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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Paracetamol-induced liver toxicity in rats is a well-studied 

model for liver damage. The present study investigates the 
morphological changes in hepatic blood vessels and the 
protective effects of hydroponically grown Radish (Raphanus 
sativus L.) pretreatment in rats with paracetamol-induced liver 
damage. The results indicate significant alterations in vascular 
morphology and liver enzyme levels, specifically alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST), 
which serve as indicators of hepatotoxicity.

The findings suggest that hydroponic Radish may mitigate the 
adverse effects of paracetamol on liver health, highlighting the 
importance of dietary components in preventing micronutrient 
deficiencies and promoting overall health.

Key words. Paracetamol toxicity, liver, ALT, AST, hydroponic 
Radish.
Introduction.

The incidence of acute liver failure is roughly 10 per one 
million people annually in developed countries [1]. Paracetamol 
(Acetaminophen; N-acetyl-p-aminophenol) is widely used as an 
antipyretic and analgesic, and it produces acute liver damage if 
administrated in excess [2]. Paracetamol is mainly metabolized 
in the liver to excretable glucuronide and sulphate conjugates 
[3]. However, the hepatotoxicity of paracetamol has been 
attributed to the formation of toxic metabolites when part of 
it is activated by hepatic cytochrome P‒450 [4] to form the 
highly reactive metabolite N‒acetyl‒P‒benzoquinone imine 
(NAPQI) [5]. NAPQI covalently binds to cysteine groups on 
proteins to form 3-(cystein-S-yl) acetaminophen adducts [6]. 
The glutathione protects hepatocytes by combining with the 
reactive metabolite of paracetamol, thus preventing covalent 
binding to liver proteins [7].

Paracetamol-induced liver toxicity in rats is a well-studied 
model for liver damage. In one study, rats were given 
paracetamol to induce hepatotoxicity, resulting in significant 
hepatic damage as indicated by elevated levels of serum markers 
[8]. Other studies have investigated the mechanism of toxicity 
in rats and mice, comparing protein adducts, mitochondrial 
dysfunction, and oxidative stress [9]. Several studies have also 
investigated potential treatments for paracetamol-induced liver 
damage in rats, including the administration of methanol extract 
of Muntingia calabura L. leaves and nerol [10]. Monitoring 
specific liver proteins in serum, such as ALT and AST, serves 
as biomarkers for drug-related liver toxicity. These biomarkers 
can significantly aid clinicians in identifying and avoiding 

drug-induced liver failure by facilitating early detection and 
intervention [11].

The Radish (Raphanus sativus L.) is a representative root 
vegetable of the family Brassicaceae, which is extensively 
cultivated worldwide. Radishes are an agricultural product with 
excellent nutritional value owing to their rich moisture and fiber 
content, and high content of vitamins A and C. In addition, they 
have traditionally been known to have various benefits, such 
as digestion-promoting, stomach-protecting, anti-inflammatory, 
anticancer, antioxidant, and hemostatic benefits [12].

A study on the cancer preventive effect of Thai rat-tailed 
Radish (Raphanus sativus L. var. caudatus Alef) extract found 
that it prevented hepatocarcinogenesis in rats by blocking 
mutagenicity [13]. A study on the antioxidant effect of squeezed 
juice from black Radish (Raphanus sativus L. var. niger) in 
alimentary hyperlipidaemia in rats found that supplementation 
of a lipid-rich diet with black Radish juice resulted in significant 
improvement of biomarkers related to lipid peroxidation 
and antioxidant enzyme activities [14]. A study on the 
pharmacological evaluation of the anxiolytic-like effects of an 
aqueous extract of Raphanus sativus L. sprouts in mice found 
that the anxiolytic activity involves GABAA/BDZs site and 
serotonin 5-HT1A receptors [15]. 

