
A STUDY OF THE EFFECTS OF HYDROCORTISONE ACETATE AND METHOTREXATE 
SODIUM ON THE DEVELOPMENT AND PROGRESSION OF LEUKEMIA INDUCED BY

THE FRIEND LEUKEMIA VIRUS IN BALB/C MICE

DATE DUE

Submitted in Partial Fulfillment of the Requirements for 
Graduation with Honors to the Department of Biology at 

Carroll College, Helena, Montana

Arthur Kelly Conrad, Jr. 
John Kendal Harshman

April 1, 1974

hORfeTTE LIBRARY 
CARROLL COLLEGE



This thesis for honors recognition has been approved for the 
Department of Biology by:

Vnf., John A. Christenson, Advisor

Guido Bugni, M.S.

April 1, 1974



TABLE OP CONTENTS

ACKNOWLEDGEMENTS........................................... i i

ABSTRACT..................   iii

LIST OP TABLES.............................................. iv

LIST OF ILLUSTRATIONS......................................v-x

INTRODUCTION........    1

LITERATURE REVIEW
Properties of Mouse Leukemia Viruses:

Isolation of Viral Components................  2-5
Genetic Studies................................  5-8
Immunosuppression......... ............................. 8-17
Pathogenesis......................................... ..17-21
Hydrocortisone Acetate..................  22-28
Methotrexate Sodium.....................  29-32

MATERIALS AND METHODS.................................... 53-56

RESULTS.................................................. 57-67

DISCUSSION AND CONCLUSION................................ 68-76

LITERATURE CITED..............  77-79

' i



ACKNOWLEDGMENTS

We wish to thank our faculty advisor and readers, Dr.

Christenson, Father Sullivan, and Mr. Bugni for their guidance and 

advice. Dr. John W. Jutila and Mr. Phil Thompson of Montana State 

University deserve a great deal of recognition for their helpful 

suggestions and generous donations of drugs and animals. We owe 

a special thanks to Shodair Crippled Children’s Hospital Laboratory 

and Last Chance Gulch Laboratory for the use of their facilities 

and equipment. We are also indebted to Dr. Allen Miller, Dr.

Robert Painter, Dr. Dawson Litz, and Dr. Rizza for the reference 

materials and advice they gave us when interpreting our results. 

Finally, we wish to thank Mr. Joe Davis for the use of his photographic 

equipment and skills, and Miss Dannette Sullivan, who skillfully 

handled the formidable task of typing this thesis.

ii



ABSTH AL[T

The course of leukemia oroduceo by Friena leukemia virus 

(FLU) in male ano female BALB/c- mice was compared in hydrocortisone 

acetate-injected and methotrexate-injected mice. Statistic, 

hematologic, and pathologic studies showed that hydrocortisone 

acetate had a greater effect on slowing the leukemic growtn than 

did methotrexate sodium. Methotrexate had adverse effects on 

kidney morphology, whereas hydrocortisone caused no detectable 

disorders. Neither drug reversed the leukemic process. Application 

to the human problem of leukemia is discussed.
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INTRODUCTION

Che Friend. Leukemia Virus (FLV) is uniaue fe~ --

leukemia faster than any other known virus (Me-: cal-' e* - ->qc,q>

Past studies have dealt primarily with the ---- -------g1->si on *

pathop-enesis, component antigens, and genetics of -i-,.

Little work has been done in drug therapy.

This paper is concerned with the effects of netho_ exate

sodium and hydrocortisone acetate on leukemia induced bv FLV 

in Balb/c mice. Both of these drugs are used with liaited success 

in treatment of human leukemia. Leukemia in sis- progresses at 

significantly slower rate than that induced in animals by FLV 

Also, since the factor inducing leukemia in humans is often not 

clear, we want to see the effects of these drugs on a rapidly- 

progressing leukemia with a known viral origin. Possible correlati

to the human problem and ideas for further research will be presented
ons

'^»!i
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LITERATURE REVIEW

Properties of Mouse Leukemia Viruses: Isolation of Viral Components

Friend Leukemia Virus (FLV), Rauscher Leukemia Virus (RLV), 

and Gross Leukemia Virus (GLV) have been used extensively in 

component determination (Schafer et al., 1972). Since all these 

are murine leukemia viruses (MuLV), component parts so far discov

ered have been identical.

Knowledge of virus structural components is needed for more

efficient study of virus-cell interactions. This requirement is 

difficult to fulfill for murine leukemia viruses (MuLV), since 

electron microscopical and gel electrophoratic analysis reveal a 

relatively complex structure (Schafer et al., 1972). A nucleoid 

and an envelope surrounding the nucleoid have been distinguished 

by electron microphotography (Nowinski et al., 1970). More refined 

techniques reveal knobs on the envelope surface (Nermut et al., 1971). 

These studies also revealed a shell-like structure under the 

envelope, surrounding the nucleoid. This shell is composed of a 

homogeneous membrane with regularly arranged subunits in an ico- 

sahedral arrangement. The icosahedron, composed of the nucleoid 

and its shell, is the viral core. A filamentous structure can be 

detected in the interior of MuLV and it has been suggested that it 

is composed of protein and viral RNA (Nowinski et al., 1970).

Polyacrylamide gel electrophoresis of degraded MuLV in the 

presence of sodium dodecyl sulfate (SDS) revealed three major
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proteins havin'? molecular weights of approximately 14,000, 17,500, 

and 31,000 (Schafer et al., 1971) as well as a series of minor 

proteins having higher molecular weights and two glycoproteins 

(Dresberg et al., 1970). The molecular weight of the major 

glycoprotein is estimated to be in the order of 100,000 whereas 

that of the minor is somewhat smaller (Dresberg et al., 1970).

Several antigenic components have been distinguished in MuLV 

(Schafer et al., 1972). A type specific (v) antigen is known 

which is responsible for the induction of neutralizing antibody.

This antigen is thought to correspond to the virus glycoproteins 

and to reside on the viral surface (Dresberg et al., 1970).

Several group specific (gs) antigens have been found which are 

believed to be located mainly in the interior of the virus par

ticle. These antigens are known as I, II gs, IV, and V. The 

most prominent is IV (Geering et al., 1966).

Schafer et al. (1972) have distinguished two more specific 

antigens: II v and a component x. All six antigens were isolated 

using Tween-Ether degradation followed by Sephadex G-150 chromatography

The II v antigen was complexed with II gs antigen. This 

complex could not be broken up by physical means, such as gel 

filtration and density centrifugation, nor by treatment with 

neuraminidase and phospholipase C, a treatment that removed antigen I. 

The hypothesis that these two antigens are complexed together 

was also suggested in immunodiffusion reactions in which they 

regularly formed a common line (line II). The II gs determinant
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of the complex was different from the other gs-antigehs (l, IV, V) 

as shown by CP- as well as Ouchterlony tests (Schafer et al.,

1972). The existence of a type-specific component (ll v) in the 

isolate was also demonstrated by-serum absorption experiments in

which the II gs - II v complex removed type-specific neutralizing 

antibody (Schafer et al., 1972). Eemagglutinating activity was 

also associated with this complex.

Since antigens II gs and II v of MuLV were present after 

Tween-Ether degradation in a lipid-containing stable complex, they 

may be present in very close association in the virus particle.

The total complex, possesing II gs and II v antigenicities is 

probably located in the viral envelope (Schafer and Szanto, 1970) 

since the type specific antigen of the complex is expected to be 

situated in this area (Dresberg et al., 1970).

Component x preparations showed in the electron microscope 

a disk- or ringlike structure Vith a diameter of 100(Schafer et 

al., 1972). When these preparations were treated with SDS and DTT 

and submitted to gel electrophoresis, a single protein was detected 

having the same electrophoretic mobility as the 150,000 dalton 

protein present in the total virus. This component reacts well 

with MuLV antiserum in complement fixation (Schafer et al., 1972). 

It is not known whether it possesses group or type specific

antigenicity.

De-The and O'Connor (1966) have speculated that component x 

represents a constituent of the MuLV core shell. The density of 

x is slightly lower than that of the viral core and the presence



of structures resembling empty cores in purified component x 

preparations are compatible with this interpretation (Schafer et al., 

1972).

Genetic Studies

The disease induced in mice by Friend Virus (FV) is a model 

of a neoplastic condition susceptibility to which is a multiple-gene 

trait (Lilly, 1972), There are four categories of genes influencing 

the host response to FV (Lilly, 1972). These are summarized in 

Table 1.

Gene Effect on Systems studied

FU-2 Spleen focus-forming 
virus (SFFU) component 

of FU

FU

111, SL, F Hematopoietic Cells FU

FU-1 Helper component FU Complex FU

Rgv-l(H-2) Immune response to viral antigen Gross Uirus, FU

Table 1. Host genes affecting the response to FU in mice. 

FV is a C-type RNA tumor virus which induces an erythro-

leukemia, the outstanding feature of which is a logarithmic increase 

in spleen weight beginning almost immediately after virus inocula

tion (Lilly, 1972). This splenomegaly is due to the proliferation 

of erythrocyte precursor cells. In addition to the splenomegaly, 

many strains of FV induce macroscopic foci on the spleen surface 

9 days after inoculation (Axelrad and Steeves, 1964).

Repeated passage of FV in rats leads to the loss of the 

erythroid cell specificity of the virus. This then induces a
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disease similar to the lymphoid neoplasms induced by GLV (Dawson et 

al., 1966). The virus recovered from rats no longer induces 

spleen foci which suggests that this property is due to a separable 

component lost from the complex population of viruses making up 

FV (Dawson et al., 1969; Steeves et al., 1971). This component 

of FV was called spleen focus-forming virus (SFFV); the rest was 

called lymphatic leukemia virus (LLV).

The host response to SFFV and to LLV are governed separately

by two genes, FV-2 and FV-1, respectively (Lilly, 1970). Odaka

(1969) has also shown that susceptibility to SFFV is regulated 
sby FV-2. Mice homozygous or heterozygous for the the FV-2 allele 

x»are highly susceptible to SFFV; mice homozygous for the FV-2 

allele are highly resistant to the SFFV in most strains of FV 

complex (Odaka, 1969). FV-2 has been mapped in linkage group 

II of the mouse genome (Lilly, 1972). If FV-2 is uniquely im-
X

portant in the development and functioning of erythroid cells, 

then this restricted tissue distribution of the gene might be 

the basis for the erythroid tissue specificity of SFFV (Lilly, 1972) 

In support of this specificity hypothesis, three genes known 

to give rise to hereditary anemias, W, SL, and F (Axelrad, 1969) 

have been found to decrease susceptibility to SFFV, apparently 

by decreasing the availability of target cells for the virus (Lilly, 

1972).

FV-2 is not a factor or only a minor one governing the response 

of mice to leukemia viruses other than SFFV. For example, C58 mice



7

show a high spontaneous incidence of leukemia and 310 BI- mice 

are highly susceptible to Gross virus leukemogenesis, but both 

these strains are homozygous for FV-2* (Pincus et al., 1971).

Susceptibility to the helper component of the FV complex 

(LLV) is governed by the FV-1 locus. FV-1 has not yet been located 

in the mouse genome (Lilly, 1972). It is apparently not linked 

to FV-2 (Lilly, 1972). Two alleles at the FV-1 locus are known, 
FV-ln and FV-1^3, and mouse strains are said to be N-type or B-type 

respectively (Steeves and Eckner, 1970). The helper component of 

the original strain of the FV complex is N-tropic; i.e. it is 

highly infectious in N-type mice (DBA/2) but poorly infectious in 

B-type mice (Balb/c). The reverse is true for the B-tropic helper 

components (Steeves and Eckner, 1970).

