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a b s t r a c t

To improve efficiency and prolong protection, modern gynecological preparations frequently incorporate
polymeric molecules that add a certain degree of viscosity in order to increase adhesion with vaginal cells
and prolong local delivery of active molecules.

The aim of this study was to investigate the possibility of visualising the ability of a commercial medi-
cated gynecological gel to bind to and be retained by human vaginal cells. The gel formulation included the
essential oils of Thymus vulgaris and Eugenia cariophylla, which contain active molecules such as thymol
eywords:
augella gel
etention
aginal cells
erric oxide particles
scherichia coli

and eugenol that are known to have useful antibacterial and antimycotic activities.
The adherence of different dilutions of the gel to human vaginal cells was visualised by means of

Nomarski interference contrast microscopy and scanning electron microscopy using ferric oxide particles
and Escherichia coli as inorganic and organic markers, both of which made it possible to visualise the
binding of the thin transparent layer of gel and the retaining effect, which was proportional to the degree
hymol
ugenol

of dilution.

. Introduction

Depending on their particular uses, gynecological preparations
an have extremely diverse compositions that lead to very dif-
erent detergent and adhesive properties and differences in the
elease of their active molecules. Modern gynecological prepa-
ations frequently incorporate polymeric molecules in order to
mprove efficiency and prolong adsorption and retention by vagi-
al mucosal cells. A number of articles have described the chemical
nd the physical properties of the various polymers, particularly
heir bioadhesive properties: i.e. their capacity to bind to biolog-
cal substrates. Pharmaceutically acceptable polymers give these
reparations a certain degree of viscosity that is useful for coating
pithelial and mucosal surfaces, and simultaneously ensuring that
he preparation remains in contact with the substrate and prolongs
he local delivery of its active molecules. These molecules have anti-
acterial, anti-mycotic, anti-oxidant and anti-inflammatory effects,
s well as surfactant and moisturising activities that are useful in

he treatment of local conditions. A number of electronic, adsorp-
ion, wetting and diffusion theories concerning the mechanisms
f bioadhesion have been proposed and investigated by various in
itro and in vivo methods (Vermani et al., 2002) mainly based on
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measuring shear stress (Smart et al., 1984), tensile strength (Park
and Robinson, 1985) and rheological properties (Hassan and Gallo,
1990), flow channels (Mikos and Peppas, 1990), and synthetic (Garg
and Vermani, 2000) or natural (animal) model membranes (Lee
and Chien, 1996). These methods are generally used to investigate
the properties of the individual polymers alone, but there is little
information concerning the adhesion and retention of the complete
commercial formulation. The aim of the study was undertaken to
investigate the retention ability of a commercial medicated gyne-
cological gel by human vaginal cells using direct visual inspection
of the presence of the thin film covering the cells after gel applica-
tion by means of black inorganic (ferric oxide particles) and organic
markers (bacteria) rather than other methods that are more appro-
priate for measuring tensile adhesive strength. The particularity of
this gel is that it contains the essential oils of Thymus vulgaris and
Eugenia cariophylla whose active thymol and eugenol molecules are
known to possess useful anti-bacterial (Didry et al., 1993; Tepe et
al., 2004; Moleyar and Narasimham, 1992; Sato et al., 2006; Dal
Sasso et al., 2006), anti-mycotic (Pina-Vaz et al., 2004; Dal Sasso
et al., 2007; Braga et al., 2007, 2008a,b; Chami et al., 2005) and
anti-inflammatory activities (Braga et al., 2006a,b).
2. Materials and methods

The commercial gynecological gel was “Saugella gel®”, which
can be bought at any local chemist. The ingredients listed on

http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:piercarlo.braga@unimi.it
dx.doi.org/10.1016/j.ijpharm.2009.01.021
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he packaging are: water, propylene glycol, glycerin, sorbitol, car-
omer, triethanolamine, T. vulgaris extract, sodium hyaluronate,
ethylparaben, disodium EDTA, potassium sorbate, panthenol, E.

ariophylla extract. The preparation has a pH of 4.5.

