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Abstract
Background and objectives: Nasturtium officinale W.T.Aiton (Brassicaceae) is used as an edible
vegetable in various parts of Iran. The aim of the present study was to investigate the protective
activity of the methanolic extract of Nasturtium officinale against gamma-radiation-induced
hepatotoxicity in terms of histopathological changes. Methods: Male C57 mice were divided into 10
groups. Groups 1 and 2 received saline solution intra-peritoneally (IP) for 15 days (subacute) and 2 h
(acute) before whole body γ-irradiation (6 Gy). Groups 3 to 5 (subacute) and 6 to 8 (acute) received
the extract at doses of 20 mg/kg, 50 mg/kg and 100 mg/kg body weight IP, respectively. Group 9
served as radiation group. Group 10 received nothing. Finally, sections of the liver tissue were
evaluated for any histopathologic changes. Total phenolic and flavonoid contents were determined
using Folin Ciocalteu and aluminium chloride methods. Results: Pre-treatment with 100 mg/kg body
weight per day for 15 days and 2 h before γ-radiation significantly lowered incidence of inflammation
(portal and periportal inflammation). Furthermore, liver cells necrosis, edema and congestion were
slightly reduced. The total phenolic and total flavonoid contents of the extract were 11.3 ± 0.4 mg
gallic acid equivalents and 9.4 ± 0.7 mg quercetin equivalents per gram of dried extract. Conclusion:
This protection can be attributed to the presence of phenols and isothiocyanates in the extract of N.
officinale which act as antioxidants and anti-inflammatory agents.
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Introduction
Gamma-radiation induces oxidative stress and
produces reactive oxygen species (ROS)
including superoxide anions, hydrogen peroxide
and hydroxyl radicals that react with

