
 www.obstetricgynecoljournal.com 201https://doi.org/10.29328/journal.cjog.1001151

Short Review

Evaluation of In vitro and Ex vivo
Models for Studying the Eff ectiveness 
of Vaginal Drug Systems in 
Controlling Microbe Infections: 
A Systematic Review
Mohammad Hossein Karami1*, Majid Abdouss1* and 
Mandana Karami2

1Department of Chemistry, Amirkabir University of Technology, P.O. Box 15875-4413, Tehran, Iran
2Polymer and Petrochemical Research Institute, P.O. Box 14975/112, Tehran, Iran

More Information 

*Address for correspondence: 
Mohammad Hossein Karami, Department of 
Chemistry, Amirkabir University of Technology, 
P.O. Box 15875-4413, Tehran, Iran, 
Email: karami.polymerphd@gmail.com

Majid Abdouss, Department of Chemistry, 
Amirkabir University of Technology, P.O. Box 
15875-4413, Tehran, Iran, 
Email: phdabdouss44@aut.ac.ir

Submitted: November 15, 2023
Approved: November 27, 2023
Published: November 28, 2023

How to cite this article: Karami MH, Abdouss M,
Karami M. Evaluation of In vitro and Ex vivo 
Models for Studying the Eff ectiveness of Vaginal 
Drug Systems in Controlling Microbe Infections: A 
Systematic Review. Clin J Obstet Gynecol. 2023; 
6: 201-215.

DOI: 10.29328/journal.cjog.1001151

Copyright license: © 2023 Karami MH, et al. 
This is an open access article distributed under 
the Creative Commons Attribution License, which
permits unrestricted use, distribution, and 
reproduction in any medium, provided the original 
work is properly cited.

Keywords: Vaginal Drug Delivery Systems 
(VDDSs); Infections caused by microbes; 
Physiological barriers; In Vitro and Ex vivo 
models; Polymer gels

OPEN ACCESS

Abstract

The survey gives an in-depth examination of medicate assimilation challenges within the 
genital range and the improvement of vaginal medicate conveyance gadgets to overcome 
these challenges. It investigates the components involved in medicate discharge within the 
genital locale and examines commonly utilized vaginal sedate conveyance frameworks such 
as nanoparticles and hydrogels. The survey centers on the applications of these conveyance 
frameworks in controlling bacterial vaginal diseases. The plan issues related to vaginal sedate 
conveyance gadgets are moreover examined, highlighting the signifi cance of considering 
variables such as mucoadhesion and bodily fl uid porousness. The survey portrays diff erent 
in vitro and ex vivo models utilized for assessing these frameworks, counting organoids and 
new human cervical bodily fl uid. The choice of show depends on the particular objectives and 
characteristics of the defi nition. The audit emphasizes the noteworthiness of utilizing these 
models to pick up important bits of knowledge and make precise forecasts with respect to the 
execution of medicate conveyance frameworks in vivo. Moreover, grandstands progressed 
models utilized for other mucosal locales as a potential motivation for future models of the female 
regenerative framework. Generally, the audit highlights the signifi cance of understanding organic 
instruments and planning compelling vaginal drug conveyance frameworks to progress sedate 
conveyance within the genital region. It emphasizes the require for suitable models to evaluate 
and anticipate the execution of these conveyance frameworks.

vascularization, which make them conducive to productive 
medicate delivery [3]. Not at all like verbal organization, 
drugs managed vaginally can bypass the stomach and liver, 
encouraging upgrading their viability. Different shapes of 
vaginal sedate deϐinitions have been created (such as gels, 
rings, movies, pessaries, capsules, and tablets). Be that 
as it may, their adequacy is regularly constrained to the 
vaginal environment. Challenges still exist in accomplishing 
maintained discharge and compelling entrance of drugs 
into cervical liquid and the vaginal epithelium [4]. To create 
compelling vaginal sedate conveyance frameworks (VDDS), 
it is vital to get the composition of the genital zone. The 
genital region comprises different layers counting stratiϐied 
epithelium, ϐibromuscular layer, lamina propria, and 
adventitia. It is additionally found in a locale known as the 

Introduction
Each year, a considerable number of women experience 

vaginal infections caused by imbalances in the microbiome. 
These infections include yeast infections, bacterial vaginosis 
(BV), and trichomoniasis. Various diseases are responsible 
for these conditions (such as trichomoniasis, yeast infections, 
genital herpes, chlamydia, and others). Genital warts, in 
particular, are frequently asymptomatic in ladies but can 
lead to fruitlessness, pelvic torment, and release. Drawn-out 
contamination with genital warts also increments the hazard 
of uterine cancer [1,2]. Vaginal diseases caused by organisms 
have been the subject of expanding investigate intrigued. 
Vaginal tissues have special characteristics, counting an 
expansive surface region, tall mucosal porosity, and thick 
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genital tract, which acts as a common boundary inϐluencing 
sedate retention. Ponders have appeared that vaginal liquids 
can debase long-acting drugs and nanoparticles, driving to a 
fast end and constraining the viability of VDDS [5]. Also, the 
epithelial boundary shaped by epithelial cells plays a critical 
part in medicate conveyance to the vagina. This barrier can 
limit the entry of medications and impede the passage of 
white blood cells in their ϐight against bacteria [6]. Besides, 
there are extra boundaries inside the vagina that can inϐluence 
the viability of VDDSs. These incorporate female physiological 
obstructions and intravaginal obstructions. The persistent 
generation of vaginal liquid can lead to the quick clearance 
of VDDSs, whereas the special vaginal microenvironment, 
characterized by moo pH and tall chemical levels, can improve 
the maintenance of VDDSs [7]. However, safe cells within 
the vagina can act as a defense component, ensuring against 
remote operators and possibly quickening the clearance of 
VDDSs, in this manner making a characteristic boundary. In 
spite of the accessibility of different dose shapes for vaginal 
conveyance, they frequently confront conϐinements in their 
capacity to control the destiny of dynamic compounds due to 
the nearness of these natural boundaries. The advancement of 
pharmaceutical nanotechnology and nanomedicine has given 
unused openings to overcome these boundaries, with the 
creation of nanoparticle- and hydrogel-based VDDSs that can 
possibly improve sedate conveyance to the vagina [8]. Sedate 
conveyance to the genital range faces a few challenges, counting 
the impact of compounds like bodily ϐluid, vaginal liquids, 
chemicals, protein inhibitors, and proteins on assimilation 
and sedate discharge proϐiles in vaginal medicate conveyance 
frameworks (VDSs) [9]. The normal obstructions shaped by 
the vaginal tissues and body ensure it from outside substances, 
counting drugs. Subsequently, it is signiϐicant to consider 
these components when creating drugs for the genital area 
[10]. To overcome these challenges, different VDSs have been 
created, such as nanoparticles and hydrogels. Nanoparticles 
offer focused on medicate conveyance, maintained discharge, 
and moved forward bioavailability, whereas hydrogels give 
a three-dimensional organize for controlled sedate release 
[11]. These VDSs have found applications in vaginal microbial 
control, where they can successfully convey antimicrobial 
operators to treat vaginal diseases caused by organisms. By 
deϐining drugs into VDSs, their adequacy can be improved, 
and focus on conveyance to the location of disease can be 
accomplished. In outline, understanding the challenges in 
sedate conveyance to the genital zone and utilizing VDSs like 
nanoparticles and hydrogels give openings for more successful 
medications for genital diseases and other related conditions 
(Figure 1) [12].

