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Abstract: The aim of this research was to examine the effect of the hydroalcoholic extracts from
the peel (APE) and pulp (APP) of a traditional apple cultivar from central Italy (Mela Rosa dei
Monti Sibillini) on CCl4-induced hepatotoxicity in rats. Phytoconstituents were determined by liquid
chromatography–mass spectrometry (LC-MS) analysis showing an abundance of proanthocyanidins
and flavonol derivatives together with the presence of annurcoic acid in APE. Wistar rats received
APE/APP (30 mg/kg oral administration) for three days before CCl4 injection (2 mL/kg intraperitoneal
once on the third day). Treatment with both APE and APP prior to CCl4 injection significantly
decreased the serum levels of aspartate aminotransferase (AST), alkaline phosphatase (ALP) and
alanine aminotransferase (ALT) compared to the CCl4 group. Besides, pretreatment with APE reversed
the CCl4 effects on superoxide dismutase (SOD), myeloperoxidase (MPO), tumor necrosis factor-α
(TNF-α) and interleukin-1beta (IL-1β) levels in liver tissue in rats and reduced tissue damage as shown
in hematoxylin and eosin staining. These results showed that this ancient Italian apple is worthy of
use in nutraceuticals and dietary supplements to prevent and/or protect against liver disorders.
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1. Introduction

The Mela Rosa dei Monti Sibillini is a small ancient apple, cultivated in the pre-Apennine zone
of the Sibillini Mountains in central Italy, at an altitude between 400 and 900 m a.s.l. It is considered
a typical fruit of the Marche region in central Italy [1]. Currently, local authorities are encouraging
various actions devoted to the increase of orchards throughout the territory of the Sibillini Mountains
in order to revive the regional economy and support industrial applications in cosmetics, nutraceuticals
and dietary supplements.

Ancient apples can be a valuable source of phytoconstituents, and our research group has already
explored the nutraceutical potential of some Italian cultivars of north and central Italy [2].

Apple (Malus spp.), one of the most widely obtainable fruits, contains phenolic compounds
belonging to the following classes: flavan-3-ols/procyanidins (catechin, epicatechin and procyanidins A,
B), flavonols (quercetin derivatives), dihydrochalcones (phloretin and its glycosylated form phloridzin)
and hydroxycinnamic acids (chlorogenic acid) [1,3]. Furthermore, it is known as a good source of
triterpene acids, especially in the peel, such as ursolic, annurcoic and oleanolic acids [1,3,4].

Literature data from clinical in vitro and in vivo experiments and overall research suggest that
apple consumption may be beneficial for the reduction of the risk of chronic diseases due to its
antioxidant, anti-inflammatory, antiproliferative, and cell signaling effects [4]. Thus, the exposure to
apples’ constituents derived from dietary consumption has been associated with beneficial effects on
the risk, markers, and etiology of several degenerative diseases [5].

Apple peel extract (APE) and apple pulp extract (APP) have shown beneficial effects in
acetic-acid-induced colitis, decreasing serum levels of triglycerides (TG), LDL cholesterol (LDL-C)
and VLDL cholesterol (VLDL-C) in streptozotocin (STZ)-induced diabetic rats [4,6]. In addition, they
displayed anti-inflammatory effects through suppression of NF-kB activity, inhibition of inflammatory
cytokines expression and improvement of antioxidant enzymes [4,7].

Extracts enriched in phytoconstituents may also exert significant effects in some disease models
and we previously observed significant protective effects of extracts from the Mela Rosa dei Monti
Sibillini against renal ischemia/reperfusion injury in rats [8].

Therefore, in the proceeding of our studies related to health-promoting effects of extracts from the
Mela Rosa dei Monti Sibillini we decided to evaluate their possible role on liver function protection.

The liver is the major organ devoted to the metabolism of drugs and toxicants [9]. Several factors,
such as viral infections, alcohol abuse, toxic substances and drugs, have potential harmful effects
on liver. Liver injury is characterized by cell degeneration, necrosis and apoptosis. Liver fibrosis
and cirrhosis is the main cause of the incidence of liver cirrhosis and hepatocellular carcinoma [10].
Numerous halogenated chemicals like carbon tetrachloride (CCl4) have potential hepatotoxic effects
due to cellular damage via oxidative stress [11]. CCl4 is converted to reactive radicals such as
CCl3* and CCl3OO* by cytochrome P450 in the liver and these free radicals react with membrane
lipids, proteins, DNA and RNA, leading to lipid peroxidation, cellular damage and apoptosis [12].
Several antioxidant enzymes including superoxide dismutase (SOD), catalase (CAT), phospholipid
hydroperoxide glutathione peroxidase (GSH-Px) play a protective role by inactivating free radicals
and preventing the cell damage [13]. Myeloperoxidase (MPO) is a key enzyme increasing its activity
during hepatic damage due to ongoing inflammation and oxidative stress [14], thus its reduction is of
pivotal importance for the treatment of liver injury. The inhibition of free radical formation and the
activities of antioxidant enzymes have a significant role for the survival and proper functioning of
cells. CCl4 intoxication is a useful model to evaluate the hepatoprotective effects of natural products
obtained from medicinal plants and foodstuffs.

