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Abstract: Intravaginal drug administration offers several advantages over other administration
routes, primarily by bypassing the initial stages of metabolism. Additionally, this route has
demonstrated both local and systemic effects. To prevent the disintegration of molecules in the
mucous barriers of wet cavities, mucoadhesive polymeric systems can be utilized. In this study, the
performance and characteristics of a mucoadhesive film composed of HPMC-PEG 400 containing
retinol molecules was determined using various techniques. Scanning Electron Microscopy (SEM)
was employed to determine the porous structure of the film. Thermogravimetric Analysis (TGA)
was conducted at different temperatures to assess thermal stability. Fourier Transform Infrared
Spectroscopy (FTIR) analyzed the functional groups and the intermolecular interactions between
the film and the drug. Swelling and weight loss tests indicated that the film disintegrated within 3-
4 days. For drug delivery evaluation based on the Higuchi equation, UV-VIS spectroscopy was used.
Additionally, the surface wetting properties were assessed through contact angle measurements.
The biocompatibility of the system was confirmed using the MTT assay. Finally, adhesion and glide
tests demonstrated the film’s interaction with porcine uterine tissue. This study shows that the
HPMC-PEG 400 film containing retinol molecules interacts effectively with tissue and could be
considered a novel tool for treating damaged epithelial tissues.

Keywords: HPMC; PEG 400; film; retinol; intravaginal administration

1. Introduction

Injuries to the genital area in women are common due to various factors, including trauma
during sexual activity and menopause [1]. According to Segars M. et al. [2], most local trauma to the
lower genital tract results from consensual sexual intercourse, particularly tearing of the posterior
fornix. These injuries typically occur in women aged 16 to 25 and those over 45. Other causes of
genital trauma include childbirth, sexually transmitted infections (STIs), recurrent urinary tract
infections, foreign objects, tampon use, traumatic accidents, and sexual assault [3-5]. Approaches to
addressing STI's vary among research groups. For instance, Notario-Perez’s group focuses on
prevention [6], while Mishra’s group targets symptom management [7]. Treatment procedures
depend on the type of infection, with different drugs loaded into carrier systems for conditions such
as Candidiasis [8], HIV [9], HPV [10], or microbial infections [11]. Many of these conditions and
traumas result in lacerations to the vaginal tissue, necessitating active molecules that can promote
cell growth, particularly in epithelial cells, such as retinol [12]. Retinol (Vitamin A) is present in the
bloodstream through the ingestion of carotenoids [13] and is stored for use when needed. It plays a
crucial role in the expression of several proteins, overall lung health, vision, and fetal development
[14].

Due to its anti-aging effects when applied to the skin and its importance as a nutrient for vision
and lung health, many research groups and companies are exploring retinol for epithelial tissue
regeneration [15]. Various conditions, such as low intake, inflammation, prenatal periods, or
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infections, can lead to low levels of retinol in the blood, resulting in imbalances in epithelial tissue
and an increased risk of infections [16]. It has been demonstrated that using retinol for cervicovaginal
treatment can reverse metaplasia and promote cell proliferation [17].

The earliest recorded use of vaginal administration for therapeutic purposes dates back to
ancient Egyptian papyrus, where remedies were applied to address women’s health issues and aid
recovery from pelvic trauma following accidents or childbirth [18]. Since then, many treatments have
been administered via this route due to its high blood supply, which promotes both local and
systemic responses. This method offers numerous benefits, such as allowing lower doses, less
frequent administration, and steady drug levels, while also avoiding the first-pass effect, which
means it does not impact the gastrointestinal system [19].

