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ABSTRACT
Background: Exposure to cadmium  (Cd) is a major environmental 
pollutant that causes injury on many organs and tissues, particularly 
the liver. However, the protection of radish seed aqueous extract  (RSE) 
against hepatic injury in Cd‑exposed mice yet remains unclear. 
Objective: The research aimed to investigate the mitigation effect 
of RSE against Cd‑induced hepatotoxicity in experimental animals. 
Materials and Methods: The mice were administered intraperitoneally 
with Cd Chloride (CdCl2, 75 mg/kg b. wt) as a positive control to compare 
RSE. The hepatic function and antioxidant status were assessed in liver 
tissue of poisoned and control mice. Results: Levels of serum hepatic 
enzymes  (aspartate transaminase: AST and alanine transaminase: ALT) 
as well as total bilirubin were significantly increased in Cd‑exposed mice. 
In addition, Cd exposure elicited enhancement of oxidative stress level. 
Co‑treatment with RSE (200 and 400 mg/kg b. wt) significantly decreased 
the serum levels of liver function biomarkers. Furthermore, RSE treatment 
showed a significant reduction of lipid peroxidation and increase of enzyme 
and glutathione concentrations. Histopathological analysis was parallel to 
these biochemical findings. Conclusion: The results clearly demonstrated 
that RSE is effective for ameliorating hepatic cytotoxicity and oxidative 
damage arising from Cd exposure.
Keywords: Cadmium, liver, oxidative stress, radish seed, toxicity

SUMMARY
•  The extracts of radish seed contain sulforaphene, sulforaphane, total 

phenolics and total flavonoids which have shown chemopreventive activities
•  The radish seed extract has shown the protection potential against hepatic 

injury induced by cadmium exposure
•  The radish seed extract is effective for ameliorating hepatic oxidative damage 

in cadmium‑treated mice.

Abbreviations used: Cd: Cadmium; ROS: Reactive oxygen 
species; RS: Radish seed; RSE: Radish seed aqueous extract; 
HPLC: High‑performance liquid chromatography; SAE: Sulforaphene; 
SFE: Sulforaphene; TFC: Total flavonoids content; TPC: Total phenolics 
content; AST: Glutamic‑oxalacetic transaminase; ALT: Glutamic pyruvic 
transaminase; TB: Total bilirubin; MDA: Malondialdehyde; CAT: Catalase; 
GPX: Glutathione peroxidase; NOx: Nitrates and nitrites; NO: Nitric oxide; 
LRS: Low dose of radish seed extract; HRS: High dose of radish seed 
extract; LPO: Lipid peroxidation; ONOO−: Peroxynitrite radical; iNOS: Nitric 
oxide synthase.
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INTRODUCTION
Cadmium (Cd) is a ubiquitous no‑degradable heavy metal and widely 
used in some fast‑growing industries such as Cd‑nickel battery, 
electroplating, alloy, pigment, power‑generation, and fertilizer.[1] This 
seriously toxic metal is listed in 126 priority environmental pollutants by 
the U. S. EPA and tends to prompt a severe global attention as regards its 
highly bioaccumulation and poisoning to human through contaminated 
food chain, drinking water, air pollutions as well as cigarette smoke.[2] 
The liver is regarded to be among the most sensitive target organs because 
Cd primarily accumulates in this organ.[3] The exposure of Cd initially 
causes hepatocyte inflammatory cascade through impairment in 
endothelial cell and activation of Kupffer cells.[4] Moreover, another 
pathogenesis of Cd‑mediated hepatotoxicity is directly relevant with 
oxidative stress induced by reactive oxygen species  (ROS),[5] mainly 
comprising of superoxide (•O2), hydrogen peroxide (H2O2), and hydroxyl 

