
DETERMINATION OF THE NUMBER OF ERYTHROCYTES, VOLUME OF

PACKED RED CELLS, HEMOGLOBIN AND OTHER HEMATOLOGIC

STANDARDS IN MEXICO CITY (ALTITUDE: 7,457 FEET). STUDY MADE

ON TWO HUNDRED HEALTHY PERSONS

By JAVIER ROBLES GIL, M.D., AND DIEGO GONZALEZ TERAN, M.D.

T HIS work is a contribution to the knowledge of certain hematologic standards

among a group of healthy residents of Mexico City. The standards studied are

volume of packed red cells, hemoglobin in grams per ioo cc. of blood, red blood

cell count, mean corpuscular volume, mean corpuscular hemoglobin, mean cor-

puscular hemoglobin concentration, mean corpuscular diameter, mean corpuscular

thickness and sedimentation rate.

Hedin and Blix in 1.890 and Daland’ in 1891 were the first investigators to intro-

duce the use of the hematocrit, that is, the determination by special procedures of

the volume of packed red cells in a given amount of blood.

Chapin,3 Millar,4 Kennedy and Millikan’ and Ponder and Saslow6 believe there

exists a 2. to 12. per cent factor of error in the determination of the hematocrit. They

found this factor of error when measuring the cell volume by means of other pro-

cedures, such as those that include the use of dyes, proteins and tagged erythro-

cytes containing radioactive iron. But this factor of error, if it exists, does not

invalidate the procedure for practical purposes.

The standards investigated in this work are probably of definite value in the

study of the anemias. They give a clearer idea of the extent to which one of the

most important functions of the blood, hematosis or blood oxygenation, is modi-

fied. The red cell count alone does not give sufficient information concerning this

function, since there may exist microcytosis or hypochromia or both. Furthermore,

the mean corpuscular volume and the mean corpuscular hemoglobin concentration

cannot be determined when only the red cell count and the hemoglobin, without

the volume of packed red cells, are known.

The results obtained by different investigators are in agreement with the fact

that the hematologic standards are the same for all races and economic levels.7’6

Changes due to age and sex have also been established.

Smith et al.,’7 Licknatzky,’8 Acton and Harvey,’9 Haden,’#{176} Horneffer,” Bar-

croft et � Cordero,’3 Vergara Lope,’4 Ocaranza,’5 Izquierdo’6 and others found

an increase in the number of erythrocytes associated with an increase in the alti-

tude. Licknatzky’8 and Fitzgerald’7 observed an increase of hemoglobin in the same

conditions. Hurtado’8’ ‘9 and Andresen et al.3#{176}found that the mean corpuscular

volume is greater at high altitudes than at sea level. Other climatic factors have no

influence, as Walters,3’ Wintrobe32’ #{176}and Myers and Eddy’3 have shown in their

works.

From the Rheumatology Department of the Instituto Nacional dc Cardiologia and the Hematology

and Microbiology Laboratories of the Hospital de Enfermedades de Ia Nutrici#{243}n, Mexico, D. F.
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As the result of numerous investigations, it has been stated that the normal

erythrocyte count in Mexico City is in the range of 6,ooo,ooo per cc. or more. This

statement does not agree with the constant results of red cell counts made in our

clinic. Furthermore, the volume of packed red cells, mean corpuscular hemoglobin

concentration standards of healthy persons, have never been established in Mexico

City and some contradictory reports exist regarding the red cell diameter.

Considering the variation of some of the hematologic standards at different alti-

tudes as well as the above-mentioned facts, it was deemed necessary to study them

in Mexico City, because the normal standards found in other countries at sea level

cannot be applied in the central plateau of Mexico, which is located at an altitude

of 7,457 feet.

The establishment of hematologic standards in Mexico City is necessary not only

in order to evaluate correctly the hematologic results in patients, but also to cor-

roborate or contradict the recent discovery communicated by some investigators’8 29

who state that at high altitudes a well defined macrocytosis is present.

MATERIAL

One hundred normal females and ioo normal males were selected, with ages

ranging from i� tO 31 years in the latter and 14 tO i� in the former. The ages of 14

and i� were taken as the lower limits, .following Osgood,” Mugrage and Andre-

sen,34 Sachs, Levine and. Griffith,35 Goldhamer and Fritzell,36 Wintrobe,37 and

Williamson,38 who found them to be the ages during which the stabilization of the

number of red cells, hemoglobin and hematocrit begins. Williamson38 obtained

higher values for hemoglobin in males after the age of 2.0.

