
IONTOPHORESIS OF THYMINE ARABINOSIDE AND OTHER 

ANTIVIRAL AGENTS FOR HERPES Sir1PLEX VIRUS LESIONS 

by 

Carol Ann Wiggins 

Submitted to the Faculty of the Schooi of Graduate Studies 

·of the Medical College of Georgia .in Partial Fulfillment 

of the Requirements for the Degree of 

Master of Science 

July 

1979 



( ·, 

IONTOPHORESIS .;OF THYMINE-ARABINOSIDE .AND OTHER 

ANTIVIRAL AGENTS FOR HER?E.S,: SIMPLEX VIRUS LESION'S . 

·This thesis subrni tted by Carol Ann Wiggins has been examined and. 

·approved by an appointed cornrnittee.of.the faculty of the School of 

Graduate Studies of· the_ Medical College. bf GeOrgia . 

. The signatures which appear below :verify' .the fact. that all required 
. . . - ' 

chan.ges have been ·incorporated and that· the_ .the~is has received final. 
' . . 

·-'~·appi:-oval with .refe~ence to content·, .·form· and ·a~cur'acy of presentation. 

This thesis is therefore .accepted in partial fulfillment of the· 

·requirements for the· degree of Master of Science·. 



TABLE OF CONTENTS 

Table of Abbreviations 

List of Tables 

List of Figures 

. INTRODUCTION 

. A. 

B. 

Statement of the Problem 

Review of the Related .Literature 

A. Herpes Simplex Virus 

1. 

.2. 

3. 

The morphology and composition of herpes viruses 

The DNA of herpes viruses 

The replicative cycle of herpes viruses 

a) Adsorption 

b) Penetration 

c) Uncoating 

d) Transcription 

e) Translation 

f) DNA replication 

g) Nucleocapsid assembly 

h) Envelopment 

i) Release 

v 

vi 

vii 

·r. 

1 

2 

2 

2 

3 

4 

4 

4 

5 

5 

6 

7 

7 

7 

8 

4. Consequences of herpes virus infection in .the cell 8 

5. Clinical diseases of Herpes Simplex Viruses 9 

6. Latency and recurrence of herpes virus infection 10 

7. Herpes viruses and cancer 15 

ii 



B. Antiviral Chemotherapy. for Herpes Virus Infections· 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Idoxuridine 

Adenine arabinoside 

Adenine arabinoside monophosphate 

Thymine arabinoside 

Acycloguanosine 

Other nucleoside analogs 

Other antiherpes virus agents 

a) 

.b) 

Phosphonoacetic acid 

Phosphonoformic acid 

Interferon 

·c. .Iontophoresis and Iontohydrokinesis: 

Uses in Medicine and Research 

MATERIALS AND METHODS 

A. 

B. 

c. 

D. 

E. 

F. 

G. 

H. 

.I. 

Animals 

Virus 

l. Primary rabbit kidney cell culture 

2. Phopagation of virus 

3. ·'Titration of virus 

Infection of Mice with HSV 

Iontophoresis 

Treatment Plan 

1. 

2. 

HSV-1 infected mice 

HSV-2 infected mice 

In vitro Drug Sensitivity Assay 

Histological Examination 

Scoring of Lesions 

Antiviral Compounds 

18 

18 

22 

26 

26 

31 

33 

38 

38 

40 

42 

43 

48 

48 

48 

48 

49 

50 

50 

51 

51 

51 

51 

52 

53 

53 

53 



RESULTS 

A. Effect of Antiviral Agents on HSV-1 

Infectioris·in Hairless Mice 

B. Effects of Antiviral Treatment on HSV-2 

Skin Infections·iri Hairless Mice 

C.. Result,s of in vitro Assay for Sensitivity.of HSV-1 

McCrae_ Strain and HSV-2 Strain 304 

D. Histological Exqmination of Treated Tissues 

54 

54 

57 

59 

59 

_DISCUSSION 61 

A. Antiviral Chemotherapy for HSV-1 Lesions 

in Hairless Mice 

B. Antiviral Chemotherapy for HSV-2 Lesions 

in Hairless Mice 

CONCLUSION 

REFERENCES 

62 

64 

65 

66 



TABLE OF ABBREVIATIONS 

ACG- Acycloguanosine-
AIU -. 5-Iodo-5'-Amino-2' ,5'-dideoxyuridine' 
Ara-A - Adenine arabinoside 
Ara-AMP. - Adenine arabinoside monophosphate 
_Ara-C -. Cytosine arabinoside 
Ara~Hx - Hypoxanthine arabinoside 
Ara-T - Thymine arabinoside 
CV-1 - Green moP~ey kidney cells 
dPyrK - Deoxypyrimidine kinase 
Tdr - Thymidine 
EBV - Epstein-Barr Virus 

_EDTA - Ethylenediamine tetra-acetic acid 
E-~M- Eagle's Minimal Essential Medium 
Fe - Crystalizab~e fragment 
F3Tdr - Trifluorothymidine 
g - Gram 
G + C - Guanine + Cytosine 
HSV-1 - Herpes simplex virus type 1 
HSV-2 - Herpes simplex virus type 2 
HX - Hypoxanthine 
IDU - Idoxuridine 
IHK - Iontohydrokinesis 
ip - ·Intraperitoneal 
1Jg - Microgram 
mAmp - Milliampere 
m7G(5 1 )pppNmpNp 7 - Methylguanosine 5'triphosphate

methylmononucleotide-mononucleotide 
mg ;_ Milligram 
ml - Milliliter 
M,- Molar 
PAA _: Phosphonoacetic acid 
Poly(A) - Polyadenylic 
Polyi:C - Polyinosinic:Polycytidylic acid 
RNA - Ribonucleic acid 
V - Volt 
VZV - Varicella-Zoster Virus 

v 



Table l 

Table 2 

List of Tables 

Treatment of HSV-1 (McKrae Strain) Skin 

Infections in Hairless Mice 

Legend ,for Table l and Table 2 

Treatment of HSV-2 (Strain 304) Skin 

Infections in Hairless Mice 

vi 

Page 

55 

56 

58 



Figure 

1 

2 

3 

4 

5 

6 

7 

8 

·9 

10 

11 

List of Figures 

Structure of ·rdoxuridine 

Metabolic Pathways of IdUrd and Its Mechanism of Action 

Structure of Adenine Arabinoside 

Metabolic Pathways of Ara-A and Mechanism of Action 

Structure of Adenine Arabinoside Monophosphate 

Structure of Thymine Arabinoside 

Mechanism of Action of Ara-T and ACG 

Structure of Acycloguanosine 

Structure of Cytosine Arabinoside 

Structure of Triflourothymidine 

Mechanism of Action of F 3TdR 

Page 

20 

21 

23 

24 

27 

29 

30 

32 

34 

35 

36 

12 Structures of Phosphonoacetic Acid and Phosphonoformic Acid 39 

_13 Molecular Weights and Solubilities 41 

vii 



INTRODUCTION 

A. Statement of the problem 

Recurrent -Herpes simplex labialis and progenitalis are diseases 

affecting approximately 40% of the world population (Nahmias and Roizman, 

· 1973). ·These diseases can be disfiguring and painful, but more seriously, 

herpes virus infection can result- in a severe generalized disease and en

cephalitis in the newborn and the imrnunocompromised (Felman and Sonnabend, 

1979; Nahmias and Roizman, 1973). Herpes simplex virus (HSV) encephalitis 

has .a 70% fatality rate, and a large percentage of survivors have severe 

neurological sequelae (Whitley, et al., 1977). In addition, HSV ocular 

disease is the leading cause of blindness due to an infectious agent in 

industrialized nations, including the United States (Nahmias, et al., 

1973) . 

At the present time two anti-HSV agents, adenine arabinoside (Ara-A) 

and idoxuridine (IDU), are licensed for human use in the U.S. While Ara-A 

has been shown to be beneficial in trials against HSV e~cephalitis, and 

IDU is useful in the management of HSV keratitis, neither of these agents 

have been efficacious for the treatment of skin infections, including HSV

labialis and progenitalis. Because of the ability of HSV infections to 

persist and recur, and because of the danger HSV presei)ts to neonates and 

immunocompromised individuals, it is necessary that an effective method of 

treatment be developed for HSV skin infections. 

Parenteral administration of anti-HSV agents is not generally advised 

because of the toxic effects of most of these compounds. Iontophoresis of 

two anti-viral compounds, aden{ne arabinoside monophosphate (Ara-AMP) and 

phosphonoacetic acid (PAA) , has been shown to greatly improve the chemo

therapeutic efficacy of these charged compounds in HSV skin infections in 
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hairless mice (Park, 1978; Kwon, 1979) while avoiding any complications 

which might result from systemic administration. Gang_aros·a et al. (1979), 

has reported that the penetration into skin.of nonelectrolytes such as 

H20, ·thymidine, and the antiviral compound Ara-A may be improved by ionto-

phoresis in sodium chloride solution, a process termed iontohydrokinesis 

{THK). Because of the success obtained by iontophoresis of Ara-AMP and PAA 

in. HSV skin.:. infections I a trial of the chemotherapeutic efficacy of IHK of 

another uncharged anti~Herpes compound, thymine arabinoside, is appropriate. 

The objective of this research was to investigate the chemotherapeutic 

efficacy of iontohydrokinesis (IHK) of Ara-T. The efficacy of IHK of Ara-

T was evaluated by comparison of results of topical and iontophoretic admin-

istration of Ara-T and by comparison of IHK of Ara-T with application of 

other known inhibitors of Herpes simplex virus. Hairless mice were used as 

.the. animal model in these experiments but it is hoped that-what i's learned 

from these experiments will be useful in the management of human HSV- ·. · 

infections. 

B. Review of the Related Literature 

A. Herpes Simple~ Virus (HSV) 

1. The morphology and composition of herpes viruses . 

. Herpes viruses consists of a DNA-containing core, -surrounded 

by an icosahedral capsid of 950 to 1050 A diameter. The capsid is 

surrounded by a granular zone or tegument which is in turn sur-

'.; rounded by a 1ipid~glycoprotein envelope {Nahmias and Roizman, 

1973; Roizman and Furlong, 1974; Wagner, 1974; Wi1dy, 1960). The 

. . 
intact herpes virus virion ranges from 1800 A to. 2000 A for Herpes 

simplex virus (HSV) and Cytomegalovirus (CMV), respectively, 

{Nahmias and Roizman, 1973; Roizman and Spear, 1971; Wagner, 1974). 

The capsid consists of 162 hexagonal capsomeres. The herpes virus 
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envelope contains both host and virus-specific proteins, lipid, 

and glycoproteins (Heine et al., 1972; Savage.et al., 1972; 

Spear and Roizman, 1972; Tooze, 1973). 

2. The DNA of herpes viruses. 

Herpes viruses contain double-stranded linear DNA_of about 

1.0 x 10 8 daltons (Becker et al., 1968;_ Kieff et al., 1971; 

Tooze, 1973). The DNA is infectious (Lando and Ryhner, 1969). 

The base composition of all herpes virus DNA ranges from 45 to 

75% guanine and cytosine moles percent (G + C%) (Roizman, 1972). 

HSV types 1 and 2 contain 67 and 69 G + C moles %, respectively, 

(Kieff et al., 1971; Bachenheimer et al., .1972a).- There is about 

50% homology between HSV-1. and HSV-2 (Kieff et al., 1971). The 

DNA contains alkali labile sequences (Kieff et al., 1971; Frenkel 

and Roizman, 1972a; Wilkie, 1973). It has been proposed that 

these labile sequences are composed of RNA segments (Hirsch and 

Vonka, 1974) or contain single-stranded nicks (Tooze, 1973). The 

DNA of herpes simplex-viruses has a very interesting series of 

internal and terminal repetitions which allow for several possible 

single-stranded structures and suggest a great potential for re

combination. The two inverted repetitions and ordinary repetitions 

and ordinary terminal repetition were first reported by Sbeldrick 

and Berthelot in 1974 who examined the intact single strands of 

herpes simplex DNA by electron microscopy. Their report was veri

fied by restriction enzyme analysis of native DNA (Wardsworth et 

al., 1975, 1976; Clements et al., 1976). Spermine has been found 

to be associated with HSV DNA, .and is present in sufficient quan

tities to neutralize nearly 50% of the DNA phosphates of HSV-1 

DNA (McCormick, 1978). 
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3. The replicative cycle of herpes viruses. 

Viral reproduction depends upon the infected cell accepting 

viral DNA as cellular DNA. Early viral information is expressed 

while the cell continues to function normally. This early viral 

information begins to disrupt cellular metabolic processes so that 

eventually only viral genes are expressed. The virus utilizes cel

lular energy stores and cellular machinery for synthesis of proteins 

and nucleic acids until the cellular stores are exhausted. Finally 

the cell contains new virus particles ready to infect other cells, 

(Wagner, 1974). Steps in the viral replicative cycle include: 'a) 

adsorption, b) penetration, c) u,ncoating, d) transcription, 3) trans

lation, f) DNA replication, g) assembly of viral components, h) en

velopment, and i) release (Roizman and-Furlong, 1974; Wagner, 1974). 

a)· Adsorption. The viral envelope is necessary for adsorp

tion of the virus to.the cell membrane but the intact envelope 

is not required (Roizman, 1969). Lipid solvents and lipases 

are·known to prevent adsorption (Asculi et al., 1978; Tooze, 

1973). Adsorption is believed to involve an ionic interac

tion between the virus ·and cellular receptors because a vari

ty of polyanionic substances such as heparin and dextran sul

fate which bind to surface receptors prevent adsorption of 

herpes viruses, (Nahmias et al., 1964). 

b) Penetration. The mechanism of penetration of the virus 

particle into the cell is-unknown.' One possible mechanism 

is fusion of the viral envelope and cell membrane (Abodely 

.et al., 1970), another is that the virus is ·taken in by 

pinocytosis of the extra-cellular fluid, (Dales and Silverberg, 

1969). 



5 

c) Uncoating. After the virion enters the cell the cap

sid is rapidly re~oved by an unknown mechanism. A DNA

protein complex remains which protects the DNA from action 

by nucleases, (Hochberg and Becker, 1968). The released 

DNA then migrates to the nucleus where replication occurs, 

but the mechanism of this process is also unknown, (Tooze, 

1973; Wagner, 1974). 

d) Transcription. Transcription of herpes virus DNA oc

curs in the nucleus. Approximately 50%.of HSV DNA is tran

scribed into DNA, (Roizman and Frenkel, 1973). At least a 

portion of the .HSV transcription products are much larger 

than the viral mRNA that appear in the polyribosomes, a fact 

that indicates that post transcriptional processing takes 

place (Wagner and Roizman, 1969; Roizman et al., 1970). 

Transcription of HSV DNA is regulated both in respect to the 

specific sequences which are transcribed at early and late 

times in the abundance of particular transcripts, (Bartkoski 

et al., 1976, 1978; Frenkel and Roizman, 1972b; Roizman and 

Frenkel, 1973; Tooze, 1973). The RNA transcription products 

of HSV-1 and HSV-2 DNAs appears to be proc~ssed in two ways. 

First, larger ·transcription products are cleaved to smaller 

messenger RNA molecules. It also appears that poly(A) is 

added after transcription (Bachenheimer and Roizman, 1972b), 

but that only the abundant species are adenylated, .(Silver

stein et al., 1976; Stringer et al., 1977; Tooze, et al., 

1973). HSV mRNA also possesses a methylated quanosine "cap" 

of the sequence 5' me 7G(5')pppNmepNmepNp and one internal 

me 6A per 2780 nucleotides, (Moss, 1977}. Transcription is 
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believed.to be accomplished by cellular RNA polymerase be

cause transcription occurs in the presence of cycloheximide, 

(Constanzo et al., 1970; Tooze, 1973; Silverstein et al., 

1977) . 

e) Translation. Herpes virus RNA transcripts are trans

ported to the cytoplasm where both structural and nonstruc

tural viral proteins are made on both free and membrane bound 

polyribosomes, (Roizman, 1969). The nonstructural proteins, 

as well as most of the structural.proteins, then migrate to 

.t..~e nucleus, (Ben-Porat et al., 1968; Olshevsky et al., 1967; 

Spear and Roizman, 1968), with the exception of the virion en

velope proteins (Spear and Roizman, 1970). Approximately 50% 

of the DNA of HSV is transcribed (Frenkel and Roizman, 1972b) 

and at least forty-five polypeptides are specified by HSV-1 

(Honess and Roizman, 1973) and HSV-2 (Powell and Courteney, 

1975). At least 24. structural proteins are coded for by HSV-1 

(Spear and Roizman, 1972). The number of nonstructural viral 

proteins .in unknown, but at least 2 enzymes are known to be 

virus encoded, (Nahmias and Roizman, ;.1973). Virus-specific 

thymidine.kinase has been identified in_ cells infected wi~h 

both pseudorabies vir~s (PRV) (Hamada et al., 1966) and HSV 

(Dubbs and Kit, 1963; Jamieson et al., 1976; Kit et al., 1967; 

Klemperer et al., 1967), and virus-specific DNA polymerase has 

been identified in infections with HSV (Kie! et al., 1966) and 

PRV (Hamada et al., 1966). The activity· of other enzymes, in

cluding deoxycytidine kinase (Hay et al., 1971; Ogino and Rapp, 

1976), ribonucleotide reductase (Ponce de Leon et al., .1977; 

Cheng et al., 1975a) and thymidine monophosphate kinase (Nohara 

and Kaplan, 1963), is known to increase in.herpes virus infected 

cells. 
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f) DNA replication. Replication of herpes virus DNA 

takes place in the nucleus in a characteristic inclusion 

body (Roizman, 1969). Viral DNA synthesis begins at 

several initiation sites along the genome (Frenkel and 

Roizman, 1972; Jean et al., 1977), and proceeds bidirec

tionally (Jacob and Roizman, 1977). The DNA replicates 

semi-conservatively and each strand can serve as template 

(Kaplan and Ben-Porat, 1964) . 

·g) Nucleocapsid assembly. Structural proteins migrate 

to the nucleus (Ben-Porat et al., 1968; Roizman et al., 

1970; Spear and Roizman, 1969), and aggregate with the 

DNA near the nuclear membrane (Schwartz and Roizman, 

·1969; Roizman, 1969). The assembly process is very in

efficient, and only a small amount of protein (Couch and 

.Nahmias, 1969; Schwartz and Roizman, 1969), and about 15 

percent of newly synthesized DNA (Ben-Porat and Kaplan, 

1968), is incorporated into nucleocapsids. The nucleo

capsid contains six proteins, one of which is either 

modified or replaced by a similar protein during the pro

cess of envelopment (Nahmias, 1973). 

h) Envelopment.. Envelope-specific virus proteins are 

transported to all the cellular membranes and are glyco

sylated on the membranes (Nahmias and Roizman, 1973). 

Most strains of herpes viruses, including HSV, are en

veloped at the inner lamella of the nuclear membrane as 

the virus buds through to the perinuclear space, while 

other herpes viruses bud through the Golgi membrane, 
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endoplasmic reticulum, and plasma membrane, as well as 

the nuclear membrane (Darlington and Moss, 1969; Schwartz 

and Roizman, 1969). At the site of envelopment, the side 

of the inner membrane layer acquir.es a new layer of pro

teins which gives rise to the tegument (Nahmias, 1973; 

Sch'lt7artz and Roizman, 1969) . 

i) Release. Enveloped_particles accumulate between the 

inner and outer layers of the nuclear membrane and in the 

endoplasmic reticulum, (Nahmias and Roizman, 1973). Sev

eral ·proposals have been made for the nature of the 

-mechanism of release of the virus particle from the cell. 

Morgan et al. (1959), have claimed that vesicles formed 

from the endoplasmic reticulum (ER) ~ontaining the virus 

release the particles at the cell surfqce. Schwartz and 

Roizman (1969}, have proposed that the ERin infected 

.cells forms channels from the perinuclear space through 

the cell membrane to the extracellular fluid. 

4. Consequences of herpes virus infection in the cell. 

Early in the course of productive infection host DNA 

synthesis (Ben-Porat and Kaplan, 1965; Roizman and Roane, 

1964) and host protein synthesis (Ben-Porat et al., 1971), are 

halted. A drastic change in cellular RNA is noted. Host RNA 

synthesis decreases; synthesis of ribosomal-RNA precursor de

creases, and degradation_of r-RNA increases; cellular m-RNA 

does not enter the polysomes (Rakusanova, 1972; Newton, 1958; 

Nishioka, 1977; Tooze, 1973). A distortion of cell shape, 

particularly of the nucleus, can be observed {Tooze, 1973), 
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and there is increased leakage through the cellular membrane 

(Wagner and Roizman, 1969). New cell surface antigens appear 

which seem to be identical with antigens of the viral membrane 

(Roane and Roizman, 1964; Roizman and Spear, 1971). In infec..:.... 

ted cell cultures, rounding, a~gregation, and cell fusion may 

be observed (Tooze, 1973). The ultimate consequence of herpes 

virus infection may be the production of viral progeny and cell . 

death, the establishment of ·a latent state, or transformation. 

