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ADULT FEMALE DOGS

By ROGER C. CRAFTS, M.D.*

E STROGENS have been found to have profound effects on the hemopoietic

system of dogs.�’4 Large doses of natural or synthetic estrogens produced

hemorrhagic purpura, gradual anemia, and a profound leucocytosis which was

followed by a leucopenia. Differential counts showed that the neutrophils were the

cells responding to the injections, and Arneth counts showed a swing to the left

followed by a corresponding shift to the right. These injections also produced a

slight liver damage. Although the time required to produce death varied with each

animal, a daily dose of �.o mg. of estrogen ultimately killed the dog.

Except for the work of Arnold and his co-workers, little attention has been given

changes in the bone marrow as a result of estrogen injections. Accordingly, this

experiment was performed to describe the changes produced by estrogens in the

bone marrow of adult female dogs.

METHODS

Adult female dogs of 8-u kilograms body weight were used in this study.

Each dog was trained to stay on the dog board and blood was removed from

femoral vessels without anesthesia. Erythrocyte and white cell counts were made

with U. S. certified pipets and the improved Neubauer counting chamber. Smears

were made with the two-coverglass technic and differential counts were made on

2.00 cells. Hemoglobin determinations were made with a Hellige hemometer.

Bone marrows were studied in the following manner. The whole femur was re-

moved at autopsy. A single i� inch piece was removed at the proximal end of the

femur, the proximal cut being made with a saw just distal to the trochanters. The

piece of bone was then split lengthwise with bone forceps and the top half of the

bone removed leaving the bone marrow intact in a “boat” of bone. This was then

placed in Helly’s fixative. The bone marrow was removed from the “boat” of

bone after it had become firm in the alcohols. After embedding in paraffin, it was

sectioned at 6 micra and stained with toluidin blue and eosin. Differential counts

were made on �oo cells.

All injections were given intramuscularly and in sesame oil.

RESULTS

Several blood examinations were performed on each dog before estrogen therapy

was given. The average blood figures obtained from 45 separate blood samples

from 14 dogs are summarized in table I.
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ROGER C. CRAFTS 2.77

Figure i shows a typical curve for the total white cell count of an adult dog

under estrogen treatment. The height of the curve varied with each animal and

some dogs exhibited a second curve but the terminal effects were the same. Each

dog was autopsied when the leucocyte count was at a level indicated in figure i.

TABLE i-Normal blood figures for adiolt female Jogs taken from 45 separate blood samples

from 14 Jogs. ± = .cta,zJar�I Jev:ar:on

Erythrocyte count in millions per cu. mm 6.55 ±0.73

Hemoglobin in Gm. per ioocc 14.8 ±2..I

Leucocyte count in millions per cu. mm 13.2. ±4.8

Neutrophils in per cent . . 69.6 ±9. I

Eosinophils in per cent 4. 2. ± i . 6

Basophils in per cent o.i ±0.2.1

Lymphocytes in per cent 19.7 ±8.6

Monocytesin percent 2..8 ±2.2.
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FIG. i. Showing a typical leucocyte response of adult dogs to injections of large doses of estrogen.

The dogs described in this paper were autopsied when the total white counts were as indicated.

This gives a progressive story of the changes produced in the bone marrow during

treatment with estrogens.

Dogs No. 12 and No. 26. These 2. animals served as controls and were autopsied after no treatment. The

bone marrows of the 2.dogs were similar in appearance (figure 2.). The myeloid elements were more con-

centrated toward the periphery and the marrow gave the appearance of a normal distribution of cellular

elements.
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2.78 EFFECTS OF ESTROGENS ON BONE MARROW OF DOGS

Differential counts showed that 40.4 per cent of the cells were erythroid in nature and 43 .� per cent of

the cells were neutrophilic elements. Further details are given in table i.