radical  (•OH). It has reported that Cd exposure can largely generate 
the ROS through disrupting the electron transfer chain of hepatic 
mitochondria.[6] If this excessive production of ROS is not counteracted 
by in  vivo antioxidant defense, oxidative injury would certainly be 
induced, characterized by lipid peroxidation (LPO), membrane protein 
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degradation, damaged antioxidant system, and DNA.[7] Hence, ROS 
generated by mitochondria lead to oxidative stress and best explain the 
progression of liver diseases, and antioxidant exhaustion may exacerbate 
the oxidative stress. Conversely, antioxidants supplement shows 
promise in the pharmacologic therapy of hepatopathy.[8] Mounting 
evidence suggests that natural agents with antioxidant potential use as 
dietary supplements perform their protective and therapeutic potential 
against all of the liver diseases such as fatty liver.[9] Based on the above 
information, antioxidants are proposed to be valid in precaution against 
some poisoning substances including Cd. In fact, a previous report 
has investigated the protection activities of several naturally‑occurring 
antioxidants against Cd‑induced acute hepatotoxicity.[10]

Radish  (Raphanus sativus Linn.) belongs to the family of Cruciferae. 
Different parts  (seeds, roots, and leaves) of this plant are generally 
consumed in a daily diet. Radish seed  (RS), known as semen raphani 
or “NaiFuZi” in traditional Chinese medicine, attracts extensive 
attentions due to its multiple pharmacological effects.[11] Among the 
secondary metabolites isolated from RS, many definite antioxidants 
have been proven to be contained in RS, or its extracts in many 
documented scientific reports, such as sulforaphene  [SAE, Figure  1a], 
sulforaphane [SFE, Figure 1b], flavonoids, saponins, tannins, alkaloids, 
and total phenols.[12] Taken together, RS would be speculated to 
ameliorate Cd‑induced hepatotoxicity. However, few comprehensive 
studies related to this activity are available until now. Therefore, the 
aim of this study was to complement the protective role of RS against 
Cd‑induced hepatocellular injury in the animal system in terms of the 
fact that the supplementation of some antioxidants is popularly effective 
in counteracting the toxicity of Cd.[13]

MATERIALS AND METHODS
Reagents and chemicals
Cd chloride  (CdCl2) was bought from Sigma  (St. Louis, MO, USA). 
The commercial kits (glutathione [GSH], superoxide dismutase [SOD], 
malondialdehyde  [MDA], catalase  [CAT], and glutathione peroxidase 
[GPX]) for the analysis in this study were offered by Nanjing Jiancheng 
Bioengineering Inc., Nanjing, China, the commercial kits  (GOT, 
glutathione S‑transferase, and total bilirubin  [TB]) were purchased 
from BioSino Biotechnology and Science Inc., Beijing, China. While 
all other chemicals and reagents used were of reagent grade quality, 
RSs  (R.  sativus cv. Bolide) were kindly offered by Tianjin Academy of 
Agricultural Sciences (Tianjin, China).

Preparation of radish seed extract
The preparation of RS aqueous extract (RSE) was done using the method 
of Sangthong with some modification.[14] In brief, 100  g of RSs was 
added into 1.2 L of water, homogenized, and incubated for 7 h at 35°C 
to allow the hydrolysis of glucosinolate by endogenous myrosinase. The 
hydrolyzed mixture was centrifuged for 30 min at 8000 ×g for removing 
proteins. The supernatant was addressed with dichloromethane  (MC) 
three cycles. The MC layer was collected and evaporated to obtain 
crude SFE extract with a rotary evaporator  (RE‑3000B, Rongya Co., 
Shanghai, China) at 45°C. The purification of RSE was conducted by 
a preparative liquid chromatography  (LC) system  (LC‑1100, Agilent 
technology Inc., Shanghai, China) equipped with a C18 column 
(250  mm  ×  30  mm, 10 µm, Daisogel™) and a ultraviolet  (UV)/visible 
spectroscopic detector. The mobile phase contained methanol/water 
(30:70, v/v). The other conditions of preparative high‑performance 
liquid chromatography (HPLC) separation were as follows: 10 mL/min 
of flow rate, 245 nm of detection wavelength, 5 mL of injection volume. 
The fraction was collected according to SFE peak in the chromatogram. 
The SFE solution was filtered, concentrated, and dried to obtain SFE 
extract for further animal experiment.