Various forms of intravaginal drug delivery have been introduced, including ovules, sponges,
tablets, creams, gels, vaginal rings, and films [20]. Recently, an additional feature has been
incorporated into these systems: mucoadhesiveness. This characteristic helps reduce leaks and the
loss of active molecules by adhering to the mucosal surface [21]. Consequently, many research groups
are now developing mucoadhesive systems for intravaginal delivery to treat or prevent various
conditions, especially STIs [22]. For a mucoadhesive system to effectively deliver and release active
molecules, it must be made from biocompatible, biodegradable, and flexible materials, which is why
polymers are often used [23]. Polymers are versatile macromolecules commonly found in nature,
interacting with DNA, polypeptides, and cellulose, and they have excellent compatibility with living
systems [24]. Hydroxypropyl methylcellulose (HPMC) is one of the most widely used polymers for
drug delivery. Its hydrophilic properties allow it to swell upon contact with human fluids, leading to
controlled release as the matrix degrades [25,26]. HPMC is often used in mucoadhesive polymeric
films for controlled drug release in mucosal areas, such as the vagina [22]. HPMC is typically
combined with an enhancer like Polyethylene Glycol (PEG 400), alow molecular weight, low-toxicity,
highly hydrophilic molecule. PEG enhances the absorption of active molecules [27].

The goal of this investigation was to develop a mucoadhesive polymeric film made with HPMC
and PEG 400, loaded with retinol for intravaginal administration.

2. Results

First, polymeric films were obtained, exhibiting various colors and textures depending on the
concentration of HPMC and retinol. Increasing the amount of HPMC resulted in the formation of
larger bubbles when retinol was added (Figure 1). The films also displayed increased humidity and
yellowness, with larger bubbles or pores visible. This can enhance the adhesion of the film to the
vaginal tissue.

Figure 2. Polymeric films with different concentrations of HPMC and retinol. a) 0.2 g of HPMC and
without retinol, b) 0.3 g of HPMC and without retinol, c) 0.3 g of HPMC and 2 ml of retinol, d) 0.3 g
of HPMC and 2.5 ml of retinol, and e) 0.3 g of HPMC and 3 ml of retinol.
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The films demonstrated a porous topography with varying dimensions, from micro to macro
pores, both closed and open, as observed using the FESEM technique. Our findings align with
Sampath et al., indicating that the variety of pores can influence the material’s success in application
[28]. In contrast to previous reports [22], the pores in our films were smaller than 100 pm. The pore
size and shape varied with the HPMC concentration (Figure 2). For films with 0.2 g of HPMC, pore
sizes ranged from 5 um to 11 um, with most pores being closed. In films with 0.3 g of HPMC, most
pores were open, ranging from 1 to 42 um. Thus, it is possible to obtain films with both micro and
macro pores. Additionally, the second film had a higher porosity percentage (over 80%) compared to
the first film.

-

v

Figure 2. FE-SEM of the polymeric films with a) 0.2 g of HPMC, b) 0.3 g of HPMC, c) 0.3 g of HPMC
with 2 mL of retinol, d) 0.3g of HPMC with 2.5 mL of retinol, and e) 0.3 g of HPMC with 3 mL of
retinol.

When retinol was added to the films, some pores were filled with retinol (Figure 4). Increasing
the concentration of retinol resulted in larger pores and topographical changes, making the system
lumpier. This change in topography could improve the system’s adhesion to the vaginal epithelium.
In Figure 4a, the pores had an average diameter of 24 um, while the lumps ranged from 100 to 200
pm. For 2.5 mL of retinol, the pores were approximately 46 pm, and the lumps were 445 pm. For 3
mL of retinol, the pores measured 70 pm, and the lumps ranged from 1,500 to 3,000 um. This data
indicates that increasing the concentration of retinol alters the pore size and topography, making the
system lumpier.

Figure 3. FE-SEM of the polymeric films with a) 0.2 g HPMC and b) 0.3 g HPMC.
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The analysis of the films’ behavior with and without retinol under controlled temperature
increase is shown in Figure 4. Both signals are quite similar, starting with a weight loss between 40
and 60°C, which is related to the evaporation of unevaporated dichloromethane during the film’s
drying process. The next transition, from 80 to 140°C, is likely due to dehydration. Although water
was not part of the synthesis, the film’s high hydrophilicity could have led to water absorption.
Finally, the weight loss at 150°C is attributed to the evaporation of methanol, which is part of the
synthesis process.
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Figure 4. TGA spectrum. a) film without retinol b) film with retinol.

