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G RANULOCYTOPENIA and anemia can be produced in experimental animals

by a variety of methods. In this Institute these conditions have been pro-

duced by the administration of sulfasuxidine (succinyl sulfathiazole)1 or of thiourea

plus thyroxin,2 and by means of deficiencies of pantothenic acid,3 riboflavin,4

or protein.5’ 6 In these studies diets of purified food materials have been employed.

In experimental rats the diet of itself leads to granulocytopcnia in only a very

small percentage of animals.7 In all of these experiments therapeutic studies in-

dicated that a deficiency of folic acid had developed. This vitamin was shown to

correct both the anemia and granulocytopenia of the animals receiving sulfa-

suxidine,*S the granulocytopenia which developed in riboflavin-deficient animals

and those given thiourea plus thyroxin, and cases of granulocytopenia which

developed without anemia in pantothenic acid-deficient animals.

In view of the fact that granulocytopenia and anemia could be produced by such

a variety of regimens, it seemed that the bone marrow picture in certain of them

should be studied in detail in order to determine their essential identity or to

characterize their differences. The status of the hematopoictic tissue and its re-

sponse to treatment in folic acid-deficient and riboflavin-deficient rats have been

described by Endicott, Daft, and Ott9 and Endicott, Kornberg, and Ott.’#{176}The

present report records similar data on granulocytopenia and anemia which de-

veloped in rats fed a purified diet deficient in pantothenic acid.

The conditions of the present experiment were essentially similar to those pre-

viously described.3 The analysis of the data, particularly with respect to the

quantitative study of the bone marrow, follows that used by Endicott and as-

sociates in folic acid and riboflavin deficiencies. 9, 10

EXPERIMENTAL METHODS

Albino rats of the Osborne and Mendel strain within a week after weaning

were placed on a pantothenic acid-deficient diet which consisted of leached and

alcohol-extracted casein, x8 per cent; crisco, 8 per cent; salt mixture no. 550 (i),

4 per cent; dextrose (Merck U. S. P.), 69.8 per cent; FeSO4’7H,O, o.i8 per cent;

and CuSO4’ 5H20, 0.02. per cent. Into each ioo Gm. of this diet were incorporated

� mg. of thiamine hydrochloride, 2. mg. of riboflavin, i mg. pyridoxine hydro-

chloride, and 2.00 mg. of choline chloride. Each rat received a supplement twice

weekly of 0.2.5 cc. of corn oil containing 2.,000 units of vitamin A and 2.00 units

of vitamin D (natola).

Eight rats from two or more litters were placed on the experiment at a time,

usually each week. Within the week that rats were placed on the experiment,

From the Pathology Laboratory and the Division of Physiology, National Institute of Health, U. S.

Public Health Service, Bethesda, Md.
* Rats given sulfasuxidine will be referred to hereafter as �folic acid� deficient.
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the following determinations on the peripheral blood were made : hemoglobin

( oxyhemoglobi n method-Evelyn photoelectric colorimeter) , hematocri t (Van

Allen), erythrocyte and leukocyte counts (in duplicate-Trenner pipets), differ-

ential leukocyte count (2.00 cells), and reticulocyte count.

The rats were observed daily and when loss of weight, facial porphyrin stains,

general weakness, or pallor occurred, leukocyte and differential counts and hemato-

crit determinations were made. When these procedures indicated the presence of

anemia or granulocytopenia, complete blood studies as indicated above were

repeated and the rat was studied in one of the following groups :*

(a) Ten rats were killed for the study of the hematopoietic tissue in severe granu-

locytopenia. These rats had less than i�o polymorphonuclear leukocytes per cubic

millimeter of blood and hematocrits above 30 volume per cent. The use of this

hematocrit in selecting the rats for this group is arbitrary and the value somewhat

low. This figure was chosen as a dividing point so that animals placed in groups

(c) and (d) (hematocrit below 30 volume per cent) would have unquestioned

anemia.

