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Abstract: Apteranthes europaea (Guss.) Murb. subsp. maroccana (Hook.f.) Plowes (A. europaea) is
a medicinal plant widely used in traditional medicines to treat various diseases including hepatic
pathogenesis. This study was conducted to evaluate the protective effect of chemically charac-
terized polyphenol-rich fraction from A. europaea on carbon tetrachloride-induced liver injury in
mice. The chemical characterization of A. europaea polyphenol-rich fraction was carried out using
HPLC-DAD (high-performance liquid chromatography (HPLC) with a diode-array detector (DAD)).
Carbon tetrachloride (CCl4) was used to induce liver injuries in mice as described in previous works.
A polyphenol-rich fraction from A. europaea was used at a dose of 50 mg/Kg to study its hepatoprotec-
tive effect. Next, histopathological and biochemical alterations were investigated. The HPLC analysis
revealed the presence of several phenolic compounds: gallic acid, methyl gallate, rutin, ferulic acid,
and resorcinol. Regarding the mice treated with a polyphenol-rich fraction from A. europaea up to
50 mg/Kg and carbon tetrachloride, no significant biochemical nor histological alterations occurred
in their liver; meanwhile, serious biochemical and histopathological changes were noted for liver
recovered from the mice treated with carbon tetrachloride only. In conclusion, A. europaea extract is a
promising source of hepatoprotective agents against toxic liver injury.

Keywords: Apteranthes europaea (Guss.) Murb. subsp. maroccana (Hook.f.) Plowes; polyphenol-rich
fraction; phytochemical analysis; carbon tetrachloride; chronic liver injury; histopathological exami-
nation

1. Introduction

The liver plays a crucial role in protecting the organism and maintaining the metabolic
homeostasis of the body through the detoxification of toxic chemicals. It transforms
lipophilic chemicals into hydrophilic metabolites rapidly eliminated from the body via
urine [1,2]. This biotransformation may go along with the formation of reactive free radical
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metabolites with a capacity of binding to intracellular macromolecules which can lead to
hepatic diseases [1].

Even though there has been enormous advances in modern medicines, the conven-
tional drugs used for the treatment of liver disease are still not completely effective and
may present diverse side effects [3]. Therefore, the development of alternative medicines
for medication against liver diseases is becoming highly appreciated more than ever before.

Apteranthes europaea (Guss.) Murb. subsp. maroccana (Hook.f.) Plowes (A. europaea) is
a succulent leafless species belonging to the family Apocynaceae, which grows in Jordan
and the Mediterranean countries [4].

In traditional medicines, the aerial parts of A. europaea are recommended for use as a
juice or as a powder mixed with honey or milk to fight diseases [5]. Some pharmacological
activities of A. europaea including anti-inflammatory, anti-cyst, anticancer, anti-diabetic,
anti-gastrointestinal disorders, anti-atherosclerosis, anti-hyperglycemia, anticancer, antimi-
crobial, antidiabetic, antioxidant, and cytotoxic have been investigated elsewhere [6–10].

Some chemical compounds contained in the studied plant have already been iden-
tified including luteolin, gallic acid, hesperetin, quercetin, myricetin, ferulic acid, sal-
icylic acid, naringenin-7-glucoside, rutin, rosmarinic acid, ellagic acid, quercetin, and
epicatechin [8,11].

Due to its presumed therapeutic effects, this study was carried out to probe the
potential protective effect of chemically characterized polyphenol-rich fraction from A. eu-
ropaea on carbon tetrachloride-induced liver injury in mice since no previous work has
investigated this objective up to now.

2. Materials and Methods
2.1. Solvents and Reagents

Carbon tetrachloride (CCl4), olive oil, standard compounds: apigenin, daidzein,
ferulic acid, rutin, kaempferol, luteolin, methyl gallate, quercetin, gallic acid and resorcinol,
HPLC grade acetonitrile (ACN), methanol (MeOH), and formic acid were purchased from
Sigma Aldrich (Darmstadt, Germany). HPLC-grade water was prepared using a Millipore
Milli-Q purification system (M SimPak 2 Catalogue No SIMPAK0D2, Code 0081).

