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Abstract. Phenolic acids are phytochemical compounds
derived from plant biomass materials, that have notable health
benefits with high therapeutic potential in several diseases.
p-coumaric acid (p-CA) is a phenolic acid that displays various
biological activities, such as antioxidant, anti-inflammatory,
analgesic and anti-antimicrobial properties. However, the
ability of p-CA to prevent hepatic necrosis and cholestasis
induced by various harmful agents has not yet been explored
to date, at least to the best of our knowledge, and there is no
evidence that p-CA exerts an anti-parasitic effect. Therefore,
the present study employed male Wistar rats, and the study was
divided into two experimental in vivo parts. A liver necrosis
model was established using carbon tetrachloride (CCl,) for
24 h, and a cholestasis model induced by common bile duct
ligation (BDL) for 48 h was also established. On the other
hand, the Entamoeba histolytica HM1:IMSS strain was used
as in vitro model employing Trypan blue cell viability assay.
The results revealed that p-CA treatment significantly reduced
the levels of the necrosis biomarker, alanine aminotransferase,
and completely prevented the increase in the levels of the
cholestasis markers, alkaline phosphatase and vy-glutamyl
transpeptidase in rats intoxicated with CCl, as well as in
those subjected to BDL. Macroscopic observations and the
hematoxylin and eosin staining results were consistent with
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the biochemical determinations, providing evidence of the
hepatoprotective effects of p-CA. Moreover, 500 uM p-CA
inhibited the growth of Entamoeba histolytica, 26.5% at 12 h
and 41.5% at 24 h compared with the controls. Thus, to the
best of our knowledge, these findings provide the first evidence
that p-CA prevents liver damage induced by CCl, or BDL
(necrosis and cholestasis) and exhibits amoebostatic activity
against Entamoeba histolytica.

Introduction

The study of the therapeutic effects of medicinal plants over
the past few decades has led to the identification of biologically
active molecules. Phenolic acids are a subclass of plant pheno-
lics widely distributed in the plant kingdom. They possess one
or more hydroxyl groups attached to an aromatic ring, and at
least one organic carboxylic acid (1). Diverse evidence indi-
cates that these compounds have multiple health benefits (2).
Cinnamic and coumaric acids are cinnamalglucoside poly-
phenols previously characterized from Carpolobia lutea with
anti-nociceptive and anti-diarrheal effects associated with the
reduction in the release or blocking of inflammatory media-
tors (3,4). 4-Hydroxycinnamic acid, also known as p-coumaric
acid (p-CA), is a phenolic acid found in fruits, vegetables and
mushrooms. Its biosynthesis is based on the transformation of
tyrosine into p-CA by the action of tyrosine ammonia-lyase,
and p-CA is subsequently converted to other phenolic acids,
such as caffeic acid, ferulic acid or sinapic acid, as well as
other secondary metabolites, including lignin and lignin
precursors, feruloyl CoA and p-coumaryl CoA (5). In vitro
and in vivo studies have demonstrated that p-CA possesses
multiple bioactivities, such as antioxidant, anti-inflammatory,
anti-platelet aggregation, analgesic, anticancer and neuropro-
tective properties (6,7).

However, despite its biological applications, studies investi-
gating whether this compound can reduce, prevent or cure liver
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diseases are limited. The liver is composed of parenchymal and
non-parenchymal cells, with a complex vasculature and biliary
branches, thus conferring it a great metabolic capacity, and
rendering it susceptible to damage by drugs and xenobiotics (8).

Moreover, amoebiasis results from a human gastrointestinal
parasitic infection by Entamoeba histolytica (E. histolytica),
which is treated with metronidazole (Mtz); however, there is
evidence to suggest that, in addition to the undesirable treat-
ment-related side-effects, resistance to Mtz has been identified
clinically (9).

Therefore, the aim of the present study was to examine
whether p-CA can prevent necrosis and cholestasis induced
by two different types of liver damage, one induced by
hepatotoxic carbon tetrachloride (CCl,) and the other by
extrahepatic biliary obstruction induced by common bile duct
ligation (BDL) in rats. Furthermore, the potential anti-amoebic
activity of p-CA was examined.