Se deficiency is considered a serious problem [16]. The 
individual human Se intake ranges from 3 to 7000 μg Se/day 
worldwide, with most cases at the lower end of the range [17]. 
The World Health Organization (WHO) recommends that 
adults consume 55–70 micrograms (μg) of selenium daily. 
This range accommodates different needs, particularly for 
women who are pregnant or lactating, who may require slightly 
higher amounts—60 μg during pregnancy and 70 μg while 
breastfeeding [18,19]. 

Selenium is an essential trace element that plays a critical 
role in various bodily functions, including DNA synthesis, 
reproduction, and protection against oxidative damage. It is 
primarily stored in muscle tissue and the thyroid gland, where it 
is involved in the metabolism of thyroid hormones [20].

The selenium level in most soils is generally less than 1 mg Se/
kg soil; however, the selenium content in seleniferous soils 
can be as high as 4 to 100 mg Se/kg soil. The selenium content 
of plants in most soils is less than 1 mg/kg plant dry weight, 
whereas most plants grown in seleniferous soils show selenium 
levels in the range of 1 to 10 mg/kg plant dry weight. In the case 
of Se-hyperaccumulator plants, this can increase to between 
1000 to 15,000 mg/kg [21].
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Several studies have investigated the hepatoprotective effects 
of Radish on the liver. The research suggests that Radish 
extract may have a hepatoprotective effect on liver damage 
induced by various factors such as carbon tetrachloride (CCl4), 
acetaminophen, and a fat-rich diet. The hepatoprotective 
activity of Radish extract was evaluated in vitro and in vivo, 
and the results indicated a reduction in oxidative stress and 
apoptosis, as well as a protective effect against liver injury. 
Additionally, black Radish extract was found to attenuate 
oxidative stress and exert hepatoprotective effects on carbon 
tetrachloride-induced hepatic injury. Furthermore, fermented 
black Radish was reported to exert hepatoprotective effects 
against acute and chronic liver injury. These findings suggest 
that Radish extract, particularly black Radish extract, may have 
potential hepatoprotective and antifibrotic effects on the liver in 
rat models [12].
Materials and Methods.
Animals, cultivation, and ethics approval:

Adult male albino rats (n=15) weighing 200±20 g were 
purchased from the experimental center of Orbeli Institute of 
Physiology NAS RA. The experiments were performed at the 
same time period of the day and during the light period of the 
light–dark cycle (09:00–18:00 h). The animals were maintained 
at 25±2 °C, 12 h light – dark cycle and lights on 07:00 – 19:00 
h. Food and water ad libitum was provided to the animals. The 
experimental protocol was performed in accordance with the 
guidelines of the European Communities Council Directive 
(86/609/EEC) and was approved by the Ethics Committee 
of Yerevan State Medical University after Mkhitar Heratsi 
(Identification code N 4-2/18. Date: 15 November 2018).

Three groups of rats were established for this study: 
1. Paracetamol Group: Rats in this group received a single 

toxic dose of paracetamol at 3000 mg/kg, administered on the 
15th day of the experiment. 

2. Radish (enriched in Se) Group: Rats in this group were 
administered hydroponic Radish enriched with selenium (1 g/
kg, with selenium content of 1000 mg) daily for 14 consecutive 
days. On the 15th day, these rats also received a single toxic dose 
of paracetamol (3000 mg/kg). 

3. Control Group: Rats in this group were maintained under 
standard conditions for 15 days, serving as a baseline for 
comparison. 

After 16 days, biochemical assays for alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) levels, as well as 
histological examinations of the rat liver, were conducted to 
assess liver function.
Cultivation.

Hydroponic Radish cultivation was conducted from 2021 to 
2023 at the Institute of Hydroponics Problems, named after 
G.S. Davtyan (Figure 1). The institute is located at an altitude 
of approximately 850-900 meters above sea level, in a region 
characterized by a dry continental climate. The average annual 
air temperature in this area ranges from 11.0 to 11.8°C. The 
soil at the Institute is rich in phosphorus and potassium, with a 
humus content of approximately 1.5-2.5%. Plants grown in soil 
were irrigated with artesian water. In the hydroponic system, 

plants were nourished with a nutrient solution recommended by 
Davtyan. The substrate for the hydroponic system consisted of 
a mixture of gravel and volcanic slag in a 3:1 ratio, with particle 
sizes ranging from 3 to 15 mm. Prior to planting, the substrate 
was disinfected with a 0.05% solution of KMnO₄ [22].

