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Abstract R

Althou§h relatively rare, biopsy -proven herpes encephalitis is the
commonest cauée of fatal encephalifis in N. America. tUntreated it has a
morgality raté of 70-80Z. 1In 1977 an antiviral agent adenine
“wrabinoside (ara—A) was shown to reduce.thiS‘mqrtality rate tOIQOZ. Thé
greatest effect of the drug was demonstrated when it was given early in
the course of ghe infection. Unforﬁunatély brain biopsy 1s the'only
accéé;ed way of achieving a definitive diagnosis of herpes encephaliéis.
The invasive nature of the diagnostic test has natura}ly ﬁempered
enthusiasm for early diagnosis. Theqefore, there 1s a cbnside;able need
'fqr a non invasive diagnostic tesg for herpes encephalitis. | A

In 1977, a new antiviral agent, a nucleoside analogue, Acyclovir
was first described which is selectively phosphorylated by a virally
coded‘enzyme (thymidine kinase). This phosph&rylatibn step selectively
traps acyclovir within herpes infeqted céilg; Since thgh several otﬁe;
nucleoside analogues‘éuch as Bromovinyldebxyuridine have been described
with similar characteristics. This research has been based on the
hypdthesis that the selective trapping of nucleoside analogues within
herpes infected cells can be used to diagnose herpes encephalitis byv
using. a radiolabelled nucleoside analogue and a brain'séanning
technique;

Initial studies.involvgd>establishing an animal model of he;pes
encephalitis suitable for study. In theIliterature a variety éf animal
models of herpes encephalitis have been described but informationd
concerning the réproducibility of the induction of encephalitis, the
clinical signs of disease, -and the localization of infection is often

kg
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not reported. Seven variables were adiustéd in this work to find models
‘suitable for radioisotope ocanning and phormacokinetic,studies. Finally
a rabbit model of herpes encephalitis, following intracerebral injection
~of HSV-1, was established which appeared suitable for radioisotope
scanning. A mouse model following intracerebral injection of HSV~-I, was:
establisoed for tissue distribution stddies.

Four nucleoside analogues guitable for radiolabelling were
synthesizéd by the Department of Chemistry (Dr. M.J. Robbins) and the
Faculty of Pharmacy (J. Samuel, Dr. E. Knaus, Dr. L. Wiebe) at the
University of Alberta. .These agents were tested for antiviral activity
in tissue culture add Iodovinyldeoxyuridine was selected as the most
promising-hgent due to 1its high antiviral activity (1550 = 0.007 rg/mL)
and the ease of synthesis and radiolabelling. Subsequent experiments
quantifying the uptake of radiolabelled Iodovinyldeoxyuridine in herpes
infected cells in vitro have shown rhgt the trapping is both selective
and rapid, and aiso occurs at a concentration of virus likely to be
present -in the infected human brain.

Preliminary srudies in vivo quantifying the uptake of this
radiolabeiled compound ‘in rabbits have confirmed that the radiolabel is
selectively concentrated in herpes infeoted brains but not in uninfected
brains. However the magnitude of this trapping is not great and is
masked by a‘persistentl§ high blood level. This prolonged high blood
level of radioactivity was unexpected and currently efforts are being
undertaken to idenrify the cause. Should the uptake of radiolabelled
IVDU allow detection by scanning of rabbits with herpes encephalitis, a

clinical trial would appear indicated.
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CHAPTER I GENERAL INTRODUCTION

A. HERPES VIRUSES

The herpetoviridae consists of a family of large, enveloped,
DNA-containing viruses (1). Although many members of the family are
pathogenic, only five members are significant human pathogens. They are
herpes simplex virus types I and II (HSV—f, HSV-11), varicella-zoster
virus (VZ), Epstein-Barr virus (EﬁV) and human cytomegalovirus (HCMV).
All Tembers of the family have a nucleic acid core 30-45 nm in diameter
which possesses the double stranded DNA. The core is surrounded by an:
lcosahedral capsid. An envelope studded with glycoprotein projections
surrounds the capsid givipg the complete v%rus particle a dlameter .of
120-250 nm (1). The individual viruses can be distinguished by the
composition of the genome as well as by the antigenicity of the capsid
and envelope proteins. Using restriction endonﬁcleases, strainsg of each
type of HSV can now be readily identified (2).

Herpes viruses can cause a variety of different illnesses in man
but fortunately most infections are self limiting aﬁd rarely fatal. For
many years HSV-has been known to cause mucocutaneous infectioms but it
was only in 1961 that it was first appreciated that there are two types
of HSV, with both shared and diétinct surface antigens (3).

HSV-I can cause gingivostomatitis, keratoconjuzctivitis, whitlow,
coid gore, genital igfections and occasionally encephalitis. HSV-II 1is
primarily seen in genital infections and much less frequently in
oro-labial and whitlow infections (4). However with chénging sexual

'Y

habits these distinctions are becoming blurred and the site of isolation

«

of the virus no longer automatically predicts the type of HSV (5). Both

1



HSG:T and HSV-II possess the remarkable ability to become latent after a
primary infection and then to become reactivated at a later date and
cause illness. About 30-50%Z of adults in higher sncio—economic groups
have HSV antibodies whereas in lower soclo-economic groups 80-100% have
antibodies to HSV (6).

Priﬁary infection with HSV-I 1is usuélly in the form of a self
limiting gingivostomatitis. The virus is believed to spread in a
;etrograde fashion bégg;;o the Frigeminal ganglion where it becomes
latent in neuronal Eéiisn(?). "A variety of stimulants including
sunlighﬁ, heaty local trauma, menstruation, inféction, and stress have
all been asgociated with reactivatién of HSV—I; The exact mode of
action of these triggering égents remains uncértain although transient
changes in cell mediated immuniti and shifts In Lntraceliular
prostaglandinvlevels have been noted (8,9,10).A HSV-I usually recurs in
the form of a cold sore and analysis of the viral DNA in recurrent
episodes from igdividual patients has shown that the virus is
genetically identical, Eonfirming the concept of reactivation (1l1).
Latent HSV-I has also been isolated from both superior cérﬁical and
vagus ganglions and these may be the sites of origin for recurrencés

causing herpes oesophagitis (12). Herpes simplex encephalitis may

follow a primary infection but'usua%ly results from feactivation of a

\

latent virus (13). ‘
HSV-I1 has similar properties ofllatency. After a primary genital

infection the virus becdmes latent in the sacral gangiia to become

reactivated intermitgently and cause clinical illness. VZ, another

herpes virus, causes chicken pox as the primary infection before

™~
becoming latent in the dorsal root ganglia. Reactivation of VZ usually



produces infection in the distribution of Sne dermatome and 1is callgd
shingles (4). HCMV and EBV also possess the ability to become latent in
the host and can recur to cause illness. However, unlike HSV and VZ

they are not neurotropic and are believed to become latent in the host's

leukocytes.

B. HERPES ENCEPHALITIS

&

1. Epidemiology

Many viruses are known to cause encephalitis in humans. In North

America, togaviruses and bunyaviruses account for ma;§\6f”thewc;ipically
apparent cases. As they are arthropod-borme the§ have chéracgsrii%ic
epidemiological features occurring during distinct seasons e&&g yé;r and
oniy in ;ertain-areas of the continent. Enterbvirus infections can also
cause encepﬁalitis and their pat“ern.is also 'seasonal. Fortunately most
cases of viral encephélitis follow a benign course and deaths are
relatively infrequent; however, some togavirus infections can be severe,
but are rare in North America. -

Although it had been strongly suspectgd from early animal studies
that herpes viruses could cause human encepﬁalitis, it was not until
1941 that HSV was isolated.and définitivély identified from the brain of
a child dying from herpes encephalitis (l4). Since then herpes
encephalitis has become accepted as thé most common cause of fatal
encephalitis in North America and England (15). However, despite
considerable recent advgnces in both the diagnosis and treatment of
herpes encephalitis, there still exists considergble controversy
concerning both clinical spectrum of the disease and also the optimal

approach to achieving a diagnosis (16,17).

The National Institute of Allergy and Infectious Diseases (NIAID)



Collaborative Antiviral Study Group has reviewed some epidemiological

features of patients with blopsy-proven herpes ‘encephalitis (18). 1In

their series herpes simplex encephalitils occurred in all age groups, was
“\

equally common in both sexes, showed no obvious pre&isposition to affect

any particular racial group and had no particular seasonal distribution.
\

Untre;ted biopsy proven herpes encephalitis carried a mortality rate of
702 (19). | . .

Although HSV-I is by far the cgg;onest‘type of herpes virus causing
herpes encephaliti;\}n adalts, HSV-II and VZ can qlso cause encephaiitis
in selected cases: Encephalitis in adults resglting from HSV-II is
particularly rare, accounting for 3% of all adult cases (20,47). 1In
neonates HSV-II encephalitis is usually one feature of.a disseminated
infection, but may also present as a localized‘infection. Botﬁ carry.a
significant mortality and morbidity even with optimal antiviral therapy
(21). vz encephaiitis is rare and may be found in immunocompromised
patients with disseminated infectioq. These patients dsually do very
poorly despite therapy 222).

Although most cases of herpes encephalitis in adulté are due to
HSV-1 ané in neonates are duz to HSV-II, the relative incidence of eacﬁ
tybe of‘virus needs to be monitored. This has become increasingly |
important with the developmz2nt ¢~ =h2 véry new highiy potent antiviral
agents, which have pronounced zcrt. »rimarily against HSV-I e.g.
E-5-(2-bromovinyl)-2'-deoxyuridine (23).

2. Pathology
Since the original description ¢~ ‘irsT Jocumented case of

herpes encephalitis in 1941, there has se:c ..nsic. ~ble = =erest in the

pathology of this disease (14,90). Even - ti- early studics, the



severity of tissue necrosis caused by the infection, and the localized
and asymmetrical topography of the leslons were readily appreciated
(93)-

At pqst mortem examination, the brains of victims of herpes
encephalitis frequently have a characteristic macroscgpic appearance
with a severe hemorrhagic necrosis and cerebral softening accompanying a
destructioq of gross architecturgw(92,93). The topography of the
infection 1s particularly interegéing with a predilection for affecting
the medial temporal and frontal regions of the brain (92,93). However
in rare cases the parietal lobe, occipital lobe and the br;in stem have
all been implicated as being the site of initial localization
(94,95,96).

Both light and electron microscopy have been used to exémine brain
tissue from victims of herpes encephalitis. Lyméhocytic infiltration,
perivascular cuffing and neyronal and glial cell loss are commonly found
but'all are non specific, as they can be encountered in other conditions
. (47). Eosinophilic Intranuclear inclusions of Cowdry Type A are
observed in a;proximately 70% of all cases of herpes encephalitis and
are used as a significant marker for the diagnosis g;b). However, tﬁé
value of inclusion Sodies as a dlagnostic marker was challenged when it
was proposed that Ehey could represent non specific artifacts of little
diaghostic significance (91). The validity of using these int;anuclear
inclusion bodies as a marker for Qiral encephalitis has been confirmed
by electron microscopy. Inclusion bodies have'been shown to consist in
most cases, of a granular matrix embedding viral.particles undergoing
féplication and maturation (98,92).

In the NIAID collaborative study on herpes encephalitis 71/84



| N

patients with proven herpes simplex‘infection had pathologic changes on’
a‘brain biopsy consistent with herpes encephalitis. Those changes were
perivascular cuffing, lymphocytic infiltration and/or neuronophagia as
described previously. Intranuglear inclusion bodies were found in 47/84
patients. Of importance in twenty-five of the seventy patients where
the biopsy was'negative for herpes infectionlgﬁénges compatible with
viral encephalitis were identified. 1In ten of these specimens inclusion
bodies were noted, and in seven of these cases.a nﬁn—herpes but still
‘viral cause for the encephalitis was identified (47).

3. Pathogenesis

There appears to be at least three different settings for the
development of human herpes encephalitis. 1In neonatal infection, it {is
believed that the infection is acquired during delivery. through a birth
canal infected with HSV-II. The virus may cause a local superfilcial
infection of tﬁe infant's skin, .mouth or éye, or it may cause a
localized encephalitis without evidence of visceral involvement. In a
small number of cases it may penetrate through the nasopharynx and cause
.a viremia with,mhltiple organ involvement including the brain (24).

TN

In adults it was originally believed that herpes encephalitis
resulted from a primary infection. However bf 1965, many patients
suffering from acute herpes encephalitis'had been identified who had

serological evidence of 'previous herpetic infection, and the concept of

a primary infection had to be reviewed. -
Herpes(virus DNA has been j{dentified in trigeminal, sacral,‘ o
. >
superlor cervical and vagus ganglia (12,7,26). Infectious virus can be

re§ctivated by culturing the ganglia removed from cadavers (104). This

evidence has led to the belief that herpes encephalitis usually results

.



from reactivation of a latent virus in the trigeminal ganglion.