The resistance to helper virus conferred by FV-1 type is 

relative, while resistance to SFFV due to FV-2 type is absolute 

(Lilly, 1972). Titration patterns reflect this relative resistance 

in mice of different FV-1 genotypes. N-tropic viruses show one-hit 

dose patterns in N-type mice, whereas they show multiple-hit 

patterns in B-type mice (Lilly, 1972). At extremely high virus 

doses, N- and B- type mice differ little in response. It has been 
suggested that the gene products of the FV-ln and FV-1^ alleles 

either are themselves, or govern the synthesis of, repressors of 

B- and N- tropic viruses since their activity converts single hit 

patterns (high susceptibility) to multiple-hit ones (relative 

resistance) (Lilly, 1972).
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?:gu-l appears to influence the host response to virtually 

all L'A tumor viruses of mice, probably following a similar 

mechanism in each case (Muhlbock and Dux, 1971).

Immunosuppression

The mechanism of immunosuppression induced by tumorigenic 

viruses is highly complex, and poorly understood. Many intricate 

events obviously occur at the cellular and molecular levels 

after infection of a susceptible animal with a leukemia virus

such as FLV. It has been proposed that FLV may surpress immunity 

by interfering with specific cellular immunity components, 

such as mature immunocompetent cells, antigen sensitive cells, 

or precursor stem cells (Odaka et al., 1966; Salaman and Wedder- 

bum, 1966; Ceglowski and Friedman, 1967). Immunosuppression 

may be caused by interference with antigen "handling" or processing 

cells (Salaman, 1969).

Dracott et al. (1972) have performed experiments to deter

mine whether or not the primary response to sheep erythrocytes 

(SE) in vitro was depressed as a result of FV infection in vivo. 

Groups of mice were infected at intervals ranging from one hour 

to 7 days before their spleen cells were cultured. These cul

tures, together with control cultures from uninfected mice, were 

assayed for antibody plaque-forming cells (PFC) against SE after 

5 days incubation with SE (stimulated) and without SE (unstimulated)



3

The time of repressor production is unknown. It may be prior

to viral infection during normal metabolic activities, or in response 

to tr.e stimulus of viral infection (Lilly, 1967).

Since an N-tropic virus, consisting of the SFFV and N-type 

helper component, is ineffective in Balb/c mice under normal 

dosages (Lilly, 1972), it is apparent that SFFV requires the 

helper component, for survival and adequate functioning. Spleen

focus assays have detected the combined effect of SFFV and its 

helper virus (Hartley et al., 1971). Since SFFV is dependent on 

LLV, this does not mean that this LLV is irreplacable; i.e., that 

viral efficiency is inoperative without this specific relationship 

(Eckner and Steeves, 1972). Eckner and Steeves (1972) successfully 

produced pseudotypes of Friend SFFV, abbreviated SFFV (MuLV).

Mixed infection of neonatal Balb/c mice with FV complex (containing 

SFFV and N-tropic FFV) and an antigenically distinct MuLV resulted 

in antigenic alteration of SFFV. They also showed that the 

patterns by which a given SFFV (MuLV) pseudotype was neutralized 

by specific antisera identified the antigenicity of the corresponding 

MuLV used to prepare the pseudotype. Accumulated data have made 

it possible to classify several MuLV's according to their virus- 

bound, type specific envelope antigens (Eckner and Steeves, 1972). 

This antigenic alteration is probably not due to nonspecific 

virus interactions within a common host, but is a specific change 

that occurs only when LLV-F (helper component of FV) is inhibited 

in mice coinfected with an antigenically distinct helper virus. 

(Steeves et al., 1971).
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The proof of effectiveness and viability of this pseudotype is the 

fact that all MuLV preparations can replicate efficiently within

a host. The antigenic conversion between LLV-F and MuLV types

demonstrates that SFFV is defective with respect to the expression 

of neutralizable envelope antigens (Eckner and Steeves, 1972).

Rgu-1 is another gene important in the host’s response to 

FLV complex. It influences the FV disease by affecting quantitatively 

the splenomegalic response to the virus (Lilly, 1968). This 

effect appears relatively late in the disease since it is only 

vaguely detectable in the 9-day spleen focus assay for the virus.

Rgu-1 has been partially mapped within the H-2 genetic region of 

linkage group IX of the mouse (Lilly, 1967).

Lilly (1972) has hypothesized that the fundamental effect 

of the gene is on the "immunologic phase" of the FV disease, 

i.e., the immune response to -antigens associated with virus 

infection. One explanation of this immunologic effect dealt 

with the gene, Ir-1. This gene is located in the same subregion 

of H-2 that the Rgu-1 has been localized (Rowe et al., 1972).

Ir-1 regulates the level of the immunologic response to a variety 

of antigens (Tennant and Sewall, 1968). This suggests that the 

strength of the immune response to viral antigens might also be 

regulated by Ir-1, and that resistance to FV as controlled by Rgu-1 

represents a stronger response to a given FV antigen, as deter

mined by Ir-1 (Lilly, 1972).
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Results showed that after a minimum of ' days infection ir. vivo 

the response in vitro was depressed, and that this depression 

increased as the in vivo infection period was extended.

jjracott et al. (1972) also attempted to locate more pre

cisely the site of the immune defect in infected cultures. This , 

was achieved by separating and variously recombining adherent 

macrophage-like cells (fraction M) and non-adherent lymphocyte

like cells (fraction L) from normal and infected spleens. Com

binations of uninfected M and L fractions responded as well as 

controls. Combinations of infected M and L fractions, and of 

normal M and infected L fractions showed .a depressed response. 

Infected fraction M plus normal L responded as well as a normal 

suspension. This clearly indicated that the immunologically 

incapacitated cell type was located in the lymphocyte population 

of an FV-infected spleen.

Ceglowski and Friedman (?97O), using the technique of in

jecting spleen cells from FV infected animals into normal recipients 

followed by immunization with sheep red blood cells (S RBC), also 

found a PFC suppression. This suppression was directly related 

to the time interval between infection and cell transfer. These 

experimenters also found consistently fewer foci in spleens of 

recipient mice given spleen cells from donor animals infected 

with FLV. Each focus of antibody activity was considered to be 

due to proliferation of an individual antibody-precursor cell 

(Kennedy et al., 1966). That is, a single antibody focus may be



derived from an individual precursor cell which undergoes a

relatively larp-e number of divisions following stimulation with 

antigen. The authors believed that at least 100 PFC result 

from each precursor cell. Experimental evidence revealed 

that fewer than 10 percent of these precursor cells are recruited 

after antigen stimulation when spleens of infected mice are 

considered. This was determined by approximating the number of 

PEC in an infected spleen (Ceglowski and Friedman, 1970). It 

is possible that the precursor cells in an infected spleen have 

a much lower capacity for proliferation as compared to those in a

normal animal. This can be due to continued infection of pre

cursor cells and their progeny during the course of infection 

rather than infection of precursor cells by virus only at the time 

of antigen stimulation (Ceglowski and Friedman, 1970). This 

hypothesis supports other studies (Hirano et al., 1969) which 

have demonstrated that immunologic suppression occurs early in 

the disease, and that induction of immunity and not its maintenance 

or continuation appears to be the most sensitive step of immunogenesis 

affected by leukemia viruses (Ceglowski and Friedman, 1967). Thus 

it appears that fully committed antibody precursor cells are 

not affected by the virus (Ceglowski and Friedman, 1970). A possible 

mechanism by which FV may effect the immunologic response of mice 

is suggested in Figure 1.

Figure 1. Postulated mechanism of action of FLV infection

Cta\ (PF <-)

on immunologic responsiveness of mice. • Virus man compete with 
antigen for limited number of antibody-precursor cells, divert
ing such cells from immunogenesis into leukemogenesis.
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Bennett and Steeves (1970) investigated immunosuppression. 

They attempted to isolate the lymphocytic cell most directly 

acted upon. Roitt et al. (1969) suggested that these cells

should be classified as thymus dependent T-lymphocytes or thymus 

independent and bursal equivalent, B-lymphocytes (Roitt et al., 

1969). The T-lymphocytes are presumably responsible for cell- 

mediated responses including delayed hypersensitivity, solid tissue

allograft reactions, graft-versus-host reaction, and a coopera

tive role in responses leading to humoral antibody formation

(Roitt etal.,1969). The B-lymphocytes which do not depend on the 

thymus for their own production give rise to immunoglobulin

antibody-secreting cells (Cooper et al., 1965). This is illus

trated in Figure 2 (redrawn from Roitt, 1973)*

Figure 2. Processing of bone marrow cells by thymus 
and gut-assiciated central lymphoid tissue to become

immunocompetent T- and B-lymphocytes respectively. Pro
liferation and transformation to cells of the lymphoblast 
and plasma cell series occurs on antigenic stimulation. 
(Redrawn from Roitt, 1973).
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The experiments of Bennettand. Steeves (1970) revealed thar FV 

infection suppressed 3-lymphocytes (i.e. precursors of plaque

forming cells) but not T-lymphocytes such as alloantigen-sensitive 

units, antigen-reactive cells, or mediators of the graft-versus- 

host reaction. Cells involved in the rejection of hematopoietic 

allografts by irradiated mice cannot be categorized as B-or T- 

lymphocytes, since their production by marrow precursors and 

function are thymus independent; but they do not secrete detectable 

humoral antibodies (Bennett and Steeves, 1970). That such cells 

may comprise a third class of immunocompetent cells agrees with 

the observation that FV infection did not suppress their function 

(Bennett and Steeves, 1970).

Bennett and Steeves (1970) also showed that adrenalectomy 

failed to affect immunosuppression. This is consistent with the 

hypothesis that 7V acts directly on precursors of antibody forming 

cells rather than acting indirectly by way of adrenocortical 

hormones. It should be noted that other hormones, including 

somatotropin and thyroxine (Pierpaoli et al., 1969), and gonadal 

hormones (Glick and Sadler, 1961), have been shown to be relevant 

for immunocompetence; therefore, FV infection could possibly act 

on other endocrine glands to influence immunosuppression in

directly (Bennettand Steeves, 1970).

FV acts quickly on primitive hematopoietic cells to induce 

both erythropoiesis and suppression of B-lymphocytes. This action
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is accomplished by means of the SFFV component, and its helper 

(LLV) (Lilly, 1972). It has been suggested that a common 

stem cell for hemoglobin- and immunoglobulin-synthesizing cells 

is affected by this virus (Siegel and Morton, 1967), Whatever 

the case, the more differentiated B-lymphocytes and erythropoietic 

cells are apparently not primary target cells for FV (Mirand, 1967). 

The stem cell hypothesis is being tested by analysis of bone 

marrow stem cells more primitive than precursors of plaque-forming 

cells and erythropoietic progenitor cells in mice infected with 

FV (Bennet and Steeves, 1970).

Chakrabarty et al., (1970) have described significant bio

chemical changes in the spleen of mice infected with a leukemogenic

virus such as FLV. Infection altered basic nucleic acid metabolism

patterns.

They noted that RNase activity decreased rapidly during the 

first few days after infection, preceding splenomegaly but 

concomitant with development of immunological deficiency.

