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PREFACE

The inereasing importance of an accurate knowledge of
the formef elements of the blood has made the scientific
world conscious of a need for reliable standards. The count-
ing of the erythrocytes, measurement of hemoglobin content
and the Adetermination of the packed cel; volume of the blood
are routine clinical procedures in the gifferentiation of the
various types of anemla. Obvicuély, before an intelligent
interpretation of the results of these procedures can be made
in anemic patients, a definite knowledge of the values in the
normal person is necessary. These values are also physiolog-
ical measurements used as criteria in the determination of the
nutritional status of an individual,

Since the values given as normal in the literature vary
wicdely, il secems advisable to analyze samples of bloog from:
persons living in a number of localities which differ in
climate and altitude. From such a comparative study, adaptation
of universal standards may ultimately be possible, or the
establishment of sgeparate regional standards may be necessary.
Heretofore the college girl has been congsidered as an adult
and judged by adult standards. Since many girls enter college
between thie ages of sixicen angd twenity years, it may be a
fallacy to classify her with mature women. This study ol the
formed elements of the blood presenis observations on the hemo~
globin content, the number of red cells, and the velume of
packed cells of the blood of 10l (Oklahonma college women whose

ages range from seventeen to twenty-tiree years, inclusive.



HISTORICAL REVIEW

Some of the mosi important physical characteristics of
the erythrocytes and their variations in disease have been
known since the first Aays of the microscopic study of the
blood. The development of hematology as we know it today be-
gan in the middle of the nineteenth century when Vierordt
(56), in 1851, first enumerated the red blood cells and thus
atimulateAd the work in the counting of cells. With Welcher
(45), a student of his, he made a study of the red cells of
the blood of four subjects. Nallassez (25) published a
monograph on the enumeration of the erythrocytes in 1873. A
few years later, in 1877, a counting chamber was devised by
Gower (11) which remained the standard piece of apparatus
until recent years. The original crude and laborious methods
were rapidly improved, and now the counting of the blooad cells
is a routine clinical procedure.

The blood pigments were first brought to the attention
of the hematologist with the Alscovery of hemoglobin by Funke
(9)y in 1851. He was able to isolate the pigment in erystal-
line form. Welcher (46) is credited with the first clinical
estimation of the hemoglobin content of the red blood cells.
This Aetermination was made in 1854 by comparing a fixed
Ailution of the unknown blood with dilutions of normal blood.
Interest in hemoglobin spread and soon quite complete analysis
of its crystals were made. Hoppe-Seyler (23) was responsible
for the establishment of the importance of the blood pignents
in tissue metabolism. His early work, in the years 1871-1875,



showed that hemoglobin combined with oxygen in the lungs to
form oxyhemoglobin, which in turn gave up its oxXygen 1o Lhne
tissues and became reducesd hemoglobin agaln. Soon after Hoppe-
Seyler’s work, Halcane (18) fevises a methes for measuring the
gages of the bloes. In 1892-1900, he observes thut on the
afasition of potassium ferricyanicde $0 & solution of oxyhemow
glokin, the oxygen was guantitalively releases. The amount
of oxygen thus gliven up by the oxyhemoglobin was measures in
a gas apalysis apparatus. Haldane found that one gram of
nomoglobin releage” 1,54 cubic centimeteors of oxygen. Thig
metho? of analysis was afapted by Van 3lyke (54) to his
apparatus for the analysis of the bloos gaecs. The improved
apparatus of Van Slyke is 1ln wide use tofay en® provifes an
aceurate, rapis ans simplﬁ method ?@f Aetermining lhe hemo-
globln content »f the res cells ans for checking other
apparatos an”® npetliofs.

Farallel to this Aevelopment of the determination of
hewmoglobin by measurement of the bloos gases vas the Aevelop=
ment of the colorimeteric methoA. Hoppe-leyler (22), in 1892,
was the firsi 1o Sescribe carbon monoxide hesoglobin an® to
make use of Lhis stable combination for the estimaiion of the
hemeslobin content of the red cells. He devised a “Aouble
pipet? for comparing the unknown carbon monexide hemoglobin
salution with &4 stuandars solution prepared from hemoglobln
crystals. The metho® never came inte general use because of
the technical ~ifficulties involves. 1In 1900, Halsane (13)
suzpested o mueh simpler neithed Tor comparing carbon floxide

solutions by uaing the apparalus employe® by Gower (3%} to



compare oxyhemoglobin solutions with picrocarmine standards.
This apparatus was later employed by Sahli (38), in 1909,
who prepare® an acid hematin solution by adding Ailute hydroe
chloric acid to the blood. 1In 1918, Palmer (34) advocated a
methoA for genmeral use in hemoglobin determinations in which
the bloo® was ireated with an ammonia selution an® an
illuminating gas. This carbon Aioxide hemoglobin was then
compared with a carbon Aloxide hemoglobln standard. Osgood
an® Haskins (30), in 1923, modifie® the acid-hematin method
of Sahli an® prepared a new standard Lo be use® in comparing
the unknown aci® hemalin solution. This aciA hematin method
affords a quick an® relatively simple method for determining
the hemoglobin content of the blooAd an® is used extensively
today.

With the advent of the above mentioned methods for
counting the erythrocytes and for determining their hemoe
globin content, clinical application of these estimations
were made juickly. Johannes Puncan (8) was the first person
L0 recognize the possibility of a relationship between the
size of the cells and their hemoglobin content and the possible
variation of these with Aisease. In 1875, he Ademonstrated the
relation between the decrease in the hemoglobin content and
the size of the erythrocyte in a case of chlorosis. Welcher
(45), in 1854, determined the volume of the red cell, with the
aid of plastic models, and found that the corpescle was
smaller in a case of chleresis than it was in normal subjects.

The next step in the Aevelopment of hematology came in

the late nineteenih century with the work of Biiebtreu and



Bliebtreu (32). These workers were responsible for the first

practical methos for the cliniecal Aetermination of the voluae

vt

of the res cells. Credlt for the introduction of the hematoerit
methof for the determination of ithe volume of the read celis be~
longes to Hedin (21), ralané (7) and CGeertner (10), vhose works
were reported inm 189C-1892. In these early melhods the cells
were separated from the plasma of the blood by centrifuging a
given guantity of blood for a deiinite time. Caski (6), in
1828, was the first to epmphaslze centrifugation to a constant
volume rather thap for a deflinite lengih of time.

+3

By the end of the alneteenth century, methods were avail-

able for the determination of the volume and the diameter of
the cells, and a few students of iLhe anemias knew of the more
important changes which might occur in the size and hemoglobin
content of the cells. In 1903, Capps (3) reported studlies on
one hundread and seveinty-five persons, ten of whom were normal.
These stusies includesf estimations of tﬂD hemoplobin content
of the cell by the Flelschl method; red cecll counts; cell
volume determinations by the hematoerii method; computaition of
the average dlaneter of the cell, based on the measurement of
one hunfred cells with the eyepicce micrometer; and the calcu-
lation of ihe color index anad thie volume index. Has the
methors used veen as accuraie as those of today, undoubtesly
Cupps woulk? have aiscoveresd everything that is now known of
the valuwe of lhese indlces. With the technic used he could

nov have obtaines full packing of the red cells. He centriiu-

gater at 10,000 revolutions per minuie for three minutes, and

relied on the spees o manipulation to secure packing of the



cells before coagulation occurred. His hemoglobin estimations
were not expressed in absolute values and cannot be trgnarormeﬂ
into them. His normal standards were based on the study of
only four men and six women. Notwithstanding these facts, he
arrivea at the following general conclusions which have been
substantiated by other workers who used more accurate technics:

l. "The centrifuge accurately Aetermines the mass of

the read corpuscles, but cannot be relied upon to esti-

mate the number of red cells, because the velume of

the cell undergoes variation in Aisease.

2. The volume of the inAividual erythrocyte is best

obtaineA by using the centrifuge in conjunction with

the hemacytometer. . .

3. The cell volume is invariably increasea in perni=-

cious anemia and usually more so than the hemoglobin
content of the cell. + ."

Early workers foun® a gr;at deal of varigtion in the act~-
ual valges for hemoglobin, red cell countsrana cell volumes,
obtaine® by the above procedures, from studies of the blooa of
apparently normal subjegta. Thesg Aifferences were Adue to the
inaccuracy of the methods employed, to the variety of methods
used, and to the small number of ohse;iations made. DBecause
of the Aifferences in the pethods usead by tpe_various workers,
their Aata cannot be pooleA to establish standard values.

