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ABSTRACT

Objective: To explore the effect of black radish (Raphanus sativus 
L. var niger) root extract on liver enzymes, oxidative stress, and 
histopathological alterations in mice with sodium valproate-induced 
hepatotoxicity.
Methods: Thirty-two mice were divided into four groups: the 
control group received drinking water by gavage, the second group 
was administered with 100 mg/kg of sodium valproate, the third 
group received 300 mg/kg of black radish root extract, and the 
fourth group was given both sodium valproate (100 mg/kg) and 
black radish root extract (300 mg/kg). After 28 days, the mice 
were euthanized, and serum levels of aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), and alkaline phosphatase 
(ALP), along with liver malondialdehyde (MDA), reactive oxygen 
species (ROS), mitochondrial parameters, tumor necrosis factor-
alpha (TNF-α) gene expression, and histopathological changes were 
assessed. 
Results: Sodium valproate caused hepatic damage in mice, 
characterized by elevated serum levels of liver enzymes, increased 
MDA and ROS levels and TNF-α gene expression, as well 
as histopathological alterations. The black radish root extract 
significantly alleviated sodium valproate-caused hepatic injury 
by decreasing the serum levels of ALT and AST, MDA, ROS, 
TNF-α gene expression, as well as mitochondrial impairment, 
but did not have a significant effect on sodium valproate-induced 
histopathological changes. 
Conclusions: The black radish root extract demonstrates protective 
effects against sodium valproate-induced liver injury, possibly 

through mitigating oxidative stress, mitochondrial impairment, and 
inflammatory mediator expression. 

KEYWORDS: Black radish; Raphanus sativus; Sodium valproate; 
Hepatotoxicity; Oxidative stress; Anti-inflammation

1. Introduction

  Sodium valproate (SVP) is a commonly prescribed antiepileptic 
medication utilized for the management of epilepsy, seizures, 
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Significance

The beneficial effects of Raphanus species on liver damage have 
been reported in previous investigations. In the present study, 
the results show that black radish root extract could mitigate 
sodium valproate-induced liver damage by reducing oxidative 
stress, mitochondrial impairment, and inflammatory mediator 
expression.  
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and migraine[1]. Despite its clinical benefits, the administration 
of SVP has been associated with severe adverse effects, notably 
hepatotoxicity[2,3]. The precise mechanisms underlying SVP-
induced liver injury remain incompletely understood. However, 
it is well-established that SVP-induced hepatotoxicity involves 
a complex interplay of pathways, including oxidative stress, 
inflammation, and fibrosis[4,5]. The pathological processes linked to 
SVP-induced hepatotoxicity often result from the overproduction 
of reactive oxygen species (ROS) and disruption in the equilibrium 
of antioxidant defenses, leading to oxidative stress. Oxidative 
stress triggers the activation of various transcription factors 
that regulate the expression of genes involved in inflammatory 
cascades. Inflammatory responses triggered by oxidative stress 
are implicated in the pathogenesis of numerous chronic disorders. 
The inflammatory and immune reactions incited by SVP treatment 
prompt the secretion of inflammatory cytokines, with TNF-α playing 
a prominent regulatory role. Previous investigations have highlighted 
a notable upregulation in TNF-α expression after SVP exposure[6,7]. 
  The liver, a key metabolic organ responsible for various 
biochemical processes, is commonly targeted by a range of toxic 
substances[8]. One of the liver’s crucial functions is the conversion 
of lipophilic toxins into hydrophilic metabolites, facilitating their 
elimination from the body through urine[9]. Liver damage represents 
a significant global health concern, underscoring the importance 
of identifying effective preventive agents to mitigate liver injury. 
Despite the absence of definitive pharmaceutical interventions 
for liver protection, herbal remedies have emerged as potential 
candidates for managing various liver disorders. Herbal supplements 
are often recognized for their hepatoprotective effects, fostering the 
natural healing mechanisms associated with liver ailments[10].
  Black radish (Raphanus sativus L. var niger), a member of the 
Brassicaceae family, is a widely utilized vegetable in culinary 
practices and traditional medicine globally, known for its therapeutic 
potential in addressing metabolic disorders encompassing lipid 
imbalances, respiratory ailments, digestive issues, and urinary 
system dysfunctions[11,12]. This cruciferous vegetable is notably 
rich in glucosinolates, sulfates, and cysteine-rich proteins, acting 
as precursors for glutathione synthesis[13]. The presence of 
isothiocyanate in black radishes has been linked to ameliorating the 
severity of non-alcoholic fatty liver disease induced by a high-fat diet 
in a rat model[14]. Administration of black radish has been shown to 
enhance the activity of detoxification enzymes in experimental and 
clinical studies[15-17]. Furthermore, the plant constituents, including 
anthocyanins, polyphenols, glucosinolates, and the metabolite 
isothiocyanate, are closely associated with antioxidant properties[18]. 
Hence, this investigation was undertaken to assess the potential 
hepatoprotective effects of black radish extract against SVP-induced 
hepatotoxicity. 