On most occaslons a reactivated herpes virus in the trigeminal
ganglion tracks peripherally to produce a cold sore. On.rare occasions
the virus may spread along the tentorial nerves; which originéte from
the trigeminal ganglia, to cause encephalitis (27). This route of
infection would explain the asymmetrical characteristic topography of
the lesions in herpes encephalitis, since the tentorial nerves supply
the fascia near the temporal and frontal lobes; Another plausible route
of infection which has been prop&éed igs that of direct spread along the
o%factory bulbs particularly in primary iﬁfections (29).

It is also conceivable that the virus causing herpes encephalitis
could in fact originate from the reactivation of d‘virus latent within
Fhe brain itself. HSV—I nucleic acid sequences have'beén readily
detected by in situ hybridization in ghin’sections of brains from mice
.inoculated (six months ;reviously) with HSV-I.' These mice Qére
.clinicallyAwell and virus could not be recovered by conventional culture
(105). Examination of the DNA gxtracted from llrhuman brains has shown
HSV-I DNA sequences in six samples. In some cases a complete viral
genome was detected while in others only a part of the genome, or
terminal fragments could be detected (106)1

Unfortunately it is not clear what proportion of adult herpes
encephalitis is a result of primary infection. The NIAID stﬁdy has
revealed the compléxity of the probl . “13). HSV-I isolated from seven
patients with simultaneous orolabial herpes and biopsy proven
encephalitis wefe examined by DNA restriétion endonuclease
fingerprinting. Presumably if the encephalitis resulted from a virus

latent in the trigeminal ganglion the- patterns obtained from both



isolates wquld be identical. In four of the seven pafients the viruses
isolated from the brain and the oral lesions were identical by DNA
restriction enzyme analysis. Three of these patients had a long
standing history of cold sores and readily detecgable antibodies in the
acute serum suggesting that a reactivation of a latent virus was the
cause. In the other patient, the abéence of a history of previous coiﬁ

"

gsores and undetectable antibodies in the acute serum suggested that thi§
could have been a prim;ry infection. 1In the three‘remaining patients
the authors felt that the differences in the fingerprint patterns were
minor and did not exclude these being the same viruses (13). In
conc}usion, adult herpes encephalitis ﬁay follow a primary infection but
it is more likely to result from a reactivation of 5 latent virus.

One major question on thé pathogeneéis of herﬁes encephalitis fs
still unresolved. It is not clear why virus (HSV-I) which is
ubiquitous in naturé and causes a relatively alnor self limiting
ipfection in the majority o} people can, in a few people cause a
fulminant lethal encephalitis. Until recently it was beiieved that
differences in pathogenicity of viral strains might be significant. In
1923, it had been noted in a rabbit m;del that one strain of herpes
could cause encephalitis while a second strain was non-pathogenic (30).
Laboratory strains of HSQ—I have also shown variable neurovirulence
(31,107). Recent studies using DNA restriction enzyme fingerprint
analysisg, have faileg to reveal any common denominator in‘the brain
biopsy isolates from patients with HSV~I encephalitis (32,33). It now
gseems unlikely that specific strains of HSV-1 with increased tropisa or

pathogenicity for neural tissue will be identified from HSV encephalitis

patients..



Other hypotheses have‘ﬁeen proposed to explain the pathogenesis of
herpes encephalitis and include 1) an innate or acquired immunological
deficiency facilitating encephalitis, i1i) a chance event permitting
viral access to the brain via a neurotropic route. Unfortunately ﬁo

hypothesis has been generally accepted (13).

4. Clinical Features

The full clinical spectrum of herpes encephaligis is poorly
understood and highly controversial. The controversy arises frém the
differing criteria used to gchieve a -diagnosis (34,16).

Using the-most stringent criteria for diagnosis, by culturing ﬁSV—I
from a brain biopsy, the NIAID Collaborative Antiviral Study Group have
réviewed the clinical features of over.one hundred cases of he;pes
encephalitis (18). As previousiy mentioned no predisposition to herpes
encephalitis was noted in eilther sex, iﬁ any agevgroup or ethnic-
background or at any particular season. The commonest ciinical findings

both Historically and ﬁt_presentation are listed below.

Alteration of consciousness - 97%

CSF pleiocytosis ;'971’
Fever _ - 927
Personality ch;nge - 85%
Headache ' | = 817
Dysphasia | ., - 76% f
Seizures —‘67Z
Autonomic dysfuncéioﬁ‘ ; 60%

These figures have confirmed the clinical impression that herpes

encephalitis most frequently presents as a febrile illness in a patient °

S
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with a history of headache, personality change and diminished level of
congclousness, who may proceed to develop'locélizing signs and symptoms
usually to one or both temporal lobes. The natural history of
biopsy-proved HSE is depressing with a 70Z 6 month mortélity rate and
with a high morbidity in the survivors (19).

A major'coptroversy exists over the possibility that herpes may
cause a mild diffuse encephalitis.‘hKlappeL, éailey and Longson in the
United Kingdom argue that HSE 1s common, but in most cases the mildness
-of the diéease precludeg-a brain biopsy and the cause of the
encephalitis goes unidentified (34). The diagnost%c criterion for HSE
in thesé studies was based on a radioi&mune assay‘dRIA) for HSV
antibodies and they believe that a éertain rafio of cerebrospinal fluid
(CSF) to serum antibodies is‘diagnégtic of herpes encephalitis (36).
Concern has been expressed that in the'étudy which claims to validate
this test, the controls were poorly selected and were inappropriate to
the cllnical setting where the tgst migﬁt be used. Secondly,lit/is
argued that the numbgr of patients in the brain biopsy proveﬁ group was
too small to makeithis significént conclusion (16).

In summary, the clinical featupes of herpés encephalitisg jare
non-specific and whgre a brain biopsy confirms the diagnosis, the
outlook withoug-treatment is particularly poor. The\presence of a mild

form of herpes encephalitis has yet to be confirmed.) /

5. Diéénosis

The diagnos&s of herpes encephalitig cannot be made with certainty
using clinical assessment and non-invasive tests.ﬁ-The oniy accepted and
definite means.of-diagnosing herpes éncephalitis.pre—mortem is by

demonstration of herpes simplex virus in tissue obtained by a brain



biopsy. The difficulty often arises in deciding which patients to
biopsy. Non-invasive testsl\although not definitive, are éf some value
in making the decision to proéeed to biopsy and sometimes will assist in
determining the site of biopsy. The NIAID collaborative’ study has
provided valuable information by comparipg ghe value of the ;on-invasive
diagnostic tests to the results of brain biopsy (18).

a) Electroencephadogram (EEG)

The EEG in herpes encephalitis may show generalized abnormalities,
but 1t is of particular help when it becomes localized with
predominantly spiked and slow waves in the temporal region (37 38). 1In
the NIAID series 817 of patients with herpes encephalitis had
localization on EEG (18). In our series, 7 of 8 patients had
localizatio a EEG (64). 1t is important to stfess that ¥ocaliiation
on EEG is not specific since 59% of the HSV négétive biopsied pgtients
had focal signs on EEG;‘(18). ?he localization of the lesibn,on E%G
_often precedes changes detectgd'on bggin or CT scanning, énd ig
therefore pareiCularly useful in assiéting with-the‘choica of biopsy
site. Some authors have suggested that slow wave compleies on EEG are
associated with a poor prognosis (87,88). The number of patients
evaluated in these studies was small. In view of the poor.prognosis of
all patients with HSV enéephalitié, we do nof feel there is presently
sufficient evidence to correléte EﬁG findings with prognosis.

b) Brain Scan

It has been'suggested that teéhnetium brgin scans may Bé’of va}ue
in localizing the side involved in herpes ehcephalitis.(QO)} In‘o;e
study of 11 patients with presumed herpes simplex engephélitié'(Slbiqpsy

'provén, 6 based on se“rology'), @ EEG scan,_wa,é:pos’it-iye in _,8 of 11, CT
' i
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scan negative in all patients and static radionucleotide brain scan was
positive in all 10 patients in which it was performed. In our study of
nine patienés with heipes simplex encephalitis, brain scan was positive
in the 4 patients in which it was performed (64). In NIAID study,
technetium brain scans showed localizing features in 50% of cases, but
was falsely positive in 14% of cases (18). The value of technetium
brain scanning in herpes Fimplex encephalitis appears to be that it will
localize the site of infection early, often before the computérized
tomographic (CT) scan abnormalities are detectable.

c) Cerebral angiography

' There are few studies of herpes simplex encephalitis in which
cerebral angiography has been done routinely. 1In one study the role of
Jéerebral anglography was reviewed in achieving a diagnpgis of herpes
%?cephalitis in 11 patients th biopsy proven) (39). The cerebralv
angiograms . show characteristic changes of mass effect,l;calized éreas of
hypervasculafity‘and venous blush. - These findings are non-specific for
herpes ehcephalitis and no studies have compared the value of cerebral
ﬂdﬂg .rzng with less invasive non-specific diagnostic techniques such as

scar , EEGs or technetium brain scans.
d) Computerized Tomography

Computerized tomography has provided majér advances in the early

diagnosis of many neurological conditions. However the CT sca; is
ﬁeither sensitive nor specific enough to be used alone to achieve a
diagnosis of herpes encephalitis (41). 1In one study all 11 patients
~s;udied with CT séan early in their disease had negative CT scans. In
that study, Kim attributed the negative CT scanniqg results to the short
! an

interval between the onset of neurological symptoms and the first scan

N
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(40). The commonest abnormality 1s a low absorp;ion area in the
temporal lobeg with or without a mass effeéf (42). Unfortunately the €T
gcan is often normal in early cases and ih'the NIAID study showed a
ﬁ?calization in only 60% of cases. False positive scans were obtained
in 22% of cases (18). Unfortunately, the CT scan is most often negative
in the early stages of herpes simplex encephalitis at the time when
A

diagnosis is most crucial to the eventual outcome.
e) Antibody Studies

About 30%Z of patients with herpes simplex encephalitis are
gseronegative at the onset of disease iﬁblying that theif encephalitis is
the result of a primary herpetic infection. Seroconversion in these
patients commonly raﬁges between 80-90%, depending upon the sensitivity
df the test used (47). As many.;s 70% of patients who are seropositive
at the onset of disease may sbow a four fold boost in antibody titres.
There are some problems in the interpretation of these results, since
407 of the biopsy negétiVe encephalitis:patients who were seropositive
at the time of biopsy also demonstrated significant increase in antibody

2

.titres. The serological tesrs used in the NIAID study were -
neutralization fitres, passive hemagglutination or immunofluorescence
">for IgGlantibodies (47). These tests are very se;sitive and this may
account for the relatively low specificity of the test. These results
emphasize the difficulty in interpreting serum antibody studies in HSV
encephaliéis. | | .ot

In.an attempt to overcome these problems{ CSF antibody levels have
been examined both in isolation and also as a ratio to serum levels as

possible diagnostic tests (46,47). Normally there is a barrier to the

diffusion—af antibody from blood to the CSF so that a much lower level -

[ 4
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of antibody, usually less than 200-300 fold, is foqnd is the CSF (58).
However, if there is an HSV infection within the brain, specific
antibody production in the CNS should dramatically increase levels. A
ratio of serum to CSF of <éO has been proposed as being useful in
diagnosing acute herpes encephalitis (46). The NIAID study group have‘
‘reviewed their data and have shown that using simultaneous assays of
gerum and CSF antibqé%es, a lowered ratio of, serum to CSF antibodies has
a 507 sensitivity and élZ specificity for HSV encephalifis during the
first ten days of infection. Unfortunately, the low sensitivity during
the early phase of infection and the occasion%l false positive limits
its value as a diagnostic tool. for early HSV encephalitis.

) Cerebrospinal Fluid Studies

Routine studies are not very helpful in the diagnésis‘of-herpes
encephalitis. There are no characteristic differences in either protein
or glucose 1gvels‘in the CSF that distinguish the HSV positive from the
HSV negativetgrqups. In general, there 1s a mild elevation of CSF
protein and the CSF WBC§ are frequently elevated to 50-500 cells/mm3 and
the CSF:blood glucose ratio was greater than 507 in 952 of the cases
(18).

Several investigators have attempted to utilize the.presence of
viral antigens or proteins in the CSF to achieve a diagnosis. HSV-I
specifies an enzyme thymidine kiaase, which can réadily be distinguished
from cellular enzymes (51;. In a rabbit model with early herpesA
encephaiitis, virally specified TK can be detected in the CSF. 1In a
limited study of human HSV encephélitis, viral TK has been detected in
CSF (52,53). ‘However thege resulté have yet Eo be reproduced or

confirmed in other studies.
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A similar promising approach is to detect HSV antigens in the CSF
of patients with HSV encephalitis using either radioimmune assay or
enzyme link immuncassay (54,55). However these tests have still to be
evaluated in a clinical trial.