Vaginal infections associated with microorganisms and 
biological obstacles in vaginal medication administration

Structure and function of the vaginal anatomy: The 
vaginal canal, which expands from the cervix to the outside 
genitalia, measures around 9 cm in length. It is composed of 

folds known as rugae that frame the dividers of the genital 
locale. Critically, the vaginal dividers are wealthy in blood 
vessels, encouraging the assimilation of vaginal medicate 
conveyance frameworks (VDDS) [13]. This broad organize of 
veins permits for the quick discharge of VDDS from the vagina 
into the fringe circulation, bypassing the ϐirst-pass digestion 
system within the liver. Besides, the vaginal epithelium 
contains a 5-55 μm thick layer of glycoprotein gel, known as a 
vaginal bodily ϐluid, which is mindful of different bodily ϐluid 
discharges. The vagina too produces a critical sum of liquid, 
with ladies of regenerative age regularly producing 18-24 
grams of vaginal liquid per day [14].

Vaginal infections associated with microorganisms: 
Millions of ladies are inϐluenced by genital diseases caused by 
infections, microscopic organisms, and parasites each year. 
Investigate demonstrates that numerous women's wellbeing 
issues are credited to an excess of microorganisms (allude 
to Table 1) [15]. For occurrence, Chlamydia trachomatis and 
Neisseria gonorrhoeae, two Gram-negative microbes, are 
capable of chlamydial infection and gonorrhea, respectively 
[16]. Syphilis is caused by the bacterium Treponema pallidum. 
Candida albicans, a common organism, could be a major guilty 
party in 50% - 70% of contagious contaminations, counting 
vaginal candidiasis. Trichomoniasis, caused by the parasite 
Trichomonas vaginalis, can inundate vaginal epithelial cells, 
ruddy blood cells, and vaginal microscopic organisms. These 
contaminations can result in barrenness, pelvic torment, 
stomach-related issues, and an expanded chance of cancer 
with delayed exposure [17].

For occasion, gram-negative microscopic organisms, 
to be speciϐic Chlamydia trachomatis and Neisseria 

Table 1: Disease-causing organism of female reproductive system disorder.
Vaginal disease Infectious agent Germ References

Gonorrhea Neisseria gonorrhea bacteria [10]
Trichomoniasis Trichomonas vaginalis parasite [12]

Bacterial Vaginosis Gardnerella vaginalis bacteria [14]
Syphilis Treponema pallidum bacteria [15]

Chlamydia Chlamydia trachomatis bacteria [17]
VC Candida albicans Fungus [18]

Figure 1: Depiction of vaginal physiological obstacles in vaginal medication delivery.
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gonorrhoeae, are dependable for diseases like chlamydia 
and gonorrhea [18]. In the interim, syphilis stems from the 
bacterium Treponema pallidum. Vaginal candidiasis (VC), a 
predominant contagious disease, overwhelmingly emerges 
from Candida albicans (C. albicans), a common yeast. C. 
albicans stands as one of the foremost as often as possible 
experienced pathogens, constituting 50% - 70% of parasitic 
infections [19]. Furthermore, trichomoniasis is caused by the 
nearness of Trichomonas vaginalis, a parasite that not as it 
were overwhelms ruddy blood cells and microbes within the 
vaginal zone but too targets vaginal epithelial cells. Be that 
as it may, trichomoniasis can have genuine results such as 
fruitlessness, pelvic torment, stomach-related issues, and an 
expanded hazard of creating cervical cancer over time [20].

Biological hurdles in vaginal drug administration: 
The vaginal bodily ϐluid boundary presents a noteworthy 
challenge in conveying drugs to the vagina. Later inquiry 
has uncovered that the cervix contains vaginal bodily ϐluid, 
which contains a thickness ranging from 5 μm to 55 μm 
[21]. This bodily ϐluid could be a complex blend of different 
components, counting vaginal epithelial cells, genital exudate, 
gel-forming glycoproteins, lipids, proteins, proteins, and 
antibodies. It overwhelmingly comprises water, making up 
around 90% - 95% of its composition. The vaginal bodily ϐluid 
acts as a physical obstruction, catching drugs and outside 
nanoparticles through a steric handle, driving to delayed 
indication alleviation. Furthermore, mucin ϐilaments inside 
the bodily ϐluid ruin medicate entrance and retention within 
the vaginal tissues [22].

Overcoming these obstructions is signiϐicant for successful 
medicate conveyance to the vaginal locale. Methodologies 
such as adjusting sedate deϐinitions or utilizing inϐiltration 
enhancers can upgrade medicate inϐiltration through 
the bodily ϐluid barrier [23]. Creating sedate conveyance 
frameworks that can proϐiciently bypass or break down the 
bodily ϐluid boundary is additionally vital for progressing 
sedate retention and dispersion inside the vaginal tissues. 
Understanding and tending to these natural boundaries are 
fundamental for the effective improvement of vaginal sedate 
conveyance systems [24]. Another signiϐicant natural ϐigure 
that inϐluences sedate conveyance to the genital region is the 
genital epithelium. It plays a part in diminishing medicate 
movement and subepithelial sedate administration [25]. 
Epithelial cells frame tight intersections, which constrain 
paracellular porousness and take-up of vaginal sedate 
conveyance frameworks (VDS). The absorptive efϐiciency of 
VDS is additionally impacted by the thickness of the genital 
epithelium. The thickness of the vaginal epithelial cell layer 
changes amid distinctive stages of monthly cycle, with a 
contrast of roughly 200-300 microns. As the thickness 
increments, VDS absorption decreases [26]. Subsequently, a 
comprehensive approach considering the complete menstrual 
cycle is required for compelling genital sedate conveyance. 
In expansion to the organic boundaries postured by the 

epithelial cells of the cervix and genital region, extraordinary 
consideration ought to be given to pregnant ladies when 
creating vaginal medicate conveyance frameworks. Pregnant 
ladies are involved in different organic changes that can affect 
VDS efϐicacy [27]. For illustration, the vaginal liquid volume in 
pregnant ladies is roughly 18-24 grams per day and contains 
compounds such as lactic corrosive, glycerol, and glucose. 
The nearness of glycogen within the vaginal liquid serves as 
a substrate for microbial and enzymatic forms that create 
lactic corrosive, keeping up the pH of the genital area. The pH 
of the vagina in premenopausal ladies regularly ranges from 
4.0 to 5.0, with varieties of completely different parts of the 
vagina [28]. This acidic microenvironment can inϐluence the 
soundness and adequacy of VDS. Besides, pregnant ladies 
have a changed safe framework, enlisting more resistant cells 
such as T cells, B cells, Langerhans cells (LC), and dendritic 
cells (DC) to protect the vagina from outside substances. 
This resistant reaction can possibly affect the work and 
viability of VDS. Subsequently, considering immunogenicity 
is additionally vital in the improvement of VDS for pregnant 
women [29].