Extracts from medicinal and aromatic plants as well as fruits and vegetables are ready-to-use
sources of antioxidant agents so that they may be proposed as an effective prevention treatment against
several diseases [15]. It has been reported that polyphenolic compounds from fruits and vegetables
present protective effects against tissue injury caused by free radicals [16].
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Several studies on CCl4-induced hepatotoxicity in animals have highlighted promising effects
for various phytochemicals [17]. For example, proanthocyanidins, natural compounds made up of
polymers of flavan-3-ols occurring in grape seed extracts, have shown a hepatoprotective role in
CCl4-induced hepatotoxicity in rats through reduction of lipid accumulation and DNA damage, and
increase of the level of antioxidant enzymes [12]. As well, a pretreatment with phloretin, the main apple
dihydrochalcone, significantly decreased the CCl4-induced inhibition of serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and lactic dehydrogenase (LDH) activities [16]. Owing to its
potent antioxidant and free radical scavenging activities, quercetin ameliorated CCl4-induced oxidative
stress and reduced levels of reactive oxygen species (ROS) and CYP2E1 expression in mice liver [18].
Similarly, a polyphenolic-rich extract from Micromeria croatica (Pers.) Schott showed a protective effect
against CCl4-induced hepatotoxicity in mice by boosting SOD activity and reducing 4-hydroxynonenal
(4-HNE) formation in the liver [19].

Thus, on the basis of the reported effects on liver of several phytoconstituents that have been
reported for the Mela Rosa dei Monti Sibillini, we decided to investigate the protective effects of APE
and APP against CCl4-induced hepatotoxicity in rats. For this purpose, the serum levels of ALT,
AST and alkaline phosphatase (ALP) were measured and the levels of SOD, MPO, tumor necrosis
factor (TNF-α) and interleukin-1beta (IL-1β) determined in the tissue homogenates. During CCl4
intoxication, serum creatinine and urea levels are often increased by impairment of glomerular filtration
rate due to the delayed CCl4 elimination. Therefore, urea and creatinine levels were also measured
in order to assess nephroprotective effects of our treatments [20]. Finally, the tissue injury was
assessed by hematoxylin and eosin staining. APE and APP chemical profiles were studied by liquid
chromatography coupled with mass spectrometry (LC-MSn) analysis.

The findings of our work shed light on the exploitation of this traditional apple variety in the
central Italy economy as a source of nutraceuticals to be used in the prevention and treatment of
liver disorders.

2. Results

2.1. Chemical Composition of APE and APP

Detailed chemical analysis of APE and APP was the subject of a previous work [1] and revealed
a complex pattern of phytoconstituents comprising phloretin glycosides, hydroxycinnamic acid
derivatives, quercetin derivatives and procyanidins of the B group as the most abundant phytochemicals.
Furthermore, annurcoic acid was detected as one of the main triterpene acids in APE. To assess a
possible role of these constituents in this work we obtained a fingerprint of the extract and we used the
overall content of phenolics and triterpene acids measured in the samples used for the in vivo test.
Chromatographic fingerprints of the extracts with the chemical structures of the main constituents are
depicted in Figure 1 while quantitative values are reported in the Figure 2.
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Figure 1. HPLC (High performance liquid chromatography) chromatogram of apple pulp (APP) at 254 nm (A), with chemical structures of the main constituents (B).
LC-APCI-MS (liquid chromatography atmospheric pressure chemical ionization mass spectrometry) chromatogram of apple peel (APE) extract showing a peak related
to annurcoic acid (C).
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The overall results showed that administration of extracts to animals corresponded to a dose of
4.21 and 6.52 mg/g of APP and APE, respectively. It is worth mentioning that only APE contained
annurcoic acid (0.23 mg/g).

2.2. Effects of APP and APE on Serum Biochemical Parameters

Table 1 shows the effects of APP and APE administration on CCl4-induced hepatotoxicity.
The serum levels of AST (### p < 0.001), ALT (## p < 0.01) and ALP (# p < 0.05) in the CCl4 group were
significantly raised compared to the control group. The serum levels of AST (** p < 0.01), ALT (** p
< 0.01) and ALP (* p < 0.05) were significantly lower in both the APP and APE pretreatment groups
compared to the CCl4 group. However, other biochemical parameters for instance, urea and creatinine
revealed no significant differences compared to the control group.

Table 1. Effects of APE and APP on serum biochemical parameters a in CCl4-induced hepatic damage
in rats.

Examinations Urea Creatinine AST ALT ALP

Control 50.28 ± 1.85 0.63 ± 0.07 125.5 ± 26.8 48 ± 6.46 316.1 ± 24.45
CCl4 53.10 ± 0.90 0.71 ± 0.10 633.0 ± 22.8 ### 632.2 ± 53.59 ## 599 ± 55.96 #

APE + CCl4 46.00 ± 7.00 0.75 ± 0.03 230.5 ± 33.5 ** 181 ± 69 ** 361.5 ± 41.5 *

APP + CCl4 37 ± 2.00 0.63 ± 0.07 151.5 ± 3.50 ** 110.5 ± 3.50 ** 375 ± 25 *

a Data are expressed as the mean ± SEM. # p < 0.05, ## p < 0.01 and ### p < 0.001 compared with control group.
* p < 0.05 and ** p < 0.01 compared with CCl4 group.