Latent infections of herpes viruses will be discussed in a later 

section, and cell transformation by herpes viruses will be dis

cussed in the section "Herpes viruses and cancer11
• 

5 ·• Clinical Diseases of Herpes Simplex Viruses. 

Infections of HSV types l and 2 are endemic in th~ popula

tion. By the age of 50 years more than 90 percent of people 

show. '.serological evidence of HSV infection, although the per

centage varies with social and economic clas·s (Felman and 

Sonnabend, 1979). Recurrent oral herpes simplex infections 

affect 20 to 40 percent of the population (Spruance et al., 

1977) . Recurrent ocular herpes infection may progress to en

cephalitis and is probably the leading cause of blindness due 

to an infectious agent in the· Uni t·ed States (Felman and Senna

bend, 1979). Herpes progenitalis is second in incidence only 

to gonorrhea among venereal diseases (Nahmias and Roizrnan, 1973). 

Because it remains latent, is recurrent, and is presently in

curable, the infections are cumulative and increasing; genital 

herpes may well surpass gonorrhea as the leading verereal di

sease (Rapp, 1978). During childbirth there is a 50 percent 



transmission rate from an actively infected mother to the 

newborn. HSV infection in the newborn is usually dissemi

nated and may .lead to encephalitis resulting in ;death or 

·severe brain damage. For this reason, caesarean section 

is advised f.or women having an active infection at the time 

of delivery (Rapp, 1978). Central nervous system infections 

result in more than 4000 cases of encephalitis each year 

(Nahmias and Roizman, 1973), and HSV encephalitis is re-

ported to be fatal in 70 percent of diagnosed cases (Whitley 

et al., 1977). Systemic infections of HSV and other herpes 

viruses-including CMV and VZV are also a problem in immune

compromised individuals (Whitley et al., 1976). 

6. Latency and recurrence of herpes virus infections. 

Severe or generalized herpes.simplex virus infections 

10 

are, fortunately, rare diseases. The factor which makes her~ 

pes simplex infection a_major health problem is the ability 

of herpes viruses to establish a persistent infection'and to 

recur in response to a variety of endogenous or exogenous 

stimuli. Persons with a clinical history or with serologi

cal evidence of prior primary infection may experience re

current infections of the same virus which localize on a 

specific area of the body such as the face, cornea or genitals. 

Some of the factors which may trigger recrudescence include 

exposure to sunlight or wind, fever, menstruation, emotional 

stress, and surgical manipulation of the trigeminal ganglion 

(Nahmias and Roizman, 1973). 
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Herpes simplex viruses are known to establish latent in

fections in sensory ganglia in both experimental animals 

(Knotts et al., 1973; Stevens, 1978; Stevens and Cook, 1971), 

and in man (Baringer, 1974; Baringer and Swoveland, 1973; -

Bastion et al., 1972; Rodda et al., 1973). The mechanisms of 

establishment and maintenance of latency are unknown. However, 

the ·host immune response appears to be important in maintenance 

of the latent state since an increase in the frequency and 

severity of.HSV recurrence is often seen in individuals on 

immunosuppressive therapy or in those with impaired cell-medi

ated immunity (Babiuk and .Rouse, 1979; Docherty and Chopan, 

1973). 

Roizman (1965) has proposed two possible conditions for 

the latent herpes virus. The static state hypothesis maintains 

that the virus or viral genome is present in a nonreplicating 

state between recrudescences. The dynamic state hypothesis is 

that the latent virus maintains a chronic subclinical infection, 

but the virus is multiplying at a very slow rate. 

Support for the dynamic state hypothesis is given by de-

tection of shedding of HSV in the absence of visible lesions 

(Douglas ahd Couch, 1970; Hill and Blyth, 1976; Kaufman et al., 

1967; Lindgren et al., 1973). If the dynamic state does occur 

in latent herpes virus infections, this suggests that between 

incidents of clinical disease the virus migrates to the skin 

and produces microfoci of infection which are, however, con

trolled by the host's immune response·and no cytopathology or 
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clinical disease occurs (Babiuk and Rouse, 1979; Hill and 

Blyth, 1976). Hill and Blyth (1976) -have proposed a possible 

mechanism in which local environmental conditions may inter-

mittently increase the susceptibility of epithelial cells to 

virus infections. The·release of prostagiandin~ may create 

a condition in the skin cells which potentiates virus repli-

.cation leading to clinical lesions. 

Roizman (1974) has propc}sed a biochemical explaination 

for the static state theory of latency. He postulates that 

the virus remians present in the ganglia in a nonreplicating 

state due to lack of a functional transcriptase. Lehner et 

al. (1975) have proposed an immunological control which main-

tains ·the virus 1n the non-replicating state. In either case, 

foll01r1ing a biochemical or immunological stimulus,· the virus 

migrates along the axon t·o initiate an active. site of repli-

cation in the .epithelial_cells. If uncontrolled by the im-

mune response, virus replication will result in lesion devel-

opment (Babiuk and Rouse, 1979). Experimental evidence also 

exists which supports the static state hypot?esis. Aurelian 

(1971) was able to induce HSV from cervical carcinoma cells 

in which no virus had previously-been detected. Stevens and 

Cook (1971, 1973a) could demonstrate virus in ganglia of 

latently-infected rabbits and mice when whole ganglion cells 

were co-cultivated with susceptible cells, but could not de-

teet virus when ganglion homogenates {cell-free preparation) 

were cultivated with susceptible cells. The ·s.tatic state, 

however, does seem to be contradicted by observations of 
l ' 
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lesion development following ~timuli known to trigger recrude-

scence. The time period between stimulus and lesion development 

(12-48 hours) appears to be too brief to allow,all the necessary 

events for lesion development if the static state is maintained 

(Hill and Blyth, 1976) . 

The host immune response is clearly involved in control of 

virus spread and development or clinical disease even though its 

precise role in the establishment and maintenance of latency has 

not been determined. Humoral immune response does not seem to 

be a critical factor in the prevention of recurrent disease. 

Although virus can spread extracellularly, it is generally 

accepted that this is of minor ·significan~e during recurrent 

disease (Babiuk and Rouse, 1979). In addition, Daniels et al. 

(1975) have· shown that HSV-1 antibody complexes are infectious, 

possibly because of insufficient· amounts of an.tibody or because 

the'antibody was not of the neutralizing type~ Intercellular 

spread is generally accepted as the mechanism which occurs 

during reactivation (Babiuk and Rouse, 1979) . In this case 

virus spread may occur in the presence of antibody (Lodmell et 

al., 1973). Further evidence that antibody is not important 

as a mechanism of preventing reactivation is that individuals 

with impaired humoral responses do not suffer from more severe 

primary herpes infections and are not more prone to recurrent 

infections (Babiuk and Rouse, 1979; Nahmias and Roizman, 1973). 

In individuals with normal antibody response, neutralizing 

antibody does not fluctuate to a significant degree between re-

currences; in fact, antibody levels seem to be higher in 



individuals with frequent recurrences than in individuals 

with no history of recurrent infections (Lopez and O'Reilly, 

1977). Antibodies may, however, be important .in the mainte

nance of latency either by acting on the latently infected 

cell or by cooperating with effector cells in antibody-de

pendent cell-mediated cytotoxicity (ADCC) (Babiuk and Rouse, 

1979). virus membrane antigens appear very early in the in-

fectious cycle (Lodmell et al., 1973) and could be recognized 

and destroyed before infectious particles could spread. Such 

14 

a mechanism could thus play a role in maintaining viral latency. 

Most herpes virus-infected cells express both viral membrane 

antigens and Fe receptors on the cell surface (Costa et al., 

1977) which w~uld ailow IgG to bind simultaneously to the viral· 

antigens and Fe receptors on the cell membrane. IgG binding 

may thus prevent or decrease virus replication. ADCC may be 

prevented by the inaccessibility of neural cells, in which la-

tency is maintained, to the killer cells (Babiuk and Rouse, 

1979) . 

In summary, latency can be divided into two areas: main

tenance of the genome in a latent state and the host's ability 

to prevent lesion formation. Both of these factors may be in

fluenced by immunological mechanisms. Humoral immunity may be 

important in the maintenance of the genome in the latent state 

by IgG binding to viral membrane antigens and Fe receptors. 

Fluctuations in antibody levels or IgG may be very important 

in preventing virus spread and lesion formation (Babiuk and 

Rouse, 1979). 



An intact cell-mediated immunity (CMI) is considered 

crucial in the prevention of, and recovery from, herpes 

viruse disease. While no generalized defect is recognized 

in individuals who suffer from recrudescence ·of herpes virus 

qiseases, there is some evidence of reduction in interferon 
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and other lymphokine production compared to individua-ls with 

serological evidence of herpes infection but without a~history 

of recurrent disease (Babiuk and Rouse, 1979). Reduced lympho

kine production may thus·result in impaired phagocytic and in

flammatory responses, thus potentiating virus spread and lesion 

development. 

Lehner et al. (1975) have .proposed·a mechanism in which 

IgG -specific for HSV-induced membrane antigens preven·ts viral 

expression. Various physiological factors may result in re

activation in the neurons of the virus which migrates to the 

skin where replication occurs. Viral replication results in 

cellular infiltration and lymphokine secretion. If a defect 

is present in the cells.or lyphokines then virus can continue 

to replicate and produce a clinical lesion (Babiuk and Rouse, 

1979) ~ 

7. Herpes viruses and cancer. 

When cells in culture are exposed to a variety of agents 

including tumor viruses, chemical mutagens and radiation these 

cells may undergo a dramatic change in their growth character

istics; such changes include overgrowth, ,the ability to grow 

in suspension, reduced serum requirement and "immortality". 

Such cells are said to be transformed. Transformed cells may 
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then cause tumors when injected into suitable hosts. Con-

versely, tumor :cells will exhibit the characteristics of 

transformed cells when excised and placed in culture 

(Tooze, 1973). Because of the relationship between trans-

formed cells and oncogenicity, the ability to transform 

cells in vitro is incriminating evidence that a virus is 

able to cause malignancy in the animal host. Herpes viruses 

have been implicated in human 'cancers (Nahmias and Roizman, 

1973; ... Rapp 1 1978i Tooze, 1973), and their transforming 

ability has been investigated. HSV types 1 and 2 have been 

·shown to .transform hamster embryo cells which were then malig-

nant. when reimplanted in their natural host (Duff and Rapp, 

1971; 1973). These experiments have been successfully re-

peated in a variety of cell and host types (Rapp, 1978) .. · 

In man, Epstein-Barr virus (EBV) has been shown to be 

uniformly associated with Burkitt's lymphoma (Nonoyama et al., 

1974; Nonoyama and Pagano, ·1971), nasopharyngeal carcinoma 

(Henderson et al., 1974), and the lymphoproliferative disease 

mononucleosis (Nahmias and Roizman, 1973; Rapp, 1978; Tooze, 

1973). There is evidence for a casual relationship between 

herpes viruses and certain lymphomas and leukemias of pri-

mates, Marek's lymphoma of chickens, (Biggs et al., 1972), 

I 

Lucke renal adeno-carcinoma, and lymphomas of rabbits and 

guinea pigs (Nahmias and Roizman, 1973; Tooze, 1973). These 

relationships are considered important implications of rela-

tionships between herpes viruses and human sanc~r because of 

the structural and biological similarity of all herpes viruses. 
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In man, HSV-1 has been implicated in squamous cell carcinoma 

of the lip (Kvasnicka, 1965; Nahmias and Roizman, 1973; Wyburn-

Mason, 1957). The causal role of HSV-2 in cervical cancer has 

yet to be established but there is a great deal of evidence 

supporting such a relationship. Genital herpes infections were 

first linked with cancer when. it was noted that women with geni-

tal. herpes.had a high incidence of cervical neoplasias (Josey et· 

al., 1966). Wentz et al. (1975), have reported the induction of 

cervical cancer with formalin-inactivated HSV-2. in mice. Other 

studies have noted a high frequency of HSV-2 antibodies in women 

¥lith cervical cancer '(Kessler et al., 1974; Rawls et al., 1969; 

Nahmias et al., 1970). The mechanism for cell transformation is 

thought to be integration of viral DNA into the host genome. 

Transformation of mutant L-cells lacking thymidine kinase (TK-) 

has been accomplished with inactivated HSV such that thymidine 

kinase producing (TK+) progeny result (Munyon et al. , 1.972; 

Jamieson et al., 1976; Sugino, 1977). HSV-1 transformed TK+ L-

cells have been found to contain multiple copies of a fragment 

of the viral DNA, amounting to 23 percent of the viral genome 

(Kriselburd, 1975). Recently, TK- L-cells have been transformed 

to TK+ with purified HSV-1 DNA (Bachetti and Graham, 1977; 

Maitland and McDougall, 1977) and HSV-2 DNA (Clements et ·al., 

1977) . Further evidence of HSV involvement and cell transfer-

mation in human malignancy was elicited by Roizman and Frenkel 

(1973) , who isolated a fragment of HSV-2 DNA, .amounting to 40% 

percent of the viral genome, in a freshly excised human cervi-

cal tumor. About 5% of this viral DNA was actively transcribed 

in cell cultures. 
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B. Antiviral chemotherapy for Herpes virus infections. 

Antiviral chemotherapy presents a dilemma to medical science 

because viruses must exploit cellular machinery for replication. 

Therefore, it has been a major challenge to develop agents which are 

selective inhibitors of viral replication and have·low toxicity for 

the host~ Specific antiviral chemotherapy is dependent upon identi

fication and inhibition of virus specific events of replication. 

Ce~tain diff~rences have been identified in virus infected cells 

which may be exploited for antiviral chemotherapy, and as the know

ledge of the biochemical and biological events of viral replication 

increases more selective and specific inhibitors of virus replication 

will be.developed. Herpes.viruses have been demonstrated to be par

ticularly promising for the development of specific antiviral compounds. 

Current interest in antiviral ,chemotherapy centers on the nucleoside 

analogs. Numerous compounds have been synthesized on a random basis 

by structural alteration of nucleosides. Most of these compounds have 

been produced as potential anticancer agents, although many have also 

been screened for antiviral activity. Most of the nucleoside analogs 

have demonstrated high toxicity for mammalian cells; however, several· 

compounds 'i.vith acceptable degrees of cytotoxicity have been developed, 

. and ·.·a few agents have been found to be truly specific inhibitors of 

viral replication while demonstrating negligible cellular toxicity 

(Whitley and Alford, 1978). 

1. Idoxuridine (5-iodo-2'deoxyuridine, IDU) was the first 

antiviral drug to be licensed for use in human viral infec

tions. Hermann (1961) made the original observation that IDU 
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inhibited the replication of vaccinia virus and HSV in vitro. 

This observation was followed by the work of Kaufman (1961) 

who demonstrated successful treatment of herpes keratoconjunc

tivitis in rabbits. 

IDU acts as a thymidine analog which inhibits the phos

phorylation of thymidine and the incorporation of thymidine 

triphosphate into DNA by inhibiting thymidine and thymidylate 

kinases and DNA polymerase (Luby et al., 1974; Pavan-Langston 

et al., 1973; Prusoff and Goz, 1973). In addition to these 

competitive or reversible effects, the phosphorylated form of 

IDU, idoxuridine triphosphate (5-iodo-2'-deoxyuridine triphos

phate, IDUTP) is· incorporated into DNA causing errors in trans

cription and replication (Prusoff and Goz, 1973). 

IDU is a rather nonselective compound. It is incorporated 

into the DNA of mammalian cells and therefore demonstrates sig

nificant cytotoxicity (Prusoff and Goz, 1973; Prusoff and Ward, 

1976; · Maugh, 1976) and teratogenicity (Gosset et a1., 1965 ;: 

Percy et al., 1973). IDU has been used successfully in herpes 

eye infections (Kaufman, 1961; Kaufman and Maloney, 1963; 

Pavan-Langston et al., 1974). However, IDU has not been effec

tive when administered topically to the skin (Anderson, 1965; 

Kilbrick and Katz, 1970; Nahmias and Roizman, 1973). In addi

tion, IDU has been shown to be ineffective and highly toxic in 

clinical trials for the treatment of herpes encephalitis. 

(Boston Inter-Hospital Virus Study Group and NIAID-Sponsored 

Cooperative Antiviral Clinical Study, 1975.) IDU has also 

been shown to inhibit corneal would healing in rabbit eyes 



Figure 1. 5-Iodo;.;..2·'....-deoxyuridine, · Idoxuridine (IDU) 

···.' 
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Figure 2. Metabolic Pathways of IdUrd and Mechanism of Action. 
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(Puelhorn et al., 1978). IDU resistant herpes simplex virus 

has been reported, as well (Coleman et al., 1968). There-

sults of clinical trials have recently been reviewed by Over-

all (1979) . 

2. Adenine Arabinoside (9-S-D-Arabinofuranosyl adenine, 

Ara-A) was first synthesized as an anticancer agent (Lee et 

al., 1960). It was found to have antiviral activity against 

HSV and vaccinia virus in cluture (Miller et al., 1969; 

Prusoff and Goz, 1973; Whitley and Alford, 1978), and to be 

less toxic than IDU (Chien et al., 1973; Kaufman et al., 1970). 

The mechanism of action of Ara-A has not been fully 

elucidated, however, it is known that Ara-A must be metabolized 

to Ara-ATP in order to exert its antiviral effect (Prusoff and 

Goz, 1973; Prusoff and Ward, 1976; Muller et al., 1977).. The 

metabolites of adenine arabinoside, Ara-ADP and Ara-ATP have 

been sho\m to inhibit ribonucleotide reductase in uninfected 

cells (York and LePage, 1967; Moore and Cohen, 1967). Ara-A 

has been shown to preferentially inhibit viral DNA synthesis 

compared to cellular DNA synthesis in uninfected and HSV-in-. 

fected cells (Shipman ~tal., 1976; Schwartz et al., 1976; 

Drach and Shipman, 1977). ,Muller et al. (1977), has proposed 

that the reason for selective inhibition of viral DNA synthesis 

is preferential inhibition of the viral DNA polymerase. 

Ara-A has been used successfully to treat human and experi-

mental herpetic keratitis and keratouveitis (Sidwell et al., 1968; 

Abel et al., 1975), and has been successful in the treatment of 

IDU resistant keratitis (Hyndiak et al., 1975; Nesburn et al., 

1974) . 



Figure 3. 1-S-D-Arabinofuranosyladenine,· Adenine Arabinoside (Ara-A) 

.Vidarabiner 
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Figure 4. :Metabolic Pathways of Ara-A and Mechanism of Action. 
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Ara-A has recently been approved for use in the United· 

States for treatment of herpes simplex encephalitis. Chien 

et al. (1976) and Amstey et al. (1976) , reported that in an 

uncontrolled study, Ara-A was beneficial in the treatment of 

neonatal HSV encephalitis, and Chien et al. (1975.) and Whitley 

et al. (1976), have demonstrated the efficacy of Ara-A in the 

treatment of herpes zoster in immunosuppressed individu.als. 

More recently, Whitley et·al. (1977), have reported a reduction 

inmor.tality of biopsy-proved HSV encephalitis from 70 to 28 

percent in a placebo-controlled study. However, the drug was 

only effective when administered early in infection, and 38 

percent of the survivors had severe neurological sequelae. 

Klein et al. (1974) reported that intravenous Ara-A was 

effective in reducing the mortality and morbidity following 

cutaneous infections of HSV-1 and HSV-2 in hairless mice. How-

ever, topical application of Ara-A has .shown only moderate sue-

cess in the treatment of HSV-1 and HSV-2 skin infections in 

hairless mice (Allen et al., 1976; Kern, 1977; Sloan, 1975; 

Lieberman et ·al., 1973). Recently Rowe et al. (1979), have 

reported the results of a placebo controlled clinical trial 

of topical Ara-A agains·t recurrent herpes labia lis. In their 

study, Ara-A significantly reduced lesion size, but had no 

effect on the frequency of episodes and the lesion duration. 

Adams et al. (1976), reported that in a clinical study Ara-A 

was ineffective for the treatment of herpes progenitalis. 

No acute toxicity has been reported in man, but nausea and 

vomiting are a common side effect of those receiving intravenous 

Ara-A. Teratogenicity has also been reported in animals. Other 
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disadvantages of Ara-A include low water solubility and its 

rapid metabolism to Ara-hypoxanthine (Ara-Hx), a compound with 

much lower antiviral activity (Prusoff and Ward, 1976). 

