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Abstract

The purpose of this study was to evaluate the local tolerance of vaginal gels (three gels containing dapivirine, the placebo gel, and
Conceptrol®) with the Slug Mucosal Irritation test and to compare the results with those of the rabbit vaginal irritation test. The irritation
potential on the slug mucosa was assessed by the mucus production caused by a repeated treatment for 5 successive days. Additionally,
membrane damage was estimated by the protein and enzyme release. By means of a classification prediction model the formulations were
classified into four irritation classes. The effect of a 10-day intravaginal application of the gels on the rabbit vaginal and cervical mucosa was
evaluated by means of macroscopic and microscopic examination. The placebo and dapivirine gels induced no irritation of the slug mucosa
(low mucus production and protein release, no enzyme release) and no vaginal or cervical irritation in rabbits. Conceptrol® caused severe
irritation of the slug mucosa (increased mucus production, protein release, and enzyme release) and irritation of the rabbit vagina and cervix.

The results obtained with the Slug Mucosal Irritation test were comparable to those of the rabbit vaginal irritation test.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Frequent use of some vaginal formulations can induce
mucosal irritation and damage of the epithelium, one of the
natural protective barriers to disease [1,2]. Irritation of the
vaginal mucosa might increase the susceptibility to sexually
transmitted pathogens during sexual intercourse [3]. There-
fore, pre-clinical studies that document the local tolerance
of newly developed vaginal formulations are required [4—6].

It is generally recommended that vaginal irritation tests
of both the active agent and the clinical vaginal formulation
are carried out in rabbits for 10 consecutive days [4,5].
Various other in vivo models have been used to investigate
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the safety of vaginal products, such as mice [7,8], rats [9],
and non-human primates [10]. However, rabbits are
frequently used for vaginal irritation tests, because, they
have a simple cuboidal or columnar epithelium that is highly
sensitive to mucosal irritants when compared to the
stratified squamous epithelium of the human vagina [11].
In general, the use of vertebrates to evaluate the safety
has been widely criticised based on scientific and ethical
grounds. The concept of the three Rs (refinement, replace-
ment, and reduction) stimulates the development of
alternative methods such as in vitro methods and the use
of ‘lower’ organisms (invertebrates, plants, and micro-
organisms) as test organisms [12]. In vitro assays utilizing
cells of primary human origin or immortalized cervical and
vaginal epithelial cell lines are developed to evaluate the
cytotoxicity of vaginal formulations [13,14]. However,
studies on animals can only be substituted by validated in
vitro tests as described in the CPMP position paper
‘Replacement of animal studies by in vitro models’. Before
an in vitro test can be considered valid, the test must
undergo a procedure aiming at establishing relevance
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and reliability. The relevance of the alternative test has to be
compared to the accepted in vivo standard methods [15]. Up
to date, no in vitro reconstructed human vaginal mucosa
model has undergone complete validation.

Adriaens and Remon developed an alternative test using
invertebrates as a model organism [16]. The terrestrial slug
Arion lusitanicus was selected as test organism. The body
wall of slugs consists of a single-layered epithelium
composed of epithelial cells and mucous gland cells
overlying connective tissue. Slugs exposed to irritating
substances produce mucus in order to protect the body wall.
The amount of mucus produced by the slugs during a
repeated contact period is a measure for irritation.
Membrane damage can be estimated from the release of
proteins, lactate dehydrogenase (LDH), and alkaline
phosphatase (ALP) from the body wall of the slugs.

The Slug Mucosal Irritation test enables to estimate the
irritation potential of a repeated treatment with bio-adhesive
powder formulations on nasal and buccal mucosal tissue
[17,18]. Furthermore, the local tolerance of ocular minitab-
lets can be evaluated by means of the Slug Mucosal
Irritation test [19,20]. There was an excellent agreement
between the Slug Mucosal Irritation test and the in vivo data
on local tolerance. Recently, the procedure of the Slug
Mucosal Irritation test was optimised for local tolerance
testing of semi-solid vaginal formulations. As no list of
reference standards exists for local tolerance screening of
vaginal formulations, the relevance of the test procedure
was assessed by means of a few commercially available gels
with published human data on vaginal tolerance. The
vaginal gels could be classified into four irritation categories
(non, mild, moderate, and severe) and the results of the
mucosal irritation test were comparable to the available in
vivo data [21]. Although human data should be the final
standard against which the relevance of an alternative test is
assessed, comparing the available data was difficult. The
studies differed with respect to their purpose, frequency and
duration of use, sample sizes, target populations, compari-
son products, rules regarding intercourse, the means and
time points for assessing safety outcomes.

