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Objectives: The current study aimed to examine the protective activity of Hydroethanolic
Extract of Cynara scolymus (HECS) against experimentally-induced hemolytic anemia in rats.

Methods: Hemolytic anemia was induced by intraperitoneal injection of Phenylhydrazine
Article info: (PHZ) 40 mg/kg for 2 days. PHZ induces oxidative stress and reactive oxygen species formation,
rticle info: . . . . . s .
. which causes hemolytic anemia. Thirty male Wistar rats were divided into 5 groups (n=6 for
Received: 25 Aug 2019 o g : : .
- each group). Group 1 (normal control) was injected with normal saline. Group 2 (anemic
Accepted: 24 Nov 2019 . control) received only PHZ. Groups 3 to 5 were injected with 100, 200, 400 mg/kg of the
. HECS by gavage, respectively, daily from day 2 to day 15 after PHZ administration. At the
end of the treatment period, their blood and liver samples were collected for biochemical and
histopathological analysis.

Results: The results indicated that serum Alkaline Phosphatase (ALP), alanine aminotransferase

(ALT), Aspartate Aminotransferase (AST), and Lactate Dehydrogenase (LDH) levels in the PHZ

(anemic) group were significantly higher than those in the control group (P<0.05). A significant

decrease in serum liver enzymes was determined in rats treated with HECS at different doses

. compared with the untreated anemic rats (P<0.05). Also, HECS significantly attenuated body

Keywords: . weight loss in the PHZ group (P<0.05). Besides, based on the histopathological evaluation,
) : HECS improved disarrangements of the liver parenchyma due to PHZ-induced hepatotoxicity.

Phenylhydrazine, :
Hemolytic anemia, : Conclusion: HECS has hepatoprotective effects against PHZ-induced toxicity presumably by
Cynara scolymus, Rat :  its antioxidative activity.
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Introduction

nemia is a common blood disorder and
has different types based on its underly-
ing causes. Hemolytic Anemia (HA) is
the most frequent form of anemia, which
is caused by hemolysis [1]. Hemolysis is
a physiological and pathological status produced by the
destruction of the Red Blood Cells (RBCs) or a decrease
in the erythrocytes half-life [2]. It lowers the hemoglobin
concentration below the normal level. Regarding the site
of hemolysis, HA is classified as intravascular or extra-
vascular, and regarding its etiology, it is categorized as
acquired or inherited [3, 4]. Hemolytic anemia usually
develops slowly but in some cases, it can develop sud-
denly: Both can be mild or severe. The clinical symp-
toms of HA include jaundice, paleness, fatigue, dyspnea,
palpitation, hepatomegaly, and splenomegaly [5].

Several hemolytic agents are known that induce hemo-
lysis in animal models. One of these agents is Phenylhy-
drazine (PHZ), a hydrazine derivative, which is widely
used in industry, agriculture, laboratory, and medicine.
However, PHZ is toxic and can cause irreversible cel-
lular damage [6]. It has a variety of toxic effects such as
hemolytic anemia, hypoxia, inflammation [7, 8], damage
to liver, kidney, and spleen [9, 10], vascular dysfunction
[11], carcinogenicity [12], encephalopathy, and neuro-
logic disorders [13].

PHZ has long been used to produce animal models of
hemolytic anemia. PHZ mechanism of hemolytic action
was related to its interaction with RBCs. This interaction
produces hydrogen peroxide and destroys the hemoglo-
bin pigment through the formation of oxidized deriva-
tives and free radicals of hydrazine [9]. PHZ also in-
duces Reactive Oxygen Species (ROS) formation, lipid
peroxidation, and protein oxidation due to the reaction
with the plasma membrane. Afterward, the oxidative
degradation of spectrin in the membrane cytoskeleton
will result in hemolytic anemia [14]. Based on reports,
PHZ may cause oxidative damage to the liver, too [15].
The formation of destructive free radicals, during the
microsomal oxidation of hydrazines, is correlated with
hepatotoxicity of hydrazine derivatives [9].

