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The drug, N,N bis (ethylene)-P (1-adamantyl)

phosphonic diamide inhibits focus formation of Rous

Sarcoma Virus in tissue culture. Transformation of chick

cells was inhibited when the drug was added to chick cells

prior to infection. The drug did not inhibit the

transformation of Normal Rat Kidney Cells infected with

RSV, when the cells were grown at non-permissive

temperatures and shifted to permissive temperatures upon

addition of the drug. Nor did the drug revert cells

transformed at permissive temperatures. These studies

indicated that the inhibition of RSV is in the early stage

of viral growth, possible penetration or uncoa 'n .
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CHAPTER I

INTRODUCTION

The drug, N,N bis (ethylene)-P (1-adamantyl)

phosphonic diamide was screened for possible antiviral

activity against Rous Sarcoma Virus (RSV). The strains of

RSV to be screened are Bratislava-77 (B-77), Prague-A

(PR-A), and Schmidt-Ruppin-D (SR-D). These studies are

also used to indicate at what step the antiviral drug

inhibits reproduction of the virus.

The drug, N,N bis (ethylene)-P (1-adamantyl)

phosphonic diamide was determined to have antileukemia

activity and antifertility activity (5). The

antifertility testing involved a serial mating procedure

(5). Groups of four to six male mice were administered

N,N bis (ethylene) -P (1-adamantyl) phosphonic diamide,

both intraperitoneal and orally, for consecutive days at a

dose of 10, 15, 22.5, and 33.8 mg/kg. After a recovery

period of two days, each male was placed with a female for

one week. Females were removed and new ones replaced with

males at weekly intervals for five weeks. Females were

sacrificed nineteen days after first being placed with the

male, to determine if they were pregnant by laparotomy

(5). Intra-peritoneal administration caused complete

1
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sterility over the entire test period (five weeks), in the

highest dosage (33.8 mg/kg). Reduction in the number of

pregnancies and the number of viable conceptus per

pregnancy were seen during the first two to three weeks of

the test period, followed by recovery of fertility (5).

The oral administration achieved the same results, but the

reduction in conceptus per pregnancy was approximately 15

percent less.

In the antileukemia testing (5), N,N bis (ethylene)-P

(1-adamantyl) phosphonic diamide was tested against 1-1210

intraperitoneally (105 cells) to a group of ten mice. Each

mouse was given a varying dose by intraperitoneal

injection either on the first day only, or on the first,

third and fifth day. When administered on the first day

only, there was only one survivor that lived 45 days,

which is a 50 percent increase in lifespan (dose 45

mg/kg). If the drug was given on the first, third and

fifth days, there was a 75 percent increase in lifespan.

RSV is an RNA tumor virus discovered by Rous in 1911.

Rous transmitted a solid tumor by cell-free filtrate

including a variety of sarcomas in chickens. In the late

1920's and early 1930's, RSV and avian leukemia viruses

were further characterized. Bittner, in 1942, proved that

mammary gland carcinoma was caused by a filterable virus.

Subgroups of murine leukemia viruses were discovered by

Friend, Moloney, Bauscher and Gross (20). Also, strains
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of murine sarcoma viruses were discovered by Harvey,

Kristen and Mayer (20). Sarcoma viruses have been

isolated from cat, hamster and the woolly monkey (20).

RNA tumor viruses are ubiquitous pathogens occurring

in all classes of vertebrates and probably in

invertebrates. Despite this ubiquity, there is still no

solid evidence that RNA tumor viruses occur in man.

Claims of human RNA tumor viruses have frequently been

made, but all of these claims are now explained otherwise

or, at least, are still controversial. Most of the RNA

tumor viruses conform to what electron microscopists call

c-type particles. These virons have a complex morphology

combining icosahedral as well as helical elements. The

biochemical hallmark of RNA tumor viruses is an RNA

dependent DNA polymerase which transcribes the viral

genome into DNA early in the infectious cycle. This DNA

becomes integrated in the cellular genome and assures

genetic permanence of the association between virus and

cell, a prerequisite for neoplastic transfection.