These counts differ slightly from counts reported by other workers. Alexandrov’5

reported 2.3.4 per cent erythroid elements and 43.0 per cent neutrophilic elements,

Stasney and Higgins� found 59.0 per cent and 2.4.2. per cent respectively, Mulligan’7

reported 40.1 per cent erythroid and �o.i per cent neutrophilic, and Meyer and

l3loom1 have found erythroid elements to he 38.7 per cent of the bone marrow cells

and neutrophilic elements to be 45.7 per cent of marrow cells. These four groups of

workers used the sternum, rib, rib, and ilium respectively as a source for marrow

while the present work utilized the femur. Stasney and Higgins,� however, found

that the source of the bone marrow made little difference as far as the distribution

of the cells was concerned.

Do� No. 14. This animal was autopsied after twenty-five days of treatment with a total of 89.0 mg. of

stilhestrol.* The leucocvte count was close to the peak of rise, having increased from io.5 thousand cells

* � am greatly indebted to Dr. C. F. Church of the Squibb Institute for Medical Research for the stil-

bestrol used in this experiment.
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TABLE 2..-D:fferent:al counts on bone marrows of adult female Jogs treated with estrogen.

tells rarely found have not been included

Dog

Normal

controls

� ‘4

I’

�

Total leucocyte
count in

thousands
per Cu. mm.

13.2.

46.0

2.1. I

i8.8

1.2.

o.8
0.2.

Erythroid
elements

40.4

3.6

7.6

31.4

97.4
96.

Promyelocytes

3.8

Neut rophilic
elements

43.7

90.0

86.4

64.8

o.6

0.0

Hemocytoblasts

4.7

F.osinopliilic
elements

7.0

0.4

‘.4
0.2.

o.6

0.5

Not enough cells to count.

2.6 3.4

1.2. 3.0

0.0 3.2.

0.0 1.0

0.0 3.0

Fio. �. Bone marrow of dog No. 14 autopsied when the total white cell count was near its niaxinium

response. Note the large masses of neutrophilic elements.
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per Cu. mm. to 57.0 thousand cells, and then decreased to 46.0 thousand cells per cu. mm. at the time of

autopsy. The erythrocyte count s�’as 7.34 million cells per cu. mm.; hemoglobin, i8.� Gni. per ioo cc..
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2.80 EFFECTS OF ESTROGENS ON BONE MARROW OF DOGS

neutrophils, 91.0 per cent; eosinophils, 2.0 per cent; basophils, 1.0 per cent; lymphocytes, 5.5 per cent;

and monocvtcs, o.� per cent.

Although ervthroid elements were present, the hone marrow appeared to he almost completely com-

posed of neutrophilic elements (figure 3). Differential counts (table 2., No. 14) revealed that neutrophilic

elements represented 90.0 per cent of the cells in the hone marrow while the erythroid elements showed a

relative decrease to only 3.6 per cent of marrow cells (normal dogs: 43.7 per cent neutrophilic elements,

40.4 per cent crvthroid elements).

Fio. 4. Bone marrow of dog No. 2. autopsied when the total white cell count was 8oo cells per cu.

mm. Note the extreme congestion with mature ervthrocvtes. Darker staining cells are ervthroid elements.

Dog No. 9. This animal was treated for twenty-seven days with a total dose of 84.5 mg. of stilbestrol.

The leuco te count increased from 11.7 thousand cells per cu. mm. to 36.8 thousand cells, and then de-

creased to 2.1.1 thousand, at which time it was sacrificed. At autopsy, the erythrucyte count was �.88

million cells per cu. mm.; hemoglobin, 14.5 Gm. per ioo cc.; neutrophils, 89.0 per cent; eosinophils,

o.� per cent; basophils, o.� per cent; lymphocytes, 9.0 per cent; and monocvtes, 1.0 per cent. The bone

marrow of this animal was slightly congested and the majorIty of cells were neutrophilic elements.

Neutrophils were not as predominant as found in the previous dog which was autopsied while the leuco-

cvte count was 46.0 thousand cells per cti. miii.

Differential counts (table 1 No. �) revealed that 86.4 per cent of marrow cells were ncutrophilic dc-
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FIG. �. Bone marrow of dog No. i6 autopsied when total white count was 1.2. thousand cells per cu

mm. Although some areas of mature ervthrocytes are present, “edema” has replaced everything but the

erythroid elements.

