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Abstract

Background and Aim: Papillomaviruses (PVs) infections have been documented in numerous animal species across
different regions worldwide. They often exert significant impacts on animal health and livestock production. Scientists
have studied natural products for over half a century due to their diverse chemical composition, acknowledging their value
in fighting cancer. Acorns (Quercus ilex) are believed to have several unexplored pharmacological properties. This study
aimed to evaluate the in vivo safety and cancer chemopreventive activity of an infusion extract of Q. ilex in a transgenic
mouse model of human PV (HPV)-16, which developed squamous cell carcinomas through a multistep process driven by
HPV16 oncogenes.

Materials and Methods: Q. ilex extract was prepared by heating in water at 90°C and then characterized by mass
spectrometry. Phenolic compounds from this extract were administered in drinking water to female mice in three different
concentrations (0.03, 0.06, and 0.09 g/mL) over a period
of 28 consecutive days. Six groups (n = 6) were formed
for this study: group 1 (G1, wildtype [WT], water),
group 2 (G2, HPV, water), group 3 (G3, WT, 0.09 g/mL),
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group 4 (G4, HPV, 0.03 g/mL), group 5 (G5, HPYV, 0.06 g/
mL), and group 6 (G6, HPV, 0.09 g/mL). Throughout the
experiment, humane endpoints, body weight, food intake,
and water consumption were recorded weekly. Following
the experimental period, all mice were sacrificed, and
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blood, internal organs, and skin samples were collected. Blood was used to measure glucose and microhematocrit and
later biochemical parameters, such as creatinine, urea, albumin, alanine aminotransferase, and total proteins. Histological
analysis was performed on skin and organ samples.

Results: The administration of Q. ilex extract resulted in a statistically significant increase in relative organ weight among
HPV transgenic animals, indicating adaptive biological response to the tested concentrations. Moreover, a reduction in
characteristic skin lesions was observed in animals treated with the 0.06 and 0.09 g/mL extract.

Conclusion: These results provide a favorable chemopreventive profile for Q. ilex extract at concentrations of 0.06 and
0.09 g/mL. This study highlights the potential of Q. ilex extract as a safe and effective therapeutic strategy against HPV16-
associated lesions in transgenic mouse models. The limitation of our study was the durability of transgenic animals. As a
more sensitive species, we must always be careful with the durability of the test. We intend to study concentrations of 0.06

and 0.09 g/mL for longer to further investigate their possible effects.

Keywords: acorn, antioxidant capacity, cancer, mouse model, polyphenols, Quercus spp.

Introduction

Papillomaviruses (PVs) are related to epithe-
lial malignancies in animals, including cancer in
humans [1, 2]. PVs are characterized as small, non-en-
veloped deoxyribonucleic acid (DNA) viruses known
to induce lesions on the skin (warts) and mucous
membranes (condylomas) across various species. PVs
exhibit species specificity, with infections reported in
mammals, birds, fish, and reptiles. They demonstrate
either tropism for the skin or keratinized mucosae or
dual tropism for epithelial tissues [3]. Canine PVs
(CPVs) are associated with exophytic papillomas,
endophytic papillomas, and squamous cell carcinomas
[4]. These lesions are often transient, whereas others
persist and potentially advance. Many documented
cases are characterized as CPV-1 [5]. Bovine PVs
(BPVs) are prevalent worldwide in bovine populations
[3] and have provided important lessons for virology,
as previously reported by Gil da Costa and Medeiros
[6]. BPV-1 and BPV-2 are the most commonly encoun-
tered types of BPVs, and they are associated with both
papillomas and fibropapillomas, often involving the
dermis [7]. BPVs can cross interspecies boundaries,
warranting significant attention [8]. Viral DNA is
detected in healthy animals in a latent form, whereas in
sick animals, it is found in lymph nodes, blood, sperm,
saliva, urine, placenta, fetuses, and milk after post-pas-
teurization [9-14]. Understanding the potential for
transmission to humans is crucial to safeguard public
and animal health [7]. In humans, human PV (HPV)-16
and HPV-18, the two most prevalent high-risk strains
in humans, account for approximately 70% of all HP V-
related cervical and head and neck cancers [15, 16].
PV infections have been documented in numerous ani-
mal species across different regions worldwide [17].
They often significantly impact animal health and
livestock production, directly influencing local econo-
mies and potentially affecting human health indirectly
[18]. Therefore, it is crucial to explore sustainable pre-
ventive measures that leverage the potential offered
by natural resources [19]. Thus, for more than half a
century, scientists have investigated natural products
due to the extraordinary chemical diversity found in
nature [20]. Natural products are widely regarded as a

valuable reservoir of bioactive compounds with signif-
icant therapeutic potential for fighting cancer [19-21].
Acorns, the fruit of oak trees (Quercus spp.),
belonging to the Fagaceae family, have long been
recognized for their high nutritional value and ver-
satile uses in various culinary applications, includ-
ing the production of flour, bread, and jam [22-26].
Numerous research studies have demonstrated that
leaves and seed of Quercus ilex have medicinal proper-
ties such as antioxidant [23], antibacterial [24], antitu-
mor [25], and antidiabetic [27]. Alkaloids, glycosides,
tannins, and phenolic compounds, such as flavonoids,
resins, saponins, terpenes, and steroids, are the main
bioactive components of Quercus spp. acorns associ-
ated with their pharmacological properties [28, 29].
Acorns are rich in essential amino acids, fatty acids,
vitamins, polyphenols, and minerals, contributing
to their well-established nutritional, functional, and
health benefits. In addition, it is a gluten-free source
that can be efficiently used to develop gluten-free
products [27, 30]. In vitro studies utilizing Quercus
spp. extracts showed notable antiproliferative activity,
triggering early apoptotic cell death in cancer cell lines
such as Hel.a (Henrietta Lacks) (HPV18-positive cer-
vical carcinoma) and AGS (human gastric carcinoma)
[28]. Considering these promising in vitro findings,
conducting in vivo studies is imperative to compre-
hensively understand the biological effects of acorn
extracts and assess their potential as anticancer agents.
Thus, due to the similarities between PVs, such as their
structure and behavior, the specific affinity for epithe-
lial tissues that tend to cause damage to the skin and
mucous membranes of their hosts [31], and the avail-
ability of this strain in our laboratory, we decided to
use mice genetically modified for K14-HPV16 [32].
This study aimed to examine the in vivo effects
of Q. ilex extract in a transgenic mouse model of high-
risk HPV type 16 (HPV16). This mouse model car-
ried the complete HPV16 early region and developed
pre-malignant and malignant lesions at multiple sites
[32]. Moreover, the HPV16 transgenic animals were
predisposed to develop liver and spleen inflammation
[33]. This model was previously employed to evaluate
the anticancer or pro-cancer effects of natural products,
including ptaquiloside from Pteridium spp. (bracken
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fern) [34], dietary polyphenols such as curcumin and
rutin [33], and extracts from Laurus nobilis (laurel)
[35]. Therefore, this model serves as a valuable tool
for assessing the potential of natural products to inter-
vene in carcinogenesis and mitigate or intensify these
inflammatory phenomena, providing essential toxi-
cological safety data. In this study, an aqueous acorn
extract was administered to both HPV16 transgenic and
matched wild-type (WT) mice to assess its potential for
cancer chemoprevention and its toxicological profile.