Our subjects were selected from different economic levels, particularly among

medical and other students, draftees and nurses. All of them were in apparent good

health, with well balanced diets, and most of them had lived in Mexico City since

birth. A minimum of two years of residence in Mexico City was considered a neces-
sary condition for those not born here. The average height, age and weight were

1.70 meters, 2.0.9 years and 59.82. kilograms in the males, and i .�8 meters, 18.04

years and 51.83 kilograms in females (table i).

Methods and technic. All the individuals were subjected to a complete clinical examination performed

by one of us (J. R. G.) and to a complete survey of their diets. Among 2.2.5 persons registered, 2.5 were

discarded because of an existing or recent disease, deficient nutrition or a deficient constitution.

The following studies were performed on each of the selected persons: red blood cell count, volume of

packed red cells, amount of hemoglobin in grams per ioo cc., mean corpuscular volume, mean corpuscular

hemoglobin, mean corpuscular hemoglobin concentration, sedimentation rate and standard Kahn, Eagle

(flocculation test) and AO3 serologic reactions for syphilis. In addition, determinations of the mean

corpuscular diameter were performed in i� subjects. For these determinations, blood was obtained by

vcnepuncture at the bend of the elbow after a fasting period of eight hours and according to the following

technic:

i. Local cleansing with a 2. per cent iodine-alcohol solution.

2.. Adjustment of tourniquet for not more than i minute so as to avoid alterations of blood con-

centration and circulation.

3. Collection of cc. of blood with B-D needles number 2.0. The least possible traction was made in

drawing the blood. The blood thus obtained was placed in flat-bottom glass tubes containing Paul-
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662. HEMATOLOGIC STANDARDS IN MEXICO CITY

Heller anticoagulant (o.oo6 Gm. of anhydrous ammonium oxalate and 0.004 Gm. of anhydrous sodium

oxalate for � cc. of blood) and mixed thoroughly by shaking for 3 minutes.

4. Collection of 4 CC. of blood for the serologic tests for syphilis.

�. The tubes fitted with a rubber stopper were kept in a cool place. In every case the determinations

were started within the first hour after the blood ss’as taken.

6. All the equipment used for the collection of blood and for the determination of the standards was

cleansed, dried and prepared according to Wintrobe’s instructions.’9 Special care was taken to avoid

possible personal errors. The work was carried out by specially trained personnel.

TABLE I

Subjects Mean and Probable Error Stan��� and Del on

Worn-
Men Women Men - Women Men

4.37 ±0.202 2.66 3.39

2.10 ±0.094 2.13 1.74

0.97 ±0.040 1.26 0.75

7.01 ±0.330 4.75 5.99

2.90 ±0.i388�

1.88 ±0.089

�

Erythrocytes.

Hematocrit.

Hemoglobin. .

M.C.V

M.C.H

M.C.H.C

SR.’

Age

Height

Weight

100

100
lOO

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

5,389,970 ±0.221 5,014,160 ±0.289

51.23 ±0.1685 45.43 ±0.1415
17.74 ±0. 101 15.20 ±0.065

95.85 ±0.4044 91.20 *0.47

32.97 ±0.18872 30.33 ±0.1955

34.62 ±0.17456� 33.37 ±0.1213

2.31 8.08

20.9 18.04

1.70 mts. 1.58 mts.

59.82 Kg. 51.83 Kg.

3.29 ±0.155

2.59 ±0.123

1.51 ±0.072

6 ±0.3302

2.82 ±0.1348

2.59 ±0.1233

Sedimentation rate

Range

Maximum Minimum

Men \Vomen Men Women

No. of erythrocytes 6,170,000 6,010,000 4,525,000 4,270,000

Hernatocrit 58.5 50 45 41.5

Hemoglobin 20.12 i7.70 14.4 12.8

M.C.\’. 111 105.5 80 71

M.C.H 37.6 35 26 25

M.C.H.C 38 37 28 29.3

Sedimentation rate 16 31 0 0.5

Age 31 26 15 14

Height 1.85 1.74 1.54 1.46

Weight 77.2 77.5 42 40.6

Red blood cell count. Equipment: Pipets, hemocytometers and cover glasses certified by the U.S. National

Bureau of Standards; microscopes with X io oculars and X 43 objectives; and o.8� per cent sodium chlo-

ride solution used as diluting fluid and prepared with c.p. sodium chloride.

