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ABSTRACT 

An investigation into the mode of action of the carcinogenic poly-

cyclic aromatic hydrocarbon 7, 12-Dimethylbenz[a]anthracene (DMBA) 

on Friend virus disease was conducted. 

Four groups of BALB/c mice were used in all experiments: 

normal controls; mice treated with DMBA; mice infected with the Friend 

virus; and animals given both DMBA and Friend virus. Application of 

DMBA to Friend virus-infected mice resulted in a "protective" effect on 

the hemopoietic system (peripheral blood abnormalities were greatly 

reduced when compared to control animals). The mechanism of this 

antagonism was postulated to occur by DMBA inducing a maturation 

arrest in the rapidly proliferating erythroblasts and by reducing the 

amount of hemorrhagic necrosis present in the spleen. 

Studies on splenectomized mice treated with DMBA resulted in a 

rapidly fatal disease occurring. Either of these treatments, DMBA 

application or splenectomy, would greatly extend the life span of in

fected animals. These animals showed signs of classical drug toxicity 

as manifested by weight loss, anemia, and leukopenia. 

Friend virus infection resulted in enhanced phagocytosis of car

bon particles and elevated serum hemolysin titers during the first week 

of infection. This enhanced phagocytic index was found throughout the 

x 
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disease. However, reduced serum hemolysin titers were present 

during the last two weeks of the experiment. This was attributed to 

the normal antibody-forming cells being crowded out by the rapidly pro

liferating erythroblast and reticulum cells. DMBA was found to be 

toxic to the reticulo-endothelial system as shown by a decreased carbon 

clearance at various times. This was found in DMBA-treated mice as 

compared to normal mice, and in DMBA-treated infected mice as com

pared to untreated infected mice. 

No statistically significant differences were found to exist in the 

results of hemolytic plaque counts between the experimental groups 

after sheep red blood cell stimulation. However, the relative magnitude 

of values for hemolytic plaque counts were similar to the initial values 

obtained for serum hemolysin titers to injected sheep red blood cells. 



CHAPTER 1 

INTRODUCTION 

The polycyclic aromatic hydrocarbon 7, 12-Dimethylbenz [a] anth

racene (DMBA) induces neoplasms in various animal hosts (1, 4, 35). 

This chemical can also damage the hemopoietic and reticulo-endothelial 

systems in experimental animals and cause immunosuppression (31, 34, 

50). The leukemogenic Friend virus also interferes with the hemopoie

tic and reticulo-endothelial systems and causes an immunosuppression 

in susceptible murine hosts (11,39,47). Suprisingly, in 1967 Fiscus, 

Schloss, and Wertman (21) reported that the chemical carcinogen DMBA 

interferes with Friend virus leukemia. This is even more striking 

when one s+udies the previous reports on the interaction between viral 

and chemical carcinogens. In all cases where an interaction occurred, 

it was not an antagonism, but an enhancement of the carcinogenic effect 

of one of the agents (16). A literature review follows. 

Friend's Murine Leukemia Virus 

Isolation and Characterization of the Agent and the Disease 

While conducting experiments seeking a viral cause of Ehrlich's 

ascites carcinoma, Friend in 1957 (24) discovered a virus capable of 

causing leukemiain mice. Electron micrographs of Ehrlich tumor cells 

1 
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had shown evenly distributed particles of uniform size suggesting that 

this disease might have a viral etiology. Attempts to pass the ascites 

tumor with cell-free filtrates ended in failure. However, she found a 

virus which caused a disease in Swiss mice "having the character of 

leukemia. " It is now considered very likely that the Friend virus was 

a "pick-up, " unrelated to Ehrlich's ascites tumor. 

The leukemia was first produced by Friend (20) in Swiss and 

DBA/2 mice. The features were splenomegaly, hepatomegaly, anemia, 

leukocytosis, an intense erythroblastic reaction, and the appearance of 

a large mononucleated cell in the peripheral blood, the so-called "Friend 

cell. " The etiological agent is widespread in the advanced disease as 

virus can be recovered from extracts of spleen, liver, kidneys, lymph 

nodes, lungs, heart, skin, brain, and from blood, deHarven (15). The 

pathogenesis of Friend virus leukemia was studied in detail by Metcalf, 

Furth, and Buffet (40). They found that proliferation of reticulum cells 

in the spleen was the first sign of the disease and could be demonstrated 

histologically four days after infection. They concluded that the disease 

is a virus-induced leukemia characterized by independent proliferation 

of erythroblasts and reticulum cells. Later, Chamorro, et al. (10), 

..reported that the disease could be detected histologically one day after 

infection of Swiss mice. The first cells to proliferate are those found 

immediately under the capsule of the spleen. Electron microscopic 

studies by deHarven (15) on ultrathin sections of infected tissues showed 
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that the Friend virus is assembled at the cell membrane and liberated 

by a budding process. The mature virus particles are from 85 to 

100 m;u in diameter and consist of two concentric shells, the outer hav

ing a diameter of 87 m/j and the inner of 52 m/u. Each shell membrane 

is about 50 A thick. An electron dense nucleoid occupies the center. 

The stability of this virus to various physical and chemical agents was 

also tested. Lyophilization, X-ray treatment (50, 000 r), and storage 

at -70 C for one year did not appreciably diminish its activity, whereas 

ether or formalin treatment, or heating for 30 minutes at 56 C produced 

complete inactivation. 

The Friend Cell 

The "Friend cell" has been the subject of continued investigation. 

deHarven and Friend (14) state that this cell resembles normal blast 

cells seen in hemopoietic tissue. The nucleus is relatively large and 

contains one or more nucleoli. In the cytoplasm few mitochondria, -* 

ergastoplasm, or Golgi structures are seen, but ribosomes are very 

numerous. Nothing about this cell indicates that it is neoplastic in 

nature. Chamorro, et al. (10) further characterized this cell and showed 

a centrospherical zone which deforms the nucleus, often giving it a 

kidney-like shape. They state that these cells do not ingest colloids in

jected by the intravenous route. Metcalf, et al. (40) state that late in 

the Friend virus disease, when the blood leukocyte count exceeds 
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100, 000,/mm , 10 - 20% of cells in the peripheral blood are these 

characteristic "Friend cells. " In a recent report, Boiron, et al. (6) 

state that the cell is probably a proerythroblast. 

Hematological Aspects of Friend Virus Infection 

A controversy exists in the literature on the effect of the virus 

on erythropoiesis. Mirand, et al. (41) showed a marked erythroid 

stimulation with a resulting polycythemia-like picture. Their animals 

showed a rise in packed red cell volumes until hematocrit values as 

high as 80% were reached. On the other hand, Metcalf, et al. (40) 

showed a progressive anemia in their animals beginning after the first 

month of infection. These results agree with the original observation 

of Friend (24). Dennis and Brodsky (17) showed that a marked throm

bocytopenia also occurred following Friend virus infection. Platelet 

reduction began as soon as two days after infection and presumably is 

an important factor in early deaths of Friend virus-infected animals that 

showed splenic hemorrhage and rupture. 

Mirand, etal. (41) and Siegler and Rich (50), also studied these 

early deaths after Friend virus infection. They attributed the deaths to 

the fact that the initial stage of Friend virus infection is confined to the 

spleen. This is probably the reason why splenectomy, either prior to 

or after Friend virus infection, could delay the development of the dis

ease and prevent early deaths due to splenic rupture, but did not 



prevent the fatal leukemia from developing, Friend (25), Metcalf, et al. 

(40), and Mirand, et al. (42). In general, however, tissue and periph

eral blood changes, though delayed, were quantitatively and qualitatively 

similar to those of virus-infected non-splenectomized mice. 

The Friend Disease and Antibody Formation 

Several authors have reported on the effect of the Friend virus on 

antibody formation. Salaman and Wedderburn (48) showed that primary 

hemagglutinin and hemolysin titers to sheep red blood cells were dep

ressed in Friend virus-infected mice. They suggested that the degree 

and persistence of antibody depression was dependent on the dose of 

virus and on the interval between the injection of virus and the inocula

tion of sheep red blood cells. A significant depression occurred when 

the virus was injected 19 hours or more before the antigen. A slight 

depression occurred when the virus was injected between 19 hours be

fore and 24 hours after the antigen. They further showed a reduction 

in the number of hemolysin-producing cells in the spleens of Friend 

virus-infected mice. Chan, et al. (11), reported findings very similar 

to these. They correlated immunological studies with electron micro

graphs of infected and control spleens. Large numbers of plasma cells 

and immature lymphocytes were found in non-infected immunized mice, 

whereas such cells were absent in the spleens of infected, immunized 

animals. Their conclusion was that the marked immunosuppressive 



effect of Friend virus leukemia could be directly related to'morphologi

cal alterations in the spleen. This was of paramount importance to 

them since in the mouse the spleen is the organ in which more than 95% 

of all antibody-forming cells appear after a single immunization with 

sheep red blood cells, Friedman (23). 

