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Preliminary safety and acceptability of a
carrageenan gel for possible use as a vaginal
microbicide

C Coggins, K Blanchard, F Alvarez, V Brache, E Weisberg, P H Kilmarx, M Lacarra,
R Massai, D Mishell, Jr, A Salvatierra, P Witwatwongwana, C Elias, C Ellertson

Objective: We sought to determine the safety and acceptability of vaginal gel formulation
PC-503 among low risk, abstinent women. The active ingredient was 2% pharmaceutical grade
lambda carrageenan, a sulphated polymer that is generally recognised as safe by the US Food and
Drug Administration.
Methods: 35 women in five sites applied 5 ml of the PC-503 gel vaginally once a day for 7 days
while abstaining from sexual intercourse. Visual vaginal examinations were performed on days 1,
4, and 8. STI testing and vaginal pool Gram stain preparations were done on days 1 and 8. Par-
ticipants were asked about product acceptability.
Results: 34 of the 35 women enrolled completed 7 days’ use. Following product use, five
reported mild symptoms including “bladder fullness,” “genital warmth,” or discomfort, and
lower abdominal pain, and one had moderate pale yellow cervical discharge. Using the Nugent
criteria, three women had bacterial vaginosis (BV) before and after use; three had BV before but
not after, and two had BV after but not before. Most of the women found PC-503 to be pleasant
or neutral in feel and smell and considered extra lubrication to be an advantage; however, one
third found it to be messy.
Conclusions: Vaginal use of PC-503 gel did not cause significant adverse eVects in a small
number of low risk, sexually abstinent women. Further testing in larger numbers of sexually
active women is planned. A smaller volume of gel may be more acceptable to some women.
(Sex Transm Inf 2000;76:480–483)
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Introduction
There is an urgent need for alternative HIV/STI
prevention methods, including vaginal microbi-
cides1 2 and scientists continue to search for safe
and eVective vaginal microbicide products. The
impetus for this search arises from a recognition
that women, who constitute an ever greater
proportion of people living with HIV world-
wide, are often unable to follow the primary
HIV risk reduction strategies promoted by the
public health community—mutual monogamy,
condom use, and treatment of sexually trans-
mitted infections (STI). Women often rely
heavily on their partners for economic wellbe-
ing, and may not be able to abstain from sexual
contact. While the women themselves may be
monogamous, they cannot control the choices
their partners make. Similarly, women are not
always able to negotiate condom use success-
fully. Finally, STI are more likely to be asymp-
tomatic among women and treatment is simply
not available in many settings.

One of the most promising classes of poten-
tially microbicidal compounds are sulphated
polymers, including carrageenans. Sulphated
polymers have been known to block in vitro
infection with enveloped viruses (including
HIV, HTLV-1, and HSV-2) for many years.3

Carrageenans have been extensively evaluated
in preclinical studies.4–6 Carrageenans are
derived from seaweed, and are used extensively
in the food, pharmaceutical, and cosmetics

industries as lubricants, emulsifiers, and stabil-
ising and dispersing agents. Consequently, car-
rageenans have a long history of human use,
and have been categorised by the US Food and
Drug Administration (USFDA) as “generally
recognised as safe” (GRAS).7 Finally, these
compounds are easily acquired in pharmaceu-
tical grade and are inexpensive. A previous
vaginal formulation of iota carrageenan, PC-
213, has undergone phase I testing among
women and no adverse eVects were found.8

In October 1997 the Population Council
received approval from the USFDA to conduct
a phase I study of PC-503, a gel formulation of
2% pharmaceutical grade lambda carrageenan
in a Carbopol vehicle. The aim of the trial
reported here was to determine the potential
irritation and acceptability of PC-503 for vagi-
nal use among women.

Study sites
Seven women were enrolled at each of five
clinical sites. Four sites are members of the
International Committee for Contraception
Research (ICCR) network: the Asociacion
Dominicana Pro-Bienestar de la Familia in
Santo Domingo, Dominican Republic (site 1);
the Sydney Center for Reproductive Health
Research in Sydney, Australia (site 2); the
Chilean Institute of Reproductive Medicine in
Santiago, Chile (site 3); and the University of
Southern California in Los Angeles, USA (site
4). The fifth site was in northern Thailand,
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where the protocol was implemented by staV
from Chiang Rai Hospital and the HIV/AIDS
Collaboration, a joint activity of the Thai Min-
istry of Public Health and the US Centers for
Disease Control and Prevention (CDC) (site
5). This protocol was approved by the Popula-
tion Council (Protocol No 203) and CDC
(Protocol No 1863) institutional review
boards, and the ethical review committee of the
Thai Ministry of Public Health.

