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ABSTRACT

MODIFICATION OF ERYTHROPOIESIS IN RATS
AS A RESULT OF MYLERAN ADMINISTRATION

John K. Maskarinec
Master of Science

Youngstown State University, 1974

The effect of myleran on red blood cell production in the rat was
measured by following erythrocyte concentrations, total numbers of erythro-
cytes, reticulocytes, total numbers df reticulocytes, blood volume and
hematocrit for 22 days following injection. Data showed that 1) Myleran-
treated rats demonstrated a weight loss at day 15. A slow recovery follows
and normal values are reached at day 21. 2) Normal 200 gram rats exhibit
increased erythropoietic activity and growth with increases in body weight.
These changes are associated with increases in blood volume, total numbers
of erythrocytes, and hematocrit. 3) Suppression of erythropoietic tissue
by myleran apparently did not cause any observable effects on circulating
blood cell parameters, with the exception of reticulocytes, until day 12.
4) The greatest observable effects occurred at days 16 to 22. Significant
reductions occurred in hematocrit (p=0.05), and total numbers of erythrocytes
(p=0.01) at day 16 and in erythrocyte concentrations (p=0.05), hematocrit
(p=0.01), blood volume (p=0.01) and total number of erythrocytes (p=0.01)
at day 22.
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CHAPTER I
INTRODUCTION

Tie past twenty years has been revolutionary in the understand-
ing and description of processes regulating red blood cell production
in mammals. During this period experimental techniques have been dev-
eloped which detect the pliysiological properties of morphologically
unrecognizable cells. Illence, knowledge about erythropoiesis is now
more detailed. Figure 1. presents a current model of erythropoicsis.

This is a modification of a model for erythropoiesis proposed
- by McCulloch and Ti11.#7 The circles and squares represent cycling and
resting states of the cell populations respectively. The majority of
pluripotent stem cells (CFU'S) are in Gy and can undergo a reversible
transition with a small population of proliferating cells, capable of
self-renewal.

Irreversible transitions of stem cells produce erythroid com-
mitted progenitor cells. These ESC's maintain high proliferative rates
even in the absence of erythropoietin. The maturing, morphologically
recognizable cells comprise the last compartment and represent the ery-
throid cell lineage. Erythropoietin accelerates both differentiation

on LSC's and recognizable RBC precursors.
STEM CELLS

The in vivo spleen colony assay method developed by Till and
McCulloch®? has provided much information regarding hemopoietic stem

cells. Briefly, suspensions of known numbers of nucleated bone marrow
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Figure 1. Model for Erythropoiesis.



cells are injected intravenously into recipients whose proliferating
hemopoietic cells have been eliminated by irradiation. Some of the
donor cells then take up residence in the recipient spleen. Seven to
ten days later the spleens are removed, fixed in Bouin's solution, and
the number of morphologically identifiable colonies on the spleens sur-
face counted. Each colony results from single stem cell proliferation
as shown by spleen repopulation by cells with radiation-induced chromo-
somal markers. This same unique donor karyotype was present in 95 to 99%
of 11 day2 and 14 day colonies.l” The stem cell which gives rise to
spleen colonies has been named the colon-forming unit (CFU).

llost CFU's appear to be in a non-proliferating Gy state or in
a very long cell cycle in normal hemopoietic tissue.3»55 1In contrast,
higher proportions of CFU's were noted to be in active cell cycle in

3 as well as in

rapidly regenerating spleen and necar-term fetal liver,
bone marrow after sublethal irradiation#3 thus indicating the ability
of stem cells for self-renewal and differentiation.

Till and lMcCulloch's technique for evaluation the number and
functional status of stem cells has also supported the concept of multi-
potential stem cells that could give rise to the various lineages of
differentiated blood cells. Evidence has been provided by Curry and
Trentin.”’ During the first week of colony development, hemopoiesis was
restricted to a single line of differentiation. However with time, mixed
colonies, colonies containing more than one differentiated cell line,
appeared and increased as colonies with a single line of differentiated
cell (homogenous colonies) enlarged and underwent second and third
lines of differentiation. Transplantation of pure erythroid colonies

(primary colonies) into a second group of irradiated mice still produced



all the various hemopoietic cell colonies (secondary colonies). 37,44
It appears as if the character of the sccondary colonies was not de-
pendent on the character of the cells from the primary colonies thus
supporting the CFU as a pluripotent stem cell.