Materials and Methods

Ethical approval

The study was approved by the Authorities
Responsible for Animal Welfare of the University of
Tras-os-Montes and Alto Douro (UTAD) (approval
n0.852-e-CITAB-2020 A 1-e-CITAB-2021) and by the
Portuguese Veterinary Directorate (approval no.014139)
and was carried out at the UTAD animal facility. Our
study followed the ARRIVE guidelines. According to
Medeiros-Fonseca et al. [35], this study used the min-
imum number of animals necessary to ensure robust
results. All animals were housed under species-appro-
priate conditions and handled by experienced personnel.
The control and K14HPV16 animals were randomly
assigned to experimental groups to minimize bias.

Study period and location

The study was conducted during November and
December 2021 at the animal facilities of the UTAD,
located in Vila Real, Portugal.

Sample preparation

The samples of Q. ilex were obtained from Bolota
Viva (E210409), which were harvested between
November and December 2020 and characterized by
Bolota Viva as Q. ilex. Bolota Viva exclusively prac-
tices organic production in the Montado Alentejano
region in Portugal.

0. ilex extract was prepared through infusion
extraction. Three concentrations (0.03, 0.06, and
0.09 g/mL) of Q. ilex extract were prepared in tap water
(heated to 90°C for 5 min) in a French press, then fil-
tered, and allowed to cool at room temperature (20—
25°C) for 20 min. We used tap water to replicate the
conditions under which tea is prepared in real life. Tap
water is more accessible, making it easier for anyone
to replicate the treatment and apply it to their animals.

Phenolic compound profile and antioxidant capacity
The total phenolic, ortho-diphenol, and flavo-
noid contents of the Q. ilex extract were determined by
spectrophotometric methods according to the descrip-
tion by Gouvinhas et al. [36]. In addition, the aqueous
extract was prepared at 10 mg/mL and analyzed using
liquid chromatography coupled to diode array detection
and electrospray ionization mass spectrometry system
to determine the chemical profile [37]. The antioxi-
dant capacity of the Q. ilex extract was determined by
ferric reducing antioxidant power spectrophotometric
method, as previously reported by Mena et al. [38].

Animals

Thirty-six female Mus musculus of the FVB/n
strain were used: 24 transgenic (HPV+) and 12
(HPV—, WT) mice aged 20-23 weeks. This is the age
at which cutaneous lesions in this mouse strain begin
to progress from the hyperplastic to dysplastic stage,
affording an opportunity to experimentally prevent this
progression [32]. Female mice were chosen to reduce
the aggressive behavior of the animals, which is com-
mon in males [39]. The mouse strain was donated by
Drs. Jeftrey Arbeit and Douglas Hanahan (University
of California) through the National Cancer Institute
Mouse Repository [40]. The animals were genotyped
using a polymerase chain reaction, as previously
described by Paiva ef al. [41].

Experimental design

Mice were acclimatized for a week and housed
under controlled experimental conditions, including
temperature (23°C = 2°C), light-dark cycle (light
between 8:00 and 20:00 h), and relative humid-
ity (50% + 10%). The mice had ad libitum access
to standard chow (4RF21 GLP, Mucedola, Italy)
and tap water throughout the experiment. A power
analysis [35], ethical considerations, and specific
requirements were considered to determine the
appropriate number of animals for the trial. Mice
were randomly divided into six groups: group 1 (G1,
WT, water, n = 6), group 2 (G2, HPV, water, n = 6),
group 3 (G3, WT, 0.09 g/mL, n = 6), group 4 (G4,
HPYV, 0.03 g/mL n = 6), group 5 (G5, HPV, 0.06 g/mL,
n = 6), and group 6 (G6, HPV, 0.09 g/mL, n = 6). The
animals’ weights, food, and drinks were recorded
every 8 days. Humane endpoints were evaluated on
a weekly basis, assessing parameters such as body
mass, fur condition, eye and ear health, whisker
appearance, mental alertness, and presence of papil-
loma, as outlined by Silva-Reis et al. [42]. Therefore,
if any animal reaches a score of four, it is euthanized
before the end of the experiment [43]. Q. ilex extract
was administered in drinking water for 28 days, with
the water being renewed every two consecutive days.
No significant solubility or precipitation problems
were observed throughout the study. Controls were
implemented to monitor any changes in the quality of
the solution and ensure the compound’s effectiveness.
At the end of the study, all animals were euthanized
through intraperitoneal injection using a 10:1 ratio of
ketamine (100 mg/kg) to xylazine (10 mg/kg), fol-
lowed by exsanguination through cardiac puncture,
in agreement with the guidelines established by the
Federation of European Laboratory Animal Science
Associations (FELASA) [44]. Blood and organ sam-
ples were subsequently collected for analysis.

Microhematocrit and biochemical parameters

Blood samples were centrifuged using a Pro-
Vet centrifuge (Centurion Scientific Limited, West
Sussex, UK) at 13,500% g for 5 min, and plasma was
collected for analysis of serum biochemistry. The
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microhematocrit value was measured using a micro-
hematocrit reader (PrO-Vet HE Haematocrit, United
Kingdom). Serum concentrations of albumin, total
protein, creatinine, urea, and alanine aminotransferase
(ALT) were determined using an autoanalyzer (Prestige
24i, PZ Cormay S.A., Lomianki, Poland). To determine
serum glucose levels, the animals were fasted for 12 h.
After this period, blood glucose levels were measured
in each animal. Glucose levels were measured using a
GlucoMen Areo 2 K glucometer with GlucoMen Areo
Sensor brand strips (A. Menarini Diagnostics, Florence,
Italy).

Histological analysis

Tissue samples were fixed in 10% neutral buff-
ered formalin, transferred to histological cassettes,
dehydrated in a graded series of ethanol and xylene,
and embedded in paraffin. The samples were then seri-
ally sectioned at 4 um using a microtome, collected on
glass slides, and deparaffinized by placing the slides
in xylene twice for 5 min. Finally, the samples were
hydrated using a graded ethanol series and stained with
hematoxylin and eosin using an automated staining
apparatus for routine histopathological diagnosis. All
slides were examined by light microscopy using a Zeiss
microscope. Axioplan 2 and image processing were
performed using the LAS Advanced Analysis Software
Bundle (No: 12730448, Leica Microsystems, Wetzlar,
Germany). In general, ear pavilion and chest skin lesions
were classified as dysplastic, papilloma, hyperplastic,
and carcinoma, as previously described by Gil da Costa
et al. [33]. Lung lesions were classified as mononuclear
inflammation, atelectasis, emphysema, bleeding, airway
desquamation, congestion, hyalinization, and hemor-
rhage. The liver and spleen were selected for histolog-
ical observation because these organs were previously
described as suffering from severe inflammation in this
animal model [35]. Liver lesions were classified as vac-
uolar, inflammation, and congestion, and spleen lesions
were classified as hyperplasia and congestion [33, 35].
Heart lesions were classified as myofiber hyalinization,
congestion, hemorrhage, and vascular ectasia, whereas
kidney lesions were classified as inflammatory infiltrate
[33], hydronephrosis [45], congestion [46], hyperemia
[47], and vascular ectasia [48].