Currently, worldwide interest has grown over using
traditional medicines, and various herbal medicinal
products are used clinically because of their therapeu-
tic effects [16]. Artichoke (Cynara scolymus) belongs
to the Asteraceae family and has pharmacological and
therapeutic potential [17]. It is cultivated in many coun-
tries, particularly in Iran, Turkey, and China, and is a
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rich source of natural antioxidants [18]. Phytochemical
analysis of Cynara scolymus has revealed its various
biologically active components like phenolic acids (e.g.
cynarin and chlorogenic acid) and flavonoids (e.g. api-
genin, luteolin and quercetin) [18, 19]. These polyphe-
nolic constituents exhibit potent ROS and free radicals
scavenging ability [20], which in turn play a vital role
as an antioxidant in the preventive treatments of oxida-
tive damage-related disorders. Studies have shown the
artichoke extract properties, such as hepatocurative [21],
lipid-lowering [22], hypoglycemic [23], antioxidant [24,
25], anti-inflammatory, and immunomodulatory [26, 27]
in both vivo and vitro experiments.

Based on the literature and considering the unique anti-
oxidant properties of Cynara scolymus, the present study
aimed to determine the effect of Cynara scolymus extract
against oxidative stress-mediated HA and hepatic dys-
function in rats induced by PHZ.

Materials and Methods
Chemicals, reagents, and preparation of the extract

Phenylhydrazine (PHZ) was purchased from Sigma-
Aldrich (St. Louis, MO, USA). Cynara scolymus ex-
tract powder was obtained from Dineh Iran Industries
Complex (Pharmaceutical Company, Tehran, Iran). The
preparation process is as follows:

Fresh C. Scolymus leaves (confirmed by a botanist)
were collected from Dineh Pharmaceutical Research
Center in Qazvin City, Iran, from April to July 2019 and
sliced into small pieces. The cleaned artichoke leaves
were air-dried at room temperature under the shade and
then ground with a laboratory grinder to obtain its pow-
der form. The powder was extracted three times with
ethanol/water (70/30, V/V) for 72 h. The hydroethanolic
extract was filtered through Whatman No. 1 filter paper.
The filtrate was evaporated using a rotary evaporator
under vacuum at 40°C to remove the solvent. The dry
extract was stored at 4°C until further use. In this study,
normal saline was added to the dried extract to achieve
the concentrations of 100, 200, and 400 mg/kg of C.
scolymus.

Alkaline Phosphatase (ALP), Alanine aminotransfer-
ase (ALT), Aspartate aminotransferase (AST), and Lac-
tate Dehydrogenase (LDH) commercial kits were pur-
chased from Pars Azmoon Co (Tehran, Iran).
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Animals housing conditions

Thirty healthy male Wistar rats, weighing 210-220 g
and aged between 8-10 weeks, were obtained from the
Animal Care Unit of Faculty of Veterinary Medicine,
Razi University, Kermanshah City, Iran. The animals
were housed in stainless steel cages under controlled
environmental conditions at 22+2°C, with a relative hu-
midity of 55+5% under 12:12 h light-dark cycle. All rats
were fed with a standard laboratory pelleted chow diet
and freshwater ad libitum. The animals were acclima-
tized for 1 week before the beginning of the study.

Induction of anemia

Anemia was induced by Intraperitoneal (IP) injection of
PHZ at 40 mg/kg for 2 consecutive days. Rats that developed
anemia with hemoglobin concentration lower than 14 g/dL
were considered as anemic and were used for the study.

Experimental procedure

The rats were randomly assigned into 5 experimental
groups with 6 animals per group as follows: Group 1 (con-
trol group): The rats were given normal saline orally and
daily for 14 days; Group 2 (anemic group): The anemic
rats were treated with normal saline orally and daily for 14
days; Group 3 (anemic + Hydroethanolic Extract of Cy-
nara scolymus (HECS) (100 mg/kg) group): The anemic
rats were treated with HECS orally and daily (100 mg/
kg) for 14 days; Group 4 (anemic + HECS (200 mg/kg)
group): The anemic rats were treated with HECS orally
and daily (200 mg/kg) for 14 days; Group 5 (anemic +
HECS (400 mg/kg) group): The anemic rats were treated
with HECS orally and daily (400 mg/kg) for 14 days.