Method: the red blood cells contained in a surface of o.io sq. mm. (8o small squares) were counted.

Both pipet dilutions and red ccli counts were made in each case by two different persons. When the differ-

ence between the two counts exceeded 2.50,000 red &lls per cm., they were discarded and repeated. The

final figure was obtained by averaging the two counts.

Hemoglobin determination. Equipment: Two Lcitz photocolorimetcrs, one with cylindric cells, the other

with square cells; filter numi�er 401. The calibration curves of the colorimcters were obtained by deter-

minations of the oxygen capacity in a Van Slyke volumetric apparatus and of the iron content according

to Wong’s method. Alternating current was used for one of the photocolorimetcrs and direct for the

other.
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The blood was diluted to o.� per cent in a o.i per cent solution of anhydrous sodium carbonate. Four

readings with four new dilutions by two different technicians were made in each case. The final figures

were the average of the eight readings; when the difference between those readings exceeded o.5o Gm. of

hemoglobin the whole procedure was repeated.

Volume of packed red cells. Equipment: Wintrobe hematocrit tubes, with an inside diameter of 3 mm. and

labeled from a to ioa. Adequate pipets to fill the Wintrobe tubes.

Procedure: The hematocrits were spun at about 3,000 r.p.m. for 30 minutes. To assure a complete

packing, they were spun i� minutes more. Two hematocrits were determined with each specimen of

blood and the figure reported in each case is the average of the two findings.

Sedimentation rate. Equipment: Wintrobe tubes and specially leveled racks to keep the tubes in a

vertical position.

Procedure: That described by Wintrobc.�9 Only one reading was made at the end of an hour. Special

care was taken to avoid the formation of air bubbles and the shaking of the tubes once placed in the

rack.

Mean corpuscular diameter and mean corpuscular thickness. Venous blood was obtained in i� individuals,

with the same previous conditions and the same careful technics as the ones described before.

Procedure: The blood with the Paul and Heller anticoagulant was diluted in Simmel isotonic solution

(8.2. Gm. of NaC1; 0.02. Gm. of KCI and o.o5 Gm. of NaHCO,) with a pH. of 7.1. Only anhydric salts

were used.

In each case 2.00 red cell diameters were read on a wet film, with Bausch & Lomb ocular micrometer

and a precision screw.

Wet films were chosen to avoid shrinkage of the red cells.

For the mean corpuscular thickness the following formula was employed:

M � T - Mean corpuscular volume

- ir (Mean corpuscular diametet)’

2.

RESULTS

The average red cell count was found to be 5,389,970 per cubic millimeter among

the males and 5,014,160 among the females. The complete data are given in table i.

The distribution curves of the red blood cell counts are given in figures i and 2..

Hamre,’4 Wintrobe37 and most of the investigators agree that there is no differ-

ence in the number of erythrocytes between the two sexes during childhood, but

that a significant difference appears upon reaching the age of puberty. In our series

of cases the difference between the two sexes was significant. No difference was

found in the number of red cells in relation to age among persons of the same sex
(figure 3). No correlation was found between the number of erythrocytes and the

socio-economic status. The influence of body surface on the number of erythrocytes

is shown in figure 4.

The average amount of hemoglobin per ioo cc. of blood was 17.74 Gm. in males

and 1.5.2.0 in females, no age variations being found. Distribution curves, averages,

standard deviation, mean deviation, probable error and range are given in figures

� and 6 as well as in table i.

En the male group the volume of packed red cells averaged 5 1.2.3 cc., among the

females, 45.43 cc. (figures 7 and 8; table i). The volume of packed red cells showed

no relation to age or body surface (figures 9 and io).

In the male group the following averages were also found: MCV, 95.85 c.�t.;

MCH, 32..97 yy; MCHC, 34.62. per cent; in the female group: MCV, 91.2.0 c.ja.;
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FIG. i Distribution curve of the number of erythrccytes in ioo healthy men. The standard deviation

is 32.9000 (3.2.9 cr).

Ordinates: Left-hand scale: Number of cases

Abscissas: Millions of crythrocytes per c. mm.
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Fio, i. Distribution curve of the number of ervthrocvtes in zoo healthy women. The standard devia-

tion is 434000 (4.34 a).

