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ABSTRACT 

The frequency of liver injury is rising universally due to the leisure and societal acceptance of ethanol (EtOH) 

consumption. Enzymes that break down ethanol are primarily found in the liver, as such, the effects of long-time 

ethanol drinking cause a more serious effect on the liver as opposed to other body parts like the heart, brain, and 

gastrointestinal organs. Ethanol-induced hepatic injury occurs through oxidative stress, lipid accumulation, and 

inflammation. This experiment was carried out to investigate the impacts of ß, Ɛ-Carotene-3,3’-diol on the 

hepatotoxicity induced by EtOH in Wistar rats.  A total of 48 Wistar rats were purchased and randomly split into 

six distinct groups (n=8): Oral administration was carried out using oral cannula. The control group was Group 

A, Group B = EtOH-only, and Group C = EtOH, + ß, Epsilon-Carotene-3,3’-diol at 10 mg/kg, group D = EtOH, 

+ ß, Epsilon-Carotene-3,3’-diol at 20 mg/kg, group E = EtO.H, + ß, Epsilon-Carot.ene-3,3’-diol at 40 mg/kg, and 

group F = EtOH + Silymarin 200 mg/kg. At sacrifice, blood samples were collected to determine antioxidant 

activity by assaying for superoxide dismutase (SOD), and catalase. The total protein level, malondialdehyde and 

the concentration of tumor necrosis factor-alpha (TNF-α) was evaluated for the effects of EtOH on inflammation 

and lipid peroxidation. The results showed ethanol caused macrovesicular and microvesicular steatosis. EtOH 

caused an increase in MDA and TNF-α concentration, and a reduction in catalase, SOD, and TP level. Remedy 

with ß, Epsilon-Carot.ene-3,3’-diol after ethanol-influenced hepatoxicity highlights its ameliorative ability in a 

dose-reliance pattern. 
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INTRODUCTION 

Data from the World Health Organization estimated 

that 400 million people globally live with alcohol use 

disorder 1. Given the significant risks and global 

prevalence of alcohol use disorder (AUD), it accounts 

for 20% of all disability-adjusted life years (DALYs) 

attributed to suicide 2. Despite the awareness of the 

liver damage caused by alcohol, its consumption is 

steadily increasing 3-4. Some of the predictors of 

excessive ethanol use includes age at first drink, 

pleasure expectancies, family history of ethanol 

abuse, environmental factors. Ethanol is a major risk 

factor for several diseases, causing toxicity to vital 

organs like the liver, heart, brain, and gastrointestinal 

(GIT) organs. Its long-term and high consumption 

leads to liver damage, primarily because it serves as 

the principal site for ethanol-metabolizing proteins 

that catalyze specific biochemical reactions. It has 

also been posited by several authors that when 

excessive drinking happens over time, it causes 

alcoholic liver disease, which can be associated with 

conditions like steatosis or fatty liver caused by 

alcohol, steatohepatitis, cirrhosis, and liver cancer 3, 5-

7. Ethanol-induced liver injury occurs through 

destruction of hepatocytes via oxidative stress, lipid 

accumulation and inflammation 8. For instance, it was 

reported that rats exposed to ethanol had hepatic 

injury due to necrosis, and presence of lipid droplets 

in the cytoplasm of the hepatocytes 9. 

Alcoholic fatty hepatic disease is often observed in 

about 90% heavy drinkers 6, 10, 11, marked by the 

storage of lipid in the liver cells due to over-supply of 

lipid 12 that were not cleared. Fat clearance in the liver 

is controlled by mitochondrial β-oxidation and 

expression of excessive stored triglycerides that are 

packed into very-low density lipoprotein (VLDL) 13. 