Analytical high‑performance liquid chromatography 
analysis and phytochemical analysis
RSE sample was analyzed by HPLC based on SFE and SAE standard. 
The column was a Cosmosil C18 column (250 mm × 4.6 mm i. d. 5 µm). 
The HPLC conditions were as follows: the mobile phase consisted of 1% 
acetonitrile (v/v) and 0.1% (v/v) trifluoroacetic acid in ultrapure water. 
Column temperature: 30°C, flow rate: 1.0 mL/min, detection: 254 nm. 
Total phenolics content (TPC) and total flavonoids content (TFC) of RSE 
were determined using methods described by Lin and Tang.[15]

Animals
Thirty‑two male mice weighing 18–22 g were obtained from Academy 
of Military Medical Sciences  (Beijing, China). The mice were housed 
under standard laboratory conditions (24°C–26°C, relative humidity of 
60%–70% and 12 h light/12 h dark cycle), and they were fed standard 
commercial mice chow and given distilled water ad libitum. All animal 
procedures were approved by the Academic Board of Tianjin Agricultural 
University in accordance with laboratory animal guideline for ethical 
review of animal welfare  (project no: GB/T 35892‑2018, China) and 
performed in strict accordance to the guidelines for care and use of 
laboratory animals issued d by the National Institutes of Health.

Experimental design
Animals were randomly assigned to four groups  (n  =  10). 
Group  Control  (Group  Con) served as a negative control group 
and received saline  (0.9%) by gavage. Group  Cd served as an 
experimental group and received daily intraperitoneal injection of 
CdCl2  (75 mg/kg b. wt.) for seven consecutive days. Group low dose 
of radish seed extract  (LRS) and Group high dose of radish seed 
extract  (HRS) were administered with CdCl2  (75 mg/kg b. wt.) along 
with RSE by gavage for a period of consecutive 28 days at the dose of 200 
and 400 mg/kg b. wt., respectively.

Collection of serum and tissue samples
At the end of the experiment, blood samples were collected under 
ether anesthesia after the animals being fasted for 12  h. All mice 
were sacrificed by cervical decapitation. Serum was then collected 
by centrifugation  (3000  rpm, 4°C, 10  min) and stored at  −20°C until 
further used. Liver samples were immediately excised, blotted, washed 

Figure 1: Chemical structures of sulforaphene (a) and sulforaphane (b)
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in ice‑cold saline (0.9%), dried and weighed. Thereafter, half‑gram liver 
tissues were homogenized in 4.5 ml of precooling KCl (1.5%) using glass 
homogenate and centrifuged at 10,000×g for 15 min using a refrigeration 
centrifuge. Supernatant samples were collected and stored at −20°C for 
the following analysis.

Serum biochemical assay
Liver injury was assessed by quantifying serum enzymatic activity. 
Serum glutamic oxalacetic transaminase  (AST), glutamic pyruvic 
transaminase  (ALT), and TB were determined on a Glamour 3000 
Automatic Analyzer according to the test kit instructions.

Antioxidative enzyme activity in hepatocytes
Liver homogenates were used to identify the status of LPO and oxidative 
stress. The MDA content and the activities of enzymatic activities of 
SOD, CAT as well as GPX were assayed using commercial kits. The 
method was employed to measure the total protein level.[16]

Nitric oxide content
The hepatic concentration of nitrates and nitrites (NOx) was employed 
as nitric oxide (NO) production and evaluated using Griess reagent. The 
nitrates in the liver samples were reduced to nitrites by incubating the 
samples with a reductase. With the Griess reagent, the total level of nitrite 
forms a purple azo dye, which can be detected spectrophotometrically at 
492 nm (UV‑8000, Yuanxi Co., Shanghai, China).

