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Abstract

There are many medicinal plants in Iranian traditional medicine which are used to treat anemia. One of these plants is Allium
eriophyllum Boiss. The aim of this study was to investigate the anti-anemic potential of aqueous extract of A. eriophyllum leaf.
After collection of the plant, its extract was obtained using Soxhlet extractor. In this study, 60 rats were used. Induction of
hemolytic anemia was done by three injections of phenylhydrazine in 50 animals. After 1 day, the rats were divided into six
subgroups, including negative healthy control, untreated negative control, and four groups receiving the A. eriophyllum at 20, 40,
80, and 160 mg/kg concentrations. At the end of day 15 of treatment, the animals of all groups were sacrificed, and blood samples
were drawn immediately from the animals’ hearts to analyze the biochemical and hematological parameters. The data were
analyzed by SPSS-21 software. Different doses of A. eriophyllum significantly (p <0.05) reduced the raised levels of alkaline
phosphatase (ALP), aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transferase (GGT),
urea, creatinine, ferrous, ferritin, and erythropoietin and increased the levels of body weight, white blood cell (WBC), lympho-
cyte, neutrophils, monocytes, platelet, red blood cell (RBC), hemoglobin (Hb), packed cell volume (PCV), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC) as compared
to the untreated group. Seemingly, aqueous extract of A. eriophyllum can be used for the treatment of hemolytic anemia.
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Introduction

Anemia is common blood disorder in which there are no suffi-
cient red blood cells or hemoglobin. This state is classified on
various bases, including red blood cell morphology and etiologic
mechanisms. One type of anemia is hemolytic anemia. It is
caused by hemolysis (destruction of red blood cells) (Qaseem

P< Mohammad Mahdi Zangeneh
m.mehdizangeneh @yahoo.com

Department of Clinical Science, Faculty of Veterinary Medicine,
Razi University, Kermanshah, Iran

Biotechnology and Medicinal Plants Research Center, Ilam
University of Medical Sciences, llam, Iran

Department of Medical Laboratory Sciences, School of
Paramedicine, Kermanshah University of Medical Sciences,
Kermanshah, Iran

Department of Histology, Faculty of Veterinary Medicine, Shahid
Chamran University of Ahvaz, Ahvaz, Iran