Materials and methods

Reagents. p-CA, carboxymethylcellulose (CMC), ketamine,
xylazine, p-nitrophenol, sodium hydroxide, glycine, magne-
sium chloride, p-nitrophenyl phosphate, disodium phosphate,
monosodium phosphate, DL-alanine, a-ketoglutaric acid,
2 A-dinitrophenylhydrazine, hydrochloric acid, sodium pyruvate,
p-nitroanilide, glycyl-glycine, gamma-glutamyl-p-nitroanilide,
potassium hydroxide, anthrone, sulfuric acid, neutral formalin,
acetone, 3-aminopropyl triethoxysilane, ethyl alcohol, Harris's
hematoxylin, periodic acid Schiff reagent, eosin, resin, Mayer's
hematoxylin, Mtz and Trypan blue were purchased from
Sigma-Aldrich; Merck KGaA. Xylene was obtained from
Supelco; Sigma-Aldrich; Merck KGaA. Formaldehyde and CCl,
were obtained from J.T. Baker.

p-CA administration. In the present study, a single dose of
100 mg/kg, of p-CA was used. This dose has been previously
evaluated against oxidative stress induced by liver isch-
emia/reperfusion (10) and cisplatin (11) injuries in rats. The
administration was per os (p.o.) as p-CA is absorbed in several
sections of the rat gastrointestinal tract, including the stomach,
jejunum, ileum and colon, with the highest absorption rate in
the jejunum. In addition, p-CA has been shown to have a low
toxicity in mice (LD50, 2,850 mg/kg body weight) (6).

Experimental animals. The present study used 40 male Wistar
rats of 12 weeks of age, weighing 200-250 g, which were
maintained on a standard diet, with free access to drinking
water and under controlled conditions with a temperature
at 24°C, with 50-60% relative humidity and 12-h light/dark
cycles. All experimental protocols using rats were approved by
the Research Ethics Committee of the Faculty of Professional
Studies Huasteca Zone of the Autonomous University of San
Luis Potosi (FEPZH-2020-CEI-01), and were conducted
according to the institutional guidelines for the care and use
of experimental animals and to the national regulatory norm
NOM-062-Z00-1999.

Anti-necrotic and anti-cholestatic effects of p-CA
Acute liver injury induced by CCl,. CCl, was used in the
present study to induce severe acute liver injury, as previously

described (12). The male Wistar rats were divided into four
groups as follows: i) The control group (n=5), in which animals
were treated with the vehicle compound as follows: CMC
0.5% (0.5 ml/100 g, p.o., p-CA vehicle) was administered
three times, at 24 h and 1 h before mineral oil (0.5 ml/100 g,
p.o., CCl, vehicle); 1 h after mineral oil administration, one
additional dose of CMC 0.5% was administered; ii) the CCl,
group (n=5), in which a single dose of CCl, (4 g/kg, p.o.) was
administered, and CMC 0.5% was administered in the same
manner as in the control group; iii) the CCl, + p-CA group
(n=5), in which p-CA (100 mg/kg, p.o.) was administered three
times, with the first two doses administered at 24 and 1 h prior
to the CCl, (4 g/kg, p.0.) administration, and the third dose was
administered 1 h following CCl, administration; and iv) the
p-CA group (n=5), in which p-CA was administered in the
same manner as in the CCl, + p-CA group; however, instead
of CCl,, mineral oil was administered orally (0.5 ml/100 g,
p.o.) (Fig. 1). All animals were sacrificed 24 h following the
CCl, or mineral oil administrations.