Ordinates: Left-hand scale: Number of cases

Abscissas: Millions of crythrocytes per c. mm.
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MCH, 30.33 ‘y-y; MCHC, 33.37 per cent. The complete data concerning MCV, MCH

and MCHC determinations are given in figures II, 12., 13, 14, 15, i6 and in table i.
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F,o. �. Study of the number of ervthrccvtes related to age of ioo healthy men.

Ordinates: Left-hand scale: Millions of ervthrocytes per c. mm.
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FiG. �. Study of the number of erythrocvtes related to body surface of zoo healthy men.

Ordinates: Left-hand scale: Millions of erythrocvte� per c. mm.

Abscissas: Body surface in meters 2..

The relations between the volume of packed red cells, the red cell count and the

amount of hemoglobin were studied in each subject. It was noted that in nearly

100 per cent of the cases in which the number of erythrocytes was not within the
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FIG. �. Distribution curve of the hemoglobin in 100 healthy men.

Ordinates: Left-hand scale: Number of cases

Abscissas: Hemoglobin in Gm.
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FIG. 6. Distribution curve of the hemoglobin in 1.00 healthy women.

Ordinates: Left-hand scale: Number of cases

Abscissas: Hemoglobin in Gm.
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FIG. �. Distribution curve of the hematocrit in ioo healthy men.

Ordinates: Left-hand scale: Number of cases

Abscissas: Hemarocrit in cc.
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FIG. 8. Distribution curve of the hematocrit in 100 healthy women.

Ordinates: Left-hand scale: Number of cases

Abscissas: Hematocrit in cc.
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mean value nor its standard deviation, the volume of packed red cells did not bear

out the assumption of anemia or polycythemia suggested by the red cell count

alone, since it was found that a higher and a lower volume of packed red cells than

normal corresponded to a lower and a higher cell count respectively (figs. 17 and

61.
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FIG. 9. Study of the hematocrit related to age in io� healthy men.

Ordinates: Left-hand scale: Heniatocrit in cc.

Abscissas: Years of age
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Fio. ,o. Study of the hematocrit related to both’ surface in zoo healthy men.

Ordinates: Left-hand scale: Hematocrit in cc.

Abscissas: Body surface in meters 2.

i8). Owing to this compensating mechanism, the amount of hemoglobin is kept

within normal ranges.

The determinations of the amount of hemoglobin, volume of packed red cells

and number of red cells per cubic millimeter are also essential to appreciate the

distribution of the hemoglobin in the erythrocytes.

The mean corpuscular diameter found in the i� individuals studied was 8.70 �s.
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Fio. it. Distribution curve of the M .C .V. in zoo healthy men.
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Abscissas: Mean corpuscular volume in a
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FIG. IL. Distribution curve of the M.C.V. in zoo healthy women.

Ordinates: Left-hand scale: Number of cases

Abscissas: Mean corpuscular volume in �i
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Considering the difference of o.8 js to i j� between wet and dry films the equivalent

figure on dry films is 7.80 �z. The mean corpuscular thickness found was 1.02. �L.
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FIG. i6. Distribution curve of the M.C.H.C. in ioo healthy women.

Ordinates: Left-hand scale: Number of cases

Abscissas: Mean corpuscular hemoglobin concentration in pcr cent.

Sedimentation rate. The average sedimentation rate found in the male group was

2.31. mm. and it was 8.o8 mm. among females (table i). There were no cases of foci

of infection or of infectious diseases. The menses did not modify the sedimentation

rate (figure 19). The sedimentation rates reported are uncorrected according to the

volume of packed red cells.
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FiG. 17. A comparative study between the number of erythrocytes and the hematocrit of ioo healthy

men, made in order to judge their normality considering the M.C.V. and the M.C.H. of the ervthro-

cytes.

White = number of nonanemic persons judged by the number of erythrocvtes. Slantlines = number of

nonanemic persons judged by the hematocrit. Black = number of cases studied in each group.

Ordinates: Left-hand scale: Number of nonanemic persons expressed in per cent. Right-hand scale:

Number of cases

Abscissas: Miliions of ervthrocytes per c. mm.
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FIG. i8. A comparative study between the number of erythrocvtes and the hematocrit of 100 healthy

women, made in order to judge their normality considering the M.C.V. and the M.C.H. of the erythro-

cytes.