et al. 2013). Hemolytic anemia is caused by dysfunction of red
blood cells (like spherocytosis, elliptocytosis, fauvism, sickle cell
disease, and thalassemia) or external causes like toxicity with
chemicals, cold agglutinin syndrome, uremic hemolytic syn-
drome, self-immune hemolytic anemia, and long walk (Telford
et al. 2003). The most important symptoms of hemolytic anemia
are early fatigue and exhaustion. Other symptoms include weak-
ness, pale mucosal membrane and pale skin and nail bed, irreg-
ular or fast heartbeat, short nail, chest pain, lightheadedness or
mild vertigo, numbness or coldness of the extremities, and head-
ache (Lippi et al. 2012). Anemia may be so mild at first that its
symptoms are not realized. But severity of symptoms is in-
creased with progress in anemia. Insomnia is also a symptom
of hemolytic anemia (Lippi et al. 2012). This type of anemia is
usually followed by increased bilirubin and hematopoiesis in
bone marrow and jaundice, due to hemolysis. Renal impair-
ments, splenomegaly, hepatomegaly, disturbed spermatogenesis,
gallstones, and renal hypertension are also observed in this ill-
ness. Use of medicinal plants along with chemical drugs has
always been taken into account for treatment of hemolytic ane-
mia (Bratosin et al. 1998; Boretti et al. 2009). Herbal medicine is
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one of the most common alternative treatments for hemolytic
anemia. Use of plants to treat diseases has a history longer than
human history (Delaquis and Mazza 1995; Han 2000; Farzaei
et al. 2018; Hamelian et al. 2018; Sayyedrostami et al. 2018;
Zhaleh et al. 2018). Plants do not have or have less side effects
than those of chemical drugs. The positive effects of many plants
in the treatment of hemolytic anemia have been documented
(Holley and Patel 2005; Kim et al. 1995). In Iranian traditional
medicine, there are many plants for treatment of hemolytic ane-
mia, and a list of these plants with their family and Persian names
are given below; Allium sativum (Family: Alliaceae; Persian
name: Sir), Ananas comosus (Bromeliaceae; Ananas), Brassica
rapa (Brassicaceae;, Shalgham), Centaurea cyanus (Asteraceae;
Gole gandom), Citrus latifolia (Rutaceae; Limotorsh), Cucumis
melo (Cucurbitaceae; Talebi), Cucumis melo var.inodorus
(Cucurbitaceae; Kharbozeh), Daucus carota (Apiaceae;
Havich), Ficus carica (Moracee; Anjir), Foeniculum vulgare
(Apiaceae; Razianeh), Matricaria chamomilla (Asteraceae;
Babouneh), Oriyganum vulgare (Lamiaceae; Marzanjoush),
Petroselinum crispum (Apiaceae; Jafari), Phaseolus vulgaris
(Fabaceae; Lobia), Prunus armeniaca (Rosaceae; Zardalou),
Raphanus sativus (Brassicaceae; Torb), Rheum officinale
(Polygonaceae; Rivas), Rosmarinus officinalis (Lamiaceae;
Rosmari), Solanum lycopersicum (Solanaceae; Goje farangi),
Solanum tuberosum L. (Solanaccae; Sibzamini), Spinacia
oleracea L. (Chenopdiaceae; Esfenaj), Thymus vulgaris
(Lamiaceae; Avishan), and Urtica dioica (Urticaceae;
Gazaneh) (Cheraghi and Asadi-Samani 2016). One of the most
important herbal medicines which are widely used for treatment
of blood disorders is Allium eriophyllum Boiss from Plantae
kingdom, Liliopsida class, Asparagales order, Amaryllidaceae
family, and Allium genus. The plant is widely distributed in the
western parts of Asia such as in Turkey, Iraq, and Iran (Mozafari
et al. 2015; Foroughi et al. 2016). A. eriophyllum is a good
source of low-cost food and is a perfect part of Iranian diet. It
applied as a medicinal plant has been used for its anti-inflamma-
tory, antioxidant, antimicrobial, antihypertensive, and antidiabet-
ic activities (Mozafari et al. 2015; Foroughi et al. 2016;
Janahmadi et al. 2015).

High prevalence of hemolytic anemia in the whole world
has drawn the attention of researchers to finding therapeutical
and preventive methods to control this disease. In this regard,
we made an attempt to study the effects of aqueous extract of
A. eriophyllum as a treatment of hemolytic anemia in rats.

Materials and methods
Extract preparation method

In this empirical study, 1600 g of A. eriophyllum were collect-
ed in Kermanshah, Iran (geographical coordinates: 34.3277°
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N and 47.0778° E). Then, the leaves of the plant were dried in
shadow, and after grinding, each time 200 g of the obtained
powder was dissolved in 2000 cc distilled water and put in
Soxhlet extractor for 8 h. The collected extract was filtered by
Whatman filter paper no 1 and steamed into a glass container
at the solvent temperature. The remaining dried extract was
poured into a glass container and weighed. The powder of the
obtained extract weighed as required depending on the dose
and dissolved in saline. It was then administered to the rats by
the oral catheter (Goodarzi et al. 2018).