In this study, doses of PHZ (to induce anemia) and C.
scolymus extracts were determined according to previous
studies and our unpublished pilot studies [1, 8, 23, 28].

Estimation of acute toxicity

To identify the acute toxicity of the HECS with few
animals, we conducted a limit test according to OECD
(Organisation for Economic Cooperation and Develop-
ment) 425 guidelines. The animals were maintained un-
der standard conditions for at least 5 days. They were
fasted for 3-4 h before dosing with free access to wa-
ter ad libitum. The HECS (1000 mg/kg body weight as
a single dose, orally) was initially administered to one
animal, followed by 24 hours observation. If the animal
survived, 4 additional animals were administered with
HECS at the same dose under the same conditions. A
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total of 5 animals were tested. The same procedure was
followed for the control group of 5 rats who received
normal saline in the same volume as that of the treated
groups. Treated animals were continuously observed for
a total period of 14 days [29].

Measurement of body weight

The initial and final body weights of the animals were
measured and recorded.

Biochemical analysis

Atthe end of the experimental period, all rats were anes-
thetized with an intraperitoneal injection of ketamine
and xylazine. Then, their blood samples were directly
collected via the cardiac puncture method. Serum speci-
mens were separated by blood centrifugation at 2000
rpm for 10 min at room temperature and were stored at
-20°C until biochemical analysis. Afterward, the levels
of ALP, ALT, AST, and LDH in their serum were deter-
mined using commercial diagnostic kits obtained from
Pars Azmoon Co. (Tehran, Iran) [30].

Histopathological examination

After collecting blood samples, all rats were sacri-
ficed, and their livers were immediately dissected. Small
pieces of liver tissue were fixed in 10% buffered for-
malin, embedded in paraffin wax, sectioned into 5-pm
thick pieces using a microtome, and then stained with
hematoxylin-eosin. The stained sections were observed
with a light microscope. The description and scoring of
histopathological lesions were carried out as previously
described by Ozden et al. [31].

Statistical analysis

The obtained data were prepared in Excel and analyzed
by 1-way Analysis of Variance (ANOVA) and Tukey’s
HSD (Honest Significant Difference) post-hoc test in
SPSS V. 21 for Windows (SPSS, Inc. Chicago, IL, USA).
The results were expressed as Means=SEM. P<0.05 was
defined as the significant difference between the groups.
For histopathological evaluation, differences among
groups were evaluated using the nonparametric Kruskal-

Wallis test, and data were expressed as median and range.
Results
Acute toxicity testing

Single-dose acute toxicity of the HECS was demon-
strated through a limit test. Oral administration of the
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HECS did not show any animal mortality nor signs of
toxicity up to a dose of 1000 mg/kg in 14 days. There-
fore, LD50 (Lethal Dose 50) of the HECS was consid-
ered to be more than 1000 mg/kg.

Effect of Cynara Scolymus extract on body weight

Table 1 presents the initial body weight, final body
weight, and Body Weight Gain percentage (BWG %)
of the control and anemic rats treated with HECS at dif-
ferent doses during the experiment. There were no sig-
nificant differences in the initial body weight between
all experimental groups (P>0.05). Moreover, hemolytic
anemia induced a considerable reduction in the final
body weight and body weight gain of anemic rats com-
pared to the control group after 14 days (P<0.05). Treat-
ment with HECS (200 mg/kg and 400 mg/kg) improved
this weight loss (P<0.05) (Table 1).

Effect of Cynara Scolymus extract on serum levels of
liver enzymes

The hepatic response to phenylhydrazine administration
and treatment with artichoke extract are presented in Fig-
ures 1, 2, 3, and 4. Our results revealed that the intraperito-
neal injection of PHZ to rats caused a significant increase
in the activities of ALP, ALT, AST, and LDH in the serum
compared with those in the control group (P<0.05). Fur-
thermore, oral administration of artichoke extract (100-
400 mg/kg) significantly attenuated the elevated levels of
parameters mentioned above in a dose-dependent manner
(mainly at doses of 200 and 400 mg/kg) compared with
the PHZ-treated rats (P<0.05) (Figures 1, 2, 3, and 4).
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Effect of Cynara Scolymus extract on histopatho-
logical changes of rat livers