Liver and kidney oxidative stress

Liver and kidney samples were collected and
stored at —80°C until they were processed for oxidative
stress analysis. To determine oxidative stress parame-
ters, samples were homogenized with cold buffer (0.32
mM of sucrose, 20 mM of HEPES, 1 mM of MgCl,,
and 0.5 mM of phenylmethyl sulfonylfluoride, pH 7.4)
using TissueLyser II (Qiagen, Hilden, Germany) [49].
The homogenate was centrifuged at 15,000x g for
20 min at 4°C (PrismR, Labnet International, USA),
and the supernatants were collected for analysis.
Superoxide dismutase (Cu/Zn-SOD) activity was
determined by the nitroblue tetrazolium reduction
generated by the xanthine/xanthine oxidase system at

560nm [50]. SODs from bovine erythrocytes were used
to construct a standard curve (0—600 U/mL). Catalase
(CAT) activity was determined at 240 nm as described
by Aebi [51] and was calculated using bovine catalase
as a standard (0-696 U/mL). Glutathione peroxidase
(GPx) activity was determined at 340nm [52], using
an extinction coefficient of 6.22 mM'/cm. Glutathione
reductase (GR) activity was determined by measur-
ing the increase in nicotinamide adenine dinucleo-
tide phosphate hydrogen (NADPH) absorbance at
340 nm [53] using a molar extinction coefficient of
6.22 mM'/cm. Glutathione S-Transferase (GST)
activity was determined by the increase in absor-
bance at 340 nm due to the conjugation of the thiol
group of glutathione (GSH) to the 1-chloro-2,4-dini-
trobenzene substrate [54], using a molar extinction
coefficient of 9.60 mM'/cm. GSH levels were deter-
mined by measuring both the reduced and oxidized
glutathione disulfide (GSSG) states using the fluo-
rochrome ortho-phthalaldehyde at 320 and 420 nm
for excitation and emission wavelengths, respec-
tively [55]. Concentrations were estimated using GSH
and GSSG standard curves (0—1 mM). The ratio of
GSH to GSSG was calculated as the oxidative stress
index. Malondialdehyde (MDA) content, an indicator
of lipid peroxidation (LPO), was measured at wave-
lengths of 535 nm (MDA-thiobarbituric acid [TBA]
adducts) and 600 nm (nonspecific adducts) using the
TBA-based method described elsewhere [56]. MDA
was estimated from a standard curve (0-1000 uM)
of malonaldehyde bis (dimethyl acetal). Carbonyls
were estimated using the method described by
Mesquita et al. [57] and were determined at 450 nm.

Statistical analysis

Statistical analysis was conducted using IBM
SPSS Statistics for Windows, version 26 (IBM Corp.,
Armonk, N.Y., USA), and GraphPad Prism version 9
(Boston, Massachusetts, USA). Normal distribution
was assessed using the Shapiro—Wilk test, and homo-
geneity of variance was evaluated using the Levene test.
For data with a normal distribution, analysis of variance
(ANOVA) followed by the Bonferroni test was applied.
Non-parametric tests, such as the Kruskal-Wallis test,
were used for data that did not conform to a normal dis-
tribution. After the Kruskal-Wallis test, we performed
pairwise comparisons that included Dunn’s post hoc
test with Bonferroni correction to identify which groups
were significantly different from each other. Statistical
significance was defined as p < 0.05. Parameters sub-
jected to this criterion included body weight, food and
drink consumption, organ mass, humane endpoints,
and hematological and oxidative stress parameters. The
association between histological lesions and groups
was examined using the Chi-square test.
e Humane endpoints = (sum score per animal)/

(number of animals per cage).
e Weight gain = (final weight—initial weight)/(ini-
tial weight) x 100 (%).
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e Average daily consumption (drink/food) per ani-
mal per day = (initial weight) — (final weight)/
(number of days between weighings) x (number
of animals per cage) (g). We did not use metabolic
cages; the animals in each group were kept in the
same cage. Thus, because the animals were in the
same cage, for animal welfare reasons, we calcu-
lated the average food and water consumption per
animal.

e Relative weight of organs (%) = (organ weight, g)/
(body weight, g) x 100 (%).

Results

Profile of phenolic compounds and antioxidant

capacity of aqueous extracts

The chemical contents of the Q. ilex extract are
given in Table-1. At a concentration of 0.03 g/mL, the
phenolic content was characterized by total phenols
with 0.355 £ 0.004 mg gallic acid (GA)/g dry weight

(DW), ortho-diphenols with 0.749 + 0.014 mg GA/g

DW, and flavonoids with 0.062 + 0.006 mg CAT (cat-

echin)/g DW. At a concentration of 0.06 g/mL, the

phenolic composition exhibited the following mea-
surements: total phenols amounted to 0.665+0.013 mg

GA/g DW; ortho-diphenols at 1.369 + 0.038 mg GA/g

DW; and flavonoids at 0.144 £ 0.005 mg CAT/g DW.

At a concentration of 0.09 g/mL, the phenolic con-

tent was characterized by 0.929 + 0.018 mg GA/g

DW for total phenols, 1.877 £ 0.022 mg GA/g DW for

ortho-diphenols, and 0.226 + 0.006 mg CAT/g DW for

flavonoids. There were statistically significant differ-
ences in the total phenolic content among the tested
concentrations. Regarding antioxidant capacity, the

Q. ilex extract prepared at 0.03 g/mL had a capacity

of 3.340 £+ 0.013 mmol Trolox/g DW, the 0.06 g/mL

concentration had a capacity of 6.820 = 0.118 mmol

Trolox/g DW, and the Q. ilex extract prepared at

0.09 g/mL had a capacity of 9.205 £ 0.099 mmol

Trolox/g DW. Significant differences were also found
among all concentrations (p < 0.05) (Table-2). The
Q. ilex extract was mainly composed of digalloyl-glu-
cose, followed by GA (Table-2).