Acute liver injury induced by BDL. BDL was carried out
following the specifications of previous publications (13,14).
The rats were divided into the following groups: i) The
sham-operated (sham) group (n=5), in which rats were admin-
istered CMC 0.5%, at 24 h and 1 h prior to sham surgery and
at 1 h after this procedure; ii) the BDL group (n=5), in which
rats were treated with CMC 0.5% in the same manner as in the
sham group, although instead of sham surgery, a double liga-
tion was performed in the bile duct and it was finally dissected;
iii) the BDL + p-CA group (n=5), in which the animals were
pre-treated with p-CA (100 mg/kg, p.o.) at 24 h and 1 h prior to
BDL and at 1 h after surgery; and iv) the sham + p-CA group
(n=5), in which the rats received the same treatment scheme as
that of the p-CA group; however, instead of BDL, sham surgery
was performed (Fig. 2). All animals were sacrificed at 48 h
after surgery. The BDL and sham surgeries were performed
under anesthesia with the combination of xylazine at 10 mg/kg
and ketamine at 80 mg/kg (i.p.).

Animal sacrifice. At sacrifice, the rats were deeply anaes-
thetized with xylazine at 10 mg/kg and ketamine at 80 mg/kg
i.p., mixed in the same syringe, and euthanized by cardiac
puncture (4-6 ml of blood to obtain serum) and subsequent
exsanguination (6-8 ml of blood) until cardiac and respira-
tory arrest and the absence of reflexes (in the hind legs) were
confirmed. The collected blood was centrifuged (1,000 x g at
4°C, for 10 min) to obtain serum. The livers were carefully
dissected, freed from surrounding fatty and fibrous tissues and
small samples were fixed in 4% p-formaldehyde.

Biochemical analyses. Serum samples were analyzed to
determine liver damage, by quantifying the levels of alanine
aminotransferase (ALT), gamma-glutamyl transpeptidase
(GGT) and alkaline phosphatase (ALP) activity. The enzy-
matic activity quantification of ALT was carried out following
the specifications described by Reitman and Frankel (15).
Briefly, serum was reacted with the substrate (200 mM D/1
alanine and 2 mM a-ketoglutaric acid) for 60 min at 37°C; the
mixture was then reacted for 15 min at 37°C with the chromo-
genic reagent (1 mM 2 4-dinitrophenylhydrazine, in 1 N HCI),
the reaction was terminated with 0.4 N NaOH and the optical
density was measured at 515 nm using a Thermo Scientific™
GENESYS™ 10S UV-Vis Spectrophotometer (Thermo
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Figure 1. Experimental protocol to evaluate hepatoprotective effect of p-CA in the acute liver damage induced by CCl,. Rats were divided in four groups as
follows: Control (n=5), CCl, (n=5), CCl, + p-CA (n=5) and p-CA (n=5). p-CA, p-coumaric acid; CCl,, carbon tetrachloride.

Fisher Scientific, Inc.). GGT activity was evaluated following
the specifications described in the study by Glossmann
and Neville (16). Briefly, serum samples were reacted for
30 min at 37°C with 0.2 M Tris-HCl, 0.2 M MgCl,, 0.04 M
glycyl-glycine and 10 mM y-glutamyl-p-nitroanilide and this
reaction was terminated with 1.5 M acetic acid, and the absor-
bance was measured at 410 nm. ALP activity was determined
following the specifications described in the study by Berger
and Rudolph (17). Briefly, serum samples were mixed with
0.1 M glycine and 1 mM MgCl,, and with p-nitrophenyl phos-
phate substrate, and incubated at 37°C for 30 min; the reaction
was terminated with 0.02 N NaOH, and the absorbance was
measured at 410 nm. For each determination of enzymatic
activity, a standard curve was used. Each serum sample was
evaluated in triplicate for each quantification.

Histological analysis. Liver damage was also evaluated
using hematoxylin and eosin (H&E) staining (18) in order to
observe the morphological changes in the liver tissue. Briefly,
the tissue sections previously fixed in 4% p-formaldehyde
were dehydrated, diaphanized and immersed in paraffin.
The sections were then cut into 4-um-thick sections using
a microtome and fixed on a slide coated with 2% 3-amino-
propyl triethoxysilane in acetone. Subsequently, these slides
were deparaffinized at 60°C for 1 h, followed by xylol, and
with etanol:xilol (1:1), absolute 96% alcohol, 80% alcohol,
70% alcohol, and finally with distilled water. Staining was
carried out with Harris's hematoxylin (5 min; 25°C), followed
by rinsing with distilled water, acid alcohol and ammoniacal
water, and eosin dye was then used (1 min; 25°C) and the slides
were dehydrated with 80% alcohol, 96% alcohol, absolute
alcohol, ethanol:xylol (1:1) and then with xylol. Entellan was
used as the mounting medium. The stained sections were
visualized under a Zeiss Axioscope 40/40 FL microscope
(Zeiss AG) and analyzed using ImageJ software version 1.53e
(National Institutes of Health).