(b) For the purpose of evaluating the response to treatment of the hemato-

poietic tissue in severe granulocytopenia, a group of 2.2. rats (polymorphonuclears-

or less per cu. mm., hematocrit above 30) were given daily oral doses of 100

micrograms of synthetic pteroylglutamic acidt (folic acid) and � milligrams of

pantothenic acid. Most received in addition io milligrams of niacinamide daily.

Ten rats treated for 4 days and 7 rats for 8 days responded by showing a rise in

leukocytes in the blood to 2.,ooo or higher per cu. mm. Five rats did not respond

to treatment in 4 or 8 days and are not considered in the analysis of the bone marrow

response. Some rats died in less than 4 days and are not included in the 2.2. treated

rats listed above. Complete blood determinations were made at the end of the

treatment period. The rats were then killed for detailed study of the hemato-

poietic tissue. In preliminary analysis of treatment data, there was no evident

difference in bone marrow response between those rats receiving folic acid and

pantothenic acid and those treated with all three vitamins; hence they were

combined for final analysis.

(c) A third group of 15 rats with both granulocytopenia and anemia (poly-

morphonuclears below i 50, hematocrit below 30) were studied for comparison

with group (a).

(d) A fourth group of � rats with uncomplicated anemia (hematocrit below 30,

polymorphonuclearleukocytes above I,5co per cu. mm.) were studied to determine

the status of the hematopoietic tissue in this dyscrasia. The hematocrit value of

30, used in the selection of these rats, insured the inclusion of only those animals

with well developed anemia.

The response to treatment of the hematopoietic tissues in anemia was not studied,

since at the time animals were being selected for treatment the incidence of un-

* A number of rats died during the experimental period without having developed either granulocy-

topenia or anemia and were discarded.

t Supplied through the courtesy of Lederle Laboratories, Inc., Pearl River, N. Y.
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L. L. ASHBURN, F. 5. DAFT AND R. R. FAULKNER 453

complicated anemia was too low to permit the accumulation of a large enough

group to be of significance.

Rats were killed with illuminating gas and autopsied immediately following

the final blood determinations. Marrow smears were made from the left femur

by the plasma or serum dilution technic.” Five hundred to I,COO cells were classi-

fied following Giemsa staining. The cervical lymph nodes, thymus, and spleen were

cleanly dissected and weighed while wet. These tissues as well as the heart, lung,

liver, kidney, pancreas, adrenals, right femur, and a portion of the thoracic spinal

column were fixed in buffered neutral 4 per cent aqueous solution of formaldehyde.

Bone was decalcified in � per cent formic acid. Tissue was embedded in paraffin

and duplicate sections were stained with hemalum azure eosinate and iron hema-

toxylin picro fuchsin. Frozen sections of one adrenal of each rat were made and

stained with oil red 0.

The bone marrow was studied quantitatively by the method described by Endi-

cott et al.’#{176}In brief, this consists of preparing 5” X 7” photomicrographs of the

marrow portion of the mid-shaft, distal metaphysis, and distal epiphysis of the

femur and of the body of the vertebra at magnification of 2.50 diameters. The area

of the marrow cavity and the area occupied by active marrow were determined by

analyzing the photomicrographs through a ruled transparent overlay. The propor-

tion of active marrow to available marrow space was determined for each photo-

micrograph, and the average for the four areas obtained. This average was multi-

plied by the percentage of each type cell in the marrow smear to give an index of

the total quantity of the various cells present in the marrow.

RESULTS

In the tables the hemograms, myelograms, and organ weights of the various

groups are shown as averages and standard deviations. In keeping with one of

the aims of the study, certain comparisons are made in the text of the findings in

this study with those of the folic acid and riboflavin deficiencies reported by Endi-

cott et al.9’ 10

Bone Marrow in Granulocytopenia. The bone marrow in all granulocytopenic rats

showed some degree of hypoplasia, the mean percentage of active marrow for the

group being 53.1 as compared to 82..7 for controls (table j),* As would be expected,

the decrease in granulocytes was much more marked, the mean index of total

granulocytes being �.6 as compared to 43 for controls. This decrease in granulo-

cytes took place largely at the expense of the more mature cells, segmented forms,

and metamyelocytes. These dropped from a normal mean index of 2.8.5 to t.6.