2.3. Effects of APP and APE on Liver Enzyme Assessments

Figure 3a,b shows the effects of APP and APE on liver enzymes (SOD and MPO). SOD activity
was reduced significantly after injection of CCl4 in the CCl4 group compared to the control group
(*** p < 0.001). Pretreatment with APE significantly improved the extent of SOD activity compared
to the CCl4 group (** p < 0.01). Pretreatment with APP before CCl4 intoxication had no significant
effects on SOD activity compared to the CCl4 group (p > 0.05) (Figure 3a). The levels of MPO as a
pro-oxidative and pro-inflammatory marker in the CCl4 group was markedly elevated compared to the
control group (*** p < 0.001). However, pretreatment with APE significantly decreased the MPO levels
compared to the CCl4 group (* p < 0.05), while the pretreatment with APP had no significant effects
(p > 0.05) (Figure 3b). The levels of pro-inflammatory cytokines of liver such as TNF-α (*** p < 0.001)
and IL-1β (*** p < 0.001) were significantly increased after CCl4 intoxication compared to the control
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group (Figure 4a,b). Pretreatment with APE significantly decreased TNF-α (* p < 0.05) and IL-1β
(*** p < 0.001) levels compared to the CCl4 group. On the other hand, pretreatment with APP before
CCl4 administration had no significant effects on these cytokines (p > 0.05).
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2.4. Histopathological Examination of the Liver

Histopathological micrographs of rat liver are presented in Figure 5. Control liver showed a
normal histologic structure (A). In the CCl4-treated group, disruption of cellular and lobular structures,
necrosis, congestion and inflammation were observed around the central vein (B). Pretreatment with
APP did not show observable improvement in CCl4-induced pathologic features (C). On the other
hand, the liver from APE-pretreated rats showed only mild damage suggesting hepatoprotective effects
of this extract (D).Molecules 2020, 25, x 8 of 13 
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Figure 5. Micrographs of hematoxylin- and eosin-stained liver tissues are presented (×10). Control
livers present normal histologic structures (A). CCl4 (B) and APP+CCl4 (C) treated livers show disrupted
cell boundaries and cellular necrosis (white arrows), congestion of the central vein (black arrows) and
inflammation (yellow arrow) whereas APE + CCl4 (D) livers show enhanced histopathologic features.

3. Discussion

It is well documented that CCl4 intoxication can induce liver lesion, cirrhosis and
hepatocarcinoma [21,22], thus being a well-established model of liver damage. In the present
study, CCl4 administration increased the serum levels of ALT, AST, ALP. Yousefi-Manesh et al. have
reported that APE prevented kidney injury induced by ischemia and reduced oxidative stress [8].
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In the present study, the pretreatment of rats with both APE and APP obtained from the same Italian
apple variety (Mela Rosa dei Monti Sibillini) significantly reduced the serum levels of ALT, AST and
ALP compared to the CCl4 group suggesting a protective effect. Furthermore, APE pretreatment
gave beneficial effects on TNF-α and IL-1β levels reducing the production of these pro-inflammatory
cytokines in the liver compared to the CCl4 group.

It has been reported that CCl4 intoxication increases MPO as an index of liver neutrophil infiltration
and decreases SOD, which plays the main role in the antioxidant defense [23,24]. APE pretreatment
was able to normalize the MPO and SOD levels whereas APP did not give significant changes in these
parameters compared to the CCl4 group. Ohta et al. demonstrated that the liver MPO activity increased
6 h after CCl4 injection followed by a further increase at 24 h [23]. On the other hand, the liver SOD
activity decreased 6 h after CCl4 injection followed by a further decrease at 24 h [23]. CCl4 is converted
into free radicals such as CCl3− and Cl3COO− by the hepatic cytochrome P450, that contributes
to elevate the serum levels of ALT, AST, ALP and MPO and to reduce the activity of antioxidant
enzymes such as SOD [25]. Our data revealed that pretreatment with APE could normalize the levels
of these parameters. Some reports have shown that CCl4 administration led to collagen deposition,
destruction of cellular boundaries, central vein congestion and inflammation of liver tissue [11,25,26].
In this study, the histopathological examination of the liver indicated that CCl4 intoxication caused
disruption of cellular and lobular structures, inflammation and necrosis. Our results showed that
pretreatment with APE could decrease CCl4 toxicity whereas APP pretreatment had no beneficial effects.
This different effects of APE and APP treatment, as observed in histopathological examination and
pro-inflammatory cytokines levels, may be related to their different chemical compositions. For instance,
APE is richer than APP in flavan-3-ols/procyanidins, flavonols, dihydrochalcones, hydroxycinnamic
acids, dihydrochalcones and triterpenes (average contents 8.04 vs. 3.93 mg/g, respectively), with
bioactive compounds such as quercetin derivatives, procyanidins, phloridzin and annurcoic acid
as the most important ones [1]. Furthermore, only APE contained the triterpene annurcoic acid,
suggesting a role for this compound in the observed activity. Flavonol glycosides have shown
protective effects against CCl4 hepatotoxicity in rats by improving antioxidant parameters such as
glutathione S-transferases (GSH), SOD and catalase (CAT) and decreasing the serum levels of ALT, AST
and ALP [27]. Dihydrochalcones have shown hepatoprotective effects by reducing the serum levels of
ALT induced by CCl4 intoxication and inhibiting cyclooxygenase (COX-2) and inducible nitric oxide
synthase (iNOS) expression. They also downregulated the expressions of nuclear factor-κB (NF-κB),
IL-6, caspase 3/8 induced by CCl4 [28]. Phloridzin, one of the most abundant dihydrochalcones in APE,
was shown to be able to revert the methotrexate (MTX)-induced hepatotoxicity in rats by reducing
oxidative stress, inflammation and apoptosis in hepatic tissues [29]. Annurcoic acid is a derivative of
ursolic acid, which was found to protect against CCl4-induced inflammation owing to its antioxidant
capacity and modulation of mitogen-activated protein kinase (MAPK) and NF-κB pathways [30].

