
HEMOGRAMS AND MYELOGRAMS OF HEALTHY FEMALE MICE

OF C-57 BROWN AND CFW STRAINS

By K . M. ENDICOrr, M.D. , AND HAZEL Gu�, A . B.

I N the course of quantitative studies of experimental blood dyscrasias in labora-

tory mice, two inbred strains of mice were studied to establish normal values

in young adult females.

The data include mean and standard deviations of leucocyte count, differential

count, erythrocyte count, hemoglobin and hematocrit determinations, and reticu-

locyte count of peripheral blood; differential count of marrow smears, mean

marrow cellularity, and marrow index with standard deviation; and mean and

standard deviation of weights of body, spleen, thymus, submaxillary lymph

nodes, and left kidney.

MATERIALS AND METHODS

Healthy female mice, i months old, were used in these studies. Two strains

were studied. CFW albino mice were selected for their uniform susceptibility to

the neurotropic viruses. This strain is in the sixteenth generation of brother-

sister matings at the National Institute of Health and was supplied by S. M.

Poiley. The C-57 brown strain was selected for uniform response to x-ray irradia-

tion and was supplied by W. E. Heston in the sixty-second generation of brother-

sister matings. Mice were caged in groups of � in the same room, and were given a

stock pellet diet for at least one week prior to study.

Freely flowing tail blood was used for studies of blood. Leucocyte and erythro-

cyte counts were made in duplicate after dilution in Trenner pipettes. Differential

leucocyte counts of at least 300 cells in Giemsa-stained smears were made by the

meander method. Hemoglobin was determined colorimetrically with the Evelyn

photo-electric colorimeter after standardization by the van Slyke method.

Hematocrit values were obtained with the van Allen tube using 1.3 per cent

sodium oxalate as the diluting fluid. Reticulocyte counts were made by the Osgood

method using a Miller counting disk. Each mouse was subjected to one only of

the following combinations of determinations: leucocyte count and differential

count, erythrocyte count and reticulocyte count, or hemoglobin determination

and hematocrit determination. This was done to avoid errors due to exsanguination.

Twenty mice of each strain were killed with chloroform for further study.

Duplicate smears of shaft marrow from the right femur were made by a dilution

method (Endicott, 1945). The left femur and thoracic spinal column were fixed in

4 per cent aqueous formaldehyde, decalcified in � per cent formic acid, sectioned

at 5 ,�, stained with van Gieson’s iron hematoxylin-picrofuchsin and photographed

as described below. Submaxillary lymph nodes, thymus, spleen, and left kidney

were dissected clean, weighed, and fixed as above. A complete gross inspection
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was madeand the following additional tissues were fixed for histologic study:

heart, lung, liver, kidneys, and adrenals. All mice showing evidence of disease

were discarded.

One smear of marrow was stained by the Giemsa method, using i : �o dilution

of an o.8 per cent stock stain and buffering to pH �.8 with phosphate buffer. The

other smear was stained by a modified Washburn peroxidase method using i cc. of

solution A and i cc. solution B. This proportion was determined by measuring the

volume of the number of drops which he recommends. After the alcohol decolori-

zation, the smears were stained with Giemsa solution as above.

The method of determining the mean proportion of marrow space actually

occupied by hemopoietic cells is essentially the same as that used in a similar

study of rats (Endicott and Ott, 1945). It has been found easier to do this with

photomicrographs rather than with projection tracings . Sections of decalcified

femur and thoracic vertebra stained with picrofuchsin-iron hematoxylin were

photographed with panchromatic film through a Wratten E filter. Five by seven

inch film was used and the standard magnification was i�o diameters. Photomicro-

graphs were made from the marrow of the body of thoracic vertebra and from the

distal epiphysis, metaphysis, and mid-shaft of the left femur. A 5�7 inch film

was cleared and used to make area analyses of the negatives. A central area of

this cleared film measuring IOXI5 cm. was divided into one hundred and fifty

i cm. squares with coarse lines and into six hundred o.t5 cm. squares with fine

lines. In each photomicrograph the available marrow space was determined by

deducting from 6oo the number of small squares occupied by bone and shrinkage

space. The area occupied by bone marrow cells was next determined. The marrow

cellularity was then determined by the following formula.

Area occupied by marrow cells
Marrow cellularity = ____________________________

Available marrow space

The average for the four areas was then determined. This was then multiplied by

the percentage of each typ: of cell in the marrow smear to give an index of the

total quantity of the various cells.

OBSERVATIONS

The differentation of cell types in the marrow of mice is difficult. This is due

largely to the scarcity or complete absence of cytoplasmic neutrophil granules in

the granulocytic series and to the maturation of granulocytes by the formation of

“ring nuclei” rather than by the metamyelocyte, stab cell sequence. We found the

peroxidase preparations of great assistance, and after many duplicate smears were

counted with no evidence of interference with recognition of cells other than

granulocytes, we adopted the peroxidase method for routine use.

The following classification is essentially the same as that which we found most

practical in studies of rat bone marrow (Endicott and Ott, 1945). It differs in that

the erythrocytic series is subdivided into normoblasts and pronormoblasts.