Work by Wu g£_§1,71 using radiation-induced chromosomal markers
and recognizable differentiated fuctions of the erythrocytic or granu-
locytic series, provided good evidence for the existence of a pluripotent
hemopoietic CFU., They found that of the 17 colonies examined, 90% or
more of the dividing cells carried the same abnormal karyotype. In
analyzing colony composition, he found that in 9 out of the 12 colonies
metaphase cells with peroxidase-positive granules in the cytoplasm (char-
acteristic of granulocytic cells) and metaphase cells which contained®®
Fe (characteristic of erythrocytic cells) were both present with the

same chromosome marker.
ERYTHROPOILTIN-SENSITIVE CELLS

Erythropoietin-sensitive cells (ESC) (1) are more primitive
than erythroblasts and (2) respond to erythropoietin by giving rise
to erythroblasts.40 The presence of erythropoietin-sensitive cells
was first suggested by Bruce and MMcCulloch. They observed that an
increased wave of erythropoiesis in four day hypoxic mice did not re-
sult in a decrcase in the number of splenic CFU's. A major decline

68 also observed a sim-

in CFU's followed 10-15 days later.® Stohlman
ilar efféct and concluded that erythropoietin did not act on the
pluripotent stem cc110552,63,64 put rather on a descendant or progeny
of the CFU,%,63,04 '

Subsequent experiments have confirmed the existence of the ESC.



It was found that injection of tritiated thymidine into polycfthemic
rats prior to erythropoietin administration produced a large number

of labelled erythroblasts.2’ However when lethal amounts of the iso-
tope was used (tritiated thymidine suicide), the erythropoietin response
was drastically reduced to 305.°0 Thus it appeared that a large number .
of erythropoietin-sensitive cells were in active cell cycle (in DHA-
synthesis phase), in contrast to CIU's.

In development of the cells in the colonies and their maturation
into erythrocytes occurred prior to the tenth day of examination, there
would be a direct decrease in CFU's. lowever, Schooley63 found that
daily injection of erythropoictin into polycythemic hosts did not de-
crease the number of spleen colonies ten days after transplantation and
therefore concluded that erythropoietin did not act directly on CFU's
but upon some progeny of the CFU-the ESC. Similarly, Reissmann and
Samorapoompichits9 were unable to get a CFU decreasc after stimulating
with erythropoietin in niouse bone marrow using 5-fluorouracil to eradi-
cate erythroid cells. They did however note a marked acceleration in
erythroid regeneration and attributed it to the effect of the hormone on
an induced inflow of precursors into the ESC population or a stimulation
of ESC cell division.

DIFFENTIATING EFFECT
OF LRYTIROPOIETIN

Erythropoietin was first shown to stimulate erythropoiesis in
transfusion-induced poiycythemic starved rats and hyperoxic rats which
were injected with plasma from anemic animals. 30 Erythropoietin caused
significant increases in 59Fe incorporation into red blood cells.

Other studieslZ,53 provided evidence that a single injection




of erythropoietin acts on the undifferentiated stem cells or an ery-
thropoietin-committed cell in polycythemic mice. Serial observations
on the spleen revealed an orderly sequential appearance of a proery-
throblasts peak at 24 hours followed by a normoblasts peak at 72 hours
and culminating at 72 hours with a reticulocytosis in the peripheral
blood.

Corresponding to the morphological events previously cited,
a very rapid increase in tritiated uridine incorporation into RNA
occurred within 5 minuted after erythropoietin administration. This
effect was also demonstrated in bone marrow cultures treated with ery-
thropoietin preparations.38 However when actinomycin D was added before
or shortly after crythropoietin addition,'no labelled RNA production was
noted, possibly indicating that the hormone appears to effect DNA-depen-
dent RNA synthcsis.19»38

