CHAPTER 1|

LITERATURE REVIEW

1. History of Herpes Simplex Virus

HSV infections of humans umented since ancient Greek times.

Records of human HSV infections 28€riptions of cutaneous spreading
o — .

lesions thought to be of ' Iogﬂ pmthe writings of Hippocrates

(Nahmias ans Dowdle, 19( vilization define the word “herpes” to

mean creep or crawl, in the visualized skin lesions

(Beswick, 1962).

The major Ia ' NC "' ears have provided a

lication of molecular biology to the study of human disease.
One significant ad a 5 tween HSV types.
-Although suggest j‘JW;Ejh ﬁﬁmﬁg more than 60 years ago and
by others from Iaborato bs (gl 'ﬁ d Dowdle
demonstra q ﬁﬁ i[\tﬁ ]T nggj 1 and ﬂ/ 2. These

investigators demonstrated that HSV-1 was more frequently associated with nongenital
infection, whereas HSV-2 was associated with genltal disease. This observation was

pivotal for many of the clinical, serologic, immunologic, and epidemiologic studies.

Obviously, other critical advances made over the past decade have

contributed to our understanding of the natural history of HSV infections. These include
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the following, among others. First, successful antiviral therapy was established
unequivocally for HSV encephalitis (Whitley, 1977) and, subsequently, for genital HSV
infections (Bryson et al., 1983) and HSV infections in the immunocompromised host
(Meyers et al., 1980). Second, differences between strains of HSV were demonstrated
by restriction endonuclease technology, which has become an important molecular
epidemiologic tool (Buchman et al., 1978 ). Third, the use of type-specific antigens for
seroepidemiologic  surveys has f understanding of the clinical
epidemiology of infection (Roi eLa‘I " %ﬁ much work has focused on the
replication of HSV and the ne ﬂroduets‘ﬂﬂncnpal goal of these efforts is to

> gene Woal that is in the very early
gingerin:

define the biologic propertie
stages of accomplishment. and the expression of specific

genes will provide technolo IZman et al 1985), as well as for the

ﬁﬁ was devoted to the study

oizman and Sears, 1993).

alphaherpesvirinae. [(h& members of t.' sified on the basis of
variable host range, relatively shor‘t reproduct id Spread in culture, efficient

A\Jlnfections primarily but not

exclusively in serﬁ'ﬁa?jﬁ‘iﬁg Wﬁ‘ W1 ﬁ

The size 6f herpesvirions has taeen reported g vary from 12040 nearly 300 nm.

e ereo) POV E PR TEER Y1ehed A Ediohdy Bl nown ano

may vary ffom one virus to another. The estimates generally range from 30 to 35

destruction of infected cd's and capacnty to establish late

polypeptides. The virions consist of four elements: (i) an electron-opaque core, (ii) an
icosadeltahedral capsid surrounding the core, (iii) an amorphous tegument surrounding
the capsid, and (iv) an outer envelope exhibiting spikes on its surface (Figure 1).The
core of the mature virion contains the viral DNA in the form of a torus. The precise
arrangement of the DNA in the toroid is not known. The capsid is approximately 100 nm

in diameter and the number of capsomers is 162. The pentameric cépsomeres at the



13

vertices have not been well characterized. The hexameric capsomeres are 9.5 x 12.5
nm in longitudinal section; a channel 4 nm in diameter runs from the surface along the
long axis. The tegument, a term introduced by Roizman and Furlong to describe the
structures between the capsid and envelope, has no distinctive features in thin sections
but may appear to be fibrous on negative staining. The thickness of tegument may vary,

depending on the location of the virion within the infected cell. When the amount is
v’f cytoplasmic vacuoles than in those
vndence suggests the amount of

Mby the host. The tegument is

variable, there is more of it in vmons

accumulating in the pennucle@

tegument is more likely to

frequently distributed asymm
appearance; it appears to

presence of lipids was dem 4 | i Nd by the sensitivity of the
n.ts (Th hq SVirus envelope contains numerous

(‘4-

virus has a typical trilaminar

red cellular membranes. The

virions to lipid solvents

protrusions of spikes, whi r than those appearing on
Watson estimates that the
spikes on HSV virions are app. xiﬁ@g‘__&«;& he spikes consist of glycoproteins.