Methods
The protocol called for women volunteers to
apply the gel vaginally once a day for 7 days.
Participants were asked to abstain from sexual
intercourse for the duration of the study. In this
study, participants administered PC-503 vagi-
nally using a prefilled single use syringe
applicator containing 5 ml of PC-503 (100 mg
of lambda carrageenan). The first application
of PC-503 occurred in the clinic under super-
vision. Volunteers self administered the re-
maining six applications at home. All women
underwent at least three visual vaginal exami-
nations with a speculum: the first on day 1 at
study enrolment before any product use; a sec-
ond on day 4 and a third on day 8. Women were
asked to return for a clinical examination on
day 5 if a lesion or other irritation was noted on
day 4, and on day 15 if a lesion or other irrita-
tion was noted on day 8. Routine vaginal
colposcopy was not included in this protocol. If
a lesion was noted, however, colposcopy was
performed and lesions were photographed at
the discretion of the investigator.

The following microbiological samples were
taken at recruitment and day 8 regardless of
whether there was clinical suspicion of a sexu-
ally transmitted disease: vaginal pool specimen
(for Candida albicans, Trichomonas vaginalis,
clue cells by wet mount and Gram stain);
cervical sample (Neisseria gonorrhoeae, Chlamy-
dia trachomatis) urine sample (culture, preg-
nancy).

Cervical samples were analysed by either
culture or nucleic acid hybridisation test for
presence of N gonorrhoeae, and by culture,
direct antigen or nucleic acid hybridisation test
for presence of C trachomatis, depending upon
standard practice at the site.

Gram stains taken at baseline and on day 8
(following 7 days of product use) were sent to a
central laboratory in the United States and
analysed for presence of bacterial vaginosis
(BV) using the Nugent criteria.9 A score of 0 to
10 was assigned on the basis of the relative
proportion of bacterial morphotypes (large
Gram positive rods, small Gram negative or
variable rods, or curved rods), with a score of 0
corresponding to the most Lactobacillus pre-
dominant vaginal flora and a score of 10 corre-
sponding to a vaginal flora characterised by
replacement of lactobacilli by Gardnerella,
Bacteroides, and Mobiluncus morphotypes. The
criterion for defining presence of BV is a score
of 7 or higher; a score of 4–6 is considered
“intermediate,” and a score of 0 to 3 is consid-
ered “normal.”

Results
Participant recruitment began in January 1998
and data collection finished in May 1998. A
total of 35 healthy women volunteers were
enrolled, and all but one completed the study.
The woman who did not complete the study
(site 2, 006) began her menses early, and
inserted six of the seven applications of
PC-503. Her final examination was conducted
on day 7 instead of day 8; all findings were
negative. During follow up one woman re-
ported genital discomfort or itching (site 4
001) and two complained of a burning
sensation (site 4 006, site 5 006).

Two women reported transient lower ab-
dominal pain (site 1 006, site 1 009); one
woman reported urinary hesitancy (site 1 004)
and two feelings of “full bladder” (site 1 009,
site 4 002). One woman reported genital
warmth after gel application (site 5 001) and
one woman a feeling of “heavy uterus” on the
first day of gel use (site 5 005). All symptoms
were considered “mild” by the women.

Of the 35 women enrolled in the trial, 32 had
completely normal clinical examinations at the
baseline, day 4, and 1 week follow up visits. For
all women in the study, findings from wet
mount examinations (C albicans, T vaginalis,
and clue cells) were negative at baseline, day 4,
and day 8. In addition, all tests for N
gonorrhoeae and C trachomatis yielded negative
results. No lesions with epithelial disruption
were noted. Baseline clinical examination
revealed a 1–2 mm red macule on the ectocer-
vix of one patient (site 5 005) that remained
unchanged at the day 4 and day 8 visits. In
another patient (site 5 008), Nabothian cysts
and a Bartholin’s duct cyst were identified at
baseline and remained unchanged at the day 4
and 8 visits. These findings were all considered
“minor” by the clinical investigators. In only
one case did an investigator observe any change
in the vagina or cervix that was deemed serious
enough to warrant colposcopic examination
(site 5 001) and results from this examination
revealed a stable finding thought to be an
endometriotic rest.

Based on the Nugent criteria, eight of the 35
trial participants had a score at some point
during the study that placed them in the “BV”
category (>7) (samples were taken at screening
and day 8). Three women had evidence of BV
at screening but not on day 8 (site 2 001, site 2
005, site 5 006), two did not have evidence of
BV at screening but did on day 8 (site 2 006,
site 4 003) and three had evidence of BV both
at screening and at day 8 (site 1 009, site 3 003,
site 5 012).

PRODUCT ACCEPTABILITY

Most of the women in the study considered
PC-503 easy to apply, pleasant or neutral in
feel and smell, and non-irritating (table 1).
Although 23% reported that the gel caused
discomfort or irritation, the question did not
diVerentiate between the two, and in many
cases the women were referring only to
discomfort due to wetness and did not experi-
ence irritation. Nearly two thirds considered a
product providing extra lubrication during
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intercourse to be an advantage. The main
negative comment from about one third of the
women in the study was that they found
PC-503 messy. Several women (including all
seven women at the Thai site) reported exces-
sive wetness and runniness following applica-
tion of the gel, and recommended a reduction
in volume.