In a research on zymosan-induced paw edema in rat, treatments with apple peel extracts
resulted in anti-inflammatory effects and reduction of paw edema and production of inflammatory
cytokines such as TNF-α and IL-1β [31]. Apple peel polyphenols have preventing effects against both
iron ascorbate (Fe/Asc) and lipopolysaccharide (LPS)-induced oxidative stress and inflammation
through downregulation of TNF-α, IL-6 and prostaglandin E2 (PGE2), and reduction of lipid
peroxidation. They also increased the induction of nuclear factor erythroid 2-related factor 2 (Nrf2)
and peroxisome proliferator-activated receptor-γ coactivator (PGC-1α) which elevate the expression of
antioxidant proteins and protect macromolecules against reactive oxygen species (ROS) damage [32].
In vitro studies on several cell lines (DLD-1, T84, MonoMac6, Jurkat) have demonstrated that apple
polyphenolic extracts had anti-inflammatory effects through NF-κB suppression and downregulation
of cyclooxygenase (COX-2), chemokines CXCL9 and CXCL10, and proinflammatory cytokines [33].
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4. Materials and Methods

4.1. Apple Sampling

Apple sampling was done as formerly reported by Yousefi-Manesh et al. (2019). Apple trees
were cultivated in the orchards located in Montefalcone Appennino (N 42◦59′17”; E 13◦27′32”), in the
area of Sibillini Mountains, Marche region, central Italy, at 750 m a.s.l. The harvest was done at apple
ripening, in November 2017. Apple storage was at ambient temperature until extraction.

4.2. Preparation of Hydroalcoholic Extracts

The hydroalcoholic extracts were prepared as formerly reported by Yousefi-Manesh et al. (2019).
Briefly, after the separation and drying of peel and pulp at 40 ◦C for 18 h with a Biosec De Luxe B12 dryer
(Albrigi Luigi, Verona, Italy), the dehydrated materials were powdered to 2-mm size particles using an
IKA-WERK MFC DCFH 48 (Staufen, Germany). The extraction was made using a methanol/water
solution (1:1 v/v) with the dehydrated material in an ultrasound bath at 45 ◦C for 60 min. After
collection, a part of the liquid extract was used for HPLC-DAD-MS analysis while the remaining was
concentrated by a rotavapor at 40 ◦C under vacuum to obtain the crude extracts (APE and APP) ready
for animal studies.

4.3. HPLC-DAD-MSn Analysis

HPLC-DAD-MSn was used to analyze the phenolic derivatives of the extracts. The analytical
methods are the ones used in our previous works [1,8].

Composition of phenolic derivatives was obtained by HPLC-DAD-MSn using an Agilent
1260 chromatograph (Santa Clara, CA, USA) with diode array (DAD) and Varian MS-500 ion trap
mass spectrometer. Agilent Eclipse XDB C-18 (3.0 × 150 mm, 3.5 µm) was used as stationary phase
while mobile phases were acetonitrile (A) and water with 0.1% formic acid (B). The flow rate was 500
µL/min. The gradient of elution started at 95:5 A:B then went to 85:15 A:B at 15 min, 15:85 A:B at 35
min, finally 0:100 A:B at 48 min. A ‘T’ connector divided the eluate in equal amounts to DAD and MS.
The DAD detector was used to quantify phenolic compounds, and rutin, chlorogenic acid, phloridzin
and catechin (Sigma-Aldrich, Milan, Italy) were used as reference compounds. UV-Vis spectra were
obtained in the range of 200–650 nm. The sample injection volume was 10 µL. MS spectra were
recorded in negative ion mode in 50–2000 Da range, using ESI ion source. Fragmentation of the main
ionic species were obtained by the turbo data depending scanning (TDDS) function. For quantitative
purposes, calibration curves were obtained; rutin, chlorogenic acid, catechin and phloridzin were
used for quantification of flavonoid, caffeoylquinic acid derivatives, proanthocyanidins and chalcone
derivatives, respectively. Calibration curves were as follows: rutin y = 27,788x + 3307 (r2 = 0.9981);
chlorogenic acid y = 47,359x + 43,999 (r2 = 0.9951); catechin y = 20, 525x + 32,962 (r2 = 0.999) ; phloridzin
y = 87,029x − 1,832 (r2 = 0.999).

A previously published method was used for quantification of triterpene acids [34]. Briefly,
an Agilent Eclipse XDB C-18 (3.0 × 150 mm, 3.5 µm) was used as stationary phase. Methanol (A)
and H2O with 0.05 % formic acid (B) were the mobile phases. The analysis revealed the presence of
annurcoic acid [34]; the latter was quantified using the calibration curve of the purified compound
considering the ion species at m/z 485 in the range 5–50 µg/mL. The calibration curve was as follows, y
= 12549x + 136925; r2 = 0.9962.