White = number of nonanemic persons judged by the number of erythrocytes. Slantlines = number of

nonanemic persons judged by the hematocrit. Black = number of cases studied in each group.

Ordinates: Left-hand scale: Number of normal cases expressed in per cent. Right-hand scale: Number
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of cases

Abscissas: Millions of erythrocytes per c. mm.
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DIscussIoN

In this series of cases it is apparent that the percentage volume of packed red cells

and the amount of hemoglobin are slightly above the normal values obtained at

sea level. As the red cell counts found are practically the same as those reported at

sea level, the MCV and the MCH are higher than at low altitudes. The differences

found require a study of the physiologic adaptation of the human body at different

altitudes as well as a revision of the literature concerned with hematologic stand-

ards in different parts of the world.

As already stated, factors such as age, race, economic levels and most climatic

conditions do not modify those standards in the adult.

In Mexico, Cabrera,4#{176} Izquierdo,4’ and Ocaranza42 found a slightly diminished

red blood cell count among natives of the Teotihuacan valley. A table of the most

important investigations performed at sea level and low altitudes is presented in

table 2.. The investigations made in Mexico City and at other high altitudes are

listed in table 3.

The physiologic adaptation of the human body at different altitudes has been

studied by a number of workers since the last century: Bert,62 Viault,63 Cordero,23

Vergara Lope,24 Sanchez Tagle,58 Douglas et al.,64 Fitzgerald,27 Henderson and

Haggard,65 Barcroft et al.,22 Smith et al.,’7 Ocaranza,66 Izquierdo,26 Hurtado,21’ 29

Licknatzky,’8 Andresen and Mugrage,3#{176} Talbott and Dill.6’

The transient hematologic modifications due to changes in atmospheric pressure

are well known. During the first days of an ascent, an increase in the number of red

cells has been found by Smith et al.,’7 Licknatzky,’8 Acton and Harvey,’9 Horn-

effer,2’ Egger,67 Koppe,68 Wolfe,69 Naegeli7#{176} and others. When the ascent is rapid,

there is an increase of 2.00,000 to 5oo,ooo erythrocytes per Cu. mm. in half an hour

and of a million after 2.4 hours. Campbell and Hoagland7’ estimate this increase as

5,ooo red blood cells for each i,ooo feet. Meyer et al.72 and others73 studied the

erythrocyte increase in aviators and engineers. Grawits and Gruneberg,74 Strohi

and others75 studied it in persons placed under low atmospheric pressures arti-

ficially obtained in special chambers. The modifications found in the latter study

were similar to those found in Alpinists. The immediate increase in the red cell

count when ascending is due to an increase in red blood cells secondary to the con-

traction of the spleen. This is proved by the fact that the increase in the red cell

count does not appear in splenectomized animals when ascending. According to

Zuntz76 and Ocaranza77 there is later an increase in hematopoietic activity, demon-

strated directly by bone marrow biopsies and indirectly by the increase of reticulo-

cytes and of bilirubin in the blood as well as by an increase in the whole blood

volume, including both plasma and cells of animals and persons living under low

atmospheric pressure. Peterson and Peterson78 and Hurtado et al.29 under the same

conditions have also found a rise in the number of white blood cells.

It should be noted that most of these investigations have been performed in sub-

jects exposed only temporarily to high altitudes, and furthermore, few of the in-

vestigators studied all the hematologic and organic changes. Very few of these

investigations were made on natives or residents of high altitudes, but, together

with ours, they have shown that the increase in the number of red cells is not the
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N f No,of Hem- MCAuthors Year Place C’�e#{176}s Age Eryth- Hb. atoc- M.C,V. M.C.H. HCrocytes nt

millions Gm.