.1. Collection of vaginal epithelial cells

The vaginal epithelial cells were obtained from healthy, regu-
arly menstruating and non-pregnant, women aged 24–52 years

ho showed no signs of genital infection after clinical exami-
ation and microscopic examination of a wet smear of vaginal
ontents. The cell specimens were obtained on various days of the
enstrual cycle except during menstrual bleeding. None of the
omen used vaginal douches or tablets, or oral or local chemi-

al contraceptives. They were all sexually active. The cells were
btained from the mucosal surface of the mid-vaginal wall by
eans of gentle scraping with a sterile spatula that was then

mmediately twirled in 2 ml of phosphate-buffered saline (PBS)
0.02 M phosphate and 0.15 M NaCl, pH 7.3). In order to dislodge
he cells, the suspensions were passed four times through a 150 �m
iameter needle to break up the cell clumps and then pooled,
ashed three times to free them of debris and non-adherent
acteria by means of centrifugation (260 × g, 10 min, 25 ◦C), and
rozen in aliquots at −70 ◦C. For the adhesion assays, the cells
ere thawed quickly and washed again, after which PBS was

dded to the suspensions in order to reach a concentration of
× 105 cells/ml as determined by direct microscopic counts (inter-

erence contrast microscopy) in a Bürker chamber (Passoni, Milan,
taly).

.2. Rheological analysis

The viscosity and elasticity (� and G′) of the preparation was
nvestigated using a Searle-type configuration rheometer with a
oaxial cylinder system and Moony–Ewart geometry (Mucometer,
slab, Milan, Italy) (Braga et al., 1992).

The volume of ambient fluid present in the vagina, and it thick-
ess on the mucosa, depends on physiological and pathological
ircumstances (Lai et al., 2007) and so a vaginal gel can undergo
wide range of dilutions. The rheological parameters were inves-

igated using the gel and variuos dilutions (1/2, 1/4, 1/8, 1/16 and
/32) by thoroughly mixing it with PBS.

.3. Inspection of binding and retention properties using an
norganic marker

The high viscosity of the gel prevented us from using the con-
entional method of putting the preparation in contact with the
aginal cells suspension by means of incubation for a period of
ime and then separating the cell pellet from the surnatant by

eans of centrifugation. In the control test, the suspension of vagi-
al cells was filtered on a cellulose nitrate membrane (Schleicher &
chuell, Dassel, Germany) (pores 8 �m, diameters 25 mm), which
as pressed onto a microscope slide to create a layer of vaginal

ells to which 0.2 ml of a suspension of black ferric oxide parti-
les (mean diameter 1.5 �m) was added as an inorganic marker
nd incubated at 37 ◦C for 5 min. After this time, the unbound fer-
ic oxide particles were cleared by thoroughly washing the slide by
ropping 10 ml of PBS released by gravity from a graduated pipette
t a distance of 20 cm. This washing procedure was repeated three
imes. The slide was then observed by means of Normaski interfer-

nce contrast microscopy in order to visualise the degree of surface
etention of the black ferric oxide particles by the vaginal cells
Braga et al., 2008a,b). To visualise the presence of the transpar-
nt thin film of the gel, a layer of vaginal cells was covered on a
lide as previously described, and overlaid by 0.2 ml of gel. After
Pharmaceutics 373 (2009) 10–15 11

incubation at 37 ◦C for 5 min, the slide was thoroughly washed by
dropping 10 ml of PBS released by gravity from a graduated pipette
at a distance of 20 cm. This washing procedure was repeated three
times. Ferric oxide particles were then deposited on the slide as
described in order to investigate the effects of the gel and various
dilutions by thoroughly mixing it with PBS (1/2, 1/4, 1/8, 1/16 and
1/32).

2.4. Inspection of binding and retention properties using bacteria
as organic markers

Escherichia coli ATCC 25922 and two strains of E. coli isolated
from human urinary infections were used to test the binding of
the gel to vaginal cells. In this case, the bacteria were used as
organic markers to investigate the interference of gel with the bac-
terial lock-and-key (adhesin-receptor) mechanism. Suspensions of
each organism were prepared from overnight cultures in tryptic
soy broth (Sigma, Milan, Italy) under static conditions at 37 ◦C.
The organisms were harvested, washed three times in PBS, and
adjusted to 3 × 108 organisms/ml as determined by direct micro-
scopic counts in a Petroff-Hausser chamber (Thomas Scientific,
Swedesboro, NJ, USA). The ability of the bacteria to adhere to the
vaginal cells was tested using the method of Gibbons and Van Houte
(1971). Briefly, 1 ml of gel or PBS (pH 4.5) was incubated with the
vaginal cells for 1 h at 37 ◦C under rotation at 8 rpm. After centrifu-
gation, the pellet was resuspended in 1 ml of PBS and mixed with
1 ml of a bacteria suspension in polystyrene tubes, which were
rotated end over end at 8 rpm for 1 h at 37 ◦C. The vaginal cells
were separated from the non-adherent bacteria by means of cen-
trifugation, and the final cell pellet was resuspended in 2 ml of PBS
and filtered on a cellulose nitrate membrane (Schleicher & Schuell,
Dassel, Germany) with pores of 8 �m and a diameter of 25 mm.
The filter was pressed on a microscope slide, stained with Gram
stain, and observed by means of Normaski interference contrast
microscopy. As differences in bacterial strains and cell surface char-
acteristics (different subjects and different periods of the menstrual
cycle) lead to variations in the number of bacteria attaching to indi-
vidual vaginal cells, bacterial adhesion was determined by counting
the total number of bacteria adhering to 50 randomly chosen cells
in each sample (Gibbons and Van Houte, 1971). Vaginal cell sus-
pensions incubated with PBS alone were always included in order
to establish the number of bacteria already attached (natural adhe-
sion) at the time of cell collection. The same procedure was followed
to investigate the effects of the gel and it various dilutions (1/2, 1/4,
1/8, 1/16 and 1/32).