The maximum decrease of RNase activity occurred between the third

and sixth day after infection. By the twelfth day RNase activity

in infected spleens was about 10 to 15 percent of the control

level and did not change very much thereafter. Other investigators

have also observed that RNase activity may be diminished in 

rapidly growing tumors. (Daoust and Amano, 1965? Ledoux et al., 

1958). These results suggest that rapid proliferation of neoplastic 

cells may be closely related to decreased nuclease activity.

In addition, it seems probably that an increase in RNase activity,
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rather than a decrease, night interfere with formation of new RNA 

molecules (Chakrabarty et al., 1970). These molecules may be 

necessary for adequate metabolic and cellular changes induced

by the viruses.

Chakrabarty et al., (1970) also discovered that RNA content of 

the mouse spleen increased rapidly during the first week of in

fection, reaching a stabalizing point during the subsequent week.

It seems probable that during the later phases of leukemogenesis

RNA molecules may be metabolized at a slower rate than in normal

animals. Preservation of RNA may be necessary for maintaining 

the high rate of protein synthesis associated with rapid cell

division. In addition, it was discovered that there was twice

as much RNA in splenic microsome fractions of injected mice than 

in control mice (Chakrabarty et al., 1970). Lin and Rich (1968) 

have reported an increase in RNA polymerase activity in nuclear 

fractions of spleens of leukemic mice. It seems probable that 

RNA molecules synthesized at a rapid rate in the nucleus may be

transferred to microsome fractions for direct involvement in

protein synthesis.

Chakrabarty et al., (1970) also showed that there was little 

or no significant difference in the DNA content of the various

subcellular fractions of normal or infected animals. However, 

acid DNase activity decreased during the first three days of in

fection and then gradually returned to normal levels within the 

next 10 days. The significance of such changes is unknown. Generally,
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it appears that a balanced control mechanism exists for INA 

metabolism during viral leukemogenesis, in contrast to RNA

metabolism or synthesis.

Pathogenesis

Metcalf et al., (1959) described the pathogenesis of the 

Friend disease in terms of hematology, gross pathology, and 

histopathology. In a series of 12 experiments, a total of 200 

4-to 5-week old female Balb/c mice were infected by IP inoculation 

of 0.1 - 0.2 ml. of 10 percent spleen homogenate from leukemic

animals.

Splenomegaly was seen within 7-10 days in most animals.

At no stage were lymph nodes palpable. In some mice surviving 

longer than 5 months, hepatomegaly was observable on inspection.

Four weeks following infection, the hematocrit values on 

tail blood varied between 40 and 45 percent, which was in the 

range of values obtained from control mice injected with normal 

pooled sera. After two months, the hematocrit values dropped to 

25 percent. There was a temporary erythroblastosis at 1 - 2 

days, followed by normal erythroblast levels and a marked rise 

after 7 days in spite of normal hemoglobin levels and lack of 

hemolysis. The progressive erythroblastosis after the second 

month was associated with anemia. Most erythroblasts were mature 

normoblasts, the immature erythrogenic cells being few in number.
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A definite lymphopenia occurred 1 day after infection.

This was not due to an adrenal-mediated stress, since control

mice revealed normal lymphocyte levels 24 hours after injection of

normal serum.

Following the second day, a progressive lympnocytosis occurred,

reaching levels of 15,000 - 50,000 by 7 - 14 days. After this,

there was variation in white cell levels among individual mice. 

Extremely high cell counts (approximately 100,000) were found 

only at the terminal phase of the disease.

The characteristic leukemic picture appeared late in the

disease. The leukocytosis during the first two months was due to

an increase in lymphocytes. When the leukocyte count exceeded 

100,000, 10 - 20 percent of these cells was found to be "Friend 

cells." The average size of this cell was approximately that of

a large lymphocyte or monocyte. Friend cells had a moderate 

amount of deep-blue staining cytoplasm that was "foamy" and 

lacking granules. Occasionally, mitotic figures were seen in

Friend cells in the advanced stage of the disease.

Polymorphonuclear levels remained relatively consistent and

at near normal levels throughout the disease. Eosinophil and 

neutrophil levels varied considerably, but did not greatly differ

from those seen in control mice.

During the first week, the only change observed was a

gradual enlargement of the spleen. No changes were detected in 

liver, lymph nodes, thymus, or kidneys.
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The first histological signs of the disease were observed 

in the suleen. Four days after infection, enlargement of foci 

of reticular cells was apparent .in the subcapsular area, along 

splenic trabeculae, and in the pulp spaces between lymphoid 

follicles. These foci were multi-centric and appeared simultan

eously throughout the spleen.

During the second and third weeks, progressive increase in

spleen size occurred. This continual enlargement lasted until 

the end of the second month. At this point the weights of the 

spleen remained static and sometimes even decreased. The spleens 

were characterized by softness, unusually round edges, mottled 

appearance due to hemorrhages (red), proliferation of reticulum 

cells (gray-white), and non-leukemic myeloid metaplasia (brown- 

red). During the third month, there was infiltration of large 

reticulum cells into the liver and spl«en. Tissue erythroblastosis 

diminished, despite the fact that peripheral levels remained

high.

Concerning other tissues, they found no significant changes 

during the first few days of infection. Toward the end of the 

first week, foci of reticulum cells were observed in the liver, 

being similar to those appearing earlier in the spleen. These 

foci were located in the liver sinusoids, and Metcalf et al.,

(195$) have suggested they represent metastatic deposits. The 

lymph nodes showed some hyperplasia of sinus endothelial cells, 

though no abnormal reticulum-cell clusters were seen. The bone
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[narrow was characterized by myeloid and erythroid hyperplasia. No 

abnormal reticulum cells were seen in the first few days, but

at the end of the first week, occasional cells or clumps of them

were seen which resembled the reticulum cells present in the spleen.

Following the first week, the liver showed progressive disten

tion of sinusoids by reticulum cells, with formation of large

clusters. Thymus and lymph nodes remained the same, while the

bone marrow exhibited immature myeloid and erythroid cells, with

encroachment by neoplastic reticulum cells. The kidneys appeared 

to be normal, except for increased cellularity in the glomeruli, 

possibly due to trapped circulating cells.

As the disease progressed into the second and third month, 

liver enlargement was uniform, while the lymph nodes and thymus 

remained normal. Many mice had non-neoplastic microscopic lesions 

in the kidneys. These included sclerosis of the glomerular 

tufts, tubular degeneration, and small hemorrhagic areas. Tumor- 

like masses of reticulum cells were seen in nonhemopoietic organs, 

including the ventral spinal muscles, the ovaries, and the lungs.

During this experiment, reticulum cell infiltration was 

constantly occurring. Quite often, there were foci of erythroblasts 

associated with this infiltration. Usually, it involved ’’pure" areas

of reticulum cells next to areas in which erythroblasts and re

ticulum cells were intermingled. Metcalf et al., (1959) believe 

it is possible that the reticulum cells are ancestoral cells of 

erythroblasts and that the formation of pure foci of reticulum

cells was due to maturation arrest
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ce was due to splenic 

few animals surviving, 

was more severe, and

rate.

Immediate cause of death m most x. 

hemorrhage, often with rupture. In the 

longe' than 5 months, liver involvement 

a greater contribution to the mortality

made
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Hydrocortisone Acetate

The adrenal cortices produce two types of hormonal compounds,

respectively denominated glucocorticoids and mineralocorticoids. 

The justification for this nomenclature is that when introduced 

exogenously the two groups of corticoids produce distinctive types 

of major metabolic influence: the glucocorticoids affecting 

predominately carbohydrate and protein metabolism, and the min

eralocorticoids predominately water and electrolyte metabolism.

The essential chemical nature of each group can be considered 

together (Beckman, 1961).

All of these compounds are steroids, i.e., their basic 

molecular skeleton comprises three 6 - carbon rings linked to a 

5 - carbon ring so that there are altogether 17 carbon atoms.

In addition they have four more carbons, making their skeleton 

look as shown in Figure 5. All of the synthetics as well as the 

naturally produced adrenal corticoids are variants upon this 

structure. But the matter is not quite that simple, for any

Figure 3. Steroid Skeleton
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adrenal steroid that has hormonal action has a double bond between

carbon atoms 4 and 5» oxygen atoms of carbons 3 and 20, and a 

hydroxyl group attached to carbon atom 21. Thus the simplest of 

such compounds would be like the structure in Figure 4 (Beckman,

1961). C.ro

Figure 4. Adrenal Corticoid Nucleus.

The glucocorticoids can be divided into two groups: (l) those 

that have an appreciable sodium-retaining activity, and (2) those 

that are practically devoid of this action. Comprising the first 

group are the naturally occurring steroid hydrocortisone (cortisal) 

and its closely related derivatives—cortisone, prednisolone, and 

prednisone. The members of ;the second group are synthetic and have

no direct concern in this paper; therefore, they will not be re

ferred to in any more detail (Goodman and Gilman, 1967).

Hydrocortisone is the principal glucocorticoid secreted by 

the adrenal cortex. This compound has hydroxyls at the 11 and 17 

positions of the adrenal corticoid nucleus as seen in Figure 5 

(Beckman, 1961).
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Figure 5. Hydrocortisone.

Hydrocortisone Acetate, a synthesized derivative of hydrocortinc 
is represented as shown in Figure 6. The acetate group (CH^~ct^) 

replaces the hydroxyl group on C - 21 (Beckman, 1961).

» , t - o - t - C Hj

•- — —OH

Figure 6. Hydrocortisone Acetate.

Naturally occurring glucorticoids (hydrocortisone and cortisone’ 

are used as replacement therapy in adrenocortical deficiency 

states. Their synthetic analogues are primarily used for their 

potent anti-inflammatory effects in disorders of many organ systems. 

Glucocorticoids cause profound and varied metabolic effects. In 

addition, they modify the body’s immune response to diverse stimuli- 

More specifically, glucocorticoids are used widely in endocrin&l
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disorders, rheumatic disorders, dermatologic diseases, allergic 

states, ophthalmic diseases, respiratory diseases, gastrointestinal 

disease and of particular interest to us, in hematologic disorders 

and neoplastic diseases. It has been learned that the secretion 

of the adrenal cortex has a striking effect on lymphoid tissue.

In both experimental and clinical adrenocortical insufficiency, 

hyperplasia of lymphoid tissue occurs. This is reflected in the 

peripheral blood by lymphocytosis (Physician’s Desk Reference, 1972).

The dynamic nature of the response is best demonstrated by 

the immediate changes in lymphoid tissue that follow the administra

tion of ACTH or cortisol. There is a correlation between the

secretory activity of the adrenal cortex and the status of lymphoid 

tissue, following the administration of a steroid to experimental 

animals. Within an hour, dissolution of lymphocytes in lymphoid 

tissue becomes apparent. The nuclei becomes pykmatic and disintegrate 

or the cells may shed their cytoplasm. The cellular debris is 

phagocytized. Dissolution continues during the period of stimulation 

of cortical secretion. Thereafter there is a return to normal 

lymphoid structure, characterized by differentiation of lymphocytes 

from reticular cells and resumption of mitosis in lymphocytes.