Fluorescent determination of Se mass concentration 
in air-dried material: The air-dried material is pre-treated 
to obtain selenite ions (SeO₃). Ignition is conducted in an 
alkaline environment to prevent the loss of volatile selenium 
forms. Selenium mass concentration is then determined 
using a fluorescent detection technique. This method 
involves the interaction of selenite ions with the reagent 
2,3-diaminonaphthalene in an acidic environment, forming a 
compound known as 4,5-benzopyrazoselenol. This compound 
is extracted with hexane and exhibits yellow-red fluorescence. 
The fluorescence intensity is measured using a fluorimeter. To 
ensure accuracy, hydroselenide ions and selenium from organic 
compounds are converted into selenite ions by treating them with 
a mixture of nitric and hydrochloric acids. The measurement 
range for this method is 0.1 to 5.00 µg/L.
Measurement of ALT/AST levels:

Liver injury was evaluated by measuring biomarkers, such as 
serum ALT and AST levels, using commercial assay kits [23]. 
Morphological analysis of rat liver using a calcium adenosine 
triphosphate non-injection histological and angiological method:

The evaluation of hepatic microvasculature was conducted 
using a non-injection histological and angiological method 
that employs calcium adenosine triphosphate (Ca-ATP), as 
developed by Chilingaryan et al. [23]. This method involves 
the selective precipitation of phosphorus cleaved from ATP by 
calcium ions, which forms black lead sulfide, enabling three-
dimensional visualization of the microvascular network in 
thick tissue sections. The technique effectively differentiates 
components of the microvascular bed, such as arterioles, 
capillaries, and venules. In the experiment on albino rats, liver 
tissue was fixed in 5% neutral formalin for 24 hours, and 90 μm 
thick sections were incubated in a mixture containing ammonia, 
calcium chloride, ATP, and distilled water. Incubation lasted 30 
minutes to 20 hours, after which sections were treated with a 
lead mixture, then immersed in ammonium acetate and sodium 
sulfide solutions. Following washes with distilled water, the 

Figure 1. Cultivation of hydroponic Radish (Raphanus sativus L.).
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sections were mounted in Canadian balsam for permanent slide 
preparation. Morphological analysis was performed using a 
light optical microscope.
Methodology for quantification of capillary network 
morphometry based on the open-source software Fiji (Image J)

This protocol is instrumental in identifying pathological 
changes or pharmacological effects within the vascular anatomy. 
An accurate morphological characterization of the liver is 
crucial for understanding its functions and its vulnerability to 
paracetamol toxicity. Our morphometric analysis, facilitated 
by ImageJ, enabled the visualization and quantification of 
individual liver capillaries.
Statistics:

The significance of the differences observed among multiple 
groups was evaluated using a one-way analysis of variance 
(ANOVA). Post hoc individual comparisons were made using 
Tukey's honestly significantly different test. A value of p < 0.05 
was considered statistically significant. Data were analysed 
using GraphPad Prism version 8.0 software (Graphpad Software 
Inc).
Results.

Liver damage induced by a Paracetamol overdose can alter the 
activities of serum liver enzymes, such as ALT and AST, which 
serve as indicators of hepatotoxicity [24]. Therefore, plasma 
ALT and AST levels were measured to assess the protective 
effect of hydroponically grown Radish (Raphanus sativus L.) 
pretreatment in rats with Paracetamol-induced liver damage.

