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Abstract

Background: Development of a new iron-chelating medication may eventually serve as treatment of iron overload diseases, such
as thalassemia and other iron related disorders. Coriander sativum, a plant rich of phenol and flavonoids, has an iron-chelating
effect in-vitro. The ethanolic extract of C. sativum was investigated for its in-vivo ameliorating effect on hepatic damage in rats with
experimental iron overload.
Methods: Twenty-four adult male wistar rats were randomly divided to 4 groups: healthy control, iron overload, iron overload
treated with deferoxamine, and 200 mg/kg of C. sativum extract, respectively. Assessments were performed for serum iron, ferritin,
and serum markers of hepatic and cardiac damages, antioxidant enzyme, and lipid peroxidation levels.
Results: The results indicated serum iron and ferritin concentration were significantly increased in the iron overload group com-
pared to healthy controls (P < 0.05). Treatment with the C. sativum extract significantly decreased iron and ferritin concentration
(P < 0.05). Histopathological changes in the liver, kidney, and the cardiac system, and iron accumulation in the liver were observed
in the iron overload group compared to healthy controls (P < 0.05). Treatment with C. sativum extract significantly decreased bio-
chemical parameters, such as alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), lactate
dehydrogenase (LDH) and creatine phosphokinase (CPK), and improved tissue damage and decreased iron accumulation in the liver
compared to the iron overload group (P < 0.05).
Conclusions: The study showed that the hydro-alcoholic extract of C. sativum has iron-chelating and liver protective effects similar
to deferoxamine against experimental iron overload condition in rats.
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1. Background

Physiologically, iron serves several crucial roles in life.
However, an excess of iron in most organs is toxic, mostly
by increasing oxidative stress and creating reactive oxygen
species, which in turn cause peroxidation of lipids, pro-
teins, and nucleic acids. Liver is the target organ for iron
toxicity because it is predominantly responsible for taking
out and storing excessive amounts of iron (1, 2). When the
amount of iron in circulation is more than the transferrin
binding capacity, iron toxicity occurs. Excessive accumu-
lation of free iron in the liver causes damage, including
hepatocellular necrosis (3), inflammation (4), fibrosis (5,
6), and even carcinoma (7). Thus, in all iron overload dis-
eases, treatment with an iron-chelating agent is a common
method for reducing iron toxicity in all organisms.

Nowadays, synthetic iron-chelating compounds, in-
cluding deferoxamine and deferiprone L1, are commonly
used and quite effective in the treatment of iron overload
diseases. However, they have several side effects and dis-
advantages (8-10). Moreover, deferoxamine is poorly ab-
sorbed orally, has a slow clearance and requires slow sub-
cutaneous administration or intravenous infusion, result-
ing in low patient compliance (11, 12). Conversely, herbal
medicines are frequently less toxic with fewer side effects.
Therefore, search for a non-toxic and orally active iron-
chelating agent, which is a more effective and safe treat-
ment for thalassemia and other iron-overload associated
disorders, is a new approach for research (13-15).

Coriandrum sativum L, a culinary and medical herb, is
an annual small plant that belongs to the Apiaceae fam-
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ily and is commonly known as coriander. The leaves, roots
and seeds of C. sativum are rich of aromatic savor and
are generally used in soups in Thai and other Asian cook-
ing. Traditionally, all parts of the plant are used to al-
leviate gastrointestinal complaints, bronchitis, muscular
spasm, gout, and rheumatoid disorders (16). Several stud-
ies performed on this herb reported that the plant has
various therapeutic properties, including, anti-microbial,
anti-hyperlipidemia, hepato-protective, anti-peroxidative,
insulin-releasing, and insulin-like activity (17-20). Various
polyphenol and flavonoid compounds, including glycitin,
caffeic acid, protocatechuic acid, apigenin, Aliphatic (2E)-
alkenals, and alkanals were reported in the aerial parts
of C. sativum (21-23) whereas, Quercetin 3-glucuronide, iso-
quercitrin, and rutin were found in the fruit (24). Recently,
several novel phytochemical and pharmacological stud-
ies have been performed on C. sativum and results have
been reported in review articles (20, 25). However, stud-
ies have always focused on the roots and aerial parts of C.
sativum for their antioxidant properties (22-24). Research
on the therapeutic properties of C. sativum is rare and re-
garding its iron-chelating effect, only limited in-vitro stud-
ies are available. Mirzaei and Khatami reported that corian-
der is a powerful iron chelator plant in in-vitro conditions,
also, they found a positive correlation between phenolic
and flavonoid content of the plant and iron chelating ef-
fects (15). The aim of this study was to investigate the iron-
chelating and anti-toxicity effects of hydro-alcoholic ex-
tract of C. sativum in rats with experimental iron-overload
condition.