The erythroid cells were not involved in the hypocellularity of the marrow. In

fact the index for these cells showed a rise from a normal of 2.5.5 to 35.0. Because

of this increase in erythroid cells and the marked depletion of granulocytes, the

myeloid-erythroid ratio showed an extreme reversal, from a normal of 1.93 to

0.2.3.

* The data for control rats used here and in tables i and a are those given in the report of Endicott

et al., reference io.
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454 HEMAT0POIESIS IN PANTOTHENIC ACID-DEFICIENT RATS

This increased number of erythroid cells of the marrow is in contrast to the

erythroid depletion found in folic acid deficiency granulocytopenia. With this

exception the marrow pictures in the three deficiency states are essentially similar,

both qualitatively and quantitatively.

Effect of Treatment with Pantothenic Acid, Folic Acid, and Niacinamide on the Bone

Marrow of Granulocytopenic Rats. The detailed findings in these rats following

TABLE i .-Hemograms and Myel.,grams in Experimental Pantothenic Acid Deficiency Granulecytopenia Before and

After Treatment (Means and Standard Deviations)

Granulocytopenic rats treated with folic acid,
10 granu- pantothenic acid and niacinsmide

locytopenic ___________________________________________
22 normal rats (pmns. -
adult rats below 150, 10 rats treated 4 days 7 rats treated 8 days

hematocrit
above 30) Before After Before After

treatment treatment treatment treatment

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.

Peripheral blood
Hemoglobin (Gm./lOOcc.) 11.1 2.4 13.9 1.4 11.7 1.6 12.6 1.6 13.3 2.2

Hematocrit 45.6 3.9 35.5 3.4 43.1 2.5 39.9 2.6 39.2 4.3 42.9 3.8

Erythrocytes/cu. mm. in millions. 5.302 1.603 7.887 1.911 6.717 0.837 8.006 1.082 6.364 1.107

Leukocytes/cu. mm 14,750 5,110 2,226 1,250 4,044 2,549 15,328 7,826 2,601 1,324 22,872 18,432

Neutrophils/cu. mm 3,180 1,970 64 59 108 50 6,598 5,934 86 27 13,768 13,380
Eosinophils/cu. mm 240 171 1 had 132, 8 15 100 128 4 6 148 109

others 0

Lymphocytes/cu. mm 10,840 4,332 1,995 1,175 3,928 2,538 8,630 4,056 2,511 1,303 8,955 5,139

Nucleated erythrocytes/cu. mm... 1 had 40, 708 21,215 199 980 1,548 3,164 478 555 81 216
others 0

Reticuiocytes,% 4.8 6.0 1.4 1.4 6.8 6.4 2.3 1.1 11.7 9.8

Active cellularmarrow,% 82.7 9.12 53.1 20.7 88.6 6.1 89.1 4.4

Index of total quantity in marrow’

Neutrophilic segmented forms &
metamyelocytes (index) 28.5 6.0 2.6 5.1 43.1 12.1 41.6 14.8

Neutrophilic myelocytes & pre-

myelocytes (index) 7.6 2.2 2.5 5.2 8.1 2.9 8.9 3.1
Eosinophilic granulocytes of all

types (index) 6.9 4.6 0.5 0.4 1.6 0.8 4.1 2.7
Total myeloid cells (index) 43.0 10.5 5.6 9.8 52.8 13.5 54.6 15.4
Erythroid cells of all types (in-

dex) 25.5 7.3 35.0 19.6 26.9 11.2 21.9 12.5

Myeloid/erythroid ratio 1.93 0.93 0.23 0.38 2.56 1.78 3.71 2.65

Blast cellsof all types (index).... 1.57 0.51 0.3 0.3 1.1 0.4 1.3 0.7

Lymphocytes of all types (in-
dex) 11.0 3.5 7.7 4.9 5.4 2.6 8.1 3.9

Miscellaneous cells (undex)t 1.65 0.95 4.5 4.2 2.4 1.4 3.2 0.8

‘See text for method of determining index.

t Reticulo-endothelial cells, plasma cells, mast cells,megakaryocytes, and unidentified cells are included.

treatment are shown in table i. The animals included in this group are those that

responded by showing at the end of the treatment period (4 or 8 days) at least

2.,ooo polymorphonuclear leukocytes per cu. mm. of blood. At the end of the 4th

day of treatment the bone marrow showed marked hyperplasia. The percentage of

active marrow had risen from a pretreatment (untreated rats) level of 53.1 tO 88.6.