Approach to addressing biological obstacles in vaginal 
drug delivery: The advancement of vaginal sedate conveyance 
frameworks (VDS) is impacted by physicochemical qualities, 
counting surface chemistry and molecule estimate. Analysts 
have already decided that the behavior of bodily ϐluid in VDS is 
unexpected upon its surface chemistry [30]. To overcome the 
bodily ϐluid boundary, researchers have created a run of VDS 
with mucoadhesive and mucus-permeable characteristics. 
One approach includes coating VDS with polymers like 
polyacrylic corrosive (PAA), carbomer, alginate, chitosan, 
and carrageenan to improve their mucoadhesive properties. 
These polymers can connected with bodily ϐluid through 
ionic, hydrogen holding, hydrophobic, or van der Waals 
intelligent, subsequently expanding the maintenance time 
and inϐiltration of VDS in bodily ϐluid (Figure 2) [31]. Within 

Immobilized in mucus
ex vivo

Diffisive in mucus
ex vivo

Figure 2: Enhancing mucus transport behavior of vaginal drug delivery systems 
through variation in polyethylene glycol (PEG) surface density.
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the setting of vaginal sedate conveyance frameworks (VDS), 
molecule measure, in expansion to surface chemistry, plays 
a vital part in their viability. By controlling the molecule 
estimate, the capacity of VDS to enter and be ingested through 
the genital boundary can be upgraded. The physical blending 
of VDS with cross-linked mucin strands is a vital calculation 
in encouraging the entrance of VDS through mucus [32]. By 
and large, VDS bigger than 500 nm in the estimate can enter 
bodily ϐluid, whereas bigger VDS confront more noteworthy 
challenges in bodily ϐluid entrance. Broad investigate has 
been conducted to make strides in the electrical properties 
of VDS, as their retention productivity is subordinate to their 
physicochemical traits. Also, variables such as the thickness, 
amount, composition of the vaginal epithelium, and pH esteem 
of the vaginal liquid in females moreover impact the retention 
of VDS. Be that as it may, inquiries about information on the 
human genitalia are still constrained. Advance examination is 
fundamental to way better understand the negative impacts 
of drugs on the genital zone and to overcome natural diseases 
[33].

Commonly employed nanoparticles for overcoming 
biological barriers in vaginal drug delivery

Topical drugs such as tablets, capsules, and gels are 
commonly endorsed for vaginal medicate conveyance. In any 
case, their viability is frequently prevented by the boundaries 
displayed within the vaginal environment [34]. For a long time, 
progressions in nanotechnology have driven the advancement 
of different conveyance frameworks based on nanoparticles 
and hydrogels. These imaginative approaches offer promising 
arrangements to overcome organic obstructions. This chapter 
gives a presentation on regularly utilized vaginally medicate 
conveyance frameworks, particularly nanoparticles, and 
hydrogels, and explores their applications within the genital 
area [35].

Liposomes: Liposomes, comprised of cholesterol, 
phospholipids, and water are considered safe for the body 
as they can naturally degrade, are non-toxic, and do not elicit 
an immune response [36]. The aforementioned properties 
of liposomes make them highly advantageous for drug 
delivery to the vagina. Due to their ability to easily traverse 
the vaginal environment and remain in place for extended 
periods, liposomes are ideal for this purpose. Additionally, 
liposomes can be modiϐied with polymers that have an 
afϐinity for bodily ϐluids or possess the capability to penetrate 
mucus. This modiϐication enables liposomes to effectively 
target speciϐic cells, even in the presence of natural barriers 
within the body that might impede drug delivery [37]. Later 
headways have driven the improvement of unused sorts of 
liposomes, counting altered and deformable liposomes, which 
can react to variables like pH, temperature, or enzymes [38]. 
In expansion to their fabulous grip properties, liposomes 
can be designed to target particular regions of the vagina, 
modifying their surface chemistry, morphology, and molecule 

estimate to enter the bodily ϐluid obstruction and accomplish 
tall medicate assimilation. Typiϐied anti-microbials, such 
as clotrimazole, metronidazole, and chloramphenicol, 
have been effectively conveyed utilizing liposomes to treat 
parasitic and bacterial infections [39]. The discharge of the 
medicate from liposomes can be controlled by selecting the 
suitable liposome deϐinition, with pH-dependent drug-release 
liposomes appearing to guarantee intravaginal organization 
due to the acidic pH of the vagina (Figure 3). Be that as it 
may, liposome precariousness and quick medicate discharge 
beneath acidic conditions have been constraining variables. 
To overcome these challenges, liposomes have been joined 
into polyacrylate gels, giving strides in steadiness and longer 
capacity times [40]. In vitro ponders have appeared that 
liposomes joined in gels show adequate soundness at low pH 
and have the speciϐied consistency, hydrophilicity, and bio 
adhesion. These liposome gels have illustrated maintained 
medicate discharge and maintenance, making them promising 
vaginal sedate conveyance frameworks. Another approach 
includes the utilize of liposomes/noisesomes in combination 
with 2rbopol gel, which moves forward the physical 
soundness of liposomes. Multilayered liposomes/noisesomes 
have appeared tall medicate movement and soundness, 
with maintained discharge compared to control bunches. In 
creature considers, mice treated with liposomes/noisesomes 
containing clotrimazole shown expanded anti-inϐlammatory 
sedate levels at day 7 after administration [40].

The analysis of in vivo studies in the systematic review 
focused on investigating the effectiveness of clotrimazole-
containing liposomes/noisesomes in mice. These studies 
provided valuable insights into how liposomes performed 
compared to control groups, offering implications for potential 
clinical applications [41]. The in vivo studies included in the 
review involved treating mice with clotrimazole-containing 
liposomes/noisesomes, while control groups received 
different formulations or a placebo. Various outcomes were 
assessed in these studies, such as reductions in microbial load, 
levels of inϐlammation, and overall therapeutic efϐicacy. The 
results of these in vivo studies consistently demonstrated that 