2. Materials and methods

2.1. Chemicals

  Hank’s Balanced Salt Solution, bovine serum albumin, rotenone, 
D-mannitol, N-(2-hydroxyethyl) piperazine-N′-(2-ethane sulfonic 
acid) (HEPES), sucrose, rhodamine 123, 2′,7′-dichlorofluorescein 
diacetate, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT), Ellman’s reagent [5,5′-dithiobis-(2-nitrobenzoic 
acid)], 3-(N-morpholino) propane sulfonic acid, dimethyl sulfoxide 
(DMSO), 2-amino-2-hydroxymethyl-propane-1,3-diol, potassium 
chloride, sodium succinate, magnesium chloride and monopotassium 
phosphate were purchased from Sigma (St. Louis, MO USA). 

2.2. Black radish root extract

  The black radish root was procured from a local store and its 
identity was verified by a trained botanist. Then, a voucher specimen 
was deposited at the Herbarium of the Medical Plants Research 
Center at Shahrekord University of Medical Sciences, Shahrekord, 
Iran (SKUMS-1050). The root extract was prepared utilizing the 
maceration technique. The dried plant material was powdered using 
an electric mill, with the resultant powder combined with a mixture 
of water (30%) and 97% methanol alcohol (70%). Subsequently, 
after a 72-hour maceration period, the liquid extract was filtered 
employing a Buchner funnel and underwent extraction using a 
rotary apparatus. Following extraction, the extract was dried in 
an incubator, collected, and then prepared by dissolution in an 
appropriate solvent (distilled water).

2.3. Ethical statement

  This investigation was carried out at Shahrekord University of 
Medical Sciences and obtained approval from the Animals Ethics 
Committee of the university, with the reference number IR.SKUMS.
AEC.1401.039 (approval date: 2023-01-08).

2.4. Laboratory animals and grouping

  A total of 32 male mice weighing approximately 20 to 30 g were 
purchased from the Pasteur Institute of Iran (Tehran, Iran). The 
mice were housed under standardized conditions with a consistent 
light cycle of 12 hours, a temperature maintained at (23±2) 曟 and 
free access to food and water. The mice were categorized into four 
groups (n=8). Mice in the control group received distilled water 
orally once every 24 hours for 28 d. The SVP group was given SVP 
at a dosage of 100 mg/kg orally once every 24 hours for 28 d[19]. 
The extract group received black radish extract at a dose of 300 mg/kg 
orally once every 24 hours for 28 d[20]. In the treatment group (SVP+ 
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black radish extract), mice were treated with 100 mg/kg SVP and 300 
mg/kg black radish extract at a 3-hour interval, once every 24 hours for 
28 d. At the end of the experimental period, mice were anesthetized 
via ketamine (40 mg/kg) and xylazine (15 mg/kg) injection. Blood 
samples were collected from the heart to assess the activities 
of alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), and alkaline phosphatase (ALP). Furthermore, liver tissue 
samples were extracted for the evaluation of malondialdehyde 
(MDA) concentration, ROS levels, mitochondrial parameters, and 
histopathological indexes.