Although an accurate knowledge of the number of red cells
is of funAamental importance, the present accepted standaras
for this value were baseqd on insufficient and inaccurate gdata.
The generally acceptn ?tandfra for the norma} ery throcyte
count in adults is based on Aeterminations made by Vierorgt
(56) ana Welcher (45) on four subjects in 1854. Only in the
last Aecade has the wisAom of Arawing conclusions from data

taken on only a few subjects been questioned, and has an attempt



been made to supply an aﬁequ&te‘numbgy of observations

The normal h@moglabin stanéérﬁsﬁfor women of from 13,0
to 14.0 grams per one hundred cabic centlmeters of Dbloon,
which appear in most of the textbooks of clinical Adliagnosis,
were based on Leichenstern's (39) study. In 1878 he made
sixty-one deierminations of the hemoglobin of normal ingdi-
viauals of @ifferent ages by the spectrophotometric method.
He founad the average for the women to be 13.10 grams and for
the men to be 14.00 prams of hemoglobin per one hundred
cubic centimeters of bloea. The accuracy of the fetermina-
tions made with the specirophotometer depends on the
correctness of the absorption ratio, which ratio varies with
the @ifferent observers. Therefore, the values obtained by
tiie Aaifferent workers by this method are not comparable.
Various standaras which have been base® on determinations
made with an hemoglobinometer appear in the literature. The
number of entirely aiflerent values used as normal, or one
hunared percent, in the calibration of these instruments
indicates the inconsistency of the early data obtainead with
Lhenm.

Hogt of the textbooks of physiology ang clinical path-
olgy give the normal volume of the re@ corguscles as forty
percent of the volume of whole blood. The early values foungd
in the literature range from thirty-nine cublc centimeters

i

whole blooa, reportea by Hasen (15), to foriy-one cubic

(263

centimeters, reportea by Bonninger (4). In most of the
studles before 1929, centrifugation to a constant volume was

not uses in the Jdctermination ¢f the volume of the erythro-



cytea. Zven though these early studlies were inaccurate, the
results were lairly consistent,.

The knowledge gaines from these early hgmatalogical ine-
vestigations was purely academic. The procedures were little
.employed by the medical profession until sometime later, early
in the present century. ®Within the past len years they have
grown to be of great clinical importance especially in the
diagnosis of the anemias. Although anemia has been recognized
clinically for years, our present understanaing of its real
nature anA its variations has come largely from the laboratory
stufies oif the erythrocytes. An accurate Aifferentiation of
the various types ol anemla depends to a greal extent on the
Aetermination of the physical and chemical properties of the
red cells, estimation of their hemoglobin conient anad their
volume. Hematology is not only imﬁertagt in the fiela of
meadlcine but is recognized to be of fundamenial importance in
the science of nutrition. Secongary anemia may be due Lo a
nutritional feficiency of iron, 8Since it is known that the
hemoglobin moelecule contains four molegules formead of an
iron-pyrrol compound known as hematin, the estimation of the
nemoglobin content of the cell mey be used as an indirect
measure of the iron content. It has been shown that adiet

plays an important part in the therapy of the anemias.



REVIEW OF THE LITERATURE
l. Erythrocyte Counts

Many studies on the number of red cells in a given volume
of blood have been reported., In this review of the literature,
however, only those studies on normal women from seventeen to
thirty years of age, inclusive, will be considered.

A survey of the literature shows that counts of the
erythrocytes were made on normal women of this age group as
early as 1920, Hany counts had been reported earlier, but the
ages of the subjects were not given. Bierring's (3) study of
three Swedish women, in 1920, gave an average erythrocyte count
of 4.24 million cells per cubic millimeter of blood. Gram anA
Norgaara (13), in 1923, made a similar study in Denmark on six
women in this age group. The average number of red cells was
found to be 4,59 million per cubic millimeter of blood. Two
other studies which were made in renmark have been reported.
The first of these was that of Bie and Moller (2). In this
study determinations were made on ten ranish women, aﬁd a
mean count of 4.74 million was found. The second study was
that of Rud (37) in which an average of 4.80 million cells
per cubic millimeter of blood was reported. The earliest
study on this age group of women in the United States was re-
ported by Haden (15). His work was Aone Auring the years of
1923 anad 1924 on twelve women residing in Missouri. The re-
sults of these Aeterminations indicated an average erythrocyte
count of 4,26 million per cubic millimeter of blood.

The first accurate study of this age group of women which

included a large number of observations was reported by Osgood



and Haskins (31) in 1926, These authors presented determin=-
ations on one hundred women residing in Oregon, all_of whom
were nurses with the exception of a few medical students. A
mean red cell count of 4.84 million was found for the twelve
women of the group who were eighteen years of age. For the
eighty-eight subjects who were from nineteen to thirty years
olA, inclusive, an average of 4.79 million cells per cubic
millimeter of blooA was reported. The average of the entire
series was 4.80 million, an® ninety percent of the cases fell
between 4.3 and 5.3 million cells per cubic millimeter of blood.

Wintrobe (48) in summarizing the data of the hematological
stufies reporteda pr;or to 1930 in both the United States and
Europe, has reported that the average for the 186 women in=-
clude” in these studies was 4.78 million cells per cubic milli-
meter of blood. In 1930, Wintrobe (49) presented the results
of his own study of fifty women students of Newcomb College,
New Orleans, Louisiana. The subjecis were from eighteen to
thirty years ol®, inclusive. The methods employed seemed to
be quite accurate anA all of them presented a relatively low
probable error. An average erythrocyte count of 4.93 million
per cubic millimeter of blooa was found.

Seeking to establish normal standards for red cell values
for residents of Colorado, Andresen and Mugrage (1) carried
on studies for over three years on a large group of subjectis.
Included® in the study were determinations of the number of the
reA cells of the blooA of forty women from the ages of twenty
to forty-five years, inclusive. Their findings, published in

1936, showe® that the mean red cell count for the women was
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4,63 million. Their fata is of particular significance &s
it is the most comprehensive study yet reported on women re-
siding atl an altitude of SOOQ ;eét.ar mnore,

Two other studies were reported in the literature in
which the ages of the subjects were noti available, The first
was that of Haden (17) published in 1932, peterminations of
the erythrocyte counts of thirty women residing in Detrolii,
ilichigan were made, The average number of red c¢ells of the
group was reported as 4.38 million per cubic millimeter of
blood. The second study was that of ﬂintrébeigéi)fin which
101 women of Baltimore, Haryland served as a#bﬁécts. The
results of the determinations, reported in 1953, gave a
mean red cell count of 4.84 million per cubic millimeter of
blooe for this group of subjects. The data from these studies
of red cell counts of women have been summarize? and are pre-

sentea in table 1,



TABLE 1

dean Values for the Rumber of Red Cells of the
Blood of ‘omen from 18 to 30 Years 014,
Inclusive, {Reportved Since 1920)

Authority Number of Fed Cells in
and the ‘Date Subjects millions per
Location Co MMe
Bierring (3)

Sweden ) 192 3 4,24

Rud (37)

Denmark 1822 8 4480

Bie and mbller (2) 1922 10 4,74
Denmark

Gram and

Horgaard {13)

Tenmark 1923 B 4,59

Haden (15)
Missouri 1983 12 4,826

Osgood and
Haskins (51)
Oregon 1926 100 4,80

Wintrobe (49)
New Orleans 1230 50 4,93

Haden (17)
Detroit 1932 30 4,38

#introbe (51)
Baltinors 1933 ' 101 4,84

Andresen and
¥ugrage (1)
Denver, Colo. 1936 40 4,63
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2. Hemopglobin Content of the Blooa

The inaccuracy found in the early Aata from studties of
the number of red cells is also evident in the gats from the
early estimations of the hemoglobin content of the erythro-

cytes. Tue to the lack of standard methoeds ang to the

*

P

insufficient number of observations, the results ¢f these

{

first geterminations are very unsatislactory.

One of the earliest studies on the hemoglobin contant
of the reg cells of ihe hlood of women whose ages were from
gighteen to thirty years, inclusive, was that of Williamsen
{47), reported in 1916. Nine hundred determinations ef the
hemoglobin content of the cells were made, with ithe speciro-
photometer, on & large group of subjects of bolh sexes angd
of all sges. Williamson reported that the forty women from
sixteen to sixty years of age, inclusive, had & mean hemo~
¢lobin value of 15.55 grams per ene hundref cublc centimeters
of blooa.