Drug Treatment of the Leukemia Produced by the Friend Virus 

Attempts at controlling the Friend virus disease with various 

chemotherapeutic agents used in the treatment of human leukemia have 

met with limited success. Sugiura (53), reported that Netropsin, 

6-mercaptopurine, and 5-fluorouracil were capable of reducing the 

splenomegaly in Friend virus-infected animals. Mirand, et al. (43) 

reported that 6-mercaptopurine, Ethyl-N-(bis(dimethylethylenimide)phos 

phoro) carbamate, and Benzyl-N-(bis(ethylenimide)phosphoro)carbamate 

caused significant decrease in spleen size, prolonged survival time, 

59 
and reduced Fe uptake in virus-infected mice. Finally, Sidwell, et 

al. (49), reported that both porfiromycin and 1-methyl-l-nitrourea in

hibited splenomegaly induced by Friend virus infection, but that only 

the porfiromycin reduced the virus content of the pla'sma. No reports 

could be found on the effect of these chemotherapeutic agents, or others, 

on controlling the red and white blood cell counts, the abnormal differ

ential counts of the white blood cells, or the alterations in red blood 

cell morphology found in the untreated disease. 



It would thus appear that inhibition of splenomegaly after Friend 

virus infection has been the most widely used method for determining 

the anti-leukemic potential of the various chemotherapeutic agents. 

Fiscus, et al. (21) suggested that this is not a reliable index, since it 

does not separate the "direct neoplastic effect" (proliferation of malig

nant reticulum cells) from the "indirect neoplastic effects" (hemorrhagic 

necrosis and proliferation of erythroblasts) of the virus. They proposed 

that the effect of any agent used to treat Friend virus leukemia should 

be studied in the liver, where the indirect neoplastic effects do not play 

a role in the disease process. 

7, 12-Dimethylbenz [a] anthracene 

Introduction to the Carcinogenicity of DMBA 

The first report on the tumor-inducing ability of the polycyclic 

aromatic hydrocarbon T, 12-Dimethylbenz[a]anthracene (DMBA) was 

that of Bachman, Kennaway, and Kennaway (1) in 1938. They applied 

this chemical as a 0. 3% solution in benzene to the skin of 2 0 mice and 

produced 13 tumors (eight carcinomas and five papillomas) in a period 

of 172 days. Since this initial report, the carcinogenic and biological 

effects of DMBA have been studied extensively. Although it induces a 

lower incidence of tumors than the potent carcinogens 3-methyl cholan-

threne and benzo[a] pyrene, it has a latent period only half as long as 

Previously called 9, 10-dimethyl-1, 2-benzanthracene. 
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these chemicals, Hueper and Conway (31). Tumors can be produced in 

several species of animals: mouse; rat; hamster; and even the guinea 

pig which has been refractory to most carcinogens, Berenblum (4). 

The dose of DMBA given, like that of most carcinogenic polycyclic aro

matic hydrocarbons, determines almost directly the percentage of 

tumors induced. Terracini, Shubik, and dellaPorta (54), have shown 

in Swiss mice treated with DMBA, dissolved in acetone, that the ap

pearance and type of tumors produced depends on the dose given. Thus, 

if they gave a single dose of 50 ng of DMBA, no tumors resulted, 100 fug 

produced a small number of papillomas, whereas 200 /ig of DMBA 

resulted in the production of carcinomas. 

The Protein Binding Property of DMBA 

Extensive studies with DMBA in the mouse have shown it to be a 

very strong carcinogen for mouse skin (36, 54). Using quantitative radio

active tracer techniques, Darchun and Hadler (13) and Heidelberger and 

14 
Moldenhauer (30) have shown that DMBA-C injected subcutaneously or 

painted onto the skin is extensively bound to mouse skin protein. Darchun 

and Hadler (13) demonstrated that even if the radioactive DMBA was 

given intravenously, it could be detected immediately in soluble and 

particulate fractions of homogenized skin. Seven days sifter administra

tion, the activity could only be detected in the particulate protein. This 

suggested that the elimination of DMBA from the attached protein 
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occurred by two routes. One involved a metabolite which was rapidly 

excreted, and the other was mediated by a metabolite which persisted 

in the tissues. This could explain why soluble skin protein had a rapid 

14 
loss of DMBA-C activity, whereas the particulate protein maintained 

radioactive counts for at least 7 days. 

It has been suggested repeatedly that not the protein-binding 

properties but the nucleic acid-binding properties of polycyclic aroma

tic hydrocarbons are of paramount importance in their ability to induce 

tumors. Martin (39), reported that DMBA was mutagenic when firmly 

bound to bacteriophage DNA. He showed, with respect to ether extrac-

14 
tion, that two forms of DMBA-C binding could occur, one firm and 

one weak. For firm binding an intact DNA double helix was necessary, 

and only with this firm binding was the DMBA mutagenic for the T,. 

coliphage. Maximal mutagenic effects were observed when 20, 000 

molecules of DMBA were firmly bound to a T,. coliphage particle. Boy-

land and Green (7) had also shown that intact DNA was necessary for 

DMBA binding. They suggested that DMBA might bind to DNA by inter

calation between adjacent base pairs. However, Giovanella, McKinney, 

and Heidelberger (2 6) presented data that were in direct conflict with 

the work of Boyland and Green (7). They showed that the alleged solu

bilization of polycyclic aromatic hydrocarbons in DNA solutions was in 

fact only the formation of colloidal dispersions by particles of the poly

cyclic aromatic hydrocarbons. Specific binding to key cellular proteins 
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was postulated by them to be the process whereby carcinogenic poly-

cyclic aromatic hydrocarbons initiate the cancer process. The work of 

Chang and Bond (12) supports this hypothesis. Using an Escherichia 

coli system, they showed that the presence of DMBA reduced the amount 

of glycine and glutamic acid attached to soluble ribonucleic acids. Their 

work suggested that the effect of DMBA was on the enzyme system(s) 

necessary to attach the amino acids to sRNA and not on the sRNA itself. 

Effect of DMBA on the Hemopoietic and Lymphoid Tissues 

Topical application or feeding of DMBA has been shown to pro

duce cell depletion in hemopoietic and lymphoid tissues with resulting 

peripheral blood changes in rats and mice (9, 32, 33, 35, 51). Stamer 

(51), reported that DMBA, injected intravenously into mice, produced 

a reduction in the total number of circulating white blood cells. The 

work of Huggins, Grand, and Brillantes (32) in the adult rat showed that 

a single feeding of 2 0 mg/Kg of DMBA by gastric tube resulted in a 

leukopenia which developed within 24 hours and lasted for at least 30 

days. They concluded that DMBA somehow damaged the hemopoietic 

system, but they did not speculate on the mechanism of this damage. 

The data presented by Huggins and Morii (33) also showed a leukopenia 

in rats after DMBA administration which reached a peak 7 days later. 

Histologically, they could demonstrate degenerative changes in spleen, 

thymus, lymph nodes, and bone marrow. In an extensive study, King 
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(35) found that rats painted with DMBA later showed a reduction in 

platelets, reticulocytes, and white blood cells in the peripheral blood. 

Even the hemoglobin concentration was found to be slightly lowered. 

The bone marrow was reduced in bulk and cellularity, whereas eryth-

roid elements were almost or completely absent from samples taken 

on days 2, 3, and 4 after DMBA application. The reticulum cells of 

the lymph nodes were described as being swollen and vacuolated. The 

recent work of Cawein and Sydnor (9) showed lymphocytopenia, granu

locytopenia, and thrombocytopenia after feeding DMBA to female 

Sprague-Dawley rats. They reported that no evidence of direct damage 

to the formed elements in the peripheral blood was induced by this 

chemical. 

Distribution of Labeled DMBA in Experimental Animals 

The distribution of radioactive DMBA has been studied by several 

investigators using different animal species and routes of administra

tion. Flesher, Jacobson, and Jensen (22) showed that 24 hours after 

DMBA was fed by gastric tube to adult rats, the concentration of radio

activity was the following, in decreasing order: kidneys, liver, perito

neal fat, breasts, adrenals, blood, ovaries and uterus. The amount 

present in the spleen and bone marrow was not mentioned by these in-

14 
vestigators. The localization of DMBA-C in cells of the rat liver was 

reported by Wong, Catravas, and Yang (55). Three to 72 hours after 



feeding radioactive DMBA, 12 - 43% of the total liver radioactivity-

could be found in the mitochondria. The maximal concentration was 

shown to occur there in 6 hours. In the mouse Nakai and Shubik (44) 

3 
found that after topical application of DMBA-H the radioactive material 

was concentrated in the epidermis, in the upper half of the hair follicles, 

and in the sebaceous glands. The internal organs were not examined 

for localization of labeled DMBA by these investigators. Hamilton and 

Jacobson (28) studied the transport of radioactive DMBA in the blood 

plasma by electrophoresis. In 2 hours, the labeled chemical could be 

found in high concentrations in or near the gamma globulin fraction. 

