 44.8 54.6 109.3 38.8 36.6 1.24 1.16 1.01 
14 20 4.1'1 16.46 17.24 47.9 50.2 100.4 Z4-.6 34.S 1.11 1.06 1.06 
16 20 4.40 14.,90 16.£!3- 41.l 46.t 93.4 53.9 as.3 1.09 o.se 1.10 
16 20 5.05 15.90 15.74- tiO.O 49.S 99.0 31.4 81.8 1.01 1.04 o.97 
1? 22 4.29, · 14.so r,.3., 41.4 55.3 110.s 34e'I Sl.4 1.12 1.16 0.96 
18 20 5.58 15 .• 90 14.'18 48.8 45.3 90.7 29.6 S2.6 0.95 o.96 o.99 
19 21 4.96 . r,. 03 r, .r,: 45 • ., 46.1 e2.1 $4.3 27.3 1.10 . o.9'1 · 1.14 
20 ,.20 4.91 16 .. 17 16.47 48.8 49.'1 99.4 32.9 33.l 1.06 1.06 1.01 
21 20 4.53 l'l e66 19.49 ' 41:.0 61.9 lOS.8 39~0 S7.6 1.24 1.09 1.14 
22 21 5.45 15.14 13.89 43.l 39.5 '19.l 27 .. 8 S5.l 0.89 0.83 1.07 
23 .21 4.56 l?.34 19 .. 01 oo.o M.f! 109.6 38.0 M.? 1 .. 22. 1.16 ' 1.06 
24 20 4.62 17.34 18.'17 48.'1 S2.Y 105.4 3?.5 36.6 1.21 1.12 1.08 
25 20 4.50 15.14 1e.s2 45.o 60.0 100.0 ss.6 S3.6 1.oa 1.06 1.02 
26 20 6.00 15.90 15.90 -44.4 44.4 88.8 31.8 35.8 1.02 0.94 1.09 
27 20 s.:sl 15.44 12.66 44.2 41.6 63 .. 2 25.S 30.4 0.81 o.aa 0.92 
28 22 4.15 15.64 16.46 46.'l 48.1 96.2· 32.9 34.2 1.06 1.01 l.04 
2$ .21 4.83 13.63 14 .. ll 43.l 44.6 89.2 28.2 28.2 0.90 o.94 0.96 
30 20 4.64 15.64 1'1.23 43.5 47.'/ 95.4 · 34.4 36.l 1.10 1.00 1.10. 
31 25 4.28. 15.90 18.68 44.6 52.1 104.2 37.l 35.7 1.18 1.09 1.08 
32 20 4.82 14.90 15.46 42.2 43.8 8'1 .. 6 · 30.9 36.S 1.00 o.93 1.oa 
33 22 4.'75 15.64 16.46 46.8 49.$ 98.5 32~9 53.4 .1.05 1.04 1.01 
34 20 4.S6 15.90 ?47.44 48.0 62.6 106.3 34.9 33.1 1.12 1.11 · 1.01 
36 22· 4.91 16. 74 11.05 · 60.0 50.9 101~8 54.1 33.S 1.09 1.0'1 1.02 
·ss _20 4.50 16.14 16.82 43.9 ·4$-.8' 9'1.& 33.6 Z4.6 1.oa 1.os 1.04 
3'1 21 4.42 . 13.6& 15.42 41.l 53.S 106.6 :so.a 2a.D o.99 1.1s o.aa 
38 I. °:?O 4.60 14.9016.20 ,46.5 · 50.6 101.1 32.4 &2.0 1.04 1.06 o.9e 
39 20 4.62 iZ.O? 14.46 41.9 cs.o 106 .. {) 28.9 21.3 0.02 -1.11 0.83 
40 21 4.72 1'1.34 18.3? 46.8 49.6 99.2 ia.1 151.1 1.18 1.06 '1.12 
41 23 5.06 l5.i4 14-.96 46.1 45.6 91.l , 29.9 s2.a 0.96. 0.96 1.00 
42 21 4.12 . 14.22 15.05 43.'1 46 ... 3 92.6 so.1 a2.& o.91 · 0.98_ ·o.99 
43 26 .5,13 , 131"82 13.46 42.1 41.6 83.2 26.9 32.4 0.86 o.a1 0.99 
44 21 5.08 14.44 14.21 47.4 46.7 93.3 28.4 $0.6 o.92 .0.99 · o.93 
46 26 4.88, 14.22 14.53 46.8 48.0 96.9 2s .. 1 so.4 . o.93 . 1.01 0~92 
46 22 6.55 16.46 14.82 41.0 42.S 84.? 29.S ss.o 0.96 0.09 -1.0'1 
47 21 4.56 13.44 14.74 41.1 45.1 90.1 29.6 ~2.1 o.95 0.96 o.99 
48 20 5.01 14.6714.64 48.4 48.3 96.6 29.3 30.3 0.94 1.02 0.92 
49 22 s.10 13.63 15.56 45.9 45.0 90.0 26.7 29.9 o.as o.96 0.90 
60 28 5.33 1a.a2 12.95 49.4 46.S 92.7 25.9 28.0 o.85 0.9'1 0.86 