No significant gross lesions were observed in any of
the rats following necropsy examination. Staining of
liver sections of normal control rats showed normal
lobular architecture with central veins and radiating he-
patic cords (Figure 5 A), while administration of PHZ
caused mild to moderate changes in the liver parenchy-
ma, including hepatocyte degeneration, vacuolar degen-
eration, congestion, dilation of sinusoids, infiltration of
the mononuclear cells and small-focal necrosis (Figure
5, B-D). The treatment of PHZ-induced hepatotoxicity
with artichoke extract at different doses remarkably but
not completely attenuated these lesions and increase se-
rum liver enzyme levels. Generally, artichoke extract at
higher doses (200 and 400 mg/kg) had a better construc-
tive effect on the damaged livers compared with its low
dose (100 mg/kg) (Figure 5 E, F; Table 2). Generally, the
effects of the Hydroethanolic Extract of Cynara Scoly-
mus (HECS) are summarized in Figure 6.

Discussion

The present study was designed to elucidate the pro-
tective effect of Cynara scolymus against PHZ-induced
hemolytic anemia and hepatotoxicity in rats. To our
knowledge, this is the first report on the role of artichoke
extract on liver function indices following PHZ admin-
istration. Phenylhydrazine, as a powerful oxidant agent,
has been extensively used for the induction of hemolysis
in animal models. There is a correlation between oxida-
tive stress and hemolytic anemia. It is well documented
that oxidative stress plays a crucial role in the pathogene-
sis of several diseases, such as hematological abnormali-
ties [32]. The autoxidation of PHZ can increase the pro-
duction of ROS and PHZ-derived radicals, which causes

Table 1. Effect of Cynara scolymus extract on body weight alterations in phenylhydrazine-induced anemic rats (n=6)

Experimental Groups

MeanSEM

Initial Body Weight (g)

Final Body Weight (g) Body Weight Gain (%)

Control 217.1241.33

PHZ 218.72+4.13

(100 mg/kg) 212.5045.19

PHZ+HECS (200 mg/kg) 215.62+4.47
(400 mg/kg) 216.00%4.23

230.60+2.60 6.21+1.90
208.1145.10* -4.85+2.31*
217.87£2.35 2.53+1.70
222.23+1.18* 3.07+1.41%
226.37+2.68" 4.80%1.53"

PBR

*P<0.05 as compared with the control group within each column; # P<0.05 as compared with PHZ-treated group within each column.
PHZ: Phenylhydrazine; HECS: Hydroethanolic extract of Cynara Scolymus
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Table 2. Histopathological changes scores of the liver in all experimental groups

Histopathological Changes Group 1 Group 2 Group 3 Group 4 Group 5 P
Vacuolar degeneration 0 2* 1* 1* 0 0
Congestion of sinusoids 0 2" 1" 1" 1+ 0.01

Dilation of sinusoids 0 1 1 1 1 0

Central vein congestion 1* 2t 1* 1* 1* 0

Lobular inflammation 0 2" 1+ 1+ 0 0

Focal necrosis 0 2¢ 1 1 0 0
PBR

Scores: No lesion (0); Mild (1+); Moderate (2+); Severe (3+). Group 1: Control; Group 2: PHZ; Group 3: PHZ+HECS (100 mg/
kg); Group 4: PHZ+HECS (200 mg/kg); Group 5: PHZ+HECS (400 mg/kg)

P<0.05 was considered significant. The comparison was between all groups. The values are the median (range) for each group.
PHZ: Phenylhydrazine; HECS: Hydroethanolic extract of Cynara Scolymus

a wide variety of harmful cellular responses, including
membrane lipid peroxidation and protein oxidation re-
sulting in the devastation of RBCs membrane integrity
and hemolytic anemia [11, 33]. Plant extracts (phyto-
therapeutics agents) have been used to treat various ail-
ments in recent years due to their efficacy and fewer side
effects compared with the standard synthetic drugs [34].

o Control

BPHZ

B PHZ-HECS (100 mg/kg)
O PHZ+HECS (200 mg/ke)
BPHZ-HECS (400 mg'kg)

Serum ALP Concentration (1U/L)
=
=1
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Figure 1. Effect of Cynara scolymus extract at different doses
on serum Alkaline Phosphatase (ALP) levels in phenylhy-
drazine-induced anemic rats

Data are expressed as Mean+SEM (n=6).