The number and relative amoun@_‘g@hgj .".'::- vary; HSV specifies at least 11

The bulk of pac and do@e stranded. In the virion,

HSV DNA is packaged in tae orm of a toroid.4The ends of the genome are probably

held together or Gsé u:%]e’éj A Paéinich ¥4l afsimal frdotibn of the packaged

DNA appears to b(,gal:lrcular and a largegractlon of theApear DNA circularizes rapidly in

the abse@; Wﬁftﬂ ﬁﬁﬁ w u%’}n’%nﬂé}eﬂfrﬂn@eﬁlcem. DNA

extracted frém virions contains ribonucleotides, nicks, and gaps.

The HSV genome is approximately 150 kbp, with a G+C content of 68% for
HSV-1 and 69% for HSV-2. (Morse, et al., 1978). The homology between the two type of
HSV genome is about 50%. The HSV genome codes for approximately 100 proteins
(Roizman, et al., 1975). Most of the polypeptides specified by one virus type are
antigenically related to the polypeptides of the other type (Corey and Spear, 1986). They
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are designated as either infected cell specific polypeptides (ICSPg) or infected cell
polypeptides (ICPg). The three groups of HSV proteins, a, B and Y, are synthesized in a
sequential order. There are five a-proteins namely ICP 0, 4, 22, 27 and 47. The
synthesis of a-polypeptides reaches peak rate at approximately 2-4 hours post
infection but some o-proteins continue to be produced throughout the period of

infection (Honess and Roizman 1974). The B-proteins comprise two groups; B, and B..

They reach peak rates of synthesis urs post infection. The B, protein is

synthesized earlier, its peak slightly with a-class. B, proteins

—J
include the major DNA-bingi r@ component of the viral

ribonucleotide reductase : e J981). B, proteins are synthesized
later, they include the vir : ingse, a A polymerase. All of these B-
proteins involve in viral i ‘, tat 1 Jroteins are primarily structural

polypeptides and in

synthesized early in the ab 'u"+ epli n contrast, the vy, protein are

al DNA replication (Silver and

Roizman, 1985). These Y-proteins also act

5

majortarget for host immune response.

Figure 1. Diagram of a virion of herpes simplex virus



15

bbb JUTEVSTITITER OO

.

Immediate
early

Entry
and 14
% uncoatirg \
@ Protems -ﬁ-éégﬁ Protems -y Proteins
& s
1 1
1 1
'

_\
post-trans;:ri;;tio'nal
wing

Late

MGpo~——~———(pA) \

1 v mRNASs

(
\
\

} o mRNAS

Figure 2 Sequence of events in the multiplication of herpes simplex virus



16

3. HSV Multiplication

The glycoproteins of the viral envelope provide the normal attachment of the
virions to susceptible cells. Following attachment, the viral envelope glycoprotein B (gp
B) induces its fusion with the cellular plasma membrane, permitting the nucleocapsid to

enter directly into the cytoplasm. Intact virions may also enter via endocytosis, from

similar viral envelope-membrane fusion.
In the cytoplasm the capsid mig %\\ e, where the viral DNA is released
into the nucleus and lnltlate tlp ‘satm&h se period is 5 to 6 hours in

s exponentialiysuntil approximately 17 hours

after infection; each cell s i rticles, of which about 100

which they are released into the cytop!

monolayer cell cultures,

are infectious. Virions ar, A ni ed cells.

As with other inin VEruS s.gh bioc r‘r%al events are sequentially

regulated, presenting ike = ef ‘ the viral DNA enters the

e 1-;.': -
nucleoplasm, even in the aPsence of ‘Bu)t host cell RNA polymerase |
transcribes noncontiguous f_:— gi he 'viral genome to produce five
immediate early (ot) mRNAs (Flgﬂ&j@jﬁff blocked, only these oo mRNAs

accumulate in the cytoplasm d_the larger, tnprocesseatranscripts remain in the

1
g early (B) mRNAs. The B

proteins block f |on of a third set of
RNAs and their ﬂ vg];to lje,:[/ mRm:qﬂhus the synthesis and translatnon of the
mRNAs q cessary for
synthesngq ﬁ;ijvﬁns ﬁm am:tlfz ﬂrgj mlncﬁmctural proteins

