
Antiviral Research 64 (2004) 137–141

Short communication

Protective effect of a natural carrageenan on genital herpes
simplex virus infection in mice
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Abstract

In the present study, the protective effect of 1T1, a�-carrageenan extracted from the red seaweedGigartina skottsbergiiwas evaluated in
a murine model of herpes simplex virus type 2 (HSV-2) genital infection. Six to eight-week-old female BALB/c mice were intravaginally
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noculated with a lethal dose of HSV-2 (MS strain) and pre- or post-infection treated with different doses of a 10 mg/ml solution o
ingle topical administration of 1T1 shortly before infection of BALB/c mice with HSV-2 protected 9 out of 10 mice from HSV-2-in
esions and mortality, compared with only 10% survival in control mice. In addition, 1T1 produced a total blockade in virus shedd
aginal secretions. When 1T1 pre-treatment was reinforced with a second dose 2 h after infection, total protection was observed
he prophylactic administration had taken place at 60 min before infection. The irreversible virucidal action of 1T1 against herpes v
o be responsible of its protective effect against virus replication and mortality following vaginal HSV-2 infection.

2004 Elsevier B.V. All rights reserved.
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n spite of the challenge represented by the emergence of the
uman immunodeficiency virus (HIV) and the concomitant
pidemic of the acquired immune deficiency syndrome
AIDS), there has only been limited success in controlling
he spread of sexually transmitted diseases (STD). In fact,
he prevalence of STD pathogens has increased in recent
ears. This is the case for herpes simplex virus type 2
HSV-2), a virus causing recurrent genital lesions and also
esponsible for increasing the risk and severity of HIV
nfection (Arvin and Prober, 1997; Cohen, 1998; Corey and
andsfield, 2000). Consequently, the development of topical
icrobicides for preventive use against a wide spectrum
f STD is considered a high priority for public and private
rganizations (Spieler Trager, 2003; Keller et al., 2003).

A topical microbicide active against viruses should pre-
ent virus transmission either by inactivation of virions or by
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blocking virus entry into the host cell. In addition, it must
safe and well tolerated even after frequent applications. M
work has been focussed on detergents such as nonoxy
(N-9), a surfactant spermicide, which inactivates S
pathogens, including HSV-2 and HIV, by disruption of lip
viral envelopes (Jennings and Clegg, 1993). However, a
this compound has the same effect on the cell memb
the repeated use of N-9 resulted in vaginal irritation, w
could increase the risk of HIV infection (Stafford et al.
1998). In search of less toxic microbicides, polysulfates h
become attractive candidates. In vitro studies have show
diverse classes of polysulfates are selective inhibitors of H
HIV and other enveloped viruses (Witvrouw et al., 1994)
and, particularly, their antiherpetic in vivo effectiveness
been evaluated (Neyts and De Clercq, 1995; Zacharopou
and Phillips, 1997; Zeitlin et al., 1997; Bourne et al., 199
Piret et al., 2000; Herold et al., 2000; Maguire et al., 200).

In previous studies, we have identified carrageenan
different structural types, isolated from the red seaweedGi-
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gartina skottsbergii, as selective inhibitors of herpes viruses,
in Vero cells as well as in human and neural cells (Carlucci
et al., 1997, 1999b). Among these compounds, the�-
carrageenan 1T1 showed the highest selectivity index and a
dual mode of action, leading to virus inactivation and block-
ade of virus adsorption (Carlucci et al., 1999a). In the present
study, the protective efficacy of 1T1 against HSV-2 mouse
genital infection was evaluated.

The T crude extract of carrageenans was obtained from the
tetrasporic stage of the red seaweedG. skottsbergii, collected
in Bahia Camarones (Provincia de Chubut, Argentina), and
the�-carrageenan 1T1 was purified from T as previously de-
scribed (Carlucci et al., 1997). An aqueous solution of 1T1
(10 mg/ml) was prepared in PBS and sterilized by autoclav-
ing. A 1T1 gel formulation was prepared by mixing equal
volumes of 1T1 solution and 1% Carbopol 974P NF (B.F.
Goodrich, Cleveland, OH).