3. Adenine arabinoside monophosphate (9-(3-D-arabinofurano-

syladenine-5'-monophosphate,·Ara-AMP), was first synthesized 

to overcome the problem of low water solubility·of Ara-A 

(Revanker et al., 1975). An additional advantage of Ara-A:MP 

is increased stability and sustained tissue levels compared to 

Ara-A (LePage et al., 1972). Ara-AMP has been shown to be 

effective in HSV-1 encephalitis (Sidwell et al., 1973; Sloane, 

1975), and HSV-2 keratitis and keratoconjunctivitis (Pavan-

Langston, 1976). No toxicity was observed in any of these 

studies. Kurtz et al. (1977), have reported that the low 

toxicity of Ara-At1P is probably due to its high solubility 

which results in increased metabolism and excretion. However, 

the highly negative charge on the phosphate moiety of Ara-AMP 

severely limits its penetration into surface tissues (Park, 

1978) . Topical application of Ara-AMP has therefore not been 

very successful (Klein et al., 1977a; Park, 1978; Park et al., 

1978; Spruance et al., 1979). In addition, Ara-AMP has been 

shown to inhibit corneal wound healing in rabbit eyes (Foster 

and Pavan-Langston, 1974)·. 

4. Thymine arabinoside (1-(3-D-arabinofuranosylthyrnine, Ara-T) 

is one of the few nucleoside analogs which is truly selective 

for herpes virus infected cells. Ara-T, a naturally occurring 

compound was first isolated by Bergman (1949). Ara-T was 



Fi.gure 5. 1-S-D-Arabinofuranosyladenine-5'-monophosphate (Ara-AMP). 
.·"' " .. : 
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initially tested as an anti-cancer agent, but was found to have 

no effect on tumor cells grown in culture (Chu and Fisher, 1962). 

Several investigators have reported that Ara-T is highly effec-

tive against in vitro infections of herpes simplex virus type 1 

(DeClerq et al., 1977; Falk et al., 1979; Miller et al., 1977; 

Gentry and Aswell, 1975), HSV-2 (Gentry, 1977), Varicella-Zoster 

virus (Miller et al., 1977) and equine herpes virus (Allen et al., 

1978)~ No cellular toxicity has been observed in a variety ~f 

pr.L'Tiary ___ .cultures and- cell lines (Allen, G. P., et al., 1978; 

Aswell et al., 1977; DeClerq et al. ,.1977; Miller et al., 1977). 

The antiviral activity of Ara-T results from phosphorylation by 

_herpes virus-induced deoxypyrimidi~ kinase which causes inter-

ruption of DNA synthesis and inhibition of viral replica·tion. 

The lack of cellular toxicity demonstrated by Ara-T is due to 

preferential phosphorylation by the viral kinase (Aswell et al., 

1977; Falk et al., 1979). The thymidine kinase of uninfected 

cells does not phosphorylate Ara-T, probably because of greater 

substrate specificity than is demonstrated by the viral enzyme 

(Muller, 1979). The selective antiherpetic activity of Ara-T, 

mediated by viral thymidi~e kinase has been reported by several 

investigators (Aswell et al., 1977a; 1977b; Gentry and As\.vell, 

1975; Miller et al., 1977). Most recently, Aswell et al. (1977a) 

have reported the following about Ara-T: it is phosphorylated 

by extracts of HSV-infected cells but is not·phosphorylated by 

extracts of uninfected cells; it is not active against TK- HSV 

mutants; it competitively inhibits phosphorylation of deoxycyti-

dine (dCyd) and thymidine (dThd) by virus-induced .deox~yrimidine 

kinase (dPyK) , but not by the host deoxypyrimidine kinases; it 



Figure 6. 1-S-D-Arabinofuranosylthymine, Thymine Arabinoside (Ara-T). 
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Figure 7. Mechanism of Action of Ara-T and ACG. 
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inhil?its the growth· of virus-transformed cells which induce 

dPyK at concentrations which do not inhibit growth of unin-

fected cells; it blocks the incorporation of [ 3H] hypoxanthine 

(Hx) into viral and cellular DNA, but has no effect.on DNA 

synthesis in uninfected cells. 

Little work has been done with Ara-T in hefpes virus in-

fections of animals. An early report showed only moderate 

success of Ara-T in the treatment of herpes virus eye infec-

tions- (DeRudder, 1965). Aswell et al. (1977a), have reported 

that injection of Ara-T protected hamsters following intra-

peri·toneal infection with Equine Herpes Virus type 1 (EHV-1). 

5. Acycloguanosine (9-(2-Hydroxyethoxymethyl)guanine; ACG), 

is perhaps the most p'romising of the all known antiviral a-

gents. This nucleoside analog was synthesized in an attempt 

-to find compounds which specifically inhibit viral activity 

and have low toxicity for uninfected cells, (Schaeffer et al., 

1978)~ The anti-herpes activity of ACG was first reported by 

Schaeffer et al. (1978), who found that t~is compound specifi-

cally inhibits replication of viruses of the herpes group in 

culture, including HSV 1 and 2, CMV and VZV, but has extremely 

low toxicity for uninfected cells. Crumpacker et al. (1979), 

have reported the activity of ACG against a variety of clinical 

isolates of HSV types 1 and 2, and have determined that ACG 

has greater effect against HSV-1 then HSV-~. The selective 

action of ACG is due to phosphorylation of the nucleoside ana-

log by the viral deoxypyrimidine .kinase; ACG is not an effi-

cient substrate for the cellular kinase (Fyfe et al., 1978; 

Schaeffer et al., 1978). The ACG triphosphate is also more 



Figure 8. 9-(2-Hydroxyethoxymethyl)-Guanine, Acycloguanosine (ACG). 
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inhibitory to the virus specified DNA polymerase than to .the 

cellular enzyme, (Fyfe et al., 1978; Schaeffer et al., 1978). 

AC~ has been demonstrated to be effective in experimental 

animals when administered systemically against herpes simplex 

encephalitis (Kaufman et al., 1978; Schaeffer et al., 1978); 

topically against HSV keratitis (Kaufman et al., 1978; Schaef-

fer et al., 1978); and topically against experimental cutaneous 

HSV infections (Klein et al~, .1979; Pavan-Langston et al., 

1979·; Schaeffer et al., 1978). ACG has also been reported to 

be effective in the management of HSV-induced corneal ulcers 

in hlli~ans (Jones et al., 1979). No adverse effects were noted 

in any in vitro studies. Park et al. (1979), and Pavan-Langston 

et al. {1979) have reported that ACG prevents the establishment 

of artificially induced latent HSV infections and that it also 

reduces existing persistent ganglionic infections in mice. 

Klein et al. · (1979) found that ACG reduces the establishment of 

latent infections but has no effect on previously established 

latent ·infections. Field et al. (1979) have reporced that while 

ACG reduces or prevents the establishment of artificially in-

duced HSV infections, but Trousdale et al., (1979) report~d that 

ACG has no effect on the establishment of latent infections in 

mice ganglia. 

6. Other nucleoside analogs. Cytidine arabinoside (1-B-D-

arabinofuranosylcytosine, Ara-C) is a synthetic nucleoside 

(Walwick et al., 1959), which inhibits a variety of DNA viruses 

(Muller, 1979), including herpes viruses {Buthala, 1964; 

Levitt and Becker, 1967). Ara-C is a potent inhibitor of viral 

DNA synthesis (Underwood, 1972), but is also highly toxic to 



Figure 9. 1-S-D-Arabinocytosine, Cytosine Arabinoside (Ara-C). 
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Figure 10. 5-Triflouromethyl-2'-Deoxyuridine, 

Triflourothymidine (F3TdR) . 
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Figure 11. Mechanisms of Action of F 3Tdr. 
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uninfected cells {Drach and Shipman, 1977; Underwood et al., 

1965). Although it has been reported to be effective against 

HSV keratitis in rabbits (Underwood et al., 1965), it has not 

been shown to be effective against other herpes infections 

{Babiuk et al., 1975; Kelsey, .1976; Marks and Knotts, 1975). 

Ara-C is used effectively in the treatment,_ of human leukemias, 

but its toxic effects, includ1ng teratogenicity, irnmunosuppres-

sian and leukopenia (Prusoff and Ward, 1976) as well as its 

___ lack of effectiveness preclude its use in huinan herpetic infec-

tions (Muller, 1979). 

5-Iodo~5' amino-2', 5'-dideoxyuridine (AIU) is a thymidine 

analog \•7hich select_ively inhibits HSV-1 DNA synthesis (Cheng 

et al., 1975). It is less potent in vitro than IDU or Ara-C 

but is more potent than Ara-A i~ inhibiting HSV replication. 

(Cheng et al., 1975) .. · However,· the toxicity of AIU is much 

lo\·ler than any of the above ·compounds (Prusoff and Ward, 1976). 

While Aibert et al. (1976), and Puliafito et al. (1977), have 

reported that AIU is effective against HSV-1 keratitis in rab-

bits, Klein et al. (1974), have reported that it is ineffective 

against.HSV-1 skin infections in experimental animals. 

Triflourothymidine (5-Trifluoromethyl-2'-deoxyuridine, 

(F3Tdr)) was first synthesized by Heidelberger (1964), as an 

antineoplastic agent. F3Tdr is a very potent inhibitor of 

herpes viruses and vaccinia virus in vitro (Umeda and Heidel-

berger, 1969), but F3Tdr also inhibits growth of uninfected 

cells (Heidelberger, 197 5) . Tr.if luorothymidine acts by in cor-

poration into viral DNA and affects the' transcription of late 

mRNA; F3Tdr is also incorporated into cellular DNA (Prusoff 
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and \tJard, 1976). F3Tdr has been effective in the management 

of experimental HSV ketatitis (Jones et al., 1975; Wallis .et 

al., 1969) and experim~ntal HSV~l encephalitis· {Clough and 

Parkhurst, 1977). Although trifluorothymidine has been re-

ported that F3Tdr is teratogenic in animals (Chaube and 

Murphy, 1968) and causes corneal lesions following ocular ad-

ministration (McGill et al., 1974). 

Ribavarin (l-f3-D-Ribofuranosy1-l, 2, 4-triazo1e-3-carbo-:-

·_xamidei·-~.Virazole)_ is a synthetic nucleoside first synthesized . 

by Witkowski et a1. (1972). This compound has been shown to 
). 

have a broad spectrum of antiviral _activity against a variety 

of RNA.and DNA viruses, including herpes viruses. Ribavarin 

acts by inhibition of the enzyme inosinate dehydrogenase, which 

is ·necessary' for guanylate synthesis, resulting in depletion of 

the GTP and dGTP pools in treated cells; inhibition of RNA and 

DNA synthesis results (Muller, 1979). Ribavarin is not incor-

/ 

porated into DNA and is cytostatic, but not cytotoxic (Muller, 

1979). Ribavarin has been reported to be effec·tive against 

experimental herpes virus keratitis and encephalitis without 

demonstrating any toxic effects (Sidwell et al., 1975). 

7. Other antiherpes virus agents. 

a. Phosphonoacetic acid (PAA) was first demonstrated to 

have antiviral activity by Shipkowitz et al. (1973), who. 

found that PAA was very effective against HSV dermatitis 

in mice and keratitis in rabbits. FAA is apparently a 

very specific inhibitor of herpes viruses (Muller, 1979), 

and, inhibits replication of and cell transformation with 



Figure 12. Structures of Phosphonoacetic Acid and Phosphonoformic Acid.· 
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HSV (Maugh, 1976), Marek's disease virus (Lee et al., 

1976; Nazarian and Lee, 1976) and EBV (Nyormoi et al. ,· 

1976; Summers and Klein, 1976; Yajima et al., 1976). 

PAA has also been reported to-inhibit vaccinia virus 

replication (Bolden et.al., 1975; Friedman-Klein et 

al., 1976). In addition,. PAA has been reported·to re-

duce latent ganglionic infection (Klein et al., 1977; 

1979; ~vohlenberg et al., 1976) .· PAA acts by inhibition 

of the virus specified DNA polymerase by competing for 

the pyrophosphate binding site (Huang, 1975; Leinbach 

et ~-, 197~). Klein et al. (1977a; 197.9), have shown 

that Pa~ reduced mortality and morbidity associated with · 

HSV skin lesions in hairless mice. In addition Kern et 

al. (1977) have reported that Pa~ is effective against 

HSV-2 genital infections in mice when Ara-A and Ara-AMP 

were ineffective. However, PAA resistant HSV strains 

have been reported in vitro (Hay and Subqk-Sharpe, 1976; 

Honness and 1i1atson, 1977; Jofre et al., 1977} and in 

vivo (Klein and Friedman-Klein, 1975) . PAA ointment has 

been found to be highly irritating to skin (Alenius et 

al., 1978; Palmer et al., 1977) 1 _and PAA has been repor-

ted to accumulate in bone marrow of experimental animals 

(Bopp et al. 1 1977) . 

b. Phosphonoforrnic acid (PFA), is very similar in struc-

ture to PAA and has been shown to be even more effective 

in vitro (Helgstrand et al., 1978). PFA has been shown to 

be effective in treating skin les'ions of HSV-1 and HSV-2 

in guinea pigs (Alenius et al., ·1978), and in HSV-2 genital 



Figure 13. Molecular Weights and Solubilities. 
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Molecular Solubility Solubility 
Compound ~qeight (mg/ml) (%) 

.ACG 237 1 0.1 
ACG(sodiurn salt) 237 >100 >10 
Ara-A 264 1.8 0.18 

·-Ara-AMP 304 >ioo >10 

Ara-C 229 7.0 . 0. 7 

Ara-T 230 4 0.4 

F3Tdr 283 0.01 0.01 

IDU 270 1.0 1 

PAA 149 >100 >10 

PFA 135 >100 >10 
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lesions of mice (Kern, 1978), after lesions had developed. 

Unlike PAA, PFA has not shown any skin irritations follow-

ing topical application (Alenius et al., 1978). 

8. Since the discovery of interferon (IF), ·(Lindermann et al., 

1957), a great deal of study has beeri centered on its possible 

therapeutic use in the treatment of virus infections and neo-

plasias. Interferon acts by inducing the antiviral protein 

(AVP) in exposed cells. The AVP then blocks early viral protein 

synthesis, (Friedman et al., 1972; 1977; Marcus et al., 1971). 

Several reports have indicated that IF is efficacious for the 

treatment of HSV infections (Kaufman, .1972; Neumann-Haefflin et 

al., 1977; Tommila, 1963). However, at the present time there 

is _no procedure for making large quantities of purified interferon 

for human use (Muller, 1979). Consequently, attention has been 

focused upon finding effective nonviral IF inducers .. The double 

stranded polyriboiposinic acid: polyribocytidylic acid (Poly I:C) 

. . . 

complex is. the most effective known IF inducer (Huller, 1979) . 

. Poly I.: C induces high levels of IF in rabbits, and the IF is de-

tectable for up to eight weeks (Centifano et al., 1978); in man 

Poly I:C, is a less efficient inducer, and detectable levels of 

IF are only present for two weeks (Centifano et al., 1970; 

Kaufman et al., 1972), and side effects have been reported at 

high doses of Poly I:C (Pollard and Merigan, 1978). Because of 

th~.short duration of effectiveness and toxicity of IF-inducers, 
( 

these agents hold little promise for widespread use (Burke, 1977). 



In addition to the nucleoside analogs, PAA and PFA, 

interferon and IF inducers a variety of agents have been re

ported to inhibit herpes virus replication. Silver nitrate 

(Shimizu et al. I .1976) I ~spirin. (Marsetio et al., 1976), 2-

deoxy-glucose (Ludwig and Rott, 1975), zinc ions (Gupta and 

Rapp, 1976), and the so-called. nonionic. surfactants (Asculi 

et .al., 1977) are some agents reported to have anti-herpes 

activity. 

·C. .·Iontophoresis and iontohydrokinesis: Uses in medicine and 

Research. 

Iontophoresis is the transport of ions under an electrical 

current into and through body surfaces. It is an uncomplicated, 

safe, and well-documented .method of assuring penetration of 

charged chemicals into surface cells, tissues, ·and fluid reser

voirs close to the body surface by the use of an electrical cur

rent. In iontophoretic therapy, the principles are straightfor

ward: (1) a drug of choice is selected; it must be charged or 

modified to carry a charge; (2) the condition and tissues being 

treated must be close to a body surface; (3) the drug is applied 

under an electrode of the same charge; (4) the current "drives" 
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the drug into the cells, tissues, and extracellular fluids; (5) a 

return electrode is placed at an indifferent site and the current 

is allowed to flow below the sensory threshold for an .;ippropriate 

amount of time; (6) systemic toxicity is eliminated because only a 

small amount of drug (in relation to the extracellular fluid volume) 

is delivered; and (7) a relatively high concentration of drug is 

placed where it will exert the maximum effect. 
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Iontophoresis has been used for research purposes in several 

studies. Selected·examples utilizing microiontophoretic techniques 

involved labeling of extraocular muscle fiber (Back-Y-Rita et al., 

1977), the effects of iontophoretically delivered hormones on the 

CNS (Hoffner and Siggins, 1975) and identification of special 

brain cells (Spencer, 1975). 

Iontophoresis is most widely utilized in dentistry. Fluoride 

iontophoresis appears to be the method of choice for the treatment 

of exposed __ ultrasensitive dentin (Manning, 1961: Collins, 1962; 

Scott~ al., 1962; Shaeffer· et al., 1971; Murthy et al., 1973; 

Gangarosa and Park, 1978; Gangarosa et al., 1978). Since most oral 

tissues are readily accessible at the surface of the body, the 

technique of iontophoresis appears to have broad possibilities for 

drug delivery to oral tissues. Cocaine iontophoresis of dental 

pulp (Morton, 1896) and sterilization of root canals (Grossman, 

1931) have been reported. Gangarosa (1978) has.used iontophoresis 

of-methylprednisolone .for aphthous lesions. 

Iontophoresis of pilocarpine is the method of choice for the 

diagnostic sweat test for cystic fibrosis. This procedure, de-

' scribed by Gibson and Cooke in 1959, is probably the most often 

used iontophoretic technique in general medicine. Other uses in 

medicine include iontophoresis of vasodilators for peripheral vas

cular diseases (Stone, 1972); iontophoresis of lidocaine and epine

phrine for local anesthesia of the external ear canal and ear drum 

(Comeau et al., 1973; Echols et al., 1975; Epley, 1977); ionto

phoresis of insulin has been performed to study the role -of insulin 

in sweat gland function in cys·tic fibrosis (Shapiro et al., 1975); 



calcium iontophoresis has been reported for the control of sus

pected myopathy (Kahn, 1975); acetic acid iontophoresis has been 

performed to reduce or eliminate caicium deposits (Kahn, 1977); · 

iontophoresis of wate~ in NaCl has been used for the management 
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of palmoplanter hyperhidrosis (Abell and.Morgan, 1974; Shrivastava 

and Singh, 1977). In addition to these examples, Harris in 1967 

published a rev~ew of the uses of. iontophoresis in. medicine. 

Duke-Elder (1962) and Harris (1959) have reviewed the use of 

iontophores-is of numerous compounds into eye tissues. Duke-Elder 

(1972) makes two general points about iontophoresis of drugs to 

the eye. First, the body is a good conductor of electricity and 

second the cornea is avascular, so that ions can pass through it 

.without being immediately diluted by the circulation, and poten

.tially a longer duration of local effects can _be obtained. Over 

30 chemotherapeutic agents for ocular therapy were cited by Duke

Elder in his review. Von Sallman reported the successful ionto

phoretic application into the rabbit eye of sulfadiazine (1942), 

atropine and scopolamine (1943), .and penicillin (1945). Witzel 

et al. (1956), reported the significantly increased penetration 

into the aqueous humor of rabbit of penicillin, streptomycin, di

hydrostreptomycin, and neomycin by iontophoresis. Iontophoresis 

of epinephrine to the eye has been used as a mydriatic (Szymanski, 

1952), and as a hypotensive agent (Duke-Elder, 1962). Berrettini 

(195-3) has reported the use of iontophoretic application of corti-· 

sone for treatment of uveitis. The iontophoresis of florescein 

into rabbit eyes has been reported (Tonjum and Green, 1971). 

These publications are examples of the potent1al or actual 

clinical use of iontophoresis in ophthalmology. 
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Iontophoresis also offers exciting possibilities in medicine 

for the administration of antiviral drugs to surface infections. 

Iontophoresis has been shown to greatly increase the penetration 

of Ara-AMP (Spruance et al., 1979; Park et al., 1977) .and IDU 

(Gangarosa et al., 1977) into surface tissues. Ara-AMP ionto-

phoresis has also been shown to be very effective in controlling 

HSV-1 (Park et al .. , 1978) and HSV-2 (Kwon et al., 1979) skin in-· 

fections in hairless mice and HSV-1 keratitis in rabbits (Kwon 

et al~ .•. 1.979) o Gangarosa et al~ (1979) treated a selected number 

of HSV lesions in humans by iontophoresis of IDU with encouraging 

results. 