The concentrations of ALT and AST in the three groups 
were analyzed, revealing significant differences among them, 
as presented in Figure 2. The significant elevation in ALT 
levels in both the Radish + Paracetamol (69.20 ± 2.59 U/L) 
and Paracetamol (75.60 ± 2.96 U/L) groups, compared to the 
Control group (40.00 ± 1.48 U/L), strongly indicates liver 
damage. ALT, a sensitive marker of liver cell injury, showed 
a 73% increase in the Radish + Paracetamol group and an 89% 
increase in the Paracetamol group compared to the Control. A 
significant difference in ALT levels between the groups was 
found (F(2,27) = 191.6277, p < 0.0001). The most significant 
finding is the dramatic increase in AST levels specifically in 
the Paracetamol group (503.30 ± 5.77 U/L) compared to the 

Control (120.00 ± 3.16 U/L) and Radish + Paracetamol (120.90 
± 1.15 U/L) groups. Unlike ALT, which is primarily a liver 
enzyme, AST is found in multiple tissues, including the liver, 
heart, and muscles. Therefore, the sharply elevated AST levels 
in the Paracetamol group suggest potential damage to these 
organs beyond the liver, a serious concern that warrants further 
investigation to pinpoint the exact tissue affected. The relatively 
stable AST levels in the Control and Radish + Paracetamol 
groups indicate minimal damage to tissues containing AST in 
these groups. A significant difference in AST levels between 
the groups was revealed (F(2,27) = 13,602.2139, p < 0.0001) 
(Figure 2).
Effect of hydroponic Radish (Raphanus sativus L.) on liver 
vascular changes in paracetamol -induced liver-damaged rats:

Next, we evaluated the morphological changes in hepatic blood 
vessels across three experimental groups: Control, Paracetamol, 
and Radish + Paracetamol (Figure 3a-e). In the Control group, 
the observed count of hepatic vessels was 1823 ± 24.87, with a 
total area of 189,966 ± 21,058 µm² and an average vessel size of 
160.46 ± 11.45 µm². The percentage area occupied by hepatic 
vessels was 9.89 ± 1.1% (Figure 3). These baseline measurements 
served as a reference for assessing the effects of treatments in 
the other groups. In the Paracetamol group, the count of hepatic 
vessels was 1705 ± 130, with a total area of 165,320 ± 15,787 
µm² (Figure 3a). The average vessel size was 101.6 ± 9.65 µm², 
and the percentage area occupied by the vessels was 8.61 ± 
0.82% (Figure 3a-d). The average vessel size in the Paracetamol 
group was significantly smaller compared to the Control group 
(F = 227.1, p = 0.0003), indicating that paracetamol may lead to 
a reduction in vessel size, potentially affecting vascular integrity 
or remodelling. Moreover, the total area and percentage area 
of hepatic vessels in the Paracetamol group were significantly 
different from those in the Radish + Paracetamol group (F = 
227.1, p = 0.006). The Radish + Paracetamol group exhibited a 
count of 1794 ± 110 hepatic vessels, with a total area of 239,054 
± 19,555 µm² and an average vessel size of 133.5 ± 7.9 µm². 
The percentage area occupied by hepatic vessels was 12.45 ± 
1.02% (Figure 3 a-e). The results indicated a significant increase Figure 2. Comparative biochemical assay results for ALT and AST in 

the control, paracetamol, and hydroponic Radish-treated groups.

Figure 3. Histopathological evaluation scores of vascular alterations 
in control, paracetamol, and hydroponic Radish-treated rats (a-d). 
Microscopic images of the liver for control and experimental groups 
(e). The magnification levels are as follows: ×100 (Control); ×100 
(Radish+Paracetamol); ×400 (Paracetamol).
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in average vessel size compared to the Paracetamol group (F 
= 227.1, p = 0.01). Additionally, significant differences were 
observed in total area (F = 227.1, p = 0.006) and percentage 
area (F = 227.1, p = 0.0063) when compared to the Paracetamol 
group (Figure 3 a-e).
Discussion.