Prom 1921 to 19283, inclusive, Haden (15) made hemoglobin
determinations on rifty-iwo normal infividuals. Of this
group, btwelve were women of from twenty to ferty years of age.
With Halsane ferracyanide methoAa adapted by Van Slyke, Haden
founs that the average hemoglobin value for these women was
13.34 grams per one hundred cublc centimeilers of blocd.

Several European studies on the hemoglobin level of
women, eighleen to thirty years ola; inclusive, were reportied
about this same time. In 1923, Gram and Norgaars® (13) de=-
termineA the hemoglobin of gix Swedish women of this age group

by means of the Autenrieth-Kenigsburger colorimeter and foung



that the average hemoglobin of these women was 1E.83 grams per
one hunéred cubic centimeters of blood. Bie and Moéller (2)
reported a study of ten women of renmark in 1922. They made
their determinations by means of a Melsling colorimeter. The
mean hemoglobin value obtained by these workers for the women
studied was 153.30 grams per one hundred cublie ¢entimeters of
blood. Rus (37) reportee an average of 12.28 grams of hemo=-
globin per one hundrea egbie centimeters of blood Tor hemo-~
globin fetermninations made on nine ranish women, whosge sges
ranged from eighteen to thirty years, inclusive. His work was
done by the celorimetric method for measuring hemoglebin, angd
he used the same type of apparatus as that of Gram and Norgaard.
In erder to summarize the hemogleobin values thati have
been reportes recently, s comprehensive analysis of the data
on the hemoglobin content of the erythroecytes of women from
eighteen to thirty years of age, inclusive, has been made.
Cnly those subjects who were resifing ip the Unitesd Stales
anf only ﬁhese reports which have been made since 1926 have
been inclufed im this analysis. The resulis are preseanted

in table 2.



TABLE 2

14

¥Fean Values for the Hemoglobin Content of the Blood of Women
Residing in the United States, (Reported Since 1925)

Authority Humber Hemoglobin,
and Date of Method Used in grams
Location Subjects per 100 cc.

Osgood and
Heskins (31) Osgood and Haskins ,
Qregon 1926 100 acid-hemstin 13.69
Wintrobe {49) Newecomer hkemoglo-
New Orlezns 1530 50 binometer, checked

by oxygen capacity 13.76
Haden (17)
Detroit 1932 30 Oxygen used 13,37
Wintrobe (51) 1933 101 Seme as New Orleans

study 14.41
Andresen and Acid hemetin,
Mugrage (1) checked by oxygen
Denver, Colo, 1936 40 capacity 14,48




%+ Yolume of racker Cells of the Blood
The earlier feterminations of the volume of the eryihro=-
cytes by ihe nematoerit method have been criticized because
of their inacguracy, and in peny reviews of these stulties ihe
figures are not given because they are considered to be of no
value. Bonninger (3) was the fifst o stady &_cémpa?atively
large number of sabjecis. In 1919, he repories determinations
of the volume of the reA cells on sixiy indivieuals. an

averagze of 41.00 cubic centimelers of packesd gells per one

aunfre’ cubic centimeters of whole bloor was given for the
women of the group. His feterainations were far from agcu=
rate. BReieh (32) was apparently the first to use oxalatesa
vlood for hematological stucles. In 1921, he reported values
on thirtye-three sabjeclis with various Alseases, fifteen of
vhom he inafvigesly used as noramals., Since the meihods were
inusccurate and the sex of his subjects wss not available, his
results are not to be given here. ruring the years of 1842
and 1983, Haden (15) made feterminations of the packed red
ecell volumes of twelve women. e gave an average of 38.7
cublic centimeters of cells per ene hundred cubie centimeters
of whole bloas for-this group. Tﬁe accuracy of Hafen's
figures was questionea by Osgood (352) because the setermina=
tigﬁs were mase by centrifuging for o Aefinite time interval
ansd not Lo & cénstant volume of the cellsg.

The later and maré agguraie stodies began with the work
of Usgoof ane Haskins (31) in 1926. 4 mean of 41.00 cubie
centineters of whole ble@é'W&s»répﬂrtee by thege workers for

feberainations on one hundred women of Portliand,; Oregon.
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The fellowing year & stuay of southern women appeared in thg ]
literature. This was the work of Wintrobe (49) which included
red cell volume Acterminations on fifty New OUrleans college
stufents. The author felt %hat the availahle hematoerilt tubea'
vere inaccuratbe an® therefore deviszd his oun by cubtbting off

a lohr plpet and carelully recalibrating it. A mean 5f‘59‘5
cubic centimeters of packed cells per one hundree cébic.ceﬁti—
meters of whole bloog was cobtaines in this study. From &
stury cf thirty women of retroit, in 1932, Haden (17) con=-
cludead that the packed cell velume per one hundred cubic
centimeters of bloo® for this group was 3%.8 cubic centiseters.
In 1933, Uintrobe (51) mase o comprehensive study of 101l wemen
residing In Baltimore, Haryland. He inficated that the mean

volume of packed red cells for this study was 42.00 cubic

centimeters per one hundred cublc centimeters of whole blood.

Mugrage anAd andresen (1), working with forty women of Tenver,
Colorado, reported the results of their study in 1836. In dee

termining the packed red cell volume theyruaeé the Van Allen
hematocrit tube at first but later changed Lo the Wintrobe
tubes because they felt that the latter were more accurate.
Their results show an average packed cell volume oI £3.2% cuble
centimeters per ong hundred cubic centimgeters of blood. Lurphy
{28) reported, in 1921, a relatively small number of fetermina-
tions of the packed cell volume on Lwenty-one women of E&sﬁan,
Bazsachusetts. He observed a me&n_of 41 .20 cubic centimeters
of packed red cells per one hundred cublc centimeters of whole
bloog. A summary of these later studies has been made und the

resulis are presented in table 3.



TAEDLE 3

Mean Values for the Packed Cell Volume of the Blood
Of Wormal Yomen of the United Btates
(Heported Since 1922)

Authority ' Numb ¢ Volume of

and Date gug erto Packed Red Cells
Location Subjects in ec. per 100 ecc.
Haden (15)
Missouri 1223 1z : 35.76
Osgood and
Haskine (31)
Oregon 1926 160 41.00
Wintrohe (49)
New Orlesns 1930 o0 39,50
¥urphy (28)
Boston 1931 101 41 o 20
Haden (17)
Detroit 1832 30 39.80
%introbe {(51)
Beltimore 1933 101 48.00

¥ugrege and

fndresen {1) 1936 40 43,22
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EXPERIMENTAL PROCEPURE

1. Subjects
The subjects of this investigation of the hemoglobin,

erythrocytes, and cell velume of the blood were 10l women
enrolled as freshmen in the Oklahoma Agricultural and Mechan=
ical College, Stillwater, Oklahoma. The ages of these
subjects, who were selected at random, ranged from seventeen
to twenty-three years, inclusive.,

In addition to the apovo study of the formed elements
of the blood, twenly-six determinations were made over a
period of thirty-four days on a graduate student. This phase
of the study was conducted to observe the normal Aay-to-day
intravariation of hemoglobin, the number of rea cells, and
the packea cell volume, Tesis were made throughout one
complete menstrual cycle of the individual.

All of the Aeterminations were made Auring the months
of February and March in the year 1939.
2. Methods

The blood was taken, usually between the hours of eight
and tweive in the morning, from the finger by use of a spring
lancet. Freely flowing bloo” was use® in all of the geterina-
tions. After the capillary was punctured, the first Arop of
blood was Aiscarded because of its possible dilution with
tissue fluid: The bloo® was then allowed to Arip into a
small parafin cups The samples of blood were taken either
directly from the finger or from the cup.

The activities of the subjects prior to the examination

were not controlled, however, all of ihe subjects were re-



gquired to rest for at least ten minutes before the blood was
taken. The date of the beginning of the last menstrual period
was recorded, even though mensiruatioen has been shown %10 have |
no significant effect on hemabological values (24).

