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Abstract

Objective: To investigate the effects of different concentrations of S-glucan
on the repair of damaged vaginal mucosa, the expression of vascular endo-
thelial growth factor (VEGF), and the inflammatory factor-6 (IL-6) in vaginal
tissues. Methods: Thirty-six adult female specific pathogen free (SPF)-grade
Wistar rats were randomly divided into 3 phase groups with 12 rats each. Va-
ginal inflammation rat models were established by injecting phenol gel into
the vagina of each rat at a dose of 0.1 ml/100g body weight. After modeling,
rats were divided into 4 groups based on different concentrations of the test
agent. The control group was injected with 0.5 ml of saline, experimental
group A was injected with 0.375 ml saline + 0.125 ml S-glucan, experimental
group B was injected with 0.25 ml saline + 0.25 ml S-glucan, and experimen-
tal group C was injected with 0.50 ml S-glucan. The injection sites were se-
lected at the 3 o’clock and 9 o’clock positions of the vagina. Rats were sacri-
ficed at 7-, 14-, and 28-days post-injection, and tissue samples were collected
from the injection sites and prepared for histological analysis. New blood
vessels and fibroblast numbers in the tissues were observed after Hematox-
ylin-eosin (HE) staining. The expression levels of VEGF and IL-6 in the tis-
sues were measured using quantificational reverse transcription polymerase
chain reaction (qQRT-PCR). Results: Histological examination of vaginal tis-
sue specimens at 7-, 14-, and 28-days post-injection showed that on day 7,
there were no significant changes in the experimental groups compared to the
control group. However, on days 14 and 28, the experimental groups showed
more new blood vessels, macrophages, and fibroblasts with increased activity
compared to the control group. The expression levels of VEGF in vaginal tis-
sues were elevated on days 14 and 28 in the experimental groups. The com-
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parison of IL-6 levels in vaginal tissues on day 28 showed that serum IL-6 le-
vels returned to normal, and there was no statistically significant difference
between the experimental and control groups. Conclusion: In the 3 experi-
mental phases, the increase in VEGF levels in vaginal tissues on day 14
post-injection was more pronounced with higher concentrations of S-glucan,
and IL-6 levels returned to normal on day 28. f-Glucan can enhance VEGF
levels in damaged vaginal tissues, promote the repair of damaged vaginal tis-
sues, and higher concentrations of S-glucan have a better effect.
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1. Introduction

The human vaginal mucosal epithelial cells are mainly composed of glandular
epithelial cells and squamous epithelial cells. In various gynecological and vagin-
al intimate plastic surgery procedures, the vaginal mucosal epithelium is often
damaged. For middle-aged and elderly women, once the vaginal mucosa is
damaged, recovery is often difficult due to the decrease in estrogen levels in the
body, and the side effects of estrogen therapy are difficult to avoid [1] [2].
Therefore, there is a need to develop better treatment methods and drugs for re-
pairing damaged vaginal mucosa. It has been found that f-glucan promotes the
migration of macrophages and fibroblasts and stimulates the secretion and re-
lease of tissue enzymes and related metalloproteinases by some cytokines,
achieving the purpose of skin wound repair and intestinal mucosal repair [3] [4]
[5]. However, there is limited research on the reparative effects of S-glucan on
damaged vaginal mucosa. This study aims to investigate whether different con-
centrations of S-glucan have similar reparative effects in damaged vaginal mu-
cosa and explore the impact of S-glucan on the repair of damaged vaginal mu-

cosa.

2. Materials and Methods the Animal Experiment
2.1. Experimental Animals

Thirty-six SPF-grade female Wistar rats, aged 6 weeks, weighing 200 + 20 g,
were purchased from a reputable domestic animal research institute. The animal
experiments were conducted in accordance with animal experimental code of
ethics approved by the Animal Ethical and Welfare Committee (AEWC) of
Guangzhou Miles Biosciences Application (NO. IACUC. MIS20230038). The
experiment was carried out following the guidelines of the “Guide for the Care
and Use of Laboratory Animals” by the National Institutes of Health. The rats
were housed in cages at a temperature of (25 * 2)°C, relative humidity of (50
5)%, and a 12-hour light-dark cycle, with ad libitum access to food and water.