United Stales

Sackett” 1925 Kansas 15 5.09 16.71

Osgood” 1926 Portland 137 19.30 5.39 15.76 44.64

Murphy et al” 1930 Boston 18 5.35 15.06 44.50

Wintrobe Ct al” 1929 New Orleans 100 20.30 5.85 15.87 46.50

Foster et al.4’ 1931 New Orleans 115 18.30 5.26 15.63 44.40 85.92 30.02 34.77

Haden 20 1933 Cleveland 70 4,95 15.34

Sachsetal.’7 1933 Omaha 100 20.25 5.00 14.93

Goldhamer et al.’#{176} 1933 Ann Arbor 100 12.17 4.71 11.55

Helmer et al” 1934 Indianapolis 10 20.40 5.58 15.23

Broun et al.’9 1934 St. Louis 23 5.29 16.60 46.57

Walters” 1934 Lawrence 100 20.30 4.84 15.12 46.50 96.50 31.40 32.40

Osgood” 1935 Portland 259 14.30 5.42 15.84 44.79

Peterson et al. (Quoted

in 14) 1935 Butte 75 5.17

Nelson et al.” 1937 Lawrence 350 18.65 5.11 15.03

Myersetal.1’ 1939 Cleveland 111 15.66

Hamre et al.i4 1939 Honolulu 137 16.25 5.08 15.10 44.20 86.50 29.20 34.70

Emerson (quoted in 29) 171 5.44 15.1

Isaac et al (Idem) 57 5.08 15.2

Epstein (Idem) 42 4.93

Williamson” 140 17.0

South A merica

Orias” 1930 Buenos Aires 321 14.28

Tenconisi 1931 Argentina 50 5.30 14.80 43.17

Parodi (Quoted in 29) Argentina 50 5.35 15.4

Gargiulo (!dem) Argentina 944 15.2

Gargiulo (Idem) Argentina 128 17.0

Meccheri (Idem) Argentina 227 15.4

Hurtado et al.’9 Peru 100 5.26 15.7

Europe

Gram et al.5’ 1923 Copenhagen 10 20.42 5.45 15.01 46.34

Heilmeyer et al” 1936 Jena 80 5.06 15.90

Bierring et al. (quoted

in �4) 1936 Copenhagen 60 5.07 14.90 44.90

Dor � 1938 Liege 18.40 14.72

Price-Jones et al. (quoted

in ‘�) England 100 5.43 14.5

Jervell et al. (Idem) Norway 50 5.52 16.2

Burgi (Idem) Switzerland 224 5.00 15.0

Millet et al. (Idem) Belgium 50 3.90 13.3
Jim#{233}nezDIaz (idem) Spain 18 4.88

Komocki (Idem) Poland 33 5.84

Horneffer’i Germany 40 4.96 16.0

India

Sokley et al” 1937 Bombay 121 19.30 5.11 15.37 41.72

Napieretal.6’ 1938 Calcutta 25 20.40 5.05 12.60 42.18 84.93 25.14 29.72

China

ChiaTuTienis 1931 China 320 5.12

Philippine Islands

Chamberlein” 1911 Manila 702 5.20 89.60#{176}�

Navarro’7 1937 Manila 104 19.39 5.16 14.11 43 84 27 32

Australia

Wardlawetal.7 1935 Sydney 26 15.83

Central Austr. 13 14.95

A Inca

Licknatzkyis 1934 Johannesburg 60 5.99 14.54
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Author Year

1884

1888

1893

1896

1910

192.0

192.0

No.of
Erythro- Hb.

cytes

millions crams

5.94

4.80

6.76

6. o6

6. o6

5.70 15.50

5.94
6.oo

5.5#{176}

6.oo

5.42.

Cordero2�

Angel Gavi#{241}o (quoted in 25)

Vergara Lope (quoted in 25)

Sanchez Taglc58

Landa59

Ocaranza25

Paz (quoted in 25)

Del Razo (Idem)

Cervera (Idem)

Andresen and Mugrage3#{176}

Fitzgerald27

Kuendy et al. (quoted in 29)

LicknatzkyiS

Hurtado et al.29

Hurtado28

Morales (quoted in 29)

Monge et al.’#{176}

Capdehounat et al. (quoted in 29).

Barcroft et al.22

Talbott and Dill”

Place

Me xico

Mexico

Mexico

Mexico

Mexico

Mexico

Mexico

Mexico

Mexico

Mexico

Denver

Colorado

Da vos

Johannesburg

H uancayo

Morococha

La Paz

Orova

Cata vi

C. Pasco

C. Pasco

Quilucha

Altitude

meters

2.2.73

2.2.73

2.2.73

2.2.73

2.2.73

2.2.73

2.2.73

2.2.73

2.2.73

2.2.73

152.0

1550

15 8o

1750

32.60

4540

3660

373#{176}

375#{176}
4330

433#{176}

534#{176}

No.of
Cases

10

38

3#{176}

40

5

6o

I0

100

2.00

2.0

II

Is

I0

6

16.54

15.84

i7. i6

105.4

‘5.93

s8.8�

2.2.86

5.99

5.82.