Physico-chemical studies involving iontophoresis have been 

performed by O'Malley et al. (1954) and. O'·Malley and Oester (1955). 

These studies determined the following physico-chemical factors 

related to i6ntophoresis: the distribution of ions in the tissues 

is proportional to .the current density, duration of current flow 

and the concentration of ions applied. Norman (1975) found that 

once ions are propelled into tissues by iontophoresis they spread 

.by diffusion, not by the influence of the current. Spencer (1975) 

determined that the amount of drug .which penetrates is a linear 

function of the electrical current. 

Theore.tically only one electrode should asslst the penetration 

of a charged compound during iontophoresis, i.e., negative ions are 

delivered by cathodal (-) iontophoresis and positive ions are de-

livered by anodal (+) iontophoresis (Harris, 1959). 
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However, Gangarosa et al. {1977), and .Hill et al. (1977), 

have reported the increased penetration of IDU by both anodal {+) 

and cathodal (-) iontophoresis. IDU ,forms negative ions in aqueous 

solution which may explain the increased penetration of IDU by 

cathodal (-) but not the increased p'enetration by anodal (+) ion-

tophoresis .. The fact that a small amount of NaOH was added by the 

manufacturer to the.IDU solution suggested a possible mechanism for 

the increased penetration of idoxuridine during anodal (+) ionto-

phoresis. Gangarosa et al~ (1979) hypothesized that during ionto-

phoresis of indif.ferent ions (Na+, cl-, ·etc.) movement of water 

into tissue may result. The term iontohydrokinesis (IHK) was 

coined to describe the process by which increased penetration of 

nonelectrolytes occurs during iontophoresis. This hypothesis was 

verified in experiments in which anodal (+) iontophoresis of NaCl 

3 3 . 3 
greatly increased the penetration of ( H)H20, { H)Tdr, and ( H)Ara-

A into skin (Gangarosa et al., 1979;. Park, 1978). It is therefore 

reasonable to assume that IHK may increase the therapeutic efficacy 

of nonelectrolytic drugs by increasing penetration into surface tis-

sues. The following experiments were designed to test.the hypothesis 

that IHK may increase the chemotherapeutic efficacy of Ara-T in the 

treatment of HSV skin lesions. 



NATERIALS AND METHODS 

A. Animals 

Hairless mice, strain HRS/Y, (originally obtained from Jackson 

Laboratories, Bar Harbor, ME) were bred and maintained at the MCG 

Laboratory Animal Resource facility. I wish to express·my thanks to 

Ns. Karen Lande en for her expertise in the care and breedin·g of these 

animals. Weights ranged between 14 and 21 g. Ages ranged from 7 to 

9 weeks. 

· B:··· · Virus· 

Herpes simplex virus type 1 · (HcKrae strain) , obtained from·. Dr. D. 

Pavan-Langston, Boston, MA, and HSV-2 (strain 304) obtained from Dr. 

A. Nahmias, Atlantaf GA, were used. Both strains were propagated in 

primary rabbit kidney (PRK) cell culture and had a titre of approxi-

mately 1 x 10 7 TCIDso· (SO% endpoint, Tissue Culture Infectious Dose) 

p~r ml when assayed on green monkey kidney cells (CV-1, American Type 

·culture Collection, Rockville, MD), monolayers. Virus was partially 

purified by centrifugation and stored in 1 ml aliquots at.70°C until 

use. 

1. Primary rabbit kidney cell culture. 

Primay rabbit kidney cultures were made by the procedure of 

Winocour et al. (1954). Young rabbits (4 weeks of age} were sac-

rificed by cervical dislocation. The abdominal area was shaved 

and doused with 70% ethanol (EoH). The kidneys were surgically 

removed using aseptic technique. Excised kidneys were then placed 

in a sterile beaker containing Eagle's Minimum Essential Nedium 

(MEM; 1 liter of MEM contained 9.6 g Minimum Essential Medium 

Earle's Base, 2.2 g NaHco3 arid 10 ml antibiotic mixture· (Penicillin 



10,000 unit/m1 streptomycin 10,000 ~g/ml, and amphotericin B 25 

~g/ml, Grand Island Biol. Co., Grand Island; NY)). Excess blood 

was squeezed out; the cortex portion of the kidney was removed 

and finely minced with sterile scissors; the medulla _was discarded. 

The minced tissue was placed in an Erlenmeyer fla.sk and 100 ml of 

warm (37°C) trypsin-EDTA solution was added. Trypsin-EDTA solution 

contained 8 g NaCl, 0.5 g trypsin, 5 mg phenol red, 2oo m~ EDTA, 
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400 mg NaH2Po4 and 350 mg NaHC03 per liter. The tissue was stirred 

vigorously for 20 minutes at 37°C, allowed to settle, and the super

natant was discarded. _An additional 100 ml of warm trypsin solution 

was added and stirred at 37°C for 30 minutes. The supernatant was 

then poured through a gauze-covered filtering funnel, collected in 

a large centrifuge bottle,_and centrifuged; the supernatant was re

moved, and the cells were resuspended in 3 ml MEM + 10% fet.al calf 

serum (FCS) v/v. This procedure was repeated 3 times, adding 90 m1 

to trypsin, then 80 ml, ·and finally 70 ml of warm trypsin to the 

tissue remaining in the Ehrelenmeyer flask. 

After the fourth centrifugation most of the epithelial tissue 

c~lls had been dispersed. The cells were resuspended in 10 ml of 

E-MEM/10% FCS and counted us in~ a hemocytometer. Ce.lls were plated 

at a density of .. about 3 x 10 7 cells per culture flask. An additional 

10 ml of E-'I'.ffiM + 10% FCS was added and flasks were incubated at '37°C 

in an atmosphere of 95% air, 5% co2 until a confluent monolayer was 

observed. 

2. Propagation of virus. 

Media was removed by suction from flasks of confluent PRK cells 

and 1 ml of stock virus was added to each flask. After 45 minutes 
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incubation, 20 ml of MEM/10% FCS was added to each flask. Infected 

flasks were incubated at 37°C in a '5% C02 incubator for 24 hours; 

at this time almost complete cell destruction was observed. The 

flasks were then frozen at -70°C and thaw·ed at 37°C; this was re-

.peated three times. The contents of the flasks were then collected 

into 500 ml centrifuge bottles and centrifuged at 2000 rpm for 5 

minutes. The.supernatant was then collected and dispensed into 1 

ml vials and stored at -70°C until needed. 

3. T~tration~o£ virus (TCIDso determination). 

CV-1 cells were cultured in Microtiter II Plates (Falcon Pro-

ducts, Inc., Oxnard, CA). Ten-fold dilutions of stock virus were 

made in MEN/l0 9o FCS to a final dilution of 1: 10- 1 0
• Each row of 

eight confluent wells was infected with 0.1 ml of each virus dilu-

tion (lo- 3 to lo- 10 ). After 1 hour, 0.2 ml of E-MEM + 5% FCS was 

added to each well. The microwell plates were incubated at 37°C 

for 48 hours in a C02 incubator. The wells were then observed for 

CPE. The 50% endpoint (TCIDso, Tissue Culture Infectious Dose for 

50% of wells) was determined by them~thod'of Reed and Meunch (1938). 

C. Infection of mice with HSV 

Mice were anesthetized by intraperitoneal injection of sodium pento-
. l 

barbital (10 mg/kg). The skin over the dorsal lumbar area was scarified 

with a 26 guage sterile needle in a cross hatched pattern. A sterile 

cotton swab was saturated with approximately 0.1 ml of virus solution 

and rubbed on the scarified area for 10 seconds. Previous experiments 

indicated that this method resulted in 100% infection and death·. 



D. Iontophoresis 

Iontophoresis was initiated 24 hours after infection. An ionto

phoresor similar to the one described by Gangarosa (1974) was used as 

the direct current power supply. A cotton wick was saturated with drug 

solution, attached to the desired electrode, cathode (-) or anode (+), 

and applied to the site of infection. The return electrode was attached 

_to the mouse's tail (a wet contact was made with NaCl) to complete the 

circuit. 

_ E~ Trea"buent plan 

--1. HSV-1 infected mice. 

HSV-1 infected mice were divided into eight treatment groups: 

control group (infected only), placebo-treated group (topical ap

plication of UnibaseR gel only), topical application of 2% PAA 

ointment, topical application of 3% ara-T ointment, topical appli

cation of 5% ara-A ointment, topical application of 5% ACG ointment, 

anodal-(+) iontophoresis of 0.4% (4 x lo- 3 ~) ara-T solution of 0.1 

~ NaCl, and anodal (+) iontophoresis of 0.068% (3 x 10- 3 ~) ACG 

solution in 0.1 M NaCl. Topical treatment was given twice daily 

for five days. Iontophoretic treatment wa~ given once daily for 

three days to animals under sodium pentobarbital anesthesia. 

Current was applied for 10 minutes .. Each ~roup contained"lO mice 

except the ACG iontophoresis group which contained 13. 

2. HSV-2 infected mice. 

HSV-2 infected mice were divided into 13 groups: control 

infection, placebo topl"cal treatment, iontophoresis of 0.1 M NaCl, 

topical application of 5% ara-A, topical application of 0.5% IDU, 
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topical application of 5% ACG topical application of 5% ara-T, 

topical application of 2% PAA, topical application of 10% ara~AHP, 

iontophoresis of 0.4% ara-T in 0.1 ~ NaCl, iontophoresis of 0.068% 

ACG in 0.1 ~ NaCl, iontophoresis of 2% ara-AMP, and.iontophoresis 

of 2% PAA. Each group contained 10 mice except for the following: 

ACG ioptophoresis - 9 mice, ara-T iontophoresis - 11 mice. The 

treatment schedule was the same as described above for HSV-1 in

-fected mice. 

F. In vitro~-drug-sensitivity assay 

-Confluent monolayers of CV-1 cells and PRK cells were grown in 

Microtiter IIR Plates. Ara-T was prepared at an initial concentration 

of 800 ~g/ml in MEM/2% FCS. Two-fold serial dilutions were prepared 
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in MEM/2% FCS to a final concentration of 0.8 ~g/ml. Virus stock (HSV-1 

and HSV-2) was diluted to a titer of 10 4 TCID5o/ml, and 0.2 ml of diluted 

virus was added to quadruplicate wells for each drug dilution in both 

cell types (PRK and CV-1); in addition 4 wells per plate were used as 

virus controls. Virus was allowed to adsorb for 25 minutes at 37°C; 

then unadsorbed virus was removed by suction. 0.2 ml of each drug dilu

tion was added to 4 infected wells of both cell types. In addition, 0.2 

ml.'.of each dilution was· added to 4 uninfected wells for determination of 

drug cytoxicity. Four wells per plate were left as cell controls. Plates 

were incubated for 48 hours and then observed for cytopathic effects. At 

this time all virus control wells demonstrated complete cell destruction. 

The 50% endpoint was determined by the method of Reed and Meunch (1938) . 



G. Histological examination 

Histological slides of skin of placebo-treated animals and ACG·and 

ara-,.T topically and iontophoretically treated. animals were most kindly 

prepared by Dr. Baldev Singh, Department of Oral Pathology, Medical 

College of Georgia. 

H. Scoring of lesions 

Mice were examined daily for ·14 days. The. lesions were scored by 

.. the method of Lieberman et al. (1973). 0 ,. -- no lesion; 0.5 = lesion less 

___ than 0. 5 em in .length or several discrete pu..ll.ctate lesions; 1. 0 lesion 

0.5 - 0.9 em in length; 2.0 = 1.0- 1.9 em in length; 3.0 = 2.0- 2.9 em; 

4.0 lesion over 3.0 em. If the mouse died the score was recorded as 

4.0 regardless of lesion size. The average lesion score determined at 

the end of the observation period (14 days) was calculated using the 

maximum score attained by each mouse in a particular group. 

·I. .Antiviral compounds 

Ara-A ointment -(5%; VidarabineR ointment), ara-AMP. powder (Vid

arabineR monophosphate) and ara-AMP gel {10%, VidarabineR monophosphate 

gel) were all provided by Parke-Davis & Co., Ann Arbor,.MI. IDU oint-

ment (0.5%, StoxilR ointment) was obtained from Smith Kline & French 

Labs, Philadelphia, PA. PAA powder was provided by'Abbot Laboratories, 

North Chicago, IL, and 2% PAA ointment was .prepared in UnibaseR .. pet:to~ 

latum base. Acycloguanosine powder and 5% ACG ointment .were provided 

by the Borroughs-Wellcome Co., Charlotte, NC. Ara-T powder.was obtained 

from Dr. Glen Gentry, Jackson, MS, and 3% and 5% ara-T ointments were 

prepared in UnibaseR petrolatum base. 
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RESULTS· 

A. Effect of antiviral agents on HSV-1 infections in hairless mice. 

·Table 1 shows the results of antiviral chemotherapy on HSV-1 infec-

tions. Observable lesions began to develop on about the_fifth day after 
)' 

infection. A punctate lesion appeared at the site of virus inoculation 

~and spread as a band around the tail.- Frequently paralysis of one or 

more of the hind limbs was observed. One or t"tvo days after the onset 

of paralysis death was the inevitable result. 

The mortality rate for the untrea·ted group and placebo-treated 

-g-roup was 100%, and the maximum cumulative mean lesion score of 4. 0 was 

observed in both groups. Topical appli'cation- of ara-A,had no observable 

therapeutic effect.in HSV-1 infected mice. There was a slight, but not 

significant, (p > 0.05) reduction in the number of mice with paralysis 

(20%) and meati lesion score (12%) and a slight increase in the mean 

survival time (19%) and number qf mice surviving {20%) in the ara-T 

topical application group. However, in the ara-T iontohydrokinesis 

(IHK) group there was a significant reduction (p < 0.05) in paralysis 

and mean lesion score, and a significant increase in the mean survival 

-time and number. surviving compared to the-control group and the. ara-T 

topically treated group. 

Topical application of ACG resulted in a significant reduction 

in the number of mice with paralysis (70%) and a significant increase 

in the number surviving (60%) and mean ·survival time. There was no 

significant decrease in mean lesion size, that is, most of the sur-

viving mice developed severe lesions which began healing during the 

period of observation. Iontophoresis of ACG in NaCl solution resulted 

in a significant decrease in the number of mice with paralysis and a 
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Table 1 

Treatment of HSV-1 (McKrae Strain) Skin Infections in Hairless Mice 

Number with Mean Lesion Scorea Number Mean Survival Time 
Group Paralysis (Cumulative Max) Surviving (Days~ Perfect Score= 14)b_ S.E.M. 

Untreated Control 9/10 4.0 0/10 7.8 ± 1.3 

Placebo 8/lOh 4.0 0/10 7 ._9g ± 3.0 

Ara-T topical 8/lOh 3.5g 2/lOh 8.2g ± 3.1 
ointment (3.0%) 

Ara-A topical 9/lOh 4.oh 0/lOh 7.8g ± 2.1 
ointment (5%) 

Ara-T iontophoresis 2/lOd l.8c,f 6/lod,f ll.3c,e ± 3.6 
(0.4% in 0.1 M NaCl) 

ACG topical 2/lOd 3.5h 6/10d ll.Sc ± 3.5 
ointment (5%) 

ACG iontophoresis 4/l3d l.7c,f 7/13d 11.9e ± 2.6 
(0.068% in 0.1 M NaCl) 

PAA topical - 2/lOd 1.3c 7/lOd l2.9c ± 2.6 
ointment (5%) 

--
See legend, p. 56. 



Legend for Table 1· and Table 2 

All treatment was initiated 24 hours after infection. Topical treat
ment was given twice daily for 5 days. Iontophoretic treatment was 
given once daily for 3 days. Animals were observed for 14 days 
following infection. 

a 
The lesions were scored according to the method of Lieberman et al. 
0 =no lesion; 0.5 = several discrete punctate lesions or lesion~ 
less than 5 em in length; 1.0 = lesion 0.5 to 0.9 em in length; 
2. 0 .= lesion 1. 0 to 1. 9 em in length; 3. 0 = lesion 2. 0 to 2 ~ 9 em in 

. length; 4~0 =lesion size greater than 3.0 em. All,mice which died 
received a score of 4.0 regardless of actual lesion size at time of 
death. 

b By 14 days all mice which developed lesions had either died or re
. cov.ered from the infection. The experiment was terminated after 
2weeks and all·animals which survived the .experimental period re-
ceived a score of 14.0. 

c Significantly different (P < 0. 05) from untreated group (t-test) . 

d Significantly different (P < 0.05) from untreated group (X 2 -test) . 

e Significant·ly different (P < 0.05) from topical :application group 
{t-test) . 

f Significantly different (P < 0.05) from topical application group 
(X2 -test). 

g No significant difference from untreated group (t-test). 

h No significant difference from untreated group (X 2-test)~ 
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significant increase in mean survival time and number of mice surviving; 

there was also a significant decrease in average lesioh size both in 

comparison with the control group and the topical ACG group. The most 

effective treatment was provided by topical application of PAA ointment. 

A significant decrease in the number of mice witH paralysis (70%) was 

observed, and the lowest mean lesion score and the greatest number sur

viving {70%) and the longest mean survival time -occurred in this group. 

-The data detailed here'will be compared to that of Park (1978) in the 

--- discussion. 

B. Effect of antiviral treatments on HSV-2 skin -infec_tions in hairless 

mice. 

Table 2 shows the results of treatment o-f· HSV-2 infections in hair

less mice. Lesion development, paralysis and death occurred in the same 

-manner observed following HSV-1 infection-. There was no significant 

difference in. mortality ·ar morbidity in _the untreated, placebo-treated, 

or NaCl iontophoresis control groups. The· most significant reduction 

in mortality and morbidity occurred in groups treated by iontophoresis 
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of ara-AI:vlP and PAA. Iontophoresis of ara-AMP significantly· reduced the 

number of mice with paralysis and the mean lesion score and significantly 

increased the number of mice surviving and the mean survival time com

pared to the control group and the topical ara-AMP group. ' Iontophoresis 

of PAA was very effective and significantly reduced the number with 

paralysis and mean lesion score and increased_the number surviving and 

the mean survival time compared to the control group. Topical appli

cation of PAA also significantly reduced the number of mice developing 

paralysis and the mean lesion score and significantly increased the 

number of mice surviving and the mean survival time, but was not as 



co 
LO 

Group 

Untreated Control 

Placebo 

NaCl (iontophoresis 
0.1 M) 

Ara-A (topical 5%) 

IDU (topical0.5%}. 

Ara-T .(to~ical 3%} 

Ara~T (0.4% in 0.1 _!i 
NaCl iontophoresis) 

ACG (topical 10%) 

ACG (0.4~ in 0.1 _!i 
NaCl iontophoresis} 

Ara-AMP (topical 10%) 

PAA (topical 5%) 

PAA iontophoresis (2%) 

· F..ra-AMP iontophoresis · 
(.2 ~ 7%) 

See legend, p. 56. 

Table 2 

Treatment of HSV-2 (Strain 304) Skin Infections in Hairless Mice 

Number with Mean Lesion Score Number Mean Survival Time 
Paralysis (Cumulative Max) Surviving (Days; Perfect Score = 14) S.E.M. 

10/10 4.0 0/10 9.5 ± 2.5 

9/lOh 3.6g 1/lOh lo.og ± 2.9 

8/lOh. 3~5g 1/1oh 9.4g ± 2.9 

5/lOd 2.6c 3/lOC lO.lg ± 2.8 
' 7/lOd 2.8g · 3/lOC lo.og ± 2.5 

6/lOd 2 .. 8g 3/lOc lO.lg ± 3.0 

8/lld 3.lg 3/lld l0.8g ± 3.1 

4/lOd 3.2g 2/lOh ll.Og ± 3.6 

8/9h 3.lg 2/9h 11.5c ·± 2.6 

7/lOd 3.lg 2/lOh 11.7C ± 3.1 

5/lOd 2c6C 6/lOc 13.2c ± 2.7 

2/lOd,[ 1 ')ere 
.£ 8/lOd 12.9c ± 2.9 

2/lOd,t" l.oc,e 8/lOd,f 13.5c,e ± 2.8 



effective as iontophoretic administration of PAA; the mean lesion score 

of the iontophoretically-treated group was significantly lower than that 

of the topical group. Neither ACG nor ara-T were very effective in 

managing HSV-2 infections. Although there was reduction in paralysis 

and mean lesion score and a slight increase in the number surviving 

there was no significant increase in the mean survival of animals re-

-ceiving ACG or ara-T iontophoretically or topicaily compared to the 

-untreated control group. Topical administration of ara-A and IDU did 

~result in.slightly lower mortality, paralysis and mean lesion score, 

but the mean survival time was not significantly improved~ 

c. Results of in vitro assay for sensitivity of HSV-1 McKrae ,strain 

and HSV-2 strain 304. 