Cadmium content
The Cd contents in the biological materials of individual mice were 
measured, including whole blood, liver, kidney, and feces collected 
during the last week of the trial. The samples were dried at 80°C and 
totally digested in 35% (w/v) H2O2 and 65% (w/v) nitric acid, followed 
by diluting the clear digest with ultrapure water  (1:5). The tissue’s 
Cd concentrations were determined using an atomic absorption 
spectrometry with a 1000  mg/L cadmium solution as standard. Each 
sample was performed in triplicate.

Histological examination
The samples of liver tissue were fixed in 10% neutral formalin for 
48  h, flushed with tap water for a night, dehydrated in ethanol 
series (50%–100%), cleaned in xylene and then paraffin‑embedded. 
A  Leica Microsystem microtome  (Model RM 2235, Germany) was 
used to prepare tissue sections (5–6 µm) which were deparaffinized 
with xylene, rehydrated using a series of alcohol  (100%–50%), and 
finally stained with hematoxylin and eosin  (H and E) dye using an 
auto strainer (XL, Germany). The tissue slides were examined under 
a light microscope  (Olympus 4X‑1, Japan) for histopathological 
analysis.

Statistical analysis
Results are expressed as mean  ±  standard error. Statistical analysis 
was performed using SPSS 18.0 for windows (SPSS Inc., Chicago, IL, 
USA). Differences between the designed groups were estimated through 

one‑way analysis of variance followed by Duncan’s (AST, ALT, TB, ALP, 
NOx, SOD, GSH‑Px, CAT) or Tamhane’s T2 (MDA, GSH, Cd content of 
liver, kidney, blood, and feces) multiple tests according to homogeneity 
test of variance. P ≤ 0.05 was considered as the criterion of statistically 
significance.

RESULTS
Phytochemical analysis
The highest levels of SFE and SAE were revealed by the strict screening for 
bioactive ingredients of RSE. The content of SAE was low. The TPC, TFC, 
SFE, and SAE were 133.40 ± 0.95 mg GAE/100 g dry wt., 30.27 ± 0.55 mg 
QE/100  g dry wt., 158.22  ±  1.91  mg/g and 12.13  ±  0749  mg/g, 
respectively [Table 1].

Cadmium content
The exposure of mice to Cd markedly increased Cd concentrations in 
serum, feces, and tissues (liver and kidney) as compared to the control 
mice. It is interesting to note that the average Cd accumulation in the 
liver is about twice as high as that in the kidney  [Figure  2]. These 
enhanced Cd levels were, to various extents  (approximate 1.3–1.4 
fold), decreased in both LRS and HRS treated mice in respect to 
Group  Cd. In addition, RSE diminished the similar degree of Cd 
content in the serum and kidney of mice  [Figure  2a]. However, 
concomitant exposure of mice to Cd and RSE increased Cd levels in 
the feces, approximately 1.3‑fold, compared with the mice treated with 
Cd only [Figure 2b].

Serum hepatic enzymes and total bilirubin level
The levels of serum AST and ALT in the Cd‑treated mice were 
significantly increased  (P  <  0.05), compared with the control mice. 
Although Group  LRS showed no significant effects  (P  >  0.05) on the 
activities of the both serum enzymes as compared with Group  Cd, 
adding HRS obviously inhibited (P < 0.05) the activities of this two serum 
hepatic indexes as compared with Group Cd and Group LRS. The serum 
level of TB was substantially increased (P < 0.05) after the Cd treatment, 
whereas, RS treatment, particularly HRS, significantly suppressed this 
tendency [Table 2].

Activities of hepatic antioxidant enzymes
Cd exposure significantly (P < 0.05) decreased activities of antioxidant 
enzymes (SOD, GPX, and CAT) as compared to normal mice. However, 
adding RSE to the Cd‑treated mice reduced the liver SOD and CAT 
activities as compared with those of Group  Cd  (P  <  0.05). Maximum 
changes of liver SOD and CAT were obtained in Group  HRS. There 
were no substantial  (P  >  0.05) changes of liver GPX activities in both 
Group LRS and Group HRS as compared to Group Cd [Figure 3a‑c].