Nakao et al studied a series of enzymatic activities of heme
synthesis in stem cells and noted that delta-aminolevulenic acid syn-
thetase (ALAS), an cnzyme which condenses glycine and succinyl CoA to
form delta-aminolevulinic acid (ALA) increased within 8 hours in mouse
spleen after erythropoietin addition. Actinomycin D when administered
with the hormone abolished ALAS activity, further suggesting the action
of erythropoictin to dependent of DNA-directed syntheisis.50 ALAS has
also been dcmonstrated in rat marrow mitochrondrial preparations.34 it
has been suggested that erythropoictin may act as a derepressor allowing
genic expression of ESC differentiation into erythroid cells. 40

Twelve hours after erythropoietin injection an increase in label-

led DNA occurred and reached maximum values at 24 and 48 hours as observed

in spleens of erythropoietic depressed hypertransfused mice,30,61



Powser and BrownS7 and ErslevlO report increased DNA values with in
vitro erythropoietin treatment of bone marrow cells.

By arresting erythroid cells in metaphase, Matoth gE_glﬁ6 and
Necheles 92.&1;1 demonstrated that sheep erythropoietin or sera from
anemic patients caused a significant increase in the mitotic index of
erythroblasts in human bone marrow cultures. It was concluded that
erythropoietin stimulated progenitor cells into mitotic division. The
initial induction of erythropoietin-sensitive cells however appeared
not by cell division. Schooley62 showed that treatment of erythroid
cells with colchicine, although causing inhibition of their prolifera-
tive activity, did not block induction of ESC by erythropoietin.

EFFECTS OF ERYTHROPOIETIN ON "
RECOGNIZABLE RBC PRECURSORS

Erythropoietin also plays a role in accelerating erythroblasts
13,15

maturation and releasing marrow reticulocytes into the blood.40 Fischer
reported various effects in starved rats and rabbits after erythropoietin
administration. These animals showed a significant uptake of S9Fe in
plasma concentration decreased during this time. Since these newly
formed red blood cells were released into circulation much earlier than
expected if erythropoietin acted soley on erythropoietin-sensitive cell
differentiation into proerythroblasts, he suggested }hat erythropoietin
has more than one site of action in erythropoiesis, causing a direct
effect on a reticulocyte releasing mechanism.

Hrinda and Goldwasser32,33 found that this erythropoietin-
TR
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induced stimulation of iron uptake is dependent on prior RNA and pro-
tein synthesis since actinomycin D, puromycin, and cyclohexamide all
inhibited this uptake. Ferritin was identified as some of the protein
fraction produced by erythropoietin stimulation. It has been suggested
that erythropoietin induces the necessary hemoglobin machinery and the
early increase in RNA could represent the required m-RNA synthesis.54
Many studies have reported significant increases in hemoglobin
or heme synthesis in various erythroid cells (in vitro and in vivo) with-
in 24-48 hours after treatment with erythropoietin.18’33»3g’51’54 The
effect on reticulocytes, however, is not due to a direct action of the

hormone.18

Erythropoietin has also been shown to directly stimulate reti-
culocyte release from bone marrow. Using an isolated perfusién technique
on rat legs and femur, erythropoietin caused a considerable reticulocyte
discharge into the perfusate 1-1% hours after its addition. Further
evidence that erythropoietin acts on already differentiated erythroblasts
besides erythropoictin-sensitive cells, was observed in starved and hyper-
transfused animals-in which both conditions reduced the erythroid compartment.

In both cases, reduced reticulocytc releasing effect was observed.31’62

ERYTITIROPOIETIN

The first experiments demonstrating the site of erythropoietin
production was done in 1957 by Jacobson 92.21:35 It was observed that
rats were unable to produce increased plasma levels of crythropoictin

when subjected to various forms of hypoxia after a bilateral nephrectomy.35:36

A number of other studies have confirmed the renal origin of erythropoietin
(ESF or erythropoiesis stimulating factor).16»49 lHowever, it was found

that perfused rabbit kidney released a very little ESF in the perfusate




unless it was incubated with plasma or serqm.26’41 The extraction of
a renal factor from hypoxic rats and its intravenous injection or in-
cubation with normal serum resulted in production of ESF.21 It was
therefore postulated that erythropoietin was produced by an‘erythropoie-
tic factor relecased by the kidney and a substance present in plasma or
serun.#> The former has been named renal erythropoictic factor (REF) or
erythrogenin and the latter referred to as a serum substrate or erythro-
poietinogen. The renal erythropoictic factor has been found in the light
mitochondrial and micorsomal fractions of rat kidney.48’65 It has also
been identified in the renal tubules, cortex, medulla and glomeruli of
rabbits, dogs, sheep, rats, pigs, and humans . 73