General findings, food and drink intake, and organ
weight

No behavioral changes, including environmen-
tal responses, such as reaction to stimuli (e.g., plac-
ing the palm of the hand above the cage), respiratory
rate, social interaction with other animals in the same
cage, dietary patterns, and exploratory behavior, were
observed among the experimental groups. No animal
scored four for the humane endpoints; therefore, the
results suggest that Q. ilex extract did not interfere
with animal welfare. Statistically significant differ-
ences were observed between G2 (HPV, water) and
G6 (HPV, 0.09 g/mL), indicating that Q. ilex extract
improved the animals’ well-being (Table-3). Gl
(WT, water) (1.43%), G2 (HPV, water) (2.66%), G3
(WT, 0.09 g/mL) (3.50 %), and G5 (HPV, 0.06 g/mL)
(0.99%) showed an increase in body weight over the
experimental period. The ANOVA results showed sta-
tistically significant differences between G2 (HPYV,
water) and G4 (HPYV, 0.06 g/mL) (p <0.05) (Table-3).
Table-3 presents the findings regarding food and bev-
erage consumption, which indicated a trend toward
increased consumption by transgenic mice (HPV).
Relative organs’ weight is displayed in Table-4.
Statistically significant differences were found in lung
between G2 (HPV, water) and G4 (HPV, 0.03 g/mL),
as well as between G2 (HPV, water) and G5 (HPV,
0.06 g/mL) (p < 0.05), indicating that the differences
were significantly increased. In addition, in the liver,
G6 (HPV, 0.09 g/mL) was significantly higher than G3
(WT, 0.09 g/mL) (p < 0.05). The groups that ingested
Q. ilex extract also had a higher kidney weight.
Statistically significant differences were found in the

Table-1: Mean, standard deviation, and univariate effects of total phenolic (mg GA/g DW), ortho-diphenol (mg GA/g DW),
and flavonoid (mg CAT/g DW) content and antioxidant capacity (mmol Trolox/g DW).

Concentration

Phenolic content

Antioxidant capacity

Total phenolics Ortho-diphenols Flavonoids FRAP
0.03 g/mL 0.355 + 0.004 0.749 £ 0.014 0.062 + 0.006 3.340 £ 0.013
0.06 g/mL 0.665 + 0.013 1.369 + 0.038 0.144 + 0.005 6.820 £ 0.118
0.09 g/mL 0.929 + 0.018 1.877 = 0.022 0.226 + 0.006 9.205 + 0.099

GA=Gallic acid, DW=Dry weight, CAT=Catalase, FRAP=Ferric reducing antioxidant power

Table-2: Identification and quantification (mg/g extract) of phenolic compounds in the aqueous extract of Quercus ilex.

Peak Rt (min) Amax [M-H] MS?2 Tentative identification Quantification
(nm) (m/z) (mg/g extract)

1 4.33 277 169 125 (100) Gallic acid 3.23 = 0.04

2 4.50 273 483 313 (43);313 (100);169 (23) Digalloyl-glucose 9.10 = 0.30

3 7.61 280 289 245 (100);203 (12) (-) —Epicatequin 1.50 + 0.07

4 8.27 276 387 207 (100);163 (53) Medioresinol 0.62 + 0.03

5 8.32 278 451 313 (100);169 (10) Trigalloyl acid lactonized 0.58 £ 0.02

Total phenolics compounds  15.10 = 0.20

Rt=Retention time (min), Amax=Maximum absorption in the visible region (nm), [M-H]=Diprotonatedd ion (m/z),

MS2=Mass fragmentation (m/z)
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Table-3: Humane endpoints: body weight (g) at the start and end of the study, weight gain (%), average daily
consumption of food (g), and drink (mL) during the experimental trial (mean £ standard deviation).

Group Humane Body weight Weight gain (%) Average daily

endpoints consumption
Initial (g) Final (g) Food (g) Drink (mL)

G1 WT water 0.73 £ 0.26 24.67 £2.87 25.01 £ 2.78 1.43 £ 2.36 3.46 4.07

G2 HPV water 1.02 £ 0.181 22.78 £ 0.69 23.38 £ 0.66 2.66 £ 0.772 4.19 6.21

G3 WT, 0.09 g/mL 0.78 £ 0.28 24.34 £ 3.85 25.13 £ 3.59 3.50 £ 3.03 3.44 4.75

G4 HPV 0.03 g/mL 0.87 £ 0.15 23.33 £1.61 23.54 £ 1.49 0.99 £ 3.95 4.08 6.20

G5 HPV 0.06 g/mL 0.85 £ 0.27 23.94 £1.82 23.19 + 1.47 -3.00 = 4.33 4.30 6.57

G6 HPV 0.09 g/mL 0.57 £ 0.16 24.78 £ 0.74 24.61 £ 0.67 -0.69 £ 0.94 4.29 6.96

!Statistically different from G6 (p < 0.05). 2Statistically different from G5 (p < 0.05). HPV=Human papillomaviruses,

WT=Wildtype

Table-4: Relative organ weight (%) (mean % standard deviation).

Organs G1 WT G2 HPV G3 WT, G4 HPV G5 HPV G6 HPV
water water 0.09 g/mL 0.03 g/mL 0.06 g/mL 0.09 g/mL
Heart 0.40 + 0.06 0.42 + 0.09 0.44 £ 0.09 0.45 £ 0.06 0.50 £ 0.05 0.48 £ 0.03
Lung 0.58 + 0.08 0.56 + 0.06%? 0.62 £ 0.06 0.70 £ 0.03 0.73 £ 0.05 0.66 £ 0.08
Spleen 0.34 £ 0.13 0.39 + 0.08 0.36 £ 0.06 0.40 £ 0.05 0.43 + 0.08 0.49 £ 0.13
Liver 3.92 + 0.18 4,32 £ 0.27 3.74 £ 0.283 4.45 + 0.32 4.48 + 0.23 4.60 £ 0.35
Right kidney 0.54 + 0.06 0.53 + 0.073 0.53 + 0.063 0.57 = 0.06 0.62 + 0.05 0.64 + 0.04
Left kidney 0.53 + 0.06 0.60 + 0.07 0.51 + 0.09 0.57 + 0.05 0.65 + 0.06 0.61 + 0.07

Significantly different from G4 (p < 0.05). 2Significantly different from G5 (p < 0.05). 3Significantly different from G6

(p < 0.05)
HPV=Human papillomaviruses, WT=Wild-type

right kidneys between G2 (HPV, water) and G6 (HPYV,
0.09 g/mL), as well as between G3 (WT, 0.09 g/mL)
and G6 (HPV, 0.09 g/mL) (p < 0.05).

Microhematocrit and serum biochemical parameters
Microhematocrit and serum biochemical param-
eters are displayed in Table-5. Statistically signifi-
cant differences in total proteins were found between
G4 (HPV, 0.03 g/mL) and G6 (HPV, 0.09 g/mL)
(p < 0.05), as well as between G5 (HPV, 0.06 g/mL)
and G6 (HPV, 0.09 g/mL) (p < 0.05). Urea values
were higher in G5 (HPV, 0.06 g/mL), and statistically
significant differences were found between G4 (HPV,
0.03 g/mL) and G5 (HPV, 0.06 g/mL) (p < 0.05).