Hepatotoxicity in rats can be induced by various factors, 
including the administration of certain substances. For example, 
a study investigating the hepatotoxicity induced by the aqueous 
extract of Polygoni Multiflori Radix in rats found that serum 
transaminase levels (ALT and AST) increased significantly in 
the group treated with PMR, suggesting hepatotoxicity related 
to the inhibition of CYP1A2 or CYP2E1 activity [25]. Another 
study highlighted significant species differences in hepatotoxic 
phenotypes between rats and mice, underscoring the importance 
of choosing the most suitable animal model to assess drug-
induced hepatotoxicity [26]. The precise molecular mechanism 
underlying paracetamol-induced liver injury remains 
incompletely understood [11]. Under therapeutic conditions, 
approximately 60%–90% of paracetamol is metabolized in the 
liver through glucuronidation and sulfation, while a smaller 
proportion (approximately 5%–15%) is metabolized via the 
cytochrome P450 pathway [27]. Walker et al. (1983) conducted 
a scanning electron microscopic examination of the livers of 
mice treated with acetaminophen, revealing significant changes 
in liver morphology. They observed endocytic vacuolation at 
the lateral and sinusoidal edges of centrilobular hepatocytes, 
while the periportal regions remained unaffected [28]. These 
findings emphasize the critical impact of paracetamol on liver 
morphology and function, highlighting the need for further 
investigation into the mechanisms underlying paracetamol-
induced hepatotoxicity and potential therapeutic interventions.

The present study evaluated the morphological changes in 
hepatic blood vessels and the protective effects of hydroponically 
grown radish pretreatment in rats with paracetamol-induced liver 
damage. Paracetamol is widely recognized for its hepatotoxic 
potential, particularly in overdose situations, leading to 
significant alterations in liver enzyme activities, notably 
ALT and AST levels. These enzymes are critical indicators 
of hepatotoxicity, with elevated levels reflecting liver injury. 
The relatively stable AST levels observed in the Control and 
Radish + Paracetamol groups suggest minimal tissue damage in 
these groups. Morphological analysis of hepatic blood vessels 
revealed significant differences among the experimental groups. 
The Radish + Paracetamol group exhibited a significant increase 
in average vessel size compared to the Paracetamol group, 
indicating that the protective effects of selenium-rich radish 
may mitigate the adverse impacts of paracetamol on vascular 
morphology. This observation aligns with existing literature, 
which suggests that antioxidants found in radish may help 
protect against oxidative stress and inflammation associated 
with liver injury [29]. Radish extracts have been shown to 
significantly decrease levels of malondialdehyde, a marker 
of lipid peroxidation that increases during oxidative stress, 
suggesting that radish may restore the balance of oxidative stress 
in the liver, thereby protecting against cellular damage caused 
by paracetamol [12]. Additionally, studies have demonstrated 

that radish extracts reduce inflammatory cell infiltration in liver 
tissues affected by paracetamol. This reduction in inflammation 
correlates with improved histological outcomes, indicating that 
radish may counteract the inflammatory response triggered 
by paracetamol toxicity. Furthermore, radish extracts have 
been shown to enhance the expression of antioxidative factors 
such as Nrf2 and HO-1, which are crucial in defending against 
oxidative damage, and to influence apoptosis-related proteins, 
promoting cell survival in the context of paracetamol-induced 
liver injury [12,29].

The deficiency of Se in food chains and its subsequent impact 
on human health is largely attributed to low Se content in soils 
[30]. This deficiency can lead to significant health issues, as 
selenium plays a crucial role in various biological functions 
[31]. Many regions suffer from Se-deficient soils, resulting in 
low Se concentrations in crops and, consequently, in human 
diets [32]. In our research, we propose that selenium-enriched 
radish demonstrates protective effects against liver toxicity. In 
our previous research, we demonstrated the effectiveness of 
selenium-rich hydropnic Stevia in enhancing various health 
benefits, including its potential role in managing diabetes [33].
Conclusion.

The findings of our study underscore the importance of 
dietary components, such as hydroponic Radish, in potentially 
counteracting the adverse effects of pharmacological agents like 
paracetamol on hepatic vascular health. Given the significant 
role of paracetamol in acute liver failure and its associated 
mortality rates, further investigations are warranted to explore 
the mechanisms by which radish exerts its protective effects and 
its potential clinical applications in preventing paracetamol-
induced liver damage.
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