The rats were acclimated for 7 days.
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2.2. Reagents and Instruments

p-glucan (Guangzhou Xiaomanyao Medical Equipment Co., Ltd.); anhydrous
ethanol (China National Pharmaceutical Group Chemical Reagent Co., Ltd.);
phenol, glycerol (Shengong Biotechnology Co., Ltd.); Western blotting reagent
(purchased from JD.com); Trizol-RNA extraction reagent, Evo M-MLV RT Kit
with gDNA Clean for gPCR (Aike Ray Biotechnology Co., Ltd.); 75% anhydrous
ethanol, isopropanol (Tianjin Damao Biotechnology Co., Ltd.); real-time fluo-
rescence quantitative PCR instrument (BIO-RAD Biotechnology Co., Ltd.),
ChamQ SYBR gPCR Master Mix (Vazyme Biotechnology Co., Ltd.); xylene
(Tianjin Fuyu Fine Chemical Co., Ltd.); eosin staining solution, hematoxylin
staining solution, and neutral gum (Google Biotechnology Co., Ltd.); micro-
scope (Nikon Biotechnology Co., Ltd.); slide warmer (Anlishin Biotechnology
Co., Ltd.); dehydrator, embedding machine (Wuhan Junjie Electronics Co.,
Ltd.); benchtop high-speed refrigerated centrifuge (Tianmei Biotechnology Co.,
Ltd.).

2.3. Experimental Grouping

Following the methods as described by previous studies, a vaginal inflammation
model was established using phenol gel for 3 consecutive days. After one week of
acclimation, phenol gel was administered for 3 days (0.1 mL/100g body weight
injected into the vagina). The day following the phenol gel administration was
defined as day 1. On day 1, treatment with polypeptides was administered at the
3 o’clock and 9 o’clock positions within the vagina, with an area of approx-
imately 1.5 cm around the injection site marked. A dose of 0.5 ml was injected at
a single site. The injection regimens were the same as the cell groups, as shown
in Table 1.

2.4. Methods

2.4.1. Reagent Injection

36 rats were fasted for 12 hours and water-deprived for 4 hours before the sur-
gery. After weighing the rats, a single intraperitoneal injection of 1.5% pento-
barbital sodium (5 ml/kg) was administered for anesthesia. Following appropri-
ate anesthesia, the perineal skin of the rats was prepared, and after disinfection,
experimental groups A, B, and C were treated by injecting polypeptides at the 3
o’clock and 9 o’clock positions within the vagina (using a 30G * 25 mm sharp

Table 1. Treatment Groups.

Group Saline F-glucan Total dose
Control 0.50 ml 0 0.50 ml
Group A 0.375 ml 0.125 ml 0.50 ml
Group B 0.25 ml 0.25ml 0.50 ml
Group C 0 0.50 ml 0.50 ml
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needle and 1 ml/5ml luer-lock syringe). The needle was inserted at a 15° angle to
the submucosal layer, approximately 4 mm in depth, and injection was per-
formed after blood-free aspiration and slight resistance during injection. The in-
jection site was marked around a range of approximately 1.5 cm from the injec-
tion point. A 0.5 ml dose was injected at a single site, resulting in the immediate
appearance of a clear small wheal. The control group was injected with an equal
amount of saline. After injection, light massage was applied to ensure even dis-
tribution of the reagent. The rats were maintained under standard conditions
and euthanized by carbon dioxide (CO,) asphyxiation at 7, 14, and 28 days ac-
cording to the experimental period. The vaginal tissues of the rats were excised,
and the injected sites were transversely sectioned. Half of the tissue was fixed in
4% paraformaldehyde (for HE staining), while the other half was stored at -80°C
(for qPCR). Assessment of the degree of redness and swelling at the vaginal
opening of rats was scored as follows: severe 3 points, moderate 2 points, mild 1

point, and none 0 points.