!'.ABLE VII 

(Continued) 

Mo. Age Erythro- ~otal Rb Vol. Vol. Corp. Corp., Corp • Color Volume Satur. 
. oytes lib Coeft. Pkd. Coeff .. Vol. 11b Hb. ·Index Index Index 

Cells Cone. 

61 23 4.,49 14.0S 15.69 47.,4, 62.8 ,105.6 51.2, 29.6, 1.00 1.11 o.so 
52 24 4.88 16.14 16.51 48.9 50.l 100.2 -51.0 s-1.0 .0.99 1.os o.a, 

,. 

53 20 4.89 16.74 11.12 50.0 51.1 102.2 34.2 33.5 1.08 1.0?. 1.02 , 
54 26 4.88 15.90 16.29 43.9 46.0 90.0 52.6. ~6.2 1.04 o.95 1.09 
66 23 4.99 17 .. 05 11.00 49.6 49.? 99.4 34.l- 34.3 1.09 1.os. 1.04 
66 26 4.,54 15.14 15.68 46 .. 9 51.'1 103.3 ~3.3, 32.,S 1.0? 1.09 0 .. 98 
61 21 4.2'1 15.63 15.96 46.S 54.8 109.6 31.9,. 29.l 1.02 1.16 0.88 
58 21 4.88 13.25 lSi..58 43.,5 44.6 89.l zr.2. 30.6 0.8'1 o.94 0.92 
59 21 4.,97 15.64 15.7:5 45.9 4s.a 92.4 31.?, 34 .. 1 1.01 0.90 1.03 , 
60 23 4.80 15.59 lthOS 44.7 46.6- 95 .. 1 s2.1 · 34.4 1.03 o.9a. 1.05 .. 
61 20 4.74 13.63 14.38 43.5 45.9 91.,8 2a.8, 31.3 0.92 o.97 o.95, 
62 20 4.67 13.44 14.39 46.6 48.8 97.6 28.8, 29.6 o.a2 1.oz 0.90, 
63 20 5.0~ 14.00 l3.95 4?.5 4?..2 94.4 ?:l.9 29.G 0.09 0.99 o.so 
64 20 4 .. 89 14.44 14:.?'7 48.9 50.0 100.0 29.5, 29.5 0.95 1.os. o.oo' 
66 21 4.55 14.81 16.15 45.8 50.6 101.2 :;2.4. 32.0 1.03 1.01. 0.91, 
66 22 4 .. 99 ia.44 13..4'1 -41 .8 41.-9 95.a 26.9, 28.1 0.86 1.01 o.sa. 
61 22 4.85 15.82 14.24 47.9 49 •. 4' 98.8 28.5, 28.9 o.92 1.04 o.aa, 
68 22 6.45 12.89 11.ss 51.1 46.9 9~.8 23.?, 26.2 0.76 o.99. 0.11. 
69 20 6.14 13.07 12.'ll 48.0 46."1' 93.4 26.4. 21.2 0.82 0.98 o.e3, 
10 20 5.23 16.11 15.46 44.'1 42.7 85.6 so.9. aa.2 o.99 o.9o. 1.11 , 
'11 .~· 4.83 16.74 l?.33 ·.46.5 48.2 96.3 ~4 .. 7: ZG.O 1.10 1.01. . 1.os. 
?2 20 4 .. 92 14.0! 14.26·40.'1 41.4 82.!f 28.5 34.5 0.92 o.aa. 1.05: 
'13 io , 4;68 1s.oo 19.23.51.6 155.l 110 .. :; ~a.s 34.9 1.22 1.15 1.06 
74 22 4.68 14.90 15.92 46.0 49.2 98.3 31.8, 32.,4 1.02 1.~ 0 .. 1}9 , 
?6 21 5.08 18.-'10 18.41 61.0 60.,2 100.4 36 .• S. is .. , 1.18 l.OG 1.11, 
76 21 4.8-7 15.39 15.80 45.l 46.3 92.S 31.6 34.l 1.02 0.98 1.04, 
71 20 5.1"/ 14.·56 14.00 (8.8 41.2 94 .. 4 2a.2 29.e. o •. Do 1.00 0.90, 
'18 22 4.86 15.-02 15.45 45.0 46.Z 92.6 30 .. 9 3S •. 4. o.99 o.98 1.01, 
19 20 6.15 15.,14 14.70 4&.5 4'7.l 94.2 29.4 31.2 o._94 o.99 o.95 
80 21 4.61 14.13- 16.33 44~-4 48.9 96.3 30.:7 Sl.8 o.99 o.sa 0.97, 
61 20 4.21 13.63 15.96 49.5 51 •. 7 115.-5 ~1.9 27.6 1.02 1 •. 22 o.s4 
82 21 4.43 ns.a2 1s. n 48.,7 55.0 109.9 .31.4 28.6 1.00 1.16 o.ea· 
83 21 4.90 15.90 16.22 48.6 60.0 99.,6 32.4 32«6 1.04 1.06 0.99, 

