CHAPTER V

DISCUSSION

istudies of antiviral effects

have shown that acyclewvir s c:- t potent inhibitor of

,haﬁmary site of action

on the inhihitur}r s (X0 21, 22y (21

herpes simplex vi

31). Since acycl *~ o b effect on HSV-DNA

synthesis thus 1 T -L_-_ bk effect on the

HS5V-protein synft is as v¥yet no

information availdb affect of acyclowvir

on the protein s 'esﬂ 2 herefore, in this
'i:?'f a.,-ﬁ : .

study we have sequentialils s that acyclovir had
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inhibitory effegts ltiplication ' of

the virus by \plague reducti oh the HSV-2 DNA

synthesis by 3@1;11351 d incorporat [' tenhnic, and on
the HSV-2 ﬁrot21ﬁﬂsvnthesis%vaal ~ Western blot
uafmﬂmwmnﬁ'
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acyclot r is dependent on the strain of the wvirus, the
type of the host cell used, and tissue culture conditions
(9, 21, 22). There were reports that herpes simplex
viruses are 50% inhibited by acyclovir - at the
concentration of 0.12 ug/mL in HeLa cell (9, 12, 13).

Therefore, in our experiment we have set the minimal
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concentration of acyeclovir at 0.05 ug/mL so that we might
be able to observe the inhibitory reaction =t this
concentration. The oral administration of acyclovir in
normal volunteers with a schedule of 200 mg/mL dose every

four hours for two days showed a .maximum and a minimum

peaks of acyclovir conce ons at 0.7 and 0.4 ug/mL,

respectively(13). m concentration of 4.0
ug/mL of acyclovias iment is much higher

than that observe \\\ -q; tration. Therefore,

the minimum and ‘=,¥wr tlons of acyclovir
used in this expéTim  uf*" Vien, the range of the
previous observat "f‘ﬁrhf.a lyity of acyclovir and

maximum plasma con avxr.

In cell nhibition of HSV-2

multiplication by a to be complex depending

on many facth g S dncludineg the—a “""“"‘ ity of infection.
Therefore, in :i EXE j %ns set at 2.5, 5,
V)

10, and 25. The qpsult of in itory effect of acyclovir
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showed that he yield of yirus wa Sncompletely dinhibited at

. QEAGIAIN W W RRLIE evers v
tested. Where as the doses of acyclovir for 50 percent
inhibition(ID 59} of HSV-2 in Hela cells were in the range
of 0.36-0.74 uM (Mean 0.55 uM = 0.12 ug/mL) (9, 12). This
different may partly be due to the different strains of
HSV-2 wused. Collins showed that the more strains of the
viruses were examined, the evidence of variation in

L
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susceptibility was presented (40). 1In our study, the
infection with MOI of 10 was chosen for the rest of the
study because it was the suitable MOI for reproducable
infection of HS5V-2 and many investigators also used this

MOI for infection of HSV-2 (6,17,40,43,47,48,52,63,67).

However, at MOI 2.5 and -2 infected cell treated

with concentraticn acyclovir showed the
vield of the 1x103 FFU/mL,

respectively. Wh ~-:_L»’: wao in HSV-2 infected
:Tktinn assay because

iU/ml were calculated

cell treated with of acyeclovir there

were no, virus de bably occured by an

experimental erro
the virus vield at

from the observati iques in the original

multi-dishes tissue cu Inhibition of viral

multiplication | Shown by hiﬁ_,___*#ﬂq?_‘v assay in this

b o
-

Y v

experiment cou anisms; first is

.w

the reduction Ef the DNA sj’nthes of newly wviral

4
progenies, ﬁﬂﬁﬁ mﬁ?ctiun in the
i oql ycnprot31ns which

synthesis mnjor role in the

“‘““W’TE‘N T iNEa e

ne of mechanisn of acyclovir is to inhibit DNA
synthesis resulted from the inhibition of DNA polymerase
effects on primer template function (38). Thus, we
designed a protocol to study the effect of acyclovir at
1.5 h, 6h, and 12 h post infection in order to study the

effect of acyclovir at an early stage of infection, time
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of DNA synthesis, and time of structural protein synthesis,
respectively. The inhibitory effect of acyclovir on HSV-2
multiplication at different time courses of infection

