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Abstract. — OBJECTIVE: Hemorrhoids are
a common anorectal disease that causes
pain, itching, and burning. The prevalence
of hemorrhoids is estimated to be as high as
36% in the general population, with approxi-
mately 50% of individuals experiencing symp-
tomatic hemorrhoids at least once in their
life. Middle age, obesity, and pregnancy are
risk factors. The combination of tribenoside
and lidocaine (Procto-Glyvenol®, Recordati)
has been used for decades to treat low-grade
hemorrhoids, and its efficacy and safety are
well supported by clinical experience. Tribeno-
side has been shown to have an anti-inflamma-
tory effect, ameliorate the local microcircula-
tion and vascular tone, and promote the heal-
ing of basement membrane. However, the mo-
lecular mechanism behind its wound-healing
properties is still unclear.

MATERIALS AND METHODS: Human der-
mal fibroblasts were used to test the effect of
tribenoside on cell proliferation, cell migration,
and production of reactive oxygen species in vi-
tro. Full-thickness excisional wound model in
rats was used to test the wound-healing proper-
ties of Procto-Glyvenol® in vivo.

RESULTS: Tribenoside has been found to in-
crease the migration rate of fibroblasts in vitro
and to improve the wound healing process by
promoting re-epithelialization in rats. Further-
more, novel antioxidant activity of tribenoside
has been reported, which may represent a fur-
ther mechanism of action in wound healing.

CONCLUSIONS: Procto-Glyvenol® improves
the natural healing process of wounds by stim-
ulating cell migration and protecting against the
toxic effects of reactive oxygen species. There-
fore, it may represent a first-line treatment for
hemorrhoids, which are a significant medical
and socioeconomic problem that can deterio-
rate the quality of life.
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Introduction

Hemorrhoids are one of the most common
anorectal diseases, characterized by symptomatic
enlargement and abnormal downward displace-
ment of the anal cushions causing venous dila-
tation2. They can occur either inside the rectum
(known as internal hemorrhoids) or outside the
anus (known as external hemorrhoids). External
hemorrhoids usually cause subjective symptoms
which include pain, itching and burning, whi-
le internal hemorrhoids are associated to more
objective symptoms, such as prolapse or rectal
bleeding. The exact etiology of hemorrhoids is
unknown; however, it is now widely accepted'?
that hemorrhoids develop when the supporting
tissues of the anal cushions disintegrate or dete-
riorate. The prevalence of hemorrhoids is estima-
ted to be as high as 36% in the general popula-
tion, with approximately 50% of individuals who
will experience symptomatic hemorrhoids at least
once in their life**. Middle age (45-65 years), obe-
sity, and pregnancy are considered risk factors.
Up to 85% of women experience hemorrhoids
during the third trimester of pregnancy, and in
25-35% of cases, the condition persists®’. Due to
their high prevalence and the severe discomfort
that they cause, hemorrhoids represent a signifi-
cant medical and socioeconomic problem.

The severity of hemorrhoids is classified into
four clinical grades according to the Goligher
classification. Low-grade disease, which repre-
sents the wide majority (>90%) of cases, is usual-
ly managed with the local application of topical
preparations containing anti-inflammatory drugs,
including steroids®®. However, due to the risk
of systemic adsorption, steroids are associated
with the potential onset of adverse events. This
limits their application over the middle-term pe-
riod or in particularly sensitive patients such as
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the elderly, pregnant or breastfeeding women
and athletes'™!". Alternatively, the combination
of tribenoside and lidocaine (Procto-Glyvenol®,
Recordati, Italy) has been used for decades to
treat hemorrhoids, with broad clinical experience
supporting its efficacy and safety, even in pre-
gnant and breastfeeding women'*". Lidocaine
is a widely used local anesthetic that provides
rapid relief of subjective symptoms, such as pain
and itching, perceived as the worst discomfort by
patients. Tribenoside has been shown'* to have an
anti-inflammatory effect, ameliorate the local mi-
crocirculation and vascular tone and promote the
healing of the basement membrane, thereby im-
proving the objective symptoms of hemorrhoids
such as prolapse or rectal bleeding. Moreover,
unlike steroids or nonsteroidal anti-inflammatory
drugs (NSAIDs), the anti-inflammatory activity of
tribenoside is not associated with adverse effects
on the gastrointestinal or immune system". In
controlled clinical studies in literature, the com-
bination of tribenoside and lidocaine has been
shown to be superior to the single components in
the treatment of hemorrhoids, as it can improve
both subjective and objective symptoms at the sa-
me time. Additionally, Procto-Glyvenol® has been
demonstrated® to be at least equally effective and
sometimes even superior to standard care based
on steroids in providing fast relief of the subjective
symptoms. Although the efficacy of tribenoside
as a treatment for hemorrhoids has been widely
described in clinical practice, there is still a lack
of preclinical studies investigating the molecular
mechanism behind its wound-healing properties.
To address this gap, this study utilized in vitro
settings and an animal model of wound healing to
show that tribenoside improves wound healing by
stimulating cell migration and protecting against
the toxic effects of reactive oxygen species.

