RETICULOCYTE S1ZE AND ERYTHROPOIETIC STIMULATION

1960, v16, 1424.

3. Stohlman, F., Jr., ébid., 1960, v16, 1777.

4. Brecher, G., Schneiderman, M., Williams, G. Z.,
Am. J. Clin. Path., 1956, v26, 1439.

5. Strumia, M. M., Sample, A. B.,, Hart, E. D,
ibid., 1954, v24, 1016.

6. Brecher, G., ibid., 1949, v19, 895,

7. Harriss, E. B., Belcher, E. H., Proc. 9tk Int.
Cong. of Radiology, Georg Thieme Verlag, Stuttgart,
1960, p9os.

8. Van Dyke, D. C,, Berlin, N. I, Proc. Soc. Exp.
BiorL. aNp MED., 1960, v104, 573.

9. Jacobson, L. O., Goldwasser, E., Guerney, C. W.,
Ciba Symposium of Haemopoiesis, Boston, 1961, Lit-

887

tle, Brown Co., p423.

10. Alpen, E. L., Cranmore, D., Kinetics of Cellu-
lar Proliferation, 1959, edited by Stohlman, F. Jr,
Grune and Stratton, New York, p290.

11. Stohlman, F., Jr., Proc. Soc. Exp. BioL. aND
Mep., 1961, v107, 751,

12. Brecher, G., Stohlman, F., Jr., Proc. Soc. Exp.
Bior. anp MEb., 1961, v107, 887.

13. Winkert, J. W., Gordon, A. S., Piliero, S. J.,
Medici, P. T., Anat. Rec., 1960, v137, 401.

14. Stohlman, F., Jr., Ann. N. Y. Acad. Sci., 1959,
V71, 710.

Received May 29, 1961. P.SE.B.M., 1961, v107.

Reticulocyte Size and Erythropoietic Stimulation. (26785)

GEORGE BRECHER AND FREDERICK STOHLMAN, JR.
National Institute of Arthritis and Metabolic Diseases, Nat. Inst. of Health, Public Health Service,
U. S. Department of HEW., Bethesda, Md.

It is generally accepted that reticulocytes
are larger than mature red cells(1). The
manner in which the oversized reticulocyte
matures into a red cell of normal size has not
been defined. Recently, Stohlman found that
red cells produced during recovery from se-
vere phenylhydrazine anemia have a mark-
edly shortened life span(2). The mean cor-
puscular volume of the reticulocytes so pro-
duced was nearly twice that of normal ma-
ture red cells. The results suggested that
these macrocytic cells are replaced by cells
of more normal size. This thesis was con-
firmed in the present studies by measuring
the distribution of cell sizes; the results in-
dicate that a correlation exists between
rapidity of red cell regeneration and size of
reticulocytes.

Methods. Groups of female Sprague-
Dawley rats weighing 140-160 g were in-
jected s.c. with either 0.1 or 0.3 ml of a 2%
solution of phenylhydrazine hydrochloride
(PHH) in distilled water on days 0, 1, and
3 of the experiment. A third group served as
controls. In one experiment, one group of
animals was injected with 0.3 ml PHH on
days 0, 1, and 3, then given 650 r whole body
irradiation on day 4. Rats were exsangui-

nated by cardiac puncture at various inter-
vals following last injection.

Mean corpuscular volumes (MCV) were
determined from hematocrits measured by a
micro method and red cell counts measured
with the Coulter Counter(3). Red cell size
distribution curves were obtained with a
Coulter Counter Model B supplied with an
automatic graphout. The Model B is a
modification of the basic Coulter instrument
which generates impulses proportional to cell
volume as individual red cells pass through a
50 micra aperture. An electronic gating de-
vice of the Model B* permits discrimination
of impulses of different magnitude, corre-
sponding to different cell volumes. The
graphout automatically records their fre-
quency distribution. In the resulting graphs,
the ordinate represents relative frequencies.
The linear scale of the abscissa corresponds
to the amplitude of the electronic impulses.
The proportionality factor between ampli-
tude of impulses and cell volume can be de-
termined by appropriate calibration and units
on the abscissa converted to u3. This has
been done in Fig. 1. The peaks or modal
values of distribution curves are, as a rule,