(Table 2) showed that while the time of infection prior to

adding of acyclovir was i eased, the sensitivity to

acyclovir was decrease \ er infection,acyclovir
at concentration g/ % wuld not completely
inhibited the h and 6.0 h
after infection, 'ons of 0.05 ug/mL
and 1.0 ug/mL cou 'the wvirus. The

explanation could infection all DNA

;\\\\ ed for one cycle,

the assembly of

and structural
therefore, the
components has 'The effect, however,
may act on the results were shown
in the 6“‘"“"— F" In patients in
which the self %Ert -=riﬂy has started as
early as possiblegat the onset, of the prodome will have

pmgﬁ%g@%n§wgm§am ia e

clinic 24-48 h within onsetgof the legsion |‘.13}

%ﬁ:l :@ igaﬂr iﬁéﬂﬁ D:;Elﬂﬂ on nﬂgj synthesis

of HSV-2 infected cells at MOI of 10 showed that HSV-2 DNA
synthesis was seem to be most sensitive to the inhibition
by acyclovir at 6.0 h after infection (Table 5). Twenty-
eight percents of the DNA synthesis was inhibited aé
.compared to the control at acyclovir concentration of 0.05

ug/mL, and the inhibition was increased up to 75% in ﬁhe



culture of HSV-2 infected cells treated with acyclovir
concentration at 4.0 ug/mL. It has been ‘known that
herpes-thymidine kinase (Bz protein) reaches peak rate of
synthesis about 5 te 7 hours after infection (26).
This enzyme, presumably, converted acyclovir to acydlovir-
w::-phosphate was converted

Aphosphate by cellular

the viral DNA chain

monophosphate. Final
toe acyclovir-diphos 1
thymidine kinase.
elongation by the BNA ol m %sf - Miour study, acyclovir
concentration ofg™ 440, r,: 'L7 Ldinotacompletely inhibit
DNA synthesis in #SV#L ;‘-L' r‘“f SsaIn contrast, Furman
and Mc Guirt (10 iBkal DNA synthesis in
the ' infected cells .'7 ) Pletely inhibited in the

presence of 10 uM g ?;Qf;r— 2 Wg/mL) by using cRNA-DNA

hybridization teahnigggﬁfiz- Brepancy may be due to the
difference in| Ath ‘hnic used sinéel . the 3H-thymidine
incorporation T‘Eh _ N the total amount

- '
incorporated ifito viral ©DNA and

cellular mﬂ wﬁﬁmﬁwﬁqﬂﬁc hybridization

assay usedfqjin Furman and Mc Gulrt experlment is more
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the #H-thymidine incorporation counted  ma be

of 3H-thymidine™ that

the 3H-thymidine that incorporated into small wviral DNA
fragments that occured after chain termination. These
small DNA fragments were shown by an alkaline sucrose

gradient sedimentation techniec (11).

Immunoblotting assay, in which antigens separated
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by SDS-polyacrylamide gel electrophoresis are
electrophoretically transferred onto nitrocellulose sheet
has become widely used for ﬁhe detection of viral antigens
or viral antibody. In our experiment, immunoblotting was

used to study the inhibitory effects of acyclovir on

individual antigenic ides of HSV-2. In the

analysis of the We n, we can pin-point to

._J,_,

a single compone - nn;'*rlczlthe viral antigens

affected by acy ‘ W‘”‘ e may reveal some

additional inf he inhibitory
mechanisms of . 1‘ !- \ ion, the affected
antigen(s) proba eo®E  fo \the formation of the
corresponding anti :- ,{{ I 3\ }.fore, predict for the
disappearance of g antibody after the
administration of may use it as a marker
for the indipetion h Vau-h"-v—vesg e failure of the