Materials and Methods

Materials

The following materials have been used: neutral
buffered 10% formalin (cat. 9713) from Avan-
tor (VWR International srl, Milan, Italy); Eukitt
mounting medium (cat. 03989), eosin Y alcoholic
solution (cat. HT110116), Mayer’s hematoxylin so-
lution (cat. MHS32), Masson’s trichrome stain kit
(cat. HT15) and transforming growth factor beta
(TGF-B) (cat. H8541) were from Sigma-Aldrich
(Merk Life Science srl, Milan, Italy). Histolemon
(cat. 454911) was from Carlo Erba (Cornaredo,
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Milan, Italy). The 10 mm diameter biopsy punch
was purchased from Betued on Amazon (www.
amazon.it). Procto-Glyvenol® was produced by
Recordati Spa, Milan, Italy. Fibroblast Basal Me-
dium (FBM) (cat. CC-3131) and Fibroblast Growth
Medium (FGM-2) SingleQuots (cat. CC-4126) me-
dia were from Lonza Biosciences (Hayward, CA,
USA). Dulbecco’s Phosphate Buffered Saline (cat.
ECB4004L) and trypsin-EDTA (cat. ECB3052D)
were from Euroclone (Pero, Milan, Italy). Cel-
ITiter-Glo Luminescent Cell Viability Assay (cat.
G7571) was from Promega (Milan, Italy). DCFDA/
H2DCFDA-Cellular ROS Assay Kit (cat.113851)
was from Abcam (Cambridge, UK).

Cell Cultures

Human dermal fibroblasts (HDF, Lonza Bio-
science) derived from normal adult foreskin
were maintained in FBM Basal medium sup-
plemented with FGM-2 SingleQuots (2% fetal
bovine serum, insulin, hFGF-B and gentamycin/
amphotericin-B) in a 95% air, 5% CO2 and hu-
midified atmosphere at 37°C.

Cell Viability Assay

Cell viability was assessed using the CellTi-
ter-Glo Luminescent Viability Assay KIT (Pro-
mega, Madison, WI, USA). HDF cells, at 80%
confluence, were washed with PBS, trypsinized
and then seeded in 96-well plates at the density of
5,000 cells per well in complete medium. After 24
hours, the cells were treated with increasing con-
centrations of tribenoside or vehicle (0.1% DMSO)
in basal medium. After 24 hours of incubation
with tribenoside, an equal volume of CellTiter-Glo
reagent to the volume of cell culture medium
present in each well was added, and the plate was
incubated for 10 minutes to stabilize the lumine-
scent signal. The luminescence was then measured
using the FlexStation® 3 Multi-Mode Microplate
Reader (Molecular Devices, San Jose, CA, USA).

Relative cell viability was calculated as fol-
lows: cell viability at the given concentration/cell
viability of control x 100. Each experiment was
performed in triplicate.

Measurement of ROS

Intracellular levels of reactive oxygen species
(ROS) were measured using 2°,7-dichlorofluore-
scein diacetate (DCFDA) present in the DCFDA/
H2DCFDA-Cellular ROS Assay Kit (Abcam).
HDF cells were washed with PBS, trypsinized
and seeded in 96-well plates at a density of 25,000
cells per well in a complete medium. After 24
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hours at 37°C to allow attachment, the cells were
washed with PBS, and 20 uM of DCFDA solution
was added to each well. The plate was incubated
with DCFDA solution for 45 minutes at 37°C in
the dark, and then the fluorogenic dye was re-
moved. The plate was treated with an increasing
concentration of tribenoside for 4 hours, and then
the intensity of the resulting fluorescence was
measured using the FlexStation® 3 Multi-Mode
Microplate Reader (Molecular Devices). Each
experiment was performed in triplicate.