* Available from Coulter Electronics, Inc., Chicago,
IIL
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FIG. 1. Size distribution of cells produced in re-

sponse to phenylhydrazine (PHH) anemia in con-

trols (A) and irradiated rats (B)., Days counted

from day after last inj. of PHH. All measure-

ments were made on red cell suspensions adjusted

to approximately 200,000 cells/ml. Changes in am-
mals’ hematoerits are given in text.

lower than MCV’s due to skewing of the
curves to the right. MCV’s can be computed
from the graphs and agree within 4% with
MCV’s computed as ratio of hematocrit to
rbc count. Detailed data on calibration and
reproducibility will be published elsewhere.
For counting, red cells were suspended in a
mixture of 9 parts of the electrolyte and glu-
cose mixture used in Eagle’s tissue culture
medium and 1 part of distilled water. Size
distribution curves were the same in this
solution as in plasma.
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Partial separation of reticulocytes and ma-
ture cells was obtained by centrifugation.
Two technics were used. In the first, whole
versenated blood was spun, the plasma re-
moved, the cells washed twice in cold Eagle’s
solution and recentrifuged in a Wintrobe he-
matocrit tube. The top and bottom layers
were then sampled with a Wintrobe pipette.
In the second method, whole blood was cen-
trifuged in a 75 mm microhematocrit tube.
Top and bottom layers were sampled by a
smaller capillary to which plastic tubing was
attached for suction, or by breaking the cap-
illary at desired points after marking it with
a file. Since only 2 lambda are needed for
red cell sizing and similarly small amounts
for reticulocyte counts, it was possible to ob-
tain both from a narrow segment of the top
and bottom layer respectively. Greater speed
and better separation are achieved with the
microhematocrit than with the Wintrobe
tube. However the latter method was man-
datory when additional measurements, such
as MCHC, were desired.

Results. In rats given 3 doses of 0.3 ml
of phenylhydrazine (PHH), the hematocrit
was 26% on the day after last injection, 37%
on the 3rd day and returned to a normal
value of 42% by the Sth day after last injec-
tion. Reticulocytes were 40-55% on the 2nd
day and 90-95% on the 3rd day. Two days
after the last PHH injection, the erythrocytes
were composed of 2 distinct cell populations
(Fig. 1, A): cells of normal size with a
modal value of 45 p8, and cells of more than
twice normal size, the modal value being 122
2% The normal sized cells were rapidly
eliminated as may be seen by the marked re-
duction in the cohort of cells with a modal
value of 45 4® on the 3rd day after last PHH
injection. Thereafter only the larger cells
were present, but the distribution curve
shifted rapidly toward normal. Modal val-
ues were 93 p® on the 3rd day, 57 on the 5th
day and 51 on the 11th day after PHH in-
jection. Theoretically, the shift in modal
value could be due to shrinkage of cells, se-
lective destruction of larger cells, or produc-
tion of smaller cells. Shrinkage of the red
cells could be eliminated on the basis of
measurements of mean corpuscular hemo-
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TABLE I. Modal Values of Red Cell Size Distributions after Different Doses of PHH,

Peaks of size distri-

bution, 4* ———Reticulocytes, % ——
Days after Total dose, ‘Whole
PHH 2% PHH, ml Top Bottom Top Bottom blood
1 .9 63, 98 45 99 6 45
4 9 75, 8€ 86 94 87 93
5 9 57,75 75 71 57 64
8 9 57 69 15 4 9
15 9 51 75 4 0 1
1 3 45, 69 45 93 5 15
4 .3 69 45, 69 83 20 53
5 3 69 63 66 28 40
8 3 51 69 41 1 9
15 3 51 69 7 0 2
— — 45 45 9 1 2

globin concentration (MCHC) and MCV.
On the 3rd day after last PHH injection,
when 90-95% of cells were reticulocytes,
MCV was 100-110 p? (normal ~ 55 x3) and
MCHC was 27-30% (normal 34-36%).
Shrinkage of the oversized reticulocytes to
normal sized adult red cells would have re-
sulted in an MCHC of 49-60%. No values
over 36% were observed.