Hepatic glutathione levels
The levels of GSH were decreased by 37.7%  (P  <  0.05), as compared 
to Group con after the Cd exposure, which may associate with an 
accommodative response to the liver injury. The effects of both LRS and 

Table 1: Total sulforaphene and sulforaphene content of radish seed aqueous extract

RSE Quantity (mg/100 g dry weight) Retention time (min) Percentage RSD LOD (μg/g) LOQ (μg/g)
TP 133.40±0.95
TF 30.27±0.55
SFE 15.80±0.05 23.01±0.02 0.09 0.38 1.18
SAE 1.21±0.05 25.65±0.03 0.12 0.32 1.02

SAE: Sulforaphene; SFE: Sulforaphene; TP: Total phenolics; TF: Total flavonoids; RSD: Relative standard deviation; LOD: Limits of detection; LOQ: Limit of 
quantitation; RSE: Radish seed aqueous extract
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Figure 2: Cadmium concentration (µg/g) in liver/kidney (a) and blood/fecus (b) of the test mice, given as means ± standard deviation (n = 10). The different 
letters above the bars marks a statistical difference between the groups

b

a

Figure 3: (a‑f ) Effect of radish seed extract on the liver antioxidant markers, including glutathione‑Px, catalase, superoxide dismutase, nitrates and nitrites and 
malondialdehyde in the mice. Bars present means ± standard deviation (n = 10). Values with different letters differ significantly between the groups (P < 0.05)
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HRS can increase the contents of GSH to 24.6% and 30.5% (P < 0.05 as 
compared to Group Cd), respectively [Figure 3d].

Nitric oxide content
The serum NOx concentration was significantly higher in the 
Cd‑treated group (30.65 ± 2.55 nmol/L) in comparison with Group Con 
(12.05 ± 1.45 nmol/L). However, a significant reduction in the serum NOx 
levels (P < 0.05) was observed in both Group LRS (21.08 ± 1.33 nmol/L) 
and Group HRS (14.16 ± 3.56 nmol/L). No statistical difference in the NOx 
content was detected between Group Con and Group HRS [Figure 3e].

Hepatic malondialdehyde levels
MDA was utilized for illuminated LPO in liver tissue. Cd exposure 
distinctly increases (P < 0.05) the levels of MDA when compared with 
Group  Con, indicating hepatocellular LPO. The concomitance of Cd 
with RSE, particularly HRS  (P  <  0.05), reversed the enhanced MDA 
levels toward Group Con [Figure 3f].

Histopathological observation
Group con showed normal liver histological architecture. Whereas, 
Cd administration induced extensive morbid alterations in liver 
tissue, including destruction of parenchymal architecture, peripheral 
hemorrhage, inflammatory cell infiltration, and hepatocellular 
swelling [Figure 4a and b]. However, the severity of these pathological 
lesions was significantly reduced by both of two different RS  (LRS 
and HRS) treatment. Furthermore, HRS treatment afforded the better 
protective effects as compared with LRS [Figure 4c and d], and the liver 
sections in Group HRS were almost close to Group Con.

DISCUSSION
The most oral Cd intake is eliminated in feces[17] with the absorbed 
part transporting in blood. About 50%–70% of this absorbed heavy 
metal may accumulate in kidney and liver partly because these organs 
contain a great deal of metallothionein, which can bind many metals 
including Cd.[18] Our results reveal that Cd levels of the mice  (blood, 
feces, liver, and kidney) were significantly raised on the condition of Cd 
exposure. By comparison, RSE administration enhanced Cd content in 
the feces, however, reduced it in the liver, blood, and kidney [Figure 1]. 
This study suggests that RSE might result in a subsequent reduction of 
Cd accumulation by promoting excretion of Cd in feces. Since, GSH is 
regarded as a potent Cd‑chelator for endocellular Cd disintoxication,[19] 
RSE might lighten Cd burden indirectly by raising the amount of GSH.
Cd can definitely stimulate Kupffer cells to generate ROS via displacing 
and transferring Fe in ferritin,[20] depleting detoxification systems[21] 
and destroying protein‑bound sulfhydryl groups  (−SH).[22] The 
continuous ROS overproduction ultimately leads to oxidative stress 
by the interaction between ROS with some vital cellular biomolecules, 