are necessary for synthesis of the late major structural Y proteins. It is noteworthy that

e, leading to transcription

nucleus. If protein syn z i
[

of other regions of the genome and prdd]ction of delay

synthesis of all the y proteins is not dependent on viral DNA replication: y1 proteins such
as gp B and the major capsid protein VP5 are made in the absence of viral DNA
synthesis, although they are synthesized in relatively low abundance; but Y2 proteins
(e.g.. glycoprotein C) strictly require amplification of viral DNA. The three sets of mMRNAs

produce an aggregate of about 50 virus-encoded proteins.
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Viral DNA replication is carried out by both viral a and B proteins, which
include a DNA polymerase and DNA binding protein, and host cellular enzymes. The
reactions are not yet precisely understood, but they appear to involve complex
replicative intermediates, including "head-to-tail" concatemeric circular and linear-
circular forms generated by the reiterated nucleotide sequences. Three origins of DNA
replication have been described: two in the terminal ¢ reiterated sequences of the S

#y near the genes encoding the DNA
he &w

eric viral DNA is cleaved at a
J

it*s p.

£ ‘t 5

segment and one in the middle o

polymerase and DNA-bindin

terminal reiterated a se‘w

particles are noninfectious

N preformed capsids. These

n envelope. Envelopment is
initiated at sites on the inneg | . nto whick viral glycoproteins have been

inserted. The nuclear mem , plica ess of viral particles into the

appears either to comp op ﬁt‘ ) enveloped anew. Mature,

infectious virus is slowly lib | fec h the endoplasmic reticulum,

but occasionally it also esca ) '_ o‘ verse phagocytosis. Unlike the
process with other enveloped vim tand release of viral particles does
not occur by budding fra “m"‘""‘.ﬂ e plasma membrane is
changed morphologica croteins; this consequently

makes the membrane a target for immunologic attack.

e o U ANBNTIEADT v cronsn «

accompanied by t% transport of solubl¢ antigens inte=the cytoplasm; €ancomitantly the
originally’aa%rﬁ%alﬁ.ﬁ% imsiu %ﬂ;}%gj’}waaﬂosinophilic.
Feulgen-ne&ative m‘ass. Thus, the eosinophilic inclusion body that is usually observed in
infected cells does not contain viral particles or specific viral antigens (detectable by
immunofluorescence) but actually is the burnt-out remnant of a viral factory (Ginsberg,

1980).
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4. Pathology

Because HSV causes cytolytic infections, pathologic changes are due to
necrosis of infected cells together with the inflammatory response. Lesions induced in
the skin and mucous membranes by HSV-1 and HSV-2 are the same and resemble
those of varicella-zoster virus. Changess induced by HSV are similar for primary and

recurrent infections but vary in degree, r‘yy
Ieaflncl

Mes margination of chromatin,

usions virtually fill the nucleus

g the extent of viral cytopathology.

Characteristic histop

production of Cowdry tyw

and formation of multinucle

de ballooning of infected cells,

but later condense and ! alo from the chromatin at the nuclear

contact with lnfecte aliva. is us Oy genital routes. Viral
then invaas local nerve endings and
is transported by retrogradeaxonal flow to dorsal root ganglia, where, after further

replication, lateﬂ uegbf}aq E;qur@w »&J/r] mims result in latent

infections in the t?!l;emmal ganglia, whereas genitawsv-2 infectionsylead to latenly
infectedﬁ:%a’;];@q ﬂim quq w Elﬁ] a EI
9

Primary HSV infections are usually mild; in fact, most are asymptomatic. Only
rarely does systemic disease develop. Widespread organ involvement can result when
an immunocompromised host is not able to limit viral replication and viremia ensues

(Brooks, Butel, and Morse, 2001).