Although Dyan and Stokes (56) claimed that immunofluorescent
staining of CSF lymphocytes could be of value in the rapid dilagnosis of
HSV encephalitis, these results have been challenged (57). There has
been no further studies suggesting that this technique would be useful
in early and specific diagnosis of HSV encephalitis.

g) Brain Biopsy

Positive identification achieved by culturing herpes simplex virus
in brain biopsy tissue 1s the only definitive diagnostic test for herpes
encephalitis. The biopsy detects in. 987 of cases (50).

Traditional tissue culture methods for isolation of herpes simplex
virus may take 2-3 days and may even be slower particularly if taken
from an inappropriate site (44,99). This delay Has resulted in the
gevelopment of a number of techniques to give a more rapid diagnosis
while the culture result is awaited. Histological examination of the:
brain biospy in herpes encephalitis classically shows perivascul#r
cuffing, lymphocytic infiltration and neuronophagia. These features
were found in 71 of 84 patients in whom herpes simplex virus was
subsequently cultured. In thesé patients only 47/84 patients had
{ntranuclear inclusion bodies Cowdry Type A. In biopsy negative
patients 25/70 also had evidence of acute encephalitis and ten of these
patients had intranuclear inclusion bodies. These findings demonstrate
tﬁe poor specificity of histology (47).

Electron microscopy has been used to examine brain biopsy



specimens. Traditional examination using thin section blocks takes 2-3
days and has a’sensitivity of 45% with a specificty of 987 (47).
However, more rapld attempts at diagnosis are being made by examining
directly a fre;ze thawed preparation of homogenized tissue.

Touch preparations of the biopsy can be used for direct or indirect
immunofluorescence to detect herpes virus antigen. In the NIAID study
this test 1s positive in 70-80Z of cases with a specificity of 912
(45,47). This test offers a diagnosis within hours of the time of
biopsy. Selection of the most appropriate test for any giQen hospital
depends upén the availabilit& of equipment and technical éxpertise.

One study has quantified the virus recovered from 18 brain biopsy
specimens. Eleven patients had >lO4 Tiésue Culture‘Infective Dose 50
(TCIDSO) per g 5réin, while 7 paﬁients had <104 TCID50 per g brain (47).
Those patients with a large quantity of virus at the time of biopsy had
a poorer outcome (47).
?he Srinciple argument against performing a brain bilopsy when
-hérpes encephalitis is suspected is that it is an invasive preocedure
(48). The risks associated with brain biopsy have been quantified in
- two serieS»covering 90 consecutive brain blopsies (49;97). The majof
risks encountered are those of anaesthesia, intracranial bleeding,
infection énd post operative seizures (ﬂ9,97). This risk of serious
morbidity from a brain biopsy is in the neighbourbood of 0.5 to 2% (17).

Qne unexpected bonus from performing brain biopsy, is that in over
ome quarter of the herpes negative group, a grejiously unsuspected
diagnosis wﬁich had not been achieved by conventional investigations,‘

was made. In NIAID study 20 of the 76 Biopsy negative patients had a

new diagnbsis made as a result of the biopsy (50). It cannot be
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emphasized too strongly that these patients then received appropriate
therapy based on the new diagnosis and 13 of the éO patients made a
complete recovery (50).

The\}mportance of performing a brain bioésy to achieve the
diagnosis”;fqherpeé encephalitis remains both an emotional and a
controvgrsial sub ject. Several»factors including the risk of the
procedure, the criteria used tovselect patients, the beﬁéfits of
achieving a diagnosis and the risks of blind drug therapy all have to be
cbnsidered in making this decision.

There is an argument by sgme clinicians that blind therapy with
ara-A ;n patients with therclinical plcture and nén—specific tests
supporting tﬁe diagnosis of HSV encephalitis should be an accepted
practice (106). This argument will gain more support if and when less
toxic antivi%al agents become available for the treatment of HSV

encepha;itié; However, the principle of doing a brain biopsy to

.'diagnose HSV enéephalitis should not be based on the relative toxicity
of antiviral agents, bﬁt’on the principle that, wherever ﬁossible,
therapy should be dirécted at an identifiable etiological agent. fhe
clinical and non-invasive diagnostic tools currently availablé will
identify a group of patiepts in which BSV is the etiological agent in
only about 60Z of cases (50). The Benefit of the biopsy has been
clearly demonstrated in the N{éID study where the bilopsy confirmed HSV
encephalitis in §8Z of HSV encephalitis patients, and also diagnosed
other treatable diseases in 20 of the 76 HSV biopsy-negative patients
(50). Many of these patients recelved appr&priate therapy with
favourable results. Sukh patients couid have suffered irreversible

neurological damagg or death if they had been given blind antiviral
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therapy.
6. Therapy

For many years antiviral therapy for herpes encephalitis was not
attempted since the only available antiviral agents caused excesslve
host toxicity when used systemically. In 1970 idoxuridine, a nucleoside
analogue used topigally for herpes keratitis, appeared to be beneficial
if given systemically in treating herpes simplex encephalitis (109).
However, this was an uncontrolled sgudy and the criteria for the
diagnosis of herpes simplex encephalitis were not sufficiently rigid.
' Despitéthis, fqr éeveral years idoxuridine was the accepted standard
tﬁerapy for herpes ;ncephalitis. (108). 1In 1975, idoxuridine was shown
to be both ineffective and toxic in ; well designed placebo-controlled
study with firm diagnostic criteria for herpes simplex éncephélitis
(59). Two similar nucleoside analogues have also been evaluated in the
treatment of herpes encephalitis. Cytosine arabinoside has proved to be
ineffective and highl& toxic (34). However, adenine arabinoside (ara-A)
has been shbwn to have a considerable therapeutic effect and currently
is the only drug licensed for the treatment of herpes simplex ’
encephalitis (19,50). 1In the initial trial of ara-A, 28 patients with
biopsy proven herpes siﬁplex encephalitis were randomised to réceive
elther placebo (10 patients)iorlara-A (18 patients). Of the ten
patients treated with blacebo, seven died within one month and a further
two within six months (355. Only f;ve of the eighteen patients treated
with ara-A died. The placebo arm of this study wés disconfinued on
ethical grounds (19). The study was c;ntinued with ara-A being given to

all adult patients with biopsy proven herpes simplex encephalitis (50).

In the 75 patients with biopsy proven herpes simplex encephalitis

N
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treated with ara-A, cumulative mortélity after one year was 39%Z. Two
ma jor prognostic indicators were noted. - Patients under the age of’
qhirty, who were only lethargic at the time of biopsz responded well and
often returned to normal life. However, older patients, comatose at the
time of biopsy faired badly and had an 80% mortality rate (50). These
figures indicating an improved overall mortality with therapy, although
encouraging, have not always been rgproduéed in other centres (60). A
similar study has demonstrated the efficacy'of ara—-A in neonatal herpes
simplex virus iﬁfection (21). :
| When the diagnosis of herpes simplex encephaiitis has been
confirmed by a brain biopsy, sé;nd;rd therapy now consists of ten days
of treatment with intravenous ara-A at a dosage of 15 mg/kg/day.
Several recent case reports have noted “"relapses” or "recurrences” after
antiviral therapy (99,100,101). In one case, a Patient responded to ten
days of ara-A therapy following a clinical diagnosis of herpeé gsimplex
encephalitis, but eight weeks later developed an encephalitic illness
and ﬁSV—I was recovered from a brain bioésy (99). 1In the one study
where viral titers.were made of the brain biopsy and subsequently of
autopsy material, ara-A therapy resultea in a substantial reduction in
viral titers in seven of eight patiénté, while in all patients receiving
placebo viral titers increased (48). Although several hypotheses could
readily explain tﬁese cases of relapsed encephalitis, a continuoﬁs
review of both the duration and.dosage of any,regiﬁen 1s p;udént.
Unfortunately ara-A is a toxilc agent. Its side effects include
nauseé, vomiting, diarrhea, bone marrow suppression, weakness, tremor

and confusion (50,61). Furthermore, concern has been raised that the

fluid load required to administer a thefapeutic dose of ara—A may
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be causing significant morbidity (62). For this reason considerable
research has been undertaken into alternate antiviral therapy.

Adenosine arabinoside-5'-monophogphate (ara—-AMP) is metabolised to
the same active component as ara-A, but it has the advantage of a mucﬁ
greater solubility. In animal studies it appears to be effective in
treating herpes simplex encephalitis (63). However, in the NIAID study,
ara-AMP has recently been withdrawn because of "no demonstrable benefit”
(120). In one recent local trial of ara-AMP treatment in biopsy proven
HSV enqephalitis, eight of nine patients were alive afFer one,month and
five of nine after one year and no marked toxicity was noted (64).

Several other—new agents have recently been developed which are
highly selective in inhibiting HSV replication apd have little host
toxicity. .The efficacy ofv9-(2—hydroxyethoxymethyl) guanine (acyclovir,
ACG) and of‘E45—(2—Bromq§inyl)—2'—deoxyuridine (BVDUj in treating HSV
encephalitis in animals has been demonstrated (65,66). Currently ACG 1is
being evaluated by ;he NTIAID in ; controlled trial in humans.

Many patients with herpes encephalitis will require'ventilatory
agssistance during decreased levels.of congclousness. Cerebral oedema
can adversely affect the outcome. Surgical decompression and insertion
of pressure monitors may be necessary (34). The use of‘high doses of

{
steroids have been advocated for the control of cerebral oedema, however

-

Lo
the valu€ of steroids in treating cerebral oedema assoclated with

N

encephalitis remains controversial (110).

7. Animal Models

For over sixty.years animals have been used as models for herpes
"infections. Initially animal models were used to investigate the

pathogenesis of herpes infections but more recently they have been used
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extensively for the testing of antiviral agents. The use of animal
models has been of invaluable benefit in improving the understanding of
herpes infections.

Doerr and Vochting in 1920, described that inoculation of herpes
virus onto a rabbit's cornea led to the rabbit developing encepﬁaiitis
(67). They believed that the initial infection caused a viremia which
seéded in the brain. This viewlwas corrected in 1923 when Goodpasture
and Teague documented transmission of herpes virus from a peripheral
focus to the central nervous systém élong sensory, motor and even
s?mpathetic nerves (30). By injecting herpes into peripheral sites and
subsequently examining central nerves for intranucle;r'inclusion bodies
characteristic of infection, transmission of virus from the masseter
muscle to the trigeminal nerve énd from the vitreous humour te the optic
tract were documented. Injections into otber sites confirmed'rapid
transﬁiésion aloné almost any nerve.

Furthermore they developed a model of herpes encephalitis by
inoculating herpes onto the sca;ified cornea of a rabbit;rﬁfhey found
characteristic pathological changes along with sensory branch of the
tfigeminal-nerve spreading into the pons and caudal medulla. The

Alesions in l;ter stages of ini;ction involved the ventral surface of the
telencephalon including Ammon's horn.‘ The inclusion bodies were usually
found in tissue on the side of the infected eye although contraléte?al
lesyons were demonstrated (30).

Animal models of herﬁes encephalitis were not used to a great
exfent until the 1960s when the identification of herpes as'a —

significant cause of human encephalitis kindled interest in both the

pathogenesis of herpes encephalitis and in possible forms of therapy.
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In 1970 some of the original studies were repeated using electron
microscopy to confirm that herpes could pass from the cornea to the
trigeminal ganglion and subsequently produce a localized encephalitié
(68). Since then several different models of herpes encephalitis have
been described.
a) Intraocular injection

Direct injection of hérpes into the eyes has been described és one
routé of inducing encephalitis in 18 day old albino rabbits (69,70).
Seven days after the injection of virus into the eye most anima}s became
' ataxic with head jgrking movements. 102 of these animals proceed to die
from convulsions but in the remaining 90% tﬁe signs completely resolve
after 1-2 days. The virus spreads down the optic nerve by cell to cell
infection of the neuroglia at:a rate of 1-1.5 mm per‘day. By day 16
pathological lésions are found in the contralateral side of the chiasma
in the lateral geniculate body and in both optic nerves. |

This route of infection has been used in on; study to correlate
fluorescein staining for HSV and uptake of a 14C‘~'1<:1belled antiviral drug
(71). Studies quantifying the sgverity of viral infection in this quel
have not been performed to date.