treatment. i m

More thad &0 virus-specified proteins have been

soentirioa PlbE i EIENG WELLELdon nerpesvirus

(40, 53! and severf&l inv rs_ hffe sought to
det.ﬂrua\ f]lahq ﬂ'im unquam El)r] arﬂ-specifled
pnlypeptide antigens are specifically recognized by
antibodies in HSV-immune sera (41, 43, 45, 46, 47, 65).
In our system, we showed that the rabbit immunoglobulin
reacted with HSV-2 puIypeptideg at molecular .weights of
20-130 Kd including five major glycoproteins identified by

molecular weight markers they were gB (110-130 Kd), gG (98
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Kd), gC (88 Kd), gE (75 Kd), and gD (60 Kd) (Figure 4-6).
In addition, our Western blot analysis showed the strong
reaction of rabbit anti-HSV-2 serum against 14 polypeptides
with molecular weights of 128, 117, 109, 98, 88, 75, 60,46,

40, 30, 24, 22; 21, and 20 Kd. Our findings are in

consistent with earliex ing Western blot technic by

h hyperimmune rabbit
sera reacted s, of HSV-2 at molecular
weights of 125, Jd U 82, 88, B6g. 59, 49, 47, 45, 42,
37, 32, and | however, some
variations in angifigs '_ : ;— b ant HS"!..F 2 polypeptides.
These may be . glycosylation of
different cell 14n A BErnktdin used rabbit skin

cells for infectionfwhite we i HeLa cells derived from

ap oteins, we have

observed the @J—E polypeptides ﬂl molecular weights
ranging frFf 20450, K& shown G FEjure Presently,
there uﬂ&mﬂniﬂ gnjet been applied

| AR TAE T LN M ON T Tk .

ohservatlnn reported by Bernstein and coworkers (47).
They reported the LMW glycoproteins at molecular weights
ranging from 28-59 Kd. In contrast, Eberle and Courtney
could not detect these LMW glycoproteins wiPh hyperimmune
sera {52): It is may be due to the difference in the

method emploved. We and Bernstein used Western blot
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techniec while Eberle and Courtney used radioimmunoprecipation
technic. In the latter, it was possible that the LMW
glycoproteins of HSV-2 were not effective precipitated by
any of the rabbit antisera examined. The different results

obtains by these two methods has been confirmed by the

study of Simmonds and tors (65).

bnﬁted to inhibit  DNA

Acyclovir

synthesis but t al protein synthesis

were not deter 6f DNA synthesis may

be extended to viral proteins. By

Western blot ¢ ntigenic proteins

’\\ Ually revealed. In

this study we hav .eddy:;5 J- b’ “assay to identify the
b g

antigens of the " intsctied € le culture treated with

gﬂLth

inhibited by

various concentrs n the Western blot

data {Figuref‘i 'Ytthat the infected
cultures treatﬂ withae: oV aﬁ concentrations of
0.2-4.0 ug/mL ¢ gdiminished gsthe synthesis of Hsv-2

rorypertidfl [4E) QALY DI EAIELD: reaucea ene

overall synthesis of HSV#2 polypeptides including gB, gG,

o, BN Bl DhdEM bk d HELALE vnee e
viral glycaprot31ns are necessarily in the process of
iﬁfectivity, in particular the glycoprotein gB played role
in the penetration. Thus the finding of the marked
reduction on the glycoprotein synthesjs may explain the

observation of the viral plaque reduction experiment to be

due to the reduction of viral penetration. Similarly, the
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study of effect of acyclovir therapy on the immuqe
response to HSV-2 polypeptides in patients with primary
genital HSV-2 infection showed that the amounts of
antibodies to individual HSV-2 polypeptides decreased in