ROGER C. CRAFTS 2.81

ments while only 7.6 per cent of cells were erythroid in nature. These figures should be compared with

43.7 per cent neutrophilic and 40.4 per cent erythroid elements found in the normal dog.

Dog No. ii. This animal was injected for twenty-five days with a total of 89.0 mg. of stilbestrol. The

leucocyte count increased from ii.6 thousand cells per cu. mm. u) 34.5 thousand cells, and then decreased

to i8.8 thousand cells at the time it was sacrificed. At autopsy the erythrocyte count was �.88 million

cells per cu. mm.; hemoglobin, 14.0 Gm.; neutrophils, 67.0 per cent; eosinophils, i.o per cent; basophils,

o.5 per cent; lymphocytes, 30.0 per cent; and monocvtes, o.5 per cent. The majority of the neutrophils

were of the older variety-a shift to the right.

The bone marrow of this animal looked like marrow from a normal animal. Differential counts (table

2. No. ii) showed, however, that 64.8 per cent of marrow cells were neutrophilic elements and 31.4 per

cent erythroid elements.

Dog No. 2. This animal was treated with 5.0 mg. of stilbestrol per day for one hundred and twenty-two

days. The leucocvte count increased from 19.2. thousand cells per cu. mm. to 46.9 thousand cells on the

eighteenth day of treatment, decreased to 4.0 thousand cells on the forty-third day of treatment, again

increased to 2.6.0 thousand cells on the eighty-first day of treatment, and then gradually decreased to o.8

thousand cells on the one hundred and twenty-second day, the day the animal was sacrificicd. The

erythrocyte count decreased from 7.0 million cells per cu. mm. to i.6 million cells; hemoglobin, from
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2.82. EFFECTS OF ESTROGENS ON BONE MARROW OF DOGS

15.2. Gm. per 100 cc. to 7.0 Gm. The blood smear, made on the last day of treatment, did not contain

enough cells to make a complete differential blood count. Of the cells counted (6o) 11.0 per cent were

neutrophils, i.o per cent, eosinophils, and 87.0 per cent were lymphocytes.

The bone marrow of this animal was extremely congested. Most of the area in the bone marrow was

taken up by mature erythrocytes (figure 4).

Differential counts (table 2., No. 2.) revealed a complete lack of neutrophilic elements. 96.5 per cent of

the marrow cells were erythroid elements. There was a considerable deposit of hemosiderin pigment in

this bone marrow.

FIG. 6. Bone marrow of dog No. i autopsied when the total white cell count was ioo cells per Cu. mm.

Note the almost complete replacement of the remaining erythroid elements with “edema.”

Dog. No. i6. This dog was treated for thirty-three days with a total dose of 93.5 nig. of stilbestrol.

The leucocyte count increased from 9.5 thousand cells per cu. mm. to 2.1.7 thousand cells on the twentieth

day of treatment. The animal was sacrificed on the thirty-third day when the leucocyte count was 1.2.
thousand cells per cu. mm. This animal did not exhibit an anemia. The erythrocyte count was 5.37 million

cells per Cu. mm. and the hemoglobin was 13.5 Gm. per ioocc. There were not enough white cells on the

‘ilood smears to make a differential count.

The hone marrow of this animal (figure �) showed the same lack of neutrophilic elements as shown in

the previous animal, but the areas of extreme congestion were supplanted by a moderate congestion plus

large areas of “edema.” Erythroid elements stood out more clearly. Active erythropoiesis was present

and the bone marrow had considerable hemosiderin deposit.
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ROGER C. CRAFTS 2.83

Differential counts (table 2., No. i6) showed results similar to those found in the previous animal.

97.4 per cent of the marrow cells were erythroid elements while only o.6 per cent were neutrophilic

elements.

Dog No. I. This dog received 5.o mg. of stiibestrol per day for thirty-four days. The leucocyte count

increased from 13.8 thousand cells per Cu. mm. to 54.0 thousand cells on the twenty-third day of treat-

ment. The animal was sacrificed when the leucocyte count was 0.2. thousand cells per Cu. mm. The eryth-

rocyte count decreased from 6.i8 million cells per Cu. mm. to 4.40 million. There were not enough cells in

the blood smear to make a differential count.