Continued alcohol consumption speeds up the 
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progression of alcoholic fatty liver to hepatitis. This is 

depicted by steatosis, hepatocytes ballooning, and 

penetration of neutrophils with or without fibrosis 14, 

15. Excess alcohol consumption promotes 

acetaldehyde increase, which in turn activates the 

action of reactive oxygen species (ROS) 16, 17. The 

production of ROS rapidly accelerates iron overload 

in the cytoplasm 18 and promotes peroxidation of lipid, 

hence, hepatocyte death. Acetaldehyde is then 

transformed to acetate by aldehyde dehydrogenase 

enzyme (ALDH), which is converted into carbon 

dioxide (CO2), fatty acids (FAs), and water (H2O) 3, 19. 

Ethanol causes limits enzymes such as glutathione 

peroxidase, super.o.xi.de dismutase, and catalase 20, 

thereby weakening the liver's antioxidant system. 

The Nuclear factor kappa B (NF-κB) cells signaling 

pathway becomes activated when exposed to ethanol-

derived metabolites and TNF-α concentration rises in 

macrophages 21. Pharmacological therapeutics used 

for treating alcoholic liver disease (ALD) causes some 

side effects like Jaundice, neuropsychological 

activities, vomiting, stooling, dermal reactions and 

GIT problems. As a result, toxic effects of ethanol, the 

concern for alcoholism is still of global concern to 

social and health workersAs a result of the toxic 

effects of ethanol, alcoholism remains a global 

concern for social and health workers 22. 

Over the years, plant extracts have been used 

worldwide to treat health complexities due to their 

countless advantages, accessibility 23 and 

phytochemical contents 24 such as phenol, flavonoids 

carotenoid, and vitamins 25, 26. As a result, the 

consumption of plants rich in phytochemical 

constituents has been advocated by several authors 24, 

27, 28. One of such is ß, Epsilon-Carotene-3,3’-diol, the 

non-provitamin carotenoid type which is available in 

vegetables like spinach, broccoli, etc. Previous studies 
29, 30 have reported its anticancer, counter-

hypertensive and counter-diabetic effects. Its 

reparative effects as an anti-inflammatory and 

antioxidant agent on indomethacin-induced 

hepatotoxicity and indomethacin- induced gastric 

ulcer have also been documented 31. Therefore, this 

research explored the effects of ß, Epsilon-Carot.ene-

3, 3’ diol on ethanol-induced hepatotoxicity in adult 

male Wistar rats. 

MATERIALS AND METHODS 

Experimental reagents 

ß, Epsilon-Carotene-3,3’-diol was acquired from 

Ambeed Inc, United States of America, Ethanol was 

procured from SIGMA Aldrich, USA, Silymarin 

tablet was acquired at the medication station of the 

Obafemi Awolowo University Teaching Hospital 

Complex, (OAUTHC), Ile-Ife Osun State, Nigeria. 

Ethical statement 

This experimentation was achieved after getting 

consent from the Health Research Ethics Committee 

(HREC) of the University. The HREC identity of 

IPH/OAU/2655 was obtained. 

Animal use 

A total of forty-eight Wistar rats were obtained, and 

housed at the research building of the Department of 

Anatomy and Cell Biology, OAU, Ile-Ife, Nigeria 

under room temperature, and lighting. They were 

granted access to rat feed, distilled water ad libitum 

and were acclimatized within two weeks prior to the 

beginning of the experiment. 

Study pattern 

The rats were grouped into six of eight rats each (n=8). 

Using an oral cannula, the animals in group A received 

distilled water, while groups B-F rats received a once 

daily oral administration of 40% ethanol for 21 days. 

They were fasted for twenty-hours after the last 

ethanol administration for gastric emptying, and put 

through oral treatment with ß, Epsilon-Carotene-

3,3’diol, 12 hourly for 21 days. 

 

Animal sacrifice 

Using ketamine as anesthetic agent, sacrifice was 

done 24 hours upon completion of the final treatment 

regimen. A thoracoabdominal incision was made, 

hematology samples were obtained with a hypodermic 

needle through cardiac puncture. Rat livers were 

expunged, swilled in normal saline, and preserved in 

10% formol saline. Biochemical studies were carried 

out on the serum and liver tissue. 