For the adeterminations of the.red cell counts, at leasti
two pipets were prepared from each sample of blood. A 1;200
Adilation was made with aéyem'a diluting fluid in Thoma and
Trenner gipets certified by the Hational Bureau of Standards.
Four counts were made on each subject, two from each pipet.
4 cepbifies Levy-Hausser counting chamber which had the im-
provead Eeubadar ruling was employed throughout. In counting

the cells the following procedure was used:

1. The pipels were shaken by the approved methoa

for at least five minutes.

Z. The fluief in the capillary of the pipet was
dlscarde” before the counting chamber was
fillea. Special care was btaken to fill the
chamber exactily.

3. The cells in five large squares, cach of
whlich contained sixteen small sguares, were
gounted and totaled.

4. The total was multiplied by the faetor 10,000
to obtain the number of cells in one cubic
millimeter of bloog.

Th

et

mothematical derivetion of the factor, 10,000 is
as follous:

fach small syuare of the chember is 1/400 square
millimeters im area; therefore, one large sguare
is 1/25 sguare millimeters; and five large sqguares,
the area aciually counted, are 1/5 square milli~
meters in area. The correction factor for area is
5+ BSince the blood was originally diluted 1:200,
the necessary correction for Ailution is 200,

The counting chamber is 1/10 millimeter in depth,
therefore, this correction factor for volume is
10, The total correction which must be made to
the cells countesd in five large sjuares, in order
to obtain the number of cells in one zubic milli-
meber of blood, is 5 x 200 x 10 or 10,000,



No attemplt was made Lo secure counis va;ying by any definite
figuré, but careful technic was acceplted as Lhe criterion of
checks., The criterién thav duplicate counts must pot vary
by more than 200,000, which is usually accepied, seens to
have been arbitrarily establishEd.

The values reported in the hesulis ans Tiscussion of
this paper are the averages of the four counils obtained by
the above procedures on each subject.

Hemoglobin determinations were made by the acid henatin
method fescribed by Wewcomer (29). A one percent sclutien
of hydrochleric acid was used as lhe hypotonic ﬁilaent; angd
two pipeis were prepared Irom each sample of blogd. Each
Adilution was compared cﬁlarimetrically with a brown glass
stangar®, which hag been prepared by the Bausch and Lomb
Company to match the acis hematin color. A4All readings were
made with a Bausch and Lomb colorimeter in a dark room. A
blue filter was used in the eyepiece of the colorimeter 1o
eliminate the matehing of the yellow color. 4 daylight base
lamp provided tihne constant source of lignt. The average
of the colorimeter reacdings for each subjeci was converied
to grams of hemoglobin per one hunﬁred'aubic centimeters of
bleood by reference io the coanversion table supplied by the
company frowm which the standard was purchased.

To prevent coagulation of the blood Lo be used inythe
determination ol the packes red cell volume, a very small
amounty of hepafin was mixed wibth the blood in the paraiin
cup. The heparin was obtained from the Connaught Laboratore

ics, University of Toronto. The anticoagulant properties of
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heparin are believed %0 be due to lte ability to imhibit the
activation of prothrombin to thrombin. Since heparinmis'
isotonic, it Aoes not alter the size of the cells, angd since
approximately only a O.1 perecent solution ls necessary %o
prevent coagulation of the blooa, it is cons}éeréd the igeal
anticoapgulant. Some workers have encountered Aifficulty in
using heparin because it Ai@ not Alsseclve readily, bub the
finely powdered and highly purified# form which was used in
this stusy was very satlisfactery angd dlssolved without an
excess of stiring. ‘

Van Allen (53} hematocrit tubes were used in &ll de-
terminations of the paecked red cell volume. The tubes were
filles to the 100 percent mark with the heparinized bloogd,
The blood was then Arawn slightly above the mark to prevent
leakage when the tubes were sealed and suspended on the
rubber cushion of the special spring type holfer. The tubes
were placed in the centrifuge 1n such a manner that their |
axes were perpendicular to the axis of rotation while centri=-
fuging. & large type international ecentrifuge was used ai
an estimated speea of 3000 revelutions per minute. Readings
of the height of the celumn of red eel;s were made at the sngd
ef thirty minuates of centrifugation apnd at fiftesn-minute
intervals thereafter until no further change in the height

Pl

of the column occurred. Two determinations were made on
each subject and ithe mean oI these is reported in the Results

and Tiscussion of this papsr.
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RESULTS ANr DISCUSSION

The data obtained from this study of the red cell counts,
hemoglobin anA® the packed cell volume of the blood of 101
Oklahoma college women are presented in table 4. The corpus-
cular constants, mean corpuscular hemoglobin, mean corpuscular
volume, and? mean corpuscular hemoglobin concentration, calcu-
lates from these absolute values are also given in table 4.

The corpuscular constants were calculated from the follow-

ing formulas:

(1) MEAN CORPUSCULAR HEMOGLOBIN, IN MICROMICROGRAMS (77)

emoglobin, i ams pe 000 cc., of bloo
ReA blooaA cells, in millions per c.m. of blooA

(2) MEAN CORPUSCULAR VOLUME, IN CUBIC MICRONS (cu)

Packed cell volume, in cc. per 1000 cc. of blood
ReA cells, in millions per c.m. of blooad

(3) MEAN CORPUSCULAR HEMOGLOBIN CONbENTRATION, IN PER CENT

Hgggg;ohigt in grams ge;#;oo cc. of b;oog x 100
Packed cell volume, in cc. per loo e¢c. of blood



Red Cell Counts, Hemoglobin Content, Packed Cell Volume

TABLE 4

And Corpuscul ar Constants of the Blood of 101

Oklahoma College Women

Begeg:od Hemoglobin, Volume, Eoan Gorpesedlar
» gns. per cc, per
Subj. Age Millions 100 cc. of 100 ec, of Hemo- Vol, Hemo-
per c.mm. blood blood glodin globin
of blood vl
tration
(rv) (c-u) (7)
1 17 3.90 12.91 38.00 39.0 100.0 40,0
2 " 4,00 13.89 42,50 34.7 86.8 32.7
3 » 4,06 12.91 34.50 30.2 74.4 37.4
4 " 4,14 12.51 33.50 30.2 80.9 373
< " 4,26 12.28 32.40 28.8 76.0 37.9
6 b 4,35 14.55 ——— 3%.4 ———— e
7 " 4,63 13.89 39,20 30.0 84.7 35.4
8 d 4,74 14.90 42,60 31l.4 89.9 35.0
9 " 4,77 9,956 36,00 2.8 75.5 27.6
10 i 4,78 14.03 40,70 29.4 85.2 34.5
11 18 3.92 11.29 41,00 26,2 107.1 26.9
12 " 3.96 13,75 40,50 34,5 102.3 34.0
13 " 4,06 13.19 38,00 32.5 93.6 34.7
14 - 4,17 13.05 39,00 3163 93.5 33.5
15 » 4.23 12.17 39.00 28.8 92.2 31.2
16 " 4,23 14.03 43,00 33.2 101.6 32.6
17 o 4,23 12,05 37.10 28,5 87.7 32,6
18 - 4,25 12,77 37 .90 30.0 89.2 33.7
19 " 4.26 12.63 41.20 29.7 96.7 30.6
20 L 4,31 12,05 40 .00 27.6 92.8 30,1
21 " 4,32 17,91 40.08 29.9 94.4 31.6
22 - 4.33 11.82 36.00 27 3 83.1 32.8
23 " 4,34 12.91 43,80 29.8 100.9 29.5
24 " 4,35 13.19%9 37 .80 30,3 86.9 34.9
25 b 4,35 12.91 41 .40 29.7- 95.2 31.2
26 - 4.36 14,03 38.50 32.2 88.3 36.4
27 " 4,36 12.851 39,850 28.7 90,6 31.7
28 » 4,36 12,40 37.40 28.4 85.8 33.2
29 18 4,38 13.19 40,00 30.1 91.3 33,0
30 " 4,43 14.73 38.00 33.2 85.8 38.8
31 » 4,48 13.47 42.20 30.0 94.2 31.9
32 " 4,52 12.28 39 .60 27.2 87.6 31.0
33 L 4,54 13.47 40,50 29.7 89.2 33 .0
34 » 4,60 14.73 44,80 32.0 97.4 32,9
35 - 4,62 13.19 48,00 28.5 103.9 27.5
36 n 4,62 13.05 41,50 28.2 89.8 31.4
37 ® 4,62 14,38 42,90 3l.1 91.9 33 .8
38 = 4.63 14.38 42,00 31.0 90.7 34.82
39 o 4,69 14.38 44,50 30.6 94,9 38,3
40 " 4,70 14.73 44,00 31 .4 93.6 35D
& 4,70 15.89 39 .50 29.6 84.0 35.2
42 " 4,71 14.5856 44.80 30.9 95.1 32,6
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{T2BLE 4 CONTINUED)