This increased cellularity of the marrow was almost entirely due to the prolifera-
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tive activity of the granulocytes. The total granulocyte index rose to �i.8. The

index for neutrophilic segmented forms and metamyelocytes rose to 43.1, which is

considerably above the normal of 2.8.5. The eosinophil index did not approach

normal following 4 days of treatment. The index of marrow erythroid cells after

treatment was 2.6.9, a figure distinctly below that of the untreated animals but

approximately the same as that found in the control rats. The cause ofthis apparent

erythroid depletion is not evident, but it may be due to a crowding out of these

cells. The observed drop in red cell count during treatment is in line with the

decrease in marrow erythroid index. This drop in erythroid index and the marked

granulocyte hyperplasia resulted in a high myeloid-erythroid ratio, namely i.�6.

After 8 days of treatment the marrow showed very little further change except

in cells of the erythroid series. The index for these cells dropped to 2.1.9, giving

a myeloid-erythroid ratio of 3.71.

The marrow response in treated pantothenic acid deficiency granulocytopenia

is in most respects similar to that occurring in folic acid deficiency. The only

observed difference was the return of the myelocyte-premyelocyte index to normal

following treatment for four days in pantothenic acid deficiency, whereas in folic

acid deficiency it rose to about three times normal. From this it is evident that in

the regenerative phase of the former deficiency, proliferation and maturation of

granulocytes took place at a similar rate, while in the latter there is relative or

actual retardation of maturation.
The marrow response in treated riboflavin deficiency is similar qualitatively to

that of pantothenic deficiency but of less magnitude.

Bone Marrow in Combined Granulocytopenia and Anemia. The bone marrow in the

rats of this group showed marked atrophy. Congestion and edema of variable de-

gree were seen in most animals. The stroma was loose in texture and showed few

or no adult fat cells. These changes were similar to those in the granulocytopenic

group but were more severe. The percentage of active marrow was reduced to 31.7.

The granulocytes showed extreme depletion, the mean index being o.6. The cry-

throid index was reduced to 19.8 from a normal of 2.5.5. This drop is similar in

magnitude to that occurring in folic acid deficiency, but contrasts with the cry-

throid hyperplasia which occurs in the granulocytopenic and anemic rats fed a

diet deficient in riboflavin. The marrow granulocyte picture was essentially similar

in all three deficiencies, but the granulocyte depletion was somewhat more marked

in the pantothenic acid deficiency.

Bone Marrow in Anemia. The rats placed in this group showed a well developed

anemia (mean hematocrit below 30), but no evidence of granulocytopenia

(granulocytes above 1,500 per cu. mm. of blood). In spite of this, the most striking

change in the marrow was the depletion of granulocytes. The index of total

granulocytes dropped to 2.8.8. The granulocyte depletion occurred largely in the

segmented forms and metamyelocyte group.

The mean erythroid index of 2.8.1 did not differ significantly from the normal

of 2.5.5. There was considerable variation in erythroid indices for the individual

rats. However, there was no consistent correlation between index and degree of

anemia. As pointed out by Endicott9 for the anemia of folic acid deficiency, here
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TABLE a.- Hemograms and Myelograms in Experimental Pantothenic Acid Deficiency Anemia, and

Granulocytopenia and Anemia (Means and Standard Deviations)

22 normal
adult rats

15 granuiocytopenic
and anemic rats,

(pmns. below
� hematocrit

l�elow 30)

7 anemic rats
(pmns. above

1500 hematocrit
telow 30)

Mean S.D. Mean S.D. Mean S.D.