2.5. Scanning electron microscopy

The interference of the gel with bacterial adhesion was also
studied using scanning electron microscopy (SEM). The samples
prepared under the different test conditions described above were
put on round coverslips, fixed in 2.5% glutaraldehyde in 0.1 M
cacodylate buffer, pH 7.1, for 4 h. After dehydration, the coverslips
were coated with 200 Å of gold, and observed in a scanning elec-
tron microscope. SEM was also used to examine the network of
microridges on the surface of vaginal cells before and after the gel
incubation.

2.6. Data analysis
The differences from controls in the mean values (±S.E.M.) of
bacterial adhesion of three separate repetitions for each strain and
each tested dilution were calculated using Student’s t-test for paired
data, and were considered statistically significant when the p value
was ≤0.05.
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Fig. 1. Graphic example of the rheologic test. (A) Ge

. Results and discussion

As the aim of this study was to highlight the mucosal cell binding
nd retention capacity of the gel, the description of the results will
e mainly limited to the images, and only summary data will be
iven concerning the rheological and bacterial adhesion test.

A graphic example of the rheological tests is shown in Fig. 1.
he 1/2 and 1/4 dilution of the gel induced a viscosity reduc-
ion of 61.89 ± 6.30% and 88.91 ± 4.85 respectively. The elasticity
f the gel is very low and is further reduced by dilution. The gel

as a high starting viscosity which is rapidly reduced after dilu-
ion and this is useful in order to reach a wide spread on vaginal

ucosa.
Fig. 2A shows vaginal cells after incubation with black ferric

xide particles. The fact that very few or no particles were deposited

ig. 2. Light microscopy showing the retention of black ferric oxide particles on vaginal c
o particles retention. (B) High retention after incubation with gel (1/4). (C) Retention aft
aration. (B) After 1/2 dilution. (C) After 1/4 dilution.

on the surface indicates that the cells themselves did not spon-
taneously retain them. The gel and the dilution 1/2 showed high
levels of viscosity and retention so, when the ferric oxide challenge
was repeated after the cells had been incubated, the background
remained partially covered by gel and prevented a clear reading
of the slides. When the challenge was repeated after the cells had
been incubated with gel at a dilution of 1/4, the background was
free of particles and patches of particles were clearly visible on the
cell surfaces (Fig. 2B), thus revealing the retention capacity of the
thin douche layer. The same was observed after incubation with the

other diluted concentrations of the gel, although the retention was
proportionally less (Fig. 2C and D).

Microscopy inspection showed that the area of gel binding ran-
domly varied from partial to complete. The possibility of the simple
superimposition of the particles on the cells was easily ruled out

ells before and after incubation with the gel (bar = 12 �m). (A) Control cell showing
er incubation with gel (1/16). (D) Retention after incubation with gel (1/32).
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ecause under the microscope if the marker simply overlaps the
ells, tapping the slide will separate cell and the marker; this does
ot occur when the two are “glued” together as in our findings.

The second part of the study, in which bacteria were used as
rganic markers, was also performed starting from the 1/4 dilution
f the gel. There was a statistically significant reduction in bacterial
dhesion after the cells had been incubated with gel (Fig. 3), which
an be attributed to the retained layer of the gel preparation cover-
ng the receptor molecules on the cell surface and thus preventing
he bacterial adhesins from expressing their lock-and-key mech-
nisms. This reduces bacterial adhesion and reveals the presence
f a covering gel layer. The SEM observations confirmed the above
ndings (Fig. 4).