Red Blood Hemoglobin, Volume, Wean {orpusculsr
Cells, gns. per ¢C. per Hemo- Vol- Hemo-
Subj., Age Millions 100 ce. of 100 ce. of globin  ume globin
per c.mm, blood bl cod Concen-
of blood ’ tration
o (rr) - (e k) (%)
43 18 4,73 13,47 46,10 28,5 97.7 £9.2
44 " 4,74 13,33 42,20 28.1 B83.0 31.6
45 " 4,75 11.82. 39.00 84,9 82, 30,3
46 " 4,78 14,20 40,80 29,7 85.4 34.8
47 " 4,79 11.19° 38.00 23,4 79.3 2% .4
48 " 4,85 12,77 41 .50 26.3 85.5 30.8
498 " 4,85 11.48 48,50 23,7 97.8 £5.2
5 5 4,86 15.88 40,50 31l.4 83.3 37.8
51 . # 4,98 13.61 43,50 27.8 83,9 31.3
52 s 4,90 14.03 42,50 28.6 6.7 33,
53 W 4.92 14.38 47,00 229.2 95,5 30.6
5¢ w 4,98 12.28 44,00 24.6 88.4 27 .9
55 w 5410 12.91 38,70 25.4 75.9 33.4
56 i 5.10 16,46 43,80 38.2 85,9 37.6
87 19 2,82« 13.05 39,80 38.02 104.2 32.8
58 # 3.11 13.05 37.00 31.8 9.0 35.3
59 w 4,28 13.75 40 .00 32.1 93.4 34.4
80 w 4,32 13.33 37.50 3C.9 88,8 35.5
61 ® 4433 12.91 35,00 29.8 80.8 36,7
2 & 4.34 12.77 41.00 29 .4 94,5 31.3
63 ¥ 4.34 13.33 40,50 0.7 93.32 3E.9
64 " 4,35 12.77 39.20 29.5 20.1 22.6
65 " 4.35 13.05 41.20 30.0 94.7 31.7
66 " 4,37 12.40 41,10 28.4 94.0 0.8
67 i 44,37 10.44 39.80 23.9 91.1 26.2
68 n 4,39 12.28 44,40 28.0 101.1 27.6
6% w 4,41 14.03 41.C0 31.9 92.8 34.2
70 w 4,41 13.47 41.50 3065 94,1 32.4
71 “ 4,47 14.03 39.50 3l.4 88,4 35.5
78 W 4,55 13,47 39,5 £9.6 86.8 B4.1
7% " 4,56 13 .04 38,60 28.6 48,05 33.8
74 & 4456 13.78 39,00 30,2 85.5 35.2
78 # 4.58 15.78 42,90 34.4 3.7 36.8
76 W 4,958 11.59 33,00 24,8 7240 3%.1
77 ¥ 4,60 13105 41 .60 28.4 80.4 Bl.4
78 i 4,63 12.91 39.80 27 .8 85,3 327
79 " 4.64 13.75 40,00 29.8 86.2 34.4
BO * 4,685 11,94 39.00 25.7 B83.9 30.6
Bl # 4,68 1%.47 40 .60 £5.0 B7.3 33.2
82 s 4.65 14,03 40,50 30.2 97 .0 34.6
83 w 4.66 15.43 45,10 33.8 96.8 34.8
84 W 4,76 12.40 36,50 26.1 83.4 34,0
85 v 4,78 153,19 36,30 27.6 75.9 36.3
86 w 4.84 14.20 41.80 29.4 86,.4 34,0



(TLBLE 4 CONTINUED)

Red Bloocd  Hemoglobin, Volume "ean Corpuscular
Cells, gns, per ce. per Hemo- Vol- Hemo~
Subj. Age Hillions 100 ee, of 100 cc. of globin  ume globin
per c.om. blood blood Concen-
of Blood tration

(rr) (cow) (%)

a7 19 4,85 14.20 45,00 253 08 ut 31.6
8e w £.34 11.94 43, C0 22.4 80.25 22.8
8% " Be 24 13.05 40.80 24.4 76.4 32.0
90 20 5.71 13.75 40.C0 7.1 107.8 3444
gl. w 4,14 12.28 B3 .20 29.6 £0.1R E7.0
o8 i 4,33 12.1% 36,50 28,1 E4.3 BB 4
55 W 4,43 15,60 43.5C 85.2 98,2 55.6
94 * 4.56 13.681 29.00 239.9 85,8 54,9
g5 i 4,84 14.73 45,08 30.5 88.8 4.2
96 g 5.19 15.78 42,00 304 83.9 37.¢
97 a1 4,16 14.20 43.00 24.2 103.4 33.0
98 " bo 1z2.28 39,50 a27.9 89.1 31.3
59 @ 4,48 13.33 37 .80 23.8 83.0 35.8
1GC 22 4,37 15.08 39 .60 34.5 80 .6 38.1
icl1 23 4.21 12.77 40.50 30.4 77.2 Zl.5



From table 4 it can be seen that there is an intervaria-
tion in all of the red cell values of the Oklahoma women. The
range for the reAd cell counts is 3.71 te 5.34 million per
cubic millimeter of blood, and the mean is 4.51 million. For
the hemoglobin values a range of 9.95 to 16.46 g{ﬁna per one
hundred cubic centimeters of blood was observed, and th? ave
erage was 13.31 grams. The total range for packea cell
volume was 32.4 to 48.0 cubic centimeters per one hundred
cubic centimeters of blood, and the mean was found to be 40.35

cubic centimeters.

A statistical analysis of the gata for the total 101
subjects and for the four age groups, seventeen, eighteen,
nineteen, anA ttenty_to twenty-three years was made. The
results are presented in table 5. The calculations were

made from the following formulas:

(1) Mean = To of items or Sum of X
ﬁuuger of cases n
(2) Standara reviations = 1kgg L X% _ .2
' n

(3) Coefficient of Variation ®= Standard deviation x 100
m

(4) Standard Error of Mean = ‘qstgggg%g reviation
n—

(5) Standard Error of

Standard reviation = NiSt dard reviation
R%n-lj

X denotes~--item

n denotes~--number of cases

m denotes--mean



TABLE 5

Results of e Statistical Analysis of the Data on the Formed

Elements of the Blood of 101 Oklahoma College Vomen

27

Age No. of Mean and Standard Coefficient of
Groups Subj. Range Standerd Deviation & Variation (%)
Error Standard Error
Hemoglobin, in grams/100cec.
17-23 101 9.95-16.46 13.31 + 0.12 1.15 = 0.81 8.64%
17 10 9.95-14.90 13.18 + 0.45 1.37 + 0.32 10.44%
18 46 11.19-16.46 135,29 + 0.16 1.07 + 0.11 8.05%
19 33 10.44-15.78 13.21 L 0.18 0.97 L 0.12 7.34%
20-23 12 12,17-15.78 13.80 1L 0.36 1.21 L 0.26 8.76%
Red Cells, in millions/c.mm,
17-23 101 3.71- 5.54 4,51 + 0.03 0.03 £ 0,02 6.65%
17 10 3.90- 4.78 4,36 + 0.13 0.38 + 0,03 8.71%
18 46 3.92~ 4.10 4.54 + 0.04 0.30 + 0.03 6.60%
19 33 3.82- 5,34 4,54 4 0.06 0.32 + 0.04 7.05%
20-23 12 3.71- 5.19 4,40 L 0.11 0.36 4+ 0.08 8.18%
Volume, in ce./l00cc.
17-23 101 32.4-48.0 40,35 + 0.31 3.10 = 0.22 7.68%
17 10 32.4-42.6 37.7 + 1.18 3.37 + 0.84 8.93%
18 46 36.0-48,0 41.3 1 0.41 2.74 - 0.28 6. 64%
19 33 36.3-45.1 40.0 + 0.48 2.55 + 0,32 6.37%
20-23 12 33.2-43.5 39.2 + 0.91 3.02 4 0.64 7.70%
Mean Corpuscular Hemoglobin, in Y+
17-23 101 20.8-39.0 29.4 + 0.19 1.89 0,13 6.42%
17 10 20.8-39.0 30.7 + 0.44 4,36 = 0.31 14.20%
18 46 32.4-34.5 29.3 + 0,30 2.04 £ 0.21 6.96%
19 33 22.4-34.4 29.2 1 0.49 2.63 + 0.33 9.00%
20-23 12 24.2-37.1 29.8 1 0.49 3.27 +0.69 9.74%
Mean Corpuscul ar Volume, im c A
17-23 101 63.4-107.8 83.1 + 0.80 8.05 = 0.57 9.03%
17 10 74.4-100.0 83.7 * 0.18 8.94 + 2.24 10.68%
18 46 75.9-107.1 91.1 + 0.96 6.41 + 0.67 7.0%%
19 33 63.5-104.2 88.1 + 1.33 7.00 £ 0.88 7.94
20-23 12 72.2-107.8 88.7 + 2.86 9.44 + 2.01 10.64%
Mean Corpuscul ar Hemoglobin Concentration in 7
17-23 101 25.2-40.0 33.1 + 0.29 2,90 £ 0.20 8.76%
17 10 27.6-40.0 5.8 + 1.2 3.51 +0.88 9.94%
18 46 25.2-38.8 32.3 L 0.38 2.61 + 0.27 9.08%
19 33 26.2-38.8 33.0 + 0.5 0.06 + 0.39 9.27%
29-235 12 31.3-38.1 34.8 + 0.38 1.29 + 0.26 3.71%
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respectively.