FTIR spectra of the control polymeric films, those loaded with ketorolac, and those with or
without retinol are displayed in Figure 5. The H-C-H group stretching at 2920 cm™ is present in all
molecules, with asymmetrical bending at 1455 cm™. The C-H group stretching is from the original
film, 1745 cm™ indicates the C=O from the retinol molecule, 1375 cm™ shows the C-N group from
ketorolac, and the C-O-C group displays stretching and bending movements from the original film.
The C-O-C stretching is present at 1050 cm™ in samples a, b, and ¢, but shifts to 1090 cm™ in sample
d, which can be attributed to intermolecular forces such as hydrogen bonds.
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Figure 5. FTIR spectrum of a) HPMC and PEG 400 film, b) film containing ketorolac c) film containing
retinol d) film loaded with ketorolac and retinol.

The weight loss and swelling test results are shown in Figure 6. During the first 100 minutes, the
swelling is rapid (more than 500 times) and more effective compared to the following hours. The loss
process can extend up to 3 days. This swelling capacity confirms the system’s affinity for biological
environments and enhances the interaction between the system and cells. Our findings partially align
with previous reports [22].
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Figure 6. Swelling and weight loss of the polymeric film.

There is a correlation between the drug release process and HPMC concentration, as observed
using the UV-VIS test. Reducing the amount of HPMC results in faster drug release. Our current data
are supported by previous research [29]. Increasing the amount of HPMC enhances the system’s
swelling, prolonging the dissolving and release period, as shown in Figure 7.
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Figure 7. UV-VIS and mathematical release of 0.2 and 0.3 HPMC and PEG 400 film a)0.2 measured b)
0.2 calculated c) 0.3 measured d) 0.3 calculated.

The theory model was built according to the Higuchi equation, employing the power law for
polymeric films [30]. This leaves the Higuchi equation with values for n between 0.5 and 1.0. Where
M-eo refers to the total of the active molecule, Mt is the active molecule released on the time t and k is
a constant, which depends on other variables.

According to the results obtained with the contact angle study (Figure 8) of the three films, by
increasing the amount of HPMC, the contact angle becomes smaller. Because all three samples
showed angles smaller than 90°, indicating that the system is hydrophilic. In these tissues (cells)-
substrate interaction could permit to be an indicator of biocompatibility. In Figure 9c the contact
angle wasn’t allowed to be measured, because its hyper hydrophilic. This could cause an imbalance
to be releasing of the drug. This finding is according with previous report indicating that a viable
system should be with a contact angle between 0°-90° [31].

_‘b)ﬁ—

Figure 8. Contact angle of films a) 0.2 g HPMC b) 0.3 g HPMC c) 0.4 g HPMC.

To confirm the previous results, the Figure 9 is showing that there was interaction among the
polymeric film and the tissue. Because, no separation is present, the film is completely attached; a
slight difference can be seen in the corner due to the swelling after applying the vaginal fluid
simulant. A transformation takes place after the interaction between the tissue, the polymeric film,
and the vaginal fluid simulant, according with Teworte et al, with longer interaction the system loses
its original form and becomes a hydrogel [32].
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Figure 9. Adhesion of the polymeric film to the tissue of the uterus.

Figure 10 shows the glide within the time of the polymeric films loaded with active molecules
or on their own. The retinol film had less glide in comparison to the others. This can be related to the
lumpy topography that it showed in the FESEM characterization (see Figure 4). In the case of
ketorolac loaded films, it glided half the unloaded film. Even though the film by itself has many pores
that according to Gyarmati may help to reach a determined compressive force, which when in contact
with the mucus layer will transform into interfacial interactions and result in a deformation [33],
when it loses its original form and becomes a mucoadhesive gel [32]. As can be seen, the lumpy
topography helps to maintain the adhesion to the mucus barrier better than the porous, but overall,
all three films glided less than 4 cm, less than half the average longitude of the vaginal canal which

is 9 cm [34].
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Figure 10. Glide test a) HPMC and PEG400 film b) HPMC, PEG 400 and retinol film ¢) HPMC, PEG
400 and ketorolac film.