Discussion
The data from this phase I preliminary safety
study indicate that vaginal use of PC-503 does
not cause significant irritation to the female
reproductive tract. This observation is based
on careful visual examination of the vaginal
epithelia and cervical mucosa. The pattern of
observed abnormalities does not suggest any
consistent association with the use of this
lambda carrageenan gel. Similar results were
previously found with a vaginal formulation of
iota carrageenan.8

Because of recent findings describing the
possibility that the presence of bacterial vagino-
sis may increase susceptibility to HIV-1
infection,10–12 we paid special attention to evalu-
ating the impact of PC-503 on vaginal flora.
Three women in our study had a consistent
finding of bacterial vaginosis at screening and
day 8, three had evidence of bacterial vaginosis
at screening but not on day 8, and two women
who did not have evidence of bacterial vagino-
sis at screening did at day 8. It is diYcult to
interpret these findings definitively given the
small sample. Bacterial vaginosis is a fairly
common condition caused by an imbalance in
the normal vaginal flora. Consequently it is not
surprising that a proportion of women had this
condition at baseline. We interpret our study to
show that there does not appear to be any
significant relation between use of PC-503 and
bacterial vaginosis. Given the small sample size
of this preliminary study, however, larger
expanded safety studies of PC-503 will be
required to fully document the potential eVects
of carrageenan on the vaginal mucosa and flora.
Placebo controlled expanded safety studies of a
carrageenan microbicide are currently under
way in South Africa and Thailand. These larger
studies will provide a more precise characterisa-
tion of the eVects of carrageenan on the vaginal
mucosa and flora, and will help put clinical
findings and reported complaints in context.

The acceptability data suggest that PC-503
was generally well liked with regard to most
criteria except volume. It is noteworthy that
while most women in this study considered
extra lubrication an advantage (a finding that

could be quite diVerent in areas where dry sex
is preferred), a significant proportion felt that
the product was messy and suggested reducing
the volume. All of the women from the Thai
site complained the gel was messy, which could
reflect diVerent population preferences, al-
though the sample size in this study is too small
to draw firm conclusions. It is also important to
note that acceptability data from intensive use
safety trials may not reflect experiences or
opinions in “real life” situations; the study
environment is necessarily artificial.

In another study of women’s preferences
concerning formulations of over the counter
spermicides13 it was found that some women
opt to reduce the volume of product they apply
when they feel products are too messy. A simi-
lar result was seen in a recent study of vaginal
product use among drug involved women in
the United States and Puerto Rico.14 Deliberate
use of less than the recommended volume of
product could result in diminished eYcacy for
a proved product. Consequently, based on
these results we are planning to reduce the vol-
ume of the formulation before proceeding with
further expanded safety trials. The concentra-
tion of lambda carrageenan will be increased so
that the dose of this active ingredient will
remain similar.

On a methodological note, it is interesting
that, while the protocol called for colposcopy at
the discretion of the investigators in the event
of uncertainty concerning the nature of ob-
served lesions, only once was colposcopy used.
Even in that instance, colposcopy was used to
document a finding at the baseline examination
(that is, before product use) and to observe the
(lack of) change at the first follow up visit. A
previous phase I protocol of a vaginal gel
formulation of iota carrageenan (in which four
of the five participating sites were the same as
in this study) required colposcopy of all
participants at baseline and follow up.8 In that
study, the routine use of colposcopy added lit-
tle to the documentation of vaginal abnormali-
ties that were potentially product related.
There is an ongoing debate about the appropri-
ate role of vaginal colposcopic evaluation in
early safety trials of vaginal microbicides. Our
experience with two preliminary safety studies
of carrageenan formulations suggests that,
while colposcopy will always remain a valuable
tool for clinicians who may need to investigate
further and document an abnormality detected
on careful visual examination, the performance
of routine colposcopy in early phase trials may
be hard to justify given the expense, discomfort
to the participants, and the diYculty of
interpreting the significance of findings among
the small sample sizes typical of preliminary
safety trials. Obviously, a larger study that seeks
to correlate the presence of colposcopic
findings with important clinical end points will
ultimately be needed to resolve this important
debate.
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Table 1 PC-503 acceptability (n=35)

Product characteristic Yes No Neutral Don’t know

Messy to use 37% 54% 9%
Caused discomfort or irritation 23% 74% 3%
Easy to apply 89% 3% 9%
Easy to dispose of* 71% 3% 6%
Pleasant feel 20% 29% 51%
Pleasant smell 17% 6% 77%
Could be used without one’s partner’s knowledge† 46% 29% 26%
Considers extra lubrication to be an advantage† 66% 11% 23%

*n=28; participants in the Australia site were not asked about disposal of the product packaging.
†Questions on covert use and lubrication provided by the product included “don’t know” as a
possible response, not “neutral” as included for the other questions.
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