Histology
HPV-induced lesions

Table-6 and Figures-la and b summarize the
results of histological analysis of the ear and chest
skin. As expected, cutaneous lesions on the skin of the
ear pavilion were observed only in the HPV groups,
whereas all animals in the two WT groups exhib-
ited normal auricular skin. Neoplastic lesions were
recorded in all HPV-positive groups. Regarding the
ear skin, there were statistically significant differ-
ences between G1 (WT, water) and G2 (HPV, water)
in the parameters of dysplasia, inflammatory infil-
trate, and hyperplasia (p < 0.05). In the skin samples
of the chest, there were also statistically significant
differences between G1 (WT, water) and G2 (HPYV,
water) (p < 0.05) in the parameter sebaceous hyper-
plasia. WT animals (G1 (WT, water) and G3 (WT,
0.09 g/mL)) exhibited normal chest skin (100%), thus
confirming that the Q. ilex extract did not cause any

histological skin lesions in WT animals. All control
animals from G2 (HPV, water) exhibited histological
lesions of sebaceous hyperplasia (100%), with statisti-
cally significant differences between G1 (WT, water)
and G2 (HPYV, water) (p < 0.05). Dysplasia was more
frequent in G4 (HPV, 0.03 g/mL) (67%) and G6 (HPV,
0.09 g/mL) (50%), followed by G5 (HPV, 0.06 g/mL)
(17%). Neoplastic lesions were found in all HPV
groups. G4 (HPV, 0.03 g/mL) and G5 (HPV, 0.06 g/mL)
had three recorded cases of carcinoma in sifu (50%),
whereas G2 (HPV, water) had four cases of carcinoma
in situ (67%) and two cases of small invasive carci-
noma (33%). In addition, a small invasive carcinoma
was detected in G5 (HPV, 0.06 g/mL) (17%).

Histological analysis of internal organs

Table-7 and in Figures-1c and d summarizes the
histological results of the lungs, liver, spleen, and kid-
neys. In the liver, there were statistically significant
differences between G1 (WT, water) and G2 (HPV,
water) (p <0.05) in parameter congestion. Statistically
significant differences were observed in the parameter
diffuse white pulp hyperplasia between the G1 (WT,
water) and G2 (HPV, water) (p < 0.05) in the spleen.
Hyperplasia was observed in all mice from G2 (HPV,
water) (100%), in four mice from G3 (WT, 0.09 g/mL)
(67%), in two mice from G4 (HPV, 0.03 g/mL) (33%),
and in one mouse from G5 (HPV, 0.06 g/mL) (17%)
and G6 (HPV, 0.09 g/mL) (17%).

Liver and kidney oxidative stress

Regarding the analysis of liver oxidative stress, sta-
tistically significant differences in the CAT marker were
found between G1 (WT, water) and G2 (HPV, water),
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Table-5: Microhematocrit, glucose, and serum biochemical parameters (mean % standard deviation).

Parameters G1 WT water G2 HPV water G3 WT G4 HPV G5 HPV G6 HPV
0.09 g/mL 0.03 g/mL 0.06 g/mL 0.09 g/mL
Microhematocrit (%) 45.68 £ 0.99 46.05 £ 2.52 45.25 + 3.81 44,95 + 2.68 46.63 £ 2.31 44.63 £ 2.72
Glucose (mg/dL) 203.67 = 20.76 170.83 + 34.98 165.17 +£ 20.98 174.33 + 14.39 198.83 + 32.71 170.67 + 22.80
Albumin (g/L) 2.89 £ 0.41 2.69 £ 0.23 3.03 £ 0.42 2.86 = 0.55 2.70 £ 0.20 3.04 + 0.42

Alanine

aminotransferase (U/L)
Total protein level (g/L) 45.12 £ 3.39 46.48 = 5.59
Urea (mg/dL)

47.18 £ 3.10
61.12 £ 8.95 62.77 £7.47 62.90 +11.70 71.83 £ 3.972

75.38 £17.84 61.03 £ 12.62 48.50 £ 17.81 122.73 + 116.81 85.92 + 23.94 90.78 + 20.03

43.83 £ 2.831 43.34 £1.271 50.88 = 1.95
53.08 £ 6.55 67.50 £ 7.31

IStatistically different from G6 (p < 0.05). ?Statistically different from G5 (p < 0.05). HPV=Human papillomaviruses,

WT=Wild-type

Table-6: Animals with histological cutaneous lesions in all experimental groups.

Histological G1 WT G2 HPV G3 WT G4 HPV G5 HPV G6 HPV
cutaneous lesions water water 0.09 g/mL 0.03 g/mL 0.06 g/mL 0.09 g/mL
(%) (%) (%) (%) (%) (%)
Ear pavilion lesions
Dysplasia 0 (0)t 6 (100) 0 (0) 4 (67) 4 (67) 5(83)
Papilloma 0 (0) 1(17) 0 (0) 1(17) 1(17) 3 (50)
Sebaceous hyperplasia 0 (0) 4 (67) 0 (0) 6 (100) 2 (33) 5 (83)
Inflammatory infiltrate 0 (0)* 6 (100) 0 (0) 6 (100) 4 (67) 6 (100)
Hyperplasia
Simple
Focal 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Diffuse 0 (0)t 6 (100) 0 (0) 5 (83) 2 (33) 5 (83)
Papillary
Focal 0 (0) 2 (33) 0 (0) 2 (33) 2 (33) 4 (67)
Diffuse 0 (0) 0 (0) 0 (0) 0 (0) 1(17) 1(17)
Papillomatosis
Focal 0 (0) 4 (67) 0 (0) 3 (50) 1(17) 4 (67)
Diffuse 0 (0) 1(17) 0 (0) 1(17) 2 (33) 1(17)
Carcinoma
Carcinoma in situ 0 (0) 6 (100) 0 (0) 5 (83) 3 (50) 5 (83)
Small-invasive 0 (0) 4 (67) 0 (0) 3 (50) 3 (50) 0 (0)
carcinoma
Invasive carcinoma 0 (0) 1(17) 0 (0) 1(17) 0 (0) 0 (0)
Chest skin lesions
Dysplasia 0 (0) 3 (50) 0 (0) 4 (67) 1(17) 3 (50)
Sebaceous hyperplasia 0 (0)* 6 (100) 0 (0) 5 (83) 4 (67) 5 (83)
Inflammatory infiltrate 0 (0) 2 (33) 0 (0) 1(17) 2 (33) 3 (50)
Hyperplasia
Simple
Focal 0 (0) 0 (0) 0 (0) 1(17) 0 (0) 0 (0)
Diffuse 0 (0) 3 (50) 0 (0) 4 (67) 0 (0) 1(17)
Papillary
Diffuse 0 (0) 3 (50) 0 (0) 1(17) 3 (50) 4 (67)
Focal 0 (0) 2 (33) 0 (0) 1(17) 1(17) 1(17)
Papillomatosis
Diffuse 0 (0) 0 (0) 0 (0) 0 (0) 1(17) 0 (0)
Papilloma
Inverted papilloma 0 (0) 0 (0) 0 (0) 2 (33) 2 (33) 1(17)
Exophytic papilloma 0 (0) 0 (0) 0 (0) 1(17) 3 (50) 3 (50)
Carcinoma
Carcinoma in situ 0 (0) 4 (67) 0 (0) 3 (50) 3 (50) 5 (83)
Small-invasive 0 (0) 2 (33) 0 (0) 0 (0) 1(17) 0 (0)

carcinoma

Significantly different from the G2 (p < 0.05). HPV=Human papillomaviruses, WT=Wildtype

G2 (HPV, water) and G5 (HPV, 0.06g/mL), and between
G2 (HPV, water) and G6 (HPV, 0.09 g/mL) (Figure-2)
(p <0.05). In the analysis of renal oxidative stress, there
appears to be a tendency for higher levels of reactive
oxygen species (ROS) markers to be found between G1
(WT, water) and G3 (WT, 0.09 g/mL), G2 (HPV, water)
and G4 (HPV, 0.03 g/mL), G2 (HPV, water) and G5

(HPV, 0.06 g/mL), and between G3 (WT, 0.09 g/mL)
and G6 (HPV, 0.09 g/mL) (Figure-3) (p < 0.05).