The replication of HSV-1 McKrae strain was completely surpressed 

by ara-T.noncytopathic effect was observed in infected qell cultures 

even at the highest· drug dilution tested (0.7 ~g/ml). The replication 

of HSV-2 strain 304 was also suppressed by ara-T with no growth at the 

next to highest 'drug dilution (1.56 ~g/ml) and 50% inhibition at the 

highest dilution tested (0.7 ~g/ml). In addition nq cytotoxicity was 

observed at the highest concentration tested (800 ~g/ml) either in 

primary rabbit kidney cells or in green monkey kidney (CV-1) cells. 

D. Histological examinations of treated tissues. 

Histological slides were made of the skin of infected animals 

two weeks after iontophoretic application of ara-T and ACG solutions 

and topical appliation o~ ACG and ara-T. A section was _also taken 

from the skin of an uninfected animal treated twice daily for five 

days with placebo ointment. Microscopic examinations showed no 
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damage to the skin of animals receiving topical or iontophoretic appli

cation of the drugs when compared to the skin of the placebo-treated 

animal. 
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SUMMARY 

Progress in the development of antiviral chemotherapy for herpes 

virus infections has been hampered by toxicity of most known anti-her-

petic agents and failure to deliver sufficient quantities of drug to 

the ~ffected area. For viral encephalitis, systemic administration is 

the only feasible method of therapy~ but for skin infections, a less 

_drastic course of treatment. is appropriate. Iontophoresis of antiviral 

~drugs is a practical. solution to fhe problems associated with antiviral 

chemotherapy for viru~ lesions on. ·body surfaces. First, the problems 

of cytotoxicity, teratogenicity, and mutageni-city may be avoided or 

greatly reduced by iontophoresis of antivirals into surface tissues. 

Secondly, increased penetration and sustained tissue leveis may be 

achieved by iontophoresis of chemotherapeutic agents. 

Iontophoresis of charged molecules has been shown to greatly en-

hance the penetration of at?-tiviral .agent.s. (Hill et al., 1977; Gangarosa 

et al., 1977; Park, 1978) and consequently increase their chemotherapeu

tic efficacy (Kwon et al., l979a, 1979b; Park, 1978; Park et al., 1978; 

Spruance et al., 1979). 
. 3 

The penetration of the nonelectrolytes [ H] H20, 

[
3HJ Tdr and [ 3H] Ara-A was also shown to be enhanced by iontophoresis in 

a sodium chloride solution (Park, 1978; Gangarosa et al., 1979), a pro

cess termed iontohydrokinesis (IHK). Because of the excellent chemother-

apeutic results obtained by iontophoresis of the antiviral compounds Ara

AMP (Kwon et al., 1979a, 1979b; Park et- al., 1979) and PAA (Park, l978). 

for HSV infections, experimental trials of the efficacy of IHK of non-

charged antiviral agents was appropriate. 
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While the results of these experiments have provided information 

which may be useful in the management of herpetic infections in humans, 

trials of anti-herpetic agents are hampe~ed by a_lack of animal models 

which accurately mimic rec~rrent herpes labialis and progenitalis of 

humans.. Two animal models are in widespread use for the study of anti

herpetic agents--the guinea pig and the hairless mouse. The guinea pig 

has the advantage of developing a localized infection which resembles 

cutaneous infections of humans, but guinea pigs must be shaved or treated 

· · \•lith depilatory .agents {both measures which in themselves. cause. skin irri

tation) so -that skin infections can be seen. The hairless mouse has the 

obvious advantage of developing readily apparent skin infections, but a 

disadvantage is that.animals which develop visible lesions almost invari

ably develop a fatal encephalitis. Neither the guinea pig nor the hair

less mouse develop recurrent infections characterisitic of herpes labialis 

and herpes progenitalis. In addition, we have not been able tO mimic hu

man genital infections with HSV-2. For conven~ence, and because the life

saving ability of certain anti-herpetic agents can be demonstrated, the 

hairless tnousemodel was chosen for these studies. Keeping the limita

tions of this system in mind, the results and the current status of anti

herpetic chemotherapy are discussed below. 

A. Antiviral Chemotherapy for HSV-1 Lesions in Hairless Mice .. 

Although topical application of 2% PAA ointment was the most effec

tive method of treatment in this study'· and iontophoresis of 2% PAA was 

reported to be equally effective (Park,. 1978), this· compound is general

ly considered to be toxic for treatment of human infections. While sev

eral workers have reported that P.AA ointment is irritating to the skin 
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(Alenius and Oberg, 1977; Eriksson et al., 1977; Palmer et al., 1977) 

the only report of acute toxicity comes from studies at the Warner 

Lambert Drug_Co. This report of bone marrow toxicity (Bopp et al., 

1977) led to _the complete halt of the manufacture of this compound. 

Although iontophoresis of PAA may not result in significant bone marrow 

toxicity, and no skin irrita~ion w~s noted in this experiment, PAA will 

probably never be licensed for human use ·in the United States. 

Iontophoresis of 3.2% Ara-AMP has been shown to be very effective 

- in :.controlling HSV-:-r skin infections (Park, 1978; Park et al., 1978) 

and HSV-1 keratitis (Kwon eta~., 1979). This contrasts favorably with 

the failure of topical application of 10% Ara-AMP in hairless mice 

(Klein et al., 1977a, Park, 1978; Park et al., 1978) and .in clinical 

trials (Spru~nce et al., 1979). Park (1978) an¢! Park et al. (1978) .have 

reported that 'iontophoresis of 2% NaCl has'no effect on the course of· 

disease in HSV-1 infected mice, so the improvement in efficacy of ionto

phores-is of Ara-AMP compared to topical application is beli'eved to be 

solely due to increased penetration ot the drug. Workers have found 

that Ara-~IP exhibits very little toxicity (Kurtz et al., 1977), there

fore, iontophoresis of Ara-AMP may be useful clinically in the management 

of Herpes simplex labialis. 

Iontohydrokinesis of the uncharged antiviral agents Ara-T and ACG 

was shown to have significant effect against HSV-1- infections in hair

less mice. While IHK of Ara-T was more effective than topical applica

tion of Ara-A in this experiment and was superior to topical applica

tion,of IDU in the same animal model (Park, 1978) .its chemotherapeutic 

activity is hampered by its low solubility in water (4 mg/ml at pH 7.0). 
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IHK of ACG will probably be of more use clinically than IHK of Ara-T. 

The sodium salt of ACG is highly soluble in water (> 100 mg/ml at pH 

7.0), and it may prove to be even more effective at higher concentra-

tions. In addition, this drug is presently undergoing limited clinical 

trials (Jones et al., 1979) ·, and it may soon be available .for widespread 

clinical use. 

B. Antiviral Chemotherapy for HSV-2 Lesions in Hairless Mice . 

. Iontophoresis of Ara-M1P appears to be the most promising method 

of·treatrnent·for·HSV-2 lesions. There have, to my knowledge, been no 

reports of successful treatment o·f HSV-2 infections by. topical applica-

tion of Ara-AMP, or any other chemotherapeutic agento While topical 

and iontophoretic application of PAA have been very effective in treating 

HSV-2 lesions in hairless mice, this information is of little clinical 

use for the reasons discussed above. 

Iontohydrokinesis of Ara-T and ACG were both ineffective in the' 

treatment of HSV-2 infections; topical application of-these agents were 

similarly ineffective. The similarity of results obtained with Ara-T 

and ACG is not surprising since both drugs have a similar mechanism-of 

·action. Results of the in vitro drugs susceptibility test showed that 

HSV-1 is some\vhat more sensitive to Ara-T than is HSV-2. Crumpacker 

et al. (1979) , have reported that HSV-1 is more susceptible to ACG than 

is HSV-2. While in vitro tests have shown that HSV-2 is .not resistant 

to Ara-T or ACG, the action of antivirals in vitro does not always cor-

:relate well with its chemotherapeutic efficacy in vivo. Muller (1979), 

in a recent review, has cited many examples of this problem. It is also 

generally agreed that HSV-2. is much more refractive to treatment than is 

HSV-1 (Crumpacker et al., 1979; Muller, 1979). · 



CONCLUSION 

The results of these studies have indicated that there are several 

·methods of treatment which are superior to topical application of IDU 

and Ara-A for treatment of Herpes simplex virus skin infections. Ionto

hydrokinesis of Ara-T was not the most effective method of treatment for 

HSV-1 skin infections, but it was superior to topical application of the 

two agents which are currently available for human use. Because of the 

··extremely low toxicity exhibited by this compound, IHK or Ara-T may be 

clinically useful for treatment of herpes labialis. Acycloguanosine ap

pears to be very promising for the management of HSV-1 infections. Al

though IHK of ACG was approximately equal in efficacy to IHK of Ara-T 

at a very low concentration, the sodium salt ACG is very soluble, and 

IHK of ACG at higher·concentration may be even more successful. In addi

tion, ACG and PAA ointments were the only agents which demonstrated signi

ficant chemotherapeutic efficacy when applied topically. Iontophoresis of 

Ara-AMP and PAA has been sho\~ to be very effective for the treatment of · 

both HSV-1 and HSV-2 skin infections~ PAAwill probably never be clini

cally useful because of its reported toxicity, but to my knowledge, ionto

phoresis of Ara-AMP is the only method of treatment which promises to be 

clinically useful for infections of the Herpes simplex type 1 and type 2. 

Iontophoresis has been shown to greatly improve . the penetration ·.and 

consequently, the chemotherapeutic efficacy of Ara-AMP and PAA. Ionto

hydrokinesis improved the chemotherapeutic efficacy of ACG and Ara-T 

compared to topical application of these compounds. This study indicates 

that iontohydrokinesis as well as iontophoresis may be useful for improv

ing the penetration, and thus the chemotherapeutic efficacy of other 

drugs for the treatment of infections on body surfaces. 

65 



REFERENCES 

Abel, R., Kaufman, H. E., and Sugar, J. (1975): Intravenous adenine 
arabinoside against herpes simplex keratouveitis _in humans. Am. 
J. Ophthalmol. 79: 659-664 .. 

Abell, E., and Morgan, K. (1974): The treatment of idiopathic hyper
hi~rosis by glycopyrronium bromide and tap water iontophoresis. 
Br. J. Derrnatol. 91: ·s7-91. 

Abodeely, R. A., Palmer,·E.,.Lawson, L.A., and Randall, C. C. (1970): 
The proteins of enveloped and de-enveloped equine abortion (herpes) 
virus and. the separated envelope. Virology 44: 146-152. · 

Adams, H. G., Bensen, E. Ao, Alexander, E. R., Vontver, L. A., 
Remington; ·M. A., and Holmes, K. K. (1976): Genital herpetic 
infection in men and wo~en: Clinical course and effect of 
topical application of adenine arabinoside. J. Inf. Dis. 133: 
Al51-Al59. 

Albert, D. M., LaHav,. M., Bhatt, P. N., Reid, T. W.; ~·Jard, R. E., 
Cykiert~ R. c., Lin, T. -s., Ward, D. c., and Prusoff, w. H. 
(1976) : Successful therapy of herpes hominis keratitis in 
rabbits by 5-iodo 5'-amino-2', 5'-dideoxyu:r:idine (AIU): A 
novel analog of thymidine. Invest. Ophthalmol. 15: 470-478. 

Alenius, S., Dinter, ·Z. , and Oberg, B. ( 1978) : Therapeutic effect of 
trisodium phosphonoformate on cutaneous herpes virus infection 
in guinea pigs. Antimicrob. Agents Chemother. 14: 408-413. 

·Alenius, S., and Oberg, B. (1978): Comparison of the therapeutic 
effects of five antiviral agents on cutaneous herpes virus in
fection in guinea pigs. Arch. Virol. 58: 277-278. 

Alford, C. ·A. Jr., and Whitley, R. J. (1976): Treatment of infections 
due to herpes virus in humans: A critical review of the state 
of the art. J. Infect. Dis. 133: 101-lOB. 

Allen, G. P., McGowan, J. J., Bryans, J. T., Rnadall, C. C., and 
Gentry, G. A. (1978): Induction of deoxythymidine kinase 
activity in several mammalian cell lines after infection with 
six different strains of equine herpes virus. Virology 90: 
351-359. 

Allen, L. B., Hintz, C. J.,.Wolf, S.M., Huffman, .. J. H., Simon, L. N., 
Robins, R. K., and Sidwell, R. W. (1976): Effect of 9-[3-D-arabino
furanosylhypoxanthine 5'-monophosphate on genital lesions and 
encephalitis induced by herpes virus hominis type 2 in female 
mice. J. Inf. Dis. 133: Al78-Al83. 

66 



Amstey, M. S., Lewin, E. B., and Meyer, M. R. (1976): Herpes virus 
infection in the newborn. Its treatment by exchange transfusion 
and adenosine arabinoside. Obstet. Gynecol. 47: 33S-35S. 

67 

Anderson, M. ·F. {1965): Evaluation of 5-iodo-2'-deoxyuridine {IDU) in 
herpes simplex. Oral Surg., Oral Med. and Oral Path. 19: 398-401. 

Asculi, S. s., Weis, M.· T., Rancourt, M. W., and Kupferberg, A. B. 
(1978) : Inactivation of herpes simplex viruses by nonionic 
surfactants. Antimicrob. Agents Chemother. 13: 686-690. 

Aswell, J. F., Allen, G. D., Jamieson, A. T., Campbell, D. E., and 
· Gentry, G. A. (197.7): Antiviral activity of arabinosylthymine 
in herpes viral replication: Mechanism of action in vivo and 
in vitro. Antimicrob. Agents Chemother. 12: 243-254.--

-Aswell, J. F., and Gentry, F. A. (1977b): Cell-dependent antiherpes 
. viral activity of 5-methyl-arabinosylcytosine, an intracellular 
ara-T donor. Ann. N. Y. Acad. Sci. 284: 342-349. 

Aurelian, L. (1972): Possible role of herpes virus hominis, type 2, 
in human cervical cancer. Fed. Proc. 31: 1651-1659. 

Aurelian, L., and Strand, B. C. (1976): Herpes virus type 2-related 
antigens and their relevance to _humoral and cell-mediated immunity 
in patients v-1i th cE::rvical cancer.. Cancer Res. 36: 810-820 .· · 

Babiuk, L.A.,· Meldrum, B., Guipta, V. S., and Rouse, B. T. (1975): 
Comparison of the antiviral effects of 5-methoxymethyldeoxyuridine 
with 5-iododeoxyuridine, cytosine arabinoside, and adenine ara
binoside. Antimicrob. Agents Chemother. 8: 643-650. 

Babiuk, L. A., and Rouse, B. T. (1979): Immune control of herpes virus 
latency. Can. J. Microbial. 25: 267-274 . 

. Bacchetti, S. , and Graham, F. L. · ( 1977) : Transfer of the gene for 
·thymidine kinase to thymidine kinase-deficient human cells by. 
purified herpes simplex virus DNA. Proc. Natl. Acad. Sci. USA 
74: 1590-1594. 

Bachenheimer, S. L., Kieff, 
Compa-rative studies of 
virus, in "Oncogenesis 
and L. N. Payne~ eds). 

E. D. , Lee , L. , and Ro i zman , B. ( 19 7 4 ) : 
DNAs of Marek's disease and herpes simplex 
and Herpes Viruses" {P. M. Biggs, G. De The, 

Pp. 74-81, International Agency for 
· Research on Cancer, Lyons. 



68 

Bachenheimer, s. L. 1 and Roizman, B. (1972): Ribonucleic acid synthesis 
. in cells infected with herpes simplex virus. IV. Polyadenylic acid 
sequences in viral messenger ribonucleic acid. J. Viral. 10: 875-
879. 

Bach-Y-Rita 1 P., Lennerstrand 1 G., Alvavado 1 J._, Nichols, K., and McHolm, 
G. (1977): Extraocular' muscle fibers: Ultrastructural identifica
tion of iontophoretically labeled fibers contracting in response to 
succinyl choline. Invest. Ophthalmol. 16: 561-565. 

Baringer, J. R. (1974): 
sacral ganglions. 

Recovery of herpes simplex virus from human 
N. Eng. J. Med. 291: 828-830. 

Baringer, J. R. 1 and Swoveland, P. .(1973): 
:virus from human trigeminal ganglions. 
650. 

Recovery of herpes simplex 
N. Eng. J. Med. 288: 648-. 

Bartkoski, M. 1 and Roizman 1 B. (1976): RNA synthesis in cells infected 
with herpes simplex virus. XIII. Differences in the methylation 
patterns of viral RNA during the reproductiye cycle. J. Viral . 
. 20: 583-588. 

Bartkoski, r-1. J. 1 • and Roizman, B. (1978): Regulation of herpes virus 
macromolecular synthesis. VII. Inhibition of internal methylation 
of m-RNA late in infection. Viral. 85: 146-156. 

Bastian, F. 0., Rabson, A. S., Yee, C. L., and Tralka, T. S. (1972): 
Herpes virus horninis: Isolation from human trigeminal ganglion. 
Science 178: 306-3-07. 

Becker, Y., Dym, H., and Sarov, I. (1968): Herpes simplex virus DNA. 
Viral. 36: 184-192. 

Bennett, L. L., Shannon, W. M., Allen, P~ W., and Arnett, G. (1975): · 
Studies on the biochemical basis for the antiviral activities of 
some nucleoside analogs. Ann. N. Y. Acad. Sc·i. 255: 342-358. 

Ben-Porat, T. , Brown, M., and Kaplan 1 _A. S~ (1968) : Effect of 1-(3-D
arabinofuranosylcytosine on DNA synthesis. II. In rabbi·t kidney 
cell infected with herpes viruses. Mol. Pharmacal. 4: 139-146. 

Ben-Porat, T., and Kaplan, A. S. (1965): Mechanism of inhibition of 
cellular DNA synthesis by·pseudorabies virus. Viral. 25: 22-2~. 

Ben-Porat, ·T., Rakusanova, T., and Kaplan, A. s. {1971): Early func
tions of genome of_herpes virus. II. Inhibition of the formation 
of cell-specific.polysomes. Viral. 46: 890-899. 



69 

Ben-Porat, T., Shimono" H.,· and Kaplan, A. s. (1969): Synthesis of 
proteins in cells infected with herpes virus. II. Flow of struc
tural viral proteins from cytoplasm to nucleus. Virol. 37: 56-61. 

Biggs, P. M., Churchill, A. E., Rootes, D. G., and Chubb, R. C. (1972): 
The etiology of Marek's disease- an qn;ogenic herpes-type virus. 
Pollard Perspect. Viral. 6: 111-237. 

Bolden, A., Aucker, J., and Weissbach, A. (1975): Synthesis of herpes 
simplex virus, vaccinia virus, and adenovirus DNA in isolated HeLa 
cell nuclei. I. Effect of viral-specific antiser~ and phos~ho
acetic acid. J. Viral. 16: 1584-1592. 

· Bopp~ B. A., Estep, B. C., and Anderson, D. J. · (1977) :. Disposition of · 
disodium phosph~noformate- 14 c in rat, rabbit, dog and monkey. Fed. 
Proc. 36: ··939. 

Boston Interhospital Virus Study Group and the NIAID-Sponsored Coopera
tive Antiviral Clinical Study (1975): Failure of.high dose of 
5-iodo-2'deoxyuridine in the therapy of herpes· simplex virus 
encephalitis. N. Eng. ·J. Med. 292: 599-603.· 

Bradshaw, C. ·M.,_Szabadi, E., and Roberts, M.H.T. (1973)': The reflection 
of. ejecting and retaining currents in the· time course ·Of neuronal 
responses to microiontophoretically applied drugs. J. Phar. 
PharmaGol. 25: 513-520. 

Brink, J. J. , and LePage, G. A. ( 1964a) : Metabolism and dist.ribution 
of 9-S-D-arabinofuranosyladenine in mouse tissue. Cancer Res. 
24: 1042-1049. 

Brink, J. J., and LePage, G. A. (1964b): Metabolic effects of 9-n
arabinosylpurines in ascites tumor cells. Cancer Res. 24: 312. 

Brink, J. J., and LePage, G. A. (1965): 9-S-D-arabinofuranosylpurine 
as an inhibitor of metabolism in normal and neoplastic cells. 
Can. J. Biochem. 43: 1. 

Burke, D.' C. (1977): The status .of interferon .. Scient~ Am. 236: 42-50. 

Buthala, D. A. (1964): Cell culture studies· on antiviral agents. I. 
Action of cytosine arabinoside and some cornparis·ons with 5-iodo·-
2'-deoxyuridine. Proc. Soc. Exp. Biol. Med. 115, 69-77. 

Bryson, Y. J., and Conner, J. D._ (1976): In vitro susceptibility of 
'Varicella zoster virus to adenine arabinoside and hypoxanthine 
arabinoside. Antimi9rob. Agents Chemother~ 9: 540-543. 