4.4. Animals

This study was performed on male adult Wistar rats with a weight of 200–250 g (Tehran University
of Medical Sciences, Iran). Animals were kept under standard conditions (12 h light/dark cycle;
23 ◦C ± 2) with free access to standard laboratory food and water. All procedures were done in
accordance with the National Institute of Health Guide for the Care and Use of Laboratory Animals
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(NIH Publications No. 8023, revised 1978) [35]. All experiments were carried out at time between 9:00
to 14:00. Each group contained seven animals.

4.5. Chemicals

CCl4 was obtained from Merck; SOD and MPO Assay Kits were acquired from international and
domestic commercial companies (ZellBio GmbH, Ulm, Germany). The serum levels of TNF-α and
IL-10 were measured by the ELISA method using rat TNF-α ELISA Kit (ab46070, Abcam, Cambridge,
UK) and rat IL-1β ELISA Kit (ab100768, Abcam, Cambridge, UK).

4.6. Experimental Design

Animals were divided in the following four groups (seven rats each):

1. Control group: received only normal saline every day
2. CCl4 group: received CCl4 (25% CCl4-paraffin oil mixture, 2 mL/kg body weight, i.p

(intraperitoneal); on the third day)
3. APE group: received 30 mg/kg/day b.w (body weight). per os (oral administration) of APE

and CCl4
4. APP group: received 30 mg/kg/day b.w. per os of APP and CCl4

The APE and APP groups received daily the extract dose for three consecutive days. CCl4 was
injected 3 h after the last treatment on the third day. Thereafter, 18 h later rats were anesthetized with
ketamine (60 mg/kg ip) and xylazine (5 mg/kg ip) and sacrificed to collect heart, blood and liver for
further analysis.

4.7. Biochemical Analysis

Serum levels of ALT, AST, ALP, urea and creatinine were analyzed by using an autoanalyzer
(COBAS Mira).

4.8. Evaluation of Antioxidant Markers

Antioxidant enzymes such as SOD, MPO and pro-inflammatory cytokines such as TNF-α and
IL-1β were estimated from liver tissue homogenates of animals. Liver tissue was cut into some sections
and homogenized in phosphate buffer (0.1 M, pH = 7.4). After centrifuging (4 ◦C at 4000 rpm, 20 min),
the supernatant was collected to estimate the SOD and MPO levels using colorimetric enzyme Assay
Kit (ZellBio GmbH); TNF-α and IL-1β were determined using colorimetric enzyme immunoassay
(R&D Systems Inc., Biosource, Minneapolis, MN, USA).

4.9. Histopathological Examination

Liver sections were collected and fixed with neutral formalin 10%. Twenty-four h later, the
samples were embedded in paraffin, and then sectioned with a microtome (RM2235 Rotary Microtome)
to obtain 5 µm-thick paraffin sections. Thereafter, slices were stained with hematoxylin and eosin and
the rate of tissue damages evaluated.

4.10. Statistical Analysis

The data are presented as mean ± SEM. Statistical analyses were done using SPSS software
(version 21) (SPSS Inc., Chicago, IL, USA). One-way analysis of variance (ANOVA) followed by post
hoc Tukey’s test were used to analyze the differences between groups. p Value < 0.05 was considered
statistically significant for all analyses.
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5. Conclusions

Based on our results, the hepatoprotective effects displayed by APE may be ascribed to the
presence of a complex pattern of phytochemicals as bioactive components, such as quercetin derivatives,
proanthocyanidins, dihydrochalcones and triterpene acids. In this respect, a recent study highlighted
a higher content of these phytoconstituents in the Mela Rosa dei Monti Sibillini compared to other
Italian apple varieties [36]. This may be of great importance to increase the possibility of using this old
apple variety and its byproducts in the preparation of nutraceuticals helpful to manage liver disorders.
At the same time, they give an added value to improve the regional economy through cultivation of
orchards of this traditional apple.

Author Contributions: A.R.D., S.D., S.M.N. and F.M. designed the study; S.S. (Samira Shirooie), R.H.S. and
H.Y.-M. collected and analyzed the literature data; S.H., and M.A.S. wrote the paper; S.A.-N., S.D., S.M.N. and
F.M. revised the paper; J.G.N.W., G.C., S.D. and S.S. (Stefania Sut) performed chemical analyses. All authors
participated in the analysis and interpretation of literature data and approved the final manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors wish to thank Luigi Contisciani, president of the Bacino Imbrifero Montano del
Tronto, Antonio Del Duca, major of Montedinove, the farmer Marini for providing the apple samples, and the
University of Camerino (Fondo di Ateneo per la Ricerca, FAR).

Conflicts of Interest: Authors declare that there are no conflicts of interest.