The drug, 1-adamantanamine hydrochloride is a

chemical related to N,IN bis (ethylene)-P (1-adamantyl)

phosphonic diamide, and it has been shown to inhibit

oncogenic viruses (23). A 50 percent inhibition of Rous

Sarcoma Virus (RSV) and ESH sarcoma virus (ESV) was

observed when 1-adamantanamine hydrochloride was added to

chick embryo cells prior to infection with RSV and ESV. A
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vircidual effect was ruled out as a mode of action of the

drug.

Influenza virus type-A was selectively inhibited by

1-adamantanamine hydrochloride (23). The target of

inhibition was on the initial infectious process.

Adsorption of influenza to the cell surface was not

inhibited. Chick embryo cells treated with the drug for

as long as four hours and then washed, would support

normal multiplication of virus when subsequently infected

(23). In a one-step multiplication cycle, experiments

where the drug was added prior to infection, a one log

decrease in virus production was observed (23).

The drug, 1-adamantanamine hydrochloride has three

possible sites of inhibition of viruses: adsorption,

penetration and undercoating. Adsorption is the process

dealing with attachment of the virus to the cell membrane.

1-adamantanamine hydrochloride appeared to show

inhibition of myxo-viruses to fuse to the cell membrane

(8). Davies showed that adsorption was not the site of

inhibition (8). Also, he showed that 1-adamantanamine

hydrochloride inhibited early stages of infectious

process, most likely penetration. Penetration is the

engulfment of the intact virions at the plasma membrane.

Uncoating of the virus is the removal of infectious

nucleic acid from the viral coat. Edgar showed that

uncoating could also be the site of inhibition of 1-
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adamantanamine hydrochloride (9). The actual site of

inhibition is still not known.

RSV, an ocogenic virus, will cause transformational

changes in chick and mammalian cells. The transformational

changes are in cellular morphology, growth properties and

surface alteration. The cellular morphology changes are a

rounding up from the normal fibroblast shape of the cell.

Changes in growth properties, such as increased saturation

density, decreased serum requirement and loss of contact

inhibition, are properties of transformed cells. The

surface alterations are: hyaluronic acid increases, sugar

transport increases and viral specific transplantation

rejection antigens appear. The RNA virus (RSV), unlike

DNA virus, can infect the cells without killing them,

which allows these viruses to transform the cells in which

they grow. The transformed state is thought to be

maintained by virus specific protein (11). Also, Martin

has isolated RSV that are temperature sensitive for

transformation (16). These temperature sensitive mutants

can grow at both permissive and non-permissive

temperature, but at the permissive temperature they will

transform cells. Transformed cells can be subjected to

non-permissive temperature, and this causes the cells to

revert to normal (16). Genetic Studies (21) show that

only one virus-specific protein in involved in

transformation. The gene for this protein is designated
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SRC, which directs synthesis of the sarcogenic protein.

Protein synthesis can be tested by transformation

experiments. Temperature sensitive 31 mutants are

transformed at permissive temperature, then the drug is

added to see if transformed cells will revert back to

normal, while at permissive temperatures, if there is a

reversion, then the drug inhibits protein and/or nucleic

acid synthesis. Another procedure would be to grow the

cells at non-permissive temperatures until confluent, then

add the drug and shift to permissive temperature. If

cells do not transform, then the drug is blocking the

transforming protein. The way in which the drug inhibits

nucleic acid synthesis is by incorporating itself into

macromolecules to prevent virus nucleic acid synthesis.

Usually the virus is adsorbed in the cell, but does not

make viral RNA or viral polymerase. If these types of

drugs which inhibit viral nucleic acid synthesis are added

after viral synthesis is underway, then the virus protein

will continue to be made, but single stranded viral RNA

output is blocked. The transformation caused by the viral

infection is still reversible, even when the viral

synthesis is already underway. Also, blockage of viral

precursor protein molecules is another point of inhibition

of the virus.