Kinetic studies of the Ref-serum system have suggested that REF
is an enzyme that converts the substrate erythropoietinogen into the ac-
tive form of erythropoietin.72

Immunological evidence shows that the antibody capable of neu-
tralizing ESF, produced in vitro by the interaction of REF and serum
substrate, does not combine with either REF or serum substrate. 0

Gordon and Zanjani14»24:25 propose a scheme for the biogenesis
of ESF (see Figure 2). In this scheme, renal tis§ue release erythrogenin
when triggered by hypoxia, the fundamental erythrogenic stimulus. The
interaction of erythrogenin with erythropoietinogen in the kidney and/or
plasma results in the formation of ESF, thereby increcasing red blood cell
production3® and marrow reticulocyte release3l into the blood. There
appears to exist a negative-feedback mechanism exerted by ESF on its
own production by its ability to decrease the production and/or activity
and/or release of the serum substrate.23:74 Turthemmore the increased
nunbers of circulating red cells that result from enhanced ESF produc-

tion act in an inhibitory capacity on the synthesis and/or availability
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of renal erythrogenin and the suppresion of ESF formation.

Physiochemical characterization of erythropoietin has been ham-
pered by imperfect extraction techniques and its subsequént purification.
Several studies, though, have demonstrated that LSF is resistant to boil-
ing,22 destroyed by trypsin66 and consists of 65.5% protein, 13.0%
hexoses, 8.9% hexosamine, and 7.5% sialic acid.1l Amino acid composition
reveals aspartic acid. threonine, 'serine, glutamic acid, proline, glycine,
alanine, valine, methionine, histidine, lysine, arginine, isoleucine,
leucine, tyrosine, and phenylalanine to be present.ll The carbohydrates
identified are galactose, mannose, glucosamine, glucose and sialic acid,20

Molecular weight determination of the partially purified glyco-

protein has led to variable results. Allen et all proposes two molecular

species for erythropoietin with molecular weights of 40,000 and 100,000,
One researcher, using an inactiviation technique by ionizing radiation,
reports a weight of 27,000 assuming an elongated shape or 66,000 assuming
a spherical shape,GO Another study reveals a molecular weight of 68,000
when using gamma ray inactivation.29 Lukowsky and Painter®® report a
weight of approximately 60,000. And analysis of sheep plasma erythropoie-
tin labelled with 1251 has a weight of 48,5000.20

The intent of this research involved depressing the erythropoie-
tic system of albino rats with the radiomimetic chemical !fyleran (Busulfan)
and examining the effect on blood volume, red blood cell concentration,
hematocrit, and circulating blood reticulocytes for 4,8,12,16 and 22
days after infection. The peripheral erythrocytic parametcers measured
during the drug-suppressive state of the erythroid tissue and its sub-

sequent recovery are discussed in relation to the process of erythropoiesis.
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Figure 2. Scheme for biogenesis of ESF.

11




12

CHAPTER II
MATERIALS AND METHODS

Seventy 200+5 gram male albino rats (Wisconsin Holtzman strain)
were used. [lalf received a single dose of Myleran (15 mg. per Kg.) via
stomach tube. Myleran pills (Burroughs Welcome) were ground with a mortor
and pestle and suspended by tragacanth in water (20 mg. tragacanth/ 1 ml.
water) so the 1 ml. of the mixture introduced directly into the stomach
gave the required drug dosage. The remaining animals (controls) received
a similar mixture but without myleran. Animals were weighed daily and
provided with standard rat cake and water.

Reticulocyte counts, red blood cell counts, hematocrit readings
and blood volume determinations were performed on all animals 4, 8, 12,
16 and 22 days post injection.