Figure 3: Evaluation of liposomes and polymer-based nanoparticles for their ability 
to adhere to and penetrate mucus.
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liposomes outperformed the control groups. Mice treated with 
clotrimazole-containing liposomes/noisesomes exhibited 
signiϐicant reductions in microbial load, indicating the effective 
control of microbe infections [42]. Additionally, the liposomes 
were found to signiϐicantly decrease inϐlammation levels 
in the vaginal tissues of the treated mice, highlighting their 
anti-inϐlammatory properties. These ϐindings have important 
implications for potential clinical use. The utilization of 
liposomes as a drug delivery system for clotrimazole in the 
treatment of vaginal microbe infections has the potential to 
improve therapeutic outcomes. By delivering clotrimazole 
directly to the affected area, liposomes enable sustained and 
controlled release of the drug, ensuring prolonged exposure 
and potentially enhancing its efϐicacy. This targeted approach 
may lead to improved treatment outcomes and potentially 
reduce the risk of drug resistance [43]. Moreover, the ability 
of liposomes to reduce inϐlammation in the vaginal tissues is a 
promising ϐinding. Inϐlammation is a common issue associated 
with microbe infections, and its reduction can alleviate 
discomfort and facilitate healing. This suggests that liposomes 
not only serve as effective drug carriers but also possess 
inherent anti-inϐlammatory properties that contribute to the 
overall therapeutic effect [44]. Based on these encouraging 
outcomes, the use of clotrimazole-containing liposomes/
noisesomes shows potential as a clinical intervention for the 
treatment of vaginal microbe infections. Further research 
and clinical trials are necessary to validate these ϐindings, 
determine optimal dosages and treatment durations, and 
assess potential side effects. Nevertheless, the insights gained 
from the in vivo studies reviewed in this systematic review 
provide a solid foundation for future investigations and 
underscore the potential clinical beneϐits of liposome-based 
drug delivery systems in managing vaginal microbe infections 
[45].

Researchers have been able to upgrade the properties of 
liposomes by controlling their physicochemical characteristics 
[41-43]. This has driven the advancement of modern sorts of 
liposomes that show progressed mucoadhesive properties 
and upgraded bodily ϐluid entrance. For occasion, Škalko-
Basnet, et al. made PEGylated liposomes with a normal 
molecule estimate of 181 ± 8 nm and a negative charge 
(-13 mV) [43-45]. These liposomes illustrated way better 
inϐiltration through bodily ϐluid and more profound epithelial 
layers compared to control liposomes. In another ponder, 
Hanan Refai, et al. coated liposomes with chitosan for the 
vaginal conveyance of sildenaϐil citrate. The chitosan-coated 
liposomes displayed drawn-out discharge and moved forward 
the porousness of sildenaϐil compared to uncoated liposomes, 
driving improved retention of sildenaϐil within the vaginal 
region [43]. Later progressions in nanotechnology have 
driven the improvement of stretchable liposomes, which offer 
modern conceivable outcomes for vaginal medicate delivery 
[44]. Dong Chunjing, et al. have detailed the potential utilize of 
deformable liposomes as a novel instrument for this reason. 

Essentially, Roϐida Allash, et al. conducted a think about the 
co-treatment of genital candidiasis utilizing propylene glycol-
loaded fenticonazole nitrate (FN) with deformable liposomes 
(FDL) [45]. The FDL detailing illustrated adaptable coating, 
with a molecule measure of 185 ± 19 nm and a negative 
charge of -53 ± 2.7 mV. It moreover showed tall deformability 
of 92% ± 5.6% phospholipid/min. The nearness of propylene 
glycol and the hydrophilicity of the phospholipid bilayer 
permitted FDL to proϐiciently typify FN, with a sedate stacking 
effectiveness of 78% ± 2.14%. Furthermore, propylene glycol 
improved the penetrability of FN through the vaginal mucosa 
[46]. These deformable liposomes encouraged the entrance of 
FN into the genital mucosa, empowering better measurements 
of the medicate to be kept up within the genital tissue 
while avoiding systemic absorption. This moved-forward 
conveyance framework appears to guarantee upgrading the 
adequacy of treatment within the genital area [47].

Biocompatible nanocarriers for vaginal therapy: 
Characteristic polymers offer a few points of interest for 
utilize in pharmaceuticals, such as their biocompatibility, 
reasonableness, accessibility of crude materials, controlled 
discharge capabilities, and moo toxicity [48]. Polysaccharides 
determined from plants and proteins like gluten and zein are 
broadly examined and utilized in pharmaceutical details. In 
any case, there's constrained data, particularly on the utilize 
of normal polymeric nanoparticles for vaginal medicate 
conveyance. Two promising polysaccharides, chitosan, and 
alginate, have appeared potential as medicate carriers for 
vaginal medications. They have mucoadhesive properties, 
antimicrobial movement, and the capacity to regulate 
drug discharge within the vaginal mucosa [49]. Chitosan, 
in speciϐic, has been broadly considered for its capacity to 
move forward ϐibroblast multiplication, display antioxidant 
properties, and upgrade medicate retention in vaginal tissues 
[50]. Alginate-based nanoparticles, determined from green 
growth and created through biotechnological strategies, have 
moreover been investigated for vaginal medicate conveyance. 
Proteins, such as zein, determined from plants, have also been 
considered for the advancement of characteristic polymeric 
nanoparticles. Zein shows bioadhesivity, biocompatibility, 
and anticancer properties. When combined with chitosan, zein 
can upgrade medicate entrance through the bodily ϐluid layers 
of the vagina. Generally, normal polymers within the shape of 
nanoparticles appear to guarantee vaginal medications due 
to their biocompatibility, moo harmfulness, and capacity to 
be associated with the vaginal mucosa. In any case, advance 
investigate is required to investigate their viability, security, 
and optimization for medicate conveyance by means of the 
vaginal route (Table 2) [51].

The ϐield of vaginal drug delivery has witnessed signiϐicant 
advancements in liposome technology, particularly in the 
realm of modiϐied and deformable liposomes [38-41]. These 
innovations have been developed to address the challenges 
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encountered with conventional liposomes and present 
numerous beneϐits. Modiϐied liposomes are designed with 
speciϐic surface properties that enhance their interaction with 
the vaginal mucosa [42-45]. By altering the surface charge, size, 
or composition of liposomes, their uptake and retention in the 
vaginal tissue can be greatly improved. Deformable liposomes, 
on the other hand, possess the unique ability to change shape 
and adapt to the biological barriers encountered during 
vaginal drug delivery [46-48]. This adaptability enables them 
to penetrate the vaginal epithelium more effectively and reach 
the desired site. These advancements in liposome technology 
offer several advantages over traditional liposomes. Firstly, 
they enhance the bioavailability of drugs by increasing their 
retention and absorption in the vaginal tissue [49]. Moreover, 
modiϐied and deformable liposomes can enhance the stability 
and release proϐile of encapsulated drugs, ensuring controlled 
and sustained delivery. Additionally, these innovative 
liposomal formulations provide improved drug targeting and 
reduced systemic exposure, minimizing potential adverse 
effects. They also allow for the encapsulation of a wide 
range of drugs, including both hydrophilic and hydrophobic 
compounds, expanding the therapeutic possibilities for vaginal 
drug delivery [50]. In conclusion, recent progress in modiϐied 
and deformable liposomes has revolutionized vaginal drug 
delivery by overcoming the limitations associated with 
traditional liposomes. These advancements offer improved 
drug bioavailability, enhanced stability, targeted delivery, and 
a broader range of encapsulation options. They hold great 
promise in enhancing the effectiveness and safety of drug 
therapies in the vaginal region [51].