Anti-amoebic activity of p-CA

E. histolytica trophozoites. To evaluate the anti-amoebic
capacity of p-CA, virulent trophozoites of the E. histolytica
strain (HM-1:IMSS) were used, which were maintained
according to the procedure described in the study by Diamond
et al (19). Trophozoites HM-1:IMSS were donated by Dr

Alfonso Olivos, from the Faculty of Medicine at the General
Hospital of Mexico to JVI.

Experimental in vitro assay. Under axenic conditions,
culture media containing 1x10° trophozoites of E. histolytica
were used for each assay, both at 12 and 24 h (Fig. 3). The
positive control was only maintained with standard culture
medium (TYI-S-33) at 35.9°C, while the other three cultures
were treated with p-CA (150, 300 or 500 #M). In addition, an
internal control (ethanol 0.5% used as a p-CA diluent) and Mtz
control (2 uM) were included. Cell viability was determined
using a Trypan blue dye exclusion assay, which allowed the
determination of the number of viable trophozoites in a cell
suspension (20). Briefly, the amoeba culture tubes are cooled
for 20 min at 4°C, and were then centrifuged at 1,900 x g for
20 min; the culture medium was decanted and the pellet was
diluted 1:2 with 0.4% trypan blue. Quantification is carried
out using a hemocytometer, where the living trophozoites,
with their cell membrane intact, exclude the dye, while the
membrane-compromised trophozoites are stained. Each treat-
ment was carried out by triplicate and repeated six times.

Statistical analysis. Liver damage marker and in vitro anal-
yses were evaluated statistically using GraphPad Prism 8.00
software (GraphPad Software, Inc.). The results are expressed
as the mean values + standard error (SEM) from each group
and comparative analysis was carried out using analysis of
one-way ANOVA followed by Tukey's post hoc test. P<0.05
was considered to indicate a statistically significant difference.

Results

Anti-necrotic and anti-cholestatic effects of p-CA

Acute liver injury induced by CCl,. Hepatic necrosis induced
by acute intoxication with CCl,, allowed for the evaluation
of the ability of p-CA to prevent this toxicity. The results of
the analysis of liver damage markers are presented in Fig. 4.
It was found that, in the CCl, group, the levels of ALT, ALP
and GGT were increased compared with those in the control
group (Fig. 4). In the CCl, + p-CA group, the increase in the
ALT levels was partially, yet significantly prevented (Fig. 4A),
while the increase in ALP and GGT activities was completely
prevented by p-CA (Fig. 4B and C, respectively). The levels in
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Figure 2. Experimental protocol to evaluate hepatoprotective effect of p-CA in the acute liver damage induced by common bile duct obstruction. Rats were
divided in four groups as follows: Sham (n=5), BDL (n=5), BDL p-CA (n=5) and Sham + p-CA (n=5). p-CA, p-coumaric acid; BDL, bile duct ligation.
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Figure 3. Experimental protocol to evaluate in vitro the anti-amoebic activity of p-CA. Trophozoites of E. histolytica (1x10°) were incubated 12 or 24 h with
various concentrations of p-CA (150, 300 or 500 #M). Cell viability quantification was carried out with the Trypan blue exclusion method. p-CA, p-coumaric

acid; E. histolytica, Entamoeba histolytica.

the p-CA group did not differ significantly from those in the
control group. The macroscopic and microscopic observations
at x5 and x10 magnification with H&E staining (Fig. 5) were
consistent with the results of biochemical analyses. The control
and p-CA groups exhibited a healthy liver tissue appearance.
In the CCl, group, severe ballooning cell degeneration and
necrosis were observed, while the CCl, + p-CA group exhib-
ited evidently less prominent cell changes compared with the
CCl, group.