The dissolution and the decreased production of lymphocytes in fixed 

lymphoid tissue are reflected in the peripheral blood. When lymphocyte 

production is resumed, the lymphocytopenia is rapidly corrected 

(Goodman and Gilman, 1967)*
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Corticosteroids are among the most useful of the numerous

therapeutic agents used in the treatment of the leukemias, because

of their known lytic action on lymphoid tissue. The effects are 

temporary and range from minor improvement to complete clinical 

and hematological remission. Early in the disease, the degree of 

remission appears to be correlated with the dose of corticosteroid.

Late in the disease, unresponsiveness to the highest dosage

may appear.

Among the benefits observed are elevation of mood, increase 

in appetite and gain in weight, disappearance of fever, shrinkage 

of enlarged lymphoid tissue masses, increase in blood erythrocyte 

counts, increase in blood thrombocyte counts and cessation of bleeding, 

reduction of blast cells, and increase of normal cells in bone 

marrow and reduction in the rate of destruction of erythrocytes in 

patients with autoimmune hemolytic anemia (Physician's Desk Reference, 

1972).

The adrenocortical steroids exist in plasma in two forms: 

a protein bound form and a free form. Ninety percent or more of 

plasma cortisol is reversibly bound to protein under normal 

circumstances (Mills et al., I960). The binding is accounted for 

by two protein fractions. One, "corticosteroid-binding globulin" 

or "transcortin," is a glycoprotein, the other is plasma albumin.

The globulin has high affinity but low total binding capacity, 

the albumin has low affinity but relatively large binding capacity.
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Consequently, at low or normal concentration of corticosteroids 

most of the hormone is bound to globulin. When the amount of 

corticosteroid is increased, concentrations of both free and al

bumin bound steroid increase with little change in the concentration 

of that bound to globulin. Corticosteroids compete with each 

other for binding sites on the corticosteroid-binding globulin. 

Cortisol (hydrocortisone) has a high affinity for these sites 

(Goodman and Gilman, 1967)*

There has been much speculation as to the nature of the actions 

of the cortisones in the body. In other words, the outstanding 

effects achieved by these drugs have come to be well known, but the 

answers to mechanistic nature of the actions of these drugs still 

are in controversy. It is easy enough to account for the nature 

of action of the cortisones, at least in the broad sense, when they 

are used for replacement therapy. That is, for example, when the 

pituitary body fails to produce corticotropin the hormonal stimulus 

for the production of the cortisones is lacking, and the individual 

suffers from adrenocortical insufficiency, the use of cortisones for 

substitutes is the suggested therapy. But the actions of cortisones 

as pharmacologic agents in dissociation with the obvious hormonal 

role is more difficult to explain. In the present state of our know

ledge, we can only look at the different types of their actions and 

try to understand how they might work beneficently in specific situa

tions.
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Two categories of toxic effects are observed in the therapeutic

use of adrenocorticosteroids: those resulting from withdrawal and

those resulting from continual use of large doses. The principal 

complications resulting from prolonged therapy with corticosteroids

are fluid and electrolyte disturbances along with alteration in 

protein, carbohydrate, and fat metabolism; Hyperglycemia and glyco

suria; susceptibility of infection, including tuberculosis; peptic 

ulcers, which may bleed or perforate; esteoporosis; psychosis; and 

a characteristic myopathy. Whether the incidence of undesirable 

effects is reduced at any given level of therapeutic benefit awaits 

further investigation (Goodman and Gilman, 1967).
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Methotrexate

Methotrexate (Amethopterin) is a member of a class of com

pounds known as "antimetabolites." An antimetabolite is a 

substance which, through being an analogue of a physiologically 

occurring compound, is able to substitute for that compound 

deleteriously in the system in which it operates (Beckman, 196l).

Figure 7. 
acid).

/ 10Methotrexate (4-amino-N -methyl-pteroylglutamic

Specifically, methotrexate is an analogue and antagonist 

of the vitamin Folic Acid (Pteroylglutamic acid).

Figure 8. Folic Acid (Pteroylglutamic acid)
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The following lines of evidence support this contention (Goodman 

and Gilman, 1966):

(1) signs and symptoms of poisoning by the antagonist 
are similar to those of an absolute folic acid 
deficiency,

(2) the growth of microorganisms which require folic 
acid can be inhibited by low concentrations of 
methotrexate, and the inhibition can be reversed 
by the addition of fclic acid.

(3) the vitamin, folic acid, and the anti-vitamin, 
methotrexate, have the same close structural 
relationship as do other essential metabolites 
and antimetabolites.

Folic Acid antagonist action becomes important during nucleic 

acid synthesis. In the formation of the purine constituents of 

the nucleotides that comprise nucleic acid, there is a step in 

which a single carbon atom is inserted into an intermediate com

pound to form the ultimate purine molecule (Beckman, 1961). This 

reaction is catalyzed by the coenzyme, tetrahydrofolic acid 

(THF). The source of THF in living organisms is folic acid.

The formation of THF from folate (folic acid) is accomplished by an 

enzyme system known as folate reductase. Competitive inhibition 

of this enzyme can be achieved by methotrexate and thus restricts 

the availability of THF to cells. Since THF is important in the

transfer of various one-carbon units in a number of biochemical

reactions leading to nucleotide synthesis, methotrexate prevents

the production of a complete nucleic acid molecule (Welch and Mchol,

1952)

Obviously, then, methotrexate can inhibit the progression of 

a carcinoma by preventing rapid and uncontrolled cell division which
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requires continual reproduction of nucleic acid molecules.

Cancer cells have not been shown to operate in a metabolically 

different way than normal cells except in often minor ways that

reflect differences in growth rates. This reflects the greatest

inherent limitation in the antimetabolite approach to a therapeutic 

solution for malignancy (Beckman, 1961).

Methotrexate has been used as a drug treatment for acute 

leukemia (Goodman and Gilmaa , 1967). Its greatest effect has 

been in palliation of lymphoblastic (stem-cell) leukemias.

Results obtained following administration of the drug include: 

recession of lymph adenopathy and hepatosplenomegaly, loss of the 

hemorrhagic tendency, increase in the red cell count, return of 

leukocyte differential counts to normal values, increase in 

platelets if low, improvement in the marrow picture, and duration 

of at least two months (Goodman and Gilman.,, 1967).

Methotrexate is an extremely powerful antimetabolite and 

is capable of producing toxic effects and even death. Suppression 

of bone marrow activity and gastrointestinal tract and cutaneous 

reactions seem to be the primary adverse reactions (AMA Drug 

Evaluations, 1975)•

Suppression of hematopoiesis may be manifested by leukopenia, 

thrombocytopenia, or anemia. Severe leukopenia (white blood 
cell count less than 2,000/mm^) or thrombocytopenia (platelet 

count less than 100,000/mm^) are indications for immediate 

cessation of administration. In addition, megaloblastic marrow 

changes are sometimes notes (AMA Drug Evaluations, 1975)*
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Gastrointestinal disturbances ransre from mild anorexia or

nausea, to severe vomiting, hemorrhagic diarrhea, and death.

The severe reactions are usually accompanied by aphthous stomatitis.

Severe lesions of the oral mucous membranes are indications that

the drug's effects are becoming detrimental to the life of the 

animal or patient (AMA Drug Evaluations, 1975)*

Cutaneous reactions range from erythema, urticaria, and

exfoliative dermatitis to Stevens-Johnson syndrome.

Methotrexate may indirectly cause hyperuricemic nephropathy 

and acute renal failure. This is due to breakdowns of nucleoproteins 

and the resultant hyperuricemia that occurs with the excretion of 

large amounts of uric acid (Beckman, 1961).

Administration during the first trimester of pregnancy can 

often lead to spontaneous abortions. The drug can also impair 

the hematopoietic, hepatic, and renal functions of the fetus 

itself (Sokol and Lessmann, I960).
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MATERIALS AND METHODS

Mice

Inbred Balb/c male and female mice ranging in age from 1 to 

5 months were used. They were obtained from the laboratories of

Montana State University, Carworth in New York City, and the

McGlaughlin Research Institute' in Great Palls, Montana. The

mice received Purina Laboratory Chow and Better Fare vitamin

supplement.

Virus

The Friend Leukemia virus was obtained from J.W. Jutila at

Montana State University. It came originally from Dr. Fieldsteel 

at Stanford Research Institute in 1968 and was maintained at 

Montana State by frequent passage in adult Balb/c mice. We 

received the virus in a 20 percent suspension of spleens made in

IX sucrose stabilizer. The preparation of this suspension was 

done at Montana State University as follows:

1) FV spleens weighing approximately 1.4 g. each 
were removed from nine mice.

2) A 20 percent suspension of the spleens was made 
in a IX sucrose stabilizer by suspending the 
spleens in approximately 42 ml. of stabilizer.

5) Spleens were homogenized three times, one min. 
each time, with a 2-min. "rest" between homo- 
genations. An ioe bath was used to keep the 
suspension cold.

4) Homogenate was dispensed in 5-ml. quantities
in 5-ml. serum vials. Vials were rubber-stopped, 
quick frozen in a dry ice - acetone mixture, and 
stored at -70° F.

ii

K
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The sucrose stabalizer was composed of:
KOH 0.548 g
L-Glutamic Acid 1.44 g
kh2po4 1.054 g

k2hpo4 2.508 g

Sucrose 150.0 g
H20 (Autoclaved) 1000.0 ml

Due to lack of a freezer with a temperature capacity of -7Cf F, 

we stored the FLV suspension in a General Electric freezer at -50°F.

Production of Leukemia in Balb/c Mice

Vials of stock virus were prepared for use by thawing 

quickly at 57° C, then centrifuging at 2000 rpm for 10 minutes.

'the supematent containing the virus was diluted in a sucrose 

stabalizer to a titer that would induce a highly proliferative 

leukemia without causing death in 50 days. A 10 " dilution 

met these requirements. Injection of the virus was accomplished 

intraperitoneally with a 27 gauge needle. All injections were

0.2 ml. of virus suspension.

One to 5-month old mice were divided into four groups. Three 

of these groups received injections of virus and had 20 mice 

respectively. Group IV, consisting of 15 mice, was the control 

group. Mice of three groups were injected at weekly intervals. 

Specifically, Group II injection followed Group I injection by 

7 days, and Group III injection followed Group II injection by 7 

day8. This interval spacing was done to insure a precise injection

schedule for each group.
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Group I received only a single virus injection. Group II

received an injection of virus followed 3 days later by injection

of methotrexate sodium. Administration of this drug was continued

at 5 day intervals for 30 days. Group III received the same

treatment as Group II except that hydrocortisone acetate was

the drug used. Group IV was divided into three sets of five 

mice each. Set (l) received one injection of sucrose diluent while 

set (2) and set (3) received methotrexate sodium and hydrocortisone 

acetate, respectively, at 5-day intervals for a period of 30

days.

The quantity of methotrexate sodium injected was originally 

0.001 mg/g body weight. This was later raised to 0.002 mg/g body 

weight and finally to 0.004 mg/g body weight. The concentration 

of hydrocortisone acetate administered remained at .004 mg/g 

body weight. All mice were weighed prior to each injection.

Since it was not feasible to inject each mouse with slightly 

different amounts, statistical weight groups were established.

These were based on the observation that the daily weight of any

one animal fluctuated above and below a certain value by as much 

as 1.5 g. The weight categories established were: 15 - 17 g,

17 - 19 g, 19 - 21 g, 21 - 23 g, 23 - 25 g, 25 - 27 g, 27 - 29 g, 

and 29 - 30 g.