There are two phases of the RNA multiplication cycle

and life cycle. The first phase involves synthesis of the
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pro virus and its integration in the host cell DNA. Phase

two is involved in the expression of proviral DNA and the

maturation of new viruses. Phase one starts in the

cytoplasm of the infected cell with the synthesis of DNA.

The integration occurs in the nucleus, therefore, DNA in

the cytoplasm is transported to the nucleus. The matura-

tion of the virus occurs in the plasma membrane. The RNA

precursors synthesize in the nucleus and are transported

to the cytoplasm. There is also a proviral intermediate

in the growth of the retrovirus (RSV) (3). This provirus

is double stranded and it can be analyzed by nucleic acid

hybridization. Using this method, three types of DNA

molecules have been found in infected cells of RSV, which

are linear virus specific DNA molecules containing

complete minus strands and partially complete plus

strands, covalently closed circular DNA and integrated

viral DNA molecules that are bonded to the host cell (20).

After the virus establishes itself as a part of the

chromosome, it goes into phase two of the multiplication

cycle. This is where the provirus is available for

transcription. The viral RNA is synthesized from DNA

template (20). The total viral specific RNA of infected

chick cells is about 1 percent of the total RNA. The

virion contains five to seven structural proteins (the

internal proteins, glyco-proteins and reverse

transcriptase).
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Retroviruses carry in their viron a DNA polymerase

that is necessary for the reverse transcription of viral

RNA (20). The reverse transcriptase is a primer dependent

enzyme that can not initiate a new chain of DNA, but only

extend preformed chains. To determine if a drug has

inhibitory effects on multiplication or life cycle of a

virus, it is best to study the effects of time or the drug

addition on virus production. This is accomplished by

varying time of compound addition, then determining viral

production by focus assay. If an inhibition of virus is

observed when the drug is added prior to infection, then

the inhibition would be in the early stage of infection

(penetration). If the inhibition is observed when the

drug is added after viral infection, the inhibition would

be at the viral synthesis level.

It is essential to differentiate between the two

early stages of infection (adsorption and penetration) to

determine the site of inhibition. The initial step is

adsorption or attachment, which is the first contact the

cell and the virus have. Virions collide randomly with

sites on the cell surface and one in 104 collisions lead

to union between virion and the surface (9). The receptor

site on the cell surface is a glycoprotein. This initial

binding can be reversed so that the virion can leave the

surface or bind tighter. If the virion stays attached to

the surface, it is usually due to multiple binding sites.
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To determine if a drug has an effect on adsorption of the

virus into the chick cell, samples of RSV are added to

plates of chick cells containing N,N bis (ethylene)-P (1-

adamantyl) phosphonic diamide. The samples are harvested

at 0, 30 and 60 minutes, and a viral assay is performed to

determine the remaining titer of virus which is

unadsorbed. The plates which contain the drugs are

compared to the control plates which do not contain the

drug. This is done to determine if there has been any

inhibition of the viruses adsorption.

It is the purpose of this study to determine if there

is any effect in N,N bis (ethylene)-P (1-adamantyl)

phosphonic diamide on Rous Sarcoma Virus. If there is an

anti-viral effect, at what stage does the drug inhibit?



CHAPTER II

METHODS AND MATERIALS

Cell Lines

The cell lines used were normal rat kidney cells

(NRK), normal rat kidney cells infected with either

temperature sensitive mutant LA-31 (NRK-LA-31) or a wild

type of Rous Sarcoma Virus, Bratislava-77 (NRK-B-77) and

primary chick embryo fibroblast (CEF). These cell lines

were maintained in Dr. Y.C. Chen's laboratory and were

originally obtained from Dr. P.K. Vogt's laboratory

(University of Southern California, Los Angeles) (22).

CEF of c/o phenotype were prepared using eleven day

old fertilized chicken eggs. Then the eggs were candled

for embryos and the non-developed eggs were discarded.