Acute liver injury induced by BDL. Hepatic cholestatic
damage allowed for the evaluation of the hepatoprotective
ability of p-CA. The results of the analysis of enzymatic
activities are presented in Fig. 6. The BDL group exhibited
significantly increased levels of ALT, ALP and GGT compared
with the control group (Fig. 6). In the BDL + p-CA group, the
increase in the ALT levels was significantly reduced compared
with the BDL group; however, the level was significant higher
compared with the healthy group (sham + p-CA) (Fig. 6A). In
addition, in the BDL + p-CA group, the values for ALP and
GGT activities were significantly lower compared with those
in the BDL group; however, the values did not differ signifi-
cantly with respect to the healthy groups (Sham and Sham +
p-CA) (Fig. 6B and C, respectively). These findings suggested
that these increases were prevented by p-CA. The sham and

sham + p-CA groups exhibited a similar trend in the levels
of biochemical parameters examined, without significant
differences between them (Fig. 6). Moreover, the macroscopic
and microscopic observations at x5 and x10 magnification
with H&E staining (Fig. 7) were consistent with the results of
biochemical the markers. The sham and sham + p-CA groups
exhibited healthy morphological characteristics in the liver.
The BDL group exhibited necrosis and bile duct proliferation,
while the BDL + p-CA group exhibited less necrosis and fewer
bile ducts.

Anti-amoebic activity of p-CA. Representative images of
amoebic cultures that were incubated with various concentra-
tions of p-CA are presented in Fig. 8A and B. The results of
quantitative in vitro assays (Fig. 8C) revealed that, at 12 h, Mtz
(4 uM) reduced the growth of E. histolytica by 46.6%, and
this inhibition was 65.1% at 24 h. On the other hand, treatment
with 150 and 300 #M p-CA exhibited a tendency to reduce cell
viability; however, the most prominent effect was observed
with 500 uM p-CA. At 12 h, a 26.5% growth inhibition was
observed compared with the positive control; however, no
significant difference was observed compared with the Mtz
control. At 24 h, 500 uM p-CA decreased cell viability by
41.5% in comparison with the positive and internal controls.
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Figure 4. Evaluation of serum markers of liver damage in the CCl, model. (A) ALT; (B) ALP; (C) GGT. The following groups were evaluated: Control, CCl,,
CCl, + p-CA and p-CA. Results are expressed as the mean + SEM. Statistically significant differences are indicated as follows: ‘P<0.05, “P<0.01 and **"P<0.0001.
p-CA, p-coumaric acid; CCl,, carbon tetrachloride; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transpeptidase.

X5

x10

200 pm

200 tm

Figure 5. Liver in situ images and histological analysis of the liver sections of the CCl, model stained with hematoxylin and eosin (H&E). Representative
images of each experimental group: Control, CCl,, CCl, + p-CA and p-CA. Micrographs were obtained at x5 and x10 magnification. V, centrilobular vein;

p-CA, p-coumaric acid; CCl,, carbon tetrachloride.

Discussion

The present study provides evidence that p-CA exerts
anti-necrotic and anti-cholestatic effects against liver injury
induced by CCl, and BDL in rats. In addition, it possesses
anti-amoebic activity in cultures of trophozoites of E. histo-
lytica.

Liver diseases are a public health concern worldwide,
as there is no effective treatment to prevent (21) or reverse
liver damage (22). Necrosis and cholestasis occur during the
development of almost all acute and chronic liver diseases,
as a consequence of exposure to a wide variety of harmful
agents, such as viruses, bacteria, parasites, toxins, metabolites
and autoimmune disorders (23). Necrosis is an accidental and