Experimental design

This experimental study was conducted on 60 Wistar male
rats with the weight of 205 =5 g that were kept in individ-
ual cages (each group in two separate cages) for 10 days to
adapt to the environment. During the experiments, the
temperature of the animal house was adjusted at 22 +
3 °C under a 12-h dark/light cycle. All institutional and
national guidelines for the care and use of laboratory ani-
mals were followed. To induce anemia, to all groups, with
the exception of negative healthy control, phenylhydrazine
20 mg/kg at three different times (days 1, 3, and 5) were
injected intravenously (in caudal vein). Then, the animals
were divided into six subgroups, including negative
healthy control receiving distilled water, the untreated neg-
ative control receiving distilled water, and four groups re-
ceiving the A. eriophyllum aqueous extract at 20, 40, 80,
and 160 mg/kg concentrations. One day after the last in-
jection of the phenylhydrazine, the rats underwent oral
treatment of several doses of A. eriophyllum aqueous ex-
tract for 15 days (days 6-21). On the 21st, 4 h after oral
administration of different doses of A. eriophyllum aque-
ous extract, the rats were sacrificed. Blood samples were
taken from the rats’ heart to analyze biochemical and he-
matological parameters (Lee et al. 2014).

Statistical analysis

All data were analyzed by one-way variance analysis
(ANOVA), using the SPSS 18 software package. Data were
considered statistically significant at p <0.05.

Results

Effect of A. eriophyllum aqueous extract on body
mass

As shown in Fig.1, the body weight was significantly
(p < 0.05) reduced in untreated rats compared to the control
ones. Several groups of A. eriophyllum aqueous extract
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BC BUT OAE20 BAE40 ®AES0 BmAE160
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Fig. 1 Body weight level in tested groups. C control, UT untreated, AE
Allium eriophyllum Boiss. Different letter represent statistical difference
between tested groups of animals (p <0.05)

significantly (p < 0.05) enhanced it. There were not remark-
able changes (p < 0.05) between AE80 and AE160 groups.

Effect of A. eriophyllum aqueous extract on levels
of biochemical parameters

Phenylhydrazine-induced hematotoxicity increased signifi-
cantly (p < 0.05) the concentrations of ferrous, ferritin,
erythropoietin, alkaline phosphatase (ALP), aspartate ami-
notransferase (AST), alanine aminotransferase (ALT),
gamma-glutamyl transferase (GGT), urea, and creatinine
as compared to the control group. Several doses of
A. eriophyllum aqueous extract significantly (p < 0.05)

BC BUT OAE20 BAE40 BAES80 ®AE160

450 4

400 4 d

Concentration (ng/dl)

Treatment

Fig. 2 Fe level in tested groups. C control, UT untreated, AE Allium
eriophyllum Boiss, Fe ferrous. Different letter represent statistical
difference between tested groups of animals (p <0.05)

BC =mUT OAE20 BAE40 BAES0 BAE160

Ferritin (ng/g protein)

Treatment

Fig. 3 Ferritin level in tested groups. C control, UT untreated, AE Allium
eriophyllum Boiss. Different letter represent statistical difference between
tested groups of animals (p <0.05)

decreased the above parameters. There were not remarkable
changes (p < 0.05) between all doses of A. eriophyllum and
control group in level of creatinine. Also, administration of
AEB0 and AE160 significantly (p <0.05) ameliorated the
concentrations of ALT and GGT, similar to the control
group. No significant changes (p <0.05) were found be-
tween AE80 and AE160 groups in the levels of biochemical
parameters (Figs. 2, 3, 4, 5, and 6).

Effect of A. eriophyllum aqueous extract on the levels
of hematological parameters

The numbers of white blood cell (WBC), platelet, and red
blood cell (RBC), the percentages of lymphocyte, neutrophils,

BC BUT OAE20 BAE40 BAES0 BAE160

Erythropoietin (mU/ml)

Treatment

Fig. 4 Erythropoietin level in tested groups. C control, UT untreated, AE
Allium eriophyllum Boiss. Different letter represent statistical difference
between tested groups of animals (p <0.05)
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Fig.5 ALP, AST, ALT, and GGT
levels in tested groups. C control,
UT untreated, AE Allium
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OAE20 EAE40 BAES0 BAE160