2.2. Plant Material

Apteranthes europaea (Guss.) Murb. subsp. maroccana (Hook.f.) aerial parts were col-
lected from the Imouzzer region in the Middle Atlas Mountains, Morocco. Authentication
of the studied plant was made by the botanist Amina Bari and given the voucher number
18I4C001 before being deposited at the herbarium of the Department of Biology, Faculty of
Sciences Dhar El Mahraz, Fez, Morocco [8]. The aerial part of A. europaea was dried in a
shady place in a well-ventilated room before being ground into powder (Figure 1).
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2.3. Preparation of Polyphenol-Rich Fraction

Briefly, a total of 100 g of A. europaea powder (aerial parts) was extracted three times
with 300 mL of methanol. Next, the mixture was concentrated under reduced pressure
and low temperature using a rotary evaporator (40 ◦C). The dry extract obtained was
dissolved in 500 mL of distilled water and then successively extracted three times again
with 200 mL of hexane, chloroform, and ethyl acetate. Thereafter, the ethyl acetate layer
was evaporated under reduced pressure using a rotary evaporator (Model BÜCHI 461).
The residue obtained was dissolved again in 300 mL water and freeze-dried to obtain a
polyphenol-rich fraction (Figure 2) [12]. The extraction yield obtained for polyphenols
was 7%.
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2.4. Chemical Analysis of A. europaea Polyphenol-Rich Fraction
HPLC-DAD Analysis

The phytochemical characterization of polyphenol-rich fraction extract from A. eu-
ropaea was carried out according to the HPLC method described by Seal (2016), with some
modifications [13].

The high-performance liquid chromatography system (Agilent Technologies, 6120)
(Helsinki, Finland) was equipped with a quaternary pump (G7111A) and coupled with a
diode array detector (DAD). The peaks were detected using a DAD operating at 250 nm.
Compounds were identified by performing a comparison with standard spectra under the
same conditions. Before being injected, polyphenol and standards samples were filtered
through a 0.2 µm membrane filter to remove particulate residues. Afterward, a volume of
5 µL of polyphenol extract was injected over a C18 ZORBAX Eclipse Plus (PN: 95 99 93-902;
SN: USU*B02265; LN: B09086) 4.6 × 150 mm column) at a flow rate of 0.7 mL/min with
the column temperature set to 30 ◦C. The mobile phase was composed of acidified water
(acetic acid 0.1%) (A) and acetonitrile (B) with a total running time of 65 min, as described
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by Seals [13]. The gradient elution conditions were maintained as follows: from 20 to 50%
B for 28 min, 50 to 70% B for 39 min, 70 to 90% B for 50 min, and 90 to 10% for 65 min.

2.5. Animal Material

Adult male Swiss mice aged 2 months and weighing between 20 and 25 g were used to
perform the current study. Animals were obtained from the animal house at the Department
of Biology, Sidi Mohamed Ben Abdellah, Faculty of Sciences, Fez University. The animals
were housed in controlled laboratory conditions with a set temperature (23 ± 2 ◦C) and
light cycle (12 h light/dark cycles). The animals were allowed free access to food and
water ad libitum. The Animal Ethics Review Committee at the faculty of Sciences, Fez,
Morocco, approved this study under the ethical clearance number 04/2019/LBEAS. The
use of laboratory animals in all experimental procedures was conducted according to
ethical guidelines for the care and use of laboratory animals.

2.6. Administration of Polyphenol-Rich Fraction

A total of 50 mg/Kg of polyphenol-rich fraction from A. europaea was dissolved in
NaCl solution before being administered to mice via oral gavage. Carbon tetrachloride was
prepared in olive oil (vehicle) and given to mice intraperitoneally.

2.7. Carbon Tetrachloride-Induced Liver Injury in Mice and Polyphenol Treatment

Animals fasted overnight for 16 h before the administration of carbon tetrachloride.
Afterward, they were divided into four equal experiment groups, with 10 in each group.
Afterward, two groups were selected to be treated with NaCl (group 1) and A. europaea
polyphenol extract only at the dose of 50 mg/Kg (group 2), and the third group (group 3)
was given 40% CCl4/olive oil (1 mL/Kg body weight twice per week) intraperitoneally
(i.p) for 8 weeks to induce chronic liver injury (group 2). In addition to CCl4 administration,
the experimental group (group 4) was simultaneously treated with the polyphenol-rich
fraction from A. europaea at a dose of 50 mg/Kg (4 days per week with oral administration)
for 8 weeks [14].

2.8. Serum Biochemical Analysis

At the end of the experimental period (8 weeks), the animals were anesthetized
with sodium pentobarbital at a dose of 30 mg/Kg before being sacrificed for blood and
organ collection. Blood samples were collected in heparin tubes (0.2 mL with 10 U/mL
heparin (Innohep)) and then centrifuged at 1500 rpm for 10 min. Next, the recovered
plasma was analyzed for liver enzymes (aspartate aminotransferase (AST) and alanine
aminotransferase (ALT)).