I. Neutrophil granulocytes.

a). Older forns �metamyelocytes and segmenters). These cells are characterized
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62. HEMOGRAMS AND MYELOGRAMS OF HEALTHY MICE

TABLE i.-Hemo,grams and Myelograms of Normal Mice

Hemogram

C.57 Brown Strain CFW Strain

Mean and S.D.

54.4 ± a.8

i8.i ±0.55

ii.o86 ± 1.02.0

0.7 ± o.8

19,760 ± �

1,070 ± �

330 ± a6o

17,360 ± 5,2.90

No. mice

io

10

8

8

35

35
35

35

Mean and S.D. No. mice

�6.o ± �., 6

17.0±1.32. 6

xz.o6o ± 1.2.40 10

a.i ± 1.0 10

14,480 ± 6,i6o 36

1,970 ± 1,750 36

2.00 ± 2.00 36

11,310 ± 5,460 36

Hematocrit

Hemoglobin gm./ioocc

Erythrocytesin million/cu. mm

Reticulocytes per cent

Leucocytes/cu. mm

Neutrophils/cu. mm

Eosinophils/cu. mm

Lymphocytes/cu. mm

Myelogram

C-57 Brown Straint CFW Straint

Index
(Mean and S.D.)

% in Smear
(Mean)

2.0.7

12.4

10.0

41.9

2.1.9

8.6

30.4

0.3

2.4.2.

1.9

Index % in Smear
(Mean and S.D.’) (Mean)

2.3.0±6.5 2.4.4

15.0 ± 4.4 15.9

7.1 * 1.0 7.5

45.1 ± 7.1 47.8

2.1.3 ± 6.7 aa.6

4.3 ± 1.5 4.6

a�.6 ± 6.7 2.7.1

o,8 ±0.5 o.8

2.1.4 ± 6.3 2.2.7

� ± o.� �.6

0.94� ± 0.02.11

Neutrophil segmenters and metamyclo-

CYte5

Neutrophil myelocytes and premyelocytes

Eosinophils (all types)

Total granulocytes

Normoblasts

Pronormoblasts

Total erythropoietic cells

Blast cells

Lymphocytes (all types)

Miscellaneous cells

Marrow cellularity

‘9.4±6.9

xi.6 ± 3.8

9.3 ± 3.1

40.0 ± 9.4

2.0.4 ± 6.�

8.o ± 3.3

2.8.4 ±-7.5

0.3 ± 0.2.5

aa.6 ± 5.9

�.8 ± o.6

0.933 ± 0.02.9

* S.D. = �/(S(x’)/n -

t Determinations made on ao mice.

� Determinations made on 14 iTI1C�.

TABLE a.-Body and Organ Weights-Normal Mice

C-57 Brown Strain
(20 mice)

CFW Strain
(14 mice)

Mouse(Gm.)

Submaxillarylymphnodes(mg.)

Thymus (mg.)

Spleen (mg.)

Kidney (mg.)

15.4± 3.2.

11.1± 6.�

48.5 ± 11.0

83.6 ± 14.9

‘47.9 ± 14.4

17.9± 3.3

2.2..1 ± 5.5

47.1 ± 15.3

99.6 ± 17.1

145.4 ± 2.1.5

by pale cytoplasm, with or without neutrophil granules, and ring form or seg-

mented nuclei with coarsely divided chromatin. In the peroxidase stain, granules

are usually present.
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b). Younger forms (premyelocytes and myelocytes). These relatively large cells

are characterized by blue cytoplasm with or without azurophil or neutrophil

granules and by relatively large nuclei with more or less finely divided chromatin,

with or without nucleoli and with or without ring form, and by numerous per-

oxidase positive granules in the peroxidase stain.

II. Eosinophil granulocytes. All forms are included in the single group. Nu-

merous large eosinophil granules are present in the Giemsa-stained smears . These

granules are bluish brown in the peroxidase preparations.

III. Red cell series. All recognizable nucleated precursors of erythrocytes are

included in this group. Subdivision is based entirely on nuclear structure. The

cytoplasmic basophilia is increased in the peroxidase preparations.

a). Normoblasts. Erythroid cells with pyknotic nuclei comprise this group.

b). Pronormoblasts. Erythroid cells with pachychromatic nuclei comprise this

group.

IV. Lymphocytes. Large, medium, and small lymphocytes are included in this

group. They are peroxidase negative.

V. Blast cells.All the large cellswith basophil, granule-free, peroxidase-negative

cytoplasm having large nuclei with finely divided chromatin and with nucleoli are

included in this group.

VI Miscellaneous cells. In this category are included the megakaryocytes,

plasma cells, reticulo-endothelial cells, mast cells, stroma cells, vascular endo-

thelial cells, and unidentified cells.

In table i are given the values obtained in the two strains of mice. The two

strains are remarkably similar in both hemogram and myelogram.

The mean weights of the various organs are presented in table 2.. There is striking

similarity of results in the two strains.

SUMMARY

The hemogram and myelogram of healthy female mice 2. months old of two

strains, C-57 brown and CFW albino, are presented. The average cellularity of

marrow has been determined and the marrow differential has been corrected with

this figure to establish a normal index of the total quantity of each type of cell.

The average weight of the body and of the submaxillary lymph nodes, thymus,

spleen, and kidney are presented.
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