In order to compare local tolerance data of vaginal gel
formulations tested under the same conditions, the present
study evaluated the local tolerance of some vaginal gels—
planned for being tested by means of the standard rabbit
vaginal irritation test—with the Slug Mucosal Irritation test.
The vaginal gel formulations contained different concen-
trations of dapivirine. Dapivirine is a lipophilic non-
nucleoside reverse transcriptase inhibitor, being tested as a
potential HIV-specific vaginal microbicide. Vaginal gel
formulations containing 2.25 pM, 22.5 uM or 225 uM
dapivirine were reported to inhibit vaginal transmission of
HIV, when the gels were administered to severe combined
immunodeficient mice 15-20 min prior to a non-invasive
vaginal challenge with HIV-1 infected peripheral blood
lymphocytes [22].

With the exception of the varying concentrations of the
active product, local tolerance testing was conducted with
the formulation intended for further clinical testing. The gel
containing the same ingredients except dapivirine was used
as placebo gel. As a positive control, the slugs and the
rabbits were treated with Conceptrol®, a spermicidal gel
containing 4.0% nonoxynol-9, as recommended by the
International Working Group on Vaginal Microbicides [4].

2. Materials and methods
2.1. Vaginal formulations

The placebo gel and the dapivirine gels were kindly
provided by Tibotec BVBA (Mechelen, Belgium). The gels
were made up of 2.0% hydroxyethyl cellulose (HEC) and
contained 22.5 uM, 225 uM or 10 mM dapivirine. The
placebo gel contained the same ingredients with the
exception of dapivirine. Conceptrol® (Ortho-McNeil Phar-
maceutical, Inc., Raritan, USA) is a commercially available
over-the-counter vaginal contraceptive gel preparation
containing 4.0% nonoxynol-9, sodium carboxymethylcellu-
lose, propylene glycol, methylparaben, povidone, sorbic
acid, sorbitol solution, lactic acid, and purified water.

2.2. Slug Mucosal Irritation test

The mucosal irritation test procedure described by
Adriaens and Remon [16] was optimised for the evaluation
of the local tolerance of vaginal gels and will be described
briefly. The parental slugs of the A. lusitanicus were
collected in local gardens along Varsenare and Aalter
(Belgium). The slugs were bred in plastic containers in the
laboratory at 18-22 °C and they were fed with lettuce,
cucumber, carrots and commercial dog food. Slugs weigh-
ing between 3 and 6 g were isolated from the culture 2 days
before the start of an experiment and were placed in a vented
plastic box lined with a paper towel (moistened with
phosphate buffered saline (PBS, pH 7.4)) at 18-22 °C.

The slugs were placed daily in a Petri dish on 100 mg gel
formulation for 30 min. For each formulation five slugs were
used. A 5% (w/w) HEC gel and Conceptrol® were used as
negative and positive control gel, respectively. The amount
of mucus produced during the contact period was measured
by weighing the Petri dishes containing the formulation
(without the slugs) before and after the contact period. The
mucus production was expressed as percentage (w/w) of the
body weight. After the contact period, the slugs were
transferred to a fresh Petri dish and 1 ml PBS was added.
The PBS was added samples were collected with a
micropipette after 60 min. Then the slugs were placed in a
fresh Petri dish and 1 ml PBS was added again. After 60 min,
the PBS samples were collected again. The samples were
immediately analysed for the presence of proteins, LDH, and
ALP released from the body wall of the slugs. The slugs were



M.M.M. Dhondt et al. / European Journal of Pharmaceutics and Biopharmaceutics 60 (2005) 419-425 421

placed in a Petri dish on a membrane filter (cellulose acetate
0.45 pm, Sartorius AG, Goettingen, Germany) moistened
with 2 ml PBS until the next contact period. This procedure
was repeated on 5 successive days [21].