Reticulocytes Blood reticulocytes were stained according to

Bhuyran.4 One drop of blood obtained by cardiac puncture was placed in

a small glass tube in which 2 to 3 drops of a solution containing 120 mg%
ammonium oxalate and 80 mg% potassium oxalate have been dried. Three drops
of serum were added to a similar tube in which 3 drops of 1% new methylene
blue in absolute alcohol have been dried and then the dye is dissolved in
the serum. The latter contents were added directly to the tube contain-
ing the blood, agitated well and wet mounts prepared after 5 minutes.
Reticulocytes were expressed-as percentage of 1000 cells counted.

Red Blood Cell Counts Blood taken from the tail vein was diluted

with formalin-saline-albumin solution®8 and red blood cells counted by

means of a hemocytometer.
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Blood Volume One half ml. of blood was taken by intracardiac punc-
ture from an etherized rat and was transferred to a small culture tube
containing 0.2 ml. acid citrate-dextrose solution (ACD). Twenty Ci of
Na251CrO4 was then added to the blood and gently mixed. After 30 minutes
of incubation at 370C, 0.5 ml. of the radioactive red blood cell suspen-
sion was reinjected back into the heart of the same anesthetized animal.
Ten minutes later, 2 duplicate blood samples, each of 50 1., were taken
from the tail vein and dispensed into individual heparinized hematocrit
tubes, centrifuged and hematocrit determined. These blood samples were
then used for radioactive measurements.

Four 50 1. samples were also taken from the original labelled
erythrocyte suspension, dispensed into hematocrit tubes and centrifuged.
Two were used as external standards in blood volume determination. The
remaining 2 were used in determining tagging efficiency which involved
freezing the tubes and cutting at the packed red blood cell interphase,
resulting in separate plasma and erythrocyte sections.

All radioactivity counts of Slcr were made in a well type & -

scintillation counter using a 2 inch thallium activated sodium iodide

crystal. Counts were made on duplicate samples for 2 minutes.
Method of éalculating total circulating blood volume was based
on the isotope dilution principle. These blood volume determinations

were calculated from the equation:

Blood volume (ml.) = Std x 0.5 ml.

Ao
Where Std = activity (cpm) of the external standard,
0.5 ml. = volume of °lCr-labelled blood cell suspension

Ay = activity (cpm) of the blood sample obtained 10 minutes

after labelled blood reinjection.
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All counts were corrected for background readings.

Plasma volume was calculated from the total circulating blood volume
meaéurements X (100 - hematocrit readings) and red cell volume was determin-
ed from blood volume x hematocrit readings/100.

Total red blood cell and reticulocyte values were obtained by
multiplying erythrocyte and reticulocyte concentrations times blood volume
values, respectively. Expressions 6f erythrocyte and reticulocyte numbers
per gram of animal weight were derived by dividing the cell numbers by the
animal weight as given in Appendix A.

Statistics The Student's ''t'" test was the principal test used in
comparing the drug treated and control sample means as described in Steel
and Torrie.%7 It was assummed that both populations were normally distri-
buted and had a common variance. The weighted average of the sample
variances, sz, was used in calculating s3 because n, the number of obser-
vations was not equal in experimental and control groups. Thus the '"t'"

test, t = d , Where d=x-x and s- = s- - = standard deviation appro-
EE by 2 d xl'xZ

priate to a difference between two random means from a normal population,

was rearranged accordingly to
nf 07
te .52
sf (np . 1) + 8 (5 - 17

(n1+n2 -1 \
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CIAPTER III
DATA

Erythrocytes (#f cells/mm. blood)

Control

Experimental Calculated

Day x (S.E.) x (5.E:) "t'" value
4 665.8(27.3) 654.0(30.9) 0.285

8 646.5(29.6) 631.0(28.1)

12 707.2(22.2) 735.2(35.5) 1.137
16 707.2(22.2) 769.6(22.1) 0.853
22 669.8(22.8) 792.0(30.3) A
Total Circulating Erythrocytes (x109 cells)

4 7 1. 5(3.8) 70.0(5.0) 1.161

8 93.1(6.9) 88.8(3.1) 0.645
12 98.5(8.6) 113.8(6.0) 0.279
16 86.9(9.8) 114.4(9.4) 4.060%*
22 95.2(8.0) 132.1(10.9) 3.860%*

Total Circulating

Erythrocytes/gram of body weight

(xlO7 cells/gm.)