Using a cotton swab soaked in iodine and alcohol solution,

the top of the eggs were wiped off. The swabbed portion

of the egg shell was broken with forceps and removed. This

exposed the membrane, which was removed with another pair

of forceps. Using a hook, the embryo was removed and

placed in a tissue culture dish. The head and legs of the

embryo were removed. The remaining portion of the embryo

was washed with 10 millimeters of a 0.2 percent trypsin.

The embryo was placed in a tube with 10 mls. of 0.2

10
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percent trypsin and minced using a spatula. The minced

embryo was allowed to stand for 15 minutes, then pipetted

up and down. The supernatant was collected in another

centrifuge tube and 5 mls of complete growth media was

added. The cell suspension was centrifuged for 20

minutes at 1000 rpm. The pellet is resuspended in 5 mls

growth media. The cells are counted and 1 x 10 6 cells are

plated in 100 mm tissue culture plates. These plates are

over-layed after two days. The primary overlay medium

consists of 140 mls of (2x) F-10, 250 mls (1x) F-10, 70

mls of tryptose phosphate, 56 mls of Cadet calf serum, 14

mls of chick serum, 140 mls of agar and 7 mls of

penicillin and streptomycin.

Viruses

The viruses used were wild types of Rous Sarcoma

Viruses, Praque-A (PR-A), Schmidt-Ruppin-D (SR-D), and

Bratislava-77 (B-77). These viruses were obtained from

Peter Vogt's laboratory (U of SC, L.A.) (22).

Media

2 x F-10 (Double Strength) with Hank salts

INORGANIC SALTS Nutrient Mixture
F-10 (1) (c)
mg/L

CaCI2 .2H2 0 44.1

CuSO4 .5H2 0(a) 0.0025
FeSO4 .7H2 0 0.834
KC 285.0

KH2PO4 83.0
MgCl2 - 6H2 0



INORGANIC SALTS

MgSO4 (anhyd.)
MgSO4 .7H2 0
NaCl
NaHCO

3
Na2 HPO 4 (anhyd.)
Na2HPO4 .7 H2Ob
ZnSO4 .7H2 0(b)

OTHER COMPONENTS

Glucose
Hypoxanthine (Na)
Linoleic acid
Lipoic acid
Phenol red
Putrescine 2HCl
Sodium pyruvate
Thymidine

AMINO ACIDS

L-Alanine
L-Arginine HCl
L-Asparagine .H 2O(b)
L-Aspartic acid
L-Cysteine
L-Cysteine HCL.H2 0
L-Glutamic acid
L-Glutamine
Glycine
L-Histidine HCL.H2 0
L-Isoleucine
L-Leucine
L-Lysine HCl
L-Methionine
L-Phenylalanine
L-Proline
L-Serine
L-Theonine
L-Tryptophan
L-Tyrosine
L-Tyrosine (Disodium
L-Valine

(Cont . )
mg/L

152.8
7400.0
1200.0

290.0
0.0288

1100.0
4.0

0.2
1.2

110.0
0.7

9.0
211.0
15.01
13.0
25.0

14.7
146.0

7.51
2 3 .0(d)
2.6

13.0
29.0
4.48
5.0

11.5
10.5
3.57
0.6
1.81

salt)
3.5

VITAMINS

Biotin
D-Ca pantothenate (b)
Choline chloride
Folic acid

12

(b)
0.024
0.715
0.698
1.320
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VITAMINS (Cont.)
mg/L

i-lnositol 0.541
Niacinamide 0.615
Pyridoxine HCL 0.206
Riboflavin 0.376
Thiamine HCL 1.000
Vitamin B12  1.360

1 x F-10 with Hank salts

2 x F-10-500 cc (ingredients above) distilled H2 0 500 cc

Complete growth media:

2 x F-10 500 mls
distilled H2 0 500 mls
chick serum 10 mls
Cadet calf serum 40 mls
Tryptose phosphate broth 50 mls
Penicillin and streptomycin 100ug 5 mls
Dimethysulfoxide (DMSO) 5 mls

Compound

The drug, N,N bis (ethylene)-P (1-adamantyl)

phosphonic diamide was kindly provided by Dr. Lindley

Cates (University of Houston). The drug was dissolved in

double strength (2x)-F-10 to make 1 mg/ml of stock

solution.