acute phase serum when compared with those from placebo

recipients (16,17,18,62,68 However, all acyclovir-

treated patients lop a full scale of

-—‘.
es@ polypeptides in

wsis of 3erum samples

\$s§:\\>\ HPPTEESlVE acyclovir
N\ W

tibody responsed to

antibody Tres=ponse
convalescent e>
obtained 6 to 12 g
therapy had be

HSV-2 polypeptid d when compared with

placebo control (6 \’\\ of antibody response

in patient who rece s most probably due to

the reduction in vlral xposure. It is,therefore,

e

i

can be nnnc_;-, . Jpolypeptides are
inhibited by a‘ﬁuh Eﬁ*‘nt similar to our

I
study in

system we .Ehowed

that HS\?-ﬁ ulﬁtﬂtﬂﬁﬂffwﬂﬂ ﬂ?nst completely

inhibited ag) concentrat:un of 3-4 ugme of acycluvir (lane

T AR I ANy

observ&tion is that the concentrations of 3-4 ug/mL of

ya In cont}ﬁét, in viffo

acyclovir in vitro were higher than those possible in vivo
system in which the levels of acyclovir in plasma peaked
at 0.4-0.7 ug/mL. In addition, the HSV-2 could net be
completely inhibited by acyclovir in vive because the
viral DNA can integrate into host chromosome and become

persistent in the ganglions.
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The discrepancy of antibodies response to HSV-2
polypeptides was found in the different studies.
Bernstein, et al studied the antibodies response to HSV-2
in 21 patients with primary HSV infections and showed that
the treatment with oral acyeclovir diminished .antibodies
response to HSV-2 pulp-'« t molecular wights 50-100
Kd, a range includiag ‘\”\\ 159 Kd) and gE (80 Kd)

(1%, 63). Whi® udled the antibodies

response in 39 pg

intravenous) du 1 \\\‘\\

HEV-2 infection

acyclovir (oral and
spisodes of genital
und that levels of
antibodies to ir € lower in sera from
acyclovir treatedy mpared to those from
placebo. They were st the feollowing viral
proteins, gB (110-120 £0-90 Kd), VP 16 (66 Kd),

gD (60 Kd) the antibodies

responsed to ’?F A ewly described gG
.' - r:!

species, gG Tﬂﬁ‘were not éignificantd-ifference among the

e AU NN " o e
TR AT T MY e o

five m8jor glycoproteins (gB, gG, gC, g£E and gD) including
several low molecular weight-glycoproteins in the range of

20-40 Kd.

Analysis in this study was extended to compare
effect of pure chemical acyclovir and intravenous

acyclovir on the yield of HSV-2, the HSV-2 DNA synthesis,
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and the HSV-2 antigenic protein synthesis. Because the
viral DNA synthesis was greatly inhibited by acyclovir
treatment at 6.0 h after infection (Table 5). Therefore,
we chose to compare both forms of acyclovir at this time

after infection, and it was found that both pure chemical

and intravenous acycloyii ve similar results on the

vield of HSV-2 by “oe assay (Table 6) and on

lene incurpn ration

little variation in

the HSV-2 DNA s
technic (Table 7).
each data becaus % not carried out at
the same time. des treated with pure
chemical acyclovi those treated with
intravenous form, acyclovir also gave
similar inhibitory peptide synthesis of
HSV-2 infected cells.;!a—- T 7). Tf&atment with both
forms of acycléy s _'ugme reduced the

overall synthe ' ol ’especially at the

i

concentration 3.0 ug/mL of acyclo almost completely

diminished ﬁi des. However,
some difl@ﬂmﬁﬂﬂ ﬂ)tﬂz pnlypept.ldes of
each ﬁu? oblnt of
HsvV-2 ﬁﬁj@d@fjmm ravenous acyclov:.r had

14 bands with molecular weight of 126, 112, 108, 93, 82,
73, 57, 46, 40, 30, 26, 24, 22, and 20 Kd. While those
treated with pure chemical acyclovir had 14 bands with
molecular weight of 128, 117, 109, 88, 75, 60, 49, 40, 37,
30, 24, 22, 21, and 20 Kd. This variations of molecular

weight of these HSV-2 polypeptides may be due to the error
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of molecular weight determination which calculated from the

calibration curve plotted from the six standard molecular

weights markers.