Within 8 hours, however, the albumin fraction had assumed a major 

role in the transport of this material. At 48 hours the overall plasma 

level was quite low, but the greatest activity was still found in the al-

bumin fraction. After feeding adult rats 133 mg/Kg of DMBA-H , 

Cawein and Sydnor (9) studied the concentration of this chemical in the 

spleen, bone marrow, and blood plasma. Twenty-four hours later, the 

levels in the spleen and bone marrow were found to be equally low when 

compared to the high activity found in the plasma. However, they were 

able to show that this small concentration in the spleen and bone marrow 

could almost completely stop normal hemopoiesis. They stated that the 

concentration of DMBA necessary to damage the hemopoietic and reticulo

endothelial system of the rat appeared to be extremely low. 



The purpose of this investigation was to study the mode of inter

action of these two agents, Friend virus and DMBA. The effects of 

each agent alone on the hemopoietic and reticulo-endothelial systems 

and in combination were studied and compared to untreated controls. 



CHAPTER 2 

MATERIALS AND METHODS 

Animals 

Mice of the inbred strain BALB/c were used throughout these 

investigations. The animals came from a colony maintained in the 

Department of Microbiology and Medical Technology at the University 

of Arizona. The original mice of this colony were pregnant animals 

obtained from Simonsen's Laboratories, Gilroy, California. All sub

sequent matings of these animals were brother to sister matings. Mice 

were weaned between 21 and 28 days after birth, separated according to 

sex, and used for experimental purposes before they were 3 months of 

age. All breeder mice were given Purina breeder chow and water ad lib., 

whereas experimental animals were fed Purina laboratory chow and 

water ad lib. Both breeder and experimental animals were maintained 

in a temperature range of 20 - 22 C. 

Chemical 

The chemical carcinogen employed in these experiments, 

7, 12-Dimethylbenz[a] anthracene, was purchased from Eastman Chemi

cals, Rochester, New York. The solutions were made up freshly before 

each use by dissolving the chemical in reagent grade acetone, Terracini, 

14 
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et al. (54), to a final concentration of 200 ng DMBA per 0. 05 ml acetone 

(0. 4% solution). The same lot of chemical was used in all the investiga

tions. 

Application of the Chemical 

Twenty-four hours before DMBA application, the hair was re

moved from the backs of experimental animals by application of the 

chemical depilatory "Nair. " The DMBA was applied topically by using 

an 18 gauge needle attached to a 1 ml tuberculin syringe. This proce

dure was always performed under a vacuum hood. Animals remained 

in the hood until the acetone dried. 

Virus 

Friend virus was obtained in 1964 from Dr. A. Howard Field-

steel, Stanford Research Institute, Menlo Park, California. The orig

inal stock was received as an infected BALB/c mouse spleen homogen-

ate. The virus used in these investigations was the third pool made 

from the original homogenate and was designated Stock Friend Virus 

Pool No. 3. The method employed in preparation of this pool was as 

follows. 

Thirty adult male BALB/c mice were injected intraperitoneally 

with 0. 2 ml of the undilute supernatant fluid obtained from centrifuga-

tion in the cold of a 20% homogenate of Friend Virus Pool No. 2. This 



stock virus pool was prepared in sucrose stabilizer, Fieldsteel (20). 

All further dilutions of the virus were carried out in this medium. 

After 21 days, the infected spleens were removed aseptically from the 

mice and treated as follows: The spleens were weighed and the amount 

of sucrose stabilizer necessary to make a 20% suspension added. This 

mixture was then homogenized for 2 minutes in a Virtis Homogenizer, 

cooled for 2 minutes, and homogenized for an additional 2 minutes. The 

complete procedure was carried out in an ice bath. A sterility check of 

this material revealed no bacterial growth in thioglycollate medium 

after incubating for 72 hours at 20 and 37 C. The virus pool was then 

dispensed in 5 and 10 ml amounts to 10 and 20 ml vials respectively, 

frozen in a dry ice-alcohol slurry, and then placed immediately at -65 C 

until used. When needed, vials of this stock virus suspension were re

moved and thawed in a 37 C waterbath. This material was then centri-

fuged at 5 C for 10 minutes at 1200 rpm, the supernatant fluid removed, 

diluted in cold sucrose stabilizer to the desired concentration, and used 

as the virus inoculum. 

To determine the infectivity titer of this pool, log dilutions ran-

-7 
ging from undilute through 10 were made in sucrose stabilizer. Ten 

animals for each dilution were given 0. 2 ml of virus intraperitoneally. 

After 5 weeks, the animals were sacrificed, and any mice having a 

spleen weighing more than 0. 5 g was considered as positive, Mirand, 



et al. (43). The virus titer was then calculated by the method of Reed 

3 99 
and Muench and found to be 10 " ID.-/ml. 

o U  

Experimental Designs 

In all experiments four groups of animals were used: 

1. Untreated controls 

2. Mice that received 200 /ug DMBA weekly 

_ 3 
3. Mice that received intraperitoneally 0. 2 ml of a 10 

dilution of the stock Friend virus pool 

4. Mice that received both DMBA and virus. 

The peripheral blood study also included mice which received a 10 * 

virus dose with and without DMBA treatment of 200 ng weekly. Mice 

were sacrificed at weekly intervals unless otherwise specified. 

Peripheral Blood Studies 

Two hundred and sixty young adult BALB/c mice, weighing ap

proximately 20 - 22 g, were used in this experiment. One half of the 

animals used were males and one half were females. A previous study 

had shown that untreated adult BALB/c mice, or mice that received only 

DMBA, had a stable blood picture, Elliott and Reilly (19). Hence, a 

reduced number of control animals were.used in this experiment. 

Heart blood was collected for a microhematocrit determination 

and blood smears were made. Microhematocrit tubes were centrifuged 

for 10 minutes at 3500 rpm and the volume percent packed red blood 



18 

cells was determined. Blood smears were stained with Wright's stain. 

Using the oil immersion lens 100 cells were counted and classified. 

Because of the controversy involved in cell classification of undifferen

tiated cells found in the Friend virus leukemia, cells counted were only 

classified as lymphoid cells or cells of the granulocytic series. Ab

normalities of red blood cells were also noted, as were the presence of 

nucleated red blood cells and of "Friend cells. " 

Studies on Splenectomized Mice Treated with DMBA 

Four hundred and eighty young adult female BALB/c mice weigh

ing approximately 20 g each were used in this experiment (only female 

mice were used as they showed a much higher postoperative survival 

rate than male animals). Each animal had the hair on its abdomen re

moved with "Nair" on the day before splenectomy. Ten to 15 minutes 

before the operation, the animals received 0. 05 ml of a 1:10 dilution of 

Nembutal in saline. During the operation, ether anesthesia was given. 

The abdomen was opened through a mid-line incision, the spleen exposed, 

and tied off with 0000 cat-gut suture material. The incision was closed 

in two layers, the peritoneum and the skin, with 000 silk suture. All 

animals were kept individually for 24 hours in sterile bottles with sterile 

sawdust. They were used in the experiment from 7-14 days after 

splenectomy. 



19 

The experiment lasted 12 weeks with 10 animals from each 

group being sacrificed each week. The animals were bled by retro-

orbital puncture and blood collected for a white blood cell count and 

hematocrit determination. The animals were then weighed, sacrificed, 

the liver removed and weighed, and a portion of each liver saved in 

10% formalin for subsequent histological examination. 

Carbon Clearance Studies 

Carbon clearance determinations were made using the procedure 

of Benacerraf, Thorbecke, and Jacoby (2) with modifications by Berry 

and Smythe (5). The basic procedure was further modified to meet our 

own needs. One hundred and twenty young adult female BALB/c mice 

weighing approximately 20 g were used. 

The carbon suspension used (Giinther Wagner, Hanover, Germany, 

labeled Cll/1431 a) had particle sizes of 200 - 300 A in mean diameter. 

This stock suspension was diluted 1:4 with nonpyrogenic saline before 

use and 0. 2 ml of this injected into the jugular vein of ether-"Snesthetized 

animals. After injection of the carbon, a single clamp was used to 

close the skin wound. Exactly 5 and 15 minutes later 0.1 ml of blood 

was removed by retroorbital puncture and placed in 8 ml of a 0. 1% 

sodium carbonate solution. The quantity of carbon remaining in the 

blood was determined spectrophotometrically at a transmittance setting 

of 675 mju in a Coleman Junior spectrophotometer. A standard curve on 
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a weight basis of carbon was set up by drying Hormann filter pads to a 

constant weight, adding varying concentrations of the carbon solution 

diluted in water, and redrying to a constant weight again. 