2.4.2. Hematoxylin-Eosin Staining

After fixing the vaginal tissue of the rats at the injection site in 4% paraformal-
dehyde for 48 hours, the tissue was rinsed with running water for 4-8 hours to
remove paraformaldehyde. The tissue was then embedded in a net bag and
placed in 70% ethanol overnight. The following day, the tissue was sequentially
immersed in 80%, 90%, 100% A, and 100% B ethanol for 1 hour each. It was
then immersed in xylene A and xylene B for 30 minutes until the tissue block
appeared light brown or dark red and transparent. The tissue block was incu-
bated in paraffin baths A, B, and C for 1.5 hours each at 60°C. After embedding,
the tissue block and embedding molds were placed in the embedding instrument
for at least 30 minutes, and the water bath was closed after embedding. The tis-
sue was sectioned using a Leica microtome at a thickness of 4um, with section-
ing at 45°C, followed by baking in a slide warmer at 75°C for 60 minutes. The
paraffin sections were placed in a slide warmer at 60°C for 30 minutes, then
transferred to a staining dish for 5 minutes each in xylene A, xylene B, and xy-
lene C to deparaffinize the sections completely. The sections were rehydrated in
a gradient of ethanol (100%, 90%, 80%, 70%), followed by two washes in distilled
water for 5 minutes each. The sections were then stained in hematoxylin for 3 - 5
minutes, differentiated for 1 - 3 seconds, rinsed in tap water, counterstained in
eosin, and washed thoroughly in running water. Dehydration and eosin (alco-
hol-soluble) staining: The sections were dehydrated in 85% and 95% ethanol for
5 minutes each, then stained in eosin (alcohol-soluble) for 5 minutes. Dehydra-
tion and clearing: The sections were dehydrated in absolute ethanol three times
for 5 minutes each, followed by immersion in xylene for transparency. The spe-
cimens were removed from xylene, slightly dried, and mounted with neutral
gum. The target area was identified under a light microscope and photographed.

The formation of new blood vessel cells and the infiltration of inflammatory cells
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in the surrounding tissue were observed in the specimen.

2.4.3. qRT-PCR Detection of VEGF Expression in Vaginal Tissues

Total RNA was extracted from the tissues using Trizol reagent, and RNA con-
centration and purity were determined using NanoDrop. qRT-PCR was per-
formed to measure the levels of VEGF and IL-6. The reverse transcription sys-
tem included: gDNA Clean Reaction Mix Ver.2: 2 uL, total RNA: 0.5 - 1 ug,
RNase-free ddH,O up to 10 pL, incubated at 42°C for 2 minutes. Then, 5x Evo
M-MLV RT Reaction Mix Ver.2: 4 uL was added, and RNase-free ddH20 was
added to a total volume of 20 puL. The mixture was incubated at 37°C for 15 mi-
nutes, followed by denaturation at 85°C for 5 seconds, and termination at 12°C.
The cDNA was stored at —20°C for further use. The reaction conditions were as
follows: pre-denaturation at 95°C for 10 minutes; denaturation at 95°C for 10
seconds, annealing at 60°C for 30 seconds, extension at 72°C for 20 seconds, re-
peated for 40 cycles. The fluorescence signal was collected during the melting
curve analysis from 68 to 95°C. The relative expression levels of VEGF were
normalized to GADPH, with the forward primer (F: P11249):
GGACAGACAGACAGACACCG, reverse primer (R: P11250):
TTCTCCCCTCTCTTCTCGGG. The relative expression levels of IL-6 were
normalized to GADPH, with the forward primer (F: P11251):
TCCTTCCTACCCCAACTTCCA, reverse primer (R: P11252):
AGGTTTGCCGAGTAGACCTCA. GADPH was used as the internal reference
gene with the forward primer (F: P63): TGCCACTCAGAAGACTGTGG, re-
verse primer (R: P64): TTCAGCTCTGGGATGACCTT. The 2-AACt method
was used for relative quantification analysis of VEGF and IL-6 expression levels

in the cells. The experiment was repeated three times.

2.5. Statistical Analysis

The data in this study were analyzed using SPSS 25.0 statistical software. Conti-
nuous data are presented as mean + standard deviation (x £ s). Group compari-
sons were performed using one-way analysis of variance (ANOVA), with statis-
tical significance set at P < 0.05. Graphs were generated using GraphPad Prism
8.2.1 software (GraphPad Software, USA).