45.6 3.9

14,750 5,110

3,180 1,970

�40 171

10,840 4,33a

, had 40,

others o

Peripheral blood

Hemoglobin (Gm./ioo cc.)

Hematocrit

Erythrocytes/cu. mm. in millions

Leuckocytes/cu. mm

Ncutrophils/cu. mm

Eosinophils/cu. mm

Lymphocytes/cu. mm

Nucleated erythrocytes/cu. mm

Reticulocytes, %

Active cellular marrow, %

Index of total quantity in marrow*

Neutrophilic segmented forms & meta-

myelocytes (index)

Neutrophilic myelocytes & premydocytes

(index)

Eosinophilic granulocytes of all types (in-

dex)

Total myeloid cells (index)

Erythroid cells of all types (index)

Myeloid-erythroid ratio

Blast cells of all types (index)

Lymphocytes of all types (index)

Miscellaneous cellst (index)

4.8

17.5

�

I ,009

3a.o

977
709

3.6

31.7

o.a

0.I

0.3

o.6

19.8

0. o6

0.1

6.7

4.5

a.4

7.a

i . aa4

702

4�. 3

6

703

1,309

3.1

ao . a

0.3

0.I

o.8

I.’

15.0

0.09

0.17

6.7

3.7

6.c

ao.9

3.388

3,95a

45
a,a36

8,397

3.4

77.0

17.8

9.0

a.o

a8.8

a8.

1.30

1.1

10. a

8.6

a.n

6.6

4ao

879

2.73

68

709

�,86o

3.0

13.4

9.0

7.4

i.6

‘4.5

13.8

i.a

0.9

7.6

�5.0

8a .7

a8.�

7.6

6.9

43.0

2.5.5

1.93

1.57

11.0

9.,a

6.o

a.a

4.6

10.5

7.3

0.93

0.51

3.5

0.95

* See text for method of determining index.

t Reticulo-endothelial cells, plasma cells, mast cells,
included.

megakaryocytes, and unidentified cells are

456 HEMATOPOIESIS IN PANTOTHENIC ACID-DEFICIENT RATS

too factors in addition to the quantity of marrow erythroid tissue must play a

prominent part in the production of anemia.

Lymph Nodes. The cervical nodes were similar in all rats of the granulocytopenic,

the anemic, and the granulocytopenic and anemic groups. Lymphoid atrophy of

variable degree occurred and involved both medulla and cortex, particularly the

latter. The most striking alteration in these nodes was the almost complete ab-

sence of follicles. These structures were seen in only three of the many nodes from

the 32. animals, and in these the follicles were small and indistinct. Focal inflam-

mation was seen in a few nodes. The mean weight of the nodes from the three

groups is shown in table 3. Although there is considerable variation between the
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node weights of different animals, the means for the three groups are not signifi-

cantly different.

Following treatment for 4 days, there was marked response. Lymph node
weights rose to 151 mg. as compared to io6 mg. for the untreated granulocyto-

penic rats. The histologic change was even more striking. The cells of the pulp

were more compactly disposed, larger, and sometimes seen in mitosis. Many large

active follicles were present in the nodes from more than half of the animals.

After 8 days of treatment the mean weight of nodes had risen to 345 mg. However,

more of these nodes showed small inflammatory foci and occasionally a large

abscess was present. Histologic examination showed more evidence of lymphoid

hyperplasia. Numerous large active follicles were present in the nodes of all rats.

In the nodes from i rat treated for 4 days and from 2. rats treated for 8 days, there

were few to many patchy areas of myelosis. These foci varied in size and in con-

centration of the granulocytes. In some the cells were mature but in most areas

younger cells, including many myelocytes, predominated.

TABLE 3.-Weight of Thymus, Spleen, and Lymph Nodes in Mg. (Means and Standard Deviations)

Granulocytopenic
rats (pmns. below

150, hematocrit
above �)

Mean S.D.

Granulocytopenic
and anemic rats

(pmns. below 150,
hematocrit below

30)

Mean S.D.