The phagocytic index (K) was then calculated for each animal at 

the two time intervals by the formula: 

^ k°£> ^2 Log C. : logarithm to the 
t base 10 of the 

amount of carbon 
injected. 

Log Cg.' logarithm to the 
base 10 of the 
amount of carbon 
remaining. 

- t : time in minutes. 

K measures the phagocytic activity of the macrophages, mainly in the 

liver and spleen. Since K varies with the relative size of the liver and 

spleen according to a third power relationship, results will also be 

reported as a corrected phagocytic index (A). 

. _ W —\3j W: total animal body weight 
WLS X V K 

WLS: combined weight of liver 
and spleen. 

After testing, the animals were weighed, sacrificed, and the liver and 

spleen removed and weighed. 

Serum Hemolysin Titers 

One hundred and fourty four young adult male BALB/c mice 

weighing approximately 22 g were used. The antigen consisted of sheep 



red blood cells washed three times in 0. 15M NaCl and then suspended 

in sterile saline to a 10% concentration. All animals received 0.1 ml 

of this suspension intraperitoneally on days 1, 6, 11, 16, 21, and 26. 

Six animals in each group were exsanguinated each week for the 6 weeks 

of the experiment. The blood was then placed in Durham tubes and 

allowed to clot at room temperature for several hours. After centrifu-

gation the serum was removed and frozen until titrated. 

The serum hemolysin titers were determined by a microtiter 

technique. Fresh guinea pig serum was used as a complement source. 

This was diluted 1:15 in 1% magnesium saline before use. The antigen 

for hemolysis testing consisted of washed sheep red blood cells at a 2% 

concentration in 0. 15 M NaCl. Each microtiter well received 0.025 ml 

of the following: a twofold dilution of the serum, the antigen, the 

diluted complement, and 1% magnesium saline. After mixing, the 

microtiter plates were covered with aluminum foil and incubated at 37 C 

for 1 hour and then placed at 4 C for 12 hours. The hemolysin titer was 

then read as the last well showing complete hemolysis and reported on 

the basis of log to the base 2. 

Hemolytic Plaque Assay 

The assay for the detection and enumeration of antibody forming 

spleen cells was carried out by the method of Jerne, Nordin, and Henry 

(34) with several modifications as reported by Hanna and Watson (29). 



Other modifications were made to suit our experimental design. Twenty-

four young adult female BALB/c mice weighing approximately 20 g each 

were injected by the intraperitoneal route with 0. 25 ml of a washed 40% 

7 
sheep red blood cell suspension (1.23 x 10 cells). 

Three animals from each group were sacrificed on days 2 and 4. 

Their spleens were immediately excised and placed in 2 ml of cold Med

ium 199 (pH 7.2) in a sterile Petri dish. Each spleen was cut into four 

pieces and the cells gently teased out with a fine forceps and a sterile 

needle. Any cell aggregates were further broken up by drawing the cells 

gently through an 18 gauge hypodermic needle. The cells were then trans

ferred to sterile 100 x 20 mm screw-cap test tubes which had been pre

viously chilled in an ice bath. The cells were held in this ice bath until 

used. 

Ionagar No. 2 (Difco) was prepared as follows: For the base 

layer 1. 2% agar was prepared with one-half volume of the total amount 

of distilled water required. Sterile 2x Medium 199 warmed to 50 C was 

then added to the sterile agar, having the same temperature, to bring 

the agar to a final concentration of 1. 2% and the medium to a lx concen

tration. This agar suspension was then poured into sterile 100 x 20 mm 

plastic Petri dishes (Falcon Plastics) to form layers 2-3 mm thick. 

After solidification, they were placed in a dry incubator at 37 C over

night to lose excess moisture. Semisolid overlay agar (0. 6%) was 

prepared as above and 2 ml of this placed in sterile 100 x 20 mm 



screw-cap test tubes and held at 45 - 47 C. Immediately before use, 

0.1 ml of a washed 10% sheep red blood cell suspension in Medium 199 

was added to each tube. Vials containing the spleen cells were removed 

one at a time from the ice bath and warmed to 37 C. Then 0. 1 ml of 

this cellular suspension was added to two tubes of the overlay-red blood 

cell agar. This mixture was then rapidly poured over the surface of a 

base layer plate. To insure an even cell distribution the overlay was 

spread to all areas of the plate with sterile bent glass rods. After solid

ification the plates were transferred to a 37 C incubator for 1 hour. To 

obtain optimum relative humidity in this incubator a large pan of water 

had been placed in it the night before use. At the end of the incubation 

period 3 ml of a 1:4 dilution of guinea pig serum in modified barbital 

buffer was added to each plate. The plates were allowed to remain in 

the incubator for an additional hour and then removed and left at room 

temperature for two more hours. Plaques (areas of lysed red blood 

cells) were counted in a dark room using indirect light from a high in

tensity light source. 



CHAPTER 3 

RESULTS 

A progressive and severe anemia was produced in BALB/c 

mice after infection with Friend virus. Figures 1 and 2 show a com

parison of the average microhematocrit values with the average spleen 

-1 -3 
weights. At both 10 and 10 dilutions of the virus, as the anemia 

becomes more severe, the splenomegaly increases. This relationship 

is more evident at the lower dilution of the virus than at the higher 

dilution. Topical application of DMBA greatly reduces the average 

spleen weight and also prevents the terminal anemia from developing. 

At both dilutions of virus, the initial applications) of DMBA depresses 

the hemopoietic system as shown by a sharp drop in the microhemato

crit values in weeks 1 and 2. 

Microscopic examination of differential smears for red blood 

cell abnormalities showed that morphological changes of red blood cells 

in the peripheral blood increased with the progress of the anemia. Since 

these changes cannot be quantitatively estimated, a qualitative estima

tion of the degree of change is shown in Table 1. Untreated mice or 

mice receiving only DMBA did not show any changes in red blood cell 

morphology. Mice receiving either dose of virus- were also found to 

24 
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Fig. 1. A comparison of average spleen weight to average 
hematocrit values. All mice received a 10"! dose of Friend virus. 
Treated mice also received 200 /ug DMBA weekly. 
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Fig. 2. A comparison of average spleen weight to average 

hematocrit values. All mice received a 10"^ dose of Friend virus. 
Treated mice also received 200 ng DMBA weekly. 
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TABLE 1. A comparison of red blood cell abnormalities in Friend 
virus-infected mice with and without DMBA treatment. 

Red blood cell 1 2 g Weeks ^ ^ ^ 
abnormality 

10_1 

virus ++a +++ +++ ++++ ++++ ++++ 

ANISOCYTOSIS 

10_1 

virus & + + ++ ++ ++ +++ 
DMBA 

virus ++ ++ +++ +++ +++ ++++ 

POIKILOCYTOSIS 

10_1 

virus & + + ++++++ +++ 
DMBA 

virus 

POLY CHROMATOPHILIA 

IO"1 

virus & 
DMBA 

+ ++ ++++ ++++ ++++ ++++ 

+ + ++ ++ ++ ++ 

+ = 0 to 25% of red blood cells abnormal 
++ = 25 to 50% of red blood cells abnormal 

+++ = 50 to 75% of red blood cells abnormal 
++++ = 75 to 100% of red blood cells abnormal 
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have nucleated red blood cells in the peripheral circulation during the 

final stages of the disease. At no time were nucleated red blood cells 

found in infected animals which received DMBA treatment. 

Untreated Friend virus disease is characterized by a marked 

lymphocytosis. The ability of DMBA to prevent this lymphocytosis can 

be seen in Figures 3 and 4. With a 10 * dilution of virus, DMBA re

duces the percentage of lymphocytes only during the final 3 weeks of the 

_ 3 
testing period. However, with a 10 virus dilution, the DMBA reduces 

the percent of lymphocytes beginning in the second week of the experi

ment. At both dilutions of the virus, not only does DMBA reduce the 

lymphocytosis, but an actual lymphopenia is present in the last several 

weeks of the experiment. Untreated infected mice always showed the 

presence of the typical "Friend cell" during the last several weeks of 

the experiment, whereas DMBA treated infected mice rarely showed 

this cell in the peripheral circulation. 

Removal of the spleen as the primary site of Friend virus multi

plication altered the disease in several ways. In non-splenectomized 

_ 3 
mice a 10 dilution of the Friend virus will result in the death of 80 -

100% of all BALB/c mice in 35 to 50 days (21, 37). Splenectomized 

mice receiving the same dose of virus showed only a 10% mortality in 

50 days. Even when the experiment was terminated on day 84, 70% of 

the virus-infected splenectomized mice were alive. The hematological 

picture in non-splenectomized, virus-infected mice as reported by 
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Kiehn (37) was also changed in splenectomized animals infected with 

the virus. 