4

8
12
16
22

Total Circulating Reticulocytes (xlO9 cells)

34.6(2.1)
38.4(2.9)
38.0(3.2)
30.1(2.5)
31.9(2.6)

32.5(1.7)
35.5(2.3)
41.1(2.0)
39.8(2.7)
43.6(3.3)

4

8
12
16
22

* - Significant at p=0.05
*% - Significant at p=0.01

1.18(0.068)
8.38(2.300)
3.32(0.561)
2.88(0.532)
4.33(0.472)

2.50(0.026)
2.74(0.236)
4.04(0.560)
3.96(0.456)
4.25(0.561)

AN OOO

0
1
0

.768
.802
.839
.659%
A2

+108%8
. 766%
.908
.547
.166
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Total Circulating Reticulocytes/gram of body weight (x107 cells/gm.)

Experimental Control Calculated

Day x (S.E.) % €S.E.) "t" value

4 0.527(0.021) 1.159(0.102) 6.796%*

8 3.452(0.937) 1. 12500, 107) 2.791*%
12 1.274(0.326) 1.457(0.192) 1.050
16 1.165(0.326) 1.377(0.140) 0.599
22 1.447(0.148) 1.402(0.175) 0.307
Blood Volume (ml.)

4 11.68(0.81) 10.75(0.87) 0.785

8 14.50(1.39) 14.17(0.64) 0.243
12 13.84(0.81) 15.47(0.25) 1.756
16 12.37(1.54) 14.81(1.04) 1.309
22 14.71(0.48) 16.53(0.87) 3.064%%
Hematocrit

4 34.8(1.80) 37.,0(2.12) 0.809

8 34.6(2.37) 38.3(1.50)

12 36.2(1.49) 38.9(1.36)

16 34.4(1.85) 41.9(1.57) 3.089%
22 34.0(1.34) 43.2(1.01) 7.889%%

« & SHERTHEARE 3E p-0:01
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CHAPTER IV

RESULTS

The effect of Myleran

The changes in body weight of control and drug-treat animals are
given in APPENDIX A.

Circulating Erythrocyte and Reticulocyte Cell Counts

Erythrocytes The changes occurring in red blood cell concentra-

tions following myleran injection are presented in graph 3. Average values

for erythrocyte concentrations do not deviate from control values until day

12, after which they plateau and drop off after day 16. No significant dif-
ference is evidence until day 22 when control values are considerably larger
than experimental values.

The means (and S.E.) of the absolute numbers of erythrocytes are
presented graphically in graph 4. The total red cell count following drug
treatment maintains a level similar to control values until day 12. There-
after highly significant differences (p=0.01) at both 16 and 22 days were
observed. Absolute numbers at day 22 were slightly higher than day 16, but
still less than day 12. Control values, as well as those of red blood cell
concentration, reveal a progressive increase concommitant with the increase
in body weight of control animals.

Essentially very similar results were obtained when these values
were expressed as absolute numbers of circulating red blood cells‘per gram
of body weight except that the apparent recovery of day 22 is less notice-
able. See graph 5.

Graphs 11 and 12 show relative changes in total numbers of
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circulating erythrocytes and erythrocyte conqentration respectively. Total
nunbers of erythrocytes continually decline throughout the 22 days of the
experiment. Erythrocyte concentration, with the exception at day 8, also
declines throughout the experiment. In both cases, lowest values were ob-
tained at day 22.

Reticulocytes Graph 6 illustrates that minimal numbers of these

cells are noted at 4 days after myleran treatment. Subsequent to this, a
temporary reticulocytosis ensues, approximately tripling the normal pro-
portion of reticulocytes in the blood at day 8. Normal values are then
retained throughout the duration of the experiment.

Analysis by Student '"'t'" test reveals that the concentration of
circulating reticulocytes of experimental animals are significantly dif-
ferent (p=0.05) at day 8 and highly significantly different (p-0.01) at
day 4 when compared to values of control animals.

In graph 5, this is also the case when expressed in terms of blood
reticulocytes based on a per gram weight basis.