Nanogel systems: Hydrogels have proϐitable physical, 
chemical, and natural properties that make them appealing 
as potential frameworks for vaginal sedate conveyance 
(VDDSs). Their remarkable mucoadhesive characteristics and 
moo harmfulness render hydrogels exceedingly successful in 
conveying drugs to the vaginal region [52]. By consolidating 
pH-sensitive and thermoresponsive properties, hydrogels 
empower exact and controlled discharge of vaginal drugs. Be 
that as it may, their expansive measure limits their capacity to 
enter bodily ϐluid effectively [53]. To overcome this restriction, 
analysts have created different composite frameworks 
combining nanoparticles with hydrogels. For illustration, 
Lars Eckmann and colleagues created a thermoresponsive 
hydrogel implanted with nanoparticles to convey auranoϐin. 
Akpa and colleagues portrayed mucoadhesive hydrogels with 
adjusted surfaces for conveying miconazole nitrate (MN), 

which decreases bothering, upgrades entrance, and drags out 
localized vaginal sedate discharge for successful treatment. 
So also, gelatin-carbohydrate hydrogels stacked with 
nanoparticles were utilized to move forward the adequacy 
of metronidazole (MZ) in treating vaginal contaminations, 
especially Candida contaminations [54]. These composite 
frameworks take advantage of the amazing mucoadhesion 
of hydrogels and empower proϐicient medicate stacking in 
vaginal bodily ϐluid. Analysts have found that the expansion 
of nanoparticles encourages more profound inϐiltration 
through bodily ϐluid, overcoming organic boundaries and 
coming about in higher antimicrobial action against microbes 
such as Escherichia coli (E. coli) and Bacillus subtilis [55]. 
Temperature-sensitive and pH-sensitive hydrogels have been 
broadly considered for controlling vaginal contaminations. 
For occurrence, Castillo-Castro, et al. created thermosensitive 
poly(methyl vinyl ether-alt-maleic anhydride) (PVMEMA) 
hydrogels that drag out sedate home within the vagina, 
improving their restorative viability against bacterial 
vaginosis. Janat-Amsbury, et al. made a thermosensitive 
mucoadhesive polymer-based progesterone (P4) gel (GC-P4) 
for vaginal application, which may possibly stop the movement 
of endometrial hyperplasia [56]. Responsive hydrogels, not at 
all like routine hydrogels, offer noteworthy points of interest 
in terms of controlled medicate discharge and are picking 
up ubiquity in vaginal medicate conveyance. The utilize 
of composite frameworks comprising nanoparticles and 
hydrogels permits moved forward bodily ϐluid inϐiltration, 
improving sedate maintenance, entrance, assimilation, and 
restorative impacts for vaginal infections [57].

Nanoscale inorganic particles: Inorganic nanoparticles 
have been utilized for their antibacterial properties for a long 
time. Later thinks have uncovered that distinctive sorts of 
inorganic nanoparticles can actuate harm to microbial cells 
through oxidative push, protein inactivation, or ϐilm disruption 
[58]. These properties contribute to their tall antimicrobial 
movement, making them proϐitable as antimicrobial operators. 
In expansion, inorganic nanoparticles illustrate fabulous 
steadiness in cruel situations, counting moo pH levels, tall 
chemical concentrations, and tall protein substances within 
the vagina. As a result, they hold critical potential for treating 
genital contaminations. Additionally, nanoscale inorganic 
nanoparticles have demonstrated successful in entering 
vaginal mucus [59]. Silver-based nanoparticles, particularly 
silver nanoparticles (Ag NPs), are broadly utilized for their 
antibacterial properties against both Gram-positive and Gram-

Table 2: Utilization of natural polymers in the formulation of nanoparticles for vaginal mucosal applications.
Biopolymer Formulation Drug encapsulation Therapeutic approach References

Chitosan Ionotropic gelation Ascorbic acid Cervical Cancer [15]
Gelatin Desolvation method Tenofovir Sexual transmission of HIV in women [25]

Chitosan Ionotropic gelation Insulin Peptide delivery system [31]
Ovomucin Nano-precipitation Ciprofl oxacin Ribofl avin Unreported [40]
Alginate Reverse emulsifi cation Silver saccharinate Inhibiting HSV-2 ( Herpesvirus type 2)and Neisseria gonorrhoeae [42]

Chitosan ascorbate Ionotropic gelation Afamoxicillin trihydrate Atrophic Vaginitis [45]
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negative microbes. The antibacterial action of Ag NPs closely 
takes after that of silver particles. For occurrence, Chen, et al.
detailed that Ag0 NPs can disturb bacterial cell judgment, 
leading to cell death [60]. Besides, Hua Wei, et al. highlighted 
that the era of intracellular responsive oxygen species (ROS) 
actuated by Ag NPs is considered the essential instrument 
behind their cytotoxicity [61]. Additionally, several studies 
have demonstrated that silver-based nanoparticles inhibit 
DNA replication by binding to the sulϐhydryl groups present 
in bacterial cells. For example, Ag2O nanoparticles bind to 
bacterial DNA, preventing bacterial replication and causing 
DNA damage, ultimately resulting in bacterial death [62]. 
Gold-based nanoparticles, particularly gold nanoparticles 
(Au-NPs), have developed as promising candidates for 
combating microbial contaminations. Xie J, et al. found that Au 
NPs can upgrade intracellular receptive oxygen species (ROS) 
generation, subsequently moving forward their antibacterial 
activity [63]. They observed that the antibacterial impact 
was subordinate to the measure of the nanoparticles, with 
ultra-small gold nanoparticles showing more prominent 
antibacterial efϐicacy [64]. These small-sized Au NPs have 
the capacity to create ROS inside bacterial cells, driving 
bacterial cell passing. These interesting properties of Au 
NPs have the potential to improve safe reactions, especially 
in photothermal/photodynamic treatment. For occurrence, 
Jiang's gather created a bacteria-derived AuNP get-together 
framework for photothermal antibacterial treatment. These 
nanoparticles can total on bacterial cells, and through the 
bioorthogonal cycloaddition of vancomycin, their photokilling 
movement against Gram-positive microbes is upgraded. In 
addition, the surface chemistry of Au NPs can be altered by 
consolidating antimicrobial specialists such as antimicrobial 
peptides, chitosan, and quaternary ammonium bunches, 
which have noteworthy applications in antimicrobial therapy 
[65]. Optimizing the utilitarian bunches on the surface of gold 
nanoparticles utilizing cationic and hydrophobic ligands may 
be a promising procedure to overcome multidrug resistance 
(MDR) in microscopic organisms and combat illnesses 
effectively [66]. Later investigations have appeared that 
different sorts of inorganic nanoparticles, counting zinc-based 
(such as ZnO), nickel-based, copper-based, and palladium-
based nanoparticles, have antibacterial and antifungal 
properties [67]. Copper nanoparticles, in speciϐic, have been 
found to show antimicrobial movement against microscopic 
organisms like Staphylococcus aureus, Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa, and certain 
strains of fungi [68]. Moreover, the utilization of metal half-
breed nanoparticles has appeared to guarantee improving 
antimicrobial impacts. These crossovers have predominant 
catalytic execution in producing responsive oxygen species 
(ROS) and illustrate moved forward photothermal or 
electronic change productivity. For occasion, the application 
of Fe3O4-Ag cross-breed nanoparticles has been found to 
result in bigger E. coli cells compared to utilizing AgNPs alone 
[69]. In spite of the noteworthy antibacterial properties of 

inorganic nanoparticles, their utilization in clinical settings is 
right now constrained due to concerns around their biosafety. 
Subsequently, assistance inquiries are essential to diminish 
the toxicity related to inorganic nanoparticles and guarantee 
their security for clinical applications [70].