*P<0.05. PHZ: Phenylhydrazine; HECS: Hydroethanolic ex-
tract of Cynara Scolymus

PBR

Several studies have demonstrated the Cynara scolymus
protection against oxidative stress-related conditions.
This protection is attributed to the presence of a broad
range of polyphenol-type antioxidants in plant extract
that have free radical scavenging ability [18].

OControl

HPHZ

@PHZ+HECS (100 mg'kg)
BPHZ+HECS (200 mg'kg)
B PHZ-HECS (400 mg/ke)

120
110
100 H

Serum ALT Concentration (1U/L)
L=
=
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Figure 2. Effect of Cynara scolymus extract at different doses
on serum Alanine aminotransferase (ALT) levels in phenyl-
hydrazine-induced anemic rats

Data are expressed as Mean+SEM (n=6).

*P<0.05. PHZ: Phenylhydrazine; HECS: Hydroethanolic ex-
tract of Cynara Scolymus
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Figure 3. Effect of Cynara scolymus extract at different doses
on serum Aspartate aminotransferase (AST) levels in phen-
ylhydrazine-induced anemic rats. Data are expressed as
Mean+SEM (n=6). * P<0.05. PHZ: Phenylhydrazine; HECS:
Hydroethanolic extract of Cynara Scolymus

In the present study, we observed that injection of PHZ
decreased the body weight gain of rats compared with
the control group, possibly because of lack of appetite,
reduction of disaccharidase activities, and functional
changes in the structure of the small intestine that can
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3
=]

500 +

400

300 +

200 ~
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Figure 4. Effect of Cynara scolymus extract at different doses
on serum Lactate Dehydrogenase (LDH) levels in phen-
ylhydrazine-induced anemic rats. Data are expressed as
Mean+SEM (n=6). * P<0.05. PHZ: Phenylhydrazine; HECS:
Hydroethanolic extract of Cynara Scolymus

result in nutrient malabsorption in the anemic rats [35,
36]. In agreement with our results, a significant decrease
in body weight was reported in PHZ-exposed animals [1,
37]. However, after 14 days of HECS treatment, the body
weight loss of rats was recovered.

PBR
Figure 5. Histopathological observations of rat liver sections in different experimental groups (H&E staining; Scale bar=60 pm)

A. Control group: Normal lobular architecture with central veins and radiating hepatic cords; B. Phenylhydrazine group:
Hepatocyte degeneration; C. Phenylhydrazine group: Infiltration of mononuclear cells in the liver parenchyma (arrowhead);
D. Phenylhydrazine group: Focal necrosis (circle); E and F. Phenylhydrazine group treated with artichoke extract 200 and 400
mg/kg, respectively: Normal liver structure similar to control group

Allahmoradi M, et al. Effect of Cynara scol;
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Figure 6. Graphical abstract that summarizes the effects of Hydroethanolic Extract of Cynara scolymus in phenylhydrazine-

induced anemic rats

It has been reported that C. scolymus can improve intes-
tinal health by increasing enzymatic activities, improv-
ing intestinal absorption and enhancement of scavenging
activity against ROS and free radicals via potent antioxi-
dant compounds [38]. Therefore, the ability of C. scoly-
mus extract to modify the body weight changes induced
by PHZ in our study may be mediated through the fac-
tors as mentioned above.

The liver is a complex and vital organ in the body. It
exerts many pivotal functions in maintenance, perfor-
mance, regulating homeostasis of the body, xenobiotic
metabolism, and detoxification. Because the liver is
the first site of contact for different types of therapeutic
drugs, xenobiotics, and toxins, this organ is vulnerable to
chemical-induced injuries [39, 40].