Blood Volume Differences in blood volume between experimental and

control groups are essentially unchanged until about day 12, when a sugges-

tion of departure initially occurs as seen in graph 9. Four days later, the

difference becomes more apparent as a lower volume is attained, although

a statistical analysis fails to show significance. And finally at day

22, although blood volume of experimental subjects start to increase,

there occurs a statistically lower volume (p=0.05) in experimental animals.
Graph 10 depicts the changes in plasma, blood, and red cell volumes

after treatment with myleran. Values plotted relate relative changes in

these parameters since they are expressed as per cent of control Qalues ob-

tained at the corresponding days. ILssentially all values closely parallel each
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other until day 16, At this time, plasma volume begins to increase and reach-
es above control values at day 22. Increases in blood volume and red cell
volume do not occur until sometime after day 16. Thus, the apparent increase
in blood volume at day 22 appears to result primarily from great increases
in plasma and only secondarily from increases in cell volume.
Hematocrit

Hematocrit readings of control and myleran-treated animals are re-
presented in graph 8. A steady increase in red cell volume is observed
throughout the experiment in controls. These findings are consistent with
an increase in weight, an increase in total numbers of erythrocytes and on
a per weight basis. Average values for experimental rats undergo notable
changes. Between 4 thru 8 days, essentially little change is evident. How-
ever, following a transient increase at day 12, there occurs a gradual decline
until day 22 where values are at the lowest and are significantly different

(p=0.05).
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CHAPTER V
DISCUSSION

Femoral bone marrow examination following a single dose of myleran
(15 mg./kg. of body weight) reveals a rapid decrease in the numbers of ery-
throblasts to ncarly 40% of normal values 48 hours after drug administration.?
Thereafter, erythroblast regeneration occurs until day 6, afterwich a pro-
found depression of erythroblasts occurs with minimal counts of approximately
1% of normal values at day 11 to 13.A A slow, but steady recovery follows
until day 25 when normal erythroblasts levels are reached.

In this experiment the early effect of myleran on RBC precursors
in the marrow was not apparent in the number of circulating erythrocytes.
Due to the long life-span of erythrocytes, the temporary reduction in ery-
throblasts and the rate of delivery of mature erythroid cells into the
circulation should not alter peripheral blood counts. In fact, graphs 4,

5, 9, and 12 indicate a rise in certain erythrocytic depression in the blood
during this time.

Graph 3 however shows a slight decrease in both control and exper-
imental erythrocyte concentrations at day 8. Control values decrease faster
and are slightly lower than those of drug-treated animals. Interpretation
of these results is ambiguous. However, most control values progressively
increase with time throughout the experiment, indicating the increased ery-
throcyte concentration, as well as an increase in the total number of
circulating red blood cells, total circulating RBC's per gram of animél
weight, and percentage of RBC's in the blood imply an increased erythro-

poietic output with increasing animal weight (see Appendix A). This increase
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in RBC's is generally reflected in an increased blood volume in control ani-
mals (graph 9). |

Estimations of circulating reticulocyte numbers (graph 6), however
do provide evidence of an effect due to myleran on erythropoietic tissue.
Approximately 96 hours after myleran treatment, a highly significant reduc-
tion (p=0.01) in total circulating reticulocytes, followed by a significant
reticulocytosis in the blood at day 8 (p=0.05) closely parallels marrow
activity. This sequence of events is associated with the brief reduction
of marrow erythroblasts at 48 hours and the subsequent abortive regenera-
tion during days 2 to 8 of erythroblasts which have undergone maturation
and release into the circulation. This agrees with other studies®>9 when
allowing for a total marrow transit time for erythropoiesis in the rat of
48 to 60 hours as reported by Harriss.2?8 Thus the changes in the marrow
precede those in the blood by 48 to 60 hours. Graph 7, expressing total
circulating reticulocytes per gram of animal body weight also reflects the
extent of damage to marrow erythroblast.