2.9. Histopathological Examination

Livers of mice were excised for histopathological examination. The tissues were
washed and fixed in 10% formalin solution, dehydrated with alcohol, and then enclosed in
paraplast. Afterward, tissues were embedded in paraffin and sectioned. Sections of 5 µm
thickness were cut and mounted on slides. Next, sections were stained with hematoxylin-
eosin before being read using a light microscope [15].

2.10. Statistical Analysis

The results obtained were expressed as mean ± SEM (standard error of the mean). The
data were statistically analyzed using GraphPad Prism, and one-way analysis of variance
(ANOVA) was used to perform the comparison. A p-value < 0.05 was considered significant.
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3. Results
3.1. Phytochemical Composition of A. europaea
HPLC-DAD Analysis

The HPLC analysis of polyphenol-rich fraction from A. europaea affirmed the presence
of four potentially active compounds including gallic acid, methyl gallate, rutin, ferulic
acid, and resorcinol (Figures 3 and 4). Ferulic acid was the major phenolic compound
contained in the extract followed by gallic acid, methyl gallate, rutin, and resorcinol. The
concentrations of the identified phenolic compounds in A. europaea are presented in Table 1.
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Table 1. Phenolic compounds identified using HPLC in a polyphenol extract of A. europaea.

Peak Phenolic Compound RT std (min) Concentration (µg/mL)

1 Gallic acid 2 225.01
2 Methyl gallate 2.89 187.10
3 Resorcinol 6.89 69.9
4 Rutin 13.49 77.59
5 Ferulic acid 15.21 299.60

3.2. Serum Biochemical Analysis

The results of transaminases (AST (U/L), ALT (U/L)) dosed in the serum recovered
from the mice fed or not with A. europaea polyphenolic extract after carbon tetrachloride
administration are presented in Table 2. The values of enzymatic activities of ALT and AST
measured in the plasma recovered from the mice treated with carbon tetrachloride alone
(group 3) were found to be significantly higher than those dosed in the serum of the mice
treated with both carbon tetrachloride and polyphenol extract (poly A.E + CCl4) (group 4)
(p < 0.05). Moreover, no significant difference was observed between the untreated mice
(NaCl) (group 1) and those treated with polyphenol-rich fraction only (group 2) nor the
experimental group 4 concentering transaminases’ activities (p > 0.05). The comparison of
group 1 and group 3 showed a significant difference in transaminases’ activities, which
significantly increased in the serum of the latter (p < 0.05).

Table 2. Blood chemistry values of mice treated with NaCl (group 1), A. europaea polyphenols (poly A.E) (group 2), CCl4 alone
(group 3), CCl4 combined of 50 mg/kg of the polyphenol-rich fraction (group 4).

Biochemical Parameters Groups of Mice

Group 1 (Nacl) Group 2 (Poly A.E) Group 3 (CCl4 Alone) Group 4 (Poly A.E + CCl4)

AST (U/L) 307.7 ± 30.37 395.01 ± 38.06 748 ± 58.89 * 496.3 ± 47.46
ALT (U/L) 46.13 ± 1.041 47.13 ± 1.9 63.33 ± 2.028 * 41.33 ± 2.906

Results are expressed as mean ± SD (male n = 10). * Significantly different, p < 0.05.

3.3. Macroscopic and Histopathological Alterations

The histopathological examination of liver excised from the mice treated with poly
C.E + CCl4 (group 4) showed normal parenchyma when compared to the mice treated with
CCl4 alone (group 3), where we noted serious injuries including abdominal distension,
hypertrophy, degeneration, cavitation, necrosis, and cysts of yellowish color. No histopatho-
logical injuries were detected in liver tissues of mice treated with polyphenol-rich fraction
only (group 2) when compared to the untreated group (Figures 5 and 6).
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Figure 6. Microscopic photomicrographs of liver slices stained with HES (Hematosin and Eosin)
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4. Discussion

Liver disease is responsible for an estimated two million deaths per year worldwide.
In low-income countries, it is the most neglected health issue [16,17]. The liver is a key
organ involved in the regulation of diverse processes including metabolism, detoxification,
and immune function, and therefore, it is the frequent target of chemical injury. The
liver is the only visceral organ that possesses the ability to regenerate damaged tissue
after either surgical removal or after chemical injury. However, multiple cases, such as
hepatitis virus, long-term alcohol use, many different drugs, and xenobiotics including
carbon tetrachloride may cause chronic liver damage in which regenerative ability becomes
dysfunctional [18,19].