References

1. Nkuimi Wandjou, J.G.; Sut, S.; Giuliani, C.; Fico, G.; Papa, F.; Ferraro, S.; Caprioli, G.; Maggi, F.; Dall’Acqua, S.
Characterization of nutrients, polyphenols and volatile components of the ancient apple cultivar ‘Mela Rosa
Dei Monti Sibillini’from Marche region, central Italy. Int. J. Food Sci. Nutr. 2019, 70, 796–812. [CrossRef]
[PubMed]

2. Sut, S.; Zengin, G.; Maggi, F.; Malagoli, M.; Dall’Acqua, S. Triterpene Acid and Phenolics from Ancient
Apples of Friuli Venezia Giulia as Nutraceutical Ingredients: LC-MS Study and In Vitro Activities. Molecules
2019, 24, 1109. [CrossRef] [PubMed]

3. Vrhovsek, U.; Rigo, A.; Tonon, D.; Mattivi, F. Quantitation of polyphenols in different apple varieties. J. Agric.
Food Chem. 2004, 52, 6532–6538. [CrossRef] [PubMed]

4. Fathy, S.M.; Drees, E.A. Protective effects of Egyptian cloudy apple juice and apple peel extract on lipid
peroxidation, antioxidant enzymes and inflammatory status in diabetic rat pancreas. BMC Complement.
Med. Ther. 2016, 16, 8. [CrossRef] [PubMed]

5. Hyson, D.A. A comprehensive review of apples and apple components and their relationship to human
health. Adv. Nutr. 2011, 2, 408–420. [CrossRef]

6. Bhaskar, A.; Kumar, A. Antihyperglycemic, antioxidant and hypolipidemic effect of Punica granatum L. flower
extract in streptozotocin induced diabetic rats. Asian Pac. J. Trop. Biomed. 2012, 2, S1764–S1769. [CrossRef]

7. Yao, W.Y.; Zhou, Y.F.; Qian, A.H.; Zhang, Y.P.; Qiao, M.M.; Zhai, Z.K.; Yuan, Y.Z.; Yang, S.L. Emodin has
a protective effect in cases of severe acute pancreatitis via inhibition of nuclear factorkappaB activation
resulting in antioxidation. Mol. Med. Rep. 2015, 11, 1416–1420. [CrossRef]

8. Yousefi-Manesh, H.; Hemmati, S.; Shirooie, S.; Nabavi, S.M.; Talebzadeh Bonakdar, A.; Fayaznia, R.;
Asgardoon, M.H.; Dehnavi, A.Z.; Ghafouri, M.; Nkuimi Wandjou, J.G.; et al. Protective effects of
hydroalcoholic extracts from an ancient apple variety ’Mela Rosa dei Monti Sibillini’ against renal
ischemia/reperfusion injury in rats. Food Funct. 2019, 10, 7544–7552. [CrossRef]

9. Hong, I.H.; Lewis, K.; Iakova, P.; Jin, J.; Sullivan, E.; Jawanmardi, N.; Timchenko, L.; Timchenko, N.
Age-associated change of C/EBP family proteins causes severe liver injury and acceleration of liver
proliferation after CCl4 treatments. J. Biol. Chem. 2014, 289, 1106–1118. [CrossRef]

10. Xu, G.; Han, X.; Yuan, G.; An, L.; Du, P. Screening for the protective effect target of deproteinized extract of
calf blood and its mechanisms in mice with CCl4-induced acute liver injury. PLoS ONE 2017, 12, e0180899.
[CrossRef]

http://dx.doi.org/10.1080/09637486.2019.1580684
http://www.ncbi.nlm.nih.gov/pubmed/30892113
http://dx.doi.org/10.3390/molecules24061109
http://www.ncbi.nlm.nih.gov/pubmed/30897820
http://dx.doi.org/10.1021/jf049317z
http://www.ncbi.nlm.nih.gov/pubmed/15479019
http://dx.doi.org/10.1186/s12906-015-0957-0
http://www.ncbi.nlm.nih.gov/pubmed/26753525
http://dx.doi.org/10.3945/an.111.000513
http://dx.doi.org/10.1016/S2221-1691(12)60491-2
http://dx.doi.org/10.3892/mmr.2014.2789
http://dx.doi.org/10.1039/C9FO01635J
http://dx.doi.org/10.1074/jbc.M113.526780
http://dx.doi.org/10.1371/journal.pone.0180899


Molecules 2020, 25, 1816 12 of 13

11. Yousefi-Manesh, H.; Shirooie, S.; Partoazar, A.; Nikoui, V.; Estakhri, M.R.A.; Bakhtiarian, A. Hepatoprotective
effects of phosphatidylserine liposomes on carbon tetrachloride-induced hepatotoxicity in rats. J. Cell.
Biochem. 2019, 120, 11853–11858. [CrossRef] [PubMed]

12. Dai, N.; Zou, Y.; Zhu, L.; Wang, H.F.; Dai, M.G. Antioxidant properties of proanthocyanidins attenuate
carbon tetrachloride (CCl4)-induced steatosis and liver injury in rats via CYP2E1 regulation. J. Med. Food
2014, 17, 663–669. [CrossRef] [PubMed]

13. Jiang, W.; Bian, Y.; Wang, Z.; Chang, T.M. Hepatoprotective effects of Poly-[hemoglobin-superoxide
dismutase-catalase-carbonic anhydrase] on alcohol-damaged primary rat hepatocyte culture in vitro.
Artif. Cells Nanomed. Biotechnol. 2017, 45, 46–50. [CrossRef] [PubMed]

14. De Andrade, K.Q.; Moura, F.A.; Dos Santos, J.M.; De Araújo, O.R.P.; de Farias Santos, J.C.; Goulart, M.O.F.
Oxidative stress and inflammation in hepatic diseases: Therapeutic possibilities of N-acetylcysteine. Int. J.
Mol. Sci. 2015, 16, 30269–30308. [CrossRef]

15. Malek, M.; Nematbakhsh, M. Renal ischemia/reperfusion injury; from pathophysiology to treatment. J. Renal
Inj. Prev. 2015, 4, 20–27.