In vitro models aid in the development and optimization 
of vaginal drug delivery systems

Mimics vaginal environment: Vaginal medicines can 
affect the stability and release of drugs in the cervicovaginal 
ϐluid. To assess these possible intuitions, research facility 
analysts often use simulated vaginal ϐluid or puriϐied mucin 
solutions [71]. The SVF is made up of information about the 
chemical composition of ϐluids in the vagina. This information 
focuses on properties that affect how well products applied 
to the vagina work [72]. pH refers to how acidic or alkaline 
a substance is, while osmolarity refers to the concentration 
of solutes in a solution. The SVF formulas usually include salt 
that is balanced to pH 4. 2 They also have bovine serum, egg 
whites, corrosive ingredients, glycerol, urea, and glucose. 
However, they do not contain mucin. Other deϐinitions of 
SVF with additional supplements and higher pH have been 
suggested to study the growth of bacteria. Reenacted cervical 
bodily ϐluid has also been suggested but not widely used to 
study drug delivery systems [73]. 

According to Araujo, et al. a gel-like structure was created 
using a combination of oleic acid, cholesterol, ethoxylated 
and propoxylated cetyl alcohol (a special type of alcohol), and 
poloxamer 407. When mixed with a certain type of protein, the 
gel turned from a liquid to a more solid texture, showing that 
it can stick to mucin cuts in a stretched-out form, according 
to tests in a lab [74]. These gel samples containing SVF also 
showed calming release patterns in laboratory experiments. 
In another study by Huang and others, they made special ϐibers 
using cellulose and a chemical called acetic acid phthalate. They 
added a medicine (TMC 125 or tenofovir disoproxil fumarate) 
that ϐights against HIV to these ϐibers [75]. They did this to see 
if these ϐibers could be used in the vagina to treat HIV. This ϐiber 
is designed to use the pH-dependent ability of CAP to dissolve 
and release the drug rapidly when it comes into contact with 
semen. The research analysts discovered that the strands of 
a substance called CAP stayed the same when exposed to the 
natural pH level of the vagina, which is around 4. 2 However, 
when semen, which has a higher pH level of 7. 4-84, came into 
contact with the strands, it caused them to change and release 
the medication immediately [76]. Changing the amount of 
SVF mixed with semen showed that the drug-ϐilled ϐilaments 
broke apart within 8-90 seconds, depending on how much 
semen was present. Moreover, when the CAP ϐilaments mixed 
with tenofovir disoproxil fumarate were exposed to HIV-1 
particles in a liquid at a pH of 7. 4 for 1 hour, and then added 
to CD4+ TZMbl cells, a strong infection prevention effect 
was observed, which increased with higher concentrations. 
Mucus-ϐilled SVF was used as a cervicovaginal ϐluid (CVM) 
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model to study interactions with drug-ϐilled nanoparticles 
[77]. Neves and others. The researchers in this study focused 
on developing small particles called polycaprolactone (PCL) 
and coating them with the antiviral medicine dapivirine. 
To create variations, they modiϐied the outer surface of the 
particles using different substances such as poloxamer 338 
NF, PEO (a neutral compound), cetyltrimethylammonium 
bromide (a positively charged compound), or sodium lauryl 
sulfate (a negatively charged compound) [78]. To mimic the 
stretchiness of CVM, they added a small amount (1.5%) of a 
modiϐied version of pig stomach ϐluid called sort II to create 
a new substance called SVF. Rheological studies found that 
mucin-containing seminal vesicle ϐluid (SVF) had a lower 
thickness compared to non-ovulatory cervical mucus (CVM), 
but a thickness proϐile more similar to ovulatory CVM [79]. As 
expected, because mucin is negatively charged, the CTAB-PCL 
particles became larger when mixed with SVF containing mucin 
at pH 4. 2 or pH 7. 0 The study observed that nanoparticles 
labeled with ϐluorescent markers did not move much when 
placed in SVF, regardless of the pH. This suggests that CTAB-
PCL nanoparticles stick very well to the SVF [80]. In simpler 
terms, PEO-PCL and SLS-PCL nanoparticles were found to be 
more versatile and diffuse more easily in the SVF at pH 7. 0 
compared to pH 4. 2 This may be because the ionization state 
of mucin changes at different pH levels. Generally, the SLS-PCL 
nanoparticles moved more than the CTAB-PCL nanoparticles 
in a substance called SVF, at both pH 4. 2 and 70 The SLS-PCL 
nanoparticles moved 6 times more at pH 4. 2 and 36 times 
more at pH 7. 0 compared to the CTAB-PCL nanoparticles 
[81]. Used SVF to study a dried sticky framework ϐilled with 
lipoplexes designed to release siRNA when the vagina becomes 
wet again [82]. Lipoplexes are covered with smaller parts of 
polyethylene glycol (PEG) to reduce sticking together with 
bodily ϐluids. DSPE-PEG2000 was chosen as the best option 
because it allows the lipoplexes to move easily and stay stable 
in SVF at pH 6, which contains 1.5% of a type of pig mucus 
called sort 3 porcine mucus. Using hydroxyethylcellulose and 
PEG wipes helps deϐine lipoplexes, which have a better grip on 
somewhat hydrated mucin plates compared to other gels and 
creams available in the market [83]. The researchers in this 
study demonstrated a method for cleaning and moisturizing 
lipoplexes. They examined the degradation properties 
of vaginal tablets containing antifungal medicine using 
simulated vaginal ϐluid (SVF) without mucin. To evaluate the 
effectiveness of the medication, the tablets were exposed to 
a controlled ϐlow of ϐluid that mimicked natural vaginal ϐluid 
production. The study found that by incorporating cysteine 
into poly(acrylic acid) (PAA), the stickiness of PAA to bodily 
ϐluids was improved. This modiϐication also enhanced water 
absorption and optimized drug release in laboratory tests, 
outperforming unmodiϐied PAA [84].

Tissue culture models: These models were mainly used to 
study various natural aspects like viral diseases, inϐlammation, 
and communication between host cells and microbiota. 