2. Objectives

The current study aimed at evaluating the iron chelat-
ing, anti-toxicity, and liver protective potentials of hydro-
alcoholic extract of C. sativum in rats with iron-overload
condition.

3. Methods

3.1. Chemicals

Iron dextran was purchased from Sterop Co., Belgium.
Deferoxamine was purchased from Novartis Co., Switzer-
land. For measurement of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase
(ALP) and lipid profile, commercial available kits were pur-
chased from Pars Azmoon Co, Tehran, Iran.

3.2. Plant Collection, Authentication, and Preparation of Hydro
alcoholic Extract

Coriander sativum was collected from the local area of
Behbahan, south-west of Iran, during September to Octo-
ber, 2014. A voucher specimen of the plant was stored in
the herbarium of medicinal plants and natural products
research center, Ahvaz Jundishapur University of Medical
Sciences, Ahvaz, Iran (Herbarium No.A150100400AP). The
pharmacological parts of C. sativum are its leaves, seeds,
and stem. In the current study, the whole plant was dried
at room temperature in the shade, and then powdered. Af-
terwards, the powder was soaked in 1000-mL solution con-
taining 70% ethanol and 30% water for 72 hours (the solu-
tion was gently shacked every 12 hours). Then, the solution
was filtered using a Buchner funnel and liquid was sepa-
rated by a rotary evaporator system (26). Finally, the ex-
tract was dried by a freezer dryer. For experimental use, the
extract was dissolved in normal saline before gavage every
day.

3.2. Induction of Iron Overload

Twenty-four adult male Wistar rats, weighing 220 to
250 g, were purchased from the animal house central of
Ahvaz Jundishapur University of Medical Sciences, Ahvaz,
Iran. Rats were kept under standard stainless cages dur-
ing the study period. Dark-light period was set for 12/12
hours and the room temperature was about 22 to 25°C. Rats
were fed rodent standard food with free access to water.
All animal experiments were performed according to the
animal care guidelines and were approved by the animal
ethics committee of Ahvaz Jundishapur University of Med-
ical Sciences, Ahvaz, Iran. For induction of iron overload,
the rats were treated with iron-dextran (100mg/kg body
weight) through intraperitoneal injection once each two
days, during a two-week intervention. Healthy control rats
were treated with an equal volume of normal saline at the
same time. The experimental animals were divided to 4
groups (n=6), and were treated as follows:

Group 1, Healthy control treated with normal saline
Group 2, Iron overload treated with iron dextran (100

mg/kg once every 2 days during 2 weeks intraperitoneally
(IP))

Group 3, Iron overload treated with deferoxamine (50
mg/kg once every 2 days during two weeks IP)

Group 4: Iron overload treated with C. sativum extract
(200mg/kg extract for 14 days)