as a consequence of which, the architecture integrity of hepatocytic 
membrane is undermined, and the subsequent leakage of intracellular 
marker enzymes  (particularly AST and ALT) into the bloodstream is 
triggered.[23] In like manner, hepatocellular dysfunction, and cholestasis 
regularly cause more cytoplasmic leaking with the subsequent rise of 
ALP and TB.[24] Hence, the elevated levels of serum AST, ALT, ALP, 
and TB are commonly considered as biomarkers in evaluating the 
viability and membrane permeability of hepatocyte. Our result shows 
that Cd‑induced hepatotoxicity is in accordance with previous study,[25] 
manifested by the obvious enhancement of serum ALT, AST, and TB. 
However, the observed increasing levels of the biochemical indexes 
were reverted by RS treatment. It is conceivable that RS initially might 
be beneficial for the prevention against Cd‑mediated damage on liver 
function. The observed pharmacological activity of RSE was further 
corroborated by the histopathology evaluation.
The pathogenesis of liver diseases is attributed to oxidative stress 
processes. Many factors  (medication, heavy metals, and ethanol) can 
induce oxidative stress via increase of cellular oxidants and depletion 
of antioxidants in the liver. The vital endogenous enzymatic antioxidant 
system serves as the first‑line defense against ROS and nonoxygen free 
radicals in the maintenance of cellular redox balance and represents 
protection against oxidative stress, which primarily consists of SOD, 
CAT, and GPX. ROS and other generated free radicals are catalyzed 
by SOD, followed by decomposition regulated by CAT and/or Gpx.[26] 
The administration of various toxins including Cd may dramatically 
induce the inhibition of antioxidase activities as well as overproduction 
of ROS beyond hepatocellular intrinsic antioxidant capacity, followed 
by an imbalance between oxidant and antioxidant defense system. 
Consequently, oxidative stress is induced and subsequently destroys 
many biological molecules in liver cell, mainly including damage of 
DNA and mitochondrion, LPO, inhibition of protein synthesis, and 
modulation of functional signaling pathways.[27] Combined with MDA, 
one of the end products of LPO,[28] decreased levels of enzymatic 
antioxidants in liver are normally employed to indicate toxin‑induced 

Table 2: Hepatic markers in the serum of the experimental mice

Groups AST (U/L) ALT (U/L) ALP (IU/L) TB (mg/dl)
Con 100.98±8.16a 38.11±3.69a 37.95±1.51a 0.88±0.05a

Cd 148.72±3.41b 83.22±6.21b 57.96±5.75b 1.89±0.08b

Cd + LRS 141.02±4.64b 68.92±6.34b 46.03±6.35c 1.45±0.11c

Cd + HRS 119.15±7.64a 43.38±3.76a 36.96±3.31a 1.19±0.10a,c

Effects of RSE on the serum biomarkers of the experimental mice, including 
AST, ALT, ALP, and TB. Values are presented by means±SD (n=10). Values with 
different letters in each column differ significantly between the groups (P<0.05). 
Cd: Cadmium; LRS: Low dose of radish seed extract; HRS: High dose of radish 
seed extract; AST: Glutamic‑oxalacetic transaminase; ALT: Glutamic pyruvic 
transaminase; ALP: Alkaline phosphatase; TB: Total bilirubin; SD: Standard 
deviation; RSE: Radish seed aqueous extract