·94 25 4.9,1 15.-39 15.58 46.,,9 47.6 94 .. 9 31.2 s2.s 1.00 1.00 1.00, 
85 22 4.99 14.44 14.41 tJ!l ... 4 47.5 94.9 28.9 ·30.S 0.93 1.00 o.93, 
86 26 s.os 14.44 14.30 48.0 47.5 95.o 28.6 30.l o.s2 1.00 0.92, 
8'7 22 5.~9 l"l.34 1s.09 ss.a 49.9 99 .. 8 32.2 s2 .. 2 1.03 1.os 0.97, 
88 26 4.32 14.90 17.25 46.:7 52.9 106.8 · 34.5 32.6 1.12 1.13 0.99. 
89 as 6.19 13,12 13.22 49.0 47.2 94.,4 26.4 28.0 o.s& o.99 o.as. 
90 26 5 .. 06 14i03 1:$.89 44 .• 4 44.0 87.9 21.a 31.6 o.ss o.93 o.96, 
91 24 4-.18 i4.61 l.5.35 44:ll 46.8 93.6 80.'1 32.8 o.98 o.98 1.00, 
92 26 4.95 14.90 15.05 43.5 44.0 87.9 30.0· 34.3 , 0.97 o.ez 1.04. 
93 29 4.85 1s.s2 14.25 49,0 60.5 101.0 28.5 28.2 0.,92 1.oe o.as. 
94 ·22 4.86 14.66 14.98 45.0 46.4 . 92.G ao.o 52.4 0 .. 96 0.9a · o.9a, 
95 26 4.58 15.:02 16.40 47.4 51.'1 103 .. 5 32.8. 31.7 1.04. 1.09 o.ss, 
96 21 5.11 1s.02 15~68 48,! 41..2 .. . 94.3 31.4 33.2 1.01. 1.00 1.01, 
91 21 6."35 16.59 15.51 47,9 44~8 89.5 si.o· 34.6 o.99 o.94 1.05, 
98 · 27 4.61 14.,67 15.91 44.4 48 .. 2 96.Z 31.8 s:;.o . 1.02 · 1.02 1.00, 
99 23 6.23 14.56 13.91 49.5 47.3 94,6 2'1.8 29.4 o.s9 0.99 o.ss, 

.100 25 5.19 16.31 15.11 46.5 44.S 89.6 31.4 36.1 1.01 o.9-!l ·1.01. 