2.5. Measurement of ALT, AST, and ALP activities

  The enzymatic activities of ALT, AST, and ALP were assessed in 
the serum samples utilizing commercially available kits (ParsAzmon 
Company) and an autoanalyzer (BT3500, Italy).

2.6. Measurement of MDA concentration

  A quantity (10 mg) of tissue sample was placed in a 20 mL glass 
tube and incubated at a controlled temperature of (37 ± 1) 曟 
using a metabolic shaker (Kavosh Teb) for 60 min. Following the 
incubation period, 1 mL of 5% tetrachloroacetic acid and 1 mL of 
67% thiobarbituric acid were successively added to the tube, ensuring 
thorough mixing after each addition. The contents of each vial were 
then transferred to a centrifuge tube and centrifuged at 2 000 伊g for 15 
min. Subsequently, the resulting supernatant was carefully transferred 
to another tube and subjected to heat treatment (100 曟) in a boiling 
water bath. After 10 minutes of heating, the test tubes were cooled, 
and the absorbance of each solution was measured at a wavelength 
of 535 nm[21].

2.7. ROS measurement

  To quantify the levels of ROS, the dichlorofluorescein diacetate 
probe was employed[22]. This probe transforms within the cellular 
environment: initially, dichlorofluorescein diacetate salt is converted 
to non-fluorescent dichlorofluorescein by cellular esterases after 
penetration into the cell. Subsequently, upon reacting with active 
oxygen radicals, this compound is converted to dichlorofluorescein, 
a highly fluorescent molecule whose concentration can be readily 
assessed using a spectrofluorimetric technique. For the experimental 
procedure, 3 mL of homogenized tissue was centrifuged at 1 000 伊g 
for 1 min, following which 3 mL of the dichlorofluorescein diacetate 
solution was added to the sediment of each sample. The resultant 
mixture was gently vortexed and incubated in a water bath (37 曟) for 
10 min. Then the quantity of generated ROS was determined through a 
fluorimetric analysis based on the fluorescence intensity unit. Excitation 
and emission wavelengths used for the measurement were set at 470 

nm and 540 nm, respectively.

2.8. Real-time PCR analysis

  In this study, the TNF-α gene expression was evaluated through 
real-time PCR analysis. Initially, RNA was isolated from the samples 
utilizing the RNX product manufactured by Cinagen Company. 
To assess the purity and concentration of the RNA samples 
quantitatively, optical density readings were taken at A 260/280 and A 
260/230 wavelengths using a nanodrop spectrophotometer (Thermo 
Fisher Scientific, Waltham, MA, USA). Subsequently, cDNA 
synthesis was performed from the isolated RNA samples following 
the instructions provided by the cDNA production kit (Thermofisher 
cDNA synthesis kit). Finally, to determine the expression level 
of the target gene, real-time PCR reactions were conducted. Target 
cDNAs were amplifed using a light cycler device (Roche Diagnostics, 
Mannheim, Germany) for 40 cycles following an initial denaturation 
step of 10 min at 95 曟. The conditions used for amplification were 
25 曟 for 5 min, 42 曟 for 60 min and 70 曟 for 5 min. The results were 
analyzed using the 2−ΔΔCt method to calculate the relative gene expression 
level. Specific forward (5′-TCTTCTCATTCCTGCTTGTGGC-3′) 
and reverse (5′-TGATCTGAGTGTGAGGGTCTGG-3′) primers were 
designed and procured using Primer 3 software version 0.4.0 for the 
desired genes, while beta-2 microglobulin (β2M) gene was selected 
as the housekeeping gene for normalization purposes.