In-Vitro Wound Healing Assay

6.5 x 10* cells were seeded in 48-well plates.
Once they reached full confluence, a circular
wound was created using a vacuum tube. A pl0
pipette tip was overlayed to a p200 pipette tip
attached to the vacuum tube and perpendicularly
positioned above each well’s center. A circular
layer of cells was aspirated with gentle and brief
contact. After washing with PBS, a basal medium
containing 1% FBS with or without treatment
was added, and the cells were incubated for 48
hours. TGF-B at 5 ng/ml was used as a positive
control. Each wound area was acquired at the
beginning and at the indicated time points (24
hours and 48 hours) with a camera (Moticam
Pro285B) connected to the microscope (Eurotek,
4x objective) and the wound area was quantified
using ImageJ software. Wound closure was cal-
culated as follows: Wound Area Closure = (Area
t,- Areat, )/ Areat x 100.

Animals

All the procedures with animals were perfor-
med in agreement with the Institutional Animal
Care and Use Committee (IACUC) of Istituto
di Ricerche Farmacologiche Mario Negri IRC-
CS (IRFMN), in compliance with the guidelines
established in the Principles of Laboratory Animal
Care (Directive 86/609/EEC) and as approved by
the Italian Ministry of Health with the authoriza-
tion number 315/2022-PR. The animals were hou-
sed at the IRFMN animal facility under standard
conditions and fed with a regular chow diet and
water ad libitum. Sixteen male CD rats (200-225 g)
from Charles River (Calco, Italy) were used.

In-Vivo Wound Healing Experiment

The day before the experiment, the animals we-
re shaved on the back, randomized, and assigned
to either the Control or Procto-Glyvenol® group
(n=8). After shaving, animals were housed in indi-
vidual cages during the entire period of the expe-

riment to avoid skin lesions from fighting, which
may interfere with wound repair. On the day of the
experiment, the animals were deeply anesthetized
with isoflurane (5% induction, 3% maintenance),
weighted, and two full-thickness excision wounds
were made on the dorsal skin of each rat with a
10 mm diameter biopsy punch. After surgery, the
wounds were immediately photographed. Animals
received the treatment twice daily, morning and
afternoon, starting immediately after surgery and
until day 13. The two wounds of each animal were
treated with the same medication, which was ap-
plied with a small spatula to cover the wound com-
pletely. After the application of medication, the
wounds were left open without dressing. Animals
in the control group did not receive any treatment.
On days 7 and 10, the animals were anesthetized,
weighted, shaved, and photographed. At the end
of the experiment, on day 14, the animals were
sacrificed, weighed, shaved, and photographed.
Skin biopsies were taken around the original
wounds using the same punch and were proces-
sed for histological analysis.

Sample Processing and Histological Analysis

Skin biopsies collected after sacrifice were
fixed in neutral-buffered 10% formalin overnight
at 4°C, dehydrated in 70% ethanol and processed
by a Diapath automatic processor as follows. Tis-
sues were dehydrated through 70% (60 minutes),
two changes of 95% (90 minutes each), and three
changes of 99% (60 minutes each) ethanol, clea-
red through three changes of xylene (90 minutes
each), and finally immersed in three changes of
paraffin, 1 hour each. Samples were embedded in
a paraffin block and stored at room temperature
until ready for sectioning. 4 um-thick sections
were cut with a Histocore Multicut Microtome
(Leica, Wetzlar, Germany) and colored with ei-
ther Hematoxylin & Eosin or Masson’s trichrome
stain, following standard protocols.