Mfi'..Al\J 4.84 15.12 16.71 46.,5 4S.3 96.5 31.4 32.4 1.01 1.02 o.99 



TABLls VIII 

BLOOD Fl.NDINGS IN 80 NORMAL l!EN AGED 20-30- S~D AF'lER 

A 1/2 ltOOll PERIOD OF_ INACTIVITY · SERIES·II 

Subject. Eryttr~~ . Total · Total lrol. Corp. Corp. ·Corp. Bb. 
tfo .. · oytetf . Hemoglobin Packed Cell~ Vo1Ulll8 Hemoglobin Cone. 

ff 
101· 4.91. -13.64 45.3 92.3 2'7.8 . 30.l 
102· 4.66 -13.44 41.2 88.4 2a.a· 32.6 
103' 4.39 13.26 42.8 97.5 30.9 31.0 
104· 4.58 13.64. 44.6 97.4 29.8 30.6 
105· 4.42 13.66 44.2 100.0 30.9 30.9 
106 4.03 12.73 42.4 105~2 31.6 so.o 
107 s.ss 13.04 44.6 115.S ss.9 29.2 
108 4.o& lS.58. 44.1 .. ·· 1oa.s ss.o so.s 
J.09 4.01 12.98 45.5 113.5 32.4 28.5 
110· 4.65 14.71 . 46~8 100.6 Sl.6 31.4 
111· 4.65 14.34 45.4 97.6 30.8 31.6 
112 4.45 12.81 43-.o 96.1 28.8 29.8 
113 4.81 13.92 48.0 99'i.8 29.o 29.0 
114 4.,8? 12.os 48114 9i1.4 25,9 26.l 

-116· 4.80 13.63 46.0 93.8 28.4 30.3 
116 ~- 4.59 14~13 45.6 99.3 30.8 31.0 -111·,--:· 4.31 13 .. 63 42.1 97.7 31.6 32.4 
118 4.56 13.92 45.6 100.0 30.5 30.5 
119 4.5'7 12.56 40.9 89.5 27.5 30.7 
120 4.42 15.63 43.o 97.3 30.8 31.'7 
121 4.66' 14.79 ., .. 41.8 102.;6 31.'/ 30.9 . ,·i.~-

122 4.66 13.25 ,',. 42.? 91.6 28~4 31.0 
123' 4.-92 13.26t~' · 48.o 93.5 26.;9 28.8 
124· 4.41 13.53 ~; · 42.l 96.5 30.7 32~1 
12s· 3.81 10.20 37.6 98.1 26.8 27.1 
126 4.82 lZ.63 41.0 97.5 26.2 26.9 
127 4.47 12.31 45.6 102~0 2'7.5 21.0 
128· 4.01 11.29 42.5 104.4 21.1 26.6 
129 4.51 12.07 . 43,.9 96.1 26.4 27.5 
130 4.56 13.0'1. 46.? 102.4 28.? 2a.o 
131' 4.80 13.34 46.S 96.5 27.8 28.8 
132 4.76 12.81 43.4- 91.2 26,.9 29.5 
133 4.96 1s.21 46 .. 5 91.7 26.8 29 •. 2 
134· 4.57 13.63 41.l • '!,. 89 .. 9 ' 29.8 33.2 
135 · 4.89 14.13 47.5 . .:: 97.1 ' 28.9 29.1 
136 6.00 14.lS . 43.6 a1.o 28.S 32.5 
137 4.98 14.46 45.4 91 •. 2 29~0 31.9 
138 4.55 12.89 •.i,·:. 45.o 98.9 28~5 28.6 
139 4.62' 14.56 42.2 91.3 31J5 34.5 
140 4.44 13.63 4h9. 94.4 30.'1 32.5 
141' 4.59 14.13 43.4 94.6 so.a 32.6 
142. 4.14 12.47 '39.6 95.4 30~1 31.6 
143 · 4.53 13.44 41.1 92.l 29~7 32.2 
144 4.86 13.92 . 43.o 68.S 28.6 32.4 
146 4.90 14.66 45.1· 92.0 29.1 32.3 