The cellular viability was evaluated for films harboring retinol, or ketorolac, at 24 and 48 h.
Figure 11 showed that at 24 h the cell viability has a little impact, but a recovering for the 48 h is

observed.


https://doi.org/10.20944/preprints202408.0071.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 August 2024 d0i:10.20944/preprints202408.0071.v1

24 h
160 48 h

140

120 S

100 ~

=

80

A

% Viability

60 -
40

20

Control Film Retinol Ketorolac

Figure 11. MTT assay of 24h and 48 h for the film, film with retinol and film with ketorolac.

Cervical cancer (CC) poses a significant public health challenge globally, including in Mexico
[1]. Persistent Human Papillomavirus (HPV) infection is widely recognized as the primary risk factor
for CC development [2]. Cervicovaginal lesions frequently occur in association with sexual activity.
Moreover, it's well-documented that microabrasions in the cervical epithelium during sexual activity
facilitate HPV infections.

Previous reports have highlighted the importance of Cellular Retinol Binding Protein 1 (CRBP1)
protein expression and retinoids as crucial molecular mechanisms involved in the basal cell layer of
healthy cervical epithelium. However, a lack of CRBP1 expression and low retinol serum levels are
more commonly observed in CC [35]. Recent data from our research team indicate that the
administration of retinol alongside cisplatin can eradicate over 80% of cancerous cells (data currently
undergoing publication). These findings suggest that utilizing the HPMC-PEG-retinol system could
serve as a promising and innovative approach for treating cervicovaginal lesions.

3. Materials and Methods

In the present work, various materials were used, including HPMC, dichloromethane, methanol,
albumin from fetal serum, lactic acid, urea (Sigma-Aldrich); PEG 400, glycerol (Alfa Aesar); retinol
(Spring Valley); ketorolac (LIOMONT); sodium chlorate, acetic acid, hydrochloric acid (J.T. Baker);
potassium hydroxide (MCB); calcium hydroxide (Fermont); and glucose (FAGA LAB).

The synthesis of polymeric films followed the method previously reported by Grameen et al.
[22]. Briefly, a mixture of HPMC, PEG 400, and dichloromethane in methanol at a ratio of 3:1 was
stirred at 5000 rpm for 1 hour using the solvent evaporation technique (see Table 1).
Dichloromethane was poured, and HPMC was slowly added while stirring. PEG 400 and retinol were
then added sequentially, with stirring between each addition. Methanol was finally added, and the
mixture was stirred until uniform. The system was dried in a Pyrex petri dish for 48 hours at 30°C
[9]. For ketorolac-loaded films, the drug was added to a cut area of 4 cm? with 1 ml for every
proportion (Table 1).
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Table 1. Polymeric film concentrations.

Film HPMC (g) PEG 400 Dichloromethane = Methane  Retinol
(mD) (ml) (ml) (ml)
A 0.2 1 15 5 0
B 0.2 1 15 5 2
C 0.3 1 15 5 0
D 0.3 1 15 5 2
E 0.3 1 15 5 25
F 0.3 1 15 5 3

The vaginal fluid simulant was prepared according to Owen’s methodology [36], consisting of
distilled water (900 mL), sodium chlorate (3.5 g), sodium hydroxide (1.4 g), calcium hydroxide (0.22
g), albumin (0.018 g), lactic acid (2 mL), acetic acid (1 mL), glycerol (0.16 mL), urea (0.4 g), glucose (5
g), and hydrochloric acid to adjust the pH to 4.5.

Scanning Electron Microscopy (SEM) characterization was performed using a FESEM Hitachi
SUS5000 with a base of 51 mm and a working distance of 12 mm in low-pressure mode (30 Pa) with a
voltage of 15 kV for backscattered and secondary electron imaging.

