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OBJECTIVE: The aim of this study was to evaluate the hepatoprotective effect and mechanism of action of artichoke leaf extract in hepatic ischemia/

reperfusion injury.

METHODS: Rats were divided into three groups such as sham, control, and artichoke leaf extract groups. Antioxidant enzyme activities and biochemical
parameters were examined from the tissue and serum obtained from the subjects. Histopathological findings were scored semiquantitatively.
RESULTS: Statistically, the antioxidant activity was highest in the artichoke leaf extract group, the difference in biochemical parameters and C-reactive protein
was significant compared with the control group, and the histopathological positive effects were found to be significantly higher.

CONCLUSIONS: As a result, artichoke leaf extract had a hepatoprotective effect and that this effect was related to the antioxidant and anti-

inflammatory effects of artichoke.
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INTRODUCTION

Liver ischemia/reperfusion (I/R) injury develops due to hypoper-
fusion that occurs during trauma and surgery of the liver and
due to macrophage activation, that occurs after reperfusion.
Excessive amounts of reactive oxygen species (ROS) released
as a result of the stimulation of macrophages bind to cellular
macromolecules (including DNA, proteins, and lipids), caus-
ing tissue damage and cell death'?.

Despite many experimental studies in the literature, it can
be seen that an effective pharmacological strategy against I/R
injury has not yet been developed. To create an effective treat-
ment method in this area, there is ongoing research into natu-
ral agents rich in flavonoids, anthocyanins, and other phenolic
compounds that effectively treat I/R®. Many studies have shown
that artichoke leaf extract (ALE), rich in phenolic compounds
and caffeic acid derivatives, provides a hepatoprotective effect by
significantly preventing oxidative damage in hepatocyte mem-
branes. It has been reported in many studies in the literature
that ALE exhibits both nephroprotective and hepatoprotective
properties in paracetamol and cadmium-induced toxicity*”.

Although various studies show the hepatoprotective effect
of ALE, there is no study evaluating its efficacy in hepatic I/R
injury. Therefore, this study aimed to assess whether or not
ALE has a hepatoprotective effect in hepatic I/R injury and

the mechanisms of this effect.

METHODS

This study was carried out by following the principles of the
National Laboratory Animal Use and Care Directive, with the
approval of the Animal Ethics Committee of Selguk University
Experimental Medicine Research Center. A total of 30 adult male
Wistar albino rats, each weighing 300125 g, were included in
this study. No rats were given parenteral or enteral antibiotics
throughout the experiment. The rats were randomly separated
into three groups of 10 rats in each. All the rats were intra-
muscularly anesthetized with 50-mg/kg ketamine hydrochlo-
ride (Ketalar®; Parke-Davis, Istanbul, Turkey) and 10-mg/kg
xylazine (Rompun®; Bayer, Istanbul, Turkey). Ischemia was cre-
ated by clamping the hepatic artery and portal vein for 60 min,
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and then liver tissue and blood samples were taken at the 90th
minute of reperfusion.

Group I (sham group): Laparotomy and hepatic pedicle
mobilization were performed on the rats, and liver tissue and
blood samples were taken at the end of 90 min.

Group II (control group): I/R model was performed with-
out any medication.

Group IIT (artichoke extract group): The rats in this group
were given ALE at a 300 mg/kg dose via orogastric tube 2 h
before the operation.

The dose of artichoke extract was planned to be 300 mg/kg,
with reference to the information obtained from scanning many
articles in the literature. The extract was generally administered

as oral gavage in these studies®”’.

Artichoke leaf extract preparation

The ALE used in this study was prepared at the Faculty of
Engineering and Natural Sciences, Department of Chemical
Engineering, Ankara Yildirim Beyazit University. Artichoke
leaves were cut into small slices and dried in an oven at 103°C
until a constant weight is obtained. The dried artichoke leaves
were ground into powder and placed in a test tube, then 10%
(v/v) aqueous acetonitrile solution was added to stabilize the
extract. Aqueous methanol solution (70%) was added at 70°C,
then the mixture was mixed in an ultrasonic bath and kept at
70°C in a water bath for 10 min. The test tube was brought
to room temperature, centrifuged at 3500 rpm for 10 min,
and the supernatant was then transferred to another container.