16. Lu, Y.; Chen, J.; Ren, D.; Yang, X.; Zhao, Y. Hepatoprotective effects of phloretin against CCl4-induced liver
injury in mice. Food Agric. Immunol. 2017, 28, 211–222. [CrossRef]

17. Liu, J.; Zhang, Q.Y.; Yu, L.M.; Liu, B.; Li, M.Y.; Zhu, R.Z. Phycocyanobilin accelerates liver regeneration and
reduces mortality rate in carbon tetrachloride-induced liver injury mice. World J. Gastroenterol. 2015, 21,
5465–5472. [CrossRef]

18. Miltonprabu, S.; Tomczyk, M.; Skalicka-Woźniak, K.; Rastrelli, L.; Daglia, M.; Nabavi, S.F.; Alavian, S.M.;
Nabavi, S.M. Hepatoprotective effect of quercetin: From chemistry to medicine. Food Chem. Toxicol. 2017,
108, 365–374. [CrossRef]

19. Vladimir-Knezevic, S.; Cvijanovic, O.; Blazekovic, B.; Kindl, M.; Stefan, M.B.; Domitrovic, R. Hepatoprotective
effects of Micromeria croatica ethanolic extract against CCl4-induced liver injury in mice. BMC Complement.
Altern. Med. 2015, 15, 233. [CrossRef]

20. Fahmy, M.A.; Diab, K.A.; Abdel-Samie, N.S.; Omara, E.A.; Hassan, Z.M. Carbon tetrachloride induced
hepato/renal toxicity in experimental mice: Antioxidant potential of Egyptian Salvia officinalis L essential oil.
Environ. Sci. Pollut Res. 2018, 25, 27858–27876. [CrossRef]

21. Dong, S.; Chen, Q.L.; Song, Y.N.; Sun, Y.; Wei, B.; Li, X.Y.; Hu, Y.Y.; Liu, P.; Su, S.B. Mechanisms of
CCl4-induced liver fibrosis with combined transcriptomic and proteomic analysis. J. Toxicol. Sci. 2016, 41,
561–572. [CrossRef] [PubMed]

22. Ogiso, H.; Ito, H.; Ando, T.; Arioka, Y.; Kanbe, A.; Ando, K.; Ishikawa, T.; Saito, K.; Hara, A.; Moriwaki, H.;
et al. The Deficiency of Indoleamine 2,3-Dioxygenase Aggravates the CCl4-Induced Liver Fibrosis in Mice.
PLoS ONE 2016, 211, e0162183. [CrossRef] [PubMed]

23. Ohta, Y.; Imai, Y.; Matsura, T.; Kitagawa, A.; Yamada, K. Preventive effect of neutropenia on carbon
tetrachloride-induced hepatotoxicity in rats. J. Appl. Toxicol. 2006, 26, 178–186. [CrossRef] [PubMed]

24. Islam, M.A.; Al Mamun, M.A.; Faruk, M.; Ul Islam, M.T.; Rahman, M.M.; Alam, M.N.; Rahman, A.F.M.T.;
Reza, H.M.; Alam, M.A. Astaxanthin Ameliorates Hepatic Damage and Oxidative Stress in Carbon
Tetrachloride-administered Rats. Pharmacognosy Res. 2017, 9, S84–S91. [PubMed]

25. Liu, Y.; Wen, P.H.; Zhang, X.X.; Dai, Y.; He, Q. Breviscapine ameliorates CCl4induced liver injury in mice
through inhibiting inflammatory apoptotic response and ROS generation. Int. J. Mol. Med. 2018, 42, 755–768.

26. Zhong, W.; Gao, L.; Zhou, Z.; Lin, H.; Chen, C.; Huang, P.; Huang, W.; Zhou, C.; Huang, S.; Nie, L.;
et al. Indoleamine 2,3-dioxygenase 1 deficiency attenuates CCl4-induced fibrosis through Th17 cells
down-regulation and tryptophan 2,3-dioxygenase compensation. Oncotarget 2017, 8, 40486–40500. [CrossRef]

27. Singab, A.N.; Youssef, D.T.; Noaman, E.; Kotb, S. Hepatoprotective effect of flavonol glycosides rich fraction
from Egyptian Vicia calcarata Desf. against CCl4-induced liver damage in rats. Arch. Pharm. Res. 2005, 28,
791–798. [CrossRef]

28. Hu, L.; Li, L.; Xu, D.; Xia, X.; Pi, R.; Xu, D.; Song, E.; Song, Y. Protective effects of neohesperidin
dihydrochalcone against carbon tetrachloride-induced oxidative damage in vivo and in vitro. Chem. Biol.
Interact. 2014, 213, 51–59. [CrossRef]