No
80

45 |

35 |

25

15 |

10

0

CHART 1

Histogram of the Hemoglobin Content of the Blood of 101
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CHART 2

Histogram of the Number of Red Blood Cells in the Blood
of 101 Oklehoma College Women
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CHART 3
Racked Cell Volume of the Blood of 101 Oklahoma College
Women
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CHART 4

Histogram of «ean Corpuscular Hemoglobin of the Elood
of 101 Oklahoma College Women
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CHART 6

Histogram of the Meen Corpuscular hemoglobin Concentration
of the Blood of 101 Oklahoma College Women
No. of subjects
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The esighteen ans nineleen-year-eid groups are the only
ones containing enough subjects Lo be considered as eniilles
for comparative purposes. 4 aean value ol ¢.54 miliion |
erythrocytes per cubic millimeler of bloes wan ife al for
each of these groups. FPor the elghieen-year-ols group, vhe
mean hemoglobin value was 13,29 grams per handred cubic
gentimeters of bioo” ant fer the ninsteeneyear=old group it
wag 13.21 grams. These mean valwves differ by enly 0.085 graus,
a Alfference which is not significant since it is within the
rangs of experlimentel errer of the method. There is & wider
variation in the mean valacs for the gackes cell volume. For
the eighteen-year-old. group the mean is 41.3 cubic ceuntimetlers
of packe” cells per one hundresd cuble centimeters of blooAd.

This Alfference is not significant since the siyg nifac@nce of

9T ~irference calculates by the farmdlu, 7; —y

iz only .Qlﬁ; a Tigure less than three times the Aifference
in the means., On the basis of these findings it secms Aorbi-
f9l if the 2ifference in the mean values for the hemeglobin
content of the cell, the number of erythrocyles ana thé
packes cell volume obtaines in this sbudy can be explained

on the basis of ags.

Since the walues for the number of red cells and the
hemogzlobin of the teo groups are so nearly identicsl, it is
to beexpected that their wmean corpuscular hemoglobin wouls
be slmost the same. The value for this constant in the
eighteenw-year~old group is £89.3 micromicrograms and 29.8
micromicrograms for the nineteen~year-old group. Likewise,

there is a wider variation in the mean corpuscular volune



which is obviously to be expected by examination of the
formula irom which the constanit was calculated. The mean
corpuscular hemoglobin concentration for Lhe eighteen-year-
0ld group is 32.35 percent and 33.0 percent for the nineteen-
year-okd group. This difference is accounted for Ly the
fact that there is practically no éifference in tlie hemo~
globin values for the two groups but the cell volume of
the younger subjects is larger.

4s a whole‘tn@ vélues for the two age groups agree
very closely and it may be concluded that there is no
significant variation in the red cell values of women who
are eighteen years of age ans those who are nineteen years

old.
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A comparison of the mean values obt2ined from this study with those

from other recent studies on women of the Tnited States is presented in

table 6.
TABLE 6
Number of Red Cells, Hemoglobin Content, Packed (ell
Volume and Values for Corpuscular Constants of the
. Blood of Wormel omen in the United States.
Heno- Cell Vol, Red Corpuscular
Authority &% No., of globin in in ce. nper Cslls Constents
Loecation Jubjects gms. per 100 cc. in
100ce. ¥illions HP+ Vol. Hb.
per c.m. Cone.

(ry)  (ew) (7))
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(31) Osgood
and Haskins,
Oregon (1927) 100 13.7C 42,43 4,80 28,5 88,3 32,2

(4%) Wintrobe
and Miller,

Hew Qrleens
{1930) 0 13.76 39,50 4,93 28.0 84.1 33.1

Haden, (17)
Detroit {1932) 30 13,37 39 .80 4,38 3.5 91.0 33.5

{51) Wintrobe,
Baltimore {1933) 101 14,10 42.00 4.828 29.2 87.1 33.5

(1) Yugrage and
Andresen,
Denver (1938) 40 14.45 43,22 4,63 31,2 93,35 33.4

Barber,
pklahoma {193%8) 101 13,31 . 40.35 4.51 9.4 BI.1 33.1
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A o shole ihe velues fopr ihe CRlshama vosnen arc

shightly dowmer han xy'rugaraaﬂ in recont years with the

e

BHRS fng@ﬂ of whoase glven by Heden {17} Towewer, the valae

fer packes cell velume is aam&what nigher than the average
given by bothk Haden {(17) and uwintrobe (49). The eiffercnces
i the zeen values for ocll counts, hewoglobin and packes
cell volume of these stuties given in tobls 6 copnot be exe
plaine® on the basis of suy one factors Very little, if
asnything iz knosn of ihe ﬁiﬁzmr@ﬁn iuﬁhd s which cond ral

the indervar a;xaﬁs,ah@arvsa in the red bieof ¢ell value

¢f healiby Inflvicuals in dilferent ﬂxr«y @f the countey .
sintrebe {58}, from an analysis of Lhe Asis oblaines from

a wsmber of sccwra tu homatoelogical stuwties in Aifferen

sarts of the Unites flales an® Darope, states thab Lhere is

no ﬁlhﬂlfiﬂﬁﬂt geographicsl varistion in the wvalues for
normal bloaa. It is generally accoepied, homever, bthat with
an increase in aliltsde lnsre is & progressive rise in the
houwoglobin content of ine bloot and in ihe nusber of red
eells. Iugrege an® snaressnts (1) stufy ssem to support
these cbservations

The ages of the women of this siufy fall wmithin the
lower limits Lhie age groups reportad iln the litorature.
Ten percent of the subjects were seventeen years of uge,
forty-aix percent were ¢lghteen yesrs ol age, thirity-three
nerecent wers aincicen years of uge, ant iwelve pergend were
tuenty to tmeniy=thres years of sst. Varlation in the red

cell valueas ol sabjecta of silferent ages has been rovorted.



39

In 1916, Williamson (47) investigated the influesnce of age
on the hemoglobin content of the blood and reported slight
variations in the values for a group of women whose ages
ranged® from seventeen to rifty-five. Haden (14) stateqd

that he believed the variations in red cell values with

&

age reported were incorrect and that the aifferences were
Aue not to age bub to the lack of uniform methoss. Osgood
and Haskins (31) gave separate v&lu@s for the rea cell
counts, hemoglobin, and the packed cell volume for the

girls of thelr group who were eighteen years of age. These
values were: nuaber of cells, 4.84 million per cubic milli-
meter of blood; hemoglobin, 14.11 grams per one hundread
cubic centimeters of blooad, and packed cell volume, 41.18
cubic centimeters per one hundred cubic centimeters ol bleooa.
In coumparing these figures with those for the group of
eighty~eight women over nineteen years of age, 1t was ob-
serves that they were higher in every case except pacled
cell volume, which was slightly lower. 3ince the group of
subjects who were eighteen years old was small, any con=-
clusion as to the effect of age on read cell determinations
woul” not be justifieA. 1In this present siudy no markes
variation in the reg cell values in the four age groups was
incicated,

In comparing the average values for the corpuscalar
constants of ithe blood of the Oklahoma women with the others
reéported, a wider variallon in the average mean corpuscular
velume is foune. Hugrage and Andresen (1) feel that the

varliation in this value cannoi be explained on the basis of
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the effect of altitude. To justify thelr conclusion they
peint cut thal the mcan value of 91.2 cubic mierons obe
taine” in their stul”y of forty men and forty women is
slightly lower than that obbaines by Haden {17) in a

> P o

gimilar study of persons living at & much lower altitude.
However, Mugrage and Andresen's value 1s higher than that
suggested by Wintrobe (52) as a worlg average. The average

mean corpuscular volume of the Oklahoma women is slighily

[l

vigher than Wintrobe's (52) suggested average of 87.0 cubic

P

microna for women but falls within his normal range of BZ.0
te 92.0 cublic microns.