Assessment of Leukemia

Blood samples were taken just prior to initial injection for
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all groups. At two 10 -day intervals following the first in

jections, five mice were ether-sacrificed from Groups I, II, and 

III and one mouse from each set of Group IV. At the third interval,

10 mice were sacrificed from Groups I, II, and III and 5 mice

from each set of Group IV. Blood samples were taken prior to

each sacrifice.

Dead body weight of each mouse was determined immediately after 

sacrifice. The liver, spleen and kidneys were removed, weighed and 

fixed in 10 percent formalin solution. Samples of bone marrow

were also taken. These tissues were dehydrated in 95 percent and 

100 percent alcohol, cleared in xylene, and imbedded in paraffin.

Blocks were microtomed and the slides stained with Harris’s

hematoxylin and eosin stains.

The blood samples were taken by tail bleeding or by insertion 

of capillary tubes into the dorsal capillary bed of the eye 

orbit. From these samples, total white blood cell, red blood 

cell, and hemoglobin counts were made with a Coulter counter

model F. Differential counts were made on blood smears stained

with Wright Stain. The morphology and frequency of abnormal cells 

in stained preparations were recorded.

Means, standard deviations, standard errors, and Student T 

distributions taken at a 5 percent level of confidence were deter

mined for liver, spleen, and kidney weights and white blood cell 

counts for Groups I, II, III, and IV. The Mann-Whitney U Statistic 

taken at 5 percent level of significance was used to compare relative

weights of spleens, livers, and kidneys for all 4 groups
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RESULTS

The ratio of the organ weight to the body weight was cal

culated for each of the spleens, livers, and kidneys renoved

from sacrificed mice. The values in the graphs that follow are 

the means of these ratios.taken at a five percent Student's t level

of confidence.

Spleen weights of mice after FLV injection

Splenomegaly is one of the most characteristic features of FLV

infection. This fact was utilized in determining the effectiveness

of methotrexate sodium and hydrocortisone acetate on the depression

of leukemia. In other words, the ratios of the spleen weights to

the body weights were analyzed to discern drug effectiveness.

Figures 9, 10, and 11 show the change in the ratio of the spleen 

weights to the body weights of Group 1,2, and 3, respectively, over

a 30-day period. These graphs indicate that the effect of the drugs

was not truly signigicant, at least in terms of the advance of

splenomegaly.

Figure 12 compares the changes in the ratios of the spleen

weights to the body weights of these three groups at each sacrifice. 

Table 2 shous the standard deviation, standard error, and the

Student's t distribution for all three groups.

In Figure 12 differences between the three groups exist, though

these differences are not outstanding. Cortisone seemed to have the 

greatest effect, particularly in the last 10 days, nethotrsxate shows 

maximun effectiveness in the 10 to 20«*day span, during which time the 

virus growth appears to be most severe in animals not treated with

drugs
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Figure 9. Effect of injection of Friend leukemia virus 
on the ratio of spleen weight to body weight in BALB/c mice.
Mice received one injection of the virus at day one. Sacrifices 
were made at 10-day intervals.

Figure 10. Effect of injection of Friend leukemia virus 
on the ratio of spleen weight to body weight in BALB/c mice, 
nice received one injection of the virus at day one. 
nethotrexate sodium was injected five days after virus injection 
and administration was continued at 5-day intervals for thirty 
days. Sacrifices were made at 10-day intervals.



Figure 11. Effect of injection of Friend leukemia virus 
on the ratio of spleen weight to body weight in BALB/c mice. 
I*lice received one injection of the virus at day one. Hydro
cortisone acetate was injected five days after virus injection 
and administration was continued at 5-day intervals for 30 
days. Sacrifices were made at 10-day intervals.

Figure 12. Comparison of the changes in the ratios of the 
spleen weights to the body weights of Groups 1, 2, and 3.at each 
sacrifice. All groups received one injection of Friend leukemia 
virus at day one. Groups 2 and:3 received injections of metho
trexate sodium and hydrocortisone acetate, respectively, at 5-day 
intervals for 30 days. Rice used in each group « BALB/c. Group 
1 = (| l) 1 Group 2 = (f i'i 11 ID : Group 3 =



TABLE 2

Standard deviation, standard error, and Student's t dis
tribution in the ratio of spleen weights to body weights 
for Groups 1, 2, and 3.

Group standard standard Student's t
deviation error distribution

1 .0369 .0085 .0286 to .0565

2 .0308 .0071 .0245 to .0477

3 .0215 .0052 .0214 to ,o385

Group 1 = mice injected with virus only; Group 2 = mice 
injected with virus and treated with methotrexate sodium;
Group 3 = mice injected with virus and treated with 
hydrocortisone acetate. Virus = Friend leukemia virus.

Spleen weights of mice in the control group

The differences in the average spleen weights of the three sets

of controls for Group 4 are shown in Figure 13. Table 3 shows the 

standard deviation, standard error, and Student's t distribution

for these controls.

The weight of the spleens in the 15 control mice varied from 

,095g to ,285g. Related to bo^iy weight as represented in Figure 13, 

the spleen weights varied only from .0038 to .0054. Narked increase 

in the ratio of spleen weights to body weights is not noted at the

sacrifice dates in any of the control sets.

Figure 14 compares the average ratio of the spleen weights to 

the body weights of each group. The controls of Group 4 have approx 

imately the same average ratio, while those of Groups 1,2, and 3 

show obvious differences. Group 1 has the largest and Groups 2 

and 3, respectively, reveal progressively smaller average ratios. 

Compared to Control 1, Group 1 has nearly an 11-fold increase, where 

as Groups 2 and 3 show approximately a nine- and eight-fold increase 

respectively, in average ratios over their comparable controls.
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Hydrocortisone was more effective in slowing down splenic growth

than methotrexate. Neither drug succeeded in reversing or even

stopping the weight increase.

Figure 13. A comparison of the ratios of the spleen weights 
to the body weights of Controls (1), (2), and (3) of Group 4 at 
each sacrifice. Control (1) () l) received one sucrose buffer 
injection at day one. Control (2) (IT) 11 > and Control (3) (IWO 
received methotrexate sodium and hydrocortisone acetate injections 
respectively, beginning at day five. Injections were continued 
at 5-day intervals for 30 days. flicB used for groups and contols =

Figure 14. Average ratios for all three sacrifices of

spleen weight to body weight for Groups 1(G-1), 2(G-2), 3(G-3), 
and their controls. Groups 1, 2, and 3 received one virus 
injection. Groups 2 and 3, as well as Controls 2(C-2) and 
3(C-3), received methotrexate sodium and hydrocortisone acetate 
injections, respectively, beginning at day five. Injections 
were continued at 5-day intervals for 30 days. Control 1(C—1) 
received one sucrose buffer injection at day one. Plica used 
for each group and control = BALB/c.



Table 3

Standard deviation, standard error, and Student's t dis
tribution in the ratio of spleen weights to body weights 
for Controls (1), (2), and (3).

Control standard standard Students t
deviation error distribution

(1)

(2)

(3)

.0039

.0003

.0020

.0019

.0002

.0009

.0036 to .0100

.0047 to .0052

.0037 to .0066

Control (1) = mice injected with sucrose buffer only;
Control (2) = mice injected with methotrexate sodium every five 

days.for a 30-day period.
Control (3) = mice injected with hydrocortisone acetate every 

five days for a 30-day period.

Liver weights of mice after FLV injection

Figures 15, 16, and 17 show the change' in the ratio of the 

spleen weights to the body weights of Groups 1,2, and 3, respect

ively, over a 30-day period. Table 4 shows the standard deviation,

standard error, and Student's t distribution for these controls.

Figures 15 and 16 indicate a gradual increase in the ratios 

of the liver weights to the body weights from day 10 (first sacrifice) 

to day 20 (second sacrifice). In the last interval there is a 

marked increase in both groups, whereas in Group 3 an obvious ratio

increase is noted between the first and second sacrifice. The last

interval indicates a slight ratio decrease.

Figure 18 compares the average ratio of the liver weights to 

the body weights of each group at each sacrifice. Group 1 shows 

the most obvious increase over the 30-day period, while Group 3

makes its most sudden growth from the first to the second sacrifice. 

Group 2, like Group 1 but not as abrupt, shows an increased liver 

to body weight ratio at the last sacrifice after having similiar

values for the first two sacrifices
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Figure 15. -Effect of injection of Friend leukemia virus 
on the ratio of livers weight to body weight in BALB/c mice.. 
I*lice received one injection of the virus at day one. Sacrifices 
were made at 10-day intervals.

Figure 16. Effect of injection of Friend leukemia virus 
on the ratio of liver weight to body weight in BALB/c mice.
Flice received one injection of the virus at day one. 
nethotrexate sodium was injected five days after virus injection 
and administration was continued at 5-day intervals for 30 days. 
Sacrifices were made at 10-day intervals.

Figure 17. Effect of injection of Friend leukemia virus 
on the ratio of liver weight to body weight in BALB/c mice, 
nice received one injection of the virus at day one. Hydro
cortisone acetate was injected five days after virus injection 
and administration was continued at 5-day intervals for 30 days. 
Sacrifices were made at 10-day intervals.
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TABLE 4

Standard deviation, standard error, and Student's t dis
tribution in the ratio of liver weights to body weights 
for Groups 1,2, and 3.______________________________________

standard standard Student's t
deviation error distribution

1

2

3

.0203

.0117

.0084

.0048

.0027

.0020

.0674 to .0827

.0676 to .0764

.0692 to .0759

Group 1 = mice injected with virus only; Group 2 = mice 
injected with virus and treated with methotrexate sodium; 
Group 3 = mice injected with virus and treated with 
hydrocortisone acetate. Uirus = Friend leukemia virus.

k Day of Sacrifice and Days After Injection

Figure 18. A comparison of the ratios of the liver 
weights to the body weights of Groups 1,2, and 3 at each 
sacrifice. All groups received one injection of Friend 
leukemia virus at day one. Groups 2 and 3 received injections 
of methotrexate sodium and hydrocortisone acetate, respectively, 
at 5-day intervals for 30 days. Group 1 = (I i); Group 2 ;
Group 3 = (. I*lice used for each group = BALB/c.

Liver weights of mice in the control group

The differences in the ratio of liver weights to body weights

of the three sets of controls for Group 4 are shown in Figure 19.

Table 5 shows the standard deviation, standard error, and Student's

t distribution for these three controls.

The liver weights of the 15 control mice varied from 1.33g -to

2.08g. The liver to body weight ratio showed a range of .0617 to 

.0985. Control (1) exibits both the highest and the lowest average

ratio. Control (2) has over all the lowest average liver to body
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weight ratio and shows the smallest variation in these ratios. 

Control (3) likewise shows a small variation but has over all

• higher average ratios than Control (2).

Figure 20 compares the. average ratios of liver weight to

body weight of each group at each sacrifice. Differences exist

but not to the extent noted in the average spleen to body weight 

ratios in Figure 14. There is little variation between the 

groups and controls in each comoarison. Controls (1) and (3) 

have slightly higher average ratios than do Groups 1 and 3, 

respectively. The over all comparison shows that there is 

approximately a .016 difference between the lowest and the highest

liver to body weignt ratio.