In latent Infection, Virus resides in latently infected ganglia in a nonreplicating

state; only a very few viral genes are expressed. Viral persistence in latently infected
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ganglia lasts for the lifetime of the host. No virus can be recovered between recurrences
at or near the usual site of recurrent lesions. Provocative stimuli can reactivate virus from
the latent state, including axonal injury, fever, physical or emotional stress, and
exposure to ultraviolet light. The virus follows axons back to the peripheral site; and
replication proceeds at the skin or mucous membranes. Spontaneous reactivations
occur in spite of HSV-specific humoral and cellular immunity in the host. However, this

nt infections are less extensive and

immunity limits local viral replication; s f
Symp

less severe. Many recurrenc ected only by viral shedding in

wSVJ infection are usually

of

i

secretions. When symptopsodé
manifested as cold sorW )
population harbors HSV--

recurrences. It is not know meindi ‘_ f tivations and others do not.

Transplacentally acquired antibodies-from
L BN

infection of newbornﬁﬁut they seem fo-"?;m,,p

dhood; by adolescence, they
are present in most peréaws. Antibod 2 rise du& the age of adolescence

and sexual activity. "4

ANYNINYINT
During ﬂ”u ﬁJec't%nZlg%J ll)odies appear transiently and are followed
L ¢ - el .
s B NN AT T T TR e
infectio:q fﬁ: t“th ences, the greater the level of antibody

response. However, the pattern of antibody response has not correlated with the
frequency of disease recurrence. Cell-mediated immunity and nonspecific host factors

(natural killer cells, interferon) are important in controlling both primary infection and

recurrent HSV infections .

After recovery from a primary infection (inapparent, mild, or severe), the virus is

carried in a latent state in the presence of antibodies. These antibodies do not prevent



reinfection or reactivation of latent virus but may modify subsequent disease (Brooks,

Butel, and Morse, 2001).
5. Epidemiology

Herpes simplex viruses are worldwide in distribution. No animal reservoirs or

vectors are involved with the human viruses. Transmission is by contact with infected

’/f/werpes simplex virus differs.

humans than any other virus.
——

i mmptomatlc; occasionally, it

g children, pharyngitis in

secretions. The epidemiology of ty

HSV-1 is probably
Primary infection occu
produces oropharynge
young adults). Antibodi inated from the body; a
carrier state is establis punctuated by transient

recurrent attacks of herpe

The highest incid S * infectio ‘ mong children 6 months to 3
years of age. By adulthood % of p . ve type 1 antibodies. Middle-class
individuals in developed countw@k’? S _later in life than those in lower
socioeconomic popul mabl Owded living conditions

saliva or through utensil 'ontaminated with the saliva of a virus shedder. The source of

infection for Chlldﬂ) ﬁsglly-j Wﬂ/w Wﬂ ﬂl?dlng in saliva.

The freqm?dncy of recurrent HSV-1 lnfectionﬂaries widely among individuals.

A ey e - frpva) i el Blodethde] o nd avsence o

clinical synﬂatoms.

HSV-2 is usually acquired as a sexually transmitted disease, so antibodies to
this virus are seldom found before puberty. It is estimated that there are about 45 million
infected individuals in the USA. Antibody prevalence studies have been complicated by
the cross-reactivity between HSV types 1 and 2. Surveys using type-specific

glycoprotein antigens recently determined that 20% of adults in the USA possess HSV-2
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antibodies, with seroprevalence higher among women than men and higher among

blacks than whites.

Recurrent genital infections may be symptomatic or asymptomatic. Either
situation provides a reservoir of virus for transmission to susceptible persons. HSV-2

tends to recur more often than HSV-1, irrespective of the site of infection.

Maternal genital HSV inf to both mother and fetus. Rarely,

pregnant women may develop disse r primary infection, with a high

the majority of infants (= 0 f ) - IS€ase are born to women who
do not have a history of Genita . v . atic at the time of delivery
o

(Brooks, Butel, and Morse,

6. In vitro antiviral test

As the methodblagy used in the determination-okt ] iviral activity as well as
the interpretation of the rg each laboratory and are

consequently not compara ble to one another, SImple procedures and guidelines for

evaluating antivnrﬁww rw %Tﬁ?«ﬂﬁe urgently needed.
an

|V|ral testing of crude extracts containing a

T TR S g e oo

Vaﬂous cell culture-based assays are currently available and can be
successfully applied for the antiviral or virucidal determination of single substances or
mixtures of compounds e.g. plant extracts. Antiviral agents interfere with one or more
dynamic processes during virus biosynthesis and are consequently candidates as

clinically useful antiviral drugs, whereas virucidal substances inactivate virus infectivity
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extracellularly and are rather candidates as antiseptics, exhibiting a broad spectrum of

germicidal activities.