.
b) Intranasal Inoculation

Two different research groups have used intranasaliinoculation of
HSV into weanling mice‘a? a model of herpes ghéephglitis (72,73). Botﬁ Y
groups_boint out that entry through the nasopharynx is an important
portal of entry in man. &he model was primarily used for testing tﬁe
activity‘of a number of new antiviral agenﬁs, when the infecting dose of

virus would kill 997 of untreated mice. Of interest one group noted

that older mice were resistant to the lethal effects of intranasal-

i
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inoculﬁfion of HSV (73).
c) Intracerebral Inoculation

Direct intracerebral inoculation of HSV has been used to
precipitate encepﬁalitis in mice, rats and guinea pigé (74,75). These
models have been used primarily to test the efficacy of new antiviral
agents. In one study 500 g guinea pigs inoculated with HSV
intracerebrally reproducibly died between days 5 to 7. By
immunofluorescent staining, a high concentration of viral antigen in the
anterior cortex, and moderate concentrati;n of antigen in béth .
hemispheres was demonstrated (74).,.

-d) Intraperitoneal Inoculation ‘

Intraperitoneal inoculation of HSV in weanling mice has been used
to test antiviral agents (77).. The encephalitis that develops is only
one of the many sites of infection throughout the body.

e) Corneal inoculation

Inducing encephalitis by corneal inoculation,has two obvious
advantages. Firstly, the i{ntroduction of the virus ta’the brain is in a
non—-invasive fashiop, and it évoids a variety of értifacgs and side
effects caused gy direct inoculation. Secondly, as the route of .
infection centres on the trigeminal ganglion, it probably simulates
human infection more closely (68).

Barringer usiﬁg rabbits age 3-6 weeks has found that most animals
after having HSV inoculated onto the scarified cornea developed a

1

' |
twisting of the head towards the inoculated side after 7-9 days. By day
S
10-12 a few animals had repeated twitching of the éide of the face,

retraction of the head and clonic movements of the forelimb: In these

animals viruses could be identified in the inferior frontal portions of
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both cerebral ﬁemispheres (68).

A mouse model of herpeé encephalitis following corneal inoculation
has been fully described (78).. About 507 of weanling mice infected by
corneal inoculation developed eﬂcephalitis. The first signs were
apparent at 6-10 days and death occurred at 9-13 days. In this study,
various areas of the brain from the animals were studied each day by
histological sectibns for pathological-lesions, by electron microscopy
and .by immunofluorescent staininglfor viral antigen and by plaque-assgy
for viral titers. Of particular interest was thé finding that viral
titers in the trigeminal ganglion were very high reaching 107 pfu/g of
pooled tissue (78).

C. NEW ANTIVIRAL CHEMOTHERAPEUTIC AGENTS

Initial attempts at antiviral %hemotherapy used agents developed by
the oncologists for inhibiting DNA replication. Understandably these
agents lacked specificity and induced considerable host‘toxicity (59).
However the demonstration in 1963 that herpes viruses infecting mouse
fibroblasts induced a unique thymidine kinase (TK) opened a new ’
opportunity for chemotherapy (79). The demonstfation that this’vifélly,
specified enzyme had biochemical differencé; distinct f?om the host
enzyme and it could phosphoryl;ie nucleoside analogues, while hosit céll
enzymes failed to recognize them as substrates, has made specific
antiviral chemotherapy a real possibility (80,51).

Acyclovir (9-(2—ﬁydroxyethoxyﬁethyl)guanine, ACG) 1is the firstvﬁf a
new class of antiviral agents that use vifal TK tp énhance.thei; actioﬁ‘
(81). ACG is only phosphorylated by vitally‘specified TK to its

monophosphate derivative ACG-MP (82). Cellul:. enzymes further

phosphorylate ACG-MP to its di and triphosphate derivatives (83). The
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ACG-TP preferentially inhibits virally specified DNA polymerasés (84).
The phosphorylation of ACG causes it’to be seléétively trapped within

HSV infected ceils. In cells infq;ted Qith either HSV TK<ve viruses of
other virusés"that do not specify-TK ACG is/not phosphorylated and fhe
ACG trapping .within the cells is not significant. |

The specificity of uptake of nucleoside analogues into virally
infected délls is of major importance in reducinghngg toxicity of these
drugs. Many new antiviral égénts, which are simiI;;‘fo ACG in that they
rely on viral TK for activation and uptake, are currencly under
development. qu‘example, BVDU holds considerab1e pfqmise-in'thét'only
Vvery small concentrations, in the order of 0.007 ug/mL, are required to
significantly inhibit viral replication (23). |

Tﬁé studies conducted so far in both animal and clinical iﬁfeqtions

suggest that these agents are very poteﬁt} have only minor toxicity to

the host and live up to their considerable potential which was first
; .
recognized in in vitro studies.

D) THE PROBLEM AND THE APPROACH

Achieving a definitive diagnosis is the cornerstone of good medical
therapy. It removes concern about "missed” diagnoses, allows both
treatment and response to be properly evaluated and avoids subjecting a

patient to the potential side effects of d:ﬁgs that offer no'benefit.
In herpes:encephalitis, the diagnosis can only be made at thgfexpehse'of

ungergoing a brain biqpsy, a-procedure which carries a small but real

risk to the patient. Furi&ermore only one half;of the”patients judged

by other non- specific tests to have features compatible with~herpeé

3)
/,.

encephalit@s actually have ;his infection. Therefore, there is a great

. X o - SNy
need for a sgnqitive»énd specific, non—invasiVe test to diggnose herpes' '
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encephali&is. The aim of this research has been to use the selective
trapping of antiviral agents within HSV infected cells as a tool to
develop a brain scan fpf herpes encepﬁalitlu. |

As the new generaé!on of antiviral agents are recognized only by
herpesvirus specified TK, they a?e‘effectively frapped within HSV
infected cells. 1If an appropriate gamma emitting label could be
substituted into or attached to these antivirals and it became
subsequently concentrated within HSV infected cells it could be uéed for
diagnostic imaging. Preliminary studies using 14C labelled antiviral
agents have recently been reported in HSV infections (71). However,
adequate quantitgtion of the viral infection with the radiolabel uptake
were not reported. Furthermore, substitution of a gamma-emitting
ra;ioisotope into 2'fluoro—S—iodo—ar;binosylcytosine (FIAC), the agent
used in these studies, may be both technically diff}cult and could
change the configuration of the drug so radically that the preliminary
study to demonstrate the selective trapping would'have to be repeated.

;%The approach to thggproblgm has been initially to investigate and
evaluate a varigé?*of aﬁimal quels of herpes encephalitis for their
apility to simulate the'human iéfection. The-ideal animal model would.
bé one that de;eloped ggcal HSV encephalitis localized aroupd the
teﬁporal dobe that could be ipduced iq 100% of animals with little

artifact. An animal with a large brain would offer obvious advantages.

. in requiring less resolution in the scanning procedure.

Next, a-va;iety of cold antiviral agents were examined in tissue
culture for their ability to inhibit viral replication. The
radiolabelled‘agents were used in uninfected and HSV infected tissue

culture to provide data on the uptake of label into infected.celié, on
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the optimal timing and dosage of drug administration and on the
predicted sensitivity and specificit: * the test.

These st&dies have been followed by tissue distribution studieg/;f
the labelled antiviral cbmpound in an infected and uninfected animal
model so that optimal éonditions for a scan could be established. The
ultimate aim of this re;eafch would be(to compare in a/plinical trial
the sensitivity and specificity of the selective trapping of the

radiolabelled nucleoside in a brain scan to that of the brain biopsy for

" the diagnosis of herpes encephalitis.



Chemical Company, Phillipsburg, New Jerséy. All tissue culturé\plates,

CHAPTER II MATERIALS AND METHODS

A. CHEMICALS AND REAGENTS

Agarope and L-glutamine were purchased from Sigma Chemical Company,
St. Louils, Missouri. Disod{ium ethylenediamine-tetraacetate (EDTA) and
sodium .bicarbonate powder were purchased from Fisher Scientific Company,

/

Fair Lawn, New Jersey. Penicillin G was bought from Glaxo

NPharﬁaceuticals, Toronto, Ontario, and streptomycin was bought from

Allen and Hanburys, Toronto, Ontario. The Basal Medium Eagles (BME),
Minimum Essential Medium (MEM), Foetal calf serum and bovine calf serum
were all purchased from Flow Laboratories, Virginia. All'bottles éf
serum were heat inactivated at 56°C for 30 minutes and maintained at 4°c
until use.

Sodium phenobatbital was purchaséd from Abbott Laboratories,
Montreal;'Quebec. Lidocaine Hydrochloride 22 was purchased from Astra
Laboratories, Montreal, Quebec. Trypsin (1:250) was bought from Difco

Laboratories, Detroit, Michigan and neutral red was bought from J. Baker

tubes and flasks were purchased from Beckton-Dickinson, .Oxnard, ,/ /
. ; \‘\ . /
California. R4
8-Iodo-9-(2-hydroxyethoxymethyl )guanine (I-ACG) and 8 - \\\
' )
Bromo~9-(2-hydroxyethoxymethyl)guanine (Br-ACG) were provided generously
by Dr. M.J. Robbins, University of Alberta. [1311]—Iodovinyl—

125
deoxyuridine and [ I]-Iodovinyldeoxyuridine were synthesized and

provided by J. Samuel, under the supervision of Dr. L. Wiebe and

Dr. E.E. Knaus, Unversity of Alberta (114).

28
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B. ANIMALS AND VIRUSES

1. Animals

Guinea pigs (Hartley strain), mice (Balb/cCr strain), rats (Lewis
strain) and rabbits (Dutch strain) weré all obtgined théough the
University of Albérta Small Animél Breeding Program. The date of birth
1 was known for each apimal and all animals were kept under standard
conditdions.

2. Viruses

Herpes simplex Type 1 viruses, KOS strain, .and B2006 strain which
i{s TK deficient (121), were obtained from Dr. W.C. Leung, Uﬁivérsity of
Alberta. Herpes simplex Type I (JLJ strain) was obtained from the
culture of the-brain biopsy of a.local patient with hérpes;endephalitis.
. .
Typing had been previoﬁély performéd by immunofluorescence.

C. CELL PREPARATION AND MAINTENANCE

1. Continuous cell lines

.Vero cell lines were maintained in Eagle's minimal essential medium
(MEM) supplemented with 100 TU./mL of peniciilin G, 106 pg/mL of A
streptomycin, 2 g/L NaHCO3, 2 mM of glutamine and 4%vcalf serum. The >/~f’//
monolayers were disruptéd by wasﬁing twice with ATV solu;ion (Trypsin
1:250 at 0.25%, 0.5 mM dextrose, 100 mM KC1, 100 mM naCl, 50 mM NaHCO,
and 1 mM EDTA) and divided in thé ratio of 1 to 3. ‘All Cultures were
maintained at 37°C in either tissue culture plates in a‘humidified 5%

CO. incubator or screw capped culture flasks.

2

2. Primary rabbit kidney cells
Three day old rabbits were sacrificed by cervical dislocafion, The
kidneys were removed, washed several times in sterilevphoébhate buffered

saline (PBS) and cut into small pileces: The pieces were incubated for



40 minutes at 37°C in 10 mL BME containing 0.25% Trypsin 1:250, 100

IU./mL penicillin G, 100 pg/mL streptomycin‘and 2 g/L NaHCO3. The
supernatants were csilected from three sequential incubations and added
to 10 mL of Foetal.calf serum. After a cell count, tissue culture
flasks were seeded at a-cdncentration 6f 5 x lO6 cells per 25 cm2 flask.
Cells were maintained in 10 mL of BME supplemented with 10%Z foetal calf
serum, 100 pg/mL streptomycin, 100 IU./mL penicillin G, 2 g/L NaHCO3 and
2 mM glutamine.p Cells were split three times, 24-48 h.apart, usually at

a ratio of 1:2 and were used after 3 cell passages.

D. VIRUS PREPARATION

1. -Stock Virus

Monolayers of Vero cells were infected at a multiplicity of
infection of 0.1 plaque forming units (pfu) per cell. At approximately
20 hours, when‘thevceils‘éhowed marked cytopathic effect (CPE), the

virus was harvested by Subjecting the cells to three cycles of freezing

- and thawing, folldmed by centrifugation at.1000g for 10 minutes. The

supernatant which contained the virus was stored in aliquots of 5 mL at
-70%c. "

2. Brain samples

The brains were removed from the animals aseptically and were

‘bisected and each half divided into three geographical areas. Samples

were welghed,, diluted to 10% w/v with MEM, supplemented with 2 mM

glutamine, 2 g/L_NaHCO 100 IU./mL penicillin G, 2% calf serum and 100

2’
pg/mL streptomycin and sonicated at 200 watts for 3 minutes in a

Braunsonic sonicator. .Following centrifugation at 1000g for 10 minutes

"serial dilutions of the supernatant were made. All samples were stored

at -70°C until plaque assays were performed.
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E. PLAQUE ASSAYS

1. Virus Titrations

Vero cells were grown to confluency in 60 mm ﬁissue culture dishes.
The media was removed and 0.1 mL of the virus was spread over the cells'
gsurface. After a 1 h incubation period in a humidified 5% CO2 incubator
at137OC, an overlay of 4 mL of preheated 1.27 agéfose‘and MEM
(supplemented with 100 IU./mL penicillin G, 100 ug/mL streptomycin, 2

g/1 NaHCO 2 mM glutamine and 2% calf serum) was made. After three

3)
days, a 2 mL solution of preheated 1.27 agarose, MEM and 1% neutral red
~ was added on top of the overlay.