Fyrther confirmation is given Lo the previous obser-
vation that the value for the hemoglobin concentration in
the inAdividual cell is remarkably constant in the blooA
of all normal persons. The mean of 33.1 percent oblained
in this study is igentical with that founad by Wintrobe (49)
in kis stufy of southern women anad is in c¢lose agreement
with the others repdrted. da a worla average for uwomen,
Hintrobe (52) suggests 33.4 percent for the mean corpuscl-
lar hemoglobin concentration of the inAiviAual cell,

The valus obtained as the average mean corpuscular
hemoglobin is mif-way between the mean pglven by Hugrage
ans Anfresen and that given by Winitrobe as the general
average. Since the mean for the number of presd cells is
considerably lower than any reported, with the exception
of Hafen's, ans the mean for the hemoglobin is only
slightly lower than the others, it is Lo be expected that

the mean corpuscular hemoglobin of this stufy will be higher.



A comparison of the values found in this study with
those suggested by Wintrobe as worlA averages for women is

given in table 7.

4l



TABLE 7

Coaperison of the Date Obteined by “introbe Tith
Those of the Present Study

4z

—

Wean Fange™ Yaximun riininum
Red Zlood Cells
Wintrobe 4.8 4,2 to 5.4
Barber 4.51 3.91 to 5.10 D.34 Se71
{947)
Hemoglobin
Wintrobe 14.00 12.00 to 16.00
Baerber 13.31 11.01 to 15.60 16.46 9.95
(94%)
Cell Volume
Vintrobe 42.C0 37.00 to 47.00
Bsrber 46,35 34,15 to 46.55 48.00 B4
{967)
llean Corpuscular
Hermoglobin
Tintrobe 8.8 27.00 to 31.C0
Barber 29.4 25.62 to 33.18 39.00 .80
(927%)
ilean Corpuscular
Volunme
“introbe =7 .00 82,00 to 92.00
perber 23.10 73.00 to 163%5.2 107.8 63.40
(96%)
tiean Corpuscular
Hemoslobin Concentration
Wintrote 3.4 $2.0 to 36.0
Gerber 33.1 29,3 to 36.9 40.0 25.2

(847)

- ——— —— - ——

* pange for this study represeats the limits of plus and minus tvo
standard devietions from the mesn with the percentsge of the cases

which f&ll within these limita.
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At the present time siudl

R

s ¢f the hemoglebin conitent,
the nuaber of erythrocytes, and the packed cell volume are
being made on the bloos of college women in Minnesota, Wise
consin, Kansaa, and Iowa. These investigations are not
complete but progress reports have been released. The ages
of the subjects in these studies range Irom seventeen to
twenty-five, with a majority of the cases falllpg within
the eighteen ans nineteen~year-eoled groups.

A comparisen of the resulté given in these preliminary
reports ana the values obtained in this stufy of @kl&homa
college women has been made and the results are given in
table 8.

Table 8
Comparison of the pata Obtained in 3tundies of College
Women in Winnesota, Wisconsin, Kansas and lowa

with those obitained in the study ef
Oklshoma College Uomen

iocation Ne, of Hemoglobin, No. of Red Blood No. of Vol.

Cases in gms. Cages Cells, in Cases in ego.
' - HMillions
Hinnesota 84 13.30 84 4.42 84 36449
Wisconsin 158 13,07 62 4.56
Kansas 77 12.92 77 4,76
Iowa 300 13.29 235 4,58 152 40,75

Gklahoma 101 135.31 101 4,51 101 40,35

In every case the values for the Oklahoma women agree

very closely with those given in table 7. YWhen these studies
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are complete, the data caen no doubt be poeled to establish
universal standsards for college women or reg}on&l standaras
can be set up if a need for them is inflicated.

The literature concerning the daily intreavariation in
the values for the red cell counts, the hemoglobin content
of the cell, and for the packed cell volume presenis a con-
flicting picture. Investigation of th;s subject has been
mace in Aaifferent Airections such as, diurnal variation in
these red cell values, the foect of menstra&fion, and age
on hematological values, and observations on day-to-day
variation in infividuals. Smith (41) has observed that there
is no significant Alurnal variation in these reg cell values.
A great dAeal of work has been done on the effect of menstru~
ation anA there have been recorded pre-menstruval and menstruval
rises and falls in the number of the erythrocytes of the bloode.
The literature on the intravariation in the hemoglobin con-
tent of the cell anf the cell volume is limited, however.
Riech angd Green (36) in 1932 presentesd valuable data

on Aeterminations made on six women. The number of red cells
and the hemoglobin content of the blood were determinead
twice each week over a perios of three months. From the
results they obtainesd, tiese workers concluded that there
was no orderly variation in the hemoglobin content of the
blood angd in the number of corpuscles that could be atirie-
butea to menstruation.

In 1936, Smith (42) mase Gally aseterminations of the

number of erythrocytes, the hemoglobin content of the cell

an? the packed red cell volume oi six subjeets over a



period which included sixteen menstrual cycles. The re~
sults of this study showea that: (1) there is an intra-
variation in the daily red cell count (the curves plotted
from the data possessed waves af varying lengths with
small fluctuations frem day to @day); (2) +there is no
parallelism in the fluctuations of ihe number of cells,
the total volume of cells ang the hemogloblin conitent, and
{3) the part of the curve Auring the menstrual period was
not Aifferent frém that auring the inter-menstrual portion
¢f the cycle.

As a part of an iron balance situdy, Leverton angd
Roberts (24) made a very thorough investigation of the
effect of menstruation on the number of red celis and the
hemoglobin content of the blood of four college women.

The tests vwere made dally over a period of 110 fays on two
subjects and over a perioa of 140 days on the other two
women. In the entire series the differences between the
averages for the mensirual cycle anf the menstrual periogd
within the cycle Aif nol exceed the error of the experi-
mental methoA. There éag no consistent effect of the pro-
cess of menstruation on these Aaily refd cell values. The
standara Aeviations for the entire seriszs were C.9 grams
of hemoglobin per one hundred cubic centimeters of bloogd
and 0.3l million red cells per cubic millimeter of blood.
Leverton an® Hoberts concluged, that although marked vari-
ations may occur in the Lem?globin content and the number
of erythroeytes of the blooaf, ithey dAc so irrespective of

the aifferent phases of the menstrual cycle.

45



The results of the dally determinations of the nu@ber
of erythrocytes, of the hemoglobin content of the blooad andg
the packes read cell volume of one individual are given in
table 9. The corpuscular constants calculated from these

values are also presented in this table.



TABLE 9

Deily Variations in Red Cell Values of One Individuasl

Day of  Red Cells, Hb. in Pecked cell lean Corpuscular

Menstruel in millions Gms. per vol. in ce. Hb, Vol. Hb. Cone.
Cycle per c.mm . . 100cec. per 1l00cc.