Discussion

PVs induce warts and condylomas in animals
and humans, showing species specificity across mam-
mals, birds, fish, and reptiles [1, 2]. PV infections
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Table-7: Number of animals (%) with histological lesions in the lungs, liver, spleen, and kidneys in all experimental

groups.
Histological lesions G1 WT G2 HPV G3 WT, G4 HPV G5 HPV G6 HPV
water water 0.09g/mL 0.03g/mL 0.06g/mL 0.09 g/mL
(%) (%) (%) (%) (%) (%)
Lungs
Mononucleated inflammation intensity 0 (0) 2 (33) 1(17) 0 (0) 0 (0) 0 (0)
Atelectasis 0 (0) 1(17) 0 (0) 0 (0) 2 (33) 0 (0)
Emphysema 0 (0) 3 (50) 3 (50) 0 (0) 1(17) 0 (0)
Bleeding 0 (0) 2 (33) 2 (33) 0 (0) 0 (0) 0 (0)
Airways desquamation 0 (0) 1(17) 0 (0) 0 (0) 0 (0) 0 (0)
Hyalinization arteriolar 0 (0) 1(17) 0 (0) 0 (0) 0 (0) 0 (0)
Hyperemia 0 (0) 4 (67) 4 (67) 2 (33) 1(17) 2 (33)
Hemorrhage 0 (0) 2 (33) 1(17) 0 (0) 0 (0) 0 (0)
Liver
Vacuolar 1(17) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Inflammatory infiltrate
Periportal 0 (0) 1(17) 0 (0) 1(17) 0 (0) 0 (0)
Centrilobular 0 (0) 3 (50) 0 (0) 0 (0) 0 (0) 0 (0)
Midzonal 1(17) 1(17) 1(17) 3 (50) 1(17) 0 (0)
Spleen
Diffuse white pulp: hyperplasia 0 (0)! 6 (100) 4 (67) 2 (33) 1(17) 1(17)
Expansion of splenic red pulp: congestion 0 (0) 0 (0) 1(17) 0 (0) 0 (0) 0 (0)
Kidney
Inflammatory infiltrate 1(17) 6 (100) 2 (33) 4 (67) 2 (33) 6 (100)
Hydronephrosis 0 (0) 3 (50) 0 (0) 1(17) 1(17) 1(17)
Hyperemia 0 (0) 1(17) 0 (0) 0 (0) 0 (0) 1(17)
Vascular ectasia 0 (0) 3 (50) 3 (50) 0 (0) 0 (0) 0 (0)

1Significantly different from that of G2 (p < 0.05). HPV=Human papillomaviruses, WT=Wild-type

are widespread among various animal species glob-
ally, significantly impacting animal and livestock
production and indirectly affecting human health
[18]. Hence, exploring sustainable preventive mea-
sures using the One Health approach is crucial [19].
Researchers have long studied natural compounds due
to their remarkable chemical diversity, and they are
considered valuable sources of bioactive compounds
with potential preventive and therapeutic applications
in several diseases, including cancer [19, 20].

Acorns contain flavonoids, phenolic acids,
and tannins that are vital for sustaining beneficial
antioxidant levels in the body, thereby preventing
diseases such as cancer, diabetes, and cardiovas-
cular diseases [58]. They have several properties,
including antioxidants [59], antimicrobials [60],
anti-inflammatory [61], antidiabetics [62], hepa-
toprotective [63], antiobesity [64], anticancer [65],
and anti-neurodegenerative [66]. Therefore, our
objective was to evaluate the in vivo chemopreventive
activity of an infusion extract of Q. ilex in a trans-
genic mouse model of HPV16. Chemical analysis of
our Q. ilex infusion extract demonstrated the presence
of GA, digalloyl-glucose, epicatequin, medioresinol,
and trigalloyl acid lactonized. GA has been identified
as an inhibitor of carcinogenesis in animal models and
in vitro cancer cell lines, such as KATO III, COLO
205, 3T3L1, DULI145, 22Rv1, Calu-6, A459, Hela,
U&7, U251n, HL-60, and HT-29 [67]. Regarding the
phenolic profile, five compounds were identified and
quantified, most of which were previously identified
in acorn samples in the literature [68, 69]. Compound

5 (trigalloyl acid lactonized) has also been identified
in other fruits [70].

In this research, the human endpoints were estab-
lished with the aim of minimizing animal pain during
experimental tests, as described by Nemzek ez al. [71].
Our data, which were recorded weekly regarding the
evaluation of humane endpoints, demonstrated no
behavioral or morphological changes in the mice.
Furthermore, the human endpoint scores were lower
in G6 mice (HPV, 0.09 g/mL) compared with G2
(HPV, water). However, concerning the global mean
of human endpoint parameters, a statistically signifi-
cant decrease was observed between G2 (HPV, water)
and G6 (HPV, 0.09 g/mL). This indicates that at the
maximum concentration, keratosis in the ears and
muzzle is reduced, as well as an improved appearance
of the protective region around the eyes. No deaths,
behavioral changes, or other clinical signs of discom-
fort were observed.

Furthermore, the mean body weight of the
HPV-transgenic animals was significantly lower
than that of the WT animals. This result has been
previously documented [72] and is consistent with
the cachexia observed in this animal model [72]. All
animals showed an increase in weight gain, except
for those in groups G4 (HPV, 0.03 g/mL) and G6
(HPV, 0.09 g/mL). Specifically, weight gain in G4
(HPV, 0.03 g/mL) was statistically lower than that in
G2 (HPV, water). However, it is within the normal
range for body weight [73]. Another hypothesis sug-
gests that body weight is related to increased hydra-
tion, potentially explaining the lower body weight
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0.09 g/mL §
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]

Figure-1: Histological analysis of (a) ear pavilion skin, (b) chest skin, (c) liver, and (d) spleen, in each experimental group.
(a) WT groups showing normal ear pavilion skin (A-G1, A-G3), HPV groups showing papilloma (A-G6), carcinoma in situ
(AG4), and hyperplasia (AG5) and small invasive carcinoma (A-G2); (b) WT groups showing normal skin (B-G1, B-G3),
HPV groups showing small invasive carcinoma (B-G4), dysplasia (B-G5), papilloma (B-G6), and carcinoma in situ (B-G2).
(c) WT groups showing normal liver (C-G1) with low-grade of congestion (C-G3), HPV groups showing inflammatory
infiltrate (C-G2) and congestion (C-G2, C-G4, C-G5, and C-G6); (d) WT groups showing normal spleen (D-G1) with low
grade of white pulp hyperplasia (D-G3), HPV groups showing normal spleen (G-G4, G-G6), and low grade of white pulp
hyperplasia (G-G5) (40x H&E). HPV=Human papillomaviruses, WT=Wild-type.

observed in transgenic animals [74]. Transgenic
animals exhibit higher food and water intake com-
pared to WT mice. The prevalent cachexia observed,
which is characterized by weight loss and acceler-
ated metabolism, may prompt quicker dehydration
and, thus, increased water intake to compensate for
fluid loss [72, 75].