Plaques were counted macroscopically 6 h after staining and CPE was

tonfirmed by microscopic examination. ‘

2. Antiviral activity assays

Primary rabbit kidney cells were passed and érowq to confluency as
previously described. After infection witﬁ 30-50 pfu of HSV-I in 0.1
mL, the cell monolayer was incubated for ome hour-ét 37OC‘in a
humidified 5% CO

2
prepared in MEM (supplemented as pfeviously described) mixed with an

atmosphere. Various dilutions of each drug were
equal volume of 1.27 agarose in double strength supplemented MEM
solution and were added to monolayers to give a final volume of 4 mL.

F. ANIMAL INFECTION TECHNIQUE

. Mice and rats were anesthetized in an e;hér chamber. Guinea pigﬁ
and rabbits were sedated by intraperitoneal injection of pheﬁobarbital
(0.08 mg per g boéy wt.)- Followihé removal of fur Qith an electrical
shéver, the scalp was cleaned with povidone iodine solution 5%,

anesthetized with 2% lidocaine and a small burr hol¢ was méde with a 16

\

G needle midway 'between the eye and the ear and 3 mm to the LEFT of the

R,
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midline. A 26 G needle was inserted to a depth of 4 mm through the burr

hole and 0.1 mL of MEM containing the virus was injected into the left

temporal lobe.

G. -QUANTITATION OF CELLULAR UPTAKE OF L}3IIJ—IVDUvBY RABBIT KIDNEY

[ 4

CELLS

The rabbit kidney cells were grown to confluency in 25 cm2 flasks
(approximateiy 5 x 105 cells/flask). The medium was removed and the
‘cell monolayer was infected with a known infecting dose of either HSV-I
(TK’+ve), HSV-1 (TK -ve) or mock infection. After 1 hour, 2 mL of
medium was added to the flask which was incubated at 37°C. A known
activity ana concentration [1311]-IVDU in 0.2 mL was added at 7 h after
infection. The doseland activity of the [1311];IVDU was dellberately
chosen to be well below the range where its antiviral activity may
'inhiq}t yiral replication, but‘was sufficient to probidé adequate
counté. Unless otherwise stated, the flasks were incubated for a further
4 h. Early CPE was confirﬁed microscdpicaliy prior to harvesting. The
supernatant was decanfed and the cellsﬁwashed twice with 1 vaof . -
phosphate buffered saline. The washings were added to the_supernatants
'for quant}tative counting. Radio immuﬁe precipitation assay (RIP@)
buffer (1 mL) was added to each flask ﬁo dissolve the cells (85). The
flask was left for five minutes and the fluid removed. After two
furthef washes witﬂ RIPA buffer (1 mL/wash), quantitative counting was 7
performed on the solubilized cells. All samples were counted within six

hours of collection in a Beckman 8000 gamma counter. °



CHAPTER III EVALUATION OF ANIMAL MODELS
Many variables are involved in establishing an animal model of
\ .
herpes encephalitis. Seven variables were examined either alone, or in

é small number of the possible combinations in the effort to establish

an animal model suitable for pharmacokinetic studies and radioisotope

scanning.

The variables were:

i) Animal species eg. rat, mouse, guinea pig, rabbit

ii) Age of animal eg. weanling, adult

iii) Route of infectién eg. corneal inoculation, intracerebral‘injectidn

iv) Titer of infecting dose eg, 106 pfu, 104 pfu.

v) Strain of infecting virus eg..HSV—I (JLJ), HSV-I (B2006), HSV-I
(K0S)

vi)' Volume used to dgliver the infection eg. 0.01 mL, O.1 mL.%;1

vii) Time at which the animal brains werelexamined eg. 2 days,;s days
The ideal model would be an inexpengive animal in which |

éncephalitis could be induced atraumatically with reproducibilify.

Preferably the encephalitis would be localized to one area of the brain

in a similar distribution to that found in human herpes encephalitis and

the animal should exhibit clinical signs suggestive of encephalitis.  An

identical animal model with the infection caused by a TK»-ve deficient

mutant of HSV-I would also be desirable as it would.provide an excellent

control to test the specificity.bf the scanning approach which depends

upon viral thymidine kinase (TK) activity.

A. ANTMAL SPECIES

Several pilot experiments were initially performed using a small

33
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number of animals. Fqur different species of animals were examined as
potential mo&els. One strain of each animal species always provided by
the same suppl#er was used during this research. This was a deliberate
policy to avoid any of the variations in resistance to HSV-I infections
that have béen demonstrated between eveh*closeiy related strains of the
game animal species (111). The following basic criteria were uséd to
assess the suitability of the animal for further study:
1. The ease and safety of 1nducing anesthesla.
2. The ease of inducing infection by -a given route.
3. The ability of the animal to exhibit recognizable clinical signs of

encephalitis. ,
4. The ease with which the brain could be removed, 1ts areas

recognized, and detailed disseétion performed.

1. Rat

Six adult Lewls strain rats (wt. approx. 300 g) were anesthetized
by ether. Considerable difficulty was encountered in achieving a
suitable level of anesthesia for a duration adequate to give an
intracerebral injection of 107 pfu HSV-I- (KOS). Two rats failed to
revive after anesthesia. ng rats w%ge alive but had not exhibited any
clinical signs of encephalitis after three~months. Two rats died at 96
and 120 h after injection, neither having shown signs of iﬁfection prior
to de;sh. Virus could be recovered from both brains at a titer of 105
pfu/g.”However the brain was relatively small for detailed dissection
and subsequent culture of the various'geographical areas. In view of
the size of the brain, the variable response and ‘difficulty with:

anesthesia, the rat was not used for further evaluation.
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2. Guinea Pig

Seven young adult Hartley strain guinea pigs (wt. approx. 550 g)
were asesthetized by intraperitoneal injection of barbituratés as
previously described. All animals were infected bf intracerebral
injection of HSV-I (KOS) 107 pfu in 0.1 mL. Four animals failed to
develop any illness and survived a minimum of three months. The three
remaining animals developed encephalitis which manifést%d itself as f?”
disinterest iﬁ eating, drinking, decreased preening acfivity, lethargy

and ruffled fur. These animals died at 48, 120 and 156 h after

~

infection. Virus was recovered in the brain of each animal\at an
average titer of 105 pfu/g tissue. Each brain was divided intovsix
areas. In all animals the titer from the left cerebrum, which was the
gite of viral inoéulation‘had a titer ten fold higher than in other
areas of the-brain. The guinea pig brain could be removed easily and as
it weighed approximately 5 g in the adult animal, itkwas of sufficient
size to facilitate easy dissection. However, the guinea pig was too
small for the‘brain gcanning app;ratus ;vailable.

3. Rabbits

Eight freshly—weéned Dutch rabbits (wt. approx. 900 g) were readily
anesthetized with intraperitoneal injection of barbiturates. All
animals were infected by intracerebral inoculation of 107 pfu of HSV-I
(JLJ) usiné the technique described in‘Chapter II. Seven of the eight
animals developed overt encephaiitis and/or neuroiogical defeéts which .
resulted in death within 3f7 days after“infection. The neurological
manifestations included laboured breathing, grinding/gnashing of teeth
which progressed to episqdic extension on the front legs with a

simultaneous extension of the neck backwards with a twisting tc the side

A
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of ﬁhe i{nitial infection (left). Each eplsode lasted about 60 seconds
and was followed by a period of relative normal behaviour. Within
severél-hours fhe episodes became almost continuous and the two animals
which were closely observed with these signs died within twelve hours.
One animal shOQed a unilateral hind 1limb paralysis onelday prior to
developing the obvious signs of encephalitis. The brain (wt. approx. 7
g) could be removed and dissected easily. HSV-I was detected in'the
brains of all the anihals which died. The titer of virus was
approximately 105 pfu/g of brain tissue, and was ten fold to one hundred
fold greater on the left side of the brain per g tissue.

4. Mice.

Young Balb/cCr mice (age 25 days) were readily anesthetized with
ether. A burr hole was easily made through thé skull using a 25G needle
and various titers of HSV-I (JLJ) in 0.05 mL were injected through the
same needle into the left side of the brain. Onl§.two of fifty animals
failed to recover from anésthesia. All of the animals injected with |
HSV-1 (JLJ) 100 pfu or greater died from encephalitis within oné wéek.
The survival curve of these animals.is shown in Figure 1. Only 407 of
the mice showed clinical signs of encephali;is prior to death, which
uéually occurred between days 3 and 7. The signs manlifested in these
animals were disinterest in eating, drinking, diminished activity,
hyp-.excitability to stimuli, ruffled fur and huddling. The brain was
small (wé. approx. 0.3 g) but easy to remove. ﬁowever, due to its size
detailed dissection was not feasible.

Conclusion

From ;he results of these preliminary experiments it waé decided

that two animals appeared suitable for further studies. The rabbit
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Survival curves of Balb/eCr mice age 3 1/2 weeks infected with
various titers of HSV-I (JLJ) given by intracerebral inoculation in 0.05
mL. Seven animals were infected in each group.
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offered the advantige of 1) ease of handling ii) eaée/of anesthesia

ii1) showing pronounced clinical signs characteristic of encepbalitis
and }vﬁ having a brain of a size suitable for detailed dissection. The
mouse model offered the advantages of 1) ease of handling and anesthesia
and 11) its low cost allowed its use in considerable numbers making 1t
particularly suitable for dose-response curves and ;issue'distribution}
' studies. However the weanling mouse (age 25 days) was too small for
eaéy blood sampling from its tail vein, so in subsequent experiments,

older mice (49 days) were used.

B. ROUTE OF INFECTION °

The_five routes used in inducing herpes/encephalitis have been
‘describedyearliér. Intraperitoneal injection causes a disseminated
infection which would be inapprogﬁi;té/for this work, since the
'comparigbﬁ‘np{ake of nucleoside analogues in HSV infectéd brain tissue:
to other uninf;cted tissues would be of value in evaluating a model for
adult herpes encephalitis. The intranasal route of infection appeared
inapprbpriate not only because the iﬁfection is often systemic, but also
because encephalitis can o- - be induced by this route in neonatal
animals, reétricting the»size‘of animals that can‘be usea'(73).
Intfaocular inoculation produces an infection that is relatively
localized, but is usually self-limiting and the animal seldom shows
features compatible with encephalitis. Therefore the two models

.
evaluated were corneal inoculation and intracerebral injeétion} It was
decided to evaluate these routes in both the ;abbit and guinea pig as

both animals appeared gsuitable at that time.

1. Corneal Inoculation i .

Four young adult male guinea pigs (wt. approx. 450 g) and two
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weanling male rabbits (wt. approx. 850 g) were anes;hetized by/
intraberitoneal injection of barbiturates. After 30 mihuteslthe left
cornea of each animal was scarifled with a 21G needle and a 0.1 mL of a
stock virus solution containing 108 pfu of HSV-I (KOS) was dropped onto
and massaged into the cornea. T%e animals were obsefved daily, '
i1hitially for herpetic keratitis and subsequently for the gevelopmentvof
any neurologic éigns- | |

The features exhibited were:
Day l“ - - eye open: scarifications on clear cornea | ‘ ‘

‘Day 2-4 - eye open: small vesicles visible adjacent to

scarifications: increasing purulent exudate

Day 5-10 - eye closed: caked exudate: cornea opacifying
‘Day 10-12 - eye open: dorﬁea opaque
Day 20-60 - eye open: corneal opacity slowly resolVipg

None of the animals .infected by this route developed neurological
gigns during the period of observation (60 days). One guinea pig was
electively sacrificed after seven days tg see if virus could be isolated

"from the brain. A plaque assay was performed and no virus was detected.

2. Intracerebral Injection

Four young adult male guinea pigs and twg weanling male rabbits
were anesthetized by an intraperitoneal injection of barbifurétesi A
small bBurr hole was S;de in the skull and 0.05 mL containiqg.107.pfu of
HSV-I (KOS) was ;nje;téd into the left ce;eb;alNCSrtek{  fﬁé animals
were obgerved daily for encephalitié. Two guinea pigs and>b6th dfhthe
rabbits died from encephélitis between 4 and 5 days. The Q;gins_grom-——~f~f‘

all of the animals were removed and plaque counts for virus performed on

6 areas of the brain. The results are depicted in Table 1.
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Table 1. Titer of Virus in Anatomical Areas of Rabbit and Guinea Pig.