Focus Assay of Rous Sarcoma Virus

The virus harvest was sonicated to destroy CEF cells.

Then dilution of each virus harvest was prepared. In each

case, .5 x 106 CEF cells were seeded in 35 mm tissue

culture plates with 25 mls of complete growth medium with

dimethylsulfoxide (DMSO). Then one-tenth ml of each

dilution of the virus is added to the CEF plates and

placed in an incubator at 370 C for 15 to 18 hours. On

the second day, the complete growth medium with DMSO was
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removed and replaced with 2 mls of agar overlay medium.

The plates are overlayed again on the fifth day with 2 mls

of overlay medium. On the tenth day, the foci are counted

and represented in focus forming units per ml. The

overlay medium consists of:

Double strength (2x) F-10 100 mls

Tryptose phosphate broth 25 mls

Cadet calf serum 12.5 mls

Chick serum 1 ml

Dimethysulfoxide (DMSO) .5 ml

Penicillin and streptomycin 1 ml

Regular agar 100 mls

Effect of Time Addition of N,N bis
(ethylene)-P (1-adamantyl) phosphonic diamide on RSV.

Five ml concentrations of 25 ug/ml were added prior

to and after infection with wild type viruses B-77, PR-A

and SR-D. The drug addition time intervals were -30, -10,

0, +10 and +30 minutes. The negative sign means that the

drug was added prior to viral infection, and the positive

sign means the drug was added after viral infection. After

an incubation period of seven days, the plates were

harvested and assayed for virus titer. The purpose was to

determine if the drug inhibits the early stage of virus

infection.

Virus Inactivation

RSV wild type viruses B-77, SR-D and PR-A in a 1 ml
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concentration were mixed with 5 mls of 25 ug/ml solution

N,N bis (ethylene)-P (1-adamantyl) phosphonic diamide.

These mixtures were then incubated at 370C for 24 hours.

The mixtures were assayed to determine virus titer by

focus assay method.

Effect of N,N, bis (ethylene)-P (1-adamantyl)
phosphonic diamide on the adsorption of RSV.

The effect of N,N bis (ethylene)-P (1-adamantyl)

phosphonic diamide on adsorption of RSV into chick cells

was studied. Chick cells in a concentration of .5 x 106

were plated in 35 mm tissue culture plates. These plates

were infected with 1 ml of B-77, PR-A and SR-D, at 0, 30

and 60 minute intervals. The viruses were harvested and a

focus assay performed to determine the amount of

unadsorbed virus.

Effect of N,N bis (ethylene)-P (1-adamantyl) phosphonic
diamide on transformation of mammalian cells while

incubated at permissive temperature (330C).

Two sets of 60 mm tissue culture plates are seeded

with either 1.2 or 106 cells of NRK B-77 or 1.2 x 106 of

NRK LA-31 at permissive temperature (330C) (22). When

these cells are totally transformed, 5 mls of 10, 25 and

50 ug/ml concentration of N,N bis (ethylene)-P (1-

adamantyl) phosphonic diamide is added to the plates. The

effect of the drug on reversion of the transformation to

normal cells at permissive temperature (330C) is

determined. If the drug has an effect on virus nucleic
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acid synthesis, then the cells will revert to normal

cells, while at the permissive temperature (330C). The

transformation was graded with a 0-10 scale. Zero means

no cells were transformed and 10 means all cells

transformed.

Transformation of NRK B-77 and NRK-LA-31, when
shifted from non-permissive (390C) to

permissive temperature (330C).

LA-31-NRK and B-77-NRK cells were seeded into tissue

culture plates at a concentration of 1.2 x 106 cells per

60 mm plates. These cells were grown until confluent at

non-permissive temperature (330C). The 5 mls of N,N bis

(ethylene)-P (1-adamantyl) phosphonic diamide was added in

concentrations of 10, 25 and 50 ug/ml to the plates. Then

the cells were shifted to permissive temperature to find

out if the transformation would be inhibited. The plates

were graded by the same method as in the permissive

temperature experiment.