70 

Bryson, Y. J., and Kroneberg, H. (1977): Combined antiviral effects of 
interferon, adenine arabinoside, hypoxanthine. arabinoside, and ade
nine arabinoside-5'-monophosphate in human fibroblast cultures. 
Antimicrob. Agents Chemother. ll: 299-306. 

Centifano, Y. M.~ Zam, Z. S., and Kaufman, H. E. (1970): Interferon in
duction in rabbit and human tears. Am. J. Ophthalmol. 70: 1006-1009. 

Centifano, Y. M., Zam, Z. S., and Kaufman, H. E.· (1977): In vitro studies 
of the mechanism of herpes virus plaque growth inhibition by sensi
.tized lymphocytes. Inf. Immun. 17: 350-355. 

Chaube, S., and Murphy, M. L. (1968): The teratogenic effects of the 
recent drugs .in cancer chemotherapy. Adv. Teratol. 3: 181-237. 

Cheng, Y. -C., Domia, B. A., Sharma, R. A., and Bobek, M. (1976): Anti
viral action and cellular toxicity of four thymidine analogues: 5-
ethyl-, .5-vinyl-, 5-propyl-, and 5-allyl-2'-deoxyuridine. Antimicrob. 
Agents Chemother. 10: 119-122. 

Cheng, Y. -c., Goz, B., Nennan, J. P., Ward, D. C., ahd Prusoff, ~-H. 
(1975b): Selective inhibition of herpes simplex virus by 5'-amino-
2', 5'-dideoxy-5-iodouridine. J. Viral. 15: 1284-1285. 

Cheng, Y. -c.,. Nen.na, J. P. , and Goz, B. (1975a) : Synthesis and bio
logical activity of some novel analogs of thymidine. Ann. N. Y. 
Acad. Sci. 255: 322-341. 

Ch' ien, L. T., Cannon, N .. J., Charainella, L. J., Dismukes, W. E., ~-Jhitley, 

R. J., Buchanan, R. A., and Alford, C. A., Jr. {1973b): Effect of 
-adenine arabinoside on severe herpes virus hominis infections in man. 
J. Inf. Dis. 128: 658~663. 

Ch'ien, L. T., Schabel, F. M., Jr., and Alford~ C. A., Jr. (1973a): Ara
binosylnucleosides and nucleotides, _in ''Selective Inhibitors of Viral 
Functions" ·(W. A. Carter, ed). Pp. 227-265, Chemical Rubber Company 
Press, Cleveland, Ohio. 

Ch'ien, L. T., Whitley, R. J., Alford, C. A., Jr., Galasso, G. L., and 
the Collaborative Study Group (1976) : Adenine arabinoside for ther
apy of herpes zoste~ in immunosuppressed patients: Preiiminary 
results of a collaborative study. J. Inf. Dis. 133: Al84-Al9l. 

Ch'ien, L. T., Whitley, R~ J., Nahmias, A. J., Lewin, E. B., Linnemann, 
C. C., Jr., Frenkel, L. D., Bellanti, J. A., Buchanan, R. A., and 
Alford; C. A., Jr. (1975): Antiviral chemotherapy and neonatal 
herpes simplex virus infections: A pilot study-experience with 
adenine arabinoside (ara-A). Pediatrics 55: 678-685. 



Clements, J. B., Cortini, R., and Wilkie, N. M. (1976): Analysis of 
herpes virus DNA substructure by means of restriction erido
nucleases .. J. Gen. Viral. 30: ·243 

Clements, J. B., Watson, R. J., and Wilkie, N. M. (1977): Temporal 
regulation of herpes simplex virus type 1 transcription: Loc
ation of transcripts on the viral .genome. ··Cell 12: 275-285. 

Clough, D. W., and Parkhu~st, R. (1977): Experimental ·herpes simplex 
virus type 1 encephalitis: .Treatment with 5-trifluoremethyl-2'
deoxyuridine. Antimicrob. Agents Chemother. 11: 307-311. 

Coleman, V. R., Tsu, E., and Jawetz, E. (1968): Treatment-resistance 
to idoxuridine in herpetic ker~titis. Proc. Soc. Exp. Biol. Med. 
129! 761-765.' 

71 

·Collins, E. -M. {1962): Desensitization of hypersensitive teeth. Dent. 
Dig. 68: 360-363. · 

Comeau, M., Brummett, R., and Vernon, J. (1973): Local anesthesia of 
the ear by iontophoresis. Arch. Otolaryngol. 98: 114-120~ 

Costa, J., Rabson, A. s., Lee, c., and Tralka, T. S. (1977): Immuno
globulin binding to herpes virus-induced Fe receptors inhibits 
virus growth. Nature 269: 1076-1081. 

Costanzo, F., Campadelli-Fiume, G., Foa-Tomasi, L., and Cassai, E. 
(1977): Evidence that herpes simplex virus DNA is transcribed 
by cellular ru~A polymerase B. J. Viral. 21: 996-1001. 

Couch,· E. F., and Nahmias, A. J. (1969): Filamentous structures o:t 
type 2 herpes virus hominis infection of the chorioallantoic 
membrane. J. Viral. 3: 228-232. 

Crumpacker, C~ S., Schnipper, L. E., Zaia, J. A., and Levin, M~ J. 
(1979): Growth inhibition by acycloguanosine of herpes viruses 
isolated from human infections. Antimicrob. ~gents Chemother. 
15: 642-645. \ 

Dales, S., and Silverberg, H. (1969): Viroplexis of herpes simplex 
·by HeLa cells. Viral. 37: 475-480._ 

Daniels, c. A., Legoff, S. G., and Notkins, A. L. (1975): Shedding 
of infectious virus-antibody complexes from vesicular lesions 
of patients with recurrent herpes labialis. Lancet II: 524-

-526. 

Darlington, R. y;., and Moss, L. H., III (1969): The envelope of 
herpes-virus. Progr. Med. Vir9l. 11: 16-45. 



Dawber, R. (1974): Idoxuridine in herpes zoster: Further evaluation 
of interrni ttent topical therapy. Br. Med. J. 2: 526-527 .. 

. DeClerq, E., Krajewska,'E.·,· Des~arnps, J., and Torrence, P. F. _(1977): 
Anti-herpes activity of deoxythyrnidine an~logues: Specific de
pendence on virus-induced deoxythymidine kinase. Malec. Pharm. 
13: 980-984. 

DeRudder, J., and DeGarilhe, M. P. (1966): Inhibitory effect of some 
nucleosides on the growth of various human viruses in tissue 
culture. Antimicrob. Agents Chemother. Pp.- 578-583. 

Docherty, J. J., and Chopan, M. ·(1974): The latent herpes simplex 
virus. Bacterial .. Rev. 38: 337-355. 

D()uglas, R. G., and Couch,. R. ·B. (1970): A prospective study of 
chronic .-herpes- simplex infection and recurrent herpes labialis 
in h~ans. J. Immunol~ 104: ·289-295. 

Dubbs, D. R.~ and Kit, s. (1963): Induction of thymidine kinase in 
LM(TK-) cells. Virol. 22: 493-497. 

Duff, R., and Rapp, F. (1971): Properties of hamster embryo fibro
blasts transformed in vitro after exposure to ultraviolet
irradiated herpes simplex virus type 2. J. Viral. 8: 469~477. 

Duff, R., and Rapp, F. (1973): Oncogenic transformation of hamster 
embryo cells after exposure to inactivated herpes simplex virus 
type 1. J. Viral. 12: 209-217. 

Duke-Elder, s. {1962) : 
of Ophthalmology. 

The Foundations of Ophthalmology. Systems 
XII~- The· C. V. Mosby Company, St. Louis, MO. 

Echols, D. F., Norris, C. H., and Tabb, H. ·G. 
the ear by iontophoresis of lidocaine. 
418-421. 

(1975) : Anesthesia of 
Arch. Otolaryngol. 101: 

Epley, J. M. (1977): Modified technique of iontophoretic-anesthesia 
for myringotomy in children. Arch. Otolaryngol. 103: 358-360. 

Falke, D., Moser, H., Link, D., and Muller, W.E~G. (1979): The effect 
of 1-S-D-arabinofuranosylthymine on the growth of herpes simplex 
virus types 1 and 2 .. J. Gen. Viral. 42: 435-438. 

Felman, Y. M., ·and Sonnabend, J. A. (1979): Herpes simplex virus 
infections. N. Y. State J. Med. 79: 179-185. 

72 

Field, -H. J., Bell, E., Elion, G. B., Nash, A. A., and Wildy, B. (1979): 
Effects of acycloguanosine treatment of acute and latent herpes 
simplex infection. Antimicrob. Agents_Chemother. 5: 318..:..322. 



Foster, C. S., and Pavan~Langston, D. (1977):' Corneal.wound healing 
and antiviral mediation. Arch. Opthalmol.: 95: 2062-2067. · 

Frenkel, N., and Roizman, B. C. (1972a): Separation of the herpes
virus deoxyribonucleic acid on sedimentation in alkaline gra
dients. J. Viral. 10: 565-572. 

Frenkel, N., and Roizman, B. C. (1972b): Ribonucleic acid synthesis 
in cells infected with herpes simplex virus:· Control of trans
cription and of RNA abundance. Proc. Natl. Acad. Sci. USA 69:_ 
2654-2658. 

Friedman, R. M. (1977): Antiviral activity of interferons. Back. 
Rev. 41: 543-567. 

Friedman, R. M., Metz, D. H., Esteban, R. M., Tovell, D. R., Ball, 
L. A. ,. and.:_Kerr,. I. M. ( 1972) : Hechanism of interferon action: 
Inhibition of viral messenger ribonucleic acid translation in 
L-cell extracts. J. Viral. 10: 1184-1198. 

Friedman-Kien, A. E., Fondak, A. A., and Klein, R. J. (1976): Phos
phonoacetic acid treatment of shope fibroma and vaccinia virus 
skin infections in rabbits. J. Invest. Dermatol. 66: 99-102. 

Fyfe, J. A., Keller, P.M., Furman, P. A., Miller, R. L., and Elion, 
G. B. (1978) : Thymidine kinase from herpes simplex virus phos
phorylates the new antiviral compound, 9-(-2-hydroxy-ethoxy~ 
methyl)guanine. J. Biol. Chern. 253: 8721-8727. 

Gangarosa, L. P., Huen, G. A., Park, N.H., Hayes, B •. B., Little, C.-A., 
Baker, G. t'J. , and Srili th, M. A. ( 197 8a) : Desensitizing hypersensi
tive dentin by .iontophoresis with fluoride. N. Y. S. Dent. J. 
24: 92-94. 

Gangarosa, L. P., Merchant, H. w., Park, N. H., and Hill,- J. M. (1979): 

73 

Iontophorretic application of idoxuridine for recurrent herpes 
labialis: Report on preliminary clinical trials. Clin. Pharmacal.
In press. 

Gangarosa, L. P. I and Park, N. H. (1978b):- Practical considerations 
in iontophoresis of fluoride for desensitizing dentin. J. Prosthet. 
Dent. 39: 173-178. 

Gangarosa, L. P., Park, N. H., Fong, B. C., Scott, D. F., and Hill, J. 
· M. (1978): Conductivity of drugs used for iontophoresis. Pharm. 
Sci. 67: 1439-1443. 



Gangarosa, L~ P., Park, N. H., and Hill, J. M. {1977): Iontophoretic 
assist~nt of 5-iodo-2'-deoxyuridine pen~tration into neonatal 
mouse skin and effects on DNA synthesis. Proc. Soc .. Exp. Biol. 
Med. 154: 439-443. 

Gangarosa, L. P., Park, N. H., Wiggins, C. A., and Hill, 
Increased penetration of nonelectrolytes into mouse 
iontophoretic water transport {iontohydrokinesis). 
J. Pharm. Expt. Ther. 

J. M. {1979): 
skin during 
Submitted to 

Gangarosa, L. P., Robertson, E., Park, N. H., Parker, R. L., and Hayes, 
B~ B. {1978) : Defi~ing the ideal local anesthetic solution for 
iontophoresis. J. Dent. Res. 57: 120. 

Gasset·,. A. R.~ Itoi,.M., Ishii, Y., and Ramer, R. M. {1975): Terato-. 
genicities of ophthalmolic drugs. Arch. Ophthalmol. 93: 52-55. 

·Gentry, G. A., and Aswell, J. F. (1975): Inhibition of herpes simplex 
virus replication by ara-T. Virol. 65: 294-296. 

Gibson, L. E., and Cooke, R. E. (1959): A test for concentration of 
electrolytes in sweat in cystic fibrosis of the pancreas utilizing 
pilocarpine by iontophoresis. Pediatrics 23: 545-549. 

Grossman, L. I., and Appleton, J.L.T. 
studies in electrosterilization. 

{1931) : Experimental and applied 
Dent. Cosmos. 73: 147-160. 

Gupta, P., and Rapp,. F. {1976): Effect of ·zinc ions on synthesis of 
herpes simplex virus type 2-induced polypeptides. Proc. Soc. 
Exp. Biol. Med. 152: 455-458. 

Hamada, C., Kamiya, T., and Kaplan, A. s. (1966): Serological analysis 
of some enzymes present in pseudorabies virus-infected and non
infected cells. Virol. 28: 271-281. 

' Harris, R. {1959): Therapeutic.electricity and ultraviolet radiation. 
Chapter 4, pp. 156-178. Iontophoresis, 2nd ·Edition, Sidney Licht, 
Ed, Baltimore. 

Hay, J., Perera, P.A.J., Morrison, J. M., Gentry, G. A., and Subak
Sharpe, J. H. {1971): Herpes virus-specified proteins~ in 
"Strategy of Viral Genome" {G.E.W. Wolstenholme and M .. O'Connor, 
eds). Pp. 355-376. Edinburgh and London, Churchill Livingston. 

Hay, J. , and Subak-Sharpe, J. H. { 1976) : Mutants of herpes simplex 
virus type 1 and 2 that ar~ resistant to phosphonoacetic acid 
induce altered DNA polymerase activities in infected cells. J. 
Gen. Virol. 31: 145-148. 

74 

.. i 



Heidelberger, c. (1975): On the mol'ecular mechanism of the antiviral 
activity of fluorothymidine. Ann. N. Y. Acad. Sci. 255: 317-325. 

Heidelberger, C., Parson, D., .and Remy, D. (1964): Synthe~is of 5-
trifluoromethyluracil and 5-trifluoromethyl-2'deoxyuridine. J. 
Med. Chern. 7: l-5. 

Heine, J. W., Spear, P. G., and Roizman, B. (1972): The proteins 
specified by herpes simplex virus. VI. Viral proteins in the 
plasma membrane. J. ·Viral. 9: 431-439. 

Henderson, B. E. (1974): Nasopharyngeal carcinoma: Present status 
of knowledge. Cancer Res. 34: 1187-1188. 

Hill, J. M., Gangarosa, L. P. ·, and Park, N. H. (1977): 
application of antiviral chemotherapeutic agents. 
Acad. sci. _284: 604-612. 

Iontophoretic 
Ann. N. Y. 

Hill, J. M., Park, N.H., Gangarosa, L.·P., Hull, D. S., Tuggle, C. L.-, 
Bowman, K., and Green,· K. (1978): Iontophoretic application of 
vidaribine monophosphate into rabbit eyes. Invest. Ophthalmol. 
17: 473-476. 

Hill, T. J., and Blyth, W. A. (1976): An alternate theory of herpes 
simplex recurrence and a pqssible role for prostaglandins. Lancet 

'397-398. 

Hirsch; I., and Vonka, V. (1974): 
herpes simplex-virus type 1. 

Ribonucleotides linked to DNA of 
J. Viral. 13: 1162-1168. 

Hochberg, E., and Becker, Y. (1968): Adsorption, penetration-and 
uncoating of herpes simplex virus. J. Gen. Viral. 2: 231-241. 

Hoffer, B. J., and Siggins, G~ R. (1975): Electrophysiological tech
niques for the study of hormone action in the central nervous 
system. Methods Enzymol. 39: 42g-440. 

Honess, R. W., and Roizman, B. (1973): Proteins specified by herpes 
simplex virus. XI. Identification and relative molar rates of 
synthesis of structural and nonstructural polypeptides in the 
infected cell. J. Viral. 12: 1347-1365. 

Honess, R. W., and Roizman, B. (1974): ·Regulation of herpes virus 
macromolecular synthesis. I. Cascade regulation of the synthe
sis of three groups of viral proteins. J. Viral. 14: 8-19.-

Honess, R. w., and Roizman, B. (1975): Regulation of-herpes virus 
macromolecular synthesis: Sequential transition of polypeptide_ 
synthesis requires functional viral polypeptides. -Proc. Natl. 
Acad. Sci. USA 72: 1276-1280. 

75 



Honess, R. W., and Watson, D. H. (i977): Herpes simplex virus re
sistance and sensitivity to phosphonoacetic acid. J. Virol. 
21: 584-600. 

Huang, E. (1975): Human cytomegalovirus. IV. Specific inhibition 
of virus-induced DNA·polymerase activi~y and viral DNA repli
cation, by pho~phonoacetic acid. J. Viral. '16": 1560-1565. 

Hyndiuk, R. A., Hull, D. S., Schult_z, R. 0., Chin, G. N., Liabson, 
P. R., and Drachmer, J. H. (1975):. AdeD.ine arabinpside .l.n 
idoxuridine unresponsive and intolerant herpetic keratitis . 

. Am. J. Ophthalmol. 79: 655-658. 

· Hyndiuk, R.. A. , Okumoto, M. , Damiano, R. _ A. , Valent on, M. ~ and 
Smolin, G. (1976): Treatment of vaccinal keratitis with vid
arabine. Arch. Ophthalmol. 94: 1363-1364. 

Jac,ob, R. J., and Roizman, B. (1977): Anatomy of herpes simplex 
virus DNA. VIII. Properties of the replicating DNA. J. Virol. 
23: 394-411. 

Jamieson, A. T., Gentry, C. A., and Subak-Sharpe, J. H. (1974): Induc
tion of both th}~idine and deoxycytidine kinase activity by herpes 
viruses. J~ Gen. Viral. 24: 465-480. 

Ja;mieson, A. T., Macnab, J.C.M., Perbal, B., and Clements, J. B •. (1976): 
Virus specified enzyme activity and RNA species in herpes simplex 
virus type l'transformed mouse cells. J. Gen. Viral. 32: 493-508. 

76 

Jean, J. -H., Blankenship, M. L., and Ben-Porat, T. (1977): Replication 
of herpes virus DNA. I. Electron microscopic analysis of replica
tive structures. Viral. 79: 281-291. 

Jofre, J. T., Schaffer, P. A., and Parris, D. C. (1977): Genetics of
resistance to phosphonoacetic acid in strain KOS of herpes simplex 
virus type l. J. Viral. 23: 833-836. 

Johnson, M. T., Luby, J. P., Buchanan, R. A., and Mikulec, D. (1975): 
Treatment of varicella-zoster virus infections with adenine ara
binoside. J. Inf. Dis. 131: 225-229. 

Jones, B..; R., Fison, R. N., Coho, L. M., Coster, D. J., Thompson, G. 
M., and Falcon, M. G. (1979): Efficacy of acycloguanosine 
against herpes simplex corneal ulcers. Lancet 243-244. 

Jones, B. R., McGill, J. I., and McKinnon, J. R. ·(1975): Preliminary 
experiences .with adenine arabinoside in comparison with idoxuri
dine and trifluorothymidine in the management of herpetic kerati
tis, in "Adenine Arabinoside: An· Antiviral Agents", (D. Pavan
LangsLon, R. A. Buchanan, C. A. Alford, Jr., eds). Pp. 411-416, 
Raven Press, New York. 



Josey, W. E., Nahmias, A. J., and Naib, Z. M. (1968): Genital infection 
with. type 2 herpes virus hominis: Present knowledge·and possible 
relation to cervical cancer. Ann. J. Obstet. Gynecol. 101: 718-
829. 

Kahn, J. (1975): Calcium iontophoresis in suspected myopathy. Phys. 
Ther. 55: 376-377. 

Kahn, J. (1977): Acetic .. acid iontophoresis for calcium· deposits. Phys. 
Ther. 57: 658-659. 

"Kaufman, .. He E. (1961): Clinical cure for herpes simplex keratitis by 
5-iodo-2 • -deoxyuridine. . Proc. Soc. Expt. Bio. Med. 109·: 251-252. 

_Kaufman, H. E., Brown, D. C., and Ellison, E. M. (1967): Recurrent 
herpes in rabbit and man. Science 156: 1628-1629. 

Kau.fman, H. E., Capella, J. A., Maloney, E. D., Robbins, J. E., Cooper, 
G. M., and Uotila, M. H. (1964): Corneal toxicity of cytosine 
arabinoside. Arch. Ophthalmol. ·72: 535-540. 

Kaufman, H. E., Ellison, B.' S., and Centifanto, Y. M. (1972): Differ-. 
ence in interferon response and protection from ocular virus in
fection in.rabbits and monkeys. Am. J. Ophthalmol. 74: 89-92. 