Brain
Area of‘Brain Rabbit - , . éuinea Pig
1 : 2 | A 2
Left Anterior ' *4x10° 5x10° . 7%10° 7x104
Left Midd;e 1x106 3x106 1x106 2x106
Left Posterior 4x10" 1x10° 1x10° 1x10°
Right Anterior 5x105} lxlO4 6x10A 4x105-
‘Right Mid&le C 6x10§/ 1x106 9%185 2x106
Right Posterior 2%10° 1x10" ' 8x10" 1x10°
Time of death 100 h 120 h 96 h 94 h

* Plaque forming units per gram of brain tissue

Conclusioﬁ o

From these préliminaryrexperiments, it appeared that the corneal
route ‘of intrbducing infection with ﬁSV—I (K0S) did not produce
clinically overt infection in either guinea‘pigs or rabbits. The
intraéerebral inoculation foute appeared substantially.mofe promising
and merited further evaluation.

Infection by the route‘of corneal inoculation has been well
described in ;he literature (30,68). Strain virulence appearsbto be of
major importance. The KOé strain used iﬁ these eafly expe;iments has

recently been shown to be less pathogenic than previously assumed (107,

117). Subsequent experiments using HSV-I (JLJ strain) inoculation onto
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was successful in producing disease. However, by the
o

time this was Tei¥fzed, we had adopted the intracerebral route of

a gcarified corpg

inoculation of HSV-I (JLJ)‘for the subsequent studies.

c. ANIMAL AGE/TITER OF VIRUS

Foilowing these initial”studies it apbeared that the most promising
animal models for this work would be the rabbit and the mouse infected
by the intracerebral route. The effects of the age of the animal and
the titer of infecting virus were next evaluatéd, as both might affect
the reproducibility of the mode!.

1. Rabbit Model

Eight weanling and elight adult rabbits wwere infected with a known
titer of HSV-I (JLJ) by intracerebral inoculation. Four rabbits in each
group received 107 pfu and four received 104 pfu of virus. The survival
of tﬁe anigals is shown in Table 2.

Six areas from eaéh brain of all fifteen rabbits were assayed for
virus by plaque counting., In all animals an average of 5 X 104 to 5 x
106 pfu/g brain Were>§e¥ected; No.difference was detected between the
viral counts in the old or weanling animals, or between the animals
infected with différent doses of virus. However it was noticed the
titers were usually significantly higher in the left side of the brain
(particularly, the left middle zone). This will be shown in more detail
in Section E of thi- chapter. A five foid varia;ioh in viral titers on
plaque counQiFg Jsas oct unusual, on both duplicate or repeat agsays.

2. Mouse Moc=1

Fifty 25 day old and 7 ° . - old Balb/cCr mice were

anegthetized and injected‘with ¢ mL of é-known titer of HSV-I (JLJ)

virus intracerebraily. Ten_animals from eéch group were inoculated at

¢
-
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Table 2. Effect of Age of Animal and Titer of virus on Herpes
Encephalitis Model in Rabbits
a. Adult rabbits survival
© Rabbit Number
1 2 3 4
107 ptu 115 h 126 h 140 h survived
104 pfu | 143 h 148 h 148 h 188 h

b. Weanling rabbits survival

1 P 3 4
7 ' '
10" pfu : 74 h 85 h 120 h 102 h
10* pfu 120 h 120 h 120 h 120 h

each titerf Ihe survival curves for the weanling}mice are shown 1in
Figufe 1 and for the 6 week old mice in Figuré 2. The brains of all the
" mice in Figures 1 and 2 were removed at death andrthe virus quantified
by plaque assay.‘ In all animals, virus could be réadily isolated at
titers varying from 5 x 104 pfu per g to 1 x 106 pfu per g of brain. As
can be seen from comparing curves, the larger'the infecting ‘dose of
virus the shorter the survival of the animal. Similarly it can be
appreciated from the survival curves that ﬁhe younger animals developed
eqcephalitis earlier than older animals inoculated with an identical
titer of virus.

A further unexpected but interesting finding was found in examining

s
the plaque counts from the brain at the time of death when a relatively
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narrow range of viral titers was detected. This fange was constant
regardless of species of animal (rabbit or mouse), duration of infection
(time of death), age of animal, or of titer of initial viral
inoculation. These results suggest that there‘may be a critical average
titer of virus (around 1 x 106 pfu/g of brain) abové which the brain
cannot function normally and maintain life.

. D. STRAIN OF VIRUS

fhe pathogéniéity of a virus can vary dramatically both with the
"specles of the host and the tissue that is ;nfected; In view of this,
the pathogenicity of three strains of HSV-I1 were evalﬁated in the mouse
model. HSV-I (JLJ) a wild strain which has only undergoue three
passages in vitro, HSV-I (B2006) a thymidine kinase deficient (TK -ve)
strain and HSV-I (K0S) a well described strain tﬁat has undergone many
passages in vitro were evaluated. It was particularly important to
establish a TK'—ve animal model as this woula provide an excellent
control for the scanning approach which relies on viral TK.

The pathogenicity of the three viruses was examined by establishing

survival curves for all three strains in the mouse model. Figures 2,3

Nos

and 4 show the survival curves fdr mice infected with HSV-I strains .JLJ
B2006 (TK -ve) and KOS respectively. All animals were Balb/cCr =ice zge
6 weeks‘infected by a known titer of the appropriate strain given by
intracerebral injection in 0.05 mL. .From these curves it can be seen
that the wila éfrain HSYI (JLJ) was more pathogenic at high titers in
that i1t caused death more rapidly than the other two strains, and at -
lower titer, it was more pathogenic causing a higher percentage of
animals to die. By comparing Figures 1 and 5 to 2 and 3 it éan be seen

that this effect is not age dependent.
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Figure 2 3

Survival curves of Balb/cCr mice age 6 weeks infected with various '
titers of HSV-I (JLJ) given by intracerebrdal inoculation in O. .05 mL.
Ten animals were infected in each group.

O= 105 pfu - . \
A= 10, pfu _ - -
O= 10] pfu \

Q= 102 pfu ' :
X=10 pfu . . .
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Figure 3

Survival curve of Balb/cCr mice age 6 weeks infected with various
titers of HSV-I (B2006, TK -ve) given by intracerebral inoculation of
0.05 mL. Ten animals were infected in each group.

O = 105 pfu
A= 10_ pfu
0= 102 pfu
® = 10" pfu
X =10 pfu
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: Survival curves of Balb/gCr mice age 6 weeks infected with various
titers of HSV-I (KOS) given by intracerebral inoculation of 0.05 mL.

Ten animals were infected in each group. a

O = lO5 pfu
A = 10, pfu
O = 10, pfu

® = 10" pfu
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Figure 5.

Survival curves of Balb/cCr mice age 3 1/2 weeks infected with
" varlous titers of HSV-I (B2006, TK ~ve) given by intracerebral
inoculation of 0.05 mL. Seven animals were infected in each group.

.= 106 pfu
0= 107 pfu
A= 10, pfu
O= 107 pfu

® = 10" pfu
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Conclusion

Using a higﬁ titer of HSV-T1 (B2006) an animal model of herpes
encephalitis caused by a TK -ve virus was established and tbis appears
suitable for further use as a control model in the attempt to develop
radiois;tbpe scan for herpes enqéphalitis. The studies withldiffereﬁt
strains of virus clearly demonstrated the varying pathogenicity of these
strains. The wild gtraiﬁJHSV—I (JLJ), at é high titer, caused death
fromlencephalitis more rapidly than similar infections with the other
two strains. At lower titers thg HSV—i (JLJ) caused death in more
énimals ;han the other two straing. The diminished patﬁogenicity of the
TK -ve' strain hés previously been described, but the low pathogenicit;
of KOS strain has only recently become appreciated (112,107). .

3

"~ From the previous results it appeared that encephalitis was readily

E. VOLUME OF INFECTING DOSE/TIME COURSE

induced iq a weanling rabbit infected by an intracerebral(injection of
0.1 mL containing‘107.pfu HQV—I (JLj)..vig'this model the titers of
virus recovered from the area initially infected (the middle zone of the
léft cerebral hemigphere) were ten fold-greater than‘in other areas of
the B}ain. As it would be advantageous for scanning purposes to havel
one localized area which has much more viral replication than other
areas of the brain, two{factors were examined Iin an attempt to further
increase the localizatioﬁ of infection. \

¢

1. Volume adjustment

In order to evaluate the importance of the volume of the
l\

intracerebral injection in influencing the localization of infection,
L .
four weanling rabbits were infected by intracerebral injection with 107

- pfu of HSV-I (JLJ). In two rabbits the inoculum was given in 0.1 mL and
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in two it was given in 0.01 mL. All four rabbits died between 92 and
108 hours after infection and the average viral titers of the animals

are depicted in Table 3.

Table 3. Effect of Volume of Infecting Virus on Localization of

- Infection
Rabbits (0.1 mL) Rabbits (0.0l mL)
1 ' 2 1 | 2

Left Anterior *1x10° . 3x10° 3x10° 2x10°
Left Middle 4x105 7xlb5 1X106‘ 8x105
Left Posterior _8x104 1xlO5 lxlO4 5x104
Right Anterior 1x10° 44x104 ) 2x10" 1x10°
Right' Middle 4}(104 7x104 ' % ﬂlxloa leO5
Right Posterior 5x104 3x104 ) - 4x104 3x103

*Plaque forming units per gram of brain tissue.

Conclusion
From these results it appeared unlikelj that minimizing the volume

of the infecting dose would significantly improve the localization of

infection.
2. Time Frame

A second possible factor which could influence the localization of
the infection cduld be time of examination*after infection. It appeared
possible that virus might spread out centrifugally from the initial site
of infection, so if the animal was examined early in the course of its

linfectibn before major dissemination of the infection had occurred,



50
viral titers might reveal more localized infection.
Six weanliﬁg rabbits were infected with 106 pfu of HSV-I (JLJ) in
0.05 ml in the left cerebral hemisphere; Two animals were sacrificed at
24, 48 and 72 h. Following sacrificeithe brains were removed, dissected
into distinct anatomical areas, and plaque counts were performed.

The plaque counts are depicted in Table 4.

X

Tableﬂh; " Time Cbursel§;u§§1dt ﬁ;h of Infection .
e M‘,." v
Area ;f brain Loe :?“‘fggﬁl'g/;acfégﬁgéd at
26h 24 h léfa‘ ~48n  72h 72
Left Anterior sx10® 2105 2x10®  2x10®  1x103  sx10°
Left Middle sx10®  2x10®  1x10®  2x10®  1x10® 2x10°
eft Posterior 1x10°  2x10° - 2x10*  1x10°  1x10®  1x10?
Right Anterior x10°  sx10®  2x10®  2x107  1x103  1x102
Right Middle 1x10°  1x10°  2x10®  4x10®  1x10® 3x10°
Right Posterior 1x10°  8x10% 1x10°  2x10°  1x10%  4x10?

*Plaque forming units per gram of brain tissue.

These figures are of inﬁerest for several reasons. Firstly, all
previous animals had appeared clinically well for the first 72 h after
infection, despite a.considerable number of viruses beingbpresent.
Secondly, there does not appear to be a pronounced certrifugal._ spread of'

virus following an initial localized infection.

F. MACROSCOPIC APPEARANCE OF RABBIT BRAIN

To complet® the evaluation of the wgfyging rabbit model of herpes

\
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encephalitis two rabbits were examined as controls. Each rabbit was
injected with 10/ pfu of HSV-1 (JLJ) that had previously been

inactivated by exposure to ultraviolet light (113). Thesé rabbits
remained completely well and when they were’electively sacrificed 120 h
after infection, HSV could-not be cultured from the brain of either \\
animal,

The appeérange of the uninfected rabbit brain was unremarkable,
apart from a small scar on the site of injection. In contrast the
brains of the infected animals showed several macroscopic changes (see
Plate 1). At thé site of injection in the left cerebral hemisphere a
small area of induration was visible centréd around the site of needle
puncture., Most of the left hemisphére was hyperemic with a distinct

-

loss. of sheen. When dissected the left hemisphere was distinctly soft
-~ .

suggest;vg of cerebral necrosis.
G. SUMMARY

From these animal studies, £t appeared that two different animal
models would be needed for the in vivo studies in the development of a
brain scan for herpes encephalitis. The.main model would be that of the
weanling Dutch rabbit. By the'intracerebralwinogulation of lO7 pfu of
HSV-I (JLJ), a clinically obvious illness could be induced in most
animals by 4 days. In these animals, viruses could be recovefed at a
titef of between 105 to 106 pfu per g of brain tissui. The titers in
-the area ardund the injection site were usually ten fold higher than

other areas of the brain. In the rabbit, boﬁh pathological and clinical

pictures remarkable similar to that of the human condition were
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Plate 1.