The method commonly used for evaluation of in vitro antiviral activities are
based on the different abilities of viruses to replicate in cultured cells. Some viruses can
Cause cytopathic effects (CPE) or form plaques. Others are capable of producing

specialized functions or cell transformati lirus replications in cell cultures may also

be monitored by the detection of virz . ' - viral DNA, RNA or polypeptides.
Thus, the antiviral test sele o 2y hibition of CPE, reduction or
, T ———

inhibition of plaque format ) I¢ in Mher viral functions (Vlietinck

A survey of the va eir possible suitability for the
antiviral and/or virucid lant products is presented in
Table 2.

It should be emphasi f an antiviral agent on the host
cells must be considered since a s » ibit an apparent antiviral activity by
virtue of its toxic effec‘tz‘on the ceﬂs Tl';e : 2y /0 cell cultures is usually
done by the cell viabilit ay and the ce }“ ough other parameters

such as destruction of c{lﬂmorp oe)’ oscopic &mination or measurement

of cellular DNA synthesis have-been used as mdmators of com ﬁ)und toxicity.

After th@ya%l)o?ncy oé] teVJ substance together with ltS cytotoxicity is
determin Wﬁﬁ ﬁﬁm Hﬁ EI -cell system
can be calcul ell Eroa)/\h rate test has been claimed to

be the most stringent method for measuring cytotoxicity, the therapeutic index (Tl) can
be defined as the ratio of the maximum drug concentration at which 50% of the growth
of normal cells is inhibited (CDg,) to the minimum drug concentration at which x% (50%,

90% or 99%) of the virus is inhibited (ED,).
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It should be noted that the calculation of the therapeutic index of a mixture of
compounds e.g. crude extracts is irrelevant since cytotoxicity and antiviral activity of the
mixture are not necessarily due to the same components of the mixture. On the contrary,
without the cytotoxicity data reports of antiviral activity of a single compound even at
very low concentrations are of limited value. In addition, the relative potency of a new

antiviral product should also be compared with existing approved drugs.

AULININTNEINT
RIAATUAMINYAE
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Table 2 /n vitro antiviral screening assays (Viietinck and Vanden Berghe, 1991)

Determination of the viral infectivity in cultured cells during virus multiplication in the presence of a
single compound (A-S) or a mixture of compounds e.g. plant extracts (A-M) or after extracellular
incubation with a single compound (V-S) or a mixture of compounds (V-M).

(1) Plaque inhibition assay
Only for viruses which form plaques in suitable cell systems.
Titration of a limited number of viruses in the presence of a non-toxic dose of the test

substance.

Applicability: A-S. \’ ,// .

(2) Plaque reduction assay NN ‘/‘/J

Only for viruses which form pla@le cell syﬁ

Titration of residual virus infectivi : bstance(s). Cytotoxicity should

Applicability: V-S; V-M.
(3) Inhibition of virus-induc

Applicability: A-S; A-M.
(4) Virus yield reduction assay
Determination of the virus yield in yCltures, infect ’ i given amount of virus and treated

Applicability: A-S: A-M. fI-. =
(5) End point titration technqu (El ﬂ
Determination of virus titer reduction in the presence of two-fold dilutions of test compound(s).

Applicability: A-S; A-M. This met p desi ‘ antiviral screening of
crude extracts. ﬁ u ﬁ ﬁlﬂ Wﬁﬁ ﬂﬁ

(6) Assays based on measurement of specia(ged functions and viral products

o a/
For viruses that do not induce CPE or aquesi | Ily;s ﬂl‘] a ﬂ
Determinatiq iru ae i a 3.1 r:zlg irm nd adsorption tests

(myxovirusgs), inhibition of cell transformation (EBV), immunological tests detecting antiviral
antigens in cell cultures (EBV, HIV, HSV and CMV).