Furthermore, the biological alteration of
the skin barrier in these animals, resulting from

subsequent transgenesis processes, contributes to
a thinner skin barrier, potentially influencing their
hydration needs [76]. The increased food consump-
tion observed in transgenic mice could be attributed
to a form of energy compensation; in other words,
cachexia in transgenic animals elevates basal
metabolism, consequently heightening their energy
requirements [77]. Consequently, these animals
may exhibit increased food consumption as a com-
pensatory mechanism to meet the escalated energy
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Figure-2: Liver oxidative stress. Statistically significant differences in the CAT marker between G1 (WT, water) and
G2 (HPV, water), G2 (HPV, water) and G5 (HPV, 0.06 g/mL) and between G2 (HPV, water) and G6 (HPV, 0.09 g/mL)
(p < 0.05). Cu/Zn-SOD (U SOD/mg protein); CAT (U CAT/mg protein); GPx (nmol NADPH reduced/min.mg protein);
GR (nmol NADPH reduced/min.mg protein); GST (nmol CDNB conjugated/min.mg protein); GSH (umol GSH/mg
protein); GSSG (umol GSSG/mg protein); OSI (GSH/GSSG); LPO (umol MDA/mg protein); Carbonyls (CO) (nmol
nicotinamide adenine dinucleotide (NADH)/min.mg protein) and ROS (nmol fluorescent dichlorofluorescein (DCF)/mg
protein). HPV=Human papillomaviruses, WT=Wildtype, CAT=Catalase, SOD=Superoxide dismutase, GPx=Glutathione
peroxidase, GR=Glutathione reductase, GST=Glutathione S-transferase, GSH=GIlutathione, OSI=0Oxidative stress index,
MDA=Malondialdehyde, LPO=Lipid peroxidation, ROS=Reactive oxygen species, CDNB=1-chloro-2,4-dinitrobenzene.
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Figure-3: Kidney oxidative stress. Statistically significant differences in the ROS marker between G1 (WT, water) and G3
(WT, 0.09 g/mL); G2 (HPV, water) and G4 (HPV, 0.03 g/mL); G2 (HPV, water) and G5 (HPV, 0.06 g/mL); G3 (WT, 0.09 g/mL);
and G6 (HPV, 0.09 g/mL) (p < 0.05). Cu/Zn-SOD (U SOD/mg protein); CAT (U CAT/mg protein); GPx (nmol NADPH
reduced/min.mg protein); GR (nmol NADPH reduced/min.mg protein); GST (nmol CDNB conjugated/min.mg protein);
GSH (umol GSH/mg protein); GSSG (umol GSSG/mg protein); OSI (GSH/GSSG); LPO (umol MDA/mg protein), CO (nmol
NADH/min.mg protein); ROS (nmol DCF/mg protein). HPV=Human papillomaviruses, WT=Wild-type, CAT=Catalase,
SOD=Superoxide dismutase, GPx=Glutathione peroxidase, GR=Glutathione reductase, GST=Glutathione S-transferase,
GSH=Glutathione, OSI=0Oxidative stress index, MDA=Malondialdehyde, LPO=Lipid peroxidation, ROS=Reactive oxygen
species, CDNB=1-chloro-2,4-dinitrobenzene.

anti-inflammatory therapy was previously shown
to enhance the activity of cytotoxic T lymphocytes,
leading to decreased tumor progression in this ani-

expenditure. Conversely, cachexia is linked to
chronic inflammatory processes that can upregulate
the production of proinflammatory cytokines [78].

These cytokines, in turn, may elicit responses in
the central nervous system, increasing appetite and
food intake [79]. Inflammation may also contribute
to immune suppression and tumor persistence, and

mal model [80].

In a general way, the rise in all relative organs,
such as the heart, lung, spleen, liver, and kidneys,
among the HPV groups administered with Q. ilex
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extract may suggest an enhanced metabolic response,
potentially linked to various processes, such as
heightened energy metabolism or increased cellu-
lar activity [81]. Elevated metabolic rates can lead
to increased production of free radicals and oxida-
tive stress, thereby prompting increased activity of
antioxidant systems [82]. Alternatively, the increase
in the weight of all organs could represent an adap-
tive or compensatory reaction of the body to Q. ilex
extract exposure, as the body seeks to manage the
extract components or their effects [83]. Indeed, while
the escalation in the weight of all organs may sug-
gest a physiological response, it is crucial to consider
the possibility that this increase could signify stress
or toxicity within the organs in reaction to Q. ilex
extract. More specifically, the relative weight of the
liver and spleen was greater in transgenic mice, which
was anticipated due to the inflammatory processes
documented in the literature associated with trans-
genesis [33]. When genetic alterations occur in an
organism, such as the insertion of genetic material,
they can trigger an immunological response, resulting
in inflammation in various tissues, including the liver
and spleen, which are vital to the immune system.
Hence, the introduction of new genetic material into
cells or tissues can induce an inflammatory response,
which is an integral component of the body’s immune
reaction [84]. However, administration of Q. ilex infu-
sion seemed to corroborate the increase in liver and
spleen weight. Overall, the observed increase in organ
weight across all three concentrations of the extract
in HPV mice suggests a systemic effect on the mice’s
bodies, influencing all of the collected and analyzed
organs. This phenomenon can be attributed to the bio-
logical impact of the extract’s bioactive components
at the studied concentrations.