Table 2 shows the average hematocrit values in volume percent 

for the different experimental groups. Untreated splenectomized mice 

and mice receiving only DMBA show very similar and stable hematocrit 

values. In contrast, animals infected with virus, with or without DMBA, 

show an anemia. Initially, splenectomized mice receiving only the virus 

show an anemia similar to that produced in non-splenectomized mice 

receiving a similar dose of virus. However, after reaching a low aver

age hematocrit value of 30 volume percent, these animals recover 

somewhat from the anemia: average hematocrit values of 36. 5 - 38. 5 

volume percent are found in the last 6 weeks of the experiment. The 

combination of virus infection and DMBA application in these splenec

tomized mice results in a rapid and severe anemia. Individual hemato

crit values as low as 12 volume percent are found in these mice in 

weeks 6 and 7. All animals in this group were dead by week 8. 

Results of the average white blood cell counts are shown in Table 

3. As with the hematocrit values, splenectomized mice untreated or 

receiving only DMBA show relatively stable and similar white blood cell 

counts. Virus-infected animals show a pronounced leukocytosis begin

ning in week 6 and continuing throughout the experiment. By week 11, 

white blood cell counts in several animals had exceeded 100, 000 per 

3 
mm . The application of DMBA to virus-infected mice not only prevents 
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TABLE 2. Average hematocrit values in volume percent for 
splenectomized mice. 

Weeks Untreated DMBAa Virus'3 Virus & 
DMBA 

1 48 49 44 44.5 
(10)C (10) (10) (8) 

2 47. 5 48. 5 42. 5 32. 5 
(9) (10) (7) (9) 

3 48. 5 50 31. 5 28 
(10) (10) (10) (10) 

4 49 47. 5 30 26. 5 
(8) (8) (10) (7) 

5 49 49 30. 5 29 
(9) (10) (9) (10) 

6 48 49. 5 34. 5 20 
(9) (9) (8) (4) 

7 52 49 38 25. 5 
(10) (9) (10) (4) 

8 49 54. 5 38. 5 
(9) (6) (4) 

9 49 49. 5 38 
(10) (9) (8) 

10 49. 5 47 36. 5 
(10) (10) (9) 

11 49 52 38. 5 
(10) (8) (7) 

12 49. 5 48. 5 37 
~ 

(9) (10) (7) 

el 
Animals treated with DMBA received 200 ug weekly. 

b _ 3  
Infected mice received a 10 dose. 

Q 
Numbers of mice used in parenthesis. 
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3 
TABLE 3. Average white blood cell counts per mm and as the logarithm 

to the base 10 in splenectomized mice. 

Weeks Untreated DMBAa Virus*3 Virus & DMBA 

1 10, 500-4. 
(10)c 

021 11, 200-4. 
(H)) 

068 11, 000-4. 
(10) 

042 15, 000-4. 
(8) 

176 

2 14, 000-4. 
(9) 

146 14, 000-4. 
(10) 

146 9, 800-3. 
(7) 

991 10, 800-4. 
(9) 

033 

3 19, 200-4. 
(10) 

283 17, 100-4. 
(10) 

233 7, 500-3. 
(10) 

875 8, 900-3. 
(10) 

949 

4 17, 000-4. 
(8) 

231 12, 000-4. 
(8) 

079 13, 000-4. 
(10) 

114 7, 000-3. 
(7) 

845 

5 14, 200-4. 
(9) 

152 19, 800-4. 
(10) 

297 18, 900-4. 
(9) 

277 8, 800-3. 
(10) 

944 

6 22, 000-4. 
(9) 

342 14, 000-4. 
(9) 

146 29, 000-4. 
(8) 

462 6, 500-3. 
(4) 

813 

7 19, 100-4. 
(10) 

281 14, 500-4. 
(9) 

161 38, 500-4. 
(10) 

586 12, 200-4. 
(4) 

086 

8 15, 000-4. 
(9) 

176 17, 200-4. 
(6) 

236 40, 000-4. 
(4) 

602 

9 15, 400-4. 
(10) 

127 15, 000-4. 
(9) 

176 39, 200-4. 
(8) 

593 

10 9, 800-3. 
(10) 

990 U, 000-4. 
(10) 

041 31, 000-4. 
(9) 

491 

11 8, 900-3. 
(10) 

949 13, 000-4. 
(8) 

114 50, 800-4. 
(7) 

706 

12 7, 500-3. 
(9) 

875 16, 400-4. 
(10) 

215 50, 000-4. 
(7) 

699 

£ 
Animals treated with DMBA received 200 /itg weekly. 

Infected mice received a 10 Friend virus dose. 

Q 
Number of mice used in parenthesis. 



the leukocytosis from developing, but actually produces a leukopenia. 

The statistical analysis of variance by a factorial design and the 

confidence intervals are given for hematocrits and white blood cell counts 

in Tables 4 and 5. Since all mice in the group that received both the 

virus and DMBA were dead by week 8, the analysis covers only the first 

7 weeks of the experiment. A significant interaction at the 99% confi

dence level is found for all variables in the analysis of the results for 

both hematocrits and white blood cell counts. Thus, among the four 

groups of mice, virus, chemical, and time are shown to have signifi

cant interactions by themselves. In combination, virus plus chemical, 

virus plus time, and chemical plus time are shown to have significant 

interactions. The factorial design also reveals an interaction between 

the three variables: chemical; virus; and time. From the standard 

deviation and the t values for the various number of animals, the class 

width at the 95% confidence level are shown. The resulting values, the 

mean (y) plus or minus the calculated class width for the number of 

animals in each group, can be applied to the mean numbers in Tables 2 

and 3 to show differences of statistical significance. 

Table 6 shows the average total body weight and liver weight for 

the four groups of mice. Splenectomized mice, untreated or receiving 

DMBA, were similar in total body weight change throughout the experi

ment (Figure 5). Virus-infected animals are found to have the greatest 

increase in total body weight and to have a progressive rise in average 
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TABLE 4. Summary of analysis of variance for hematocrits in 
splenectomized mice. 

Source SS df ms F 

Total 24613.63 268 

T reatments 22653.88 31 730.77 88. 36 

Virus 16743.37 1 16743.37 2024.59 

Chemical 282.92 1 282.92 34. 21 

Weeks 1921.22 7 274.46 C
O

 
C

O
 

H
-4

 

C
O

 

Virus x Chemical 1024. 71 1 1024.71 123.91 

Virus x Weeks 1233.87 7 176.27 21. 31 

Chemical x Week 83. 13 7 >
-*
 

h
-*
 

00
 

00
 

1. 44 

Chemical x Virus x Week 1364. 66 7 194.95 23. 57 

Error 1959.75 237 8.27 

** p < 0. 01 
Standard Deviation = 2. 876 

Class width at 95% confidence level 

if n = 10, CL = y t 1.2 

n = 9, CL = y t 1. 4 

n = 8, CL = y ± 1. 5 

n = 7, CL = y ± 1. 7 

n = 4, CL = yt3.1 
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TABLE 5. Summary of analysis of variance for white blood cell counts 
in splenectomized mice. 

Source SS df ms F 

Total 9. 5847 246 

Treatments 6. 8230 27 0.2527 20. 41 ** 

Virus • 4479 1 0.4479 35.55 ** 

Chemical • 7549 1 0. 7549 59.91 ** 

Weeks 1. 8220 6 0. 3070 24.10 ** 

Virus x Chemical • 4831 1 0.4831 38.34 ** 

Virus x Weeks 1. 5101 6 0. 2517 19.98 ** 

Chemical x Week 1. 2478 6 0. 2080 16. 51 ** 

Chemical x Virus x Week 
• 

5572 6 0. 0929 7.37 ** 

Error 2. 7617 219 0. 0126 

** p < 0. 01 
Standard Deviation = 0.11225 

Class width at 95% confidence level 

if n = 10, CL = y t 0. 0792 

n = 9, CL = y + 0. 0824 

n = 8, CL = y t 0. 0939 

n = 7, CL = y tO. 1038 

n = 4, CL = y t 0.1785 
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TABLE 6. The average total body and liver weight in grams for 
splenectomized mice. 