2.9. Histopathological studies

  Following the experimental procedures, the mice were euthanized, 
and liver tissue specimens were harvested for histopathological 
analysis. The liver specimens from each experimental group were 
rinsed with phosphate-buffered saline (PBS) and subsequently 
fixed in a formalin solution of 10%. Subsequently, tissue slides 
were prepared from the liver samples and subjected to hematoxylin 
and eosin (H&E) staining. These stained tissue sections were 
then examined by a trained pathologist under an Nikon optical 
microscope for the presence of pathological alterations. The extent 
of tissue damage was assessed and quantified utilizing the Suzuki 
scoring system, a standard method for evaluating liver injury in 
research studies[23].

2.10. Isolation of mitochondria from the liver

  Mitochondria were isolated from mouse liver using a process 
of differential centrifugation. The liver tissue was extracted and 
finely minced within a cold mannitol solution containing 0.225 M 
D-mannitol, 75 mM sucrose, and 0.2 mM EDTA. Following this, 
the minced tissue was homogenized and subsequently centrifuged to 
eliminate nuclei, unbroken cells, and other non-subcellular debris. 
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The resulting supernatant underwent further centrifugation, and 
the upper layer which contained the isolated mitochondria, was 
meticulously separated from the pellet[24].

2.11. Succinate dehydrogenase (SDH) activity

  The molecular functionality of mitochondria was assessed using 
an MTT assay to quantify SDH activity. Isolated liver mitochondria 
were resuspended in a mitochondrial assay buffer containing 0.5 
mmol/L KH2PO4, 0.5 mmol/L EGTA, 20 mmol/L HEPES, 140 
mmol/L KCl, 10 mmol/L NaCl, and 2 mmol/L MgCl2, supplemented 
with 10 mmol/L succinate and 1 mg/mL rotenone. For MTT assay, 
25 μL of MTT solution (0.5 mg/mL) were mixed with 100 μL 
of isolated mitochondria (100 μg per well) in 96-well plates and 
incubated at 37 曟 for 30 min. Finally, 100 μL of DMSO was added 
to each well and the absorbance was measured at 570 nm using an 
ELISA reader (Tecan, Rainbow Thermo)[24].

2.12. Mitochondrial swelling

  The evaluation of isolated mitochondrial swelling was conducted 
by measuring light scatter at a wavelength of 540 nm. Reduction in 
absorbance at this particular wavelength, indicative of mitochondrial 
swelling[24], was assessed using isolated liver mitochondria. 
Isolated liver mitochondria were incubated in a freshly prepared 
mitochondrial swelling buffer containing 20 mmol/L HEPES, 0.5 
mmol/L KH2PO4, 0.5 mmol/L EGTA, 140 mmol/L KCl, 10 mmol/
L NaCl, and 2 mmol/L MgCl2, supplemented with 10 mmol/L 
succinate and 1 mg/mL rotenone. The absorbance of the isolated 
liver mitochondria (100 μg/well) was subsequently measured at 540 
nm.

2.13. Mitochondrial membrane potential (MMP) collapse

  MMP was evaluated utilizing rhodamine 123, a fluorescent 
dye[24]. Mitochondria, at a protein concentration of 1 mg/mL, were 

suspended and incubated in an MMP buffer containing the following 
constituents: 5 mM KH2PO4, 68 mM D-mannitol, 220 mM sucrose, 
10 mM HEPES, 2 μM rotenone, 50 μM EGTA, 2 mM MgCl2, 5 
mM sodium succinate, 10 mM KCl and 5 μM rhodamine 123, at 
37 曟 for 15 min. After this initial incubation, the MMP buffer was 
removed and rhodamine 123-free MMP buffer was added. Samples 
were incubated for another 15 min. Finally, the fluorescence 
intensity of rhodamine 123 was quantified using a fluorescence 
spectrophotometer (Shimadzu RF5000U) at an excitation wavelength 
of 470 nm and an emission wavelength of 540 nm.