Vero cells were grown as monolayers in Eagle’s minimum
essential medium (MEM) (GIBCO, Carsbald, CA) supple-
mented with 5% inactivated calf serum and gentamycin. The
MS strain of HSV-2, provided by Dr. F. Benencia (Immuno-
chemistry Laboratory, UBA, Argentina) was propagated and
titrated by plaque formation on Vero cells. The plaque reduc-
tion assay to determine the antiviral activity of 1T1 against
MS and the virus inactivation assay to assess its virucidal
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the antiviral effective concentration 50% (EC50) was calcu-
lated to be 0.5�g/ml, comparable to previous values of EC50
obtained for this carrageenan against the G strain and clinical
isolates of HSV-2 (Carlucci et al., 1997).

In a previous report of our laboratory about the virucidal
properties of natural carrageenans, the�-carrageenan 1T1
showed a differential behavior in comparison with�/�- or�/�-
carrageenans, exhibiting a direct inactivating effect against
HSV-1, F strain (Carlucci et al., 1999a). The results of a
virucidal test performed by incubation of HSV-2 (MS strain)
with variable concentrations of 1T1 confirmed the ability of
this compound to destroy virion infectivity, and the virucidal
concentration 50% (VC50) was 1.2�g/ml, comparable to the
antiviral EC50.

In preliminary experiments, BALB/c mice were inocu-
lated with variable doses of HSV-2 to determine the adequate
virus dose to be used in protection studies. In contrast to
other murine models of herpes vaginal infection, the system
BALB/c-MS was characterized by a total correlation between
morbidity and mortality at all virus doses assayed, in the range
102–105 PFU/mouse. In all cases, mice developing disease
signs at 7–9 days after infection finally died, but the mean day
of death varied among 8 and 16 days post-infection, inversely
with the amount of virus inoculated. Disease signs evolved
from inflammation and redness, to hair loss, ulcerous lesions
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ctivity were conducted as previously described (Carlucci e
l., 1997, 1999a).

Six to eight-week-old female BALB/c mice were us
or vaginal inoculation with HSV-2. Prior to virus ino
lation, animals were injected subcutaneously with 2�l
f medroxyprogesterone acetate (Medrosterona; Gado
entina), prepared as 25 mg/ml solution in PBS, a treat
nown to increase the susceptibility of mice to HSV-2
ection (Parr et al., 1994). Five days later, 100�l of 1T1
10 mg/ml in PBS) was instilled into the vagina. One min
fter receiving the carrageenan, mice were inoculated in
ginally with 1× 105 PFU of HSV-2 in 20�l. Control an-

mals received PBS. Animals were examined for morbi
nd mortality during 20 days. In other set of experime
ariations in the time of administration of the compound w
ssayed.

To study virus shedding, samples of vaginal secre
rom all animals in each group were collected at 3 days p
nfection. Briefly, 10�l of PBS containing 5% calf serum w
ipetted in and out of the vagina five times, then the lav
f each group of animals were pooled, and frozen at−70◦C
ntil titration of HSV-2 infectivity by plaque assay. Data w
nalysed by using the chi-square method. AP-value of 0.05
r less was considered significant.