The protein concentration in the samples was determined
with a NanoOrange® protein quantitation kit (Molecular
Probes, Leiden, The Netherlands) and expressed as pg/ml
per gram body weight. The NanoOrange reagent allows
accurate detection of proteins in solution at concentrations
between 10 ng/ml and 10 pg/ml. The fluorescence measure-
ments were carried out on a fluorometer (Wallac 1420
multilabel counter, PerkinElmer, Turku, Finland) using
excitation/emission wavelengths of 485/590 nm. Bovine
serum albumin was used as a standard.

The lactate dehydrogenase activity (LDH, EC 1.1.1.27)
and alkaline phosphatase activity (ALP, EC 3.1.3.1) were
measured with enzyme kits (DG 1340-UV and DG
1245-UV, respectively, Sigma Diagnostica, Bornem, Bel-
gium) and expressed as U/l per gram body weight. The
reagents measure the enzyme activity based on a modified
optimised standard method recommended by the German
Society for Clinical Chemistry [23]. The activity measure-
ments were conducted on a Cobas Plus analyser (ABX,
Brussels, Belgium) at 37 °C.

2.3. Rabbit vaginal irritation test

The rabbit vaginal irritation test was performed by a
qualified Clinical Research Organisation in the field. The
study was conducted in accordance with the requirements of
current, internationally recognised Good Laboratory Prac-
tice Standards, and the applicable sections of the United
Kingdom Animals (Scientific Procedures) Act 1986. At the
start of the treatment, the female New Zealand white rabbits
(Charles River UK Limited, Margate, UK) were 13-17
weeks old and weighed between 2.4 and 3.6 kg. The animals
were housed singly in suspended cages in a room in which
the temperature and the relative humidity were maintained
within the range of 16-20 °C and 40-70%, respectively. A
12-h light/dark cycle was maintained.

The rabbits were treated once daily with 1 ml gel. The gel
was inserted approximately 6 cm into the vagina via a soft
rubber catheter that was wetted with water and attached to a
syringe. For each formulation five rabbits were used. Prior
to each administration, the animals were examined for
clinical signs of vaginal or vulval irritation, discharge or
bleeding from the vagina. The dosing procedure was
repeated for 10 consecutive days.

On day 11, the rabbits were killed by an intravenous
injection of pentobarbitone and were necropsied. The
vaginal and cervical tissues of each animal were examined
macroscopically, dissected out, fixed in 10% neutral
buffered formalin, and embedded in paraffin. Transverse
sections of the vagina and the cervix were taken
approximately 5 mm above the entry point of the urethra
and at the cervico-vaginal junction, respectively, and were

stained with hematoxylin and eosin. The vaginal and
cervical tissues were examined microscopically by an
experienced pathologist for (1) the severity of epithelial
loss and atrophy and (2) the presence of leukocyte
infiltration. The severity of the findings was described by
one of the following six grades: non, minimal, slight,
moderate, marked or severe.

2.4. Data analysis

For each slug, the total mucus production, the mean
protein release (without the data of the first day of
treatment), the mean LDH release, and the mean ALP
release were calculated and these data were used for the
statistical analyses. Because all slugs released high protein
amounts on the first day of treatment, a more defined
distinction between non-irritating and irritating formu-
lations was obtained by calculating the mean protein
concentrations without the data of the first day. Statistically
significant differences between repeated experiments or
different treatments were determined using a one-way
ANOVA. The data were tested for normal distribution
with a Kolmogorov—Smirnov test. The homogeneity of
variances was tested with the Levene’s test. If the variances
were found not to be equal the data were transformed to
their logarithm. To further compare the effects of the
different treatments a multiple comparison among pairs of
means was performed using a Scheffé test. A probability
value of P<0.05 was considered as statistically significant.
For all the statistical analyses, the computer program SPSS
(version 11.0) was used.