eriophyllum Boiss, ALP alkaline 4501

phosphatase, AST aspartate
aminotransferase, ALT alanine
aminotransferase, GGT gamma-
glutamyl transferase. Different
letter represent statistical
difference between tested groups
of animals (p <0.05)
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and monocytes, and the levels of hemoglobin (Hb), packed
cell volume (PCV), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), and mean corpuscular he-
moglobin concentration (MCHC) were significantly (p <
0.05) reduced in the untreated group as compared to the con-
trol group. The treatment with A. eriophyllum aqueous extract
significantly (p <0.05) enhanced the above parameters. There
were not significant differences (p < 0.05) in percentages of
lymphocytes, neutrophils, monocytes, eosinophils, and baso-
phils between several doses of A. eriophyllum and control
group. No significant differences (p <0.05) were found
among all groups in the percentages of eosinophils and baso-
phils (Figs. 7, 8, 9, 10, 11, 12, 13, and 14).

| BC BUT DAE20 WAE40 mAES0 mAEI60 |

Concentration (mg/dl)

Urea

Creatinine

Treatment

Fig. 6 Urea and creatinine levels in tested groups. C control, UT
untreated, AE Allium eriophyllum Boiss. Different letter represent
statistical difference between tested groups of animals (p <0.05)
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Discussion

Phenylhydrazine (C4HgN») is a chemical compound with low
PubChem ID: 7516 and molar mass of 10,814 g/mol. It is
toxic for the body and impairs different tissues while entering
the body (Giffin and Allen 1993; Mansuy et al. 1982). Studies
have reported that phenylhydrazine causes oxidative stress,
production of free radicals, lipid peroxidation, oxidative
degradation of spectrum cell membrane, and lysis of red
blood cells (Ferrali et al. 1997; Giffin and Allen 1993;
Mansuy et al. 1982). It was shown that phenylhydrazine
caused the conversion of hemoglobin to methemoglobin;
therefore it plays a main role in forming the Hains bodies

BC BUT OAE20 ®AE40 ®AES80 ®mAE160

WBC (x10/L)

Treatment

Fig. 7 WBC number in tested groups. C control, UT untreated, AE
Allium eriophyllum Boiss, WBC white blood cell. Different letter
represent statistical difference between tested groups of animals (p <0.05)
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Fig. 8 Lymphocytes, neutrophils,
monocytes, eosinophils and
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OAE20 BAE40 BAES80 BAE160

basophils percentages in tested 60 1
groups. C control, UT untreated,
AE Allium eriophyllum Boiss.
Different letter represent
statistical difference between
tested groups of animals (p <
0.05)
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(Rifkind 1965; Rifkind and Danon 1965; Horn et al. 1990).
Phenylhydrazine causes deficiency in the glucose—6—phos-
phate dehydrogenase to cause fauvism (Hochstein
1971; Horn et al. 1990). Studies have shown
phenylhydrazine, by increasing hemolysis (increased the
levels of ferrous, ferritin, and erythropoietin), causes spleen
enlargement and chronic failure (through hypertrophy of
spleen cells), liver enlargement and chronic failure (through
hypertrophy oflivercells), chronic and acute renal failure (by
destruction of structures such as proximal and distal renal
cells), and reduction of mean number of testicular sperms
(through atrophy of testicular structure) (Ferrali et al. 1997,
Beaven and White 1954; Goldberg and Stern 1975). Also it
indicated that phenylhydrazine reduced body weight and in-
creased the weight and volume of the adrenal glands,

EC BUT OAE20 EAE40 BAES80 BAE160
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Fig. 9 Platelet number in tested groups. C control, UT untreated, AE
Allium eriophyllum Boiss. Different letter represent statistical difference
between tested groups of animals (p <0.05)

kidneys, liver, and spleen. In previous study revealed that
phenylhydrazine with degenerating of proximal convoluted
tubules, distal convoluted tubules, glomeruli, and hepato-
cytes increased the biochemical parameters of the kidneys
and liver in the blood (Pham-Quang-Chi 1979; Witchett
1975). Considering to the above studies, our study showed
that phenylhydrazine significantly (p <0.05) decreased the
levels of body weight, WBC, lymphocyte, neutrophils,
monocytes, platelet, RBC, Hb, PCV, MCV, MCH, and
MCHC and enhanced the levels of ALP, AST, ALT, GGT,
urea, creatinine, ferrous, ferritin, and erythropoietin. In spite
of hematotoxicity, hepatotoxicity, and nephrotoxicity prop-
erties of phenylhydrazine, the treatment with several doses of
aqueous extract of A. eriophyllum significantly (p < 0.05)
improved the levels of above parameters. In a study, Allium