Determination of liver weight 

The relative liver weight of the animal was measured 

thus: 

Relative liver weight = 
𝑙𝑖𝑣.𝑒𝑟 𝑤𝑒.𝑖𝑔ℎ𝑡

𝑓𝑖𝑛𝑎.𝑙 𝑏𝑜𝑑𝑦 𝑤.𝑒𝑖𝑔ℎ𝑡
𝑥100 

Histological analysis 

Fixed tissues were processed and stained for 

histological demonstration using Oil Red O stain. 

Statistical analysis 

Figures were demonstrated as Mean ± SEM. 

Significant variability amo.ng means of the groups 

was determined employing a one-way analysis of 

variance (ANOVA). Values of result was regarded to 

be statistically substantial at P <0.05. 

Photomicrography 

Liver sections we.re observed using a LEICA research 

microscope (DM750) fastened to a computerized 

camera (LEICA ICC50), and microphotographs with 

merged scale bars were captured. 

RESULTS 

Mac.ros.co.pic influence of ß, epsilon-caro.ten.e-

3,3’-diol and silymar.in on the liver after ethanol – 

influenced liver toxicity 
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The macroscopic representation of the liver across the 

experimental groups is presented in figure 1. The 

image shows features of numerous fatty droplets and 

hepatocellular ballooning in the ethanol-treated group 

in contrast to the regular group. The B and C category 

demonstrated a mild reduction in fatty droplets, but 

the anti-steatotic effects of ß, Epsilon-Carotene-3,3’-

diol was demonstrated via a high dosage. Silymarin 

also demonstrated a reduction in presence of fatty 

droplets, with features similar to control. 

 

Figure 1: Macroscopic images showing liver 

managed with ß, Ɛ-Carotene- 3, 3’-diol and Silymarin 

following ethanol-induced hepatotoxicity. Black 

arrow shows ballooning of the liver and fatty droplets. 

A = Normal control; B = Ethanol only group; C = 

treated with 10 mg/kg b.w ß, Ɛ-Carotene- 3, 3’-diol; D 

= treated with 20 mg/kg b.w of ß, Ɛ-Carote.ne- 3, 3’-

diol; E =   treated with 40 mg/kg b.w ß, Ɛ-Carotene- 3, 

3’-diol, F = treated with 200 mg/kg Silymarin. 

 

Histopathology for Oil Red O staining 

The results in group A showed normal 

cytoarchitectural appearance alongside prominent 

central vein, linearly arranged hepatocytes with 

apparent nuclei. Group B was characterized by 

microvesicular and macrovesicular steatosis displayed 

within the green circle as shown in figure 2. The 

histoarchitectural observations in the ß, Epsilon-

Caroten.e-3,3’-diol managed categories showed a 

dose-dependent ameliorative effects, with an highest 

efficacy observed in group E, a restoration that is 

comparable with normal control. The silymarin group 

exhibited little indication pertaining to steatotic 

accumulation.

 

 

 

 

 
Figure 2: Representative microphotographs of the liver subjected to ethanol-induced hepatotoxicity 

then treated with ß, Ɛ-Carotene-3,3’diol and silymarin. Oil Red O Stain x 400 magnifi .cation. The 

reddish-orange col.oration within the “green” circle indicates the area percolated by fatty droplets, 

showing features of microve.sicular and macro.vesicular steatosis (Blue and yellow circle). A = Normal 

control; B = Ethanol-treated group; C = treated with 10 mg/kg b.w ß, Ɛ-Car.otene- 3, 3’-diol; D = treated 

with 20 mg/kg b.w of ß, Ɛ-Caro.tene- 3, 3’-diol; E =   treated with 40 mg/kg b.w ß, Ɛ-Carot.ene- 3, 3’-

diol, F = treated with 200 mg/kg Silymarin. 
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Bioche.mica.l ob.serv.ation 

Influence of ß, epsilon-caro..tene-3,3’-diol an.d 

silym.arin on ethanol – influenced liver toxicity 

on serum an.tioxidan.ts (cat.alase an.d 

sup.eroxi.de dism.utase) activities 

 

The re.sults revealed signif.icant red.uctio.n 

(p<0.05) in cat.alas.e action in the negative 

contr.ol,. in contrast to the typical co.ntro.l (Fig 3). 