Figure  4:  The Protective effects of radish seed extract on histological 
changes in the liver tissue of acute cadmium administrated mice (×40). 
(a) Group Con: Showing a severe loss of hepatic architecture and multiple 
inflammation in hepatocytes. (b) Group cadmium: Control mice with 
normal histological architecture and clear hepatic cell nucleus; (c and d) 
Group low dose of radish seed extract and Group high dose of radish 
seed extract: Mice treated with high dose of radish seed extract (200 mg/
kg b. wt. radish seed extract) and low dose of radish seed extract (400 mg/
kg b. wt. radish seed extract) with meliorative cellular architecture similar 
to normal
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hepatic injuries/diseases. In this study, our observation that Cd 
intoxication initiated the formation of liver MDA is in line with previous 
reports,[29] suggests that Cd administration could compromise the natural 
antioxidant defense mechanism to scavenge excessive free radicals. 
The results clearly confirmed that oxidative stress is the mechanism of 
Cd‑induced liver toxicity/diseases. By contrast, the reduced MDA levels 
close to its normal value in Group HRS and Group LRS might partially 
be a clue to the efficacy of RSE in mitigating hepatic LPO. Moreover, 
activities of antioxidant enzymes were significantly decreased to a 
different degree in Cd‑exposed mice as previously reported.[30] Because 
many trace elements  (mainly Zn2+, Mn2+, Cu2+) are considered to be 
indispensable for the activities of these enzymes,[31] the reasonable 
explanation for the inhibition of the antioxidant enzymes is the fact that 
Cd accumulation can displace the essential metals cofactors from their 
active binding sites of the enzyme protein and arouse the perturbation 
of enzyme catalytic activity.[32] However, RSE seemed to considerably 
restore these inhibited enzymes in the liver of Cd‑treated mice, which 
was indicative of the notable activity of RSE in protecting enzymatic 
antioxidant mechanism in vivo.
It is well known that physiological antioxidant system involves two main 
parts, namely antioxidant enzymes and non‑enzymatic antioxidant. 
GSH is the most vital non‑enzymatic antioxidant because of its dual role 
of neutralizing free radicals such as ROS, RNS, LPO, and detoxifying Cd 
directly. Mechanistic studies on Cd‑induced liver toxicity revealed that 
the lack of GSH conjugation could decrease the elimination of this toxic 
metal due to the insufficient of thiol group, which is the major reason of 
liver pathology. In the present work, the content of GSH in the hepatic 
cellular fraction of Cd‑exposed mice significantly decreased, which 
indicates the induction of oxidative stress and the debilitative of GSH 
participation in cellular defense against ROS. The observed depletion of 
GSH may be associated with the binding reaction of Cd with sulfhydryl 
groups.[33] The trend of GSH similar to the previous study[34] gives 
more corroborative evidence of Cd‑induced potential hepatotoxicity. 
However, co‑treatment with RSE significantly elevated hepatic GSH 
concentration to its near‑normal levels. The results indicate that RSE can 
help to eliminate ROS and relieve Cd‑induced oxidative damage in the 
liver. The possible mechanism might be related to the properties of RSE, 
for instance, displacing Cd from enzymes and chelating Cd.[35]

In addition, a supplementary evidence for the hepatoprotective effect of 
RS against oxidative stress is involved in NO production in Cd‑treated 
tissues. NO is an endogenous physiological product with highly reactive 
routinely generated by activated macrophages and heme. Under some 
pathologic states, NO is considered to be associated with inflammation, 
oxidative stress as well as apoptosis by reacting with superoxide to generate 
peroxynitrite radical.[36] In this study, NOx is employed as a measure of NO 
production. Cd exposure induced the significant enhancement of liver 
NOx level, which may be attributed to the up‑induction of NO synthase 
by tumor necrosis factor‑alpha.[25] The excessive NO positively causes 
further intense LPO and the exhaustion of intrahepatic GSH facilitating 
the vulnerability to oxidative damage. Conversely, the pretreatment of 
RSE diminished the NO overproduction. This might be implicated in 
the potential hepatoprotective mechanism of RSE. Nevertheless, further 
research is needed to clarify its precise mechanism.
Considerable interests have been focused on the exploitation of natural 
antioxidant sources with few side effects due to the adverse effects of 
synthetic antioxidants for the therapy or prevention of liver diseases. For 
example, Farzaei reported that curcumin exerts remarkable protective 
and therapeutic effects of oxidative associated liver diseases through 
various cellular and molecular mechanisms including suppressing LPO 
products  (MDA) and ameliorating the expression of SOD, CAT, GPx, 
and GR.[37] Zobeiri reported that naringenin and its nano‑formulations 