macromolecules such as DNA, proteins and
lipids. Endogenous antioxidant defenses are
insufficient to scavenge all of the free radicals
induced by radiation [1,2]. Liver is sensitive to
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radiation and hepatic injury is a serious clinical
complication of γ-irradiation [3]. ROS stimulate
inflammatory cells to kill hepatocytes and other
liver cells [4]. One study has demonstrated that
recruited neutrophils attach to the portal vessels
and to portal fibroblasts in the liver of irradiated
rats [3].
Research for finding effective and less toxic
radioprotective agents has focused on screening
plant sources [5,6]. Phenolic and flavonoid
compounds in vegetables and fruits act as
antioxidants in the human diet and protect normal
cells from free radicals and other ROS that are
produced during exposure to ionizing radiation
[7,8].
Nasturtium officinale W.T. Aiton (NO) is a
perennial herb which belongs to Brassicaceae
family and grows around water [9]. This plant is
considered as a vegetable in Iran and other
countries [10] and is rich in valuable nutrients. It
has been used as expectorant, antiscorbutic,
appetizer, anti-dyspeptic and cardioprotective
agent in folk medicine [11,12]. Previous studies
on the extracts of this plant have shown
anticarcinogenic [13], anti-inflammatory [14],
anticholesterolaemic, anti hyperlipidaemic [15]
and antimycobacterial [16] effects. In addition,
antioxidant effects of N. officinale have been
reported
in
several
studies
[17-19].
Phytochemical analysis has shown that this plant
is rich in glucosinolates [20], flavonoids and
phenolic compounds [21]. A literature review has
revealed that the radioprotective effect of NO has
not been investigated; thus the present study has
aimed to evaluate the hepatoprotective effects of
NO extract in C57 mice irradiated by γ-rays.
Experimental
Animals
Adult male C57 mice (6 to 8 weeks), weighing
25-30 g were used for all experiments. They were
housed individually in standard mice cages in a
room under a 12-hour light- dark cycle at 22 oC
(22±1 oC) and with 50±5 % relative humidity
with ad libitum food and water. The animals
were adapted to the condition for 7 days prior to
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the experiments [22]. The experiments were
performed during the day time (08:00-16:00
hours). Each animal was used only once.
The project was approved by the Institutional
Animal Ethical Committee (IAEC) of
Mazandaran University of Medical Sciences.
Plant material and extraction
The aerial parts of Nasturtium officinale were
collected from a riverside in Nur country,
Mazandaran province, Iran. A voucher specimen
(1006) was deposited at the Herbarium of the
Faculty of Pharmacy, Mazandaran University of
Medical Science, Sari, Iran.
Dried aerial parts of N.O (200 g) were powdered
and extracted with MeOH by maceration at room
temperature. The extract was concentrated by
using a rotary evaporator (Heidolph, Germany) at
37 ºC and dried.
Gamma irradiation
The Cobalt-60 Teletherapy Unit (Theratron 780,
Canada) at Shahid Rajai radiotherapy centre,
Babolsar, Iran, was used for irradiation.
Unanesthetized mice were restrained in a wellventilated Perspex box and their whole-body was
exposed to 6 Gy gamma radiations at a distance
(SSD) of 80 cm from the source to deliver the
dose rate of 0.85 Gy/min.
Experimental design
Male C57 mice were divided into 10 groups with
five mice per group. Groups 1 and 2 (as the
negative controls) received 10 mL/kg body
weight (b.w.) of saline solution intraperitoneally
(IP) for 15 days (subacute) and 2 h (acute) before
whole body irradiation, respectively. Groups 3 to
5 (subacute) and 6 to 8 (acute) received the
extract at doses of 20 mg/kg, 50 mg/kg and 100
mg/kg b.w. IP, respectively. Group 9 (as the
positive control) served as radiation group. Group
10 was a control group that received nothing.
Histological studies
Mice were sacrificed 2 h after irradiation and
their livers were removed for histopathological
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examination. The livers were completely excised
and freed of any extraneous tissue. Multiple
samples were then taken from each liver (mean 3
mm in thickness) and placed in 10% neutral
buffered formalin. Then they were processed into
4-5 μm thick sections stained with hematoxylineosin (H&E) and observed under a
photomicroscope
(N-400ME,
CEL-TECH
Diagnostics, Hamburg, Germany).
Determination of total phenolic and flavonoid
contents
Total phenolic content of the methanolic extract
was determined by Folin-Ciocalteu method [23].
Calibration curve was plotted using various
concentrations of gallic acid. The total phenolic
content was expressed as milligrams of gallic
acid equivalents per gram of dried extract. The
total flavonoid content was estimated using
aluminium chloride colorimetric assay [24].
Quercetin was used to make calibration curve and
flavonoid content was expressed as milligrams of
quercetin equivalents per gram of dried extract.
Results and Discussion
Examined liver sections of group 1, 2 and 10
showed normal pattern of cellular structure
(figure 1a). Meanwhile, group 9 which was
exposed to 6 Gy of γ-radiation showed severe
pathologic changes like scattered hepatocytes
necrosis surrounded by mononuclear cells, spotty
necrosis (figure 1b), portal and periportal
inflammatory cells infiltration (figure 1c). Group
5 (subacute) and 8 (acute) which received 100
mg/kg b.w. of the extract showed considerable
decrease in inflammatory cells infiltration,
whereas liver cell necrosis, edema and congestion
were slightly reduced (figure 1d). Group 4 which
received 50 mg/kg for 15 days had shown little
hepatoprotective activity as well. Group 3 (20
mg/kg b.w., subacute), 6 (20 mg/kg b.w., acute)
and 7 (50 mg/kg b.w., acute) showed no
remarkable pathological changes (table 1). The
total phenolic and total flavonoid contents of the
extract were 11.3±0.4 mg gallic acid equivalents
and 9.4±0.66 mg quercetin equivalents per gram

of dried extract.
Human exposure to ionizing radiation leads to
production of free radicals, which play a key role
in developing many diseases [1]. Liver is
sensitive to radiation and clinical and
pathological studies have revealed that radiation
therapy can produce significant hepatic injury
[3]. In order to find radioprotective compounds
from natural sources, many studies have been
conducted on radioprotection effect of plant
extracts. The extracts of some edible plants
including Panax ginseng [2], Chamellia sinensis
[25], Zingiber officinalis [26], Curcuma longa
[27], Zataria multiflora [28] and Mentha piperita
[29] have shown radioprotective effects due to
their antioxidant and anti-inflammatory potential.