2.14. Statistical analysis 

  The statistical analysis was carried out using GraphPad Prism5 
software (Graphpad software, La Jolla, CA). The data were analyzed 
using one-way ANOVA followed by Tukey’s post hoc test. The 
results are presented as mean ± SEM, with statistical significance 
established at P < 0.05.

3. Results

3.1. Effect of black radish extract on liver enzymes 

  Treatment of the animals with SVP resulted in a significant (P 
< 0.01) elevation in ALT and AST serum levels compared to the 
control group. Co-administration of the root extract of black radish 
with SVP led to a significant (P < 0.01) reduction in ALT and 
AST levels in comparison to the group administered with SVP 
alone (Figure 1A and 1B). Furthermore, the findings indicated that 
SVP significantly (P < 0.05) increased the serum level of ALP in 
comparison with the control group (Figure 1C). However, the co-
administration of the root extract of black radish with SVP caused a 
non-significant (P > 0.05) decrease in ALP serum level compared to 
the SVP group.
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Figure 1. Effect of black radish extract on (A) ALT, (B) AST, and (C) ALP levels in mice with sodium valproate-induced liver damage. The results are 
presented as mean ± SEM (n=5) and analyzed using one-way ANOVA followed by Tukey's post hoc test. *P < 0.05, **P < 0.01 compared with the control group. 
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3.2. Effect of black radish extract on lipid peroxidation 

  SVP administration resulted in a significant (P < 0.01) elevation 
in hepatic MDA levels in comparison with the control group. 
Conversely, treatment with the root extract of black radish markedly 
(P < 0.01) reduced MDA level compared to the SVP group (Figure 
2A).

3.3. Effect of black radish extract on ROS level

  As shown in Figure 2B, it was observed that SVP administration 
significantly (P < 0.01) elevated ROS levels compared to the control 
group. Conversely, the black radish extract significantly (P < 0.01) 
decreased ROS production in liver tissue in comparison to the SVP 
group. Furthermore, the administration of root extract of black radish 
alone significantly (P < 0.01) decreased ROS level compared to the 
control group.

3.4. Effect of black radish extract on TNF-α gene expression 

  TNF-α gene expression was notably upregulated (P < 0.01) 
following SVP administration in mice. In contrast, treatment with 
the root extract of black radish along with SVP significantly (P < 
0.01) downregulated TNF-α gene expression as compared with the 
SVP group (Figure 2C).

3.5. Effect of black radish extract on liver histopathology 

  The histopathological examination revealed a substantial increase 
in necrosis, congestion, and vacuolation in the group administered 
with SVP compared to the control group. Administration of the 
root extract of black radish showed a non-significant reduction in 
histopathological damage in comparison to the SVP group (Figure 
3A). Additionally, the severity of the histopathological changes was 
graded using the Suzuki scoring method. As depicted in Figure 3B, 
SVP administration resulted in a significant elevation in Suzuki 

Figure 2. Effect of black radish extract on lipid peroxidation, ROS generation and TNF-α gene expression in mice with sodium valproate-induced liver 
damage. TNF-α level is normalized against beta-2 microglobulin (β2M) as the housekeeping gene. The results are presented as mean ± SEM (n=5) and 
analyzed using one-way ANOVA followed by Tukey's post hoc test. **P < 0.01 compared with the control group. ##P < 0.01 compared with the SVP group.
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score, whereas the co-administration of the root extract of black 
radish did not significantly alleviate the SVP-induced changes in  
Suzuki score.

3.6. Effect of black radish extract on mitochondrial function

  As presented in Figure 4A, a significant (P < 0.01) decrease in 
mitochondrial SDH activity was found in mice receiving SVP alone, 
which was significantly (P < 0.01) mitigated by treatment with 300 
mg/kg of black radish extract.