Remediation with ß, Epsilon-Car.ote.ne-3,3’-diol 

promte.d sign.ifican.t dose-dep.enden.t 

increasement (p<0.05) across enzy.me activ.ity in 

grou.ps C and D in contrast to gro.up A. How.eve.r, 

group E exhibited a n.on-signific.ant dif.ference 

(p=0.1079) in contrast to group A, group F 

(sily.marin-treated) also showed a signifi .cant 

disparity (p<0.05) in contrast to group A. Grou .p 

E (highest ß, Ɛ-Carot.ene-3,3’-diol. group) 

exhibited a sign.ifica.nt dif.fere.nce in cata.lase 

acti.vit.y in contrast to group F. Ethan .ol 

signific.antly redu.ced SO.D activ.ity in g.ro.up B in 

contrast to gr.ou.p A as sh.own in figure 3b. 

Ho.w.eve..r, remediation with ß, Epsilon-

Ca.roten.e-3,3’-diol effected a si .gnifi.ca.nt do.se-

de.pen.den.t in.creas.e (p<0.05) in groups C, and D, 

in contrast to group A. However, groups E and F 

exhibited a non-sig.nifica.nt difference (p>0.05) 

in contrast to group A. The.re was a no.n-

signi.ficant differ.ence (p=0.7841) in contrasting 

gro.up E to group F. 

 

Eff.ects of ß, epsilon-carotene-3,3’-diol and 

silym.arin on ethanol –influenced liver to.xicity 

on malondial.dehyde (MDA) concen.tration and 

tota.l pr.otein lev.el  

Fig 4a ill.ustrates the influence of ß, Epsilon-

Ca.roten.e-3,3’-diol regarding ser.um M.DA 

con.cent.ratio.n. Ethanol sig.nificant.ly increased (p 

< 0.0001) MDA act.ivitie.s in gro.up B. in c to 

group A. Ho.weve.r, ß, Epsilon-Ca.roten.e-3,3’-

diol and Silymarin c.ause.d a dose-depe.ndent 

si.gnific.ant dif.feren.ce (p < 0.0001) in gro .ups C, 

D, an.d F in contrast to group A, but a non-

sign.ificant decr.ease was ob.serve.d in contrasting 

category E .with category A. 

The Total Prot.ein level of rats is show.n in fig.ure 

4b. Eth.ano.l sig.nifica.ntly dec.rease.d (p < 0.0001) 

TP le.vel in gro.up B in contrast to gr .oup A. 

Remediation with ß, Epsilon-Ca.roten.e-3,3’-diol 

and silyma.rin influenced  a dose-reliant 

significant increase (p < 0.0001) in groups D, E, 

and F wh.en comp.ared to group B, conversely, a 

non-signif.icant diffe.renc.e was ob.serve.d in 

group C (p=0.1059) in contrast to gro .up B. A 

sign.ificant di.ffere.nce was displayed (p < 0.0001) 

in. category E in contrast to F. 

 

Eff.ect.s of ß, epsilon-ca.roten.e-3,3’-di.ol and 

si.lymar.in on et.hano.l–in.fluence.d liver toxi.city 

on tis.sue tum.or necr.osis fa.ctor-alp.ha (TNF-α) 

Etha.nol significantly increased (p < 0.0001) 

TNF-α concent.ration in group B in contrast to 

group A as sho.wn in figure 5. Remediation with 

ß, Epsilon-Carot.ene-3,3’-diol and sily.marin 

influenced a dose-dep.endent sig.nifica.nt in.cre.a.se 

(p < 0.0001) in gro.ups D, E, and F in contrast to 

gro.up B, conversely, a non-significant diffe.rence 

was obse.rved in group C (p=0.1059) whe .n 

com.par.ed to group B. It w.as also discovered that 

a signific.ant differ.ence (p < 0.0001) was in grou.p 

E when com.pared with gr.oup F. 
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Figure 3a and 3b: Sh.o.ws the activ.ity of Cata.lase and Su.peroxi.de dism.utase fol.lowi.ng remediation 

with ß, Epsilon-Ca.rotene- 3, 3’-di.ol and sil.ymar.in af.ter eth.ano.l-influenced liver t.oxicity. n = 8, mean 