Anemic rats
(pmns. above

1500 hematocrit
inlow 34))

Mean S.D.

Treated granulocytopenic rats

�
after 4 days after 8 days
treatment treatment

Mean S.D. Mean�S.D.

Submaxillary and pos-

terior cervical lymph

nodes xo6 78 104 6o 90 44 i5a �6 345 �3I

Thymus 47 15 45 a� 46 �7 95 a� i66 ioi

Spleen 414 164 5o6 a5i 7I� 2.17 737 i6i i’�� 583

Thymus. On gross examination of rats of the granulocytopenic and the granulo-

cytopenic and anemic groups, the thymus appeared reduced in size and consistency.

The mean weights for the several treated and untreated groups are shown in

table 3. On histologic examination extreme lymphoid atrophy was evident, and

only very few lymphocytes could be found. The gland was made up of compactly

disposed, large reticulum cells. Their cytoplasm was ample and usually deeply

oxyphilic. Though comparable in weight to those of the other two groups, the

thymus in the anemic rats showed less lymphoid atrophy. Although some showed

atrophy of entire lobules, generally the lymphoid atrophy was patchy and in-

complete.

Following 4 and 8 days of treatment, the mean weights of the glands were 95

and i66 mg., respectively, as compared to 47 mg. for the thymus of untreated

rats. This increase in weight only partially reflects the lymphoid hyperplasia

evident on histologic examination, for lymphocytes had increased from almost

zero in untreated rats to normal concentration in most rats in 4 days and in all

rats after 8 days treatment. The lymphoid cells generally were larger than normal,

their nuclei were less compact, and in a number of glands mitotic activity was
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458 HEMATOPOIESIS IN PANTOTHENIC ACID-DEFICIENT RATS

evident. Whether or not the lymphoid response is directly related to the specific

treatment given cannot be determined from this experiment. It is possible that the

respbnse is related to the increased food consumption which occurs during treat-

ment.

Spleen. The mean weights of the spleen for the various groups of rats are shown

in table 3. Histologically, in the spleen of untreated rats there was evident re-

duction in activity of lymphoid follicles. The cells of these structures generally

were small and mature; also the normal collars of large cells were absent or thin.

Th�. pulp was very cellular in almost all spleens and comprised largely erythroid

and niyeloid cells of variable maturity. Hematopoiesis in this organ was considered

to be moderate or marked in 2.6 of the 32. rats. It was of slight degree in 4 rats and

mihitnal in 2.. This degree of hematopoietic activity is greater than that seen in

contt�ol rats of comparable age.

This persistence of hematopoiesis in the spleen in the presence of marked marrow

depletion is in sharp contrast to the finding in the granulocytopenic and the granu-

locytopenic and anemic rats in folic acid and riboflavin deficiencies. In these

TABLE 4.-Megakaryocytes in the Spleen and Bone Marrow

.

Groups

.

Number of rats

Megakaryocytes in 100
microscopic fields

S lean Bone
marrow

. .
MYfeloid index

.
ErythroldLndex

Control rats

Anemic

Granulocytopenic

Granulocytopenic and anemic....

Treated (� days) granulocyto-

penic

8

7

�o

x�

10

70

45

i�

3

74

i6�

36

2.3

8

xa8

43.0

a8.8

�.6

o.6

�a.8

2.5.5

aS.,

35.0

19.8

a6.9

deficiencies, the spleen usually showed no hematopoictic activity; when present

it was of minimal degree.

Tteatment for 4 and 8 days resulted in progressive enlargement of the spleen.

Histologically, there was some increase in the amount of splenic hematopoietic

tisSue. In all animals the degree of activity was considered as marked. Lymphoid

follicles showed evidence of activity. Germinal centers were commonly seen and

mitoses were not infrequent.