Macroscopic appearance of the ventral surface of "a we nling rabbit
brain infécted 110 h previously by an injection of HSV-I into left
cerebral hemisphere. The left hemisphere (to the right of the ‘picture)
shows marked hyperemia, loss of sheen and a' mild deformation of the
contours of the brain around the site of injection.

- a
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Therefore the rabbit appeared to be. an ideal model in which

v
-

. ' ' s,
'

measure blood levels after isatopeiinjecﬁiﬁh since repeated

blood sampling ié easy.

‘measure differential'iso;ope‘uptake-of various areas of a

HSV-I infected brain.
use for gamma imaging of.-the brain.

perform preliminary tissue distribution studies.

“The mouse model offered some alternate advantages in several

glituations which included:

1)

i1)

>

Definitive Cfésue distribution. Many animals are required

for each time ?Qint and the use of the. inexpensive mouse
; 27 )
it . ' :

model is more aﬁitépriate for this study.
g

Comparative'shﬁdiéé evaluating the specificity of

radiolabelled nucleoside analogue uptake in TK +ve and TK -ve<

HSV infections. The established mouse models of both HSV-I,

(TK +ve) .and HSV-I (TK-ve) encephalitis appeared suitable for
- . .

this purpose’? .
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CHAPTER IV CELL CULTURE STUDIES WITH NUCLEOSIDE ANALOGUES

As outlined in Chapter I the aim of this re;eanch project is to
utilize the .phosphorylation and selective trapping of nucleoside
analogues within HSV-I infected éellg as a meang of diagﬁosing herpes
eﬁtephalitis. In HSV-I infected brain cells, a radioh&belled nucleoside
énalogueashoﬁld be phosphofflated by Eke v;rai.TK'and‘selectively
trapped allowing the easy detection of regionsiof HSV infeétion by a
brain scan. 1In other causeé of encephélitis,"no gelective trapping
should'oééur and the brain scan should be negative.

'Ihitial tisszé studies congisted of two distinct p -sou
" A.” Selection of an: appropriate radiolabelled nucleoside analogue.
B... quant£tation,of the uptékelof the £adiolabelled nuc‘%oside
.analogue ‘u HSV-I infected ceiis in vitro.

fhié apprbaeh allqwed'fot an‘ini;ial comparétive trial of seyer#l
aﬁtiwiral ageﬁts aéd then a qﬁantitatich§?iin viéro.uptake éo be made
éf the nucleoside anaiogue seiected as'ghe_mo;; promisingqfor the "
~:d§§e10pmentrof§the selective bféih'scahﬁ { | |

A.i'NUCLEOSIDE ANALOGUE SELECTION 4 - o ' B

Se&e#é{Tqﬁcleoside anaiqguesband radiolabels appeared iikelyv

Ir.

‘to be Iodineland Bromine (116) Iodinelis currently used asaagscanning

agent fonfthyroid disease. Two main groups of nucleoside énalogues

appeared suitablezA,Qithough ACG does not possess'Iodiné or Bromine

' withfh its structure, they have been substituted into the 8 position of
- . y y L7 “‘.,, '

- . . . ).

g - 54
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ACG (M.J. Robbins, personal communication). Therefore the 8~ILodo and
8-Browmo substitutions of ACG were both used in the preliminar§ studies.
The second group of nucleoside analogues'assessed were the halogenated

vinyl deoxyuridines which contain an intrinsic Iodine or Bromine
molecile. ©/ -

it .?» Fodghpucleoside analogues were‘evaluated in a preliminary @creen.

ﬁ -ﬁ%i ideal analogue would have a high Affinity for viral TK and would be
c0ncenrrated to a great extéstﬁ;ithin the V!rally infected cell where

’Npr85umably it would hawe antiniral activity The antiviral activity of'

'each nucleosine‘analogue wﬂ 'assessed to confirm that it was selectively

phosphorylated 1in theycellf~ j\ ¢‘§$”

o
<

e

thiﬁiral_activigy can be &etected in a varietp‘et'nifferent ways.
Unfertnnately there is littleustandardization between the antiviral
assays used.” Antiviral activlty is usually assessed by either dye
uptake or:by plaque reduetion studies (88, 89). .'fn';iew of familiarity
with plaque counting, the“plaque:redpc‘ a1 technique was used‘in‘this
work.- Thls‘techniqae‘has been-used bp DeClefcqzet ale to screen a wide

Lrange of antiviral agents against a variety of HSV viral strains (23).

1. EESO Agsay in Vero Cells

Vero cells at passage 192 were infected by a given infecting dose

* (approx. 100 pfu) of HSVfl~(JLJ).'rQne hour after infection the cell
monqlayer was.coveted‘by MﬁM/agaroséfgas descri%ed in Chapter I1) nnich
had‘been'supplenented by-a‘giv;n concenttation of antiviral’aéent.‘bA
~broad range of.concentrations of antiviral agents were used. Xfter 3
days the plates were stained and the plaques counted. The number ef

plaques present in "thé. absence of antiviral agent and at each

-concentration of antiviralzagent were plotted on- a graph and the

.w,:,;

e

o
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concentration required to reduce the plaque count by one half was

calculated (ID__).

50

The ID 0 for ACG derived from this tecaniqu: is well described in

5
th% titerature Uit lies between 0.07 a

. pg/mL depending upon

the strain of virus used in the assay. However in several assays the

ID50 for ACG in this system appeared to be 1.0 to 10 ug/mL. Many

factors havé been shown to alter assays of antilviral activity
(118,119,23). | |

Mycoplasmal contamination in a cell line which has undergone
multiple passages in a laboratory appeared the most likely cause of this

variability.‘ Mycoplasma are known to contain enzymes which cleave’

»i
Y .

nucleoside analogues between th@%@ugar and base residues (DeClercq —
R AR , _
personal communication).. For this reason primary rabbit kidney cells

‘wére used for the subsequent antiviral‘activity assays.

Assay in rabbit kidney cells

2. ;DSC
P}imary rabbit idney cells after initial preparation as:described
w »

A W
in Chapter 'I1 were grown to confluency in 60 mm petri dishes. Each

W «

R

after
N

plate was infected”with a given pfu of HSV-I (JLJ) and one hour
N | / > c

\)

infection a known concentration of antiviral agent contajned in the

agarose/MEM overlay was added to each plate. Duplicate plates were made
for each concentration of antiviral agent.. After three day§ the plates

were.stained, the plaqueé counted and the\IDSO calculated as described

previously.
The activity of five antiviral agents were tested in three separate

occasion as a control, the ID__ of

assays on different-days. On each 50

T

both ACG and BVDU were measured to confirm the valI&ity of the

léxperiment: THe;ID of both of these agents\meaéured in rabbit kidney

, 29 ', . ¥

3
v
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.speéified DNA polymerase. Unfortunately, in Ehe literatufe\therg.are no

57

cells is described in the literature. The)ID fo: ACG is between 0.07

50
pg/mL and 0.11 ug/mL apnd the IDSO for BVDU is between 0.007 and 0.009

ug/mL.

Table 5. Antiviral Activity of Nucleoside Analogues against HSV-I (JLJ)

Nucleoside Analogue ) : EESO_EEZEE o -
ACG . 0.08
g I-ACG ' 0.1°
Br-ACG 0.9
BYDU - 0.007
I1VDU ' 0.009 f
Summarz _ : — .

From these results it appeared that all of the agents considered for

o

radiolabelling had antiviral activity. BVDU and IVDU had considerably

" more activity. than I-ACG and Br-ACG. This could be explained by either

‘a higher affinity of the halogenated vinylwdeoxyuridines for viral TK or

by a higher affinity of their triphosphate forms for the virally

>

R

studies to clarify this. However, if the greater antiviral activify of
halogenated vinyl deoxyuridines (lower IDSO) is even partially dug to a

greater affinity for viral TK, then.the intracellular concentration of

-

‘thesé nucleéside analogues should be quantitatively highé} than that of

the 245G derivatives. W o
For further experimentation IVDU was used as the drug of choice.
7 v i

The reasons for this selection were:
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1. The very high antiviral activity suggested that the agent must be

. .
very actively concentrated by viral TK within the cell.
2. The Iodine radiolabel would be more firmly bound into this molecule

and less susceptible for exchange than in I-ACG (L. Wiebe, personal -

~ -

communication).

3. Methods for preparation of large quantities of both cold and "hot”

IVDU (with a variety of radiolabels) had just b%gg developed in the
Ty '\'\-re
R

Faculty of Pharmacy (114).

B. QUANTITATION OF [EE}I] IVDU UPTAKE BY HSV-I INFECTED CELLS IN VITRO

The nucleoside analogue IVDU appeared to be the most promising agent
available for this study. When it became availeble, the [131I]
radiolabelled compound was used to quantify the uptake of this compound
into HSV-I1 (TK +ve), HSV-I (TK -ve) and uninfected‘rabbit kidney cells
in vitro. The aim of thﬁs study was to quantify the selec¢tive and
non~gelective trapping in infected cells, to determine the time frame of
the intracellular trapping, and to determine the dose response curve of

the selective trapping of the drug.

1) Time-response curve of cellular uptake of [1 l]—IVDU.

Confluent rabbit kidney cells were either infected with 6 xlO6

!

plaque forming yWnits (pfu) of HSV (TK +ve) or were mock infected. After

7 h.of incubation, 0. 017 uCi [1311]:IVDU were added to give a final

concentration of 0 Q9276 pg/mL.." Quantitation of both the intracellular
e

~and extracellulan‘radiolabelled IV?HJWere.determined at 20 sec, 30 min, -

1, 2, 4 and 9°h, 48 deseZibed in Chaﬁcer 11.

-

Four infected- flasks and three mock infected flasks were harvested
vy

Qc‘-‘
at each time point. .The results of the time-response curve are shown in

Figure 6. The amount of radiolabelled IVDU 1in mock infected _cells
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B
remains low whereas the supernatant concentration remains high. 1In
contrast, the radiolabelled IVDU in the supernatant fluid of HSV (TK
+ve) infected cells decreases with time and the intracellular

concentration increases proportionately.

131
2) Effect of increasing titers of infecting virus on [~ T}-IVDU .

uptake.

Seven dilptions_of stock HSV (TK +ve) and HSV (TK -ve) were made
into 0.2 mL aliquots and were used to infect the cells. Three flasks
were 1nfec€ed.with HSV (TK +ve), two flasks werelinfected with HSV (TK
-ve) and two flasks were mock infected. After 7 h 0.0256 uCi of
[13lI]—IVDU was added to each flask to give a final concentration of"
0.000858 ug/mL. .All cells were harvested after 4 h of incubation and

the intra and extracellular radiolabelled IVDU was quantified as

described in Chapter II. The mean and rangevof values;bf the cellular

uptake of [1311]—IVDU at each infected dose aré shdwn"ijéFigure 7. The

: : 131 4 ¢ %
quantity of [ I]-IVDU taken up by HSV (TK +ve) cells increased with
increasing titers of infecting virus} HSV (TK -ve) showed insignificant

uptake even at high doses ﬁf infecting virus. : , .
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Figure 6 -

Time-response curve of.[131I]—IVDU uptake in H Xl(TK +ve) and mock
infectedrrabbit kidney cells. :InCraisllular [ I]-1VDU in HSV
infected cells {®). Extracellular ["7°I]-IVDU in the. medium
overlay of HSV infected cells (O). ~Intrai§11ular [""7I)-IVDU in
mock infected cells (m). Extracellular { I]=IVDU in the medium .
overlay of mock infected cells (o). . .

e
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Figure 7

Effect of increasing the titer of inffgiing ‘virus on the
intracellular selective trapping of [ -IVDU in HSV (TK +ve)
o (@), .HSV (TK -ve) (A) and mock (m infected cells.



Cwes

-

2.0

-y
n

CPM x 105

—
o

EL

0 0.01 0.02
CONCENTRATION IVDU (ug/mL)

Figure 8
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-ve) (A) and mock (M) infected cells.
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3) Dose-response curve of [1311]-IVDU uptake.

A Known dilutions of [1311]—IVDU were made and added to the flasks 7 h
after infection with eighér 6 x lO6 pfu of HSV (TK *ve) or HSV (TK -ve)
or mock infection. Conéentrations were deliberately chosen fo cover a
broad range' around the doses known to cause a 50% reduction in pfu

(Ip_.). The ID for the JLJ strain used in these experiments was 0.008

50 50

pg/ml. The mean and range of counts recovered in the cellular fraction
of the HSV (TK +ve), HSV (TK -ve) and mock-infected cells are depicted
in Figure 8. The uptake of~[1311]—IVDU'increased proportionatlely to the

amount of drug added. This relationship was only seen in HSV (TK +ve)

infected cells and occurred even above the IDSO.