3. Results
3.1. Macroscopic Observation of Rat Vaginas

On the 3rd day post-modeling (day 1 of the experiment), the vaginal openings of
the 36 rats appeared swollen, some with purulent discharge, and this condition
persisted until the 10th day of the experiment (day 7). By the 14th day of the ex-
periment, rats in the experimental group showed reduced vaginal swelling com-
pared to the control group, and there was no purulent discharge. By the 28th day
of the experiment, the vaginal condition of the rats in the experimental group
had returned to normal, while the vaginas of the control group rats remained

slightly swollen. Refer to Figure 1 and Table 2.
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Figure 1. Macroscopic observation of rat vaginas before and after modeling, and before dis-
section in rats from the three phases. Note: (A) Macroscopic appearance of rat vaginas on day
7 of the first phase of the experiment; (B) Macroscopic appearance of rat vaginas on day 14 of
the second phase of the experiment; (C) Macroscopic appearance of rat vaginas on day 28 of
the third phase of the experiment.
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Table 2. The degree of redness and swelling at the vaginal opening of rats.

Group n 7 day 14 day 28 day
Control 3 3.00 £ 0.47 3.00 £ 00 2.33 £0.47
Group A 3 2.67 £ 0.47 2.33 £ 0.47 1.33 £ 0.00
Group B 3 2.33 £0.47 1.67 + 0.47 0.67 £ 0.47
Group C 3 2.00 £ 0.81 1.00 + 0.81 0.33 £0.47

F 0.61 5.33 7.00
P 0.62 0.02 0.01

3.2. Histological Results of Rat Vaginal Tissue HE Staining

On the 7th day of the experiment, there were no significant changes observed in
the experimental groups compared to the control group. By the 14th and 28th
days, the experimental groups showed infiltration of macrophages and fibrob-
lasts, increased collagen fiber proliferation, and formation of new blood vessels.

Refer to Figure 2.

3.3. Comparison of VEGF Levels in Rat Tissues among Groups

To avoid errors caused by selecting slices under the microscope, this study as-
sessed the expression levels of VEGF in rat vaginal tissues. Apart from the con-
trol group, the VEGF expression levels in each experimental group showed an
increasing trend. On day 7, there was no significant difference in VEGF expres-
sion levels among the groups (P > 0.05). On days 14 and 28, the VEGF expres-
sion levels in each experimental group were higher than those in the control
group, with the highest expression level observed in experimental group C, and
the difference was statistically significant (P < 0.05). Refer to Figure 3.

3.4. Expression Levels of IL-6 in Vaginal Tissues on Day 28

RT-PCR results showed that on day 28 of the experiment, the expression levels
of IL-6 were low in all experimental groups compared to the control group, and
the difference was not statistically significant (P > 0.05, F = 0.2235). Refer to
Figure 4.

4. Discussion

The incidence of vaginal mucosal injuries has been increasing in recent years,
especially as women age and experience a decline in estrogen levels, making
self-repair of vaginal mucosal injuries more challenging. Additionally, with the
improvement in living standards, women are increasingly concerned about in-
timate aesthetics. Medical-induced vaginal mucosal injuries during intimate
procedures are often difficult to avoid. When vaginal mucosal injuries, or even
cervical tissue injuries, occur, the risk of HPV infection significantly increases
[6]. Statistics show that at least 70% - 80% of sexually active women will have at

least one HPV infection in their lifetime [7] [8]. Persistent HPV infection can
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Control

Figure 2. Histological results of rat vaginal tissue HE staining from the three phases. Note: (A) Histological
section of rat vaginal tissue HE staining (100x magnification); (B) Histological section of rat vaginal tissue
HE staining (400x magnification).

lead to the integration of HPV DNA with human DNA, which is a major cause
of cervical cancer. The World Health Organization declared HPV as the primary
factor leading to cervical cancer as early as 1992. Every two minutes, a woman
dies from cervical cancer worldwide [7]. The incidence and mortality rates of
cervical cancer in China are very high, making it one of the most serious tumors
[8]. However, there is currently no universally recognized effective treatment for
HPV infection on a global scale. Therefore, early repair of damaged vaginal tis-

sues is crucial for preventing HPV infections.
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Figure 3. The effect of S-glucan on the VEGF mRNA expression levels in rat vaginal tissues. Note: (A) Relative ex-
pression levels of VEGF mRNA in each group on day 7, F = 0.4541, P > 0.05; (B) Relative expression levels of
VEGF mRNA in each group on day 14, F = 11.46, P < 0.05; (C) Relative expression levels of VEGF mRNA in each
group on day 28, F = 14.71, P < 0.05.
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Figure 4. RT-PCR results showing the expression of IL-6 mRNA in various injection sites
of vaginal tissues.