Megakaryocytes in the Spleen and Bone Marrow. In spite of the somewhat increased

amount of hematopoietic tissue in the spleen of rats with untreated dyscrasias,

it seemed evident on histologic examination that megakaryocytes were reduced in

number. To determine the validity of this impression, the number of megakaryo-

cytes found in many microscopic fields (field diameter of 0.36 mm.; section thick-
ness, 5-741L) was totaled and recorded in terms of number per 100 fields. A similar

examination of the spleens of 8 controls rats and xo granulocytopenic rats treated

for 4 days was made for comparison. Megakaryocyte count also was made on the

secxioned femoral bone marrow. A comparison of the findings is shown in table 4.
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It is evident that as the myeloid index of the marrow decreases, there is a cor-

responding decrease in the megakaryocyte count of the marrow and spleen. As the

marrow myeloid index reaches normal after treatment, the megakaryocytes reach

or approach normal also. From this it seems clear that the factors controlling

megakaryocyte production are closely related to those affecting the myeloid cells

of the marrow and, conversely, that they do not appear related to the factors

influencing erythrocyte production.

Purpura. Slightly more than 2.5 per cent of the rats in the granulocytopenic and

the granulocytopenic and anemic groups showed intracutaneous hemorrhage. On

reflecting the abdominal skin at autopsy these purpuric foci were seen irregularly

scattered through the dermis. The foci were small, usually less than i mm. in

diameter, and had sharply defined borders. Occasionally color changes in the

cervical lymph nodes suggested hemorrhage, and this was confirmed histologically

in i rat. In addition a moderate amount of blood was seen in the lymph node

sinuses of 10 animals. Blood in lymph node sinuses occurred more frequently in

the granulocytopenic and anemic rats than in granulocytopenic animals. In this

connection it is of interest to note that megakaryocytes in the spleen and bone

marrow were greatly reduced in combined anemia and granulocytopenia. In the

animals with granulocytopenia alone, megakaryocytes was much less reduced.

Neither purpura nor blood in lymph node sinuses was seen in the � rats of the

anemic group. These rats showed the least reduction in megakaryocytes.

In addition to the rats noted above, purpura was seen in 2. rats that responded to

treatment and in 2. that did not respond in 4 days. It was also seen occasionally in

animals that died while on experiment.

Adrenal Glands. The great majority of adrenal glands from rats of the three

untreated groups showed moderate to marked lipoid depletion (2.8 of 32. rats).

In the other 4 there was slight or no depletion. Hemorrhage and necrosis were

seen in the adrenals of only 8 rats. The pattern of lipoid depletion and the hemor-

rhage and necrosis have been fully characterized previously.’2 After 4 days of

treatment, the lipoid content of the adrenals of 7 rats was normal, slightly re-

duced in 2., and moderately in i. After 8 days of treatment, the adrenal lipoid

content of all rats was within normal range. In both groups a few rats showed some

variation from the normal distribution pattern.

Granuloc,ytopenic Rats That Did Not Respond to Treatment. In this group are in-

cluded � rats which did not show a significant rise in circulating polymorphonu-

clear leukocytes at the end of the 4 day treatment period. In � rats the thymus

and lymph nodes were atrophic. Follicles were not present in the nodes, and the

thymus was formed of compactly arranged large reticulum cells and was almost

devoid of lymphocytes.

The bone marrow was quite atrophic. Although detailed analysis was not made,

the degree of atrophy was considered to be at least as great as that seen in the

untreated granulocytopenic rats.

Although the mean weight of the spleens of the “no response” rats was some-

what greater than that of the untreated group, histologically there was no evidence

of stimulation of the hematopoietic or lymphoid tissue.
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The lipoid content of the adrenal cortex was slightly greater on the average in

these “no response” rats than in the untreated granulocytopenic rats. However,

since this difference is not great and the series of rats is small, it cannot be deter-

mined whether this difference is significant.

COMMENT

When it was decided to compare in this laboratory the hematopoietic tissue of

rats in which granulocytopenia and anemia were produced by three different

dietary regimens-folic acid, riboflavin, and pantothenic acid deficiencies-it

was assumed that these dyscrasias resulted directly from the deficiencies of the

three specific vitamins. However, shortly after the experiments were initiated,

treatment data from the studies of Daft et al.3 and Kornberg et al.4 indicated that a

deficiency of folic acid was involved in all three of the granulocytopenias. In view

of this relationship, from a standpoint of causation, it is not surprising that the

changes in the bone marrow with respect to the granulocytes followed a similar

pattern in the three different dietary regimens. The bone marrow was hypocellular

and granulocytes were markedly depleted, particularly the more mature forms.