3.3. Biochemical Measurements

At the end of the experimental period, the fasted rats
were anesthetized with an intraperitoneal injection of ke-
tamine and xylazine, and fresh blood samples were di-
rectly collected via cardiac puncture using not heparinized
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syringes. Serum iron concentration, liver biomarkers, in-
cluding alanine aminotransferase (ALT), aspartate amino-
transferase (AST), alkaline phosphatase (ALP), lactate dehy-
drogenase (LDH), and creatine phosphokinase (CPK) were
measured using commercial available kits (Pars Azmoon
Co.Tehran, Iran) by Biotecnica BT-3000 plus Chemistry An-
alyzer, Italy. For measurement of iron concentration, first
ferric carrier protein, transferrin, will release ferric ion
into the solution at acid buffer. After reduction of ferric
(Fe3+) to the ferrous form (Fe2+), iron reacts with Ferene S
to generate a long-standing colored complex and provide
absorbance at 600 nm. The assay system for measuring ALT
and AST activity consisted of two amino acids and two oxo-
acids. Continuous monitoring method was used to mea-
sure the enzyme activity by two couple enzyme reactions.
The oxo-acids produced in each enzyme reaction was mea-
sured indirectly by enzymatic reduction to corresponding
hydroxy acids, and the accompanying changes in NADH
concentration was monitored spectrophotometrically at
340 nm. The ALP activity was measured based on produc-
tion of 4-nitrofenoxide (a yellow quinonoid form) from
its common substrate p-nitrophenyl phosphate at alkaline
PH with a colorimetric method. Total LDH activity was
measured using the kinetic spectrophotometry method to
measure the conversion of reduced coenzyme NADH to
oxidized NAD+ at 340 nm. Two coupled enzyme systems
were used for determination of CPK activity. The enzyme
catalyzes the conversion of creatine phosphate to crea-
tine accompanied by phosphorylation of ADP to ATP. The
produced ATP is consumed by coupled enzyme, glucose-6-
phosphate dehydrogenase (G6PD), which finally converts
NADP+ to NADPH, monitored with a spectrophotometer at
340 nm. Serum ferritin level was also measured by a mini
vidas auto analyzer using the enzyme-linked fluorescent
assay technique. The assay system mixes a one-step sand-
wich enzyme immunoassay with a final fluorescent detec-
tion assay. At the end of the assay, results were automat-
ically reported by the instrument in relation to the stan-
dard curve.

3.4. Liver Tissue Preparations

After collection of the blood sample, all animals were
sacrificed and their livers were quickly removed and
weighted, and then perfused with normal saline (0.9%)
to exclude RBC contamination. Half of them were cut,
weighed, and homogenized with a homogenizer (Hei-
dolph Silentcrosher M, Germany) in potassium phosphate
buffer (0.1 M with PH = 7.4). To remove additional compo-
nents (cell debris), the homogenized compound was cen-
trifuged (16000 g, 15 minutes) and the clear supernatant
was used for the assessment of tissue content of Malondi-
aldehyde (MDA) and catalase activity.

3.5. Estimation of Tissue Catalase Activity and Lipid Peroxida-
tion Content

Catalase (CAT) activity of liver tissue was measured
spectrophotometrically at 240 nm, according to Claiborne
(27). Briefly, 1 mL of the final reaction mixture was prepared
consisting of 50 mM potassium phosphate (pH 7.0), 19 mM
H2O2, and 50 µL of the sample. After addition of H2O2, the
reaction was started, and absorbance changes were mea-
sured at 240 nm for 30 seconds. The specific activity of CAT
was expressed as unit mg-1 tissue.

Tissue lipid peroxides content was determined as Thio-
barbituric Acid Reactive Substances (TBARS) formation, cal-
culated as malondialdehyde (28). Briefly, 500 µL of super-
natant was added to 1.5 mL of trichloroacetic acid and after
centrifugation (4,000× g for 10 minutes), 1.5 mL of the su-
pernatant was mixed with 2 mL of TBA (0.67%) and warmed
at 100°C for 30 minutes. After chilling, the samples were
extracted with 2 mL n-butanol and then centrifuged (4000
× g for 15 minutes). Finally, the organic phase was col-
lected. The absorbance was measured at 535 nm and the
levels were expressed as nmol MDA mg-1 tissue.

3.6. Histopathological Examination

After removal of the liver from rats, a part of the liver
was fixed with 10% formalin, embedded in paraffin, and
stained with Hematoxylin and Eosin (H and E). In order to
examine iron accumulation in the liver, the prepared sec-
tions of tissue were stained with Prussian blue (including
potassium ferrocyanide 2% and hydrochloridric acid 2%,
equally), then microscopic slides were evaluated using a
light microscope (Olympus, Tokyo, Japan).