Kaufman, H. E., Ellison; B. W., and Townsend, W. M. (1970: The chemo
therapy of herpes iritis with adenine arabinoside and cy-tC!-rabine. 
Arch. Ophthalmol. 84: 783-787. 

Kaufman, H. E., and Maloney, E. D. (1963): IDU and cytosine arabino
-side in experimental keratitis. Arch. ophthalmol. 69: 126-129. 

Kaufman, H. E., Martola, E., and Dahlman, C. H. "(-1962): Use of 5-iodo-
2'deoxyuridine (IDU) in treatment of·~erpes simplex keratitis. 
Arch. Ophthalmol. 68: 235-239. 

77 

Kaufman, H. E., Varnell, E. D., Centifano, Y. M., and Rheinstrom, S. D .. 
(1978): Effect of 9~(2-hydroxyethoxymethyl)guanine on herpes virus
induced keratitis and iritis in rabbits .. Antimicrob. Agents Chemo
ther. 14: 842-845. 

Keir., H. M. (1968) : Virus-induced enzymes ·in mammalian cells infected 
with DNA viruses, in "Molecular Biology of Viruses". 18: 67-99. 
Cambridge University Press, Cambridge. 

Kern, E. R., Glasgow, L.A., Overall, J. C., Reno, J. M., and Boez, J. A. 
(1978): Treatment of experimental herpes virus infections with 
phosphonofurmate and some comparison with phosphonoacetate. Anti
·microb. Agents Chemother. 14: 817-823. 



Kern, E. R., Richards, J. T., Overall, J. C., Jr., and Glasgow, L. 
A. (1977): Genital herpes virus hominis infection in mice. 
II. Treatment with phosphonoacetic acid, adenine·arabinoside, 
and adenine arabinoside 5'-monophosphate. J. Inf. Dis. 135: 
557-567. 

Kessler, I. I. (1974): Perspective on the. epidemiology of cervical 
cancer with special reference to the herpes virus hypothesis. 
Cancer Res. 34: · 1091-1110. 

Kieff, E. D. , Bachenheimer, S. L. , and· Roizman,, B. (1971) ; Size, 
.composition and structure of the DNA of subtypes i and 2 
herpes simpl.ex.virus. ·J. Viral. 8: 125-132. 

Kieff, E. D., Hoy~r, B.·, Bachenheimer, S. L., and Roizman, B. (1972): 
Genetic relatedness of type 1 and type 2 h~rpes simplex viruses .. 
J. Viral; 9: 738-745, · 

Kilbrick, S., and Katz, A. S. (1970): Topical idoxuridine ·in re·current 
.herpes simplex. Ann. N. Y. Acad. Sci.-173: 83-89. 

Kit, S., and Dubbs, 0. R. (1963): Acquistition of Tdrk activity by 
HSV infected mouse fibroblast cells. BBRC 11: 5S-59. 

Klein, R. J., and Friedman-Kien, A. E. (1975): Phosphonoacetic·acid
resistant herpes simplex virus infection in hairless mice. Anti

·microb. Agents Chemother. 7: 289-293. 

Klein, R. J., and Friedman-Kien, A. E. (l977a)": Latent herpes simplex 
virus infections in sensory ganglia of mice after topical treat
ment with adenine arabinoside and adenine arabinoside monophos
phate. .AJltimicrob. Agents Chemother. 12: 577-581. 

Klein, R. J., Friedman~Kien, A. E., and Brady, E. (1974): Herpes 
simplex virus skin infections in hairless mice: Treatment with 
antiviral compounds. Antimicrob. Agents Chemother. 5: 318-322. 

Klein, R. J. , Friedman-Kien, A. E. , and 
herpes simplex virus infections in 
mice prevented· by acycloguanosine. 
15: 723-729. 

DeStefano., E. ( 1979) : Latent· 
sensory ganglia of hairless 
Antimicrob. Agents Chemother. 

Klein, R. J., Friedman-Kien, A. E., Fondak, A. A., and Buimovici-Klein, 
E. (1977b): Immune response and latent infection after topical 
treatme~t of herpes simplex virus infection in hairless mice. 
Inf. Imm. 16: 842-848. 

78 



Kernperer, H. G., Haynes, G. R., Sheddan, W.I.H., and Watson, D. H. 
(1967): A virus specified deoxythymidine kinase in BHK2l cells 
infected with herpes simplex virus. Virol. 3: 120-128. 

Knotts, F. B., Cook, M. L., and Stevens, J. G. (1973): Latent herpes 
simplex virus in the central nervous system of rabbits and mice. 
J. Exp. Med. 138: 740-744. 

Kraiselburd, E., Gage, L. P., and Weissbach, A. (1975): Presence of 
a herpes simplex virus DNA fragment in a L cell clone obtained 
after infection with irradiated herpes simplex virus i. J. Mol. 
Biol. 97: 533-542. · 

Kurtz, S. M., Fitzgerald, J. E., and Schardein, ·J. L. (1977): Com
parative animal toxicology of vidarabine and its 5'-monophos
phate. Ann. N. Y. Acad. Sci. 284: 6-8. 

Kvanicka, A. (1965): Relationship between herpes simplex and lip 
carcinoma. IV. Selected cases. Neoplasma ·(Bratislava) 12: 61. 
Cited from, A. J. Nahmias and B. Roizman (1973). "Infection 
with herpes' simplex virus 1 "and 2. II Part 2. 289: 719-725:. 

Kwon, B. S., Gangarosa, L. P., Park, N._ H., Hull, D. S., Fineberg, E., 
Wiggins, C., and Hill, J. M. (1979): Effects of ionotophoretic 
and topical application of antiviral agents in treatment of ex

.perimental HSV-1 keratitis in rabbits. Invest. Ophthalmol. Visual 
Sci. 18: in press. 

Kwon, B .. S., Hill, J. M., Wiggins, C. A., Tuggle·, C. L., and Gangarosa, 
L. P. (1979): Iontophoretic application of ara-AMP to HSV-2 
infections in hairless mice. Submitted to J. Infect. Dis. 

Lando, D., and Ryhiner, M.·. L. (1969) : Pouvoir infectieux du DNA 
d'Herpesvirus hominis en culture cellularie, C. R. Hebd .. Acad. 
Sci. D. Sci. Nat. 269: 527-530. 

79 

Lee, L. F., Nazerian, K., Leinbach, S. S., Reno, J. M., a~d Boezi, J. A. 
(1976): Effect of phosphonoacetate on Marek's disease virus re
plication. J. Natl. Cancer Inst. 56: 823-827. 

Lee, W. W., Bentiez, A., Goodman, L. ~and Baker, B. R. (1960): Potential 
anticancer agents. XI. Synthesis of the S-anomer of 9-(D-arabino
furanosyl)-adenine. J. Am. Chern. Soc. 82: 2648-2649. 

Lehner; T~, valton, J.M.A. I and Shillitoe, E. J. (1975): Immunological 
basis for latency recurrences, and putative oncogenicity of herpes 
simplex virus. Lancet 2: 60-62. 



Leinbach, S. S., Reno, J. M., Lee, L. F., Isbell, A. F., and Boezi, J. 
A. (1976): Mechanism of phosphonoacetate inhibition of herpes
virus-induced DNA polymerase. Biochemistry 15: 426-430. 

LePage, G. A., Naik, S. R.., Natakkar, s. B., and Khaliq,· A. (1975): 
9-S-D-arabinofuranosyl adenine 5'-phosphate metabolism-and excre
tion in humans. Cancer Res. 35: 3036-3040. 

Lieberman, M., Schafer, T. W., and Came, P. E. (1973): Chemotherapy 
of cutaneous herpes virus infection of hairless mice. J. Invest. 
Dermatol. 60: 203-206. 

Lindenmann, J., Burke, D .. C.·, and Isaacs, A.H.(l957): . Studies on pro-
- duction, mode of actf6n and properties of interferon. Br~ J.· 

.Exp. Patholo 38: 5.51-562. 

--Lindgren, K. I-1.: Douglas, R. G., and Couch, ·R. B. (1968): Significance 
of herpes virus hominis in respiratory secretions in man. N. Eng. 
J. Med. 278: 520-523. 

Lodmell, D. L., Niwa, A., Hayashi_, K., and Nutkins, A. L. (1973): Pre
vention of cell to cell spread of herpes simplex virus by leuco
cytes. J. Exp. Med. 137': 706-720. 

Lopez, C., and O'Reilly, R. J. (1977): Cell-mediated immune responses 
in recurrent-herpes virus infections. J. Immunol. 118: 895-902. 

Luby, J. P., Johnson, M. T., and Jones, S. E. (1974): Antiviral chemo
therapy. Anno Rev. Med. 25: 251-267. 

80 ~ 

Ludwig, H., and Rott,· R. (1975): Effect of 2-deoxy-D-glucose on herpes
virus-1nduced inhibition of cellular DNA synthesis. J. Virol. 
162: 217-222. 

Maitland, N. J., and McDougall, J. K. (1977): Biochemical transformation 
of mouse cells by fragments of herpes simplex virus DNA. Cell 
11: 233-241. 

Manning, M. M. (1961): A new approach to desensitization of cervical 
dentin. Dent. Surgery 37: 731-734. 

Mq.rcus, P. I. , Engelhardt, D. L. , Hunt j J. M. , -and Sekellick, M. J .. 
(1971): Interferon action: Inhibition of vesicular stomatitis 
virus RNA synthesis induced by virion-bound polymerase. Science. 
174: 593-598. 

Marks, R., and Koutts, J. {1975): Topical treatment of recurrent 
herpes simplex with cytosine arabinoside. Med. J. Aust. 1: 
479-480. 



Marsetio, M., Siverio, C. E., and Oh, J. 0., (1976): Effects of asp1r1n 
and-dexamethasone on intraocular pressure in primary uveitis pro
duced by herpes simplex virus. Am. J. Ophthalmol. 81: 636-641. 

Maugh, T. H. (1976); Chemotherapy: ·Antiviral agents come.to age. 
Science 192: 128-132. 

McCormick, F. (1978): Polyamine turnover and leakage during infection 
of HeLa and L-cells with herpes simplex virus type 1. Viral. 
91: 496-503. 

McGill, J., Williams, H., McKinnon, J. ,,Holt-Welson, A. D., and Jones, 
B. R. (1974): Trans. Ophthal. Soc·. U.K. 94: 542. Cited from 
W. H .. Prusot:f, and D.· C. Ward (1976). "Nucleoside analogs with 
antiviral activity." Biochem. Pharmacal. 25: 1233-1239. 

-- Miller, F& A.; ·Dixon, G .. J., Ehrlich, J., .Sloan, B. J.; and McLean, L. 

81 

W., Jr. (1969): Antiviral activity of 9-B-D-arabinofuranosylade
nine. I. Cell culture studies. Antimicrob. Agents Chemother. 
Pp. 136-147. 

Mi~ler, R. L. , Iltis, J .. P. , . and Rapp, ·F.. ( 1977) : Differential effect 
of arabinosylthymidine ori the repl~cation of human herpes viruses. 
J. Viral. 23: 679-684. 

Miyamoto, K., and Morgan, C. (1971): Structure and development of 
viruses as observed in the electron microscope. XI. Entry and 
uncoating of herpes simplex virus. J. Viroi. 8: 910-918. 

Morgan, C. H., Rose, H. M., Holden, M., and Jones, E. P. (1959): Ele
ctron microscopic observations ·on the development of herpes simplex 
virus~ J. Exp. Med. 110: 643-650. 

Morgan,C.H., Rose, H. M.:, and Mednis, B. (1968): Electron microscopy of 
herpes simplex virus. I. Entry .. J. Viral. 2: 507-516. 

Morton, w. J. (1896): Guaiacol-cocaine cataphoresis and local anesthe
sia: A new cataphoretic electrode and the wheeler fractional volt 
selector. Dent. Cosmos. 38: 48-53. 

Moss, B., Gershowitz, A., Stringer, J. R., Holland, L. E., and Wagner, 
E. K. {1977): ·5'-Terminal aJ).d internal methylated·nucleosides in 
herpes simplex virus type 1 mRNA. J. Viral. 23: 234-239. 

~1uller, w. E. G. (1979) : Mechanisms of action and pharmacology: Chemical 
agents, in "Antiviral Agents and Viral Diseases in Man" (G. J. 
Galasso, ed). Raven Press, New York. 



Muller,· W. E. G., Maidhof, A. , Zahn, R. K. , and Shannon, w. N. (1977) : 
Effect of 9-S-D-arabinofuranosyladenine on DNA synthesis in vivo. 
Cancer Res. 37: 2282~2290. 

Munyon, W., Buchsbaum, R., Paoletti, E., Mann, J., · Kraiselburd, E., 
·and Davis, D. (1972): Electrophoresis of thymidine kinase acti
vity synthesized by cells transformed by herpes simplex virus. 
Viral. 49: 683~689. . 

Hurthy,· K. S. (1973): A comparative evaluation of topical applicat~on 
and iontophoresis of sodium fluoride for desensitization of hyper

-sensitive dentin. Oral Surg. Oral Med. Ora~ Path. 36: 448-458. 

Nahmias, A. J., Alford, C. A., ·andKorones, S. B. (1976):_ Infection 
of the newborn with_ herpes virus hominis. Adv. Pediatr. 17: 
185-226. 

Nahmias, A. J., Kilbrick, S., and Bernfeld, P. (1964): The effect of 
synthetic and biological·polyanions on herpes simplex virus. 
Proc. Soc .. Exp. Biol. Med. 115: 993-996. 

Nahmias, A. J., and Roizman, B. (1973): Infection with herpes simplex 
viruses 1 and 2. {Three parts). N. Eng.· J. Med. 289: 667-674, 
719-725, 781-789. 

82 

:Nazerian, K., and Lee., L. F. (1976): Selective inhibition by phosphene
acetic acid of MDV DNA replication in a lymphoblastoid cell line. 
Viral. 74: 188-193. 

Nesburn, A. B., Robinson, C., and Dickinson, R. (1974): ·Adenine ara
binoside effect on experimental idoxuridine-resistant herpes 
simplex infection. Invest. Ophthalmol. 13: 302-304. 

Neumann-Haefelin, D., Sandmacher, R., Skoda, R., and Cantell, K. '(1977): 
Comparative evaluation of hurnan leukocyte and fibroblast inter
feron in the prevention of herpes simplex virus keratitis in a 
monkey model. Inf. Imm. 17: 468-470. 

Newton, A. A. 1 and Stoker, M.G.P. (1958): Changes in nucleic acid 
content of HeLa cellsinfected with herpes virus. Viral. 5: 
549-560. 

Nishioka, Y., and Silverstein, S. (1977): Degradation of cellrilar 
mRNA during infection by herpes simplex virus. Proc. Natl. 
Acad. Sci. USA 74: 2370-2374. 

! 
'V 



Nonoyama, N., Kawai, Y., Huang, C. H., Pagano, J. S., Hirshaut, Y., 
and Levine, P. H. (1974): Epstein-Barr virus DNA in Hodgkin's 
disease, American Burkitt's lymphoma, and other human tumors. 
Cancer Res. 34: 1228-1231. 

Nonoyama, M., and Pagano, J. S. (1971): Detection of Epstein-Barr 
viral 'genome in nonproductive cells. Nature New Biol. 233: 
103-106. 

Norman, R. S. (1975): Diffusional spread of iontophoretically in
jected ions. J. Theor. Biol. 52: 159-162. 

Nyormoi, 0. , Thorley-Lawson, D. :A. , Elkington, J. , . and Strominger, 
J. L. (1976); Differ~ntial effect.of phosphohoacetic acid on 
the. expression of Eps:tein-Barr viral .antigens and virus. produc
tion. Proc .. Natl. Acad. Sci .. USA 73: 1745-1748. 

Ogino, T., and Rapp,· F. (1976): Deoxycy.tidine kinase activity from 
rabbit kidney cells infected with herpes simplex virus type 1 
and 2. Proc. Soc. Exp. Biol. Med. 151: 280-284. 

Olshevsky, U., Levitt, J., and Becker, Y. 
synthesis of herpes simplex virions. 

(1967) : Studies on the 
Viral. 33:· 323-334. 

O'Malley, E. P., and Oester, Y. T. (1955): Influence of some physical 
chemical factors on iontophoresis using radio-isotopes. Arch. 
Phys. Med. 36: 310-316. 

O'.Malley, E. P. , Oester, Y. T. , and Warnick, E. G. · ( 1954) : · Experi
mental iontophoresis: Studies with radio-isotopes. Arch. Phys. 
Med. 35: 500-507. 

Overall, J. C. (1979): Deratological disorders, in "Antiviral Agents 
and Viral Diseases of Man". (G~ J. Galasso, ed). Raven Press, 
New York. 

Overby, L. R., Duff, R. G., and Mao, J.C.-H. (1977): Antiviral po
tential of phosphonoacetic acid. Ann. N. Y. Acad. Sci. 284·: 
310-320. 

83 

Palmer, A. s., London, W. T., and Sever, J. L. (1977): . Disodium phos
phonoacetate in cream base as a possible topical treatment. for 
skin lesions ~f herpes simplex virus in Cebus Monkeys. Antimicrob. 
Agents Chemother. 12: 510-512. 

Park, J. H., Galin, M. A., Billace, A., and Baron, J. (1969): Prophy
laxis of herpetic keratoconjuncitivitis with interferon inducers. 
Preliminary observation. Arch. Ophthalmol. 81: 840~842. 



Park, N. H., Gangarosa, L. P., and Hill, J. M. (1977): Iontophoretic 
application of Ara-AMP (9-8-D-arabinofuranosyladenine-5'-mono
phosphate) into adult mice skin. Exp. Biol. Med. 156: 326-329. 

Park, N. H., Gangarosa, L. P., Kwon, B. S., and Hill, J. M. (1978): 
Iontophoretic application of adenine arabinoside monophosphate 
(ara-AMP) to HSV-1 infected hairless mouse skin. Antimicrob. 
Agents Chemother. 14: 605-608. 

Park, N.H., Pavan-Langston, D., McLean, S. L., and Albert, D. M. 
(1979): Therapy of experimental herpes simplex encephalitis 
with aciclovir in mice·. Antimicrob. Agents Chemother. 15: 
775-779. 

Pavan-Langston, D., Dahlman., C. H., Geary, P. A., and-Sulxewski, D. 
(1973): Intraocular penetration of Ara-A and IDU-therapeutic 
implications .. in .clinical herpetic uveitis. Am. Acad. Ophthalinol.;' 
~ Octolaryngo. 77: 455-466. 

Pavan-Langston, D., Langston, R. H., and Geary, P. A. (1974): Prophy
laxis and therapy of experimental ocular herpes simplex. Compar
ison of idoxuridine, adenine arabinoside, and hypoxanthine ara-
binoside. Arch. Ophthalmol. 92~ 417_;423. . 

Pavan-Langston, D., Park, N. H., and Lass, J. H. (1979): Herpetic 
ganglionic latency: Acycloguanosine and vidarabine therapy. 
Presented at-ARVO Meeting. Sarasota, FA., April 30- May 4. 

Percy, D. H~, Albert,: D. M., and-Amemiya, T. (1973): Ocular defects 
in newborn rats treated with 5-iododeoxyuridine. Proc. Soc. 
Exp. Biol. MedQ 142: 1272-1276. 

Per,eira, L., Wolff, M. H., Fenwick, M., and Roizman, B. (1977): Re
gulation of herpes virus rnacro~olecular synthesis. V. Properties 
of polypeptides made in HSV-1 and HSV-2 infected cells. Viral. 
77: 733-749. 

Plummer, G. (1973): Isolation of herpes virus from trigeminal ganglia 
of man: monkeys, .and cats. J. Inf. Dis. 128: 345-347. 

Plunkett, W., and Cohen, S. S. (1975a): Metabolism of 9-8-:-D-arabino
furanosyladenine by mouse fibroblasts. Cancer Res. 35: 415-422. 

·Plunkett, W., and Cohen, S. S. (1975b): Two approaches that increase 
the activity of analogs of adenine nucleosides in animal cells. 
Cancer Res. 35: 1547-1554 ... 

Pollard,· B. B., and Merigan, T. C. (1978): Experience with clinical 
applications of interferon and interferon inducers. Pharmac. 
Ther. 2: 783-815. 

84 



Ponce de Leon, M., Eisenberg, R. J., and Cohen, G. H. (1977): Ribo
nucleotide reductase from herpes simplex virus (types 1 and 2) 
infected and uninfected KB cells: Properties of the partially 
purifiedenzymes. J . .Gen. Viral. 36: 163-173. 

Powell, K. L., and Courteney, P. J. (1975): Polypeptides synthesized 
in herpes simplex virus type 2-infected HEp-2 cells. Viral. 
66: 217-228. 