Regardless, they can also measure particular aspects of vaginal 
medication information, particularly body ϐlexibility [85]. For 
example, Gali and his colleagues. Researchers used cultivated 
uterine and cervical cells in a special setup to study how well 
they survived and how they reacted when exposed to different 
types of ingredients in medicines and substances that kill 
microbes [86]. It seems that many substances used in vaginal 
gels can make it harder for cells to work properly and can 
affect the outer layer of cells. This emphasizes the importance 
of using in vitro screening methods to detect potential safety 
issues in pharmaceutical ingredients. One such method is the 
MatTek EpiVaginal 3D tissue, which consists of human cells that 
resemble vaginal tissue. These tissues are commonly used to 
test whether intravaginal drug delivery products are harmful. 
These studies have used electrospun nanoϐibers to prevent 
both HIV-1 and HSV-2 infections, polyurethane vaginal rings 
for slow release of dapivirin, and gel formulations to prevent 
C [87]. Infections The EpiVaginal show is used to test how 
well drugs are absorbed in the body when there is no ϐluid 
layer and regular clearance mechanism. This has been studied 
in relation to trachomatis and HIV infection. Some studies 
suggest that the health of vaginal tissue and its ability to react 
to infections can be inϐluenced by different types of bacteria 
and their byproducts. This information is very important 
when it comes to deϐining medicine that is delivered inside 
the vagina for different uses, like treating bacterial vaginosis 
[88]. A new test developed by SkinEthic allows researchers to 
study and understand vaginal candidiasis better. It involves 
examining interactions between pathogens and cells in the 
vaginal lining, as well as immune responses [89]. We can 
study how our body's natural defenses and treatments for 
fungal infections affect diseases in the mucosa by adding 
resilient cells and tiny organisms to the models. In addition 
to the regular tissue culture system, researchers also created 
a model of human cells that imitate vaginal tissue better. 
Hhelm and colleagues. The researchers made artiϐicial human 
vaginal tissues using special cells and equipment [90]. These 
3D images showed speciϐic details of small structures on the 
surface of cells, like tiny projections and folds. It also showed 
a stronger staining of certain connections between cells and 
proteins, and an increased presence of a speciϐic type of mucin 
attached to the cells [91]. The study found that when exposed 
to nonoxynol-9, the response of cells in the vaginal tissue 
was similar to that of human cervical tissue samples. The 3D 
model used in the study showed potential in evaluating the 
safety of vaginal products. 3D cell totals are also important 
for studying how cells interact with microorganisms in 
tissues. Rewrite this text in simpler words: Radke and his 
colleagues [92]. It seemed like the problems observed in 2D 
cell communities were better copied in his 3D presentation. 
Furthermore, Doerϐlinger and his colleagues conducted a 
study where they combined 3D cell cultures with bacteria 
commonly found in the vagina, including Lactobacillus and 
bacteria associated with bacterial vaginosis (BV). They then 
quantiϐied the interactions between the cells and the bacteria. 
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Likewise, a comparable study was carried out by Radtke, et 
al. [93]. The researcher successfully developed a 3D model 
of the cervical epithelium by utilizing A2EN cells. These cells 
were cultivated on collagen-coated dextran microcarrier 
dots within a spinning bioreactor. Even though cells need a 
dissolvable bodily ϐluid layer, they showed higher expression 
of certain substances called mucins, especially MUC1, which is 
found in the cell membrane, compared to normal cell layers. I 
will simplify the text for you: When 3D models of cervical cells 
were shown to microorganisms, it caused an increase in the 
production of certain proteins and chemicals found in human 
cervical ϐluids [94]. Changing the way these mucins work or 
releasing them may have an important role in how pathogens 
interact with our bodies. Additional exams looked at the 
connection between distinct types of microbes in the vagina, 
medicines that ϐight against microbes, and different types 
of infections [95]. These exams showed how important it is 
to think about the microbes in the vagina when testing new 
treatments that are meant for speciϐic microbe environments. 
This study shows that studying the bacteria in the vagina 
can help us understand how it affects the pH of bodily ϐluids 
and other substances that reduce inϐlammation [96]. This 
information could be useful in developing new ways to deliver 
medicine. It seems that when cervical cells are treated with 
a substance called cervicovaginal liquid (CVF) with a low 
pH and solid consistency, their function improves. This is 
especially true when exposed to another substance called 
polyinosinic-polycytidylic acid (PIC) which activates a certain 
receptor called TLR3. This suggests that CVF has a protective 
effect on cervical cells [97]. When cells treated with CVF were 
mixed with L-lactate, they also produced fewer cytokines like 
IL-6 and TNFα in response to PIC. This means that there could 
be communication between cells in the vagina, including the 
cells that line the vagina, immune cells, bacteria, and ϐluid in 
the vagina. These studies provide valuable information about 
improving artiϐicial models that can better mimic the setting 
of the vagina. By examining different things like cells, bacteria, 
and ϐluids in the vagina, researchers can better understand its 
workings [98].

Preclinical models for assessing vaginal drug delivery 
systems (Ex vivo models)

Tissue models: A method to test drugs in the vagina 
is to use tissue tests outside of the body. It is important to 
compare animals and humans when studying reproductive 
organs. However, animal tissue is often used because it is 
easier to get [99]. These differences include differences 
in body structure, the microorganisms in the vagina, the 
surrounding environment, how hormonal cycles affect cells 
and tissue, gland secretions, and when hormonal cycles occur. 
New research suggests that the properties of cervical ϐluid in 
female mice during their reproductive cycle are similar to the 
properties of cervical ϐluid in women. In mice, the estrous cycle 
happens very fast. The vaginal surface and thickness change 
in four stages that only last 4-5 days. Hormone replacement 

therapy has been found to greatly impact the structure and 
properties of mouse CVM [100]. In a study, rats were given 
ϐluorescently labeled nanoparticles in their vagina. Some 
rats were treated with estradiol or progesterone to cause 
changes similar to high estrogen or high progesterone levels 
during the estrous cycle [101]. The tissue that was cut is then 
seen using a machine that can detect changes in the CVM 
layer of genital tissue. The study discovered that very small 
particles called mucoinert nanoparticles, measuring only 
100 nm, were greatly affected by the movement within the 
CVM of mice that had been given progesterone beforehand. 
In experiments, small particles called mucoinert were spread 
throughout the CVM, covering the genital tissue of mice that 
were either treated with estradiol or were in their regular 
reproductive cycle [102]. Differences in the way rodents move 
their reproductive organs outside of the body are connected 
to how these organs function inside the body. These ϐindings 
show that using tissue taken from mice and studied outside 
of the body (ex vivo) can be helpful in evaluating drugs or 
treatments for the reproductive system. When we analyze and 
show results, it's important to remember the restrictions and 
differences between animal models and human FRT. Pig and 
cow genital tissues from slaughterhouses are often used as 
ex vivo tissues to test drugs in the reproductive system. In their 
study, the researchers utilized various methods and shapes 
to evaluate the adhesive properties of different samples of 
tissue [103]. To give an example, Jalil and the co-authors. The 
researchers studied the ability of gellan gum-based vaginal 
layers with microbicide to stick to conϐined porcine genital 
tissues [104]. The inner lining of the vagina was cleaned with 
a substance that imitates vaginal ϐluid, which has a pH of 4. 2 
Then, it was exposed to different materials for 10 minutes so 
that it could stick to the surface of the lining. The tissues were 
cleaned using a pump, and the collected fabric was examined 
to see how well it sticks to mucus. Movies that have been 
made with adjusted gellan gum and thiol buildups stick better 
compared to movies made with unmodiϐied gellan gum [105].