BC BUT OAE20 BAE40 BAE80 mAE160

RBC (x10'7/L)

Treatment

Fig. 10 RBC number in tested groups. C control, UT untreated, AE
Allium eriophyllum Boiss, RBC red blood cell. Different letter represent
statistical difference between tested groups of animals (p <0.05)
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Fig. 11 PCV level in tested groups. C control, UT untreated, AE Allium
eriophyllum Boiss, PCV packed cell volume. Different letter represent
statistical difference between tested groups of animals (p <0.05)

genus reduced the raised levels of hepatic biochemical pa-
rameters (ALP, ALT, and AST) and also the volume of the
liver, hepatocytes, and sinusoids as compared to the CCly-
treated group (Goodarzi et al. 2017). In other study revealed
that Allium genus had strong nephroprotective property
against CCly, so that it decreased the volume of kidneys,
and their subcomponents include proximal convoluted tu-
bules, vessels, and interstitial tissues in comparison with
the untreated group. Also, the previous study indicated that
Allium genus with increasing the clearance rate of the kidney
reduced the concentration of urea and creatinine
(Sherkatolabbasieh et al. 2017).

Of the herbs that are antioxidant, Allium genus has strong
antioxidant property. In a study indicated that Allium genus col-
lected in Iran were rich in antioxidant compounds includes

BC BUT OAE20 BAE40 BAES80 BAE160

100 -

90 a

MCV (fl)

Treatment

Fig. 12 MCYV level in tested groups. C control, UT untreated, AE Allium
eriophyllum Boiss, MCV mean corpuscular volume. Different letter
represent statistical difference between tested groups of animals (p <0.05)
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Fig. 13 MCHC and Hb levels in tested groups. C control, UT untreated,
AE Allium eriophyllum Boiss, Hb hemoglobin, MCHC mean corpuscular
hemoglobin concentration. Different letter represent statistical difference
between tested groups of animals (» <0.05)

linolenic acid, methyl ester, phytol, neophytadiene 2-phenyl-5-
methylindole, hexadecanoic acid, vitamin E, ethanol, 2-
tetradecyloxy, n-tetracosane, hexatriacontane, 'y-tocopherol,
eicosane, n-ethyl-1,3-dithioisoindoline, 2-hexadecene,
3,7,11,15-tetramethyl, hexanedioic acid, and 1,4,8,11-
tetraazacyclotetradecane (Goodarzi et al. 2018). Antioxidants
can play a key role in destruction of free radicals and toxic ma-
terials and maintenance of hemostasis because free radicals in-
terfere with biological cell membrane such as red blood cells
through peroxidation of unsaturated fatty acids and bring about
pathological changes (Omenn et al. 1996; Bjelakovic et al.
2004). Hence, it can be assumed that A/lium genus plays a pivotal

BC BUT OAE20 BAE40 BAES80 mAE160

40 4

MCH (pg)

Treatment

Fig. 14 MCH level in tested groups. C control, UT untreated, AE Allium
eriophyllum Boiss, MCH mean corpuscular hemoglobin. Different letter
represent statistical difference between tested groups of animals (p <0.05)
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role in the prevention and treatment of several disorders such as
hemolytic anemia by the destruction of free radicals.

Conclusion

According to the results, aqueous extract of A. eriophyllum ame-
liorated the levels of biochemical and hematological parameters
and increase the reduced level of body weight in
phenylhydrazine-induced anemic rats. It is suggested that clinical
trials be conducted to achieve this therapeutic effect in human.
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