A more profound depression follows erythroblast regeneration with
extensive depletion of erythroblasts reported at days 11 to 13.9 Peripheral
blood measurcments reveal this event somewhat with some uncertainity. Graph
3 shows that the highest red cell concentration for drug-treated animals is
ohtained at day 12, with a very slight, almost unnoticeable decrease occur-
ring at day 16, and a decrease at day 22. However this pattern may not
reveal the truc picturc, since changes between the 8 to 12 day interval
were not measured and the erythrocyte concentrations recorded at day 8
are ambiguous as previously discussed. Seven days after myleran, a rapid
reduction of marrow erythroblast ensues and continues until day 1270 or day

13.9 Considering such results, then the erythrocyte concentration values
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at day 8 could show an increase slightly below'or equal to day 12 values re-
sulting from the transient increase of erythroblasts in the marrow at day
4 to 6 and their subsequent release 2 to 2.5 days later into the blood. Thus
the value at day 12 might represent a plateau in RBC concentration. This
would be reasonable with the following observation. The decrease in - blood
volume, plasma volume, and red cell mass at day 12 (graph 10) could be at-
tributed to severly depressed marrow precursors occurring about day 8, that
is diminishing erythropoiesis as reflected by a leveling off of RBC concen-
tration. The return of reticulocyte numbers to normal levels starting after
day 8 and continuing for the remainder of the experiment are in agreement
with other investigations.g

The depressant effect of myleran on peripheral blood measurements
is most obvious at day 16. Significant decreases in the total number of
circulating erythrocytes per gram of animal weight (graph 5) and in hemato-
crit reading (graph 8) reflect the degree of damage. The most drastic effect
is on the total number of circulating erythrocytes. Such severe effects due
to the failure of myleran-damaged stem cells to maintain erythroblast cells
loss by differentation and to replace red cell loss is to a lesser extent
shown in the marked reduction in blood volume, red cell mass, and erythrocyte

concentration. Analysis by Toepfer’0 of total erythroid cells in the bone

marrow reveal definite decreases in this cell population occurring within
4 days after myleran administration and reaching minimal values (approximate-
ly 60% of control values) at 12 days before a recovery period occurs. A
similar pattern is reported by Elson? during this time. It therefore appears
that observable effects on circulating mature erythrocytes occur about 16
days after injection. Up to this time, the little of not inflow of RBC's

from bone marrow to the blood was possibly offset by the relatively long

life span of the circulating erythrocytes. A decrease in animal body weight
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is also present at this time (Appendix A) in myleran-treated animals, which
is in agreement with other studies.8;70

At day 22, the blood response pattern shown in all the graphs can
be associated with the reappearance of erythroblasts in myleran depleted
bone marrow as described by Elson®8 and Toepfer.70 Increases in marrow
erythroblasts, although beginning at day 14, do not show substantial numbers
until days 18 to 20 when they are approximately 50% of normal. In a second
study,70 normal values of erythroid cells in bone marrow occur two days earl-
ier (16 to 18 days after injection). This study reveals a leveling off or
a slight increase in all parameters measured except RBC concentration and
hematocrit. Apparently these increases correspond to the maturation and
release of the marrow erythroblasts into the blood. The decrease in ery-
throcyte concentration and hematocrit cannot be explained except that the
slight increase in blood volume, perhaps mainly due to increased plasma
volume rather than increased erythropoiesis, can account for the decreased

values reported at day 22.



Figure 3.

Effect of myleran on erythrocyte concentration compared to
control animals
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Figure 4.

Effect of myleran total circulating erythrocytes per gram
of animal weight
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Figure 5.

Total numbers of circulating erythrocytes per animal following
a single dose of myleran
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Figure 6.

Total numbers of circulating reticulocytes per animal following
a single dose of myleran
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Figure 7.

Effect of myleran on total circulating reticulocytes per gram
of animal weight
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Figure 8.
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Changes in hematocrit values of control and drug-treated animals
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Figure 9. Comparison of blood volumes in myleran-treated vs. control animals
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Figure 10.
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Relative effect of myleran on plasma volume, blood volume, and
red cell volumes expressed as percentage of control
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Figure 11.

Graph showing decrease in total circulating RBC's following
myleran administration
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Figure 12,
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Changes occurring in erythrocyte concentration in experimental
rats
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APPENDIX B

n, number of observations per group

Day Experimental Control
4 4 4
8 4 6

12 6 5

16 5 5

22 10 2R

29 27
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