3.7. Effect of black radish extract on mitochondrial swelling

  As depicted in Figure 4B, a significant (P < 0.01) increase in 
mitochondrial swelling was observed in the SVP group when 
compared to the control group. However, a considerable reduction (P 
< 0.01) was observed in mitochondrial swelling in mice that received 
300 mg/kg of black radish extract along with SVP, in comparison to 
the SVP group.

3.8. Effect of black radish extract on mitochondrial 
membrane potential (MMP) 

  Figure 4C demonstrates that SVP administration caused a 
significant (P < 0.01) collapse of the MMP in the liver of mice. 
Interestingly, treatment with the root extract of black radish 
significantly (P < 0.01) decreased MMP collapse compared with the 
SVP group.

4. Discussion

  The current study revealed a significant elevation in ALP, AST, and 
ALT levels in the serum of mice administered with SVP compared 
to the control group, indicative of hepatotoxicity in these animals. 
Conversely, concurrent administration of black radish root extract 

significantly decreased serum levels of ALT and AST in mice with 
SVP-induced liver damage, with no significant differences observed 
in ALP levels. These findings are consistent with previous studies 
which demonstrated the efficacy of black radish in reducing serum 
levels of ALT, AST, and ALP under different conditions such as 
carbon tetrachloride (CCl4)-induced hepatic injury and ethanol 
intoxication[20,25,26]. Our findings also indicate that SVP significantly 
elevated ROS levels and promoted lipid peroxidation, thereby 
inducing oxidative stress and hepatic toxicity. The root extract of 
black radish reduced SVP-induced increase in ROS and MDA levels, 
thus mitigating oxidative stress. Various studies have linked SVP 
with oxidative stress, a phenomenon implicated in diverse health 
complications, including hepatotoxicity, and neurodegenerative 
conditions[27,28]. Oxidative stress triggered by SVP encompasses 
multifaceted mechanisms; one such pathway involves the induction 
of SOD2 acetylation, which can disrupt cell signaling and 
contribute to the onset of developmental anomalies like neural tube 
defects[29]. Another mechanism includes excessive ROS generation 
or compromised antioxidant defense mechanisms, leading to 
mitochondrial dysfunction and hepatotoxicity[28]. Ahn et al. 
investigated the levels of catalase, superoxide dismutase (SOD), and 
MDA in the liver without and with pretreatment using black radish 
extract. Their outcomes demonstrated that pre-administration of this 
extract mitigated lipid peroxidation and enhanced SOD and catalase 
levels in livers afflicted by CCl4[20], thus shielding the liver from 
CCl4-induced oxidative stress. These findings are consistent with 
the current study results. Other previous research has also outlined 
the hepatoprotective attributes of black radish extract. Enkhtuya et 
al. ascertained that black radish exhibited antioxidant efficacy under 
laboratory conditions[30]. A previous investigation explored the 
protective properties of radish leaf extract against oxidative damage 
in human fetal lung fibroblast cells (MRC-5)[31]. In this study, F2, 
a component of radish leaf extract, exhibited superior free radical 
scavenging capabilities and possessed the highest total polyphenol 
content. Pretreatment with F2 resulted in a substantial increase in 
cell viability, enhanced internal antioxidant enzyme activity, reduced 
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MDA content, decreased intracellular ROS levels, and restored 
the loss of MMP induced by H2O2[31]. Furthermore, Hwang et al. 
demonstrated that radish extract mitigated acetaminophen-induced 

liver damage in rats by suppressing oxidative stress and apoptosis[32]. 

This antioxidative efficacy was attributed to compounds such as 

polyphenols, flavonoids, and anthocyanins. Numerous studies have 

confirmed mitochondrial dysfunction in SVP-induced hepatotoxicity 

toward liver cells[33-35]. Our study corroborates these observations 

by revealing the protective effects of black radish on mitochondrial 

functionality. Moreover, black radish root extract mitigated SVP-

induced mitochondrial swelling, MMP collapse, and increased 

SDH activity. Mitochondrial dysfunction can trigger the release of 

ROS, further exacerbating the hepatotoxicity associated with SVP. 