TABIE VIII - (Continued) 

Subject Erythro• total Total Vol .• Corp. Corp. Corp. lib. 
No. cytea _Hemoglobin Paokod Cells 'Volume Hemoglobin cono. 
146 4.99 15.26 46.l . 92~4 30.6' ·33.1 
147 s.01 14.22 42.9 84~6 28.0 '33.l 
148 

•' 

3.97 14.21 43.8 110.3 ·3s.s ·i2.4 
149 4.13 13.44' 48.8 118~2 32.5 "?:1.5 
1so·. 4.62 14~22 42.'1 92.4 30.8 '.33.3 
161 '4.61 13.92 41.9 ' 90~9 30.2 I 3S1r2 
152 ·4.98 15.03 44•3 ' 69.0 30.2 33.9 
153 -4.s1· 14.34 44.4 ·101.s 32.8 32.3 
154 '4.64 14.56 45.,7 98.5 .Sl.4 31.9 
155 ·4.,94 15 • .61 46-.6 94.,3 -31.4 33.3 
156 ·4.93 15.39 45.3 . 91.9 s1.2 34.o 
167 '4.20 -14~13 41.6 

. 99.0 33.6 . 34.0 
158 '4.,92 16.51 47.3 96.1 33.6 34,.9 
159 '4.18 l.3.72 42.3 ·101.2 32.8 32.4 
160 '4.92 14.56 43~2 67.8 29.e. 3S.7 
161 '4.16 12.15 39.0 93.8 29.2 31.2 
162 ·4.23 12.41 . 38,.2 ' 90.,3 29.3 32.5 
163 '4.'14 16.02 43.7 92.2 33.8 36.7 
164 '4.,64 14.68 45.7 98.5 31.6 32.l 
165 '4.:?J. 13.63 r 40.0 95.o 32.4 ._34.l 
166 '4.,92 14.'16 43.6 88.6 30.0 33.9 
161 '4.81 14.34 45.3 '93.0 29.4 .31.7 
168 '4.98 16.02 ' 45.8 92.0 32.2 36.0 
169 3.82 12.89 40.4 '105.8 33.7 31.9 
170 ·4;,.47 J.3.?2 41.3 ' 92.4 30.'1 33.2 
171 '4.59 15.39 43.3 ' 94.3 33.5, 36.5 
172 '4.41 13.44 42.? 96~8 30.5 :31.5 
173 '4.,66 14.56 45.6 97.9 31.2 ,31.9 
174 '4.42 13.92 43.l 97.5 31.6 '. 32.3 
1'76 . 4 .. 54 13.92 42.3 93.2 so.1 32.9 
176. '4.83 14.03 40.8 84.5 29.0. ,. ,34.4 
177 4.45 13.25 41.8 93.9 29.8 . 31.7 
178 '4.65, 13.07 42.2 90.8 28.l :u.o 
179 ·4.95 13.82 45.4 91.7 27.9. 30.4 
180 ·4.41 12.89 41.2 93.4 29.2 31.3 

Mean '4.569 13.742 43.?90 96.13 30.14 31.42'' 



!ABLE IX 

CWPA'RISON OF SERlES I Alm. II 

After . After 
Rendon Aotivit,- Half Hour Res't Ditterenoe 

SUbjecta; 1-S0 Subj~ota 81~160 

.ERtmROOYTFS . 

.ffli'J&OGLOBI?l 

, vor.mm PACKED. CELLS. 

wa ooRP. vonms 
mAN CORP. B&OG-LOB~ . 

4.s20_.ooo 
15.17 

46 .. 8 

96,.2. 