' i _ (ry) (e (7)
12 4059 11.32 43.00 2508 93.7 2’05 -
13 4.56 12,91 | 42,25 28,3 92.6 365
14 4.64 12,17] 42,00 26,2 90.5 29.0
15 4.68 12,17 39.00 28.5 83,3 31.2
17 4,70 13,19 40.10 28.0 85.3 32.6
19 4,64 13.89 43.25 29.9 93.2 32.1
20 " 4,86 13.84 42,75 30.6 93.8 32.4
21 4,05 12,51 38.65 30.9 95.4 32.4
22 3.82 13,61 40 .00 35.6 104.71 43.0
23 4,48 13.61 ——— 30.4 :
24 4,37 13,086 37.00 29.9 84,70 35.3
26 4,65 12,17 38.95 26.2 83.8 31.2
27 4,22 12.17 38.25 28.8 90.6 3l1.8
28 4.54 12.51 40.00 27.6 88.1 31.3
1 40‘1 13019 - S 29 07 e g e —————
2 4,51 12.61 40.25 30.3 89.2 33.8
3 4,51 13.75 40.50 30.5 89.9 34.0
6 4.36 10.44 42.80 23.9 98.2 21.4
8 4,44 12,91 41.00 29.1 92.3 31.5
9 4.38 13.89 41 .45 S1.7 41.6 33.5
10 4,35 13.33 41.50 0.6 95.4 3 &
13 4.44 ' 13.33 41.00 30.0 92.3 32.5
14 4,32 12.51 40.90 28,9 94,7 0.6
16 4.54 13 .47 40,50 29,7 89,2 33.2
17 4,22 13.33 40,85 31.6 96.8 32.6
Meen —--- 4,44 12.95 40,7 29.0 91.7 31.7
Stendard . . ;
Deviation-0.17 0.73 2.45 - 2.70 4,97 2.71

Coeffieient of
VYariation-3.8% 5.6% 6.0% 9.3% 5.4% 8.5
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The values ocvltaines from the dally Aeterminations

of hemoglobin, number of red cells and packed cell volume

4

of the subject studies aTE'gﬁﬂttea in charts 7, 8, and 9,
respectively. In charts 10, 11, and 12, the curves of the
Aaily values for ithe corpuscular constants are plotted.

An examination of these charts reveals that thers is
a Aaily intravariation in the read cell values. The men~
strual periof showed no markes effect on the blood pleture.
There was a decided Arop in the hemopglobin level of the
blooa the Aay following the cessation of mensitruation which
cannot be explained. As a whole the values remained con-
sistently high, increasing in the case of the hemoglobin,
Auring the menstirual perioda. The curves are very similar
to those plotted by sSmith (42).

The standard deviation for the hemoglobin values dur-
ing the entire series was found to be 0;70 0.1 grams per
one hundred cublc centimeters of blooa; ang for the number
of erythrocytes, 0.17 0.02 million cells per cublic milli-
meter of blooa. These Aeviations are somewhai lower than
those reportea by Leverton and Roberts (24). The stangara
deviation for the packed cell velume of this study was
2.45 0.34 cubic centimeters per one hundresf cubic centi-
meters of whole blood. The coefficients of variation for
the Rata on the geterminations mase in this phase of the
present study are within the limits acceplea for data on
physiological measurements. For the number of erythro=-
cytes the coefficient of variation was 3.89 percent; for.
hewoglobin, 5.61 percent, and for packed reg cell volume

6.02 percent.



CHART 7

Caily Hemoglcbin Levels of One Individual
Hb. in gms.
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CHART 8
Paily Determinations of the Number of Erythrocytes
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CHART 9
Volume in The Daily Packed Cell Volume of One Individual
¢é, per 1C0 cc. blood
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Mean Corpusculsr Hemoglobin

In Micromicrograms
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CHART 10

Deily Meen Corpuscular Hemoglobin
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Volume in
Cubic Microns
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Daily Mean Corpuscular Volume
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CHART 12

Daily Mean Coropuscular Hemoglobin Concentration

Mean Corpuscular
Hb. Conc. in percent
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Marked fluctuations in the curves plotied for lLae
corpuscular constants were foﬁnﬁ,‘but the portion of the
cuwrves during the menstrusl periocd were not gifferent from
those of the inter-menstrual part of ithe cycle. in the
mean corpuscular volume curve, there seems Lo be a slight
consistent Arop suring the actual mensirual period but on
no Qay of the period was Lhe value lower than some women
“found in olher portions of the cyele. The stangard devi-
alion for the mean corpuscular volume of the entire series
was found Lo be 4.97 £0.73; for the mean corpuscular
hemoglobin, 2,70+ G, 38 micromicrograns, anﬁ‘far mean core
puscular hemoglobin concentration of the ipaividual cell,
2.7L £0,40 peréent. The coefficients of variation for
these values are: 9.31% for mean corpuscular hemoglobin,
5.42% for mean corpuscular voiume, and 8.51y% for mean i
corpuscular hemoglobin concentraiion.

An interesiing observation brought out in this phase
of the study is the possible elfect a cold may have on the
reas cell values, Un the ninth Aay of ths study the sube-
deet had « moderately severe cols. The following Aay the
res cell count fell from the value of 4.56 million of the
precesing Aoy Lo 4,05 miilion and continued to Jdecrease
until the thirteenih day. Then regenceration apparently
began since the count increased rather rapialy. Parallsl
with tae fall in the number of red cells wes a Adecrease
in the packees cell volume. On the ninth day the packed

cell volume was 42.8 cubic centimeters per one hundred

o
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cubic centimeters of whole blood anad the fyllyuing day it
fell to 36.€ cubic centimeters per one hundred cubic centi=
~ meters of blood. On the thirteenth day the value for the
volume of red cells was not obtained, for no apparent
reason the bloeA coagulatgd in the hematocrit tubes while
centrifugation was carfiaﬁ out and a reading of the height
of the column of packed cells was impossible. The volume
reached a low of 37.0 cubic centimeters per one hundred
cubic centimeters of blood on thg fourteenth day and slowly
1nc€easea tc the normals ohafrveﬂ before the onset of tpe
cola, Contrary to these findings ro? the cell count ana
volume, the hemoglobin level remained consistent.

One of the group of 10L women came to the laboratory
while sufifering from a cold anA Aeterminations were made.
The same subject was asked Lo return for another examina-
tion when she haA recovered from the cold. The second
tests were made three weeks later and an increase in the
number of erythrocytes and in the cell volume was noted.

These observations Ao not present sufficient da}a to
arau_concluaions as to the effect of colads on the red
blood cell values, but Ao suggest lLhe pessibility of such
an erteot._ Apparently nothing has beog published on this
subject anA very little work has been done on the effect
of colAs on any phys}nlogicg;ﬂrunction._ An extensive ine
vestigation in this @irect!i.ﬁﬁoula no doubt reveal
many interesting finAings.
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S Y ANr CON NS

The quantity of hemoglobin, the number of red cells
and the volume of packed cells have been determined
accurately on samples of blood from 10l Cklashoma college
women ranging in age from seventeen to twenty-three years,
inclusive. The corpuscular constants were calculated for
each subject. _ e )

The subjects were divipea into four age groups, seven=-
teen, eighteen, nineteen and_tienty to twenty-three anf a
statistical analysis or_the data for each group was made.

Fintograms of thg data on hemoglobin, red cell counts,
packed cell volume anAd the corpuscular constants show that
there is a marked intervariation in these values in normal
subjects. ;

The mean yaluea of 13.31 grams per hundred cubic centi=-
meters of blood fog hemoglob153 4.51 million cell per cubiec
millimeter of blood for_th? red cell counts an® 40,35 cubic
centiaete;s per one hundred cubic centimeters of blooa for
the packed cell volume are somewhat lower than the reports
given in the literature for women from eighteen to thirty
years of age, inclusive. However, these values agree very
clogely with those given in the preliminary reports of
studies on college women in nesota, Wisconsin, Kansas,
an? Iowa. é

There was no significant ﬁirterence in the rea cell
values of the eighteen-year-ol® group an? the nineteen-
year-ole® groupe.

The value for the mean corpuscular hemoglobin of 29.4



micromicrograms for this study as well as the mean cor-
puscular volume of 89.1 cubic microns are higher than the
values suggested by ¥Wintrobe as a general average [or women.

The figure of 33.1 percent for the mean corpuscular
hemoglobin concentration of the infividual cell is identi~
cal with that reported by Wintrobe in his study of southern
women and agrees very closely with the others found in the
literature. This observation confirms previous reports
that this value is consistent in the blooad of the normal
person.

‘raily determinations of the hemoglobin, red cell
capnts, and pagkeﬁ cell velume are‘reported for one indi=-

vidual. Marked fluctuations from Aay~-Lo-day were observed
in the wvalues. There was no markes variation associated
with menstruation. The standare Reviations and their
stangdara errors of the entire 39ries in this phase of the
stufy were 0.,70+0.1 grams for hemoglobin, 0.17+0.02

million for reaf cell counts, and 2.45+0.34 cubic centi-

meters Ior the packea cell volume.
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