(GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 NO 7-8 (352-353) Uroab-ABrycr 2024

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

MennuuHckue HoBocTH I'py3uun
Logodmggmml Lsdgwoobm Losbemgbo



GEORGIAN MEDICAL NEWS

Monthly Georgia-US joint scientific journal published both in electronic and paper
formats of the Agency of Medical Information of the Georgian Association of Business Press.
Published since 1994. Distributed in NIS, EU and USA.

GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting
the science and art of medicine and the betterment of public health, published by the GMN Editorial
Board since 1994. GMN carries original scientific articles on medicine, biology and pharmacy, which
are of experimental, theoretical and practical character; publishes original research, reviews, commen-
taries, editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The full
text content is available through EBSCO databases.

GMN: Meaununnckue HoBocTH I'py3un - exxeMecsuHbli pelieH3UpyEeMblil HayYHbIHN KypHal, U3AaéTcs
Penaxumonnoit komierueit ¢ 1994 roma Ha pPycCKOM W aHIJIMMCKOM SI3BIKaX B IIEJISIX TOIJEPIKKH
MEAMIIMHCKON HayKd M YIy4dlIeHHUs 30paBOOXpaHeHHs. B KypHase myOIMKYIOTCSI OpUTMHAJIbHBIE
Hay4HbIE CTaThbH B 00JIACTU MEIUIIMHBI, OMOJIOTUH U (papMaliy, CTaTbl 0030pHOT0 XapakTepa, HayuHbIe
cO0O011IeHNs, HOBOCTH METUIIMHBI U 3/ipaBooxpaHenus. XKypuan unnexkcupyercs B MEDLINE, orpaxén
B 0aze nanHbix SCOPUS, PubMed u BUHUTU PAH. IlonHOTEKCTOBBIE CTAThU KypHaia JTOCTYIHBI
yepe3 b/ EBSCO.

GMN: Georgian Medical News — Lo Jo®mggeoml bsdgoozobm Losbangbo — s@ols ymggemgoy@o
bodg(36096m LodgeoEobm M9396%0Mgdswo gy@bogno, aodmoigds 1994 Faowsb, [omdmswagbls
Lbodgosd@om gomagyoobs s 533-0l 39360909d0L, aobosmengdols, 0beyglE®ool, byermgbgdols
s 39bgd0ldgBYyggegdols Log@msdm@olim s3ogdool gOmmdaog godmgdsl. GMN-Fo Gyl
> 0baaoly® gbgody J3g9bwgds 9Jb3gM0dgbG o, mgm@oygmo s 3GsJBogyeo bobosmols
M®0y0bsayg®o  bsdgsbogdm LEsGogdo dgooi3obols, domamaools ©s @o®dsizool beyg®mdo,
dodmboagomo babosmol LEs@ogdo.

J9®bsao obpgdbodgdyamos MEDLINE-ol bsg@msdm@obem Lol gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols ws BUHUTH PAH-0ls dmbsgdms dobgddo. LRs@ogdols barygao @gjl@o
bgendolsfgmdos EBSCO-I dmbsigdms dsbgdowsb.

WEBSITE
www.geomednews.com



K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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
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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 pg 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 (pg) of selenium daily.
This range accommodates different needs, particularly for
women who are pregnant or lactating, who may require slightly
higher amounts—60 pg during pregnancy and 70 pg 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 100mg 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 15,000mg/kg [21].

168



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 2512 °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 15" 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,
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Hydroponic Radish (Raphanus sativus L)

Figure 1. Cultivation of hydroponic Radish (Raphanus sativus L.).

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 KMnOa4 [22].

Fluorescent determination of Se mass concentration
in air-dried material: The air-dried material is pre-treated
to obtain selenite ions (SeOs). 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 pg/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 um
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



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 Imagel, 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
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Figure 2. Comparative biochemical assay results for ALT and AST in
the control, paracetamol, and hydroponic Radish-treated groups.
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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: x100 (Control); x100
(Radish+Paracetamol); %400 (Paracetamol).

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-¢). In the Control group,
the observed count of hepatic vessels was 1823 + 24.87, with a
total area of 189,966 + 21,058 um? and an average vessel size of
160.46 + 11.45 um?2. 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
um? (Figure 3a). The average vessel size was 101.6 £ 9.65 pm?,
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
areduction 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 um? and an average vessel size of 133.5 + 7.9 um?.
The percentage area occupied by hepatic vessels was 12.45 +
1.02% (Figure 3 a-e). The results indicated a significant increase



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-¢).

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 CYP2EI1 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
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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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