3.7. Statistical Analysis

All statistical analyses were done with the SPSS soft-
ware (SPSS, Inc., Chicago IL, USA). Continuous variables are
expressed as mean ± SD, and were compared by One-Way
analysis of variance (ANOVA) followed by Turkey’s post hoc
test. The level of significance was adjusted at P < 0.05.

4. Results

4.1. Biochemical Findings

It was shown that iron dextran injection led to iron
overload in the rats at the end of experimental period, be-
cause of the level of iron and ferritin in serum were in-
creased (390 ± 46.43 and 3.88 ± 0.17, respectively). The
treatment with deferoxamine (50 mg/kg, IP) resulted in
significant reduction of serum iron and ferritin compared
to the iron dextran group (P < 0.05). In addition, oral ad-
ministration of hydro-alcoholic extract of C. sativum (200
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mg/kg) significantly reduced serum iron and ferritin com-
pared to iron overloaded rats (P < 0.05), (Table 1). The mean
levels of liver biomarkers including alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), and alkaline
phosphatase (ALP) in different studied groups after 14 days
of treatment are presented in Table 2. The results showed
that induction of iron overload led to increase in serum lev-
els of ALT, AST and ALP in iron overloaded rats compared
to healthy controls (P < 0.05). The injection of deferoxam-
ine significantly decreased the serum level of AST and ALT
(P < 0.05), yet changes in the serum levels of ALP was not
statistically significant. Also, treatment with the extract
decreased serum level of liver biomarkers toward a nor-
mal range, so, these changes were significant for AST and
ALP compared to iron overloaded rats and those treated
with deferoxamine (P < 0.05). Moreover, the results in-
dicated that the mean values of malondialdehyde (MDA)
and catalase (CAT) activity in the liver homogenate were
increased in the disease control group compared to the
healthy controls. Also, a significant decrease in the mean
values of malondialdehyde (MDA) and catalase (CAT) activ-
ity was observed in the iron overload and treated with de-
feroxamine rats compared to the iron overload rats. In ad-
dition, oral administration of hydro-alcoholic extract of C.
sativum (200 mg/kg) significantly decreased both of them
compared to healthy controls and iron overloaded rats (Ta-
ble 3). In order to determine the effect of hydro-alcoholic
extract of C. sativum on cardiac function, serum activity of
lactate dehydrogenase (LDH) and creatine phosphokinase
(CPK) were measured and results are presented in Table
4. In iron overload, after treatment with iron dextran, in-
creased serum levels of these cardiac biomarkers was ob-
served. Although, after treatment with deferoxamine, LDH
was significantly decreased, yet, reduction of CPK was not
statistically significant (Table 4). Moreover, in iron over-
load treated with C. sativum extract, significantly decreased
serum level of LDH and CPK was observed compared to iron
overload and healthy controls, respectively (P < 0.05).

4.2. Histophatological Findings

Histopathological results in iron overload group indi-
cated dramatic changes in the liver, including, loss of ra-
dial arrangement, sinusoid dilation, cell vacuolation, and
high accumulation of iron in the hepatocytes when com-
pared to the healthy control group. However, in the group
treated with deferoxamine and the group treated with hy-
droalcoholic extract of C. sativum these changes were less
than the iron overload group (Figures 1 and 2).

5. Discussion

Clinically, acute iron overload toxicity is one of the
most common metal toxicities. The role of iron in the de-
velopment of hepatic injuries in several clinical and exper-
imental conditions has commonly been studied by induc-
tion of an iron overload condition (29-33).