To determine to what extent production
of smaller cells can account for the shift in
cell size distribution, a number of animals
were irradiated on the day after last PHH
injection. Erythropoiesis was markedly sup-
pressed. The hematocrit dropped from a
normal of 40 to 45% to 17% on the 3rd day
after last PHH injection and stayed approxi-
mately at this level until the 11th day. Cell
size distribution in this group of animals
(Fig. 1, B) was at first indistinguishable
from that of the non-irradiated rats. The
distribution curve again showed 2 popula-
tions with normal modal values of 45 and 116
13 on the 2nd day after last PHH injection.
The normal sized cells corresponding to the
lower modal value virtually disappeared by
the 3rd day. Subsequently, however, the
modal value of the larger cells changed only
slowly in the irradiated rats. It was 92 p?
on the 5th day and 80 p3 on the 8th day,
where it remained until termination of the
experiment 11 days after last PHH injection.
Control animals irradiated without prior
PHH injection had no shift in cell size dis-
tribution. Thus, suppression of erythro-
poiesis by irradiation greatly retarded the

rapid shift in the distribution curve observed
in rats with a normal erythropoietic response.

To test whether lesser degrees of hemolysis
and erythropoietic stimulation would result
in cells of more nearly normal size, 2 groups
of rats receiving 3 doses of 0.3 ml or 0.1 ml
of PHH were compared. In contrast to the
double peaks of 45 and 98 2 on the day after
last PHH injection in the group with the
higher dose, the rats that had received the
lower dose had only a broadening of the
curve to the right. Three days later the red
cells of the high dose group had a single peak
with a modal value of 86 p?; modal value in
the low dose group was 69 p®. Production of
cells of more nearly normal size in both
groups is indicated by the modal values of
63, 51 and 48 u® on days 5, 8, and 15 follow-
ing the higher dose, and modal values of 63,
63, and 51 u3 on the same days in the low
dose rats. In both groups the continued pres-
ence of larger cells was indicated by the
broad tail to the right in all curves. Separate
size distribution and reticulocyte counts on
the top and bottom layers of centrifuged
specimens provided further insight into pro-
duction of cells of different sizes in the 2 dos-
age groups (Table I). On the day after last
PHH injection, the bottom layer of cells of
both groups contained predominantly surviv-
ing normal cells with a modal value of 45.
The top layer contained 2 populations in both
groups. Modal values were 45 and 69 p3 in
the low dose group, and 63 and 98 p2 in the
high dose group. In both the high and low
dose group there was a gradual reversal in
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TABLE IT. MCV and MCHC of Red Cells in a Centrifuged Column,

Peuaks of size distri-

bution, u* MOV, 42 MCHC, %
Total dose
2% PHH, ml Top Bottom Top Bottom Top Bottom
9 G 92 106 109 22 29
3 63 39, 63 83 73 29 34
—_ 45 +5 by 57 32 34

distribution of smaller and larger cells be-
tween top and bottom layers. Reticulocytes
continued to be more numerous in the top
layer, in keeping with the hypothesis that the
very large reticulocytes originally produced
are being replaced by successive crops of
reticulocytes of more normal size.

The continued predominance of reticulo-
cytes in the top layer appeared to support
the thesis that centrifugation results in layer-
ing of red cells in accordance with their age.
It could be readily shown, however, that this
is not always the case. When blood from
patients with microcytic hypochromic anemia
was examined during the first week of iron
therapy. reticulocytes congregated in the
middle or bottom layer after centrifugation.
strongly suggesting that mean corpuscular
hemoglobin concentration (MCHC) rather
than age determines the position of red cells
in a centrifuged specimen. To test this thesis.
MCHC. MCV and size distribution were de-
termined in the top and bottom lavers of
selected blood specimens of rats that had re-
ceived 0.9 and 0.3 ml PHH, and of con-
trols. MCHC was lower in the top layer in
each instance, while the MCV was larger in
one instance, smaller in another, and the
same as the bottom layer in the third (Table
II).

Discussion. The rapid replacement of the
first crop of reticulocytes produced in severe
phenylhydrazine anemia has been established
by their shortened life span(2). These early
reticulocytes, which at one time represent
about 90% of all red cells, have an MCV of
twice normal but an MCHC only 209% less
than normal. This precludes their shrinking
to cells of normal size and MCHC. It was to
be expected, therefore, that early. greatly
oversized reticulocytes will be replaced by
cells of more normal size. This could not be
established by determination of MCV alone,

but was supported by measurement of cell
size distribution, which demonstrated the
presence of 2 populations of cells with differ-
ent volumes. When frequency distribution of
cell volumes was measured in different cell
layers after partial separation of reticulocytes
by centrifugation, a general picture of de-
creasing volumes of successive crops of reti-
culocytes was observed. It could also be dem-
onstrated that the reticulocytes initially pro-
duced after high dosage of phenylhydrazine
are almost twice normal size, whereas those
produced after a lower dose are only about
1.5 times normal size. The intensity of ery-
thropoietic stimulation thus appears to gov-
ern reticulocyte size to some degree. Skipped
division may account for the larger size of
more rapidly produced cells(4).