6.66

7.50

6.88

6.31

7.05

7.37

�. A marked increase in the volume of packed red cells and particularly in the

mean corpuscular volume: 54.1 and 95.2. c.�i. in Oroya and 59.9 and 97.5 c.�. in

Morococha.
The increase in the MCV was further confirmed by the finding of greater diam-

eter, thickness and surface area of the red blood cells, as compared with those

found at sea level (table 4). A high viscosity of the blood was also found. The blood

cell variations mentioned and the slight increase in the serum proteins found by

the same Peruvian investigators account for the increased viscosity.

There is a marked difference among the figures found in Mexico by different

workers for the mean corpuscular diameter. Cordero reported it to be 5.9 jo., Ga-

vi#{241}o,7.2.6, and Ochoterena 7.49. (Quoted in reference 2.5.)

JAVIER ROBLES GIL AND DIEGO GONZALEZ TERAN 675

only usual and constant feature of the long-standing hematological adaptation to

high altitudes. Hurtado et al.29 among the inhabitants of Morococha, Oroya and

Huanacayo in ;he Peruvian Andes found:

i. Only a slight increase in the number of erythrocytes compared with the figures

found at sea level. In Oroya and Morococha at 3,730 and 4,540 meters respectively

above sea level, the averages for red blood cell counts were � ,67o,ooo and 6,i 50,ooo

p.c.m.

2.. Mean corpuscular hemoglobin averages of 33 and 33.9 -y-y respectively in the

same #{231}woplaces. These figures are slightly higher than those reported at sea level.

TABLE 3
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676 HEMATOLOGIC STANDARDS IN MEXICO CITY

The mean corpuscular diameter of 8.7 jo found in this study is the same one which

has been found by Hurtado, considering that our investigation was done on wet

films. A difference of 0.9 /� exists between wet and dry films. These results are

slightly above the normal known at sea level.

Andresen and Mugrage3#{176} in Denver, at an altitude of i,�io meters, found a vol-

ume of packed red cells and a MCV of 48.35 CC. and 93 .3 C40. respectively for males

and 43.2.2. and 89.2. c.jo. for females. These values are higher than those reported at

sea level, with the exception of those found by Walters.3’

These modifications of the red cells are probably due to the processes involved in

a permanent adaptation to specific conditions found at high altitudes. It is a well

known fact that a diminution in the atmospheric pressure and hence a decreased

oxygen tension in the lungs is the only constant modification found at such alti-

tudes. The interalveola7 tension at sea level is ioo, but it can be as low as 40 at high

altitudes; and unless the organism compensates for the decrease of interalveolar

tension by means of certain physiological processes of adaptation, blood oxygena-

tion cannot be correctly fulfilled at high altitudes.

There is a close interrelationship of all human functions. If a change occurs in

the environment, the organism will develop adequate anatomic and physiologic

TABLE 4

MC MC MC Blood
Diameter Thickness Surface Area Viscosity

Atsealevel 7.48 2.09 137 4.64

In Oroya (3,750) 7.88 1.97 146 8.4

In Morococho (4,540) 7.74 2..08 245

modifications of its various systems, even of those which are not in direct contact

with it.

Physiologic observations show that organisms adapt themselves differently to

the same external stimuli, if the length of time that the stimuli exert their action

is different. At first, the organism resorts to all its mechanisms at hand, but later,

if the external stimuli persist, it replaces those mechanisms with others that are

slower to appear but which become permanent and thus more suitable to the needs

created by the change.

After rapid ascents there is an increase in cardiac and respiratory rates as well as

an increase of the heart output, demonstrated by Barcroft et al.22 These transitory

changes disappear after a few days. Barcroft and his co-workers have also shown

(Cerro del Mercado) that after a few weeks of residence at high altitudes there

appears an increase in lung ventilation. According to Barcroft,22 Haldane,22�� 365)

and the school of Copenhagen22 (�) 365) the increase in lung ventilation is due to the

excitability of the respiratory centers, which in turn depends on the decrease of

oxygen tension in the blood.