3. Results
3.1. Slug Mucosal Irritation test

Table 1 shows the total amount of mucus produced by the
slugs and the mean protein and enzyme release from the
slug body wall caused by a repeated treatment with the gel
formulations. HEC gel and Conceptrol® were used as
negative and positive control gel, respectively. The placebo
gel was tested independently on two separate occasions.
ANOVA testing resulted in no significant differences
between those repeated experiments for the total mucus
production and the mean protein release (P> 0.05).

All the slugs treated with the placebo gel or the
dapivirine gels survived the 5-day experiment. A daily
treatment with Conceptrol® led to 20% mortality by day 5
(before the fifth treatment). The total mucus production of
the slugs treated with the placebo gel, the 22.5 uM
dapivirine gel, the 225 uM dapivirine gel or the 10 mM
dapivirine gel was comparable to that of the negative control
slugs (P>0.05). The mucus secretions were colourless,
which is normal. The slugs treated with Conceptrol®
produced significantly larger amounts of (yellow up to
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Table 1
Influence of a repeated treatment for 5 successive days with 100 mg gel on the end points of the Slug Mucosal Irritation test
Total MP (%) Mean protein release =~ Mean LDH release Mean ALP release n
(png/ml.g) (Ulg) (Ulg)

HEC gel 13.4+3.1% 10+4* - - 5
Placebo gel 13.3+2.1* 15+6* - - 10
22.5 pM Dapivirine gel 9.4+2.8" 26+23" - - 5
225 uM Dapivirine gel 10.0+2.2% 124+3* - - 5
10 mM Dapivirine gel 12.0+1.7% 11447 - - 5
Conceptrol® 24.645.3° 233469" 6.05+1.50 1.63+0.59 5

Data are presented as the mean+ SD (n=>5-10). MP, mucus production expressed as % (w/w) of the body weight.
? Data are not significantly different from negative control HEC gel (P>0.05, Scheffé test).
° Data are not significantly different from positive control gel Conceptrol® (P> 0.05, Scheffé test).

orange coloured) mucus than the negative control slugs
(P<0.05).

A repeated treatment of the slugs with the placebo gel,
the 22.5 uM dapivirine gel, the 225 uM dapivirine gel or the
10 mM dapivirine gel resulted in a protein release
comparable to that of the negative control slugs
(P>0.05). The slugs treated with Conceptrol® released
significantly higher concentrations of proteins than the
negative control slugs (P <0.05). An increased release of
the cytosolic enzyme LDH and the membrane-bound
enzyme ALP from the mucosa of the slugs is an indication
of severe membrane damage. For the slugs treated with the
HEC gel, the placebo gel or the dapivirine gels, the release
of these enzymes was below the detection limit. Enzyme
release was only detected for the positive control slugs and
increased with repeated treatment.

3.2. Rabbit vaginal irritation test

There were no mortalities in any of the groups during the
10-day application period. Clinical examination of the
rabbits prior to each administration revealed no signs of
vaginal or vulval irritation, discharge or bleeding from the
vagina for all the rabbits of the placebo gel group and the
22.5 uM dapivirine gel group. One rabbit treated with
the 225 uM dapivirine gel and one rabbit treated with the
10 mM dapivirine gel were reported to have creamy vaginal
discharge on day 4 and 8, respectively. The isolated nature
of these signs suggested that the discharge was not an
adverse effect and possibly represented leaked gel. One
animal treated with Conceptrol® was found to have a red
vaginal discharge 2h after the first treatment, but no
evidence of bruising and no further discharge were
apparent. This isolated finding was considered likely to
have occurred as an initial response and therefore to be not
treatment-related.