All images were acquired using a Leica DM750
microscope featured with a Leica ICC 50 W ca-
mera and a 4x objective and then analyzed by a
blinded operator with the Fiji Image]J software'®.
A scoring system optimized and validated by van
de Vyver et al'” was used for histological analysis.
The following parameters have been evaluated
on H&E-stained images of the left wound of
each animal. The percentage of re-epitheliza-
tion was used as a measure of wound closure. It
was determined as described in Supplementary
Figure 1a and calculated as follows: re-epitheli-
zation %=[(distance of minor axis between origi-
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nal wound edges — distance of axis in the open
area) / distance of minor axis between original
wound edges] x 100. Then, a numerical score
was assigned to all pictures to define if the re-e-
pithelization process was ‘“complete” (score 2:
re-epithelization % >95), “partial” (score 1: 0 <
re-epithelization % <95), and “none” (score O:
re-epithelization %=0). Only in samples with a
complete re-epithelization (score 2) the epidermal
thickness index (ETI) was evaluated as an indica-
tor of epithelial maturation in the wounded area.
Five measurements of the epidermal thickness in
the uninjured skin and in the wounded area were
made as shown in Supplementary Figure 1b, c,
and the ETI was calculated as follows: ETI=(a-
verage thickness of epidermis in wound area /
average thickness of epidermis in uninjured skin)
x 100. A numerical score has then been assigned
to define if the tissue has returned to its uninjured
state (score 2: 95%<ETI<105%), if the tissue is
hypertrophic (score 1: ETI>105%), or if the skin
is in hypoplasia (score 0: ETI<95%).

For the histopathological analysis, slides
were analyzed under Zeiss Axio Scope Al
optical microscope (Zeiss, Germany), and
microphotographs were collected using an
Axiocam 503 Color digital camera with the
ZEN2 imaging software (Zeiss, Oberkochen,
Germany). A semi-quantitative scoring sy-
stem was applied, including the following va-
riables: ulceration, epidermal inflammation,
dermal inflammation, vascular proliferation
and distortion, fibroblast proliferation, and fi-
brosis. All the variables were morphologically
evaluated and scored according to the degree
of severity: 0 absent, 1 mild, 2 moderate, 3
severe. For each sample, the seven scores were
then summed up to the total score.

Quantitative Assessment
of Wound Closure

The size of each animal’s two open wounds
was determined on days 0, 7, 10, and 14.

For each wound, the open area was manually
traced by a blind operator after image calibration
using the FI1JI ImagelJ software (NIH, https:/ima-
gej.net/software/fiji). The relative wound area (A)
was calculated as follows: A=wound area at the
time point analyzed (days 0, 7, 10, or 14) / wound
area on day 0.

Statistical Analysis

Statistical analysis was performed using
GraphPad Prism 9 (La Jolla, CA, USA). The
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unpaired Student’s #-test was applied to compa-
re two groups, while the one-way ANOVA was
applied for multiple comparisons, followed by
Dunnett’s post hoc test. The statistical test for
each plot is specified in the corresponding legend.
The significance level was <0.05.

Results

Tribenoside Promotes Wound Healing in
Human Dermal Fibroblasts In-Vitro

The process of wound healing is supported by
two complementary events: cell proliferation and
cell migration. To assess the effect of tribenoside
on cell proliferation, human dermal fibroblasts
(HDF) were treated with increasing concentrations
of tribenoside (0.1-100 mM) for 24 hours. Tribeno-
side did not induce any significant change in cell
viability at concentrations up to 10 uM, but it was
found to be toxic at higher concentrations (Figure
la). This on/off toxicity of tribenoside above 10
UM has been previously described'®. The efficacy
of tribenoside in stimulating cell migration was
then investigated in a classical in vitro wound
healing assay. HDF grown in monolayer were me-
chanically wounded and the closure of the wound
area was monitored over time using light micro-
scopy in the presence of increasing concentrations
of tribenoside (0.1 uM, 1 uM and 10 uM). TGF-3
at 5 ng/ml was used as a positive control due to its
ability to stimulate wound repair’®. As shown in Fi-
gure 1b-c, tribenoside accelerated wound healing
compared to the vehicle, and its effect was con-
centration-dependent. Specifically, a statistically
significant increase in wound area closure was
observed after 24 hours of incubation with 10 pM
tribenoside (50%), compared to the control (19%).
This increase was similar to that of the positive
control TGF-f (45%) (Figure 1c). After 48 hours of
incubation, a tendency was observed with 10 pM
tribenoside, although not significant.

Collectively, these data demonstrate that tribe-
noside improves wound healing in HDF by pro-
moting cell migration rather than cell proliferation.