The current results indicated that in rats with iron
overload, serum iron and ferritin concentration dramat-
ically increased, while the oral administration of hydro-
alcoholic extract of C. sativum significantly decreased the
iron and ferritin concentration. Treatment of experimen-
tal animals with iron-dextran, similar to hemochromato-
sis, resulted in, iron loaded anemia (34). In order to ex-
clude the probability of iron chelation before adsorption
or direct hindrance of absorption by extract in the intes-
tine, it was preferred to use IP injection of iron dextran for
iron-overload induction. Since, the liver is the main organ
for iron storage, liver damage was significant in the iron
overload condition (35). Studies have also shown that iron
overload causes liver damage, such as fibrosis and even cir-
rhosis. In addition, increased lipid peroxidation during
liver damage was reported (29, 30, 36). It has been demon-
strated that imbalance between oxidant and antioxidant
factors, occurred in the iron overload condition, which re-
sulted in reduction of enzyme activity such as catalase (31,
34). In the current study, iron overload resulted in various
adverse effects, such as increase in ALT, AST, and ALP activ-
ity and MDA level, as well as decreased CAT activity, which
indicates liver damage. These changes may be the result
of the production of ROS and oxidative damage by hepatic
iron accumulation, which, finally, may result in chronic
diseases (30) and leakage of cellular enzymes into the cir-
culation due to increased liver membrane permeability (31,
34). However, after treatment with hydro-alcoholic extract
of C. sativum, reduction of theses liver biomarkers was ob-
served. For example, liver histological injuries were sig-
nificantly alleviated after treatment with the extract, and
liver iron content was also decreased. Clinically, advanced
lipid peroxidation usually produces several cytotoxic prod-
ucts, such as MDA, which can produce covalent adducts
with proteins, phospholipids, and DNA. The formation of
MDA-protein adducts have been found in the liver of rats
with iron overload, and greater formation of these MDA-
macromolecules adducts may be a potential mechanism
in iron-induced hepatic damage (31). Thus, inhibition of
lipid peroxidation can be one of the major strategies for
the treatment of hepatic injuries under iron overload con-
ditions. Nevertheless, according to the current results,
catalase activity and malondialdehyde level were not sig-
nificantly changed after treatment with extract. In order
to find such changes in iron overload condition, more in-
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Table 1. The Mean Values of Serum Iron and Ferritin in the Studied Groupsa

Group (N = 6) Serum Iron, µg/dL Serum Ferritin, ng/mL

Healthy control 238.83 ± 30.48 1.80 ± 0.29

Iron overload 390.00 ± 46.43 3.88 ± 0.17

Iron overload + deferoxamine 214.33 ± 39.32b 2.61 ± 0.11b

Iron overload + extract 216.67 ± 45.29b 2.77 ± 0.07b

aValues are expressed as mean ± SD; Comparisons were made using one-way ANOVA followed by Tukey’s post hoc test; significant difference was set as P < 0.05.
bSignificantly different from iron overload group.

Table 2. The Mean Values of Liver Biomarkers in the Studied Groupsa

Group (N = 6) AST, IU/L ALT, IU/L ALP, IU/L

Healthy control 175.17 ± 30.57 62.67 ± 15.41 484.50 ± 22.50

Iron overload 266.67 ± 26.41 82.67 ± 5.78 736.50 ± 40.51

Iron overload + deferoxamine 187.33 ± 26.28* 59.83 ± 5.63* 740.67 ± 47.04

Iron overload + extract 146.33 ± 20.32*b 77.17 ± 7.70 547.67 ± 110.95*b

Abbreviations: ALT, Alanine AminotransferasE; ALP, Alkaline Phosphatase; AST, Aspartate Aminotransferase.
aValues are expressed as mean ± SD; Comparisons were made using one-way ANOVA followed by Tukey’s post hoc test; Significant difference was set as P < 0.05.
bSignificantly different from Iron overload + deferoxamine group.

Table 3. The Mean Values of Liver Malondialdehyde Content and Catalase Activity in the Studied Groupsa

Group (N = 6) Liver MDA, nmol mg-1tissue Liver CAT, U mg-1tissue

Healthy control 15.00 ± 1.41 194.50 ± 4.50

Iron overload 35.83 ± 1.94 151.00 ± 5.21

Iron overload + deferoxamine 33.83 ± 1.60b 143.17 ± 4.95b

Iron overload + extract 34.83 ± 1.60 146.83 ± 5.84

Abbreviations: CAT, Catalase; MAD, Malondialdehyde.
aValues are expressed as mean ± SD; Comparisons were made using one-way ANOVA followed by Tukey’s post hoc test; Significant difference was set as P < 0.05.
bSignificantly different from iron overload group.