Reduction or inhibition of the synthesis of virus specific polypeptides in infected cell Cultures e.g.
viral nucleic acids, determination of the uptake of radioactive isotope labeled precursors or viral
genome copy numbers.

Applicability: A-S; A-M; V-S: V-M.

A: antiviral; V: virucidal: S: single substances; M: mixtures of compounds
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Plague reduction/inhibition assay is generally considered as a reference or
standard for antiviral assay (Ellis, et al. 1987). This assay uses a constant number of viral
particles and varying the non-toxic concentrations of test substance (Abou-Karam and
Shier, 1990). Typically, a monolayer of cultured cells is allowed to bind virus and then
overlaid with a layer of semi-solid medium which prevents spreading of virus from the

area of originally infected cells. The test substance can be added into cell monolayers

before or after virus adsorption is - .The infected cultures are incubated

further for an appropriate peri | re fixed, stained with dye, and

plaques (areas of infected .@ to the number of plaques
observed in virus control ( the ive concentration or dose of test

compound which inhibite » ICsy 0r ID,) is calculated

and expressed as antivi

AR f*’ =
later, the cell monolayfhrs were Stained f6r B-ga ase activity. The plaques

S rmlneﬂby the plaque inhibition

. The proﬁ uo&jw ’lilnglnz n &Jmllar to ?e plaque inhibition
AL LR r b e THgen

of viral CPE ?Yip et al., 1991). or determined by the dye uptake assay (Marchetti, et al

determined by this methﬁ correlate

assay.

1996). Treated and untreated infected cells are stained with neutral red 2 days post-
infection. The uptake dye is then extracted and the optical density at 550 nm measured.

Then, the concentration required to inhibit CPE by 50% is calculated.

For virus yield reduction assay, cell monolayers are infected with virus and

serial dilution of test compound are added after virus adsorption. Following a cycle of
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virus replication, the harvested Cultures are disrupted by freezing and thawing,
Supernatants are kept, and virus yields are determined by plaque assay. The drug
concentrations required to reduce 90% (1 log,, reduction) are determined for antiviral
activity in this assay. The plaque inhibition and CPE inhibition methods have limitations
from the low or limited amount of virus input so virus yield reduction assay have been
used instead. The multiplicity of infection (MOI) of virus in yield reduction assay is
usually carried out with one or m y Thus, progeny virus could be
recovered at a much greater r. , % yield reduction compared to 1-

10 PFU in plaque reducti et al 1990). However, yield

reduction assay is not Wntensiva nature and time
consuming. AR

The antiviral ass lized functions and viral
products have been studie cid hybridization, enzyme-

7. Antiherpetic agents

Three major qa}b
al., 1995). The first ca

4l De discerned (Andrei et

phasphate analogs such as

I
phosphonoacetic acid (Pﬁ0 ) and phosphonoformic acid (PFA:;

, foscarnet). These drugs

inhibit a viral DNA 'éi tl ﬁﬁﬂ d in releasing the
- Pyrophosphate pr¢ ﬁ iﬁij ﬁ E:Iﬂco prises a variety of
nucleoside analogs including acyclovir (ACV ﬁl VDU), and
pencwlovna’ag ’ﬂham gﬁdﬂﬁﬁaﬁcﬂ)l rEIse (TK) to
effect their qantnvnral action. Formation of monophosphate (for BVDU, also further
phosphorylation to the diphosphate) forms of these nucleoside analogs is catalyzed by
viral TK. Following further phosphorylation to their triphosphate forms by cellular
enzymes, they inhibit the DNA polymerase reaction. The third class consists of those

drugs that are independent of viral TK for their activation. This class includes vidarabine

(araA) and the acyclic nucleoside phosphonates, ie., phosphonylmethoxyethyl (PME)
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and 3-hydroxy-2-phosphonylmethoxypropyl (HPMP) derivatives of purines (i.e., adenine
[PMEA and HPMPA] and 2,6-diaminopurine [PMEDAP]) and pyrimidines (i.e., cytosine
[HPMPC]). AraA is converted to araA triphosphate by cellular enzymes and then inhibits
HSV DNA polymerase. Phosphorylation of acyclic nucleoside phosphonates to their
mono- and diphosphoryl derivatives is also carried out by cellular enzymes, and then

the resulting diphosphoryl derivatives interact at the DNA polymerase level (Balzarini

/

inhibitor of HSV replicatio s induced TK (Neyts et al.,

and De Clercq, 1991). Also, the nov 1\ ric acyclic nucleoside 2-amino-7- (1,3-

dihydroxy-2-propoxymethyl)p rine to be a potent and selective

1994).