Summarz

In the first series of experiments tkg efficacy of several
nucleoside aﬁalogues as antiviral agents was measured. Thé"two most
ﬁotent agents were BVDU»and IVDU. In'the seéond series of experiments a
quantitation of ragiolabelled IVDU uptake was made as a guide both to

4« the feasibility and to thé optimal conditions for in vivo studies with

~animal models. ' These results show that vhe selective uptake of

131

T I1]-1VDU is dependent on the infecting dnse of the virus.. Since the

experiments were completed in under 12 h, .. was assumed that the time

.. was inadequate for a second phase of viral infection to occur. As shown
in Figure 7, an infecting d&se of lOarpfu'for a 25 cm2 flaék containing
S5 x 105 cells is.requireﬂ beforé significantﬁhpfake can be detected.

Therefore in an animal model at least 1 in 50 cells at any time would

131

have to be infected before selective.concentration Qf‘[ 1]1-IVDU could .

conceivably be dé_ected‘bﬁgggqupe écanning. The titer of HSV measured

in brain biopsy specimeng/%rom HSV encephalitis patients ig not well
s o \
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documented. One study reported that in 11/18 brain biopsies the virus

concentration was >1O4 Tissue Culture Infective Dose 0 (TCIDSO)/g brain

5

(47). A number of factors could affect the titer of virus from brain
biopsy. The most important is probably thé proximity of the biopsy to
the most active site of infection. Since there is»extensi;e
histological destruction of HSV infected brain tissue, 1t is likely that
the titers of virus at the site of infection gill be adequate to gllow
'selective concentration of the gamma labelled nucleoside analogue.

Two otﬁer important factors in developing a brain scén for HSV
encephalitis agg‘to determine the optimal time and a dosaée of isotope
administration. These results cqnfirm that the uptake,{uvréaseq

directly with the concentration of isotope used and time (he cells are‘

exposed to the isotope. Ffom these studies, significant nucleoside
concentration was detected by 1 h which confirms that the uptake is
rapid enough to permit the development of an iﬁ vivo scan even wifh

nucleosides undergoiné relatively fast é;cretion or metabolism.

131 '

The intracellular trapping of | I]-1IVDU continued*to increase in

almost a linear fashion eben at conceptrat?oné of .IVDU considerably

higher thanttﬁé ID The isotope was trappedweﬁen when fhe nucleoside

50°

‘concentration was sufficient to inhibit virus replication suggesting
that a high concentrétionnof isotope could be used in developing a

radioisotope scan. The regsults in this study lend suﬁport to the

131I

concept that | }-1IVDU might be a suitable nﬁcléoside analogue to use

v

" in the development of a selective brain scan for HSV.encephalitis.

.
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CHAPTER V  TISSUE DISTRIBUTION AND PHARMACOKINETICS OF IVDU IN RABBITS

The third stage of this research entailed an initial evaluation of

the tissue distripution in a small numbeﬁ’of rabbits of a bolus dose of

¥ ‘ '
radiolabelled IVDU? The tissue distribution. was measured both in

uninfected rabbits and in réﬁbits with fulminant herpes encephalitis.

N

A. TISSUE DISTRIBUTION
.éié weaﬁling rabbits (wt. approx.-l kg) from one litter were used.
Fopf rabbits were igfgcted with an intracerebral injection of 106‘$fu of
HSV—I (JLJ). Two rabbits were left uninfected. After four d.ys, when
the infected rabbits were convulsing, all six rabbits-were giv into
the marginal veln of the left ear a bolus of 20 uCi of [1 “1]-1IVDU at a
dose of 1 ng/kg intravezously. At 1 h.and 6 h, one uninfected and 2
infected rabbits were sacrificed by intrécardiac injéction of a
cardioplegic solutignu(A M KCl). Prior to this a 5 mL blood sample was
drawn by cardiac aspiration. | | !

In all rabbits a detalled dissection was perfofmed and multiple

samples (at least 3) from each organ were wéighed, placed in a

i

s;intillation vial -and their radioactiVity counted in a Beckman 8000
gamma counter. To allow a comparison betﬁeen different animéls the
ratio oflthe tissue to blood radioactivity was calculated for each
organ}i fhzfré%ulus=afe shbwn in Tables 6 and 7. The average tissue to

blood ratio and the raﬁge of values.are given.

In the uninfected animal, only the kidney had a higher level of

"radioactivity than the blood. This was presuméﬁly due to a renal route

° 65 Ce y
Y. >
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of excretion. This high blood level was disconcerting dé ‘it signified

high "background” activity ;hich could obscuré any selective trapping in

the brain of an infected animal. The brain of the uninfected rabbit had
very little uptake of isotope in'contraét to the brains of infected

rabbits: In any gi&en orgén, as shown by a narrow range of values,

there was little‘variation\in counts, confirming the reprodu :ility of

the assay. In Table 7, six hours after the drug administration, the

high blood level has persisted anq theAactivity per g of tissue was

higher than for either the kidney and liver. A small but definite

PO

difference was still detectable beétween the braiﬁs of ixfected and
uninfected animals, but this would be undetectable Iin a brain scan due

) 4 : :
to the high levels remaining in the blood.
' A“"%’?hv » S c. e . ’

\

'

TﬁeV;issuevdistributiqq_snudyvdescribed,iwas perfg}med in a few
animals_to‘degfrmine in vivo the feasibility'of using‘radiolabellediIVDU
as a scaﬁning\agent. In vieW of the limited numbers of animals |
involved, the results should be treated with caution.- However, the.
demonstration of relativel? high ratios of radioisotope in the blood to
other organs 1s of major importance in our attempt to use IVDU as a
scanning ;gent. Furthgtmore, the relative amount of radioisotope in tﬁe
blooa was sFi}l.higher after six hours, suggesting that dglayiﬁg thg
scan until the backgroundvcounﬁs decreased might not be of v51ue, The
exact blood levels ac@ieved and the duration of detectable isotope in
the blood were subséquently studiéd. The isotobevdid appear toAbé
somewhat concentrgted'withih the herpes infécteﬂ'braiﬁ tissuelin ¥

comparison to the uninfected brain tissue, however, this effect was at

best limited;'and unfortunately appeared to be highest when the blon
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Table -6. Tissue Distribution qof [IZSI]—IVDU One Hour After Injection.-
' —_—

M Tissue to Blood Ratio (dpm/g tissue:dpm/g blood)

«~

Tissue v = Uninfected Animal InfeFted Animals -

Blood \M’_ - 1.000 - 1.000

Brain 0.090 + 0.029 « 0.416 + 0.087

Kidney | 1.295 + 0.259 - 1.675 + 0.445

Liver \ : 10.685 + 0.175 T 1.326 + 0.147 o
Thyroid . ©0.768 + 0.152 0.798 + 0.016

Muscle | © 0.326 % 0.052 | 0.630 + 0.193

Table\7. ‘Tissue Distribution of [12511—IVDU Six Hours After Injectiog:
. ~ 5

" Tissue to Blood Ratio (dpm/g tissue:dpm/é-blood)

r

Tissue | Uninfected Animal Infected‘Ar;imals L
*_ Blood 1.000 . 1000 .
Brain ’ . 0.046 + 0.005 " 0.083 + 0.C ¢ . ;
Kidney | » "‘n 0.914 + 0.020 ' 0.935 + 'd-;‘?(uzl A
Liver B 0.505-_{_ 0.031 ' 0.445 +°0.003 S
Thyroid " 0.661.+ 0.067 'j 0.669 ioﬁow «

Muscle { 0.630 + 0.009 0.167 +0.024

o
€2

. .~
levelé were peaking. From these prelimindry results it appeared that
the high blood level of fadiolabei mightapfegegt a major problem and so

. o ; o7,
detailed blood kinetic studies appeared warranted.



.B.  BLOOD KINETICS =~ "

]
%

Three weanling rabbits-(wt approx. 1 kg) were injected with a
bolus fajection of 268 HCL of [ 1] IVDU contained in 2 ug of 1VDU.

&hefinjection'wasdgade“into.a left ear .vein and~a11 subsequent bload
.tlsémbles werehwithdrawn from the;right‘earu fhe blood'samnles'were

,placed;into a heparinised counxing vial of knowngseight; weighed Aﬁdxtpf'

thEn-counted in a.gamma}counter.' lhe averagenand range of the'dpMS,per

'8 whole blood from_the{three animals were calculated and this is plotted

© : : .
3 against time in Figure 9. RS
. oo _

From this elimination curve it can be seen that. after an ini-

D

i - . ‘ R . ' . ' S L
a high level five minutes after the injection, the blood 1e€e1 dro:

rapidly probabiy due to tissue redistribution ‘Then a, slower phase or ¢

. isoto?e elimination occurs. One day after the injection, anproxdmately ig
. .

LA . A
5Z of the initial dose is still detectable in -the blood. Levels this o
N A, B ;’
high would make an in vivo scan, which(relies ‘on detecting relatively o
_— A .

small differences in brain tissue, particular~k\difficult. The

N

o relativelys high levels of radfbisotope inéghe blood 24 h/after injection

0

mu

was surprising since BVDU is ‘cleared | from the ¥lasma within 4 h.

Hovayer ‘rTecent studies ‘have shown it is metabolized to bromovinyl .
. Py

¢
.. "

uracil which peaks in the plasma dbout 2 h after‘dosing and remains

¥

detectable for 24 h (LlS) These studies were done in immunosuppressed*

patients, but if the metabolic pathways of IVDU and BVDU are similar and
1f the metabolism of these nucleoside analogues in man and rabbits is
imilar, this observation may ac%ount for ;he persistent high levels of

ﬂ,vradioactivity in the blood for/>24 h. o -

2.

Another possibility is that the Iodine may have been cleaved off

, the vinyl deoxyuridine and.is persisting in the blood in a free stat"
Q . 7 e E

R
& .
: 3
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Thig probie@ 1s. being looked a:;bf_anéiysing the plasma gfom these

animals using high pressure liduid‘%hromatography.

.
iy
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CHI}PTEVR V1 . CONCLUSION

L)

k]
.

This research ha: ‘vered three distincg'aA j‘fd' e

-

area involved the est ' shment of animal'mode,s of érpes encephalitis

suitable for radioisotupe‘brein scanning and tigssue distribution

'studies. ‘The second area:involved évaluation of several nucleoside

b

*analogues for antiviral activity and then quantitation of the uptake of

IVﬁU into herpes infected cellsf The third area involved preliminary in

vivo tissue distribution and pharmacokinetic studies“ofva bolus %

RN

injection of radiolabelled IVDU.. C g R }i e,
Seven distinct variables were examined in an a%tempt‘&% establish a -’
‘l)

good animal modél of herpes encephalitis. A Weanling rabbit model of

ehcephalitis was eVentually developed in*which an intracerebral

LN

’

inoc 1ation of LQ pfu of HSV-I (JLJ) induced reproducibly a clinically

i distinct illnnss aﬂter 5 days and subsequently death This model<

.

appeared‘?%propriate for scanning in view of the large brain and

- oW

‘relative lccalization of infection, A mouse modelesof encephalitis'

resulting from\intracerebral inoculation of HSV-I (TK +ve, JLJ strain)

or HSV—I (fx Tve, B2006 strain) was also developed and appeared suitable

3
fos—both tinsue distribution studies and investigations of the

L S

specificity of the radiolﬁbel uptake in encephalitis.

o4y
“In cell culture, the’ antiviral activity of several nuqleoside

- ~
~ x

~analogues was evaluated and,then a quantitation of cellular uptake into
herpes infected cells was performed for ‘the most promising agent (IVDU).

This.ugtake;was dependent upon the quantity of virus‘present, the

“duration of infection and the concentration of radiolabelled agent to

1 ‘ C.
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which the cells were exposed. ihese.results suggested that an in vivo
'scan was feasible. .

In the rabbit model, a preliminary'study of the tissue distribution
of radieactiyity fbllo&ing an infusion of radiolabelled IVDU has shown
. that thefradiolabel is higher in the brains of animals with herpes .
encephalitis than in uninfected animals. Hdwever a persigtent high
blood level of radiodgﬁivity would mask this difference in a brain scan.
. The current regsearch being undertaken 1n the Faculty of Pharmacy onj
| this prgject involves a determination of the identity of the persistent

radioactivity in the blood. Once thie is understood, perhaps efther by

chemical mmdification or additional drug admin%@ﬁration the clearance. of

oY

oﬁty can be accelerated frqm ;hewblood making the

‘the radiQWd@T

AW

differential dptake into a; herpes ingécted Higén apparent At this N

g
point the‘prospect of a’clinigal trial could become“a reaiﬁty.

’
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