Carbon tetrachloride is widely used as a key substance to investigate liver injury
models in animals and dysfunction of hepatic cells which is associated with oxidative
stress and free radicals [2]. The mechanisms of carbon tetrachloride-induced liver injury
involve the accumulation of lipid peroxidation or covalent binding of carbon tetrachloride
metabolites to cell constituents [20,21].

The present work aimed to evaluate the potential hepatoprotective effect of polyphe-
nols extracted from A. europaea against carbon tetrachloride-induced chronic liver injury in
mice. The phytochemical study of A. europaea using high-performance liquid chromatog-
raphy revealed the presence of interesting chemicals including ferulic acid, gallic acid,
methyl gallate, rutin, and resorcinol (Figures 3 and 4; Table 1). Our results were partially in
agreement with previous works reporting some similar compounds [4,8].

The biochemical parameters AST and ALT are frequently used to indicate liver func-
tion after being exposed to chronic injuries. Liver damage stimulates the release of amino-
transferases from damaged hepatocytes, which become higher in the blood circulatory
system [22].

The treatment of mice with A. europaea polyphenols at a dose of 50 mg/Kg showed
no histological nor biochemical alterations, and therefore, we can confirm its safety in
animals (Figures 5 and 6; Table 2). In the plasma of mice treated with carbon tetrachloride
alone (group 3), AST (U/L) and ALT (U/L) significantly increased when compared to the
untreated group (Table 2). The serum activity of transaminases was also not significantly
affected in the plasma recovered from the experimental group 4 (poly A.E + CCl4) when
compared to both group 3 (CCl4 alone) and group 1 (NaCl). Based on the results obtained,
it is evident that the oral administration of A. europaea polyphenols at a dose of 50 mg/Kg
maintained the activity of transaminases around a normal level in the mice treated with
carbon tetrachloride during the whole period of dosing.

These data were also supported by histopathological analysis of liver recovered from
the mice treated with carbon tetrachloride alone, where we noted serious histopathological
modifications, unlike group 1 (NaCl) and group 3 (poly A.E + CCl4) (Figures 5 and 6).
These results were in agreement with those reported in the earlier literature, which showed
that carbon tetrachloride induces severe histological liver injury [20].

The histopathological analysis of liver sections excised from group 2 treated with
carbon tetrachloride alone showed the presence of various serious histopathological al-
terations including cavitations and necrosis as well as nuclear changes. These results are
consistent with those found by Chang et al. (2011) in rats treated with carbon tetrachlo-
ride [14]. No significant histological modifications were noted for liver sections recovered
from the mice treated with poly A.E+ CCl4 (group 3) when compared to group 2 (CCl4
alone). These data suggest that polyphenols of A. europaea may have an interesting role
in protecting the liver from xenobiotics including carbon tetrachloride, and therefore, we
can confirm that polyphenol-rich fractions from A. europaea protected the liver from being
altered by carbon tetrachloride. Similar results have been obtained for Caralluma umbellate
against acetaminophen-induced oxidative stress and liver damage in rats [23].

Various scientific research has revealed that polyphenol-based plants are potential
sources of antioxidants that have numerous therapeutic effects including a hepatoprotective
effect [24,25]. The protective effect of A. europaea polyphenols against carbon tetrachloride-



Appl. Sci. 2021, 11, 554 9 of 10

induced liver injury may be related to the presence of gallic acid, rutin, and ferulic acid
identified via HPLC analysis (Figure 3 and Table 1) since these compounds had some
pharmacological activities, as reported in the previous literature, as follows: garlic inhibits
lipid peroxidation, modulates the activity of antioxidant enzymes, and reduces liver lesions
induced by CCl4 [26]; rutin reverses the alteration in expression of IL-6/STAT3 genes
induced by carbon tetrachloride [2,27]; ferulic acid mitigates nuclear translocation of
nuclear factor-kB (NF-kB) and decreases levels of inhibitors of NF-kB in cytosol increased
by carbon tetrachloride [28,29].

5. Conclusions

This study sheds light on the potential beneficial hepatoprotective effect of A. europaea
polyphenols against carbon tetrachloride-induced hepatic injury by maintaining the level
of serum liver enzymes around normal values and inhibiting histological injuries. Further
work on the mechanism of action by which A. europaea polyphenols exhibit a hepatopro-
tective effect has been planned for better understanding. Therefore, we can confirm that
A. europaea extract is a promising source of hepatoprotective agents against toxic liver
injury.
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