Table 4. The Mean Values of Serum Creatine Phosphokinase and Lactate Dehydrogenase Activity in the Studied Groupsa

Group, N = 6 Serum CPK, IU/L Serum LDH, IU/L

Healthy control 1331.83 ± 321.81 1886.00 ± 452.42

Iron overload 1438.50 ± 349.96 2710.17 ± 849.05

Iron overload + deferoxamine 1175.17 ± 153.76 1383.17 ± 593.39b

Iron overload + extract 569.67 ± 138.23b , c 1096.17 ± 126.69b

Abbreviations: CPK, Creatine Phosphokinase; LDH, Lactate Dehydrogenase.
aValues are expressed as mean ± SD; Comparisons were made using one-way ANOVA followed by Tukey’s post hoc test.
bSignificantly different from Iron overload group.
cSignificantly different from Iron overload + deferoxamine group.

tervals for intervention may be required.

Previous studies have shown that toxic level of iron
causes several damages on the kidney and heart through
increasing the activity of oxidative stress pathway (2, 32).

Results reported by Gavin et al. and Shengjiang Guan et
al. indicated dysfunction of heart and kidney in iron over-
load (2, 33). In the current study, after injection of iron dex-
tran, kidney histological damage was observed, yet treat-
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Figure 1. The Protective Effects of Hydroalcholic Extract of C. Sativum on the Iron Overloaded Induced Liver Complications

A, Healthy control; normal structure of liver; B, Iron overload; loss of radial arrangement, sinusoid dilation (black arrows), cell vacuolation (yellow arrows); C, Iron overload +
deferoxamine; D, Iron overload + extract. (H and E ×3 00).

ment with the extract of C. sativum improved kidney dam-
age. It has been shown that flavonoids could be inter-
fering with iron absorption and act as an iron chelator
compound (37, 38). Previous studies confirmed that the
iron-chelating properties of a plant directly related to its
flavonoids content (39). Najafzadeh et al. demonstrated
that silymarin as a flavonoid could decrease iron overload-
induced liver toxicity and its effects were similar to defer-
oxamine (40). In another study showed that baicalin (a
commercial flavonoid) has iron chelating and liver protec-
tive effects in iron overload mice (36). Ebrahimzadeh et
al. reported that there was an association between iron

chelating activity and phenol and flavonoid content of
herbs. Thus, plants, such as leonurus cardiana and gram-
mosciadium platycarpum, with the highest phenol and
flavonoid contents have more iron chelating effects than
other plants (41).

Moreover, the intake of polyphenol-containing bever-
ages has been proposed as a valuable plan to decrease non-
haem iron absorption in patients with iron overload dis-
orders (42). Nowadays, all humans use polyphenol com-
pounds in their dietary regime, because most of the bever-
ages and vegetables are rich of these compounds (43, 44).
Mirzaei et al. in their study conducted on rats reported
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Figure 2. The Protective Effects of Hydroalcholic Extract of C. Sativum on the Liver Iron Accumulation

A, Healthy control; B, Iron overload; accumulation of iron (black arrows); C, Iron overload + deferoxamine; D, Iron overload + extract. (Prussian blue × 300).

that coriander is a potential iron chelator plant. In addi-
tion, they found that the plant has antioxidant property
and confirmed that these effects may result from high phe-
nols and flavonoids content (15). In addition, Sreelatha et
al., reported that injection of 100 and 200 mg/kg of corian-
der extract is non-toxic and has protective effects on the
liver of rats with oxidative stress condition (16).

5.1. Conclusion

To the best of our knowledge, this is the first study
to provide information about the iron-chelating effect of

C. sativum extract in rats with experimental iron-overload.
The results indicated that hydro-alcoholic extract of C.
sativum has an iron-chelating and liver protective potential
similar to deferoxamine in the experimental iron overload
condition. The efficacy of C. sativum as a medicinal plant
may be introduced in clinical trial studies. Moreover, to
achieve extraction, isolation and characterization of bioac-
tive compounds in the C. sativum extract, further studies
are needed.
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