The bone marrow of this animal (figure 6) was almost entirely devoid of cells. The whole marrow was

replaced by the “edema’ ‘ present. There were not enough cells to make a differential count.

In summary, large doses of estrogen are toxic to the bone marrow of adult dogs.

Under the influence ofestrogen treatment there is a great stimulus to the production

of neutrophilic elements (figure 3), with a concomitant increase in the white cells

of the peripheral blood. This accounts for the increase in leucocyte count which

invariably follows treatment of dogs with large doses of estrogen. At this stage

the majority of neutrophils are of the young variety-a shift to the left. Con-

tinued estrogen treatment results in a marked congestion of the bone marrow

(figure 4), which is accompanied by destruction of white cell elements. This

accounts for the marked decrease in the leucocyte count in the blood stream. The

neutrophils in the blood are old-a shift to the right. The areas of the bone marrow

formerly occupied by mature erythrocytes and the white cell elements are then

replaced by “edema” which, for a time, spares erythroid elements (figure �).

Continued treatment is toxic to the remaining erythroid elements so that the

marrow becomes almost completely devoid of cellular elements (figure 6).

DIscUssIoN

Estrogens, in large doses, appear to be very toxic to the bone marrow of dogs.

Arnold and co-workers2 have reported results essentially similar while Dougherty,

Williams, and Gardner’9 reported, in abstract form, that estrogens produced an

aplastic bone marrow.

There are indications that the effects of estrogens on dogs are due to their toxicity

to this animal rather than to any physiological estrogenic activity. One adult

female dog was treated with daily doses of 5.0 mg. of alpha estradiol and another,

of similar size and weight, was treated with 5.0 mg. of beta estradiol, known to

have one fortieth of the estrogenic potency of alpha estradiol. Both animals re-

sponded to the injections with a great increase in the total leucocyte count followed

by a marked decrease.1’ The neutrophils were responsible for these changes. In

addition, 2. dogs were treated with daily doses of 0.15 mg. of alpha estradiol,* an

amount which would approximately represent the physiological activity of daily

doses of �.o mg. of beta estradiol. Except for an initial slight rise in the leucocyte

count, these animals showed no ill effects after a year of injections.

It is of interest that injections of 10 mg of estrogen per day produced no such

reaction in monkeys,” and there are no indications that the human responds in

any such manner.

* This alpha estradiol was very generously furnished by Dr. Erwin Schwenk of the Schering Corpo-

ration.
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2.84 EFFECTS OF ESTROGENS ON BONE MARROW OF DOGS

Dogs respond to estrogens according to their physical condition. While one

animal will live for one hundred twenty-six days receiving a daily dose of � .o mg.

of estrogen and exhibit several increases and declines of the leucocyte count, other

dogs will die in thirty days with the same dose. One dog, not reported, received

only o.5 mg. of alpha estradiol per day and died on the seventy-sixth day of treat-

ment with a bone marrow completely devoid of cellular elements . This bone marrow

resembled that shown in figure 6. At autopsy, this animal was found to be suffering

from a respiratory infection and had many intestinal parasites.

Estrogens are toxic to the bone marrow of adult dogs. The toxic dose level differs

from animal to animal depending upon its physical condition.

SUMMARY

Large doses of estrogens have a profound effect on the bone marrow of adult dogs.

The initial reaction is a great increase in the number of neutrophilic elements in

the bone marrow. These neutrophils are released into the blood stream causing a

marked rise in the total white cell count. This is followed by congestion of the

bone marrow and a destruction of the white cell elements in these marrows. Con-

gested areas and locations formerly occupied by white cell elements are replaced by

edema, leaving erythroid elements intact. This accounts for the marked drop in

the total white cell count in the blood stream. This is followed by destruction of

remaining erythroid elements in the bone marrow and replacement by “edema”

until a stage is reached where practically no cells can be found in the marrow.
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