Tribenoside Inhibits ROS
Production In Vitro

Reactive oxygen species are crucial regulators
of the wound healing process as they are requi-
red for defending against invading pathogens®.
However, sustained excessive production of ROS
can lead to oxidative stress, which has detrimental
effects on wound healing?. The antioxidant acti-
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Figure 1. Tribenoside promotes in-vitro wound healing in human dermal fibroblasts. a, Quantification of cell viability after
incubation with tribenoside, expressed as % of cell viability of vehicle-treated control. Data are means + SE; p<0.0001 among
groups (one-way ANOVA); *p<0.001 vs. Control (Dunnett’s post hoc test). b-¢, HDF were mechanically scratched and treated
with tribenoside at the indicated concentrations. b, Representative pictures for each treatment at several time points. Magnification
4x. ¢, The closure of the wound area was analyzed 24 and 48 hours after treatment and compared with the control group. Data
are means £ SE; p<0.0001 among groups (one-way ANOVA); *p<0.01 vs. Control (Dunnett’s post hoc test). d, HDF cells were
incubated with tribenoside (0.1-10 uM) and the level of ROS was measured. All data were normalized on the control group and
expressed as means + SE; p<0.0001 among groups (one-way ANOVA); *p<0.05, **p<0.01 vs. Control (Dunnett’s post hoc test).
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vity of tribenoside was assessed by measuring the
intracellular levels of ROS in human dermal fibro-
blasts. Tribenoside reduced intracellular levels of
ROS in a dose-dependent manner, with statistical
significance being achieved at 1 mM (Figure 1d).

Procto-Glyvenol° Accelerates Wound
Closure In Vivo

The efficacy of Procto-Glyvenol® in acce-
lerating wound healing was tested in vivo in a
rat model of full-thickness skin wounds. Fol-
lowing surgery, animals either received local
application of Proto-Glyvenol twice a day for
two weeks or no treatment. Pictures of wounds
were taken on day 0O (just after surgery), day 7,
day 10 and day 14 (after sacrifice) (Figure 2a).
On day 0, the mean wound area was comparable
between the two groups (Figure 2b-c) and in
line with the theoretical value (0.79 ¢cm?, Figure
2¢). From day 7 onwards, the Procto-Glyvenol®
group showed a smaller wound area than the
control group. The difference was statistically
significant on days 10 and 14 (Figure 2b-f). The-
re was no significant difference in animal weight
between the two groups (Figure 2d), suggesting
the absence of major signs of suffering.

The stage of the re-epithelialization process
was then evaluated by histological analysis of skin
biopsies taken from the wound area after sacrifice.
The re-epithelialization process occurs through the
migration of keratinocytes from the edge toward
the center of the wound area to form a new epi-
dermis. The Procto-Glyvenol® group showed a
significantly higher re-epithelialization percentage
than the control group (97.5041.44 vs. 77.49+8.37)
(Figure 3b). Additionally, twice as many animals
in the Procto-Glyvenol® group achieved complete
re-epithelialization compared to the control group
(6 out of 8 vs. 3 out of 8, respectively) (Figure 3c).
As an indicator of epithelial maturation during
the wound healing process, the epidermal thick-
ness was evaluated in those samples that showed
complete re-epithelization only. The epithelium
was 2- to 3-fold thicker in the wound area than
in uninjured skin, with no statistically significant
difference between the Procto-Glyvenol® and the
control groups (Figure 3d, ¢). This indicates that
the remodeling phase of wound healing had not
been completed yet under either condition.

Procto-Glyvenol Does Not Have Any
Toxic Effect on the Maturation of Tissue
Histopathological parameters, including ul-
ceration, epidermal and dermal inflammation,
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vascular proliferation and distortion, fibroblast
proliferation and fibrosis, were then evaluated
by analyzing Hematoxylin and Eosin-stained
sections (Figure 4a). Skin biopsies of the control
and Procto-Glyvenol® groups showed substan-
tially comparable characteristics, despite a cer-
tain degree of heterogeneity among samples of
the same group. The epidermis was substantially
regular and devoid of major alterations, with only
one sample of the control group displaying severe
ulceration (Figure 4b). The granulation tissue in
the two groups exhibited comparable characteri-
stics, with infiltration of inflammatory cells, par-
ticularly granulocytes, the proliferation of small
blood vessels with normal morphology, and mild
to severe proliferation of fibroblasts associated
with fibrosis. The histological evaluation was sco-
red based on the severity of each parameter, with
a score ranging from 0 (absent) to 3 (severe). The
scores of each parameter were then summed up to
yield a final score for each sample. The final score
confirmed that the wounds treated with Proc-
to-Glyvenol® were comparable to those of the
control group in terms of tissue remodeling and
maturation (Figure 4c). Therefore, the histopatho-
logical analysis demonstrated that Procto-Glyve-
nol® does not interfere with the natural process
of tissue remodeling and does not have a toxic
effect on the tissue. Overall, these data suggest
that Procto-Glyvenol® is an effective treatment
for improving the rate of wound healing through
stimulation of the re-epithelization process.