± SEM, ANO A, p ˂ 0.05. A = Nor.ma.l category; B = Etha.nol-influenced category; C = 10 mg/kg 

b.w ß, Epsilon-C.aro.tene- 3, 3’-di.ol; D = 20 mg/kg b.w of ß, Epsilon-Car.oten.e- 3, 3’-diol; E = 40 

mg/kg b.w ß, Epsilon-Carot.ene- 3, 3’-diol, F = 200 mg/kg Silym.arin. 

 

Figure 4a and 4b: Shows Malond.ialdehyde concentr.ation and the tot.al pro.tei.n le.vel following 

remediation with ß, Epsilon-Car.oten.e- 3, 3’-di.ol and sil.ymar.in after ethan.ol-influenced liver t.oxicity. 

n = 8, mean ± SEM, ANO A, p ˂ 0.05. A = Normal category; B = Eth .anol-tre.ated. category; C = 10 

mg/kg b.w ß, Epsilon-Car.oten.e- 3, 3’-diol; D = 20 mg/kg b.w of ß, Epsilon-Caro.tene- 3, 3’-diol; E = 

40 mg/kg b.w ß, Epsilon-Ca.rote.ne- 3, 3’-diol, F = 200 mg/kg Silym.arin. 
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Figure 5: Shows Tum.or Nec.rosis Fa.ctor - Alp.ha 

concentr.ation following remediation with ß, Ɛ-

Carote.ne- 3, 3’-di.ol and sil.ymari.n aft.er eth.ano.l-

ind.uce.d he.patoto.xicit.y. n = 8, mean ± SEM, 

AN.O. A, p ˂ 0.05. A = Nor .mal contr.ol; B = 

Ethan.ol-tr.eated group; C = treat.ed with 10 mg/kg 

b.w ß, Ɛ-Ca.roten.e- 3, 3’-diol; D = tre.ated w.ith 20 

mg/kg b.w of ß, Ɛ-Ca.rote.ne- 3, 3’-diol; E =   

tre.ated with 40 mg/kg b.w ß, Ɛ-Ca.rote.ne- 3, 3’-

diol, F = trea.ted with 200 mg/kg Silyma.rin. 
 

 

 

DISC.USSION 

T.he li.v.er is usually more dam .aged seeing that 

eth.an.ol is m.etab.olized there 19. The mecha.nism 

of etha.nol-indu.ced hepatot.oxicity occurs 

through systemic destruction to li .ver cel.ls by 

way of redox imbalance, acc.umulation of lipid, 

and inf.lammati.on 8. The featu.res of hepa.tocy.te 

balloo.ning and fat.ty dropl.ets in the liver ag.rees 

with pre.vious stud.ies that obser.ved th.at the 

admin.istrat.ion of etha.nol caus.es ballo.oning of 

the liver and pre.sence of large and sm .all lipid 

droplets 32-34. How.ever, remediation with ß, 

Epsilon-Carotene-3,3’-diol in the lesser, mi .ddle, 

higher dose, and the silyma.rin-treated group 

revealed a dose-depen.dent decre.as.e in the lip..id 

drop.lets and fat.ty infil.tration. This is simi.lar to 

the work of Ofusori 35, who po.sited that the 

obs.ervab.le featu.res of fa.tty infiltr.ation in the 

live.r were abat.ed in rats treated with ß, Epsilon-

Carote.ne-3,3’-diol. This observ.ation may be as a 

res.ult of the antist.eatotic ability of ß, Epsilon-

Car.oten.e-3,3’- diol. 