The effect of N,N bis (ethylene)-P (1-adamantyl)
phosphonic diamide on B-77, PR-A and SR-D in
chick cells when incorporated after infection.

Chick cells were plated in .5 x 106 cell

concentration per 35 mm plates. These cells were infected

with 1 ml of B-77, PR-A and SR-D. Five mls of 25 ug/ml

concentration of N,N bis (ethylene)-P (1-adamantyl)

phosphonic diamide was added to chick cells. The drug was

changed on the second and fourth day. Then the harvest
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was assayed for inhibition of viral replication seven days

later.

Inhibition of RSV replication in chick cells
when the drug is added prior to infection.

In each sample .5 x 106 chick cells were seeded in 35

mm tissue culture plates. Five mls of 25 ug/ml

concentration of N,N bis (ethylene)-P (1-adamantyl)

phosphonic diamide was added to the cells prior to

infection with B-77, PR-A and SR-D. A focus assay was

performed to determine if an inhibition of replication

occurred.

Toxicity of Chick Cells

Chick cells were seeded in 35 mm tissue culture

plates with 25 ml of N,N bis (ethylene)-P (1-adamantyl)

phosphonic diamide in a concentration of 25, 50, 100 and

500 ug/ml. Three plates of each concentration were

trypsinized daily for seven days. The number of cells per

plate was determine and recorded.
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RESULTS

TABLE I. Virucidal Activity of N,N bis (ethylene) -P
(1-adamantyl) phosphonic diamidea

Concentration Virus Titer (FFU/ml)
of Compound
(ug/ml) B-77 PR-A SR-D

10 3.6x103  5.4x10 3  3.5x103

25 1.8x103  3.8x10 3  4.2x103

50 4.6x103  4.9x10 3  2.1x10 3

0 (Control) 5.8x103  4.6x1C)3  3.6x10 3

TABLE I. a- Virus was incubated with or without N,N
bis (ethylene)-P (1-adamantyl) phosphonic diamide at a
concentration of 25 ug/ml and survivors were titrated by
focus assay after 24 hours at 370 C. It was confirmed that
N,N bis (ethylene)-P (1-adamantyl) phosphonic diamide did
not cause direct inactivation of the infectivity of RSV.

18
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TABLE II. Effect of Time on Compound Additiona

Virus Titer (FFU/ml)

Time B-77 PR-A SR-D

+30* 6.9x104  7.5x104  7.2x,04

+10* 6.6x104  7.1x104  5.8x10 4

0 1.3x104  1.5x104  1.8x104

-10** 6.9x102  3.2x10 2  1.8x104

-30** 7.5x102  2.7x10 2  4.6x102

Control 6.4x104  6.9x10 4  3.6x104

TABLE II. a- N,N bis (ethylene)-P (1-adamantyl)
phosphonic diamide was added to chick cell cultures at a
concentration of 25 ug/ml at different times prior to and
after infection as indicated in this table. A marked
inhibition occurred at time intervals of 10 and 30 prior
to infection. At 0 time, when both drug and virus were
both added to the cultures at the same time, only a slight
inhibition of the viruses occurred.

* The positive sign indicates the drug was added
after infection.

** The negative sign indicates that the drug was added
prior to viral infection.
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TABLE III. Effect of N,N bis (ethylene)-P (1-adamantyl)
phosphonic diamide on adsorption of Rous Sarcoma
Virus to chick embryo cellsa

Virus Concentration Incubation Amount of Calculated
of Compound Period Unadsorbed Amount of
u/ml (min) Virus Virus

(FFU) Adsorbed
percent
of total)

B-77 25 0 6.9x105  0

30 3.5x105  49

60 1.9x105 72

0 0 6.6xlC)5  0

30 3.6x1C)5  45

60 2.3xC)5  65

TABLE III. a- The effect of adsorption was determined by
measuring the amount of unadsorbed viruses at set time
intervals. The results show that N,N bis (ethylene)-P (1-
adamantyl) phosphonic diamide has no effect on the adsorption
of RSV to chick embryo cells.
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TABLE III Continued