In folic acid and riboflavin deficiencies, Endicott et al.9’ ‘#{176}didnot find any evidence

to suggest that in developing or fully developed granulocytopenia there occurred

any stage in which there was an increase in marrow granulocytes. The same was

true in the present study. This point is made in view of the fact that certain human

cases of granulocytopenia are described as showing maturation arrest with hyper-

plasia of the stem cells.’3

The status of the marrow erythropoietic tissue in granulocytopenia and in

combined granulocytopenia and anemia in the three dietary regimens differs.

The accompanying tabulation shows this variation.

Marrow erythroid cells
in in

granulocytopenia granulocytopenia and anemia

Folic acid deficiency depleted approx. normal

Riboflavin deficiency approx. normal increased

Pantothenic acid deficiency increased depleted

It would not seem that this variation should occur if the anemia in all were an

expression of induced folic acid deficiency. That induced folic acid deficiency is
not responsible for the anemia occurring in riboflavin and pantothenic acid de-

ficiencies is indicated by the treatment data from experiments reported by Korn-

berg et al.4 and Daft et al.3

Lymphoid hypoplasia or atrophy of the spleen, lymph nodes, and thymus seen

in these deficiencies cannot be definitely related to the specific vitamins in view

of the fact that this atrophy occurs in inanition, a condition seen in all three of

the deficiencies. Further work will be necessary to answer this question.

Extramedullary myelosis involving lymph nodes is uncommon. In the present

study it was observed in 3 of 17 treated rats. This suggests both a great physiologi-

cal need and an intense stimulating action of the vitamin therapy for granulocyte

production.
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As pointed out by Daft et al.,3 there are similarities between the marrow atrophy

seen in this study and the panmyelophthisis ofrats described by Gy#{246}rgyand Gold-

blatt.’4 It appears that they found a somewhat greater degree of general marrow

atrophy than was observed in the present study. In fact the term . panmyeloph-

thisis” could not be applied to our group of granulocytopenic rats. In this group,

the marrow granulocytes are markedly reduced but erythroid cells were present

in greater than normal numbers. A reduced platelet count was a feature of the

panmyelophthisis of Gy#{246}rgyand Goldblatt. In the present study platelet counts

were not made. However, the greatly reduced number o marrow and splenic

megakaryocytes suggests the probability of a reduced number of circulating plate-

lets.

SUMMARY

Rats fed a purified diet low in pantothenic acid developed granulocytopenia

and anemia singly or in combination. In the former, the marrow showed marked

depletion of granulocytes, particularly of the more mature cells, and a slight in-

crease in erythroid cells. In combined granulocytopenia and anemia the granulo-

cytes of the marrow were still further reduced and the erythroid cells were also

depleted. Marked reduction in the number of megakaryocytes occurred both in

the granulocytopenic and in the granulocytopenic and anemic rats. Purpura was

noted grossly in about 2.5 per cent of the rats of both groups. In anemia without

accompanying granulocytopenia the marrow granulocytes showed slight to

moderate depletion, whereas the erythroid index (mean) was not signiLcantly

lowered. Megakaryocytes were moderately reduced.

Lymphoid tissue-spleen, thymus, and cervical nodes-showed atrophy of

variable degree, most marked in the thymus.

Adrenal glands showed marked depletion of cortical lipoids and rarely hemor-

rhage and necrosis.

Following treatment with combined folic acid, pantothenic acid, and niacina-

mide, granulocytopenic rats responded by showing a prompt rise in lymphocyte

and polymorphonuclear leukocyte count, marked granulocytc response of the

bone marrow, increased splenic hematopoiesis, lymphoid hyperplasia, and in-

creased lipoid content of the adrenal glands.
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