Total Body Weight Liver Weight 

Weeks Untreated DMBAa Virus*3 Virus & 
DMBA 

Untreated DMBA Virus Virus & 
DMBA 

1 19. 3 18. 4 21. 0 20. 4 1.1 1.2 1.2 1.0 

2 20.4 18. 1 22. 5 20. 8 1.2 1.1 1.3 1.4 

3 21.2 18. 5 22. 8 19. 1 1.4 1.3 2. 0 1.7 

4 21.8 18. 7 23. 6 19. 1 1.5 1.2 1.8 1.8 

5 21. 4 18. 6 23. 4 18. 7 1.3 1.2 2. 0 1.8 

6 22. 1 19. 1 24. 0 16. 8 1.3 1.2 2.4 1.9 

7 22.1 20. 6 24. 9 17. 8 1.2 1.2 2.4 2. 0 

8 22. 3 20. 8 25. 7 1.5 1. 3 3. 0 

9 23.0 20. 6 24. 4 1.1 1.2 3. 0 

10 22. 9 20. 6 24. 9 1.5 1.1 3. 0 

11 22. 8 19. 5 24. 4 1.1 1. 0 4.2 

12 23. 4 21. 0 25. 8 1.1 1.0 5.1 

el 
Animals treated with DMBA received 200 ng weekly. 

Infected mice received a 10 virus dose. 



Fig. 5. A comparison of the change in average total body weight 
for splenectomized mice. Virus infected animals received a 10~3 dose 
of virus and mice treated with DMBA received 200 ng weekly. 
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Fig. 5. Change in total body weight. 



liver weight. Several mice in this group were found to have livers 

weighing 10 - 11 g during the final weeks of the experiment. The com

bination of virus infection and DMBA application results in a reduction 

of total body weight. However, the average liver weight of these mice 

increases and is similar to untreated virus-infected animals. 

The K values for carbon clearance determinations are shown in 

Table 7. Friend virus infection does not reduce the phagocytic activity 

of the reticulo-endothelial system, as would be expected of a virus whose 

primary site of infection is the reticulum cells, but enhances it. In 

virus-infected mice the elevated K values are present in the first week 

and continue-throughout the experiment. Application of DMBA to nor

mal mice results in a reduced carbon clearance in weeks 3, 4, and 5. 

In virus infected animals receiving DMBA, the phagocytic index is 

increased at all times. However, when these virus-infected, DMBA-

treated mice are compared to infected mice without treatment, a re

duced carbon clearance is present only in weeks 3 and 4. Thus, at 

selective time periods, DMBA in infected and normal mice is shown to 

damage the reticuloendothelial system. 

If the A values, i. e. the carbon clearance corrected for body 

weight and for the weight of liver and spleen, are used the results are 

opposite as shown in Table 8 and Figures 6 and 7. 

The reticulo-endothelial activity as determined by the corrected 

carbon clearance (A) is greatly reduced in virus-infected animals as 
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TABLE 7. Average K values for carbon clearance at both 5 and 15 
minutes. 

Weeks Untreated DMBAa Virus^ Virus & DMBA 

5 min. 15 min. 5 min. 15 min. 5 min. 15 min. 5 min. 15 min. 

1 0.0802 0. 0364 0.0795 0. 0320 0.1124 0. 0426 0. 1224 0.0442 

2 0. 0814 0. 0382 0.0572 0.0266 0. 1108 0. 0468 0. 1268 0. 4666 

3 0. 0674 0. 0324 0.0572 0. 0286 0.1056 0. 0460 0. 1146 0. 0460 

4 0. 0758 0. 0358 0.0462 0. 0228 0. 1400 0.0475 0.1128 0. 0450 

5 0. 0688 0.0358 0.0760 0. 0330 0.1336 0. 0460 0. 1118 0. 0428 

6 0. 0690 0. 0328 0.0752 0.0338 0. 1128 0.0392 

9. 
Animals treated with DMBA received 200 /ug weekly. 

b _ 3 
Infected mice received a 10 virus dose. 
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TABLE 8. The average corrected carbon clearance at both 5 and 15 
minutes. 

Weeks Untreated DMBA' Virus DMBA & Virus 

5 min. 
Averages 

& 
Ranges 

6.59 6.49 6.80 6.70 
(6. 27 to 7. 14) (5. 73 to 7. 22) (6.35to7.31) (6.14to6. 84) 

7.11 6.37 5.01 5.88 
(6. 64to 7. 51) (5. 07 to 7. 21) (4.73to5.21) (5.21to7.26) 

8.01 6.59 3.58 6.43 
(6. 76 to 9. 0) (5. 85 to 7. 35) (2.87to4.05) (5.78to7.31) 

7.77 6.78 2.44 5.78 
(7. 35 to 8. 49) (5. 70 to 7. 83) (2.11to2.66) (5.29to6.27) 

6.89 6.64 2.10 5.79 
(6. 46 to 7. 54) (5. 85 to 7. 32) (1.75to2.38) (5.46to6.25) 

7.85 6.74 
(7. 04to 8. 42) (5. 79 to 7. 54) 

5. 48 
(4. 91 to 5. 99) 

15 min. 
Averages 

& 
Ranges 

5. 05 4. 76 C
O

 
C

O
 

4. 77 
1 (4. 88 to 5. 33) (4. 14 to 5. 48) (4. 55 to 5. 50) (4. 41 to 5. 26) 

5. 52 4. 93 3. 56 4. 21 
2 (5. 17 to 5. 82) (3. 95 to 5. 56) (3. 36 to 3. 72) (3. 7 0to 5. 12) 

6. 27 5. 22 2. 56 4. 75 
3 (5. 44 to 6. 87) (4. 77 to 5. 94) (2. 05 to 2. 85) (4. 23 to 5. 38) 

6. 01 5. 36 1. 70 4. 27 
4 (5. 71 to 5. 88) (4. 48 to 6. 41) (1. 47 to 1. 85) (4. 08 to 4. 53) 

5. 50 5. 14 1. 47 4. 22 
5 (5. 15 to 5. 88) (4. 59 to 5. 54) (1. 22 to 1. 67) (3. 83 to 4. 70) 

6.12 5.12 3. 85 
6 (5. 5 9 to 6. 60) (4. 53 to 5. 64) (3. 43 to 4. 20) 

Animals treated with DMBA received 200 /ug weekly. 

b *"3 
Infected mice received a 10 virus dose. 
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Fig. 6. The average corrected carbon clearance, the A value, 
at 5 minutes. The higher the A value, the more carbon cleared. 
Virus infected mice received a 10"3 dose of virus and DMBA treated 
animals received 200 ng weekly. 
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CARBON CLEARANCE (ISmin.) 
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Fig. 7. The average corrected carbon clearance, the A value, 

at 15 minutes. The higher the A value, the more carbon cleared. 
Virus infected mice received a 10"3 dose of virus and DMBA treated 
animals received 200 ^g weekly. 



compared to normal controls. At both sampling times, 5 and 15 minutes, 

a decreased carbon clearance of statistical significance is observed in 

the infected mice. This appears first at week 2. Animals treated with 

DMBA show at every sampling point a somewhat lower rate of carbon 

clearance than normal controls. However, only in week 3 at both time 

intervals is this reduction statistically significant. Infected mice 

treated with DMBA show a rate of carbon clearance higher than untreat

ed, infected mice but lower than normal controls. Using the corrected 

carbon clearance values DMBA protects the functional integrity of the 

reticulo-endothelial system as shown by the fact that the clearance rate 

of DMBA-treated, infected animals is statistically higher than that of 

untreated infected animals. The statistical analysis of variance by a 

factorial design and the confidence intervals for the corrected carbon 

clearance at 5 and 15 minutes are shown in Table 9. 

Table 10 shows the average serum hemolysin titers and the range 

of titers for the four experimental groups. The graphic representation 

of these data is shown in Figure 8. Topical application of DMBA does 

not depress the antibody response to sheep red blood cells, in fact the 

average titers of these animals are higher than those of normal controls 

throughout the entire experiment. In week 3 this increase has even 

reached a level of statistical significance. Virus-infected animals show 

in week 1 a statistically higher antibody titer than the normal controls. 
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TABLE 9. Summary of analysis of variance for the corrected carbon 
clearance at both 5 and 15 minutes. 

Source SS df ms F 

Total 229.472 96 
Treatments 206.244 19 10. 855 

Virus 74.998 1 74.998 248. 338 
Chemical 7. 768 1 7. 768 25. 722 
Weeks )—k

 

o
 

o
 

4 2. 925 9. 685 
Virus x Chemical 44.489 1 44.489 147. 315 
Chemical x Weeks 12. 110 4 3. 028 10. 027 
Virus x Weeks 34.812 4 8. 703 28. 818 
Chemical x Virus x Weeks 20. 366 4 5. 092 16. 861 

Error 23.228 77 0. 302 

** p 0. 01 

Class width at 95% confidence level 

CL = y t 0. 7 

Statistical Analysis- 15 minutes carbon clearance 

Source SS df ms F 

Total 154. 624 96 
Treatments 140.521 19 7. 396 

Virus 66.448 1 66. 448 363. 102 
Chemical 3. 682 1 3. 682 20. 120 
Weeks 6. 146 4 1. 537 8. 399 
Virus x Chemical 40.685 1 40. 685 222. 322 
Chemical x Weeks 3. 027 4 0. 757 4. 137 
Virus x Weeks 18.837 4 4. 709 25. 732 
Chemical x Virus x Weeks 1. 696 4 0. 424 2. 317 

Error 14.103 77 0. 183 

** p < 0. 01 

Class width at 95% confidence level 

CL = y + 0. 5 
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TABLE 10. The average serum hemolysin titers reported on the bases 
of the logarithm to the base two. 