exerts therapeutic effects against nonalcoholic fatty liver disease via 
antioxidant related molecular mechanisms including decrease of 
biomarkers of LPO, increase of antioxidant defenses, ROS scavenging 
and modulation of signaling pathways related to fatty acid metabolism 
which can favor the oxidation of fatty acid.[38] RS is a kind of Chinese folk 
medicine as well as a potential source for attenuating chemical‑induced 
hepatic injury. The pharmacological effects of RSE may be attributed to 
the multiple antioxidants. In the current study, phytochemical screening 
proved four groups of phyto ingredients (e.g., phenolics, flavonoids, SFE, 
and SAE) in RSE. Earlier literature has reported that both phenolic and 
flavonoids exert different kinds of pharmacological activities, including 
anti‑oxidation, anti‑inflammation, and hepato‑protection.[39] The two 
bioactive ingredients might play a primary role in the aforementioned 
effects of RSE against CdCl2 induced liver lesion. Further investigations 
are needed to analyze phenolics and flavonoids in RSE. Furthermore, 
HPLC analysis of RSE revealed the presence of two peaks with their 
retention times of 23.04 and 25.96 min [Figure 5a], respectively, which 
is accord with the HPLC profile of standard SFE  (23.80  min) and 
SAE (26.66 min) [Figure 5b]. Indeed, SAE and SFE have been reported to 
isolate from RS, and definitely, the two substances have also been certified 
to possess intense antioxidant activity and other bioactivities.[40] Hence, 
SAE and SFE [Figure 1] may be partly responsible for the hepatic remedial 
effects of RSE. Especially, SAE is the most promising isothiocyanates 
with broad‑spectrum bioactivities, and its therapeutic effect on liver 
injury has been illuminated in previous scientific documents. For 
example, Baek et  al. reported that sulfur‑radish extract and synthetic 
SAE may prevent tetrachloromethane‑induced liver toxicity, partially by 
indirectly improving antioxidant function of the detoxification system.[41] 
Gaona‑Gaona et al. found that the scavenging ability of SAE against ROS 
was nearly negligible in vitro, the function of SAE against drug‑induced 
hepatic injury was possibly correlated with the preservation of 
antioxidant enzymes, and the protection against oxidant stress of liver 
tissue and chondriosome.[42] Nazmy et al. also revealed that SAE could 
significantly prevent sodium valproate‑induced hepatocellular toxicity, 
mainly by its antioxidation and anti‑inflammation.[43] Unfortunately for 
the prepared RSE in this study, the other bio‑components that may be 
responsible for the hepatoprotective characteristics maintain unrevealed 
and need to be further studied.

Figure  5: High‑performance liquid chromatography chromatograms of 
analytes detected at 254 nm. Peaks of (a) mixture of standard sulforaphene 
and sulforaphane,  (b) extracts from radish seed with  sulforaphene  and 
some unknown peaks

b

a
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CONCLUSION
In general, the present study suggests that RSE administration could 
clearly counteract Cd‑induced hepatic dysfunction. The possible 
mechanisms are believed to be associated with RSE alleviating oxidative 
injury and reinforcing antioxidant defense system. This study might 
replenish the new clue for the application and research of SRE in the 
pharmaceutical industry. Further researches are necessary to isolate and 
analyze major bioactive constituents from RSE extracts and to examine 
their effects along with functional mechanisms.
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