Virus Concentration Incubation Amount of Calculated
of Compound Period Unadsorbed Amount of
ug/ml (min) Virus Virus

(FFU) Adsorbed
(percent
of total)

SR-D 25 0 5.4x,04  0

30 3.0x10 4  44

60 2.2x104  59

0 0 5.1x104  0

30 2.9x104  43

60 2.1x104  58

PR-A 25 0 5.8x104  0

30 3.4x104  41

60 2.3x104  60

0 0 6.3x104  0

30 3.8x104 39

60 2.6x10 4 58
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TABLE IV. Effect of N,N bis (ethylene)-P (1-adamantyl)
phosphonic diamide on transformation of IA-31 and B-77
infected NRK cells grown at permissive temperature (3 3 0C)a

Concentration Degree of Cellular Transformationb
of Compound
ug/ml LA-31 NRK B-77

10 +8 +8

25 +8 +8

50 +8 +8

0 (Control) +8 +8

TABLE IV. a- The addition of the drug to LA-31 and B-77
infected NRK cells grown at permissive temperature (330 C) has no
effect on causing them to change from transformed phenotype to
normal phenotype.

TABLE IV. b- Cellular transformation was graded visually on
a scale ranging from 0 to 10.

0 - absence of transformation
10 - complete transformation
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TABLE V. Effect of N,N bis (ethylene)-P (1-adamantyl)
phosphonic diamide on transformation of LA-31 and B-
77 infected NRK cells grown at non-permissive
temperature (390C) and shifted to permissive
temperature (330C)

Concentration Degree of Cellular Transformationb
of Compound
ug/ml LA-31 NRK B-77

10 8 7

25 8 7

50 8 7

0 (Control) 8 7

TABLE V. a- The addition of the drug to LA-31 and B-77
infected NRK cells grown at non-permissive temperature
(390 C) has no effect on transformation when they are
shifted down to permissive temperature (33C)C).

TABLE V. b- Cellular transformation was graded
visually on a scale ranging from 0 to 10.
0 - absence of transformation

10 - complete transformation
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TABLE VI. Effect of N,N bis (ethylene)-P (1-adamantyl)
phosphonic diamide on replication of Rous Sarcoma
Viruses in chick embryo cells when the drug is added
after infectiona

Concentration Virus Titer (FFU/ml)
of Compound
ug/ml B-77 PR-A SR-D

10 6.6x105  4.8x105  4.3x1015

25 3.4x105  5.2x105  5.6x105

50 4.9x105  5.6x105  4.7x105

0 (Control) 6.3x105 4.9x105 4.3x105

TABLE VI. Replication
was added to chick embryo
infection.

was not inhibited when the drug
cells 10 minutes after



25

TABLE VII. Effect of N,N bis (ethylene)-P (1-adamantyl)
phosphonic diamide on replication of Rous Sarcoma
Viruses in chick embryo cells when the drug is added
prior to infectiona

Concentration Virus Titer (FFU/ml)
of Compound
ug/ml B-77 PR-A SR-D

10 4.4x104  7.8x103  7.6x10 3

25 6.6x10 3  6.5x103  3.8x10 3

50 6.0x103  6.9x10 3  4.2x103

0 (Control) 1.8x105 6.5x10 4 4.5x104

TABLE VII. The viral replication was inhibited when
the drug was added to chick embryo cells 10 minutes to
infection.
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FIGURE I. Toxicity of N,N bis (ethylene)-P (1-adamantyl)
phosphonic diamide on chick embryo cellsa
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FIGURE 1. At a concentration of 25 ug/ml, N,N bis
(ethylene)-P (1-adamantyl) phosphonic diamide caused no
visible toxicity to chick cells. At a concentration of 50
ug/ml or higher, moderate to high cell death occurred.
The optimum concentration to use would be 25 ug/ml.
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CHAPTER IV

DISCUSSION

The tissue culture studies indicate that NN bis

(ethylene)-P (1-adamantyl) phosphonic diamide inhibited an

early stage of Rous Sarcoma Virus infection. The drug,

N,N bis (ethylene)-P (1-adamantyl) phosphonic diamide has

three possible targets for inhibition of Rous Sarcoma

Virus, which are adsorption, penetration and uncoating.