Figure 19. A comparison of the ratios of the liver weights 
to the body weights of Controls (1), (2), and (3) of Group 4 at 
each sacrifice. Control (1) received one sucrose buffer 
injection at day one. Control (2) (t^) and Control (3) (!iill) 
received methotrexate sodium and hydrocortisone acetate injections, 
respectively, beginning at day five. Injections were continued 
at 5-day intervals for 30 days. Mice used for each control = BALB/c



TABLE 5
Standard deviation, standard error, and Student's t dis
tribution in the ratio of liver weights to body weights

standard standard StudentJs t
°n ro deviation error distribution
(1)

(2)

(3)

.0166

.0036

.0049

.0083

.0018

.0022

.0673 to .0945

.0636 to .0696

.0706 to .0778

Control (l) = mice injected with sucrose buffer only;
Control (2) = mice injected with methotrexate sodium every

five days for a 30-day period.
Control (3) » mice injected with hydrocortisone acetate every 

five days for a 30-day period.
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Figure 20. Average ratios for all three sacrifices of 
liver weights to body weights for Groups l(G-l), 2(G-2), 3(G-3), 
and their controls. Groups J., 2, and 3 received one virus 
injection. Groups 2 and 3, as well as Controls 2(C—2) and 
3(C-3), received methotrexate sodium and hydorcortisone acetate 
injections, respectively, beginning at day five. Injections were

continued at 5-day intervals for 30 days. Control l(C-l) 
received one sucrose buffer injection at day one. Uirus= Friend 
leukemia virus, nice used for each group and control = BALB/c.

Kidney weights of mice after FLV injection

Both right and left kidneys were weighed and related to the 

total body weight of each mouse. The changes in the ratio of the 

kidney weights to the body weights of Groups 1, 2, and 3 over a 30-day 

period are shown in Figures 21, 22, and 23. The right and left 

kidneys were not distinguished because each one differed from the 

other by no more than .0009. They were considered separately in

using the (*lann-ldhitney U statistic. Table 6 shows the standard 

deviation, standard error, and Student's t distribution in the ratio 

of kidney “sights to body weights for Groups 1,2, and 3.



Figures 21 and 22 show relatively no change over the, first

and second sacrifice, but exibit a marked increase in the kidney

to body weight ratio the third sacrifice. Figure 23 shows an

increase at the second sacrifice and then a similiar decrease

at the third sacrifice.

Figure 24 compares the average ratio of the kidney weight

to the body weight of Groups 1,2, and 3 at each sacrifice. Group

2 makes the most obvious ratio increase while Group 3 exibits the

least over all increase. Group 1 is somewhate intermediate to

these two groups, showing closer similarity to Group 3 than to

Group 2.

Figure 21. Effect of injection of Friend leukemia virus 
on the ratio of kidney weight to body weight in BALB/c mice, 
flice received one injection of the virus at day one. 
Sacrifices were made at 10-day intervals.



Figure 22. Effect of injection of Friend leukemia virus 
on the ratio of kidney weights to body weights in BALB/c mice. 
Mice received one injection of the virus at day one.
Methotrexate sodium was injected five days after virus injection 
and administration was continued at 5-day intervals for 30
days. Sacrifices were made at 10-day intervals.

Figure 23. Effect of injection of Friend leukemia virus 
on the ratio of kidney weights to body weights in BALB/c mice. 
Mice received one injection Of the virus at day one. Hydro
cortisone acetate was injected five days after virus injection 
and administration was continued at 5-day intervals for 30 
days. Sacrifices were made at 10-day intervals.



49

TABLE 6

Standard deviation, standard error, and Student's t dis
tribution in the ratio of kidney weights to body weights 
for Groups 1, 2, and 3.

Group standard
deviation

standard
error

Students t ' 
distribution

1 .0027 .0004 .0097 to .0111

2 .0031 .0005 .8101 to .0121

3 .0014 .0003 .0086 to .0094

Group 1 = mice injected with virus only; Group 2 ■ mice 
injected with virus and treated with methotrexate sodium; 
Group 3 = mice injected with virus and treated with 
hydrocortisone acetate. Virus = Friend leukemia virus.

Figure 24. A comparison of the ratios of the kidney weights 
to the body weights of Groups 1,2, and 3 at each sacrifice.
All groups received one injection of Friend leukemia virus 
at day one. Groups 2 and 3 received injections of methotrexate 
sodium and hydrocortisone acetate, respectively, at5-day 
intervals for 30 days. Group 1 • (£□), Group 2 = (HOT), Group 3 ■ 
G%%l). dice of each group = BALB/c.

Kidney weights of mice in the control group

The differences in the ratio of kidney weights to body weights

of the three sets of controls for Group 4 are shown in Figure 25.

Table 7 shows the standard deviation, standard error, and Student's

t distribution for these three controls.
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The kidney weights of the 15 control mice varied from .1881g 

to .3342g. The ratio of the kidney weights to the body weights 

showed a range of .0081 to .0129. Control (1) and Control (3) 

exibit similiar ratios throughout the 30-day period not varying 

by more than .001 at any one sacrifice. Control (2) shows a gradual 

increase from the 10 to 20-day interval then makes a substancial

increase in the 20 to 30-day interval.

Figure 26 compares the average ratios of kidney weight to 

body weight of each group at each sacrifice. Except for Group 2 

and Control (2) there is little variation in the kidney to body 

weight ratios. Group 2 and Control (2) stand out in contrast to 

the other groups and controls. Group 1 and Control (1)are almost 

identical and Control (3) is only approximately .005 larger than

Group 3.

Day of Sacrifice and Days After Injection

Figure 25. A comparison of the ratios of the kidney 
weights to the body weights of Controls (1), (2), and (3) 
of Group 4 at each sacrifice. Control (1) (EZ1) received one 
sucrose buffer injection at day one. Controls (2) (mill) and 
(3) (TTTl) received methotrexate sodium and hydrocortisone 
acetat injections, respectively, beginning at day five. 
Injections were continued at 5-day intervals for 30 days. 
Mice used for each control = BALB/c.
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TABLE 7

Standard deviation, standard error, and Student s‘t dis
tribution in the ratio of kidney weights to body weights 
for Controls (1), (2), and (3).

Control standard standard Student's t
deviation error distribution

(D .0013 .0047 .0094 to .0109

(2) .0007 .0002 .0094 to .0121

(3) .0012 .0004 .0089 to .0102

Control (1) = mice injected with sucrose buffer only. 
Control (2) = mice injected with methotrexate sodium

every five days for a 30-day period. 
Control (3) = mice injected with hydrocortisone acetate

Figure 26. Average radios for all three sacrifices of 
kidney weights to body weights for Groups 1 (G-1), 2 (G-2),
3 (G-3), and their controls. Groups 1, 2, and 3, as well 
as Controls 2 (C—2) and 3 (C-3), received methotrexate 
sodium and hydrocortisone acetate injections, respectively, 
beginning at day five. Injections were continued at 5-day 
intervals for 30 days. Control 1 (C-1) Received one sucrose 
buffer injection at day one. Virus = Friend leukemia virus. 
I*lice for each grouo and control = BALB/c.

The Mann-Whitney U statistic

The Mann-Whitney statistic, U, was used to compare the organ 

to body weight ratio for spleens, livers, and kidneys in all four 

groups. Specifically, Group 1 waa compared with Group 2, Group 1 

with Group 3, Group 2 with Group 3, Group 1 with Control (1), Group

2 with Control (2), and Group 3 with Control (3). The null hypothesis



was that each of the two groups being compared was a sample

of the same population. Critical values of U for a two-tailed

test at<=.05 and the formulae in Figure 27 were used to determine

the validity of this hypothesis. The data for all the samples 

tested were organized according to magnitude by a Basic Digital

Computer.

U0=nin2 + n^n-^l) - Ta 

2

Ui=n1n2 + n?(n9+l) - Tb
—v-—

Figure 27. Formulae for calculating the Mann-Whitney 
statistic, where Uo and U, are symbols for the Mann-Whitney 
statistic, n^ and n9 are the sample sizes of samples a and 
b, respectively, and Ta and Tb are the rank sums of samples 
a and b, respectively.

The smaller sum was used as the test stastistic. If a sum

smaller than the assigned critical value was obtained the null 

hypothesis was rejected. If aVi expression greater than the 

assigned critical value was obtained the null hypothesis was 

accepted. In other words, when the hypothesis was rejected, the 

ratios of the organ weights to the body weights of the.two samples 

being compared were determined to be from different populations. 

When accepted the samples were 4aid to be from the same population.

The results for this statistical test are given in Table 8.

The comparisons between the ratios of the left kidney weights to 

the body weights reveals that the the samples were statistically 

from the same population. For example, in the test for Group 1 and 

Group 2 Uo was equal to 236, U, was equal to 125, and the critical



value, c.v., mas equal to 113. U , the smaller sum, was larger 

than the critical value so the null hypothesis became statistically 

acceptable. Likewise each test for the right kidney to body 

weight ratios, liver to body weight ratios, and the first three 

tests for the spleen to body weight ratios showed statistical 

evidence for accepting the null hypothesis in each case. The

last three tests for the spleen to body weight ratios, namely,

Group 1 and Control (1), Group 2 and Control (2), Group 3 and 

Control (3) had U values smaller than the assigned critical 

values. The null hypothesis was consequently rejected for these 

three comparisons. For example, in Group 1 and Control (1) the 

critical value was equal to 13 and the smaller U sum was equal

to 9. Since the U value is less than the critical value, the

null hypothesis was rejected.

The results indicate that the only distinct populations 

exist between the spleens of G?oup 1,2, and 3 and the spleens

of their respective controls



54

TABLE 8

Results from the Mann-Whitney U test. Purpose was to determine 
whether the samples being tested were of the same population or 
not. Black print indicates that samples are from the same pop
ulation. Red print indicates separate populations.

Left Kidney U U n-j n2 Ta c.v.

Group 1 and Group 2 236 125 19 19 315 426 113

Group 1 and Group 3 107 216 19 17 406 260 99

Group 2 and Group ‘3 242 109 19 17 271 367 99

Group 1 and Control 1 35 26 19 4 231 60 13

Group 2 and Control 2 17 59 19 4 249 27 13

Group 3 and Control 3 52 29 17 5 214 62 17

Right Kidney

215 281 19 19 336 370 113Group 1 and Group 2

Group 1 and Group 3 111 212 19 17 402 264 99

Group 2 and Group 3 236 359 19 17 236 359 99

Group 1 and Control 1 31 18 19 4 235 68 13

Group 2 and Control 2 26 50 19 4 240 36 13

Group 3 and Control 3 41 22 17 5 225 69 17

Liver

179 ' 182 19 19 372 369 113Group 1 and Group 2

Group 1 and Group 3 177 146 19 17 336 330 99

Group 2 and Group 3 163 160 19 17 350 316 99

Group 1 and Control 1 47 29 19 4 219 57 13

Group 2 and Control 2 29 47 19 4 237 39 13

Group 3 and Control 3 47 38 17 5 191 62 17

Spleen

163 198 19 19 388 353 113Group 1 and Group 2

Group 1 and Group 3 132 191 19 17 381 285 99

Group 2 and Group 3 143 180 19 17 370 296 99

Group 1 and Control 1 67 19 4 z 3 i 1c- 1 1

Group 2 and Control 2 76 13 4 26a *1 r. i t.- "i J

Group 3 and Control 3 32 17 5 235 1 ■? 17
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Hematologic results

Figure 28 compares the mean absolute lymphocyte counts

over a 30-day period for the three experimental groups of mice. 