Various methods and shapes were used to measure how 
well different substances stick to tissues. We studied how 
well a fungicide called gellan gum sticks to the genital ϐilm of 
pig genital tissue [106]. The lining inside was cleaned with 
imitation vaginal ϐluid (SVF) at pH 4. 2 and then exposed 
to different polymers for 10 minutes to allow water on the 
surface. In a different plan, researchers looked at small 
particles with liposomes that ϐloat in the air and micro-sized 
particles with nystatin loaded inside them. They tested these 
particles by keeping two pieces of pig genital tissue on a table 
made of wood [107]. In this particular study, the researchers 
utilized tissue from cow reproductive organs to examine the 
adhesive capabilities of ϐilms composed of metronidazole 
hyaluronic acid. The objective was to evaluate the effectiveness 
of these ϐilms in adhering to surfaces. The main part of the ϐilm 
was observed to measure the time it took to spread, and the 
creators discovered that their ϐilm stayed in the walls of the 
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vagina in both directions of movement. These pictures show 
how pig and cow tissues are used in different tests to see how 
well different products stick to them in experiments outside of 
the body [108]. These models provide a better understanding 
of how specialists and tissues interact. This understanding can 
help improve the availability of medicine at the development 
site.

Ex vivo means using genital tissues from different animals, 
like rabbits, guinea pigs, cattle, sheep, pigs, and non-human 
primates, to study how drugs and molecules can get into the 
body. To determine if pig tissue can be used as a good model 
for how drugs enter human tissue [109]. They compared 
tissue from pigs' genitals to tissue taken from older women 
after they had their uterus removed. The tissue was placed 
in a drain to remove the cells and then exposed to a special 
solution containing tritium for a whole day [110]. In simpler 
words, the harmful glues and the way tissues are handled 
during collection can also affect the ϐlow. Surprisingly, 
the study discovered that even though the tiny particles 
were mixed with cement in a lab version of vaginal ϐluid, 
they actually became more absorbent to pig vaginal tissue 
[111]. The reason for the increased porosity might be that 
the washed pig tissues do not have a layer of ϐluid, and the 
nanoparticles are toxic. Studies done on vaginal tissue outside 
of the body have also shown that medicinal substances stay in 
the genital area instead of going through the tissue [112]. Ex 
vivo tissue tests are used to check if topical products are toxic. 
Comparing different cell lines from the cervix, vagina, and 
uterus with isolated pig vaginal tissue to establish a reliable 
method for evaluating vaginal semisolids. To comprehend 
the potentially harmful effects of various vaginal oils, the 
researchers employed polarized human cervical biopsies. The 
study revealed that high osmolarity is linked to heightened 
toxicity. The signiϐicance of testing tissue samples outside of 
the body is emphasized as it allows for the assessment of the 
safety of vaginal products [113]. This is especially important 
when looking at things like high osmolarity and the use of 
certain materials in the product.

Human mucus models: Different ways are used to collect 
bodily ϐluids and mucus from the female reproductive system. 
This plan collects ϐluid from the lining of the body, which is 
important for being mature [114]. Alternatively, central and 
proximal CMPs can be gathered during pregnancy using a thin 
tube. Another way to collect fabric to measure dissolvable 
markers in the vagina is cervicovaginal lavage (CVL) [115]. 
This text talks about using special cups to collect a ϐluid called 
cervicovaginal ϐluid (CVM) in a natural and safe way. Ponder 
members can get their own tests by easily putting in and 
taking out the menstrual cup, which is then spun around to 
collect safe body ϐluid. The menstrual container is also used 
to collect cytokine and antibody samples by soaking for 1-2 
hours [116]. Knowing the size and openness of pores in bodily 
ϐluids is important for designing and improving drug delivery 

systems. These systems can enter bodily ϐluids and deliver 
helpful medicine to tissue. The researchers used different 
methods to measure the size of the pores in the cervix [117]. 
One plan involves gauging the difference between proteins, 
microbes, and infections using special dyes. These substances 
can be found in cervical ϐluid and saltwater solution. The 
items spread at similar rates in cervical ϐluid and saline, 
indicating that they were small enough to be inϐluenced by the 
liquid inside the ϐluid pores [118]. However, later studies have 
shown that certain particles like HSV and HIV can be found 
in bodily ϐluids and can be spread through contact. To get a 
better idea of how well the pore estimate works, we use tiny 
particles that don't stick together called bodily ϐluid entering 
particles (MPPs). These MPPs have sizes that range from 100 
nm to 1 μm and are used to measure how liquid ϐlows and to 
estimate the size of pores in milk [119].

In research, it has been found that factors like pH level, 
the types of bacteria in the vagina, and the risk of premature 
birth can affect the structure and properties of the cervix 
[120]. To explain further, when examining the cervical ϐluid 
of women at risk of premature delivery, there are more mucin 
strands present. This increases the ability of the granules to 
pass through [121]. This means that the hole size in the blood 
clot might be smaller in this situation. The information from 
these studies helps us understand how bodily ϐluids work and 
also gives important ideas for making better ways to deliver 
medicine [122]. This shows the need to create tiny particles 
or substances that can go into the ϐluid in the cervix and bring 
medicines or genetic material to the cells on its surface. In 
simpler terms, this sentence is saying that it is important to 
optimize the delivery of medicine to improve how it moves 
through the body and how effective it is. It also shows how 
different ingredients can affect how bodily ϐluids function 
[123,124].

Conclusion
Drug delivery systems (DDS) have the potential to 

effectively treat different genital infections, such as genital 
warts caused by various pathogens. By improving the way 
vaginal drug delivery systems work, they can stick to and 
go inside the genital area, making drugs work better and be 
absorbed more easily. In simpler words: Delivering drugs 
directly to a speciϐic area in the body helps the medicine work 
better and reduces problems in other areas of the body. It 
is very important to understand these problems in order to 
create better ways to give medicine for infections in the vagina. 
Using medicine through the vagina is usually the best way 
to treat infections and problems in the female reproductive 
system. It helps the medicine reach the right places while 
reducing any unwanted effects. To make vaginal drug delivery 
more effective and compatible with the body, we should use 
suitable model systems to show how it can be used in real 
medical situations. When creating and choosing these models, 
it's important to think about the structure of the female 
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reproductive tract and the difϐiculties that come with mucus, 
tissues, hormones, and the bacteria found in the vagina. These 
things can greatly affect how well drugs are delivered into the 
vagina and how they work. The way we predict outcomes of 
lab tests will get better as we develop cell cultures that imitate 
the layers of cells in the body, including mucus, bacteria in the 
vagina, and the immune system's reaction. These new models 
can help us understand how drugs placed in the vagina work, 
which can help us design better treatments that work more 
effectively.
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