In conclusion, the findings of this study showed

that acyclovir has inhibitory effect on the

:;:‘apy effect on the host

cells and also confiffie tha ﬁr has greater effect

ocn the Vviral D

multiplication of

1nfected cell at 6 h
after infection. concentrations of
0.2-4,0 ug/mL red : -t esis of individual

HSV-2 polypeptifles major glycoproteins.

The resuld i“’g /\efifect of acyclovir on
HSV-2 multiplicatiof r?{ji:”. du€tion assay showed that
the yield of virus_égkﬁ:;%x, tely inhibited at the
concentration wdf 0.1 u mi—ofaeveiduir for every MOI

i

tested. In addati : 'fect of acyclovir

) T ——
on HSV-2 multlp}lcatlon at different time courses of

infection ﬁoﬁcﬁfﬁtﬂt&}%ﬂﬁqﬂﬁection prior to

adding of cyclnv1r w1? increasad, the sansitiv1ty of

acycl@ w ’}ﬂ@:ﬂ:ﬁﬁjﬂ“ W}’J ﬂﬁ;’};ﬁ Bf fect of

'acyﬁln ir on DNA synthesis of HSV-2 infected cells at MOI

of 10 showed that HSV-2 DNA synthesis was most sensitive
te the inhibition by acyclovir at 6.0 h after infecticn.
However, acyclovir concentration of 4.0 ug/mL at 6.0 h
after infection could not completely inhibit DNA synthesis

in HS5V-2 infected cells. By Western blot assay, the rabbit
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immuncglobulin reacted with HSV-2 polypeptides at

molecular weights of 20-130 Kd including five major
glycoproteins identified by molecular weight markers they
were gB (110-130 Kd), gG (98 Kd), gC (88 Kd), 2E (75 Kd),

and gD (60 Kd). 1In addition to 5 major glycoproteins, we

have also observed thﬁxxi[ 'ZIFPEPtides at molecular
. -:"‘-v_ \ d

weights ranging f hich refered to LMW
glycoproteins. MoTEOVEL: our %blot analysis showed
that the strong #®; of ?ﬁxﬁwa anti-HSV-2 serum
against 14 polyp i 1 melechl Aweights of 128, 117,
21, and 20 Kd. In

the infected acyclovir at

concentrations of -\:\ished the synthesis
of HSV-2 polypep ﬂ _ FF‘_ ‘:ii:d cells. Acyclovir
reduced the overallL#?{“l sasn. of HSV-2 opolypeptides
including gB, &G, ol ‘ polypeptides.

Similar resulﬂ-in 4% 6 and 12 h after

and intravenous

acyclovir ﬂﬁgﬁwﬁwfﬁmﬂﬁcts on  HSV-2

multiplicatign, DNA synthesis and polypeptide synthesis at
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Applications of SDS-PAGE and Western blot technic

infection. In ¥addition, pure chemich

may be useful for further study of herpes simplex virus or
other wvirus and bacteria. At present, this method is a
useful tool for the study antibody response to Hsv-
polypeptides in human as well as seroepidemiology of HSV-

infection (46, 47, 65, 66, 67, 68, 69). Additionally, HSV
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glycoproteins espectially gB and gD have received a Ereat
deal of attention as the antigens for a potential vaccine
in protection against initial and recurrent genital herpes
and use as immunotherapeutic agents for controlling

recurrent HSV infection in humans (70, 71, 72). Thus, our

finding may be usefuly®dsfy knowledge in the

further study of th+gii%.w
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