Determination of total

phenolic/flavonoid antioxidant amounts

The obtained extract was diluted 100-fold with deionized water.
Notably, 1 mL of diluted extract, 5 mL of Folin—Ciocalteu
reagent, and 4 mL of sodium carbonate solution were put into a
plastic tube and mixing in intermediate steps was done accord-
ingly. Resulting solution was analyzed with UV—vis spectro-
photometer, and absorbance values at 765 nm were recorded.
Calibration curve was generated using the absorbance values
at 765 nm, and calibration equation was found. Absorbance
values at 765 nm were used to calculate the total polyphenol
content of the sample by the calibration equation. For the total
phenolic amount of ALE as gallic acid equivalent (GAE), the
total flavonoid amount was calculated using quercetin equiv-
alent (QE) as the standard.

Biochemical evaluations
At the end of the experiment, liver tissue and blood samples

were obtained from the rats. Tissues were washed with cold
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distilled water and physiological serum, and blood was removed
and frozen in liquid nitrogen in a sterile manner. The samples
were taken to the Research Laboratory of the Biochemistry
Department of the Faculty of Science. Serum was obtained
by centrifuging the blood at 10,000 rpm for five min at 4°C.
Frozen tissues were minced on ice, and homogenization was
performed in a Potter-Elvehjem glass Teflon homogenizer placed
on ice. The resulting homogenate was centrifuged to remove
cellular debris, and the supernatant was separated from the
pellet by filtering through a double layer of sterile gauze and
centrifuged again. Finally, the supernatant from the obtained
fraction was poured off, and 0.5 times the initial tissue weight
of cold suspension buffer 2 mM EDTA, pH 7.5; 10% glyc-
erin) was added to the pellet, homogenized by hand, and stored
at -80°C until the assay.

The activity measurement of the catalase (CAT), superoxide
dismutase (SOD), and glutathione peroxidase (GPx) enzymes
was determined using the spectrophotometric method of Aebi?,
Marklund and Marklund’, and Paglia and Valentine'®, respec-
tively. Aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) activities were determined spectrophotometrically
using Reitman and Frankel’s method'!. Lactate dehydrogenase
(LDH) measurement was made with the spectrophotometric
method optimized by Wroblewski and LaDue'. In addition,
total bilirubin (TBIL), direct bilirubin (DBIL), alkaline phos-
phatase (ALP), C-reactive protein (CRP), creatine kinase (CK),
total protein (TPROT), and albumin (ALB) levels were mea-
sured using appropriate methods.

Measurement of gene

and protein expressions

The determination of ALB, fibrinogen, and prothrombin
amounts of microsomal fractions obtained from tissues was
made with Lowry et al.’s method using BSA (bovine serum
albumin) as a standard®. The obtained proteins were evalu-
ated with the western blot method following vertical electro-
phoresis and sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE).

To determine the effects of the studied plant components on
the gene expression levels of the enzymes, RNA isolation from
the tissues obtained was performed using the RNA TRIZOL
method'. In this study, ALB, fibrinogen, and prothrombin
RNA were isolated. The complementary DNA (cDNA) synthe-
sis from the obtained RNAs was performed using the iScript™
c¢DNA Synthesis Kit. Quantitative real-time polymerase chain
reaction (QRT-PCR) studies were performed using the CFX-
Connect Real-Time PCR system (Bio-Rad, USA). Changes
in gene expressions were detected by calculating the ratio of
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specific gene messenger RNA (mRNA) expressions to mRNA
expression of housekeeping genes (2-24%). The primers used
were designed using Primer 3 software and their specificity was

checked by the National Center for Biotechnology Information.

Histopathological assessments

After the liver tissues were fixed in 10% formalin solution
for 24 h, standard dehydration procedures were applied and
then the samples were blocked in paraffin. A 4-um thickness
section was cut from the blocks, prepared, and stained with
hematoxylin and eosin. These prepared tissue samples were
examined under an OLYMPUS BX51TF model light micro-
scope. The histopathological findings of the liver were scored
semiquantitatively from 0—4 by evaluating sinusoidal conges-
tion, hepatocyte necrosis, and liver cell vacuolization with the

modified Suzuki score®.

Statistical analysis

Biochemical data were analyzed using the Statistical Package
for Social Sciences (SPSS) version 23.0 for Windows software
(SPSS Inc., Chicago, IL, USA). All variables were found to be
normally distributed with respect to the mean. Therefore, the
data were presented as meantstandard deviation (SD) values.
A p<0.05 was considered statistically significant.