[F-glucan itself possesses a powerful triple helical structure, forming a cylin-
drical triple helix structure in aqueous solutions with significant rigidity and
structural stability, allowing it to remain stable in subcutaneous tissues. Due to
its non-toxic, good biocompatibility, and biodegradability, f-glucan is widely
used in various industries such as food, cosmetics, and pharmaceuticals [9]. Stu-
dies have shown that S-glucan has potential clinical applications in the treatment
of HPV infection and vaginal and cervical inflammation due to its physical and
biological characteristics [10]. Clinical trials conducted by the Drug Research
Laboratory of the Institute of Dermatology, Chinese Academy of Medical Sciences,
in collaboration with the Affiliated Hospital of Changchun University of Tradi-
tional Chinese Medicine and Jilin Provincial Institute of Traditional Chinese

Medicine, have shown the effectiveness of f-glucan in treating vaginal and cer-
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vical epithelial injuries caused by HPV infection [11].

In intestinal mucosal repair, it has been demonstrated that f-glucan can re-
duce damage to the intestinal mucosa caused by pathogenic bacteria, enhance
the body’s immune response, exhibit antioxidant properties, and regulate the
intestinal flora. S-glucan can specifically bind to monocytes, macrophages, neu-
trophils, and natural killer cells, thereby enhancing humoral and cellular im-
munity [12] [13] [14] [15]. In promoting tissue regeneration, S-glucan accele-
rates wound healing by promoting the migration of macrophages near the
wound site, inducing the secretion of cytokines such as TNF-a, IL-6, VEGF, and
IL-10, and inducing the transformation of M0 and M2 macrophages into M1
macrophages, enhancing their role in wound repair [4]. Studies have shown that
human fibroblasts have a f-glucan receptor on their surface, which, upon bind-
ing with the corresponding S-glucan ligand, can stimulate the activation of tran-
scription factors activating protein 21 (AP 21) and specificity protein 1 (SP1).
F-glucan can also stimulate the secretion of neurotrophic factor 3 (NTF-3),
platelet-derived growth factor PDGF-2A, and PDGF-2B, which play crucial roles
in promoting wound repair [5].

In this experiment, we observed an increase in the number of new blood ves-
sels, fibroblasts, collagen density, and macrophage activity near the injured va-
ginal mucosal epithelium in rabbits treated with S-glucan. The number and ac-
tivity of macrophages near the injured vaginal mucosal epithelium were signifi-
cantly higher in the experimental group than in the control group, indicating
that S-glucan stimulated the activity of macrophages and fibroblasts. This find-
ing is consistent with the results of cell experiments conducted by Qiu and Fusté
N P. Similar to previous studies, our experiment found that on day 28, the ex-
pression of the inflammatory factor IL-6 in vaginal tissues of the experimental
group was significantly different from that in the normal control group, indicat-
ing that B-glucan itself did not cause significant inflammation or rejection reac-

tions.

5. Conclusion

In conclusion, B-glucan has a role in promoting the repair of damaged vaginal
mucosa. Despite the numerous benefits of S-glucan, its poor solubility, deter-
mined by its physical properties, not only limits its application but also hinders
its physiological functions in the body. Current research focuses on enhancing
its physiological effects in the body through various modifications [16] [17].
This study only investigated the reparative effect of pure f-glucan in rat vaginal
tissue. The limitation of this experiment lies in the investigation of only one
concentration and one molecular weight of p-glucan. Different molecular
weights and concentrations of S-glucan exhibit varied physicochemical proper-
ties and effects [16] [17]. Previous studies in intestinal mucosal repair have
shown that different molar concentrations of f-glucan have diverse effects on

wound healing [18]. Future research should further explore the specific effects of
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F-glucan of different molecular weights and concentrations on vaginal mucosal
repair. Furthermore, studies conducted domestically and internationally have
indicated that S-glucan has a good reparative effect on vaginal and cervical inju-
ries and associated vaginal inflammation caused by HPV infection. This study
did not conduct relevant validation, and further verification is needed in the fu-

ture.
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