Figure 1. Microscopic photographs of liver sections stained
with H&E. (a): Normal liver parenchyma showing portal
tracts and hepatocytes, (b): Liver parenchyma after exposure
to radiation, spotty necrosis, (c): Liver parenchyma after
exposure to radiation, marked portal and periportal
inflammation, (d): Liver parenchyma after treatment with
methanolic extract of Nasturtium officinale at a dose of 100
mg/kg b.w. displaying decreased portal and periportal
inflammation

The family Brassicaceae has several types of
edible plants, which are rich sources of variety of
nutrients and health promoting phytochemicals
such as vitamins, carotenoids, minerals,
glucosinolates and phenolic compounds [30,31].
Nowadays, particular attention has been paid
towards edible plants, which are rich in
secondary metabolites. The most of phenolic
compounds in Brassicaceae family are flavonoids
and cinnamic acid derivatives [31].
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Table 1. Histopathological changes of liver cells after using Nasturtium officinale extract
Score

Edema & Congestion

Spotty necrosis

Portal&
Periportal inflammation

0
1+
2+
3+
0
1+
2+
3+
0
1+
2+
3+

Negative
control
+

Positive
control

50 mg/kg b.w
Acute
Subacute

+

+

+

+

+

+

+

+

100 mg/kg b.w
Acute
Subacute

+

+

+

+

+

+

+

+

+

+
+
+

Phenolics possess many useful properties for
human health including anti-inflammatory,
enzyme inhibition, antimicrobial, antialergic,
antitumor and especially antioxidant activities
[32]. Phenolics are able to scavenge ROS and
have inhibitory effects on lipid peroxidation [33].
A number of flavonoids exhibit antiinflammatory properties and may have potential
for management of radiation injuries [6].
Based on phytochemical analysis on the extract
of NO, flavonoids such as quercetin and
kampferol derivatives and hydroxycinnamic acid
derivatives have been identified as major
phenolic compounds in the leaves of this plant
[10,13]. The amount of phenoic and flavonoid
compounds of NO extract in our study was found
to be less than those reported in previous studies
[17,19]. It seems that the plant from high
altitudes has more phenolic and flavonoid
contents compared to plants from lowlands [19].
In the present study, histopathological
examinations of the liver in radiation group have
shown severe changes like spotty necrosis,
inflammation, edema and congestion. Pretreatment with 100 mg/kg b.w. per day of the
methanolic extract of NO for 15 days and 2 h
before 6 Gy γ-radiation significantly lowered
incidence of inflammation (portal and periportal
inflammatory cells infiltration).
In one study, the hydroalcoholic extract of the
aerial parts of NO showed potent antiinflammatory activity in systemic and topical
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20 mg/kg b.w
Acute
Subacute

+

+

+

applications [14]. Several studies have shown
that the extracts of NO have remarkable
antioxidant activity [17-19]. Bahramikia et al.
reported the powerful antioxidant activity of the
hydroalcoholic extract of NO in vitro which
might be attributed to scavenging of free radicals,
metal chelating activity and lipid peroxidation
inhibition. In their study, the amount of total
phenolics and flavonoids were 96.2 mg gallic
acid equivalents and 63.2 mg catechin
equivalents per gram of dried extract,
respectively [17].
When the Brassicaceae vegetables are cut or
crushed, isothiocyanates are produced by
hydrolysis of glucosinolates [13]. Phenethyl
isothiocyanate (PEITC) is a breakdown product
of gluconasturtin, an abundant glucosinolate in
watercress (Nasturtium officinale) [34], which
has been reported to possess various biological
activities such as cytostatic, cytotoxic, antitumor
and anti-inflammatory properties [35-37]. In
other researches, PEITC has regulated the
inflammatory responses in mast cells and has
inhibited the production of IL6 and IL-1β [38].
The radioprotective property of NO can be
attributed to the presence of phenolic compounds
and isothiocyanates in the methanolic extract. It
seems that the combination of antioxidant and
anti-inflammatory effects of NO is responsible
for its hepatoprotective activity.
In conclusion, our results have indicated that the
methanol extract of N. officinale in high dose can
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provide considerable hepatoprotection against 6
Gy γ-radiation even if it is given only 2 h prior to
the exposure. In addition, we suggest that this
plant could be used as an edible vegetable in the
diet of people who are exposed to gammairradiation.
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