Methotrexate sodium treated mice (Group 2) show the greatest WBC 

count in the first 10 days while hydrocortisone acetate injected

animals reveal the lowest count. Maximum effectiveness of

methotrexate sodium occurs in the 10-20 day interval. Hydrocortisone

acetate stabalized the U8C count quite effectively for the first

20 days. The 20-30 day interval shows a decreased effeciency in 

the drug s depression of bJBC counts. Taken as a whole, the graph

indicates that hydrocortisone acetate is more effective than

methotrexate sodium in depressing the leukemic tendency for

increased WBC counts.

Figure 28. Absolute White Blood Ceir'Counts for mica 
injected with the Friend leukemia virus (FLU) (I I), fleth- 
trexate sodium and FLU i i , and hydrocortisone acetate 
and FLU taken at 95 percent level of confidence. Mice • BALB/c

Table 9 shows the standard deviation and Student'1 s t dis

tribution for the average white blood cell counts of Groups 1,2,

and 3 at each sacrifice. Sacrifices were every 10 days



TABLE 9
Standard deviation and Student’s t distribution for the 
average white blood cell counts of Groups 1,2, and 3 
at each sacrifice.

standard Student's t
Group Sacn ice deviation distribution

1 1 2.120 10.248 to 12.662

1 2 5.785 16.298 to 25.259

1 3 7.942 28.150 to 37.580

2 1 3.935 14.B50 to 17.320

2 2 3.100 12.573 to 15.032

2 3 11.234 28.470 to 42.770

3 1 2.193 8.960 to 11.364

3 2 2.052 9.652 to 13.339

3 3 5.265 17.640 to 22.890

Group 1 = mice injected with FLU suspended in sucrose diluent 
at day one. '

Group 2 = mice injected with FLU and treated with methotrexate 
sodium every five days for a 30-day period.

Group 3 = mice injected with FL£U and treated with hydrocortisone 
acetate every five days for a 30-day period.

FLU = Friend leukemia virus.

i’lice = BALB/c.



Figure 29 compares the IUBC count over a 30-day period 

between Group 2 and Control (2) of Group 4 (methotrexate sodium 

treated controls). The control reveals a slight increase in WBC 

count over the first 20 days and levels off in the last 10-day

period. The small size of the set and the normal deviations in

UJBC count explain this. The Group 2 curve is much more inconsistent,

reflected in the sharp slope changes in the defined intervals,

and shows a large increase in UJBC count in the last 10 days. It

is apparent that viral infection occurred in Group 2 and that

increased UJBC counts were not due to methotrexate sodium injection.

Figure 29. Absolute White Blood Cell Counts for mice 
injected with the Friend leukemia virus (FLV) and methotrexate 
sodium (fiiiii) f and for mice mice injected with methotrexate 
sodium (I ) taken at a 95 percent level of confidence. Mice = BALB/c

Figure 30 compares the UJBC count over a 30-day period between 

Group 3 and Control 3 of Group 4 (hydrocortisone acetate treated 

controls). The control group had a low UJBC value of 8.1 and a

high of 11.7, a difference of 3.6. From observation of individual

UJBC counts for control animals, this difference is considered



not to be significant. Group 3 mice reveal a low WBC count of 

10.1 and a high of 20.77. This difference of 10.6 is significant

and indicates viral infection.
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Figure 30. Absolute White Blood Cell Counts for the 
hydrocortisone acetate injected mice of Group 4 (i l) f and 
for the mice injected with the Friend leukemia virus and 
treated with hydrocortisone acetate (Group 3) . |»]ice = BALE/c,

Figure 31 compares Group 1 and Control (1) of Group 4, which 

received one injection of sucrose diluent. The sucrose diluent

Figure 31. Absolute WBC for mice injected with Friend leukemia 
virus (FLU) suspended in sucrose diluent (jHt« and for mice injected 
with sucrose diluent (I I). I’lice = BALB/c.
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Histological results

Slides of the liver, spleen, and kidneys were prepared

using organs from each sacrificed mouse.

At the first sacrifice (10 days), Groups 1, 2, and 3 revealed 

similar spleen morphology. The architecture was definite, with 

distinct germinal centers located within white pulp. Red pulp, 

trebeculae, 'and nodules containing splenic arteries could also

be clearly distinguished.

In the 10-20 day interval, Group 1 began to lose this 

precise architecture, which was replaced by a general hyperplasia 

of lymphatic cells. The germinal centers were no longer distinct 

and the red pulp was reduced in observable dimensions. By 30 

days, the red pulp had been nearly obliterated and replaced by 

a uniform monotonous mass of lymphatic cells. Trebaculae also 

became less distinct. Group 2 also revealed a loss of architecture

in the 10-20 day interval, but'not so extensively as in Group"1.

By 30 days, the hyperplasia of lymphatic cells and great reduction 

of red culp was readily observable in all three groups. Slides 

nrepared at the conclusion of the third interval could not be

group distinguished by gross pathological inspection. On the 

basis of splenic weights described earlier, it can be conjectured 

that the most severe hyperplasia occurred in Group 1 with the 

least in Group 3. Controls (l), (2), and (3) showed normal splenic 

histology throughout the experiment.

At 10 days liver morphology was normal in Groups 1,2, and 

3. Hepatic cells with darkly stained nuclei, lymphatic cells, and
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sinusoid spaces were all distinct. The 10-20 day interval revealed 

an increase in lymphocytes in Groups 1 and 2, and a decrease in

Group 3. Group 2 had fewer lymphocytes than Group 1.

By the conclusion of the third interval lymphocytic cell number

had dramatically increased in all three groups. The greatest

concentration was in Grouo 1 and the least in Group 3. The 

differences, though, were not substantial. The lymphocytes were 

found infiltrated throughout hepatic tissue, particularly concen

trated in sinusoid spaces. Hepatic veins and arteries, and portal

canals were no longer distinct. This general hyperplasia of 

lymphocytes was much reduced compared to splenic tissue. Controls 

(1), (2), and (3) of Group 4 showed normal hepatic morphology.

Medullery rays, Bowman’s capsules, distal and proximal

convoluted tubules and cortical labyrinths were all distinct in

stained kidney preparations.

Increase in white blood cell (UBC) numbers occurred in

Groups 1,2, and 3. These were concentrated especially in the 

interstitial tissue and the glomeruli. UJBC increase was greatest

in Group 1 and least in Group 3.

Moderate sclerosis of the glomerular tufts was noted in all

three groups at the third sacrifice. Hyperemia and hemorrhagic 

areas were detectable in Group 2. Slide preparations showed this 

as reddish blotches and streaks throughout the tissue.

Controls (1) and (3) were normal. Control (2) showed the same

hyperemia and hemorrhaging as Group 2
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Blood smears were prepared at each interval and differ

ential counts taken. All mice showed approximately 65-70 per

cent lymphocytes, 17-20 percent neutrophils, and 4-5 percent mono

cytes.

Group 1 differential counts were slightly above normal 

after 10 days, but in the 10-30 day interval, a tremendous in

crease in lymphocyte count occurred, reaching levels of nearly 

95 percent. This lymphocytosis was characterized by a uniformly 

monotonous mass of lymphocytes. The major changes in peripheral 

lymphocytes appeared in the nucleus and were characterized by 

lobulation, increase in size, and indentations. These enlarged 

lymphocytes also contained substantially more cytoplasm, charac

teristic of immature cells. This was accompanied by continual 

increase in abnormalities of red blood cells(RBC's) among which 

the most prominent were polychromatophilia and the presence of 

many nucleated RBC's. There were also large numbers of plate- 

lets and degenerated cells, appearing much like smudges in stained

preparations.

The differential count in Group 2 exceeded somewhat that of

Group 1 in the first 10 days. In the 10-20 day interval there 

was a substantial reduction in lymphocytes with no observable mor

phologic changes. Also, RBC morphology remained normal. The 

20-30 day interval showed acute polychromasia, profound increases 

in lymphocyte count and structural abnormalities in peripheral 

lymphocytes, much the same as in Group 1.
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Group 3 revealed reduced differential counts in the first 

10-day interval. The 10-20 day period was characterized by an 

insignificant increase in lymphocyte counts and no observable 

polychromasia nor structural abnormalities. In the 20-30 day 

period there was a marked increase in lymphocyte count and de

velopment of polychromasia. This increase in lymphocytes and 

polychromasia was not'as great as that observed in methotrexate

sodium-treated animals.

Sets (l), (2), and (3) of Group 4 were characterized by 

normal differential counts throughout the 30-day experimental 

period. No structural abnormalities were noted.
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Photographs

Figure 32. Photomicrograph shows section from spleen of 
a BALB/c mouse 30 days after sucrose diluent injection. 
Distinct germinal centers locate within white pulp can 
clearly be distinguished. Red pulp, trebeculae, and nodules 
containing splenic arteries are also evident. Morphology is 
normal.

Figure 33. Photomicrograph shows section from spleen of 
a Friend leukemia virus (FLU) injected 8ALB/c mouse 30 days 
after injection. FLU was suspended in a sucrose diluent. 
Hyperplasia of lymphatic cells and great reduction of red 
pulp is readily observable. To distinguish any definite 
architecture is hard. Germinal centers and nodules can not 
be differentiated and trabeculae are vaguly evident.
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Figure 34. Photomicrograph shows section from liver of 
a BALB/c mouse 30 days after sucrose diluent injection. 
Hepatic cells with darkly stained nuclei, lymphocytes, and 
sinusoid spaces are all distinct. Hepatic veins and arteries 
can be distinguished.

Figure 35. Photomicrograph shows section from liver of 
a Friend leukemia virus (FLU) injected BALB/c mouse 30 days 
after injection. FLU was suspended in a sucrose diluent. 
Lymphocytes (dark blue stain) are seen infiltrated through
out hepatic tissue, particularly concentrated in the 
sinusoid spaces.



Figure 36. Photomicrograph shows glomeruli of a kidney 
from a BALB/c mouse 30 days after Friend leukemia virus (FLV) 
injection. Mouse was also treated with methotrexate sodium 
every 5 days following the FLV injection. An abnormal number 
of lymphocytes are concentrated in and around the glomeruli. 
Moderate sclerosis of the glomerular tufts can be noted.

Figure 37. Photomicrograph shows section from kidney of a 
BALB/c mouse 30 days after the first injection of methotrexate 
sodium, which was administered every 5 days throughout this time 
period. Hyperemia and hemorrhagic areas are seen as reddish 
blotches and streaks throughout the tissue.



Figure 58• Photomicrograph shows blood smear of a normal 
BALB/c mouse. White blood cells (lymphocytes and neutrophils) 
with darkly stained nuclei and lightly green stained red blood 
cells are easily identified. Cells are normal and mature.

Figure 59. Photomicrograph shows blood smear of a BALB/c 
mouse 50 days after Friend leukemia virus (FLV) injection. 
Immature lymphocytes with large darkly stained nuclei 
surrounded by an abundance of cytoplasm are evident. An 
abnormal amount of polychromasia of red blood cells is present 
(light blue stain). Normal red blood cells, which are stained 
light green, can be distinguished.
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Figure 40. Photograph shows exposed internal 
abdominal organs of a BALB/c mouse 30 days after sucrose 
diluent injection. The liver, spleen, and left kidney 
are all normal in size and appearance.