As a result of the hyperventilation there now appears a diminution in the CO2

tension and an increase in the oxygen tension with a slight deviation of the blood
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pH towards alcalinity. The difference between blood pH at high altitudes and

blood pH at sea level is O.Oi to o.o6. Barcroft et al. found at Cerro del Mercado an

oxygen consumption one fifth over that at sea level. Murray82 has shown that there

exists a higher oxygen-combining capacity of hemoglobin in persons residing at

high altitudes, owing to the increase in hemoglobin alcalinity.

A number of investigators-Douglas et al.,64 Laquer,8#{176} Hurtado,28 Hurtado et

al.,29 and Lozoya Solis8’ among them-have found an increase in blood volume after

some weeks of residence at high altitudes. The former used carbon monoxide in

their determinations; the others, vital red and Evans blue. The averages found were

6 to 6.8 liters of whole blood and 1.6 liters of plasma, which correspond to 100 to

12.0 CC. of whole blood and 36 tO 46 CC. of plasma per kilogram. At sea level the

normal average of whole blood volume is 5 tO � .� liters and of plasma i.8 liters,

that is, � cc. of whole blood and 46 CC. of plasma per kilogram. A comparison

of these figures gives a clearer idea of the increase of total blood volume and espec-

ially of cell volume in residents of high altitudes.

Descriptions of special thoracic structures in natives of high regions can be found

in the medical literature. Barcroft et al.22 made radiologic studies of the thorax of

persons living in different places and found that the inhabitants at high altitudes

have the largest thoracic expansion, the average height of each race having been

considered.

Together with all these permanent physiologic and structural changes found in

different systems, the red blood cell modifications described before are also seen.

There are no phylogenetic observations opposed to the existence of macrocytosis

at altitudes above sea level. Although many animals that live at high altitudes

have smaller red cells than man’s, there are others, like the eagle, which do not

show that characteristic. On the other hand, it is true that the disproportion be-

tween volume and surface increases with the increase in size of a spherical figure,

since they follow a different pattern of growth. This concept, which would explain

a handicapped hemoglobin function, cannot be strictly applied to the erythrocyte,

since this cell is not spherical but biconcave, and thus its volume is smaller than

its surface as compared to the former. Moreover, it has never been proved that the

hemoglobin is equally distributed throughout the erythrocyte. In fact, there are

theories indicating that the hemoglobin is found specially at the periphery of the

red cells (Burke83 and others84’ 85). Hurtado29 found the opposite, studying the

relations of hemoglobin1 red cell area and red cell volume. Perhaps the macrocytosis

is due to the diminished oxygen tension in the blood.

The macrocytosis of the red blood cell together with the higher amount of hemo-

globin per cell in comparison with the normocyte accounts, from a physiologic

point of view, for only th#{231}slight hyperglobulia observed by some authors in

residents of high altitudes. Owing to the physiologic macrocytosis, there is an in-

crease of the total hemoglobin which favors the interchanges between the alveolar

air and the erythrocytes, as well as between the erythrocyte and the body tissues.

The findings described in this paper, as well as the hypothesis86 sustained in rela-

tion with the permanent hematologic adaptation of the organism to high altitudes,
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indicate the necessity of further investigations that may or may not substantiate

the above-mentioned concepts.

CONCLUSIONS

I . Careful studies of the red blood cells in long-time residents o- Mexico City

( 1,2.73 meters-7,457 ft.) show a slight, although definite, increase in red cell

count.

i. The percentage volume of packed red blood cells, mean corpuscular diameter

and the amount of hemoglobin per 1.00 cc. of blood are higher in Mexico City than

at sea level.

�. There is an increase in the MCV and in the MCH as a result of the increase in

the hematocrit and in the amount of hemoglobin without a definite correlated

hyperglobulia.

�. The MCHC corresponds to the normal values found by different authors at

different altitudes.

�. The relation between the hematologic standards studied and factors such as

age, sex, diet and body build are in agreement with the findings of other workers.

6. The changes mentioned in 2. and 3 have been observed by other investigators

working under the same experimental conditions and they differ from those found

among temporary residents of high altitudes.

�. It is reasonable to assume that the increase of the MCV and that of the amount

of hemoglobin are the result of a permanent physiologic process of adaptation to

high altitudes, which appears only after a long residence. -

8. The existence of macrocytosis with increased corpuscular hemoglobin found

above sea level possibly favors a better tissue oxygenation as well as other gaseous

interchanges.
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