Acyclovir (acicloyi IC glianc ine anal is a selective inhibitor of
the replication of HSV type < r:?‘ lla-zoste S. In virally- infected cells, it
is initially monophosphory! i '\ midine kinase (TK), then
converted to its di- and ‘triphios nzymes. The active form is
acyclovir triphosphate , whi group required to elongate the DNA
chain. Acyclovir triphosphate com OXyguanosine triphosphate as a
Substrate for viral DNA po!ymggﬁﬁ;-—' DNA replication. This
results in inactivation of y ._-.;;-7 ----- rase (Figu yelovir is a highly selective

inhibitor of HSV replicati : d forﬁ)% inhibition of Vero cell

growth is 300 uM and for WL,38 human fi broblas&) IS greater than 3000 uM. This highly

| selective toxicity ﬂvéﬁdﬂ 63 fﬁ ﬂ;!ﬁ ﬁ%tl&] q ﬂ ﬁof the drug by the

viral TK (Scholar and Pratt, 2

QW'WMT]?EH URIINYIAY
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Deoxynucleosides

Acyclovir

\ Viral thymidine kinase (HSV, VzV) or cellular
\ kinases (EBV, CMV)

Acyclovir—monophosphate

l Cellular guanylate kinase

Acyclovir—diph phat
T Al

lule /‘,. Me(s); e.q. phosphoglycerate kinase,
~=_wRyruvate kinase
osphate =

Deoxynucleoside-
triphosphates

Iovir—monophosphate/
(dGTP, dATP, dCTP, TTP)

DNA polymerase

Figure 3 Acyclovir inhibition‘e

ﬂUEI’JVIEWI‘i‘NEJ'm’i
ammmmummmau
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In general, HSV-2 strains are in vitro less susceptible to acyclovir than HSV-1
strains, although there nas been considerable overlap in the range of concentrations
reported to inhibit the CPE of these 2 types of herpes simplex viruses by 50% (IDg, as
measured by the plaque reduction assay or reduction in viral-induced
cytopathogenicity) (O'Brien et al., 1989). As reviewed by Richards et al. (1983), in most
studies ID4 s have been in the range 0.01 to 0.7 mg/l for herpes simplex type 1, and

0.01 to 3.2 mg/! for herpes simplex lype , ~to 100-fold reduction in susceptibility

_‘_ﬂn monkey kidney (Vero) cells
—

@et al., 1980) appears to be

concentrations of thymidine in Vero cells

of herpes simplex viruses arowing
compared with that in hu
due, at least in part, to the s

(Harmenberg et al., 1985)

8. Medicinal Plants

activity, antifertility activity, alkylatihg.z::tw elmintic activity, hypotensive activity,
£/, -
cardiac depressant aﬁtlwty. énmnﬁlifnmétt') gl meoth muscle stimulation,
‘ .

antispasmodic actiw ----- ivenin _ -—:--;;-— ---------------- _v (F antitumor  activity,
antipyretic activity, 5'93‘9"9 lVltﬂ antigastric ulcer activity,

choleretic activity, and antlthunor activity (Famsworth and Bunyapraphatsara, 1992).

ﬂ Ad ¢ L’Dm(&m;z NG, cn
e - I i g1

Bridelia ovata Decne. (¥n) is in the family Euphorbiaceae. Pharmacological
activities of this plant included antibacterial activity and purgative activity (Wundu U
vlseirsuazasys leadeadons, 2539).

Cissus quadrangularis Linn. (\WBS8INIR) is in the family Vitaceae.

Pharmacological activities of this plant included antifungal activity, antineoplastic
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activity, antiinflammatory activity and mutagenicity (Wuniu yoezilseirsuazasys Toa

TEILRTEYNS, 2539).