Thermogravimetric analysis (TGA) was conducted using a TA Instruments SDT Q600, with the
temperature ranging from 20°C to 200°C to monitor the film’s dehydration.

To determine the functional groups in the film, Infrared (IR) spectra were obtained using a
Nicolet 6700 instrument. The films were cut and placed on an ATR adapter with a germanium crystal
for analysis. All spectra were registered over 100 scans with a resolution of 16 cm™, and all samples
were scanned in the range of 550-4000 cm™.

To conduct the retinol release test, the first step involved developing a calibration curve,
represented by the following equation:

y =0.0033x + 0.2882 1)

Subsequently, the sample was exposed to a PBS solution with a pH of 4.5 to simulate vaginal
fluids. The theoretical calculation of retinol release followed the Higuchi equation, expressed as:

M_t/M_eo =kt"n )

Where Me is the total of drug loaded in the system, Mt the active molecule released on the time
ty kis a constant that depends on the variables of the system and n varies according to the values of
the table that can go from 0.5 to 1.0.

To evaluate cellular metabolic activity, the MTT assay (3-[4,5-dimethylthiazol-2-yl1]-2,5 diphenyl
tetrazolium bromide) was used. This colorimetric analysis measures enzyme activity, resulting in a
variation of the purple color of the MTT dye.

Osteoblasts were obtained from a primary culture and used to evaluate the cytotoxicity of the
HPMC and PEG 400 polymeric film. The osteoblasts were cultured in DMEM media and distributed
at 5,000 cells/well. They were then placed in a humidified incubator with 5% CO2 at 37°C. The films
were sterilized using UV radiation. The cells were deposited in wells containing the film, film with
retinol, and film with ketorolac, and subsequently incubated for 24 hours and 48 hours. The MTT
solution (5 mg/mL in PBS) was added to the wells and incubated for 4 hours at 37°C. After the MTT
was removed, 100 pL of DMSO was added to dissolve the formazan crystals formed. Cell viability
(%) was measured at A=570 nm [37,38].

The contact angle and images of adhesion were taken with a Kriiss system DSA30. The adhesion
of the system was first evaluated through the contact angle measurement and by assessing glide
using a system as shown in Figure 1. Porcine vaginal tissue was obtained post-slaughter, cut into 5
cm pieces, and stored for 6 hours following the Teworte methodology [39] (Figure 1). The Materials
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and Methods should be described with sufficient details to allow others to replicate and build on the
published results. Please note that the publication of your manuscript implicates that you must make
all materials, data, computer code, and protocols associated with the publication available to readers.
Please disclose at the submission stage any restrictions on the availability of materials or information.
New methods and protocols should be described in detail while well-established methods can be
briefly described and appropriately cited.

Research manuscripts reporting large datasets that are deposited in a publicly available database
should specify where the data have been deposited and provide the relevant accession numbers. If
the accession numbers have not yet been obtained at the time of submission, please state that they
will be provided during review. They must be provided prior to publication.

Interventionary studies involving animals or humans, and other studies that require ethical
approval, must list the authority that provided approval and the corresponding ethical approval
code.

4. Conclusions

The characteristics such as size, shape, and distribution of porosity of the current films can be
altered based on HPMC concentrations. The humidity and contact angle may also vary depending
on the amount of polymer used. Interestingly, upon contact with fluids, the film transforms into a
mucoadhesive gel, swelling for at least 100 minutes and degrading within approximately 3-4 days.
When the polymeric film is loaded with different active molecules, intermolecular hydrogen bonds
form, with the active molecules occupying the pores, resulting in a lumpier film that adheres better
to the mucus barrier. Furthermore, the present film, whether with or without retinol, demonstrates
biocompatibility. Drug delivery using this polymeric system is supported by the Higuchi equation.

In summary, this study represents emerging proof-of-concept research utilizing an HPMC-
retinol film system to aid in the treatment of cervicovaginal lesions. It is plausible to hypothesize that
this system could potentially be extended for the treatment of skin lesions as well.
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