Apart from its hemolytic activity, PHZ is also toxic to
the liver. Iron overload within the hepatocytes has been
identified following the intoxication of rats with PHZ.
The formation of harmful ROS, such as the free hy-
droxyl radical, is associated with iron overload [15, 41].
Besides, experimental evidence indicates that oxidative
stress has been implicated in the pathogenesis of iron-
overload-induced hepatotoxicity through elevated levels
of ROS, thereby causing damage to hepatocellular mem-
brane lipids, proteins, and DNA [42, 43]. In this regard,
several studies have stated that one of the most essential
and sensitive laboratory indicators for hepatic injury is
measuring the release of intracellular enzymes, such as
ALP, ALT, AST, and LDH into the bloodstream. There-

PBR

fore, the elevated serum enzyme levels are indicative of
hepatocellular damage and disruption of liver plasma
membrane integrity [44-47].

Another interesting finding in the present study was
that PHZ-induced hepatotoxicity significantly increased
the serum concentrations of ALP, ALT, AST and LDH
compared with those in the control group. Likewise, his-
topathological findings showed degenerative changes in
the hepatocytes, congestion, mononuclear cells infiltra-
tion and small-focal necrosis in PHZ-treated rats. Simi-
lar to our results, a remarkable increase in serum ALP,
ALT, AST, and LDH levels has also been found in ex-
perimental animals after administration of the PHZ [48,
49]. In support of our findings, focal hepatic necrosis,
degeneration and fatty changes have also been reported
in the liver tissues of rats exposed to PHZ [15, 49].

Cynara scolymus has long been used effectively against
liver diseases for its great hepatoprotective potential. For
instance, Colak et al. found that elevated levels of serum
liver enzymes were significantly decreased by treatment
with Cynara scolymus extract in carbon tetrachloride-
induced hepatic injury [21]. Also, Heidarian and Rafie-
ian-Kopaei [50] and Ben Salem et al. [23] suggested that
artichoke extract decreased the elevated liver enzyme
levels in the lead-intoxicated rats and diabetes-induced
hepatotoxicity, respectively. Similarly, our obtained re-
sults indicated that treatment with Cynara scolymus ex-
tract decreased the substantial elevation of hepatic dys-
function parameters such as ALP, ALT, AST and LDH

Allahmoradi M, et al. Effect of Cynara scolymus L. on Blood Biochemical and Hemolytic Anemia. PBR. 2019; 5(4):53-62.
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levels in PHZ-induced hepatotoxicity. In addition, in rats
treated with Cynara scolymus extract, significant im-
provements were observed in histopathological changes
in the liver caused by PHZ exposure.

Several researchers have investigated the chemical
constituents of the Cynara scolymus and have found
rich sources of phenolic and flavonoid compounds in it.
These compounds have free radical scavenging and an-
tioxidant activity. For example, previous studies have
revealed that caffeoylquinic acid derivatives (cynarin
and chlorogenic acid), apigenin, luteolin, and querce-
tin present in Cynara scolymus extract are responsible
for the hepatoprotective action due to their antioxidant
properties [51-54]. Thus, it is suggested that the pro-
tective properties of Cynara Scolymus may appear by
involving these phytotherapeutics agents in the liver.
The main strength of the current study was to elucidate
the potential role of Cynara Scolymus extract on se-
rum biochemical markers involved in hepatotoxicity in
PHZ-induced anemic rats.

Although this study had several important findings,
some limitations still exist in this investigation, includ-
ing incomparable data about the antioxidant property
of different types of the extract (aqueous, ethanolic and
methanolic) under in vitro and in vivo conditions and
methodological/ technical limitations. Therefore, further
experimental approaches and assessments of oxidative
stress markers and antioxidant systems are needed to
overcome these limitations.

Conclusion

The observed hepatoprotective property of hydroetha-
nolic extract of Cynara scolymus against PHZ-induced
hepatotoxicity in rats might be partly due to the presence
of various phytochemical constituents with nutritional
benefits and potent antioxidant activity. However, fur-
ther investigation is required to elucidate the underlying
cellular and molecular signaling pathways involved in
the hepatoprotective effect of HECS.
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