Weeks Untreated DMBAa b 
Virus 

Virus & 
DMBA 

1 7.0 8. 5 8.83 10.17 

(6 to 8)C (8 to 9) (8 to 10) (10 to 11) 

2 

C
O

 C
O

 

8. 83 7. 33 8. 67 

(6 to 9) (8 to 10) (7 to 8) (8 to 9) 

3 8.83 10.33 8. 0 

C
O

 C
O

 

(8 to 10) (10 to 11) (7 to 9) (7 to 9) 

4 9. 33 10 

C
O

 00 C
T3 

9. 66 

(9 to 10) (9 to 11) (9 to 11) (9 to 10) 

5 10.5 11. 17 

C
O

 00 C
O

 C
O

 C
O

 C
O

 

(10 to 11) (10 to 12) (6 to 8) (7 to 9) 

6 10 10. 5 

C
O

 C
O

 C
O

 

7.5 

(9 to 11) (9 to 12) (6 to 8) (7 to 8) 

Animals treated with DMBA received 200 jug weekly. 

b ~ 3 
Infected mice received a 10 virus dose. 

Q 
Range of values in parenthesis. 
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hemolysin Titer 

NON-TREATED 

DMBA 

| | VIRUS*DMBA 

fcjj VIRUS 

2 3 4 5 6 
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Fig. 8. The average serum hemolysin titers on the bases of the 
logarithm to the base two. DMBA treated animals received 200 /jg 
weekly and virus infected mice were given a 10'3 dose. 



In the following 3 weeks a titer in the range of the control mice is 

present. However, a marked immunosuppression is present in these 

virus-infected animals during the final 2 weeks of the experiment. The 

combined effect of DMBA application and virus infection was a stimula

tion of antibody production in week 1 and a depression of antibody levels 

in weeks 5 and 6. The titers of the DMBA-treated, virus-infected mice, 

though depressed in these final weeks, never reached a level as low as 

untreated infected mice. Thus, some measure of protection must have 

been afforded the antibody forming system in these virus-infected ani

mals treated with DMBA. Table 11 shows the results of the statistical 

analysis of variance by a factorial design and the confidence interval for 

the serum hemolysin titers. 

Table 12 shows the results for hemolytic plaque counts and 

Table 13 the statistical analysis of these results. Although the average 

number of plaques for mice receiving virus, DMBA, and virus plus DMBA 

is higher than in normal controls, this increase is not statistically sig

nificant. The only interactions are those of time, which is expected 

since the animals would have more active antibody-forming cells four 

days after immunization than at two days, and the three way interaction 

of time, DMBA and virus. The animals receiving both virus and DMBA 

not only had the greatest number of hemolytic plaques on day four, but 

this same group had the highest serum hemolysin titers when tested 

seven days after sheep red blood cell immunization, Table 8. 
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TABLE 11. Summary of analysis of variance for serum hemolysin 
titers. 

Source SS df ms F 

Total 300.639 143 

Treatments 233.811 23 10.166 
•—' 

Virus 42.250 1 42.250 74.78 ** 

Chemical 26.695 1 26. 695 47.25 ** 

Weeks 35.557 5 7.111 12.59 ** 

Virus x Chemical 0. 684 1 0. 684 1.21 

Chemical x Weeks 6.218 5 1.244 2. 20 

Virus x Weeks 115.330 5 23. 066 40.83 ** 

Chemical x Virus x Weeks 7. 077 5 1.415 2. 50 * 

Error 67.828 120 0.565 

Class Width at 95% Confidence Level 

** p < 0. 
* p < 0. 

01 
05 

CL = y + 0. 79 
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TABLE 12. Average number of hemolytic plaques per 1. 0 ml of diluted 
spleen suspension. 

Days Untreated DMBAa Virus'3 Virus & 
DMBA 

2 35 28. 3 21. 7 46. 7 

(25'to 40)C (15 to 35) (20 to 25) (35 to 50) 

4 103. 3 121. 7 120 140 

(90 to 120) (115 to 125) (95 to 150) (130 to 150) 

3. 
Animals treated with DMBA received 200 fug weekly. 

Infected mice received a 10 virus dose. 

c 
Range of values in parenthesis. 

TABLE 13. Summary of analysis of variance for hemolytic plaque 
counts. 

Source SS df ms F 

Total 249896.00 23 
Treatments 192466.67 7 27495.24 

Virus 600. 00 600.00 0. 09 
— Chemical 1204.33 1 1204.33 0. 19 

Day 46816.83 1 46816. 83 7. 33 
Virus x Chemical 416.51 1 416. 51 0. 07 
Virus x Day 237.51 1 237.51 0. 04 
Chemical x Day 149.85 1 149.85 0. 02 
Virus x Chemical x Day 143041. 63 1 143041.63 22. 43 

Error 57429.34 9 6381.03 

** p < 0. 01 

Class width at 95% Confidence Level 

95% CL = y t 24 



CHAPTER 4 

DISCUSSION 

Unlike the normal human spleen, the spleen of the normal mouse 

is the seat of active erythropoiesis, granulopoiesis and thrombocytopoie -

sis Brodsky, et al. (8). The spleen is the first and probably the major 

site of Friend virus disease (14,40). The present study shows that this 

disease also produces marked changes in the peripheral blood of BALB/c 

mice. DMBA application was shown by Fiscus, et al. (21) to increase 

the latent period before splenomegaly appeared, prolong the life span 

and decrease the spleen size of Friend virus infected animals. The 

present investigations have shown that DMBA also reduces the hemato

logical changes in these mice. There are several possible explanations 

for this effect of DMBA. 

Cawein and Sydnor (9) reported a DMBA-induced maturation 

arrest at the proerythroblast, promyeloblast, and promegakaryocyto-

blast level. Patuleia and Friend (46) found that long-term cell cultures 

of undifferentiated reticulum cell sarcoma, derived from subcutaneous-

ly transplanted autologous spleen or liver cells of mice with Friend 

virus leukemia, mature to proerythroblasts and erythroblasts. Thus, 

the antagonistic effect of DMBA on Friend virus disease as evidenced 
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by the reduction and retardation of peripheral blood abnormalities might 

be due to the ability of this chemical to prevent the proliferation of 

virus-infected hemopoietic cells in the spleen. If the infected erythro-

blasts are inhibited in their rapid proliferation by DMBA, the non-

infected less rapidly proliferating erythroblasts could continue to mat

ure to red blood cells instead of being crowded out by the rapidly 

proliferating, infected erythroblasts which are arrested at this stage 

without developing into mature red blood cells. 

The effect of DMBA in reducing the anemia that accompanies 

Friend virus disease could also be due in part to its action in controlling 

hemorrhagic necrosis of the spleen. Following infection the spleen 

resembles a "bag of blood" due to the large amount of red blood cells 

that are trapped in it. This contributes substantially to the splenomeg

aly in the disease process. With DMBA treatment, this accumulation 

of blood in the spleen is almost completely absent (21). The large num

ber of red blood cells trapped in the spleen and withheld from the circu

lation could make a significant contribution to the anemia of the untreated 

disease. The presence of these cells in the circulation after DMBA 

treatment would permit those mice to have hematocrit values almost 

comparable to those of uninfected controls. 

Although DMBA does interfere with certain aspects of the Friend 

virus disease, it is not effective in preventing the neoplastic component 

of the disease, i. e. , the proliferation of the reticulum cells. The dose 
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of DMBA used does not seem to be effective in inhibiting reticulum cell 

proliferation after the normal cells have been transformed to malignant 

cells. (In our experiments, there was no histological difference in the 

degree of reticulum cell proliferation in the livers of DMBA-treated or 

untreated mice with Friend virus disease. ) Diamond, Defendi, and 

Brooks (18) have reported that transformed human and rodent cells are 

much less sensitive to the action of DMBA in preventing mitosis than 

are normal embryonic rodent cells. 

The development of Friend virus disease was not prevented by 

splenectomy in our experiments. In agreement with Mirand, et al. (42) 

and Yokoro and Thorell (56), splenectomy only retarded the appearance 

of leukemia and other abnormalities in the peripheral blood, hepatomeg

aly, and death of the animals. This indicates that cell populations sus

ceptible to Friend virus infection are present not only in the spleen, 

but in other tissues as well. Splenectomy followed by Friend virus in

fection resembled the effects of DMBA treatment in infected non-

splenectomized mice. Therefore, one might have expected that the 

combination of splenectomy and DMBA treatment would have greatly 

extended the life span of Friend virus-infected mice. However, the 

opposite happened. 