Macroscopic examination of the vaginas exposed to the
placebo gel, the dapivirine gels or Conceptrol® for 10
consecutive days revealed the presence of abnormal
contents in 2-3 rabbits per group. The abnormal contents
were considered likely to be retained gel. One rabbit treated
with the 22.5 pM dapivirine gel had a distended vagina,

which appeared to contain accumulated test substance. One
animal exposed to the 10 mM dapivirine gel was reported to
have multiple slightly raised dark areas along the length of
the vagina. The dark vagina of one rabbit treated with
Conceptrol® and a dark depression on the mucosal surface
of the vagina of another Conceptrol ®-treated animal were
considered to be treatment-related macroscopic
observations.

Fig. 1A and B show representative rabbit vaginal
sections following 10-day intravaginal administration of
the placebo gel and the 10 mM dapivirine gel, respectively.
Table 2 shows that intact vaginal and cervical epithelia
without leukocyte influx were observed in the rabbits treated
with the placebo gel or the dapivirine gels, with the
exception of the vaginal tissue of one placebo-treated rabbit
that was reported to be slightly infiltrated by leukocytes.
Because the leukocyte influx was observed in just one single
small area of the vagina and no other lesions were seen in
the vaginas of the other rabbits treated with the placebo, the
finding was considered to be caused by the administration
procedure. The vaginas of the rabbits treated with the
placebo gel or the dapivirine gels consisted of a single
epithelial layer with many mucous cells, which is normal for
the rabbit vagina. In contrast, all the rabbit vaginal tissues
exposed to Conceptrol® showed marked to severe epithelial
loss and atrophy accompanied by leukocyte infiltration
(Fig. 1C, Table 2). The vaginal epithelial layer of the rabbits
treated with Conceptrol® appeared very thin without
mucous cells. In the cervical tissues of four rabbits treated
with Conceptrol®, slight to marked epithelial loss and
atrophy and leukocyte influx were seen.

4. Discussion

Pre-clinical safety studies are required to address the
local tolerance of newly developed vaginal formulations
[4,6]. It is generally recommended that vaginal irritation
tests are carried out in rabbits. The vaginal irritation
potential of vaginal formulations is evaluated by the
macroscopic and microscopic examination of the exposed
rabbit tissues after a daily administration for 10 consecutive
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Fig. 1. Light microscopic images of hematoxylin and eosin stained sections (X 10) of the vagina of rabbits treated intravaginally with (A) the placebo gel,
(B) the gel containing 10 mM dapivirine or (C) Conceptrol® for 10 consecutive days. Note the intactness of the vaginal epithelium and the lack of leukocyte
influx in the rabbits treated with the placebo gel or the 10 mM dapivirine gel versus the loss of epithelium and the influx of leukocytes in the rabbit vagina

exposed to Conceptrol ®.

days [4,5]. However, there is a tendency to reduce, refine,
and replace the use of vertebrates for pre-clinical safety
studies [12].

In an effort to reduce the number of laboratory vertebrate
animals, the Slug Mucosal Irritation test was optimised for
local tolerance testing of semi-solid vaginal formulations.
The relevance of the test procedure was assessed by means
of commercially available gels with published human data
on vaginal tolerance [21]. However, direct comparison of
the data was difficult to make given the different testing
conditions. In the present study, the local tolerance of
several vaginal gels (the vaginal gels containing 22.5 uM,

Table 2

225 uM or 10 mM dapivirine, the placebo gel, and the
positive control gel Conceptrol®) was evaluated by means
of the Slug Mucosal Irritation test and the rabbit vaginal
irritation test. The data obtained with both tests were
compared.

The placebo gel was classified as non-irritating gel by
means of the Slug Mucosal Irritation test, since a repeated
treatment of the slugs with the placebo gel induced a low
mucus production and protein release, no enzyme release,
and no mortality. It is interesting to note that the placebo gel
contains hydroxyethyl cellulose (HEC) just as the negative
control gel for the Slug Mucosal Irritation test and that