The model of herpes vaginal infection used to assa
n vivo microbicidal potential of 1T1 consisted of the ino
ation of BALB/c mice with the MS strain of HSV-2. As th
ntiviral activity of 1T1 against this strain has not been pr
usly assayed, we first evaluated the in vitro inhibitory ef
f 1T1 against MS strain. In a virus plaque reduction as
T1 showed a strong dose-dependent inhibitory action
n the genital region, and finally flaccid paralysis. A dos
05 PFU/mouse was chosen for protection studies bec

his dose produced a high rate of morbidity/mortality (c
istently around 90% in repeated experiments), with a
ime to death (<9 days) and a considerable amount of
hedding in vaginal secretions (approximately 104 PFU/ml at
days post-infection). This dose would be rigorous eno

o assess the putative protective effect of 1T1.
To study the effectiveness of 1T1 on this vaginal in

ion, in a first experiment mice were treated with 1T1 sho
min, before infection with 1×105 PFU of HSV-2. As show

n Table 1, under these treatment conditions a highly sig
cant level of protection was observed in comparison
ontrol infected animals similarly treated with PBS (1
ortality in group 2, as compared with 90% in group 1P
0.005). Only one animal developed typical vaginal les
nd died, but the day of death was delayed from 9.3 in
ontrol group to 16.0 in the 1T1-treated mouse. Furtherm
o infectious HSV-2 was detected at 3 days post-infectio

he vaginal washings indicating that the compound affo
ffective protection against HSV-2 replication in the gen

ract.
To increase the effectiveness of 1T1 against HSV-2

tal infection, the pre-treatment was reinforced with p
nfection administration of the compound. Three sched
f post-treatment were assayed, consisting in one dose
ost-infection (group 3), two doses at 2 and 6 h post-infec
group 4), and three doses at 2, 6, and 24 h after HSV-
culation (group 5). When the 1T1 pre-treatment at 1
efore infection was combined with just only one sec
ose administered 2 h later, the genital infection with HS
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Table 1
Effect of 1T1 treatment on vaginal mouse infection with HSV-2

Group Treatmenta Mortality no. dead mice/total (%) Mean day of death± S.D. Virus sheddingb (PFU/ml)

1 PBS−1 min 9/10 (90) 9.3± 0.7 1.1 × 104

2 1T1−1 min 1/10 (10)c 16.0 <10
3 1T1−1 min, +2 h 0/10 (0)c Sd <10
4 1T1−1 min, +2 h, +6 h 0/10 (0)c S <10
5 1T1−1 min, +2 h, +6 h, +24 h 0/10 (0)c S <10
6 1T1 + 974P NF−1 min 0/10 (0)c S <10
7 974P NF−1 min 8/10 (80) 8.6± 1.2 6.1 × 103

8 1T−1 min, +2 h 0/10 (0)c S <10
a BALB/c mice were intravaginally inoculated with HSV-2, at time 0. Doses of 1T1 or 1T (group 8) (100�l of a 10 mg/ml solution) were instilled into the

vagina at the indicated times pre- (−) or post-infection (+). For group 6, 1T1 was previously formulated with 974P NF and then inoculated before infection.
Animals were monitored daily for morbidity and mortality.

b Vaginal washings were collected at day 3 and titrated by PFU on Vero cells.
c P < 0.005, each treated group compared with the corresponding control group.
d S: survival.

was completely prevented (Table 1). None of the mice in-
oculated developed any sign of vaginitis, no infectious virus
was detected in vaginal lavages and all animals survived un-
til the end of the experiment. Same results were obtained
when two or three 1T1 doses of post-treatment were assayed
(Table 1). No toxicity was detected in the 1T1-treated ani-
mals by macroscopic observation: there was no induction of
redness, irritation, inflammation, or ulceration to the geni-
tal mucosa, and the amount of vaginal mucus produced was
similar to untreated mice.

Although the aqueous solution of 1T1 exhibited an ap-
parent viscosity adequate to remain active in the vagina until
virus inoculation, a gel formulation of 1T1 in Carbopol 974P
NF was also tested. A slight improvement in 1T1 protective
activity was observed with respect to aqueous solution, since
the administration of one dose of the formulation before virus
inoculation protected all animals (Table 1, group 6).

Interestingly, a more crude preparation of the seaweed car-
rageenans named 1T (Carlucci et al., 1997) was as effective
as the homogeneous 1T1 against the HSV-2 vaginal infection
(Table 1, group 8).