Admini.stration of ethanol initia.tes an 

inflam.matory pat.hway, lead.in.g to an incr.ease in 

tu.mo.r necr.osis fact.or (TNF-α) concentr.ation 

across the gr.ou.p. The activa.tion of inflamm.atory 

path.way, und.erscore.s pr.eviou.s re.port.s 36-37 

wh.ich po.sit.ed that etha.nol and its meta.bolite.s 

ov.erwhelm the liv.er th.ere.by activ.ating the IL-6 

an.d TNF-α medi.ate.d pat.hway.s. Th.is is beca.use 

prol.onge.d et.han.ol con.sumpt.ion acti.vate.s 

Kupf.fer cells in the li .v.er, mak.in.g th.em 

resp.onsiv.e and sens.itive to sub.seque.nt 

inflam.matory sti.mul.i. Th.is incre.ases th.eir 

ca.pac.ity for TN.F-α prod.uction an.d rele.ase 

across liver tissues. ß, Epsilon-Ca.rote.ne-3,3’- 

dio.l ca.use.d a si.gnific.ant depletion in TNF-α 

con.centratio.n in the remediated groups as 

opposed to the ethanol-only group. Th.is 

obs.ervat.ion high.lights its abi .lity in inhibi.ti.ng 

inflam..matory path.ways, prima.rily by 

sup.pressin.g NF-kB pa.thway that reg.ulate.s the 

pro.ducti.on of inflamm.atory interleukins. The 

d.ose-depen.dent amel.iorative effect in.dic.ates 

that hi.ghe.r dose prov.ided gre.ater protec.tion, as 

similarly reported by A.dek.unle and Ofusori 31.  

Etha.nol overwh.elms the body’s antiox.idant 

protection set-up by amplifying re.acti.ve oxyg.en 

spe.cies (ROS), alongside reducing essen .tial 

antioxi.dants like catal.ase, supe.roxide dismu.tase 

and gluta.thion.e. Th.is res.ult corrob.orates the 

rep.ort of Moraes 38. How.ever, tr.eatm.ent with 

gra.ded doses of ß, Epsilon-Ca.roten.e, 3, 3’diol, 

influenced an in.cr.ement in Cat.alas.e and 

Super.oxide dism.utase a.ctivi.ty in the remediated 

categories. Thi.s effect mi.ght be du.e to the 

capa.city of ß, Epsilon-Car.ot.ene, 3, 3’diol in 

bo.osti.ng endog.eno.us anti-oxi.dant level, 

un.dersco.ring ear.li.er f.in.din.gs 27, 39, 40. These 

auth.ors repo.rted tha.t th.e administ.ration of 

exoge.nous antiox.idants can enha.nce a balance 

re.active ox.yge.n spec.ies when the capacity of 

endog.enous ant.ioxid.an.ts is lim.ited. Therefore, 

the reparative effects of ß, Epsilon-Car.ote.ne, 3, 

3’diol mi.ght be du.e to its abil.ity in re.duci.ng ROS 

produc.tion and th.e imba.lanc.ed endo.genous 

antio.xidants. 

Malo.ndialdehyde is an ultimate derivative of the 

degeneration of polyu.nsaturate.d fat.ty acids 39. 

This resea.rch sho.wed that eth.anol 

adm.inistratio.n incre.ased MDA concen.tration. 

This incre.ased concen.tration might be due to the 

excessive produc.tion of free radicals alongside 

manif.estation of facil.itated lipid peroxi.dation. 

This und.ersc.ores pre.viou.s r.epo.rts 42, 43 which 
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posited that in.crease.d lipid peroxid.ation le.ads to 

h.ighe.r le.ve.ls of MDA. The do.se-depen.dent 

decrease in MDA concentrations in the ß, 

Epsilon-C.aro.ten.e, 3, 3’ diol-trea.ted grou.ps 

mi.ght be co.nnect.ed to its pot.enc.y in neutr.alizing 

lipid perox.yl radicals, thereby inter .rupting the 

chain reac.tion of lipid oxida.tion caused by 

etha.nol. 