Preventing such mitochondrial damage holds the potential to inhibit 

liver injury.

  In this study, SVP administration led to a significant rise in TNF-α 
levels compared to the control group whereas co-administration 

of black radish root extract with SVP effectively mitigated the 

rise in TNF-α levels. A previous investigation delved into the 

anti-inflammatory properties of black radish extract concerning 

inflammatory responses mediated by interleukin (IL)-6 and 

lipopolysaccharide (LPS) in RAW 264.7 cell lines. This research 

revealed that black radish extract effectively suppressed the 

production of inflammatory cytokines such as TNF-α, IL-10, IL-

6, and IL-1β, along with inflammatory mediators like prostaglandin 

E2 (PGE2) and nitric oxide[36]. Similarly, the effects of radish sprout 

ethanol extract on inflammatory responses in macrophages and a 

mouse model of colitis have been investigated. The administration of 

radish sprout ethanol extract effectively inhibited the phosphorylation 

of IκB and, in turn, the production of pro-inflammatory enzymes 

and cytokines in LPS-stimulated macrophages[37]. In dextran sulfate 

sodium-induced colitis mice, the extract prevented a reduction in 

body weight and colon length, while decreasing inflammation and 

mucosal necrosis[37].

  The histopathological analysis of the present study revealed that 

SVP administration led to severe liver damage, as indicated by high 

Suzuki scores. Surprisingly, the administration of black radish root 

extract did not significantly mitigate the liver damage induced by 

SVP. These findings are in contrast to findings of previous research 

which highlighted the hepatoprotective effects of radish extract 

in various models of liver damage. For instance, Hwang et al. 
demonstrated that radish extracts ameliorated liver histopathology 

in acetaminophen-induced damage by reducing necrosis and 

inflammation[32]. Another study displayed that fermented black 

radish alleviated methionine-caused non-alcoholic fatty liver 

disease and choline deficiency, ameliorating features such as fat 

accumulation, inflammation, and liver fibrosis associated with the 

condition[38]. Additionally, it has been elucidated that black radish 

extract inhibits fat accumulation, prevents acute hepatotoxicity, and 

mitigates lipid peroxidation and serum ALT and AST elevation, 

along with associated histopathological alterations and increased 

oxidative stress[38]. These favorable impacts on liver damage 

may be attributed to the presence of antioxidant compounds and 

detoxifying enzymes. The disparity between the histopathological 

outcomes of our study and the findings of other researchers might 

be attributed to the severe effects of the high dose of SVP utilized 

in our investigation. Moreover, the protective effects of black radish 

extract on liver damage might be dose-dependent, a factor that was 

not explored in the present study.

  There are some limitations in the present study. The total extract 

of black radish root was used which limits us from investigating the 

compounds (or fraction) of total extract responsible for the observed 

effects. Furthermore, only one dose of black radish root extract was 

used for assessment of its hepatoprotective effects which cannot 

represent the possible dose-response relationship between black 

radish root extract and SVP-induced liver damage.

  In conclusion, the findings show that the hepatoprotective effects 

of black radish extract on SVP-induced liver damage are probably 

due to its ability to alleviate oxidative stress, mitigate mitochondrial 

impairment, suppress inflammatory mediator expression, and reduce 

the elevation of ALT, AST, and ALP levels. Nevertheless, treatment 

with black radish extract at 300 mg/kg following SVP administration 

had little ameliorative effect on histopathological changes in the 

liver. Further study using different doses is warranted to gain a 

comprehensive understanding of the mechanisms underlying the 

action of the extracts and to determine the optimal dosage for 

therapeutic applications. 
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