29. Khalifa, M.M.; Bakr, A.G.; Osman, A.T. Protective effects of phloridzin against methotrexate-induced liver
toxicity in rats. Biomed. Pharmacother. 2017, 95, 529–535. [CrossRef]

http://dx.doi.org/10.1002/jcb.28464
http://www.ncbi.nlm.nih.gov/pubmed/30770580
http://dx.doi.org/10.1089/jmf.2013.2834
http://www.ncbi.nlm.nih.gov/pubmed/24712752
http://dx.doi.org/10.1080/21691401.2016.1191229
http://www.ncbi.nlm.nih.gov/pubmed/27263665
http://dx.doi.org/10.3390/ijms161226225
http://dx.doi.org/10.1080/09540105.2016.1258546
http://dx.doi.org/10.3748/wjg.v21.i18.5465
http://dx.doi.org/10.1016/j.fct.2016.08.034
http://dx.doi.org/10.1186/s12906-015-0763-8
http://dx.doi.org/10.1007/s11356-018-2820-6
http://dx.doi.org/10.2131/jts.41.561
http://www.ncbi.nlm.nih.gov/pubmed/27452039
http://dx.doi.org/10.1371/journal.pone.0162183
http://www.ncbi.nlm.nih.gov/pubmed/27598994
http://dx.doi.org/10.1002/jat.1122
http://www.ncbi.nlm.nih.gov/pubmed/16278809
http://www.ncbi.nlm.nih.gov/pubmed/29333048
http://dx.doi.org/10.18632/oncotarget.17119
http://dx.doi.org/10.1007/BF02977344
http://dx.doi.org/10.1016/j.cbi.2014.02.003
http://dx.doi.org/10.1016/j.biopha.2017.08.121


Molecules 2020, 25, 1816 13 of 13

30. Ma, J.Q.; Ding, J.; Zhang, L.; Liu, C.M. Ursolic acid protects mouse liver against CCl4-induced oxidative stress
and inflammation by the MAPK/NF-κB pathway. Environ. Toxicol. Pharmacol. 2014, 37, 975–983. [CrossRef]

31. Padua, T.A.; de Abreu, B.S.; Costa, T.E.; Nakamura, M.J.; Valente, L.M.; Henriques, M.; Siani, A.C.; Rosas, E.C.
Anti-inflammatory effects of methyl ursolate obtained from a chemically derived crude extract of apple peels:
Potential use in rheumatoid arthritis. Arch. Pharm. Res. 2014, 37, 1487–1495. [CrossRef] [PubMed]

32. Denis, M.C.; Furtos, A.; Dudonne, S.; Montoudis, A.; Garofalo, C.; Desjardins, Y.; Delvin, E.; Levy, E. Apple
peel polyphenols and their beneficial actions on oxidative stress and inflammation. PLoS ONE 2013, 8, e53725.
[CrossRef] [PubMed]

33. Jung, M.; Triebel, S.; Anke, T.; Richling, E.; Erkel, G. Influence of apple polyphenols on inflammatory gene
expression. Mol. Nutr. Food Res. 2009, 53, 1263–1280. [CrossRef] [PubMed]

34. Sut, S.; Poloniato, G.; Malagoli, M.; Dall’Acqua, S. Fragmentation of the main triterpene acids of apple by
LC-APCI-MSn. J. Mass Spectr. 2018, 53, 882–892. [CrossRef] [PubMed]

35. Zimmermann, M. Ethical guidelines for investigations of experimental pain in conscious animals. Pain 1983,
16, 109–110. [CrossRef]

36. Nkuimi Wandjou, J.G.; Mevi, S.; Sagratini, G.; Vittori, S.; Dall’Acqua, S.; Caprioli, G.; Lupidi, G.; Mombelli, G.;
Arpini, S.; Allegrini, P.; et al. Antioxidant and Enzyme Inhibitory Properties of the Polyphenolic-Rich Extract
from an Ancient Apple Variety of Central Italy (Mela Rosa dei Monti Sibillini). Plants 2020, 9, 9. [CrossRef]

Sample Availability: Samples of the apple extracts are available from the authors.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.etap.2014.03.011
http://dx.doi.org/10.1007/s12272-014-0345-1
http://www.ncbi.nlm.nih.gov/pubmed/24733672
http://dx.doi.org/10.1371/journal.pone.0053725
http://www.ncbi.nlm.nih.gov/pubmed/23372666
http://dx.doi.org/10.1002/mnfr.200800575
http://www.ncbi.nlm.nih.gov/pubmed/19764067
http://dx.doi.org/10.1002/jms.4264
http://www.ncbi.nlm.nih.gov/pubmed/29992756
http://dx.doi.org/10.1016/0304-3959(83)90201-4
http://dx.doi.org/10.3390/plants9010009
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Chemical Composition of APE and APP 
	Effects of APP and APE on Serum Biochemical Parameters 
	Effects of APP and APE on Liver Enzyme Assessments 
	Histopathological Examination of the Liver 

	Discussion 
	Materials and Methods 
	Apple Sampling 
	Preparation of Hydroalcoholic Extracts 
	HPLC-DAD-MSn Analysis 
	Animals 
	Chemicals 
	Experimental Design 
	Biochemical Analysis 
	Evaluation of Antioxidant Markers 
	Histopathological Examination 
	Statistical Analysis 

	Conclusions 
	References