Fig. 5 clearly shows the layer of the gel covering the microridges
f the vaginal cells in comparison with the control cells.

The anatomical and physiopathological conditions of the vagi-
al environment mean that vaginal preparations have been (and
ill continue to be) developed on the basis of marked demand,
linical testing and patience acceptance. Vaginal administration is
promising means of locally delivering, and vaginal drug formula-

ions have been produced to fulfill a variety of purposes including
elivery of different molecules such as hormones, anti-bacterials,
ntifungals, antiphlogistics, etc.

ig. 4. Scanning electron micrographs showing the effects of the gel on E. coli adhesion to
. coli adhesion after gel incubation (1/4). (C) After incubation with gel (1/8). (D) After inc
Fig. 3. Effects of gel on the adhesion of E. coli to human vaginal cells.
A number of methods have been used to screen vaginal formula-
tions. Classic tensile and shear testing methods mainly investigate
physisorption and chemisorption properties, and can sometimes
lead to contradictory results because of the different types of forces
involved. Direct visual approaches are quicker and more suitable

human vaginal cells (bar = 3 �m). (A) Adhesion of E. coli without gel incubation. (B)
ubation with gel (1/16).
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ig. 5. Scanning electron micrography showing the microridges of the surface of a
econd image clearly shows the layer of gel covering the microridges of the cell (ba

or revealing vaginal cell coverage and the interfacial retention
f preparations such as vaginal gels, and have been previously
sed to evaluate the adhesion and retention of polymers following
cqueous dispersion (Kockisch et al., 2001), the activity of bioadhe-
ive preparations in the oral cavity (Patel et al., 1999), and the ability
f a commercial preparation to cover human buccal cells (Braga
t al., 2008a,b). Alternative methods using colloidal gold staining
Park, 1989) or radiolabelled markers have also been explored, such
s gamma scintigraphy (Richardson et al., 1996; Geraghty et al.,
997) and magnetic resonance imaging (Barnhart et al., 2001a,b).

Bacterial markers have been previously used to investigate
he effect of hydroxypropylmethylcellulose (Braga et al., 2008a,b;
teinberg et al., 2002) and poloxamer (Veyries et al., 2000), and
tomic force microscopy (AFM) has also recently been used to visu-
lise cell coverage phenomenon. Patel et al. (2000) used AFM to
nvestigate the covering ability of hydroxy-propylmethylcellulose
nd observed that untreated cells have surfaces covered by small
crater-like” pits and indentations, whereas treated cells appear to
ave lost the craters and indentations, thus indicating the presence
f a covering effect.

A preparation that can be dispersed throughout the vagina and
etained by cell surfaces for a sufficient period of time is useful
ecause it covers and protects small surface lesions of the vagi-
al mucosae, and may prevent the adhesion of bacteria, fungi and
iruses approaching the vaginal environment by blocking their
dhesins from reaching the complementary receptors located on
he surface of vaginal cells.

Our examinations using inorganic or organic markers revealed
hat the binding of vaginal cells may be complete, patchy or totally
bsent. This different behaviour is probably because the observed
ells are generally separated from each other and thus lead to dis-
ontinuity in the binding surface; the distribution of the gel should
e more homogeneous in a continuous mucosal layer such as that
xisting in vivo.

The presence in the formulation of molecules such as thymol
nd eugenol, which can be locally retained for some time, is another
eneficial feature because a number of studies have described their
nti-bacterial (Didry et al., 1993; Tepe et al., 2004; Moleyar and

arasimham, 1992; Sato et al., 2006; Dal Sasso et al., 2006) and
nti-mycotic activity, mainly on Candida species (Pina-Vaz et al.,
004; Dal Sasso et al., 2007; Braga et al., 2007, 2008a,b; Chami et
l., 2005). However, the Lactobacilli of the commensal vaginal flora
oes not seem to be much affected (Sacconi et al., 2003), and the
n vaginal cell: not incubated with gel (A) and after incubation with 1/4 gel (B). The
nm).

pH of the gel helps to maintain a physiological acid environmental
pH.

A further interesting feature of thymol is its anti-inflammatory
activity, which is exerted through the inhibition of reactive oxy-
gen species and the elastase released by the human neutrophils
(Braga et al., 2006a, b), that are locally recruited during infective or
inflammatory processes.

Our visual approach showed that this gel does not simply cover
the cell surface but its retained in a manner that is proportional to its
dilution degree. This means that the vaginal fluid with its cleansing
action can modulate the cell retention of the gel by diluting the
amount of the components.
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