unregulated cell death, which is considered as a process difficult
to prevent (24). The results of the present study demonstrated
that p-CA prevented acute liver injury induced by two different
etiologies. CCl, is a hepatotoxic agent that induces oxida-
tive stress, cell death and a significant increase in AST, ALT
and GGT levels (25,26), while BDL induces liver damage as
a consequence of impaired bile duct flow, thus leading to the
accumulation of toxic bile acids that induce hepatocellular
damage (27). In both models, necrosis and cholestasis are
present, which can be evaluated using ALT, ALP and GGT as
liver injury biomarkers. The basal concentration ALT in the
bloodstream increases in the event of hepatocyte membrane
rupture, indicating hepatocellular parenchymal damage (16). In
the present study, the levels of the serum marker of hepatocyte
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Figure 7. Liver in situ photograph and histological analysis of liver sections of the BDL model stained with hematoxylin and eosin (H&E). Representative
images of each experimental group: Sham, BDL, BDL + p-CA and Sham + p-CA. H&E micrographs were obtained at x5 and x10 magnification. V, centri-

lobular vein; p-CA, p-coumaric acid; BDL, bile duct ligation.

necrosis, ALT, were significantly reduced following treatment
with p-CA, regardless of the origin of hepatocellular damage, and
this result was consistent with the morphological hepatic obser-
vations. Previous studies have demonstrated that p-CA prevents
ischemia/reperfusion-, cisplatin- and acetaminophen-induced
liver necrosis, by its ability to increase antioxidant enzyme
levels and reduce oxidative stress (10,11,28); however, the
anti-cholestatic effects of this compound have not been explored
to date, at least to the best of our knowledge. Cholestasis is a
pathological condition characteristic of chronic liver diseases
and, in particular, cholangiopathies, which develops due to the
obstruction of bile flow inducing cholangiocyte damage (29,30).
In the early stage of cholangiopathies, bile duct injury is

associated with cholangiocyte proliferation; progression to
chronicity is associated with increased bile duct loss, biliary
fibrosis and an increased incidence of cholangiocarcinoma (31).
The BDL model is characterized by a well-established exuberant
ductular reaction (30). In the present study, cholestatic damage
was evidenced by the presence of necrosis and ductal biliary
proliferation, and treatment with p-CA partly alleviated ductal
proliferation and necrosis.

Intestinal amoebiasis is a parasitic human infection
induced by the protozoan E. histolytica, which can dissemi-
nate to other organs, such as the liver, brain, heart, spleen and
kidneys (32,33). This amoebic infection is one of the three
parasitic causes of mortality worldwide (34). Mtz is the drug of
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choice for amoebiasis; however, it has been reported to eradi-
cate only up to 50% of luminal infections, and for this reason,
some researchers have considered that this level of efficacy
suggests resistance (9). Resistance to Mtz in vitro has already
been generated in E. histolytica strains HM-1:IMSS (35) and
HTH-56:MUTM (9). Therefore, it is necessary to identify
novel new anti-amoebic treatments that can be used as alter-
native agents in the treatment of amoebiasis. Over the years,
research interests on p-CA and its antiviral, antifungal and
anti-microbiological activities have increased (6). However,
the individual anti-amoebic potential of p-CA has not yet
been explored, at least to the best of our knowledge. In vitro
analyses using methanol extracts of Peucedanum (P.) cauca-
sicum, P. palimbioides, P. longibracteolatum and P. chryseum
have demonstrated that these agents exhibit anti-amoebic
activities, attributed to their phenolic acid composition (p-CA,
gallic acid, p-hydroxybenzoic acid, o-coumaric acid, vanillic
acid and rosmarinic acid) (36). In the present study, it was
demonstrated that p-CA exerted anti-amoebic effects, limiting
the proliferation of E. histolytica. However, further experi-
mental studies using in vivo models, as well as quantitative
structure-activity relationship (QSAR) studies, are warranted
in order to identify the optimal anti-amoebic compound.

In conclusion, the present study demonstrated that p-CA
treatment prevented liver injury progression induced by various

Aok

P<0.0001. p-CA, p-coumaric acid; Mtz, metronidazole.

mechanisms, suggesting that p-CA may be an alternative
therapy for liver diseases. Furthermore, to the best of our knowl-
edge, the present study was the first to demonstrate that p-CA
exerted anti-amoebic effects, suggesting that this compound
may be further evaluated as a potential anti-parasitic strategy.
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