Citrus reticulata Blanco (z’(mfﬁmm'm) is in the family Rutaceae.
Pharmacological activities of this plant included antibacterial activity, antifungal activity,

antitumor activity, antiviral activity, carcinogenesis inhibition, cardiotonic activity, cyclic

adenosine monophosphate (AMP) inhibi yclic AMP phosphodiesterase inhibition,
% (Gundu youazlszirsuazasys

liadeasoyns, 2539).

Clinacanthus nM

Pharmacological activitie

in the family Acanthaceae.
ed antiherpes activity
antiinflammatory activity, a Wiy Youesdseirsuas

a7y Toaduasoyns, 25

Clinacanthus sia the family Acanthaceae.

Pharmacological activities of mmatory activity and antivenin

a a

effect (36 QRNEITNINT, 2540).

Q

Cocos nucife WTWINT) s i the faimni lmae. Pharmacological
activities of this plant i luded abs ' S ermffect. allergenic activity,
amino acid level alteration, antibacterial activity, antifungal activity, antitumor activity,

¢ o o/ .
bile acid syntheﬂjg'mrtﬂ:ﬁwwgtq Mu Yuazlssirsuas

asy1 [1Afeasoy

ARAAIRILUR AT ANE) oo

Pharmacoksgical activities of this plant included antibacterial activity, antifungal activity,
antiviral activity, cardiotonic activity and fish poison (Hundu yauazsrirsuazesys Tom
TeNaTOYNs, 2539). '

Momordica charantia Linn. var maxima (N£3%) and Momordica charantia Linn.
var minima (u:ﬁ‘:iun) are in the family Cucurbitaceae. Pharmacological activities of

these plants included autoimmune deficiency syndrome (AIDS) therapeutic effects,
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antibacterial activity, antifungal activity, antihyperglycemic activity, antimalarial activity,
antioxidant activity, antiparasitic activity, antitumor activity, antiulcer activity, antiviral
activity, apoptosis inhibition, immunomodulator activity, insect attractant activity, insect
repellant activity, lipid metabolism inhibition and lipid peroxide formation inhibition

(Wundu youezlsvirsuazasye Tadeiasuyns, 2539).

1Y) is in the family Sapindaceae.
Pharmacological activities of this ' /ti acterial activity, fish poison and
sperm agglutination (Wun4 ol 20 $1AT0YNS, 2539).

Orthosiphon aris ; i, (e AU is in the family Labiatae.

gal activity, antihistamine

al activity, antibacterial activity,

antiviral activity, anthelmintic 3 - i, B surface antigen inactivation,

antihepatotoxic actwutﬂyeverse transcriptase int ibtensin-converting enzyme
hibition, analgesic activity,

ﬂtlmutagemc activity and

antipyretic actnvuﬁuumu{vu:ﬂivnmua“ %’n ﬂﬁf] ;ﬁ(}ﬁ ‘?39)

Scheffleral leucantha Vig. (wmuﬂumumﬂ is in the famlly Araliaceae.

Pharmzmﬁmsect I lamr]nﬁ mt %ﬂ? ﬁl’ip%ronchodnator

activity UNIU mu ﬂﬁﬁ‘l.l.ﬂ::ﬂi‘i{‘li ‘nﬂ'ﬂﬂL’Q?mW? 2539).

matory activity,

Thunbergia laurifolia  Lindl. (ﬁ‘mﬁm) is in the family Acanthaceae.
Pharmacological activities of this plant included aﬁtibacterial activity, anti-HSV activity,
antitoxin activity, insecticidal activity and hypotensive activity (1funiu yuezlseArsuas
27y1 [1Adeasyns, 2539).
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Vitis vinifera Linn. (’szju) is in the family Vitaceae. Pharmacological activities of
this  plant included alkaline phosphatase stimulation, alpha-amylase inhibition,
antibacterial activity, antifungal activity, antifungal activity (plant pathogens),
antihypercholesterolemic activity, antihyperglycemic activity, antiinflammatory activity,
antimutagenic activity, .antinephrotoxic activity, antioxidant activity, antithiamine activity,

antitumor activity, antiviral activity, capillary permeability increase, low density
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