Number of rabbit vaginal and cervical tissues in which a certain grade of epithelial loss and atrophy and the presence of leukocyte influx were observed after

treatment with the gel for 10 consecutive days

Vagina Cervix n

Epithelial loss and atrophy Influx Epithelial loss and atrophy Influx

Non Marked Severe Present Non Slight Marked Present
Placebo gel 5 0 0 1 5 0 0 0 5
22.5 pM Dapivirine gel 5 0 0 0 5 0 0 0 5
225 pM Dapivirine gel 5 0 0 0 5 0 0 0 5
10 mM Dapivirine gel 5 0 0 0 5 0 0 0 5
Conceptrol® 0 2 3 5 1 1 3 4 5
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the total mucus production and the mean protein release
caused by these two gels were very similar. In addition, light
microscopic examination of the vaginal and cervical tissues
of the rabbits treated intravaginally for 10 consecutive days
with the placebo gel revealed an intact epithelium and the
lack of leukocyte influx. Consequently, it was concluded
that intravaginal administration of the placebo gel to rabbits
does not cause vaginal irritation. The results of the Slug
Mucosal Irritation test and the rabbit vaginal irritation test
corresponded with human vaginal tolerance data, since
Ballagh et al. [24] reported that a single daily use of HEC
gel for one week was acceptable.

The 22.5 uM, 225 uM and 10 mM dapivirine gels were
classified as non-irritating gels by means of the Slug
Mucosal Irritation test, since a repeated treatment with these
gels resulted in a low total mucus production and a protein
release comparable to those of the negative control slugs.
No enzyme release and no mortality were detected.
Furthermore, the rabbits treated with the 22.5 uM,
225 uM and 10 mM dapivirine gels showed a few
macroscopic findings. However, these findings were
considered to be incidental, since histopathological exam-
ination did not reveal any corresponding findings. Indeed,
the vaginal and cervical tissues of all rabbits treated with the
dapivirine gels were very similar to those of the animals
treated with the placebo gel. Microscopic examination
revealed an intact vaginal and cervical epithelium and no
leukocyte infiltration in the vaginal and cervical tissues.
Based on these results it was concluded that intravaginal
administration of the dapivirine gels to rabbits does not
cause vaginal irritation.

In contrast, a repeated treatment of the slugs with
Conceptrol® resulted in a high mucus production, a high
protein release, and an increased release of LDH and ALP,
indicating severe damage of the slug mucosa. Moreover,
intravaginal administration of the positive control gel
Conceptrol® to rabbits resulted in macroscopic treatment-
related changes of the vagina. Histopathological investi-
gation revealed epithelial loss and atrophy and leukocyte
infiltration in the vaginal and cervical tissues of those
rabbits. The macroscopic and associated microscopic
findings were considered to be a result of local irritation
within the vagina and cervix. These results are in agreement
with data from the literature. Several in vivo studies showed
genital irritation after single or frequent use of Conceptrol®
[7,10,25,26].

The results of this study clearly demonstrated that the
placebo gel and the gels containing dapivirine do not irritate
the slug mucosa and the rabbit vaginal mucosa. In contrast,
Conceptrol® was irritating to the slug mucosa and the rabbit
vaginal mucosa. The study indicated that the results
obtained with the Slug Mucosal Irritation test and the rabbit
vaginal irritation test were comparable. Additionally, a
previous study showed that the results obtained with the
Slug Mucosal Irritation test were comparable to human
vaginal tolerance data. Furthermore, the previous study

showed that the Slug Mucosal Irritation test can be used to
evaluate the irritation potential of mildly and moderately
irritating semi-solid substances. Indeed, Replens® and K-
Y® jelly, two out of the six tested formulations, were,
respectively, classified as mildly and moderately irritating
formulations [21]. It is also interesting to note that the
human vaginal and buccal epithelia are histologically
similar [27,28]. Both the human vaginal epithelium and
the buccal epithelium are not keratinized stratified squa-
mous epithelia [20]. Previously the Slug Mucosal Irritation
test was found to be useful to estimate the irritation potential
of bio-adhesive formulations intended for e.g. buccal
administration [18].

The Slug Mucosal Irritation test seems to be a promising
alternative to screen new vaginal semi-solid formulations
for local tolerance early in the development process. The
use of the test can possibly contribute to the reduction of the
number of vertebrates used in pre-clinical studies.
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