Discussion

Procto-Glyvenol®, the association tribenoside
+ lidocaine, has been used for decades for the
clinical management of hemorrhoids, particular-
ly in patients who do not tolerate corticosteroids
well, like pregnant and breastfeeding women,
athletes, and the elderly. The positive effect of
Procto-Glyvenol® on wound healing has been
widely reported in clinical practice'*'*. Howe-
ver, the mechanism of action through which
tribenoside enhances wound healing was still
unclear. Previous studies'>** showed that oral
administration of tribenoside promotes wound
healing in rats by increasing the formation of
granulation tissue. Using both in vitro and in
vivo models, the present study confirmed that
tribenoside promotes the natural healing process
of wounds even when applied topically. Speci-
fically, in wound healing experiments in vitro,
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Figure 2. Procto-Glyvenol® accelerates wound closure in vivo. a, Experimental scheme. Procto-Glyvenol® was administered
twice a day until day 13; photos were taken on days 0, 7, 10 and 14 after sacrifice. b, Representative photographs of skin wounds
from control and treated rats taken on days 0, 7, 10 and 14; scale bar: 1 cm. ¢, Quantification of wound area after surgery on day 0,
expressed in cm? Data are mean + SE; p>0.05 (Student’s #test); each dot represents a wound. d, Plot showing the weight of the rats
during the experiment, expressed in grams. Data are means + SE. e, Quantification of wound area at different time points, expressed
as percentage of the area on day 0. Data are means + SE; p<0.0001 over time, p<0.02 between treatments (two-way ANOVA),
*p<0.05 Procto-Glyvenol® vs. Control (Student’s #-test); n=8 wounds per group. f, Quantification of wound area on day 10 and day
14, expressed as percentage of the area on day 0. Data are means + SE; *p<0.05 (Student’s #-test); each dot represents a wound.

tribenoside induced human fibroblasts to migra-
te and close the wound, with no apparent effect
on the proliferation rate. This was paralleled by
faster wound healing after topical application of
Procto-Glyvenol® to skin wounds in rats. Proc-
to-Glyvenol® stimulated natural tissue regene-
ration compared to control by improving the
re-epithelialization process. Repithelialization
is sustained by the migration of keratinocytes
from the border to the center of the wound. On
the other hand, there was no difference in the
underlying granulation tissue in terms of in-
flammatory infiltrate, extracellular matrix depo-

sition, and vascular and fibroblast proliferation.
These data suggest that tribenoside promotes
the wound-healing process by increasing cell
migration while not affecting the natural process
of tissue maturation and remodeling or causing
any toxic effect on the tissue. The in vivo data
also suggest that tribenoside acts preferentially
on keratinocytes. However, at the stage at whi-
ch the histological analysis was performed (14
days after wounding), the healing process was
advanced, and the granulation tissue, which is
composed mostly of fibroblasts, blood vessels
and inflammatory cells, had already formed
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Figure 3. Procto-Glyvenol® improves re-epithelialization process. a, Representative H&E-stained histological sections showing the re-
epithelialization process in Control and Procto-Glyvenol® treated wounds; magnification 4x; scale bar: 1 mm. White lines delimit wound
edges; black arrows point to the re-epithelialization area; red arrows point to the open area of the wound. b, Quantification of the percentage of
re-epithelialization on day 14. Data are mean + SE; *p<0.05 (Student’s #-test); each dot represents a wound. ¢, Plot showing the ratio of animals
with complete re-epithelialization process for each group. Data are expressed as the number of animals with complete re-epithelialization on
the total number of animals analyzed (8). p>0.05 (Fisher’s test). d, Representative H&E-stained histological sections showing hyperplasia of
newly formed epithelium in wound area (white boxes), compared to uninjured skin (black boxes); magnification 4x; scale bar: 1 mm upper
panels, 100 pm lower panels. Arrows point to epithelium. e, Quantification of the thickness of the newly formed epithelium, expressed as a
percentage of the thickness of uninjured skin. Data are means + SE; p>0.05 (Student’s #-test); each dot represents a wound.