Prusoff, W. H. (1959): Synthesis and biological activities of iodo
deoxyuridine, an analog of thymidine. Biochim. Biophys. Acta 

85 

- 32: 295-296. 

Prusoff, w. H., Bakhle, Y. S., and McCrea, M. F •. (1963): Incorporation 
.of 5-iodo-2 1deoxyuridine into the deoxyribonucleic acid·o~ vaccin:j..a 
virus. Nature 199: 1310-1311. 

Prusoff I. w·. H. I. and Cha~g I p, K. (1998) : 5-ioc;lo.,-2 I -deoxyuridine 5 I~ 
triphosphate, an allosteric inhibitor of deoxycytidylate deami-
n~se. J. Biol.·· Chern. 243: 223-230. ·. · 

Prusoff, W. H., and Goz, B. (1973): Potential mechanisms of action 
of antiviral agents. Fed. Proc. 32: 1679-1689. 

Prusoff, W. · H., and Ward, D. C. (1976) : ·Nucleoside ·analogs wi·th anti
viral activity. Biochem. Pharmaco~. 25: 1233-1239. 

Puelhorn, G., Sosath, G., and Thiel, H. -J. (1978): The effect of 5-
iodo-2'deoxyuridine and dexamethasone on corneal wound healing 
in the rabbit.. Acta Ophthalmol. 56: ·40-52. 

Puliafito, C. A., Robinson, N. L., Albert, D. M., Pavan-Langston, D., 
Lin, T. -s., Ward, D. C., and Prusoff, W. H~ (1977) :· Therapy. 
of experimental herpes simpfex keratitis in rabbits with 5~iodo-
51 .amino-2 1 

,. 5 1 -dideoxyuridine. Proc. Soc. Exp. Biol. Med. 156: 
92-96. 

Rakusanova, T., Ben-Porat, T., and Kaplan, A. S. (1972): Effect.of 
herpes virus.infection on the synthesis of cell-specified RNA. 
Viral. 46: 877-889. 

Rapp, F. (1978): Herpes virus: Veneral disease and cancer. 
American Scientist 66: 670-674. 

Rapp, F. , Li '· J. -L. H. , and Jerkofsky, M. ( 197 3) : Transformation of 
mammalian cells by DNA-containing viruses following photodynamic 
inactivation. Viral. 55: 339-346. 

Rapp, F., and Reed, C. (1976): Experimental evidence for the onco
genic potential.of herpes simplex virus. Cancer Res. 36: 800-
806. 



Rawls, W. E., Garfield, C. H., Seth, P., and Adam, E .. (1969): Sero
logical and epidemiological considerations of the role of herpes 
simplex virus type 2 in cervical cancer. Cancer Res. 36: 829-
835. 

Reed, R. ·H., and Meunch, T. A. (1938): A method for estimating 50 
percent end points. Am. J. Hygiene 27: 493-497. 

Revankar, G. R., Huffman, J. H., Allen, L. B., Sidwell, R. W., Robins, 
R. K., and Tolman, R. L. (1975): Synthesis and antiviral acti
vity of certain 5 •-monophosphates of 9-6-D-arabinof.uranosyladenine 
and 9-D-arabinofuranosylhypoxanthine. J~ Med. Chern. 18: 721-726 . 

. Rodda, S., Jack, I., and White, 0. 0. (1973): Herpes simplex virus 
from trigeminal ganglion. Lancet 1: 1395-1396. , 

·Roizman, B .. (1965):· A1·1 

infections of man. 
inquiry into the mechanism of'recurrent herpes 
Perspect. Viral. 4: 283-301. 

Roizman, B. 
group. 

{1969) : The herpes virus - a biochemical definition of the 
Curr. Top. Microbial. Immunoi. 49: 1-79. 

Roizman, B. (1974): Herpes virus, latency and cancer: A biochemical 
approach. Reticuloendothelial Soc. J. 14: 312-319. 

Roizman, B., Bachenheimer, s. ·L., Wagner, E. K.; and Savage, T. (1970}: 
. Synthesis and transport of RNA· in herpes virus infected mammalian 

cells. Cold Spring Harbor Symp. Quant. Biol .. 35: 753-771. 

Roizman, B., and Frenkel, N. (1973): Herpes simplex virus DNA: Its 
transcription and state in productive inf~ction and in human 
cervical cancer tissue. Cancer Res. 33: 1402-1416. 

86 

Roizman, B., and Furlong, D. (1974): The replication of herpes viruses, 
in "Comprehensive Virology" (H. Fraenkel-Conrat and R .. Wagner, eds). 
3: 229-40.3, Plenum Press, New York and London. 

Roizman, B.~ Kozak, M., Honess, R. W., and Hayward, G. {1975): Regula
tion of herpes virus macromolecular synthesis: Evidence for multi
level regulation of herpes simplex\ 1 RNA and protein synthesis. 
Cold Spring Harbor Symp. Quant. Biol. 39: 687-701. 

Roizman, B., and Roane, P.R.J. (1964): The multiplication of herpes 
simplex virus II. The relation between protein synthesis and the 
duplication of viral DNA in infected HEp-2 cells. Viral. 22: 
262-269. 



Roizman, B., and Spear, P. G. (1971): Herpes virus antigens on cell 
membranes detected_by centrifugation of membrane-antibody com
plexes. Science 171: 298-300. 

Roi.zman, B., Spring, S. B., and Schwartz, J. {1969): The herpes vlrlon 
and its precursors made in productively and in aborbively infected 
cells. Symp. Viral Defectiveness, Fred. Proc. 28: 1890-1898. 

Rowe, N. H., Brooks, S. L., Young, S. K., Spencer, J., Petrick, T. J., 
Buchannan, R. A., Drach, J. C. , . and Shipman, C. (1979) : ·A clini
cal trial of topically applied 3 percent vidarabine against re
current herpes labialis. Oral Surg. 47: 142~147. 

Samuel, C. E., and Farris, D. A. (1977): Mechanism of interferon ac
_tion: Species specificity of inter~eron and of the interferon
mediated inhibitor of translation from mouse·, monkey; and human 
cells. Viral. 77: 556~565. 

Savage, T. , Roizrnan, B. , and Heine, J. W. ( 197 2.) : The proteins speci- . 
fied by herpes simplex virus. VII. ·Immun.ologic specificity of 
the glycoproteins of subtypes I and II.· J. Gen. Viral. 17: 31-
48. 

Schaeffer, H. J., Beauchamp, L., de Miranda, H.,. Elion, G. B., Bauer, 
D. I., and Collins, P. (1978)_: 9- (2-hydroxyethoxymethyl) guanine 
activity against viruses of the herpes group. Nature 272: 583-
585. 

Schaeffer, M .. L., .Bixler, D., and Pao-Lo, Y. (1971) : The effectiveness 
of iontophoresis in reducing cervical hypersensitivity. ·J. 
Periodontal. 42: 695-700. 

Schwartz, J. ',- and Roizman, B. (1969): Concerning the. egress of herpes 
simplex virus from infected cells. Electron microscope observa
tions. Viral. 38: 42-49. 

Scott, H. M. (1962): Reduction of hypersensitivity by electrophoresis. 
J. Dent. Child. 29: 225-241. 

Shannon, W. M., Westbrook, L., and Schabel, F .. M., Jr .. (1974): Anti
viral activity of 9..:.6-D-arabinofuranosyladenine (ara-A) against 
gross murine leukemia virus.in vitro. Proc. Soc. Exp. Biol. Med. 
145: 542-545. 

Shapiro, B. L., Pence, T.V., and Warwick, W. J. (1975): Insulin ionto
phoresis in cystic fibrosis. Proc. Soc. Exp. Biol. Med. 149: 
592-593. 

87. 



Sheldrick, P., and. Berthelot, N. (1974): 
chromosome of herpes simplex virus. 
Quant. Biol. 39: 667-678. 

Inverted repetitions in the 
Co'Id Spring Harbor Symp. 

Shimizu, F .. , ·Shimizu, Y., and Kumagai, K. (1976): Specific inactiva
tion of herpes simplex virus by silver nitrate at low concentra
tions and biological a9tivities of the inactivated virus. 
Antimicrob. Ag.ents Chemother. 10: 5 7-63. 

Shipkowi tz, N. · L. , Bower, R. R. , Appell, R. N ~ , Nordeen, C. W. , Overby, 
L. R., Roderick, W. R., Schleider, J. B., and Von Esch, A.M. 
(1973) = Suppression of herpes simplex .virus infection by phos
phonoacetic acid. Appl. Microbial. 26: 264-267. 

Shipman, C., Smith, S. H., Carlson, R: H., and Drach, J. C. (1976): 
Antiviral activity of arabinosyladenine and arabi'nosylhypoxan
thine in ·herpes simplex virus-infected KB cells: Selective 
inhibition of viral deoxyribonucleic acid synthesis in synchro~ 
nized suspension cultures. Antimicrob. Agents Chemother ... 9: 
120-127. . . 

Shrivastava, S. N. , .. and Singh, G. (1977): Tap water iontophoresis 
in palmoplantar hyperhidrosis. Br. J." Dermatol. 96: 189-195. 

Sidwell, R. W., Allen, L. B., Huffman, J. H., Revankar, G. R., Robbins, 
R. K., and Tolman, R. L. (1975): Viral keratitis-inhibitory 
effect of 9-(3-D-arabinofu:r:anosylhypoxanthine 5'-monophosphate. 
Antimicrob. Agents Chemothe:t. 8: 463-467. 

Sidwell, R. W., A:tnett, G., and Schabel, F. ·M., Jr. (1972): In vitro 
effect of a variety of biologically active compounds on human 
cytomegalovirus. Chemotherapy 17: 259-282. 

Sidwell, R. W., Dixon, G. J., Shabel, F. M., Jr., and Kaump, D. H. 
(1968) : Antiviral activity of 9-(3-D-arabinofuranosyladenine. 
II. Activity against herpes simplex keratitis in hamsters. 
Antimicrob. Agents Chemother~ pp. 148-154.· 

Sidwell, R. W., Huffman, J. H., Khave, G. P., Allen, L. B., Witkowski, 
J. T., and Robius, R. K. (1972):. Brqad-spectrum antiviral acti
vity of virazol~. Science 177: 705-706. 

Sidwell, R. W., Khane, G. P., Simon, L. N., and Gebhardt, L. P. (1975): 
Virazole: Inhibition of herpes keratitis in rabbits and keratitis
encephalitis in hamsters. Fed. Proc .. 31:. 576. 

8$ 



Silvers_tein, S., Bachenheimer, S. L. ,. Frenkel, N., and Roizman, B. 
(1973): The relationship between post-transcriptional adeny
lation of herpes virus RNA andmRNA abundance. Proc. Natl. 
Acad. Sci. USA 70: 2101-2104. 

Silverstein, S. , Millette, R. , Jones, P. , and ROizman, .B. ( 1976) : RNA 
synthesis in cells infected with HSV XII. Sequence complexity and 
properties of RNA differing in· extent of adenylation. J. Virol. 
18: 977-991. 

Sloan, B. J. (1975): Adenine arabinoside: Chemotherapy studies in 
animals in adenine arabinoside, in '"An Antiviral Agent" (D. 
Pavan-Langston, R. A. Buchanan, and C. A. Alford, Jr., eds). 
Pp. 45-94, Raven Press, New York. 

Sloan, B. J., Miller, F. A.,_ Ehrlich, J., McLean, I. W., and Machamer, 
H. E. (1968) : Antiviral activity of 9-!3-D-arabinofuranosyladenine 
IV. Activity against intracerebral herpes simplex virus infec
tions in mice. Antimicrob. Agents Chemother. pp. 161-171. 

Sloan, B. J., Miller, F. A., and McL~an, I. W., Jr. (1973): Treatment 
of herpes simplex virus type 1 and 2 encephalitis in mice with 
9-!3-D~arabinofuranosyladenine. Antimicrob. Agents Chemother. 
3: 74-80. 

Smith, K. 0. (1962): Some biological aspects of herpes virus-cell 
interactions in the presence of 5-iodo-2'-deoxyuridine (IDU). 
J. Immunol. 91: 582-590. 

Spear, P. G., Keller, J. M., and Roizman, B. (1970): The proteins 
specified by herpes simplex virus. II. Viral glycoproteins asso
ciated with cellular membranes. J. Viral. 5: 123-131. 

Spear, P. G., and Roizman, B. (1968): The proteins specified by herpes 
simplex virus. I. Time of synthesis, transfer int;o nuclei, and 
proteins made in productively infected cells. Viral. 36: 545-555. 

Spear, P. G., and Roizman, B. (1972): Proteins specified by herpes 
simplex virus. V. Purification and structural proteins of the 
herpes virion. J. Viral. 9: 143-159. 

Spencer, H. J. (1975): Microiontophoresis techniques. Carrier. 
2: 1-7. David Koff Instruments. Tujunga, California. 

Spruance, s. L., Overall, J. C., Kern, E. R., Kreuger, G. G., Pliam, 
V., and Hiller, W. (1977): The natural history of recurrent 
herpes simplex labialis. N. Eng. J. Med. 297: 69-75. 

89 



90 

Stevens, J. G. (1978): Latent characteristics of selected herpes viruses. 
Adv. Cancer Res. 16: 227-256. 

Stevens, J. G. , and Cook, M. L. { 1971) : Latent herpes simplex virus in 
spinal ganglia of mice.· Science 173: 843-845. 

Stevens, J. G., and Cook, M. L. {1973a): Latent infections induced by 
herpes simplex viruses. Cancer Res. 33: 1399-1401.· 

-stevens, J. G. , and Cook, M. L. ( 197 3b) : Latent herpes simplex virus 
in sensory ganglia of mice, in "Perspectives in Virology" (M. 
Pollard, ed). Pp. 171-188, Volume 8, Academic Press, New York. 

Stone, T. W~ {1972): Responses of blood vessels to various amines 
applied by microiontophoresis. J. Pharmacal. 24: .318-323. 

Stringer, J. R.r Holland, L. E., Swanstrom, R. I., Pivo, K., and Wagner, 
E. K. {1977): Quantitation of HSV-1 ru~A in infected HeLa cells. 
J. Viral. 21: 899-901. 

Sugar, J~, Varnell, E., Centifano, Y., and Kaufman, H. E. (1973): Tri
fluoronthymidine treatment of herpetic iritis in rabbits and ocular 
penetration. Invest. Ophthalmol. 12~ 532-534. 

Sugino, W. M., Chadha, K. C., and Kingsbury, D. T. (1977): Quantifica
tion of the herpes simplex virus DNA present in biochemistry 
transformed mouse cells and their revertants. J. Gen. Viral. 36: 
lll-122. 

Su~~ers, w. C., and Klein, G. (1976): Inhibition of Epstein-Barr virus 
DNA synthesis and late gene expression by phosphonoacetic acid. 
J. Virol. 18: 151-155. 

·Szymanski, J. (1952): Retardements dodesenvoluimento das cataratas 
senil por·enxertos placentais de filatov. Arg. Brasil. Oftal~ 
15: 40-42. 

Tommilia, V. (1963): Treatment of dendritic keratitis with interferon. 
Acta Ophthalmol. 41: 478-482. 

Tooza, J. (1973): Herpes virus, in "The Molecular Biology of Tumor 
Viruses", Pp. 470-501, Cold Spring Harbor Laboratory, New York. 

Trousdale, M. D., Dunbel, E. D., 
of 9-(2-hy~roxyethoxymethy) 
virus infection in rabbits. 
FA, April 30 - Nay 4. 

and Nesburn, A. B. (1979): The effect 
guanine on CNS spread of ocular herpes 
Presented at ARVO Meeting, Sarasota, 



Umeda, M., and Heidelberger, C. (1969): Fluorinated pyrimidines. Proc. 
Soc. Exp. Biol. Med. 130: 24-29. 

Underwood, G. E. (1962) : Activity of 1-S-D-arabinofuranosylcytosine 
hydrochloride against herpes simplex keratitis. Proc. Soc. Exp. 

· Biol. Med. 111: 660-667. 

Underwood, 'G. E., Elliott, G. A., and Buthala, D. A. (1965): Herpes 
keratitis in rabbits: ~athogenesis and effect of antiviral nu
cleosides. Ann. N. Y. Acad. Sci. 130: 151-167 . 

. Von Sallmann, L. V. (1942): Sulfadiazine iontophoresis in pyrocyaneus 
infection of rabbit eye. Am. J. Ophthalmol. 25: 1292-1300. 

Von Sallmann, L. V. (1943): Iontophoretic induction of atropine and 
scopolamine into the rabbit eye. Arch. Ophthalmol. 29: 711-719. 

Von Sallmann, L~ V. (1945): Penetration of pe.nicillin into the eye~ 
Arch. Ophthalmol. 34: 195-201. 

Wagner, E. K. (1974): The replication of herpes viruses. Am. Scientists 
62: 584-593. 

Wagner, E. K., and Roizman, B. (1969): RNA synthesis in ce1ls infected 
with herpes simplex virus. I. The patterns of RNA synthesis in 
productively infected cells. J. Viral. 4: 36-46. 

Wallis, C., Trulock, s., and Helnick, J. L. '(1969) : . Inherent photosen
sitivity of herpes virus and other enveloped viruses. J. Gen. 
Virol. 5: 53-61. 

Walwick, E. P., Roberts, W. K., and Decker, C. A. (1959); Cyclization 
of uridine and cytidine by polyphosphoric acid. Proc. Chern. Soc. 
P• 84o 

Wardsworth, s., Hayward, G. s., and Roizman, B. · {1976): Anatomy of 
herpes simplex virus DNA. V. Teminally repetitive sequences. J. 
Viral. 17: 503-512. 

Wardsworth, S., Jacob, R. J., and Roizman, B. (1975): Anatomy of herpes 
simplex virus DNA. II. Size, composition, and arrangement of 
inv~rted terminal rep~tition~. J. Virol. 15: 1487-14~7. 

91 

Wentz, W. B., Reagan, J. W., and Heggie, A. D. 
genesis with herpes simplex virus, type 2. 
4.6: 117-121. 

(1975): Cervical carcino
Obstet. & Gynecol. 

Wheeler, C. E., Jr. (19.75): Pathogenesis of recurrent herpes simplex 
infections. J. Invest. Dermatol. 65: 341-346. 



'' 
/: 

Whitley, R. J., and Alford, C. A.· (1978): Developmental aspects of 
selected antiviral chemotherapeutic agents. Am~ Rev. Microbial. 
32: 285-300. 

Whitley, R. J., Ch'ien, L. T., Dolin, R., Galasso, G~ L., Alford, C. A., 
and the Collaborative Study Group (1976) : Adenine arabinoside 
therapy of herpes zoster in the immunosuppressed NIAID collabora
tive antiviral study. N. Eng. J. Med. 294: 1193~1199. 

Whitley, R. J. ~Soong, S. J., Dolin, R., Galasso, G. J., Ch'ien, L. T., 
Alford, C. A.", and the Collaborative Study Group (1977): Adenine 
arabinoside therapy of biopsy~proved herpes simple~ encephalitis. 
N. Eng. J. Med. 297: 289-294. 

Wildy, P. ; Russe 11, W. C. , and Horne, R. W. ( 1960) : The morphology of· 
herpes virus. Viral. 12: 204-224. · 

Wilkie, N. M. (1973): The synthesis and substructure of herpes virus 
DNA: The distribution of alkali labile single strand interruptions 
in HSV-1 DNA. J. Gen. Viral. 21: 453-367. 

Winocur, E. (1963): Purification of polyoma virus. Viral. 19: 158-168. 

Witowski, J. T., Robins, R. K., Sidwell, R. W., and Simon, L. N. (1972): 
Design, synthesis, and broad spectrum antiviral activity of 1-S-D-. 
ribofuranosyl-1,2,4-triazole-3-carboxamide and related nucleosides. 
J. :tvled. Chern. 15: 1150-1154. 

Witzel, S. H., Fielding, I. Z., and Ormsby, H. L. (1956): Ocular pene
tration of antibiotics by iontophoresis. Am. J. Ophthalmol. 42: 
89-94. 

Wohlenberg, C. R., v1a1z, M. A., and Matkins, A. L. (1976) : Efficacy of 
phosphonoacetic acid on herpes simplex virus infection of sensory 
ganglia. Inf. Imrn. 13: 1519-1521. 

Wyburn-Mason, R. (1957): Malignant change following herpes simplex. 
Br. Med. J. 2: 615-616. 

Yajima, Y., Tanka, A., and Nonoyama, M. (1976): Inhibition of produc~ 
tive replication of Epstein-Barr virus DNA by phosph?noacetic 
acid. Viral. -71: 352-354. 

York, J. L., and LePage, G. A. (1967): A proposed mechanism for the 
action of 9-S-D-arabinofuranosyladenine as an inhibitor of the 
growth of some ascites cells. Can. J. Biochem. 44: 19-26. 

92 