Figure 41. Photograph shows exposed internal 
organs of a BALB/c mouse 30 days after Friend leukemia 
virus (FLV) injection. FLU was suspended in a sucrose 
diluent. The liver and kidney appear normal, possibly 
somewhat enlarged. The spleen is abnormally large and 
morphologically distorted. Hemorrage and infection 
account for its remarkable size.
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DISCUSSION AND CONCLUSION

Spleen Weights and. Histology

At the first sacrifice (10 days) control spleen weight was 

nearly one-half that seen in Groups 1, 2, or 5 (Figure 12,13).

From the 10 - 30 day interval, the controls did not significantly 

change except for normal statistical variations. FLV injected 

animals revealed an increase in splenic size. It would appear that

viral infection induced a profound splenomegaly.

The differences between Groups 1, 2, and 3 was not significant 

as explained by the Mann-Whitney Statistical U Test. Cortisone 

had the greater effect, especially in the 20 - 30 day interval 

where tne slope of the line is most reduced (Figure 12).

Compared to Set (2) of Group IV, Group 2 had the highest 

relative increase in spleen size during the first 10 days. Evi

dently we were overly cautious with this drug due to its dangerous 

toxic effects (AMA Drug Evaluations, 1975). Our initial injection 

concentration was .001 mg/g body weight. Two injections were made 

during this first 10-day interval. WBC counts showed that methotrexate 

was having little if any effect, so we increased the concentration 

to .002 mg/g body weight. This decreased slightly the splenic 

growth progression in the 10 - 20 day interval as revealed by the 

change in slope. Also, Figure 27 shows a reduction in WBC count 

(lymphocytosis) in the 10 - 20 day period. The concentration was

once again increased to .004 mg/g body weight at 20 days, but this
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seemed to have no effect on splenomegaly (Figure 12). Apparently 

the ineffective initial concentration used allowed the virus to

establish itself within the host. Thereafter, the increased 

concentrations of methotrexate had little effect. Higher drug 

levels may have been more effective. The effectiveness of the 

drug may also have been reduced by the presence of a fortuitously 

high complement of folate reductase in the cells. This enzyme is 

necessary for nucleotide synthesis and methotrexate has its effect 

by competitively inhibiting its actions, thus restricting rapid 

growth of leukemic cells (Beckman, 1961).

Methotrexate if limited in its rate and extent of transport 

into malignant cells (Goodman and Gillman, 1967) • This may explain 

the greater effectiveness of hydrocortisone acetate, a derivative 

of a hormone normally appearing in animals.

In humans with leukemia, resistance to methotrexate develops 

rather quickly (Beckman, 196b). Beckman (l96l) has cited findings 

compatible with the interpretation that there are mutants resistant 

to antifolic drugs in any population of leukemic cells; these 

mutants remain untouched when treatment is destroying the majority 

of susceptible cells. FLV, unlike most viruses, induces a leukemia 

in a very short time and proliferates leukemia cells rapidly 

(Metcalf, 1959). This progressive leukemogenesis is much faster 

than that seen in human beings. It is possible that greater cell 

proliferation, appearance of mutant resistants and their subsequent 

unimpeded proliferation may have occurred within a matter of weeks. 

Further research should clarify this hypothesis.



70

Cortisone acts as an immunosuppressant. This was reflected

in the WBC count during the first and second intervals. Figure 

29 shows that this count was not substantially different from that 

seen in its control (Set (2), Group IV). The splenomegaly dur-ing 

the 10 - 20 day interval is not clearly understood, for the lympho

cyte count in differential stains was greatly reduced. One of the 

main causes of splenomegaly is hyperplasia of lymphocytic cells in 

the splenic tissue, causing a loss of'distinction of germinal 

centers and marked reduction in observable red pulp;. Rramination 

of histological preparations showed that -his hyperplasia was less 

pronounced in Group III as compared to Groups II or I. Since the 

SFFV component of FLV acts initially on erythrocyte precursor 

cells (Lilly, 1972), it seems that massive accumulation of these 

cells caused the initial significant splenomegaly in the 10 - 20 

day interval. Blood smears taken at 20 days revealed little 

polychromasia or conglomerations of lightly blue-stained immature 

RBC’s. However, these smears were taken from the peripheral blood 

which may account for this discrepancy.

Comparison of group differences in average relative spleen 

weights for all three sacrifices shows the slight superiority 

of hydrocortisone acetate (Figure 14). It also reveals the greater 

splenomegaly as compared to controls. The ability of hydrocortisone 

to increase the maturation of blood erythrocytes (Physician’s Desk 

Reference, 1972).would lessen the number of erythrocyte precursor



cells available for the SFFV component of the virus to act upon.

This may explain the reduced splenomegaly of Group 3, especially 

in the first 10 days. From 10 - 30 days increased proliferation 

of leukemic precursor erythrocytes caused this specific effect of 

cortisone to become insignificant (Figure 12).

Liver Weights and Histology

Figure 18, 19, and 20 reveal little liver enlargement as 

compared to controls. The significant variation among controls 

is attributed to the small size of the sets. Both controls and 

virus injected animals from any one group showed nearly identical 

weight averages in livers taken from all three sacrifices (Figure 

20). Wide average relative weight variation and high control 

weights suggest that neither the virus nor the drugs had any 

remarkable effects on the liver growth.

Metcalf et al. (1959) described a general accumulation of 

reticulum cells in the sinusoids 7 days after infection. This 

initial hyperplasia of leukemic cells in our experiment did not 

affect the liver in Groups I, II, or III prior to 15 days. The 

reason for this is the fact that these workers used a virus titer 

of 10“ , whereas we injected a virus suspension of 10 . Hyperplasia

of lymphocytic cells occurred the least in Group III, due to the 

effects of cortisone. Group II seemed to reveal a reduced hyper

plasia a3 compared to Group I, though this is open to further ob

servation



Metcalf et al. (1959) also noted a definite increase in 

liver weirht towards the end of the first month. Again, the

difference in viral concentrations used should explain our results.

Kidney Weights and Histology

Figure 24, 25» and 26 show the changes in relative kidney 

weight. It is apparent from these graphs, especially Figure 26, 

that Groups I and III and their controls are similar, taking into 

account expected deviations. Group II and its control reveal 

substantial kidney weight increases in the 20 - 30 day interval.

Metcalf et al. (1959) have shown that kidney changes are 

minimal in the first month, except for possible increased cellularity 

in the glomeruli. This cellularity cannot explain our results.

We found both glomerular sclerosis and significant WBC increases in 

all virus-injected groups. These changes did not affect the function 

of the kidneys. Thus, interstitial and not parenchymal areas were 

affected. Group 2 and Control 2 showed substantial hyperemia in the 

last interval. Since our virus concentration was 10 and Metcalf 
et al. (1959) used 10~\ these results are significant.

These workers did not use the Balb/c strain of mice. It 

is possible that Balb/c mice are more receptive to viral infection 

and growth. The genome constituents may account for this recep

tivity difference.

Apparently, methotrexate induced hyperemia and hemorrhaging, 

for only Group 2 and Control 2 revealed it. It has been shown that 

methotrexate may cause acute renal failure (Beckman, 1961)
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with concomitant tubular degeneration. This failure was not noted 

in the animals, nor was tubular degeneration seen in histological

slides. Methotrexate seemed to affect interstitial and not

parenchymal tissues. Hyperemia and hemmorhaging apparently are 

the factors causing the larger kidney weights in Group 2 and Control

2.

Bone Marrow Histology

Preparation of bone marrow slides was not feasible due to the 

minute quantities involved. Sections of the spinal cord and 

femur were removed and decalcified, but the amount of marrow 

obtained was too small to work with. It is probable that fat 

deposits normally appearing in bone marrow would be replaced by 

conglomerations of immature lymphocytes. Also, myeloid and erythroid 

hyperplasia would be apparent.

Thymus and Lymph Nodes

Thymus and lymph nodes were not considered in our experiment. 

Metcalf et al. (1959) showed that these organs undergo only slight 

enlargement and minimal hyperplasia in the first month. Our 

experiment lasted only 50 days and we used a virus titer concentra
tion of IO’5 compared to the 10 titer of Metcalf et al. (1959)•

We felt the thymus and lymph nodes would not be significantly 

affected.

Virus Action

The dual make-up of FLV is observable in our results. The 

SFFV component attacks erythrocyte precursor cells (Lilly, 1972)
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and this was seen in the severe polychromasia of all virus-injected

groups at 50 days.

The LLV component is seen in the profound increase in lymph

ocyte count. A uniformly monotonous series of lymphocytes was 

observed in stained differentials and splenic histologic preparations 

Differences between groups in terms of histologic slides and blood

smears was difficult to determine, though cortisone seemed to be

more effective than methotrexate sodium, especially in the 10 - 20 

day interval. Cortisone, acting as an immunosuppressant, should 

have its greatest effect on proliferation of leukemic lymphocytes. 

However, it also affected the progressive polychromasia, reducing 

slightly its severity as compared to Groups I and II. Cortisone 

is known to accelerate production of mature RBC's (Physician's 

Desk Reference, 1972), thus reducing the maturation period of 

immature RBC's. Mature cells are immune to viral infection, 

and thus the reduced amount of polychromasia compared to other 

groups may reflect a fewer number of available immature erythrocytes.

SFFV initiates viral infection; subsequent to this, LLV 

begins to take effect (Lilly, 1972). Our experiments were compatible 

with this interpretation. Splenomegaly was seen (by comparing 

virus-injected groups to controls) in the first 10 days, whereas 

lymphocytosis did not occur until the second interval in any of 

the groups.

Additional Observations

Sokol and Lessman (l96O).have shown that administration of 

methotrexate during the first trimester of pregnancy can often lead



to spontaneous abortions or mesenchymal abnormalities. Two female 

mice were at this pregnancy stage when injected with methotrexate. 

Offspring were produced and appeared normal in a post-mortem 

internal analysis. The first trimester of these pregnant mice 

occurred during administration of the lowest concentration dosages 

(.001 mg/g body weight). Apparently, this low concentration had 

no effect on the gestation process.

Offspring of females injected with virus while pregnant gave 

birth to normal progeny, with no histologic, pathologic, or 

hemotologic indications of leukemia. It seems that the virus 

cannot cross the placental barrier, being restricted to blood 

channels. It would be interesting to study the effects of placental 

leaks on the offspring in virus-infected females.

Occasionally, severe splenomegly was noted during the 10 - 20 

interval in Group I mice. This advanced susceptibility to viral 

infantinn may have been due to the overall genome or possible 

mutants within this genome.' Further study is needed in this area.
A 10*5 virus titer was used in our experiment. We did not 

apply concentration variations. Drug ineffectiveness does not 

necessarily imply that with lower concentrations the drugs would 

not be beneficial.- However, we felt that any lower concentration 

would not result in significant leukemogenesis due to the immunologic 

response of the animals. Research may elaborate on this point 

by using lower injection dosages followed by progressive drug

treatment
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Conclusion

Methotrexate sodium and hydrocortisone acetate have little 

effect in reducing leukemia induced by the Friend Leukemia Virus. 

These drugs are conventionally used in therapy for human leukemia. 

The poor results are related to the fact that FLV causes a 

more rapid proliferation of leukemic cells than that seen in human 

beings. Further research, especially in vitro studies, may broaden 

the knowledge of drug action pathways and possibly yield derivatives 

which significantly decrease or stop FLV leukemogenesis. Application 

to human therapy may then be a definite possibility.
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