This paradox is difficult to explain. Splenectomized mice which 

received either the virus or DMBA did not die before the end of the 12 

week testing period. It was only when both the virus and the chemical 
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were used that the mice died by week 7. In the absence of the spleen, 

DMBA becomes more concentrated in the bone marrow where it might 

reach toxic levels. Support for this assumption comes from the work 

of Cawein and Sydnor (9) who showed that radioactive DMBA localizes 

in both the spleen and the bone marrow. With splenectomy and subse

quent DMBA treatment, more of the chemical would be free to localize 

in other organs. However, this increased concentration of DMBA in 

the bone marrow did not kill splenectomized mice that received only the 

chemical. This shows that the virus is also necessary for the effect. 

Yokoro and Thorell (56) reported that after splenectomy the 

bone marrow is the initial site of Friend virus infection. In this in

stance, the bone marrow cells must not only produce cells formerly 

produced by the spleen, but the same cells are now the primary site of 

virus infection. When these animals receive DMBA, a potential toxic 

factor is added. The combination of virus and DMBA in non-splenec

tomized mice produces an initial severe but transient anemia. In 

splenectomized mice, not enough normal bone marrow cells are left to 

allow a recovery from the effect of the virus-DMBA combination. Then 

the manifestations of toxicity due to DMBA could occur. Studies on 

59 
Fe uptake in both splenectomized and non-splenectomized mice are 

needed to resolve this problem. 

Spleen and bone marrow are not only the two major hemopoietic 

organs in the mouse, but also important parts of the "reticulo-endothelial 
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system. Therefore, any damage to these two organs should have a pro

found effect on this system as well. The present study has shown that 

Friend virus infection results in significantly increased carbon clearances, 

but at the same time in reduced hemolysin titers. 

The interpretation of the effect of Friend virus on the reticulo

endothelial system depends upon the method used to calculate the rate of 

carbon clearance. Using the K values, Friend virus infection results in 

enhanced phagocytosis of carbon particles and DMBA damages the retic

uloendothelial system both in normal and infected mice. Using the 

corrected A values, Friend virus infection decreases phagocytosis of 

carbon particles and the effect of DMBA on the reticulo-endothelial 

system is a "protective" one. 

To arrive at the correct answer one must take into consideration 

not only the quantitative aspects of spleen and liver after Friend virus 

infection but also the qualitative changes in these organs^ They are now 

histologically and physiologically different from normal spleens and 

livers and not just enlarged normal spleens and livers. In these virus 

infected organs the normal cells are being crowded out by the rapidly 

proliferating malignant reticulum cells. The spleen is further damaged" 

by massive hemmorhagic necrosis. Therefore, a correction factor 

based on weight difference does not apply to the situation found in Friend 

virus disease, but only to situations where qualitative changes are 

minimal (2). 
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Using the results obtained for the K values, carbon clearance 

after Friend virus infection in these experiments was similar to the 

results reported by Old, et al. (45). The enhanced phagocytic index 

can be best explained by comparing the action of the leukemogenic 

Friend virus to what has been reported about the avian myeloblastosis 

virus. The myeloblastosis virus not only converts normal cells to 

malignant cells, but in tissue culture causes undifferentiated spleen 

cells to differentiate to myeloblasts indistinguishable from those seen 

in avian myeloblastic leukemia induced in vivo (15). Thus, the virus 

acts both as an inducer of proliferation and of differentiation. It has 

been recently reported by Patuleia and Friend (46) that the cells of an 

undifferentiated reticulum cell sarcoma derived from subcutaneously 

transplanted autologous spleen or liver cells of mice with Friend virus 

leukemia differentiate to erythroblasts in tissue culture. This would 

imply that not only an avian leukosis virus but also a murine leukemia 

virus may induce differentiation. The increased phagocytic index could 

then be explained by greater differentiation towards phagocytic ability 

of the malignant reticulum cells. On the other hand, it is also possible 

that the malignant reticulum cells have the same or an even lesser 

ability to phagocytize as the normal reticulum cells from which they are 

derived, but make up for this by their greater number. 

Much of the current work in experimental cancer research is 

based on the observation that newborn animals are much more 
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susceptible to viral oncogenesis, Gross (27) and Stewart, Eddy, and 

Borgese (52), as well as chemical oncogenesis, Pietra, Spencer, and 

Shubik (47) than adult animals of the same strain. Animals in a state of 

immunological imcompetence are much less able to reject tumor cells 

bearing new tumor antigens, than animals with a normally functioning 

immune mechanism. Thus, if either infection with an oncogenic virus 

or treatment with a chemical carcinogen depresses the immune mecha

nism, the tumor cells gain a selective advantage over the host by not 

being rejected as soon or as efficiently as by a normal animal. In the 

present study, in contrast to previous reports of initial immunosup

pression by the Friend virus (48, 11) and of long-lasting immunosup

pression by chemical carcinogens including DMBA, Malmgren, 

Bennison, and McKinley (38) such immunosuppressive effects were not 

observed. 

Immunosuppressive agents characteristically cause a delay in 

the appearance of serum antibody and a reduction in antibody titer, 

Berenbaum (3). With the dose of DMBA used in this study, which was 

considerably smaller than that used by Malmgren, et al. (38), neither 

of these results was obtained. Furthermore, the Friend virus infection 

did not delay the appearance of serum antibody although it did cause a 

significant reduction in the final titers reached. The elevated hemoly

sin titers found in the first week in infected animals were probably due 

to the increased phagocytic activity as discussed previously. The 
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reduced serum hemolysin titers observed in weeks 5 and 6 when the 

infected animals still had increased phagocytic indices are probably 

due to the lack of normal antibody-forming cells. These cells have 

been crowded out by the rapidly proliferating neoplastic cells, and even 

though the animal still actively engages in phagocytosis, a reduced 

number of antibody-producing cells are left. The reduction in hemoly

sin titers is the result. 

The earliest morphological changes reported after Friend virus 

infection consist of the proliferation of reticulum cells under the cap

sule of the spleen (40). These changes, however, involve only a small 

portion of the affected organ and the majority of the cells appear unaf

fected. How the virus can cause a depression of the immune system at 

a time when the majority of the antibody-forming cells of the spleen and 

lymph nodes are unaltered is not explained by the authors reporting an 

immunosuppression as early as 24 hours after Friend virus infection 

(11, 48). The difference between these reports of immunosuppression 

and the inability to demonstrate this effect in the present study could be 

due to the dose of the virus used, which might have been larger than in 

the present study thereby depressing the antibody-forming cells very 

early in the experiment. 

Since serum hemolysins are detected later than hemolysins 

measured directly at the cellular level by the hemolytic plaque tech

nique, the results obtained in these experiments correlated well for the 
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initial serum hemolysin titers (7 days) and the hemolytic plaque counts 

(4 days). In the hemolytic plaque assay the animals receiving both virus 

and DMBA showed the greatest number of plaques on day 4 and the 

highest serum hemolysin titers on day 7. Untreated control animals 

showed the lowest number of hemolytic plaques on day 4 and the lowest 

serum hemolysin titers on day 7. 



SUMMARY 

The carcinogenic polycyclic aromatic hydrocarbon 7, 12-

Dimethylbenz[a] anthracene has a "protective" effect on the hemopoietic 

system in Friend virus-infected mice. It reduces the lymphocytosis, 

the number of "Friend cells, " the anemia, and the red blood cells ab

normalities associated with the untreated disease. 

The combination of splenectomy with DMBA treatment produces 

a rapidly fatal disease in virus-infected animals, whereas either of 

these treatments alone greatly extends the life span of these mice. The 

effect of splenectomy in Friend virus-infected mice is to cause a delay 

in the onset of the abnormalities in the peripheral blood, hepatomegaly, 

and death. DMBA by itself is not toxic for splenectomized or non-

splenectomized, non-infected mice. 

Friend virus infection greatly enhances the rate of carbon 

clearance. On the other hand, DMBA is toxic to the reticulo-endothelial 

system as manifested by a decreased carbon clearance. This is found 

in DMBA-treated mice as compared to normal control mice, and in 

DMBA-treated infected mice as compared to untreated infected mice. 

The Friend virus-infected mice do not show an initial immuno

suppression to sheep red blood cells. Only when the disease is well 

established and splenomegaly is well advanced does the virus cause an 
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immunosuppression. By itself DMBA does not cause an immunosup

pressive effect at any time in the experimental period. On the other 

hand, when DMBA is given to virus-infected mice it prevents the severe 

drop in antibody titers present in untreated, infected mice during the 

final weeks of the disease. No differences exist in the results of the 

hemolytic plaque counts between the various groups of experimental 

animals. However, the relative magnitude of values for the hemolytic 

plaque counts is similar on day four to the serum hemolysin titers 

found on day seven. 
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