81 .• 6, 

4~570~000 

96.l 
·30.1 

81 .. 4 



T.ABIB X 

ERYTBROCYm COUNT• QUANTitt OF REMOGLOBIN . .AW PACKED CELL 

VOIIJME FOR 20 SUBJECTS BEFORE .uiD AFTBR A Olffi..UOUR 

PERIOD OF INAOTIVI1Y 

Subject Erythrooyto Oount Quautity of Hemoglobin Packed Cell'Volume 
No •. Before After Daor •. or Before After- Deel"• ar Bo.fore After Deer.or 

1ncl"8ase Inorease Inaroase 

81 4.27 4.21 .oo 13.63 13.65 . .oo 49.3 46.8 ,2.6 

82 4.43. 4.19 .. 24 13.92 13.92 .oo 48.7 44.6 4.1 

83 4.90 4.43 ·.41 15.90-13.82 2.oa '48.8 43.6 s.2 
84 4 .. 94 4.36 .58 15.39 13.82 1.57 46.9 42.8 4.1 

.. 
85 4.99 4.53 ... 46 14.44 13.'72 . ( . .. 72 47 .. 4 45.9 1.6 . 
88 5.05 4 .• 59 • 46, 14.44 16.39 .95 48.0 47.4 .6 -

5~39 
.. 

87 4.99, .40. 17.34 ,15.90 1.44 .53.8 50.8 z.o 
88 4.32 4.26 .oo 14 .. 90 1s.s2 1.oa 45 •. 7 45.0 .1 

. 89 5.19 4.41, .?~ 13.72. 13.'12 .oo 49.o -45.7 3.3 

90 5.05 4.16 .29 14.03 12.a1 1.22 44.4 42.5 1.9 

91 4.18 4.04 .74 14.6'113.0? 1.60 44 .. ? 44.0 .?· 
92, 4.95 ,4.44, .51 ·. , , .14.90 14.35 .55 43.5 43.6 .1 

'!. 

9S, 4.85 , 4.60 .. . .• 25 13.8212.12 1 •. 10 49.0 45.9 8.1 

94 4.86. .4.46. , ,.40 14.58 13.16 1.40 45.0 40.6 4.4 
. ' 

95, . 4.58 . ,4.07 .51 15.02 11.63 3 .. 39 47.4 41.8 6.6 
' .. 

98 5.11. .. 4.52 ..59 16.0215.39 .63 48.2 ,43.4 4.8 

97 5.36 4.88 .41 lG.59 15.64 .95 47.9 45.2 2.7 

90 4.61 4.28 .33 14.67 12.12 1.95 44.4 40.0 4.4 

99 5.23 4.56 .• 61 14.56 13.25 1.31 49.5 46.0 a.a 
100 5.19 4.60 .59 16.51 15.39 .92 46.5 41.0 5.5 

MEAN 4.90 4.46 3.1 



'!'.ABLE n 
'STATISTICAL SIGHlFIC.Al'iOE OF DECREASE IN CIRCULATING 

ERn'llRocYTES Al~D HEHOGLOB!N FOLW'lmG lNAOT!Vl:l.'Y 

Dit!'arence- .between .mean. . ... D~fe?'Gnoe betv.vcm mean 
vali.i49s ot Series 1. sampled values ot Series III 
afte-r ra:ndaa activity and attar rand0111 activity 
Series ,II. sampled attor ½ and after l hour of 1n~ 
hour of ine.ctivit;y. activity. 

, Dift'eTenoe. Ditt. Sig- Difference Dirt. ,1g-
+ Probable Error '.P. If..' nit • . + Probable Error P. E. nit. - - . 

ERYfflROCYTES, 

HEMOGLOBIN 

VOLUME. P.ACKED, CELLS 

MEat CORP. vounm 

''ii IO, I• , , I:, I, , 1 

.13 • 

Jm.m CORP •. ltEUOGLOBlN .. ,,.,, ... , . , , . , 
.CONOENTRITIOB 1.2 + .?:11· 4.4 + -

. ' 
440#000+29.100 - . 

1.05 + .139 -
3.1 + .262 -
2.3 .801 -
.6 .538 -
.2 + .281 -

14.8 + 

7.6 + 
n.a + 

2.9 -
1.a -
.7 -
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