Hepatoc.ytes are respons.ible for pro.tein 

sy.nthes.i.s, the red.uct.io.n in to.t.al pro.tein may be 

pa.rtly d.ue to their destruc.tion follow.ing et.ha.no.l 

administ.ration. E.thano.l causes an in.crea.se in 

poly-ubiquiti.nated pr.ote.ins by impa.iring the 

ubi.quitin-proteas.ome pat.hwa.y (UPP). The 

impai.rment of thi.s s.yste.m c.an resu.lt fro.m the 

ad.duc.t fo.rm.a.tio.n b.etwe.en ace.taldehy.de an.d 

prot.easom.e su.buni.ts, th.ere.b.y le.adin.g to protein 

degrad.ation. Sim.ilarly, the redu.ction in protein 

level may also be due to the inhi .bi.ting effect of 

acetal.dehyde on hormones like IGF-1, insu.lin, 

and GH that stimu.lates and regul.ates prot.e.in 

synthes.is and metabo.lism. This corrobor.ates the 

earl.ier findi.ngs whi.ch repor.ted that et.hanol 

intake decre.ases demonstration of hepat .ocyte 

gr.o.w.t.h f.acto.r (HGF), growt.h ho.rm.on.e (GH), 

Insu.lin-like g.ro.w.th fa.ctor-1 (IGF-1) 44-45, whi.ch 

m.odulat.es synthesis of en.zymes and trans.port of 

metaboli.tes wh.ich in.fluen.ces pr.otein synth.esis. 

Similarly, accord.ing to McDon.ough 46, an 

a.lterati.on in the anti.oxidant de.fens.e sy.ste.m 

ca.us.e.s hy.droxy.l ra.dica.l (OH), super.oxide 

rad.ica.l (O2s-) and hy..droge..n pe.roxi.de (H2O2) to 

r.eac.t wi.th ce.llula.r prote.ins, lip.ids an.d DN.A. 

Ho.wev.er, trea.tmen.t wi.th va.ryin.g dos.es of ß, 

EpsilonƐ-Ca.roten.e, 3, 3’ diol in t.his stu.dy 

prom.ote.d an incre.ase in pr.otei.n level. Thi.s m.ay 

be du.e to its abi.lity to decr.ea.se ubiqui.tin 

co.njuga.tes by suppre.ssing the exp.ressio.n of 

ubiqui.tin li.ga.ses lik.e Atro.gin-1 and Mu.RF1 

which are invo.lved in the UPP. 

By rem.oving these enzy.mes, ß, Epsilon-

Carotene, 3, 3’ diol decre.ased the number of 

ubiqui.tin conju.gates, and pr.otei.n breakdown was 

re.duce.d. ß, Epsilon-Carotene, 3, 3’ di.ol ma.y 

hav.e als.o promo.ted prot.ein synt.hesis by 

stim.ulati.ng gro.wth-related fac.tors like GH, 

HGF, leading to increased pro.tein sy.nthe.s.is as 

seen in the low, m.id, and hig.h dose gro.ups 

respec.tively.  So.me bioact.ive compou.nds, such 

as flavonoi.d, po.lyphenols, and sapon.ins 47-50 are 

contai.ned in ß, Ɛ-Car.otene, 3, 3’ diol, thes.e 

co.mpou.nds contri.bute to phenomena and ove.ral.l 

pro.pert.ies that help in mitiga.ting the over.al.l 

ethanol da.mage to th.e li.ve.r.  

CONCLUSION 

In conclus.ion, this stu.dy has provi.ded 

inf.ormat.ion that trea.tmen.t with ß, Epsilon-

Caro.ten.e-3,3’-Diol displayed amelio.rative 

effects, demonstrat.ing a str.onge.r dose–reliant 

re.ducti.on in liver inflam.mation, impr.oving 

antioxidant enzyme activity, and pro.moting 

reducti.on of fatty droplets. This res .ult was 

particularl.y ev.iden.t at a hi.gh dosage of 40 mg/kg 

bo.dy weight, highligh.ting it as a pote.ntial an.ti-

steatotic, antiox.idant and anti-inflamm.atory 

age.nt. 
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