Statistical analysis of the pathological scores was performed
using R 3.6.0 software (https://www.r-poject.org). The data
were reported as number (n) and percentage (%). A chi-square
test was conducted to examine the association between histo-
pathological scores and study groups. Since the proportion of
cells with the expected value <5 was more than 20%, p-values
were calculated with Monte Carlo simulation. After the 2
test, the two-proportion Z test with Bonferroni adjustment
was used for multiple comparisons. A p<0.05 was considered

statistically significant.

Table 1. Average values of biochemical parameters.

RESULTS

Determination of total

phenolic/flavonoid antioxidant amounts

For the total phenolic amount of ALE as GAE, the total fla-
vonoid amount was calculated using QE as the standard.

The total phenolic and flavonoid amount was found to be
38.0310.95 ug GAE/mg and 18.1140.26 ug QE/mg, respectively.

Biochemical analysis results

The results of the biochemical analyses are given in Tables 1
and 2. According to these results, the CRP values in the control
group were found to be statistically significantly higher than
those in the sham and artichoke groups (p<0.05). No signifi-
cant difference was observed between the sham and artichoke
groups in CRP values (p>0.05). Similarly, ALT, AST, LDH,
ALP, and CK values were significantly higher in the control
group than those in the sham and artichoke groups (p<0.05).
The values of all these parameters were higher in the artichoke
group than those in the sham group. A statistically significant
difference was observed between the sham and artichoke groups
in all the other parameters, except for CK (p<0.05). No signif-
icant difference was determined between the groups regarding

the TPROT, ALB, TBIL, and DBIL values (p>0.05).

Antioxidant enzyme activities
In evaluating the results of SOD, CAT, and GPx, which are
the parameters used to assess antioxidant enzyme activities,
antioxidant activity in the artichoke group was statistically sig-
nificantly higher than that in the other two groups (p<0.05).
In contrast, no statistically significant difference was found
between the SOD and CAT values of the sham and control
groups (p>0.05).

When ALB, fibrinogen, and prothrombin protein expres-

sions and ALB, fibrinogen, and prothrombin gene expressions

Groups CRP ALT AST LDH ALP
Ciraup 0.1620.07 81.20+14.48% 81.77+48.82 7.77+144.98% 4.55+10.36%
Gham) 16+0.07 181.22+14.48" 181.77+48.82 1667.774144.98 64.55+10.36*
Group 2 " . " . " . o . i .
Control 0.330.13 511.52428.64 800.80+68.89 4239.12+186.88 280.12471.45
Group 3
. 0.18+0.05 224.10421.28 567.03+54.68 2379.60+114.34 +28.66

(Artichoke)

CRP: C-reactive protein; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase. *Statistically significant difference between
Group 1 versus Group 2."Statistically significant difference between Group 1 versus Group 3. “Statistically significant difference between Group 2 versus Group 3.
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were evaluated, it was observed that there was no statistically
significant difference between the groups (p>0.05).

Histopathological results

The comparisons of the histopathological scores of the study
groups are shown in Table 3. A statistically significant associa-
tion was determined between the sinusoidal congestion and the
study groups (p=0.017). The proportion of minimal sinusoidal
congestion was higher in the sham (n=6, 60%) and perioper-
ative artichoke extract (n=4, 40%) groups compared with the
control group (n=0, 0%). The proportion of severe sinusoidal
congestion was higher in the control group (n=6, 60% versus
n=1, 10% and n=6, 60% versus n=1, 10%). A statistically sig-
nificant association was determined between necrosis and the
study groups (p=0.011). Necrosis was absent at a higher rate
in the sham (n=10, 100%) and perioperative artichoke extract

Table 2. Average values of biochemical parameters according to groups.

(n=9, 90%) groups compared with the control group (n=4,
40%), and the proportion of single-cell necrosis was higher in
the control group (n=6, 60% vs. n=0, 0% and n=6, 60% wversus
n=1, 10%). No significant difference was determined between
the groups regarding the rates of vacuolization (p>0.999). The
histopathological images of the groups are given in Figures 1-3.

DISCUSSION

I/R injury, which occurs due to hypoperfusion in the liver,
causes irreversible adverse effects in many tissues and organs
other than the liver. Many factors such as anaerobic metabo-
lism, oxidative stress and ROS secretion, mitochondrial dam-
age, and cytokines play a role in regulating hepatic I/R pro-
cesses'®. Although many studies have been conducted on the

application of agents with protective effects to prevent hepatic

(GSL(;UH‘# 2095.224122.68° 70.9748.45 35.65+2.39 0.17+0.04 0.1140.04
ClrovoZ 843.00+186.22° 7.5843.9 34.0042.52 0.27+0.09 0.16+0.09
Control 584300186, 67.5843.95 002.5 27+0. 16+0.
L 2 + + + + +
T 2791.10+100.58 66312571 33.73+2.32 0.180.07 0.16£0.06

CK: creatine kinase; DBIL: direct bilirubin; TBIL: total bilirubin; TPROT: total protein.Statistically significant difference between Group 1 versus Group 2.

bStatistically significant difference between Group 2 versus Group 3.