There were no statistically significant differ-
ences in the microhematocrit levels between the
groups, suggesting that the infusion extract of Q. ilex
does not induce anemia. The determination of micro-
hematocrit is a precise analysis for the general study
of anemia [85]. Glucose levels decreased in WT and
HPV mice treated with Q. ilex extract (0.09 g/mL)
but increased in HPV animals treated with 0.03 and
0.06 g/mL. This result may indicate the effect of
Q. ilex extract at a concentration of 0.09 g/mL on blood
glucose regulation, potentially increasing glucose lev-
els. It may also suggest a differential response to treat-
ment depending on the health status of the mice. In
WT and HPV mice, a concentration of 0.09 g/mL had
a hypoglycemic effect. This suggests that compounds
in Q. ilex extract affect glucose metabolism by either
increasing glucose uptake by cells or improving insu-
lin sensitivity [86]. In HPV mice, the other concen-
trations have a hyperglycemic effect, suggesting that
glucose regulation in these animals is altered or coun-
terbalanced by the presence of the disease, leading to
increased glucose levels. It is known that viral infec-
tion of cells requires increased glucose uptake for viral

replication and production [87]. Therefore, in the con-
text of HPV infection, it is reasonable to assume that
infected cells are increasing their glucose demand,
which could result in hyperglycemia in HPV mice.
Therefore, this result can be attributed to the altered
metabolic response of these animals to viral infection.
Viral infection may increase the demand for glucose
in infected cells, and Q. ilex extract may exacerbate
this effect, resulting in higher blood glucose levels.
Xu et al. [62] reported that ethanolic acorn extract
protected diabetic rats by reducing blood glucose,
increasing insulin secretion, and alleviating weight
loss. Albumin is a blood plasma protein. Low levels
can result from kidney and liver disease, inflammation,
or infections, whereas high levels are typically asso-
ciated with dehydration or severe diarrhea [88, 89].
Albumin levels appear to have increased in the Q. ilex
extract groups compared with the control groups, hint-
ing at possible dehydration in mice. ALT is a marker
of liver function [89]. Elevated ALT levels were noted
in certain groups treated with Q. ilex extract, suggest-
ing potential liver damage or dysfunction associated
with treatment. The groups treated with Q. ilex extract
at 0.09 g/mL exhibited higher levels of total proteins
than the control group. Elevated blood total protein
levels are often associated with dehydration or inflam-
mation, consistent with the results for albumin [90].
Elevated urea levels were observed in the Q. ilex
extract-treated groups, indicating a potential impact
of Q. ilex extract on kidney function. High urea levels
could indicate kidney injury or disease [91]. Based on
the histological analysis of the ears and chest skin, we
anticipated that WT mice would not exhibit lesions, as
they are considered healthy animals. All HPV-exposed
mice exhibited notorious epidermal hyperplasia in the
ear pavilion skin, some with papillomatosis, and seba-
ceous hyperplasia. Thus, more severe lesions were
registered in G2 (HPV, water), two benign (papillo-
mas) and one invasive carcinoma. Considering the
severity of cutaneous lesions in chest skin, specifi-
cally neoplastic development, the worst group was
G2 (HPV, water) with two carcinomas, followed by
G5 (HPV, 0.06 g/mL) with one carcinoma. Globally,
regarding all cutaneous lesions from the two regions
contemplated in the study, G2 (HPV, water), G4 (HPV,
0.03 g/mL), and G6 (HPV, 0.09 g/mL) showed more
aggressive lesions, indicating that Q. ilex extract taken
at one concentration has a preventive effect against
chest skin lesions, namely, in neoplastic progression.
In 2019, Lee et al. [92] demonstrated that acorn husk
extract improved the progression of atopic dermati-
tis-like lesions, including swelling, induced by oxaz-
olone in Balb/c mouse ears. Among transgenic mice,
Q. ilex extract did not significantly alter the percent-
age of histological lesions in internal organs, including
the inflammatory hepatic and splenic lesions typically
described in this mouse strain. In terms of hepatic
lesions, G2 (HPV, water) exhibited a greater number
of lesions as anticipated, affecting a larger proportion
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of mice within the group. Following this, G5 (HPV,
0.03 g/mL) exhibited a similar pattern. Conversely, G6
(HPYV, 0.09 g/mL) had the most favorable outcomes,
which can be attributed to the therapeutic effect and
absence of toxicological effects of Q. ilex extract and
its concentration. Regarding the kidneys, G2 (HPYV,
water) was the most adversely affected group. All ani-
mals in group 2 (HPV, water) exhibited infiltrates as
well as hydronephrosis, however, only one case pre-
sented with hyaline cylinders Subsequently, G6 (HPV,
0.09 g/mL) and G3 (WT, 0.09 g/mL) exhibited similar
renal pathological patterns. The 0.06 g/mL concentra-
tion decreased the perception of histological lesions,
such as hyperplasia, dysplasia, and carcinoma. Once
more, from a histopathological perspective, a single
concentration exhibited beneficial effects. Regarding
oxidative stress in the liver, Q. ilex extract appears to
exhibit antioxidant activity in the liver, as evidenced
by the increased activity of antioxidant enzymes such
as SOD, GPx, GR, and GST in certain groups (e.g.,
G3 [WT, 0.09 g/m] and G4 [HPYV, 0.03 g/mL]). This
suggests that Q. ilex extract protects the liver against
oxidative stress by enhancing its antioxidant capac-
ity. However, the effects of Q. ilex extract on the liver
appear to vary depending on the concentration of the
extract administered. For instance, different groups
displayed disparate antioxidant responses, with cer-
tain concentrations, such as 0.09 g/mL, showing an
increase in antioxidant activity and 0.03 g/mL show-
ing a decrease. In addition, the presence of HPV in the
experimental groups seems to influence the results.
For example, G2 (HPV, water) exhibited enhanced
antioxidant activity against CAT and LPO, indicating
a potential virus-specific response. Moreover, some
groups demonstrated increased oxidative damage, as
evidenced by elevated carbonyl and ROS levels in
G4 (HPV, 0.03 g/mL) and G5 (HPV, 0.06 g/mL). This
suggests that Q. ilex extract may not effectively pre-
vent oxidative damage at all concentrations or exper-
imental conditions. Regarding oxidative stress in the
kidneys, there appears to be variation in antioxidant
activity among the different groups. The concentra-
tion of 0.06 g/mL showed higher activity in antioxi-
dant enzymes such as CAT, GPx, and GST, whereas
the other concentrations exhibited lower activity in
several of these enzymes. Once again, the presence
of HPV seems to influence the results, as observed in
G5 (HPV, 0.06 g/mL), which displayed increased anti-
oxidant activity in some enzymes (SOD, CAT) and
greater oxidative damage (ROS). The different groups
also demonstrated variation in the levels of oxidative
damage, with G4 (HPV, 0.03 g/mL) exhibiting greater
carbonyl formation and G5 (HPV, 0.06 g/mL) exhib-
iting higher ROS formation. This suggests that dif-
ferent concentrations of Q. ilex extract exert different
effects on oxidative damage to the kidneys. The find-
ings regarding oxidative stress in both the liver and
kidneys indicate that Q. ilex extract may have diverse
effects, encompassing antioxidant activity, oxidative

damage, and potential interactions with HPV.
Conclusion

Administration of Q. ilex extract resulted in a
noteworthy increase in relative organ weight among
HPV transgenic animals, indicating a biological
response to the tested concentrations. Moreover, skin
lesions were reduced in animals treated with the 0.06
and 0.09 g/mL extract. These findings suggest the
potential chemopreventive effects of Q. ilex extract,
particularly against the progression of neoplastic skin
lesions. The presence of bioactive compounds identi-
fied in the extract, such as GA and epicatequin, known
for their antioxidant activity and chemopreventive
potential in the previous studies, provides a plausible
biological basis for these observed effects. Hence, we
conclude that under these conditions and concentra-
tions, Q. ilex extract is safe and does not compromise
animal welfare. Future investigations can be con-
ducted using the isolates from the extract to determine
which are responsible for the identified effects.
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