8276



Procto-Glyvenol® accelerates the natural healing process of wounds: a pre-clinical study

Control Procto-Glyvenol

4 4 4
3 L4 3 oo " 3 oo a
[ o [} ) © Control
g 2 g § 2 g 2
(%] (%} (%} (%] 4 Procto-Glyvenol
1 o a 1 . 1 .
0 0 0
Ulceration Epidermal Dermal Va_lsculgr
inflammation inflammation proliferation
(o]
4 4 4 20
3 3 eeee asaa 3 eeee 15 L4 .
o ® ) ) +  a * Control
S 2 . a g g 2 a ) 10
%] (%] (%] %] ool A 4 Procto-Glyvenol
1 L1 1 oo ﬁ 5
0 0 0
Vascular Fibroblast Fibrosis Total score
distortion proliferation

Figure 4. Procto-Glyvenol® has no effect on the maturation of granulation tissue. a, Representative H&E-stained sections showing
the epithelium and the granulation tissue in the wound area; magnification 10x; scale bar: 100 um. FB: fibroblast; F: fibrosis; BW:
blood vessel; I: inflammation. b, Histopathological analysis and semi-quantitative scoring for the following parameters: ulceration,
epidermal inflammation, dermal inflammation, vascular proliferation, vascular distortion, fibroblast proliferation and fibrosis. The
score was assigned based on severity as follows: 0 absent; 1 mild; 2 moderate; 3 severe. Data are means + SE; p>0.05 (Student’s
t-test); each dot represents a wound. ¢, Total score is the sum of the score of the seven parameters analyzed. Data are means + SE;
p>0.05 (Student’s #-test); each dot represents a wound.
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completely. Therefore, the increased prolifera-
tion of fibroblasts observed in the in vitro expe-
riment was not confirmed in vivo. An earlier
time point of analysis might have revealed a
difference in proliferation between treated and
control groups.

The in vitro data also suggest that tribenoside
has antioxidant activity, as it decreases the pro-
duction of ROS under basal conditions. Although
ROS acts as a first-line defense against invading
pathogens, excessive production of ROS leads
to oxidative stress, which is a cause of impaired
wound healing in many pathological conditions.
Therefore, the use of antioxidant agents to treat
non-healing wounds has been proposed®-%.

The antioxidant activity of tribenoside is a
novel insight into its mechanism of action that
further supports the clinical findings, although it
requires further investigation in in vivo models.
The combination of tissue regeneration and an-
tioxidant activity, linked to the anesthetic activity
of lidocaine, accounts for the improvement of
signs and symptoms observed in clinical settings
and makes Procto-Glyvenol® the drug of choice
for the treatment of low-grade hemorrhoids.

Limitations

The major limitation of the study is that the
histological analysis of wound samples was perfor-
med at a one-time point only and could not describe
tissue changes over time. Specifically, conducting
an analysis at an earlier time point (i.e., 1 week)
could have confirmed the increased fibroblast mi-
gration observed in vitro. Conversely, an analysis at
a later time point could have described differences
in events that occur later in the healing process, su-
ch as epithelium remodeling and tissue maturation.

Conclusions

Hemorrhoids represent a significant medical
and socioeconomic problem because of their high
prevalence and the severe discomfort that they
cause. The pathogenesis of hemorrhoids is com-
plex and includes abnormal venous dilatation,
severe inflammation, and wounds. Using in vitro
and in vivo approaches, this study investigated
the mechanisms underlying Procto-Glyvenol®
activity. Procto-Glyvenol® accelerated the natu-
ral process of tissue regeneration and was shown
to possess antioxidant activity, helping to reduce
the oxidative stress that might cause impaired
wound healing.
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In conclusion, based on these findings, the
benefit of Procto-Glyvenol® in treating hemor-
rhoids could be due to an accelerated wound
healing process obtained by increased cell mi-
gration and reduced oxidative stress.
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