The position of cells in a centrifuged col-
umn of blood presumably is governed by the
density of the cell. The present data suggest
that the MCHC is the principal variant in
red cell density. The sequence of events oc-
curring after administration of PHH support
this thesis. The MCHC of the very large
reticulocytes produced initially (Fig. 1) was
lower than that of the normal red cells. Con-
sequently, at this time the larger cells were
in the top layer after separation. The con-
tinued hemoglobin synthesis in these large
reticulocytes eventually resulted in a normal
MCHC. We suggest that a new crop of
smaller reticulocytes with an MCHC below
normal emerged at this time, accounting for
the continued accumulation of reticulocytes
in the top layer of centrifuged blood.

Our argument implies that eventually reti-
culocytes of the size of normal adult cells are
produced, and that such normal sized reticu-
locytes replace the normal daily losses from
senescence. The top and bottom layers of
centrifuged normal blood have, in fact, never
shown measurable differences in cell size.
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However, minor degrees of excess size might
escape detection unless 100% separation of
reticulocytes is achieved. The best separa-
tion in normal blood with the technique used
was 9% reticulocytes in the top layer and
1% in the bottom layer. (Control, Table I).
Improved techniques for reticulocyte separa-
tion are needed to settle the point.

Summary. The size distribution of peri-
pheral red blood cells of rats recovering from
phenylhydrazine anemia is reported. Reticu-
locytes produced during the first burst of ac-
tive erythroid regeneration are as much as
twice the normal size; degree of macrocytosis
is related to the severity of the anemia. The
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initial crop of oversized cells is replaced by
successive crops of reticulocytes of more nor-
mal size. It is suggested that separation of
reticulocytes by centrifugation depends on
their density, which is determined primarily
by the MCHC.
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Orsini and Pansky(1) reported the Syrian
hamster to be resistant to colchicine. They
were unable to observe metaphase arrest in
dividing cells in animals treated with doses
of colchicine varying from 1 mg to 20 mg/kg
of body weight. Since this original report by
Orsini and Pansky, the Syrian hamster has
been generally accepted as being resistant to
colchicine(2).

Recently an alkaloid derived from Vince
Rosea Linn., Vincaleukeblastine, was found
to possess, like colchicine, the property of
arresting cell mitosis at the metaphase stage
(stathmokinetic effect) (3,4,5).

The present study was undertaken to study
the comparative effects of Vincaleukoblastine
and colchicine in Syrian hamsters.

Methods. Fifty Syrian hamsterst of both
sexes, weighing 80-130 g, were used in these
experiments. Three groups of 10 animals each
were injected intraperitoneally with 1.2 mg/

* This investigation was supported in part by re-
search grants from Nat. Cancer Inst., NTH, USPHS.
t Dennen Animal Industries, Gloucester, Mass.

kg, 2.4 mg/kg and 7.2 mg/kg, respectively,
of colchicine. They were sacrificed 4 hours
after treatment. A fourth group of 10 ham-
sters was injected with 1 mg/kg of Vinca-
leukoblastine and also sacrificed after a peri-
od of 4 hours. A fifth group of 10 hamsters
was used as a control.

Bone marrow from the femurs of all ani-
mals was collected and fixed in 70% methyl-
alcohol. Preparations for microscopic study
were made according to the Feulgen squash
method. Scoring of mitotic figures was done
by counting 2000 cells in each preparation.
Survival time after intraperitoneal treatment
with high doses of colchicine and Vincaleu-
koblastine was determined in AKR mice, WR
rats, and Syrian hamsters.

Results. The results of these experiments,
reported in Tables I, II, and III, indicated
that, although hamsters seemed to be resist-
ant to the general toxic effects produced by
colchicine, as demonstrated by survival time,
their bone marrows were only partially resist-
ant to the stathmokinetic effect of this alka-
loid. Colchicine, in a dosage of 1.2 mg/kg,