Table 3. Comparisons of the histopathological scores of the study groups.

Group 1 Group 2 Group 3 —value
(Sham) (Control) (ArtExt) P

Histopathological scores

Sinusoidal congestion 0.017
None (n=1) 1(10) 0(0) 0(0)
Minimal (n=10) 6 (60)° 0(0) 4 (40)
Mild (n=3) 1(10) 1(10) 1(10)
Moderate (n=8) 1(10) 3(30) 4 (40)
Severe (n=8) 1(10)2 6 (60)° 1(10)2

Necrosis 0.011
None (n=23) 10 (100)? 4 (40)° 9 (90)?
Single-cell necrosis (n=7) 0(0) 6 (60)° 1(10)?

Vacuolization >0.999
None (n=38) 10 (100) 9(90) 10 (100)
Minimal (n=2) 0(0) 1(10) 0(0)

ArtExt: artichoke extract. Data are shown as number (n) and percentage (%). The p-value was calculated using x” test with Monte Carlo simulation, followed by
post hoc test with Bonferroni adjustment for proportion test. Different superscript letters in each row indicate a statistically significant difference between groups.
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(A) (B)

Figure 1. (A, B) Portal area and central vein observed in the liver tissue of Sham group. Portal areas and lobules are in a regular structure, with no
inflammation or sinusoidal congestion (Hematoxylin and Eosine, 40x, 100x).

(A) (B)

Figure 2. (A, B) In the liver tissue of Group 2, mononuclear inflammatory cells and prominent sinusoidal congestion are observed in hepatocytes
around the central vein (Hematoxylin and Eosine, 100x).

(A) (B)

Figure 3. (A, B) Group 3 showing sparse mononuclear inflammatory cells and findings of mild sinusoidal congestion (Hematoxylin and Eosine, 100x).

91
Rev Assoc Med Bras 2022;68(1):87-93



Effects of artichoke on hepatic ischemia-reperfusion damage

I/R injury in experimental studies, there are no studies evalu-
ating the efficacy of ALE"Y.

Artichoke is a native plant of the Mediterranean basin, which
is known worldwide for its medicinal properties, including
hypoglycemic, cholesterol lowering, anti-atherosclerotic, hepa-
toprotective, prebiotic and probiotic, choleretic (ALE might
increase secretion in perfused rat liver and liver cell cultures),
antimicrobial, antifungal, immunomodulatory, and anticarcino-
genic effects. However, it is accepted that the positive impact
of artichoke on health is mainly related to its antioxidant and
anti-inflammatory effects®.

By helping to remove ROS, ALE prevents lipid peroxidation
in cell membranes and significantly prevents oxidative dam-
age®. In this study, with the use of ALE during I/R injury, a
statistically significant improvement was observed in the ALT,
AST, LDH, ALP, and CK values in plasma, which had increased
as a result of membrane damage, and this was considered the
hepatoprotective effect of ALE against I/R injury.

More than 80% of many proteins synthesized by the liver,
such as coagulation factors, ALB, thyroid-binding globulin,
and complement proteins, pass into the systemic circulation®'.
When the effects of liver I/R injury on blood protein levels and
protein and gene expressions were evaluated in this study, there
was no statistically significant difference between the sham, con-
trol, and artichoke treatment groups (p>0.05). Although I/R
injury is severe trauma to the liver, no difference between the
groups was interpreted as the damage not being of a long-term
duration to affect blood protein levels.

Mard et al. showed that Kupffer cell swelling, vasocon-
striction, leukocyte infiltration, platelet aggregation, sinusoidal
congestion, and central vein enlargement induce injury after
hepatic I/R*. In this study, sinusoidal congestion and necro-
sis were statistically significantly higher in the control group
in the histopathological examination (p<0.05). In the light of
these results, ALE can be considered to have histopathologi-
cally positive effects on liver I/R injury.

To evaluate the antioxidant activity, the antioxidant enzymes’
activity (SOD, CAT, and GPx) was measured. Antioxidant
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