An effective ideal microbicide will need not only to pro-
tect immediately after application, but also to retain activity

Table 2
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in the genital tract for a more prolonged period of time. Thus,
the effect of the time of administration of 1T1 on the efficacy
against vaginal infection was examined. The different
pre-treatment times were combined with a post-treatment
dose at 2 h post-infection. Results obtained showed that the
administration of 1T1 from 15 to 60 min before virus chal-
lenge afforded the same level of protection as 1T1 treatment
immediately before HSV-2 inoculation (Table 2, P < 0.005).
The effect of post-infection treatment alone was also exam-
ined. As shown inTable 2, when 1T1 was given 15 min after
infection, protection was reduced to non-significant levels,
and only a delay in the mean day of death was registered.
Finally, the administration of 1T1 2 h after infection failed
to provide any protection against HSV-2 vaginal inocula-
tion, although again a prolongation in survival time was
observed.

These studies demonstrated the high microbicidal effi-
cacy of the seaweed�-carrageenan 1T1 against murine gen-
ital HSV-2 infection, as evaluated by the protection afforded
against virus-induced lesions and mortality and the block-
ade of virus shedding in the vaginal secretions. The pro-
phylactic administration of 1T1 shortly before infection was
required to achieve nearly 100% protection, and when 1T1
ffect of the time of treatment with 1T1 on vaginal mouse HSV-2 infec

reatmenta Mortality no. dead mice/total (%)

BS−1 min 9/10 (90)
T1−1 min, +2 h 0/10 (0)c

T1−15 min, +2 h 0/10 (0)c

T1−30 min, +2 h 1/10 (10)c

T1−45 min, +2 h 1/10 (10)c

T1−60 min, +2 h 0/10 (0)c

T1 +15 min, +2 h, +4 h 8/10 (80)
T1 +2 h, +4 h 10/10 (100)

a BALB/c mice were intravaginally inoculated with HSV-2, MS strain
t the indicated times pre- (−) or post-infection (+). Animals were monit

b Vaginal washings were collected at day 3 and titrated by PFU on
c P < 0.005, each treated group compared with the control group.
d S: survival.
e N.D.: not done.
Mean day of death± S.D. Virus sheddingb (PFU/ml)

10.5± 1.0 2.6× 103

Sd <10
S <10
23.0 <10
10.0 <10
S <10

14.7± 4.8 N.D.e

14.7± 5.6 N.D.

e 0. Doses of 1T1 (100�l of a 10 mg/ml solution) were instilled into the vagi
ily for mortality.
lls.
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pre-treatment was reinforced with a second dose of 1T1 after
infection, total protection was observed even when the pro-
phylactic inoculation was extended to 60 min before infection
(Tables 1 and 2).

The in vitro interaction between 1T1 and herpes virus
has been shown to be virucidal and irreversible, leading to
virion inactivation after pre-incubation of 1T1 with virions
(Carlucci et al., 1999a). The irreversibility of 1T1 treatment
was also evidenced by a plaque reduction assay under differ-
ent conditions: removal of the compound immediately after
virus adsorption by repeated washings did not affect the in-
hibitory effect on plaque formation in Vero cells (Carlucci
et al., 1999a). This irreversible virucidal mode of action of
1T1 against HSV may be responsible of its in vivo effi-
cacy here demonstrated, allowing to maintain a very stable
virus–compound complex at the vagina, without release of the
compound from the viral envelope glycoprotein. In fact, when
we assayed in the BALB/c-MS model the�/� carrageenan
1C3, a polysaccharide isolated form the seaweedG. skotts-
bergii with in vitro potent antiviral activity against HSV-1
and HSV-2 but lacking virucidal properties (Carlucci et al.,
1999a), it was unable to confer complete protection against
mouse vaginal infection (data not shown). Similar negative
results were reported for dextran sulfate in mice intravagi-
nally inoculated with HSV-2 (Neyts and De Clercq, 1995).
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