Adsorption is the process dealing with attachment of the

virus to the host cell. It was shown that N,N bis

(ethylene)-P (1-adamantyl) phosphonic diamide did not

effect adsorption when RSV was added to chick cells in

the presence of the virus. In fact, there is evidence

that the drug slightly facilitates the virus adsorption.

Penetration, the engulfment of intact virion, is thought

to be the site of inhibition of RSV. This was determined

by adding N,N bis (ethylene)-P (1-adamantyl) phosphonic

diamide to chick cell cultures at 10 minutes and 30

minutes prior to and after infection. A 94 percent

inhibition occurred at 10 minutes and 30 minutes prior to

infection. While at 0 minutes, 10 minutes and 30 minutes

after infection, no inhibition occurred. Uncoating,

removal of viral coat, can not be ruled out as a possible

27
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site of inhibition. Uncoating occurs so rapidly after

penetration, that these two steps are difficult to

separate. It is possible that N,N bis (ethylene)-P (1-

adamantyl) phosphonic diamide inhibits uncoating. N,N bis

(ethylene)-P (1-adamantyl) phosphonic diamide is not

virucidual in its mode of action. The important aspect is

that when the drug was addded prior to infection with RSV,

it inhibited transformation of the chick cells, and also

caused a 90 percent reduction in progeny. The mechanism

of inhibition could possibly be that the drug inhibits an

enzyme involved in virus penetration into the host cell.

Another mechanism could be inhibition of uncoating of the

virus, thereby preventing the release of infectious

nucleic acid from the viral coat.

Transformation of chick cells by RSV is inhibited

only when the drug was added prior to viral infection. It

did not inhibit transformation of normal rat kidney cells

that were infected with RSV, nor chick cells that were

infected prior to the addition of the drug. Since the

drug does not block transformation after viral infection,

then it can be concluded that it does not inhibit viral

RNA, viral polymerase or viral protein synthesis. Also,

transformation is not inhibited when the infected cells

are shifted from non-permissive to permissive temperature,

then the drug does not effect the virus specific protein

that maintain the cells in a transformed state. The only
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other step proven not to be inhibited by the drug in

transformational studies is nucleic acid synthesis. In

order for the drug to effect nucleic acid synthesis, it

would have to incorporate itself into macromolecules, thus

preventing viral nucleic acid synthesis. This inhibition

would cause transformed RSV cells to revert to normal

cells. Therefore, N,N bis (ethylene)-P (1-adamantyl)

phosphonic diamide has no effect on normal rat kidney

cells transformed by RSV, or previously infected chick

cells.

Replication of Rous Sarcoma Viruses in chick cells

were inhibited at concentrations of 10mcg/ml, 25 mcg/ml

and 50 mcg/ml, when added prior to infection. The range

of inhibition was from 53 percent with 10 mcg/ml to 95

percent with 25 and 50 mcg/ml.

At a 10 and 25 microgram/ml concentration of N,N bis

(ethylene)-P (1-adamantyl) phosphonic diamide, the

toxicity to chick cells was low and cell death minimal.

At 50 microgram/ml concentration, toxicity to the cell was

moderate and recovery of growth was slow. At

concentrations of 100 and 500 microgram/ml of the drug,

high toxicity was shown and the cell growth did not

recover. The optimum concentration for cell growth that

will still give a strong antiviral response was 25 mcg/ml.

Since N,N bis (ethylene)-P (1-adamantyl) phosphonic

diamide inhibits one of the early stages of viral
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infection, it is evident that the drug can only be of

value when given prior to exposure to the virus.

Medically, it could be used as a prophylactic treatment

against viral infection, as well as an antileukemia drug.
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