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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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articles. Tables and graphs must be headed.
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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
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
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.

Background: Metabolic dysfunction—associated steatotic
liver disease (MASLD), previously termed NAFLD/MAFLD,
can be reproduced in rats by a high-fructose diet and leads to
hepatic steatosis and liver injury.

Aim: To evaluate and compare the effects of silymarin,
fenofibrate, betaine and ademetionine on biochemical and
morphological manifestations of high-fructose—induced
MASLD in rats.

Methods: Male Wistar rats (n = 20 per group) were fed a
high-fructose diet for 5 weeks and treated with one of the four
agents. Serum ALT and AST activities and hepatic triglyceride
(TG) content were measured. Statistical analysis was performed
using one-way ANOVA with Tukey HSD post hoc test; results
are presented as mean + SD.

Results: In the fructose control group ALT and AST were
952 + 2.8 and 88.0 £ 2.1 U/L, respectively; hepatic TG
concentration was 12.50 £+ 0.38 mg/g. Fenofibrate produced the
most pronounced effect, lowering hepatic TG by about 60 %
(5.02 = 0.22 mg/g, p < 0.001) and reducing ALT and AST by
about 40 % (56.8 £ 2.9 U/L and 55.0 = 2.4 U/L, p < 0.001).
Silymarin and betaine induced intermediate reductions (all p <
0.001), whereas ademetionine markedly lowered transaminases
(p < 0.001) with only modest effects on hepatic TG (11.94 +
0.28 mg/g, p <0.001).

Conclusion: Fenofibrate was the most effective agent in
preventing fructose-induced hepatic steatosis and transaminase
elevation, in line with activation of PPAR-o—dependent
B-oxidation and inhibition of lipogenesis.

Key words. MASLD, steatohepatitis, fructose, silymarin,
fenofibrate, betaine, ademetionine.

Introduction.

Metabolic dysfunction—associated steatotic liver disease
(MASLD) is one of the most prevalent and clinically significant
liver disorders in the modern world. It is closely linked to
metabolic syndrome, which encompasses abdominal obesity,
elevated blood pressure, dyslipidemia, and insulin resistance.

The development of MASLD is driven by multiple factors,
including genetic predisposition, lifestyle (notably physical
activity and diet), and concomitant diseases. Excessive intake
of saturated fats and simple carbohydrates, together with
insufficient dietary fiber, contributes to disturbances in lipid
metabolism and increased fat deposition in the liver.

To investigate the pathogenetic mechanisms of MASLD and
to evaluate novel therapeutic strategies, experimental models
using Wistar rats are widely employed. These models replicate
key features of the disease, such as hepatic fat accumulation,
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inflammation, and fibrosis. Studies utilizing these models
facilitate the identification of the molecular mechanisms
underlying disease progression and enable the assessment of
the efficacy of various pharmacological agents with different
mechanisms of action.

As of 2025, there is growing interest in natural and adjunctive
remedies, particularly silymarin, betaine, and ademetionine.
Their effects can complement emerging pharmacologic
therapies or be employed in settings where contemporary
medications remain unavailable or are limited by factors such
as cost, safety, or contraindications. The review “MASLD
Pharmacotherapy: Current Standards, Emerging Treatments,
and Practical Guidance” emphasizes that the choice of agent,
dosage, and timing of therapy initiation are critical—especially
in early stages or in cases of moderate fibrosis, when tissue
damage remains reversible [1-6].

To correct these changes, drugs with different mechanisms of
action are used:

« Silymarin — an antioxidant and membrane stabiliser.

* Fenofibrate — a PPAR-a agonist that activates -oxidation.

* Betaine — a methyl donor that reduces lipid accumulation.

Ademetionine is a universal methyl donor that exhibits an anti-
cholestatic effect.

The aim of the study was to conduct a comparative study of
the efficacy of these drugs in an experimental model of fructose-
induced steatohepatitis in Wistar rats.

Materials and Methods.

A total of 100 male Wistar rats, 5 weeks of age and weighing
150-180 g, were used in the study. The animals were housed
under standard vivarium conditions with free access to food and
water ad libitum. The rats were randomized into five groups of
20 animals each:

Groups (20 animals each):

. Group 1: Control — high-fructose diet (70 % of total
energy from fructose).

. Group 2: Fructose + Silymarin — high-fructose diet
plus silymarin 200 mg/kg/day (oral administration).

. Group 3: Fructose + Fenofibrate — high-fructose diet
plus fenofibrate 100 mg/kg/day (oral administration).

. Group 4: Fructose + Betaine — high-fructose diet
plus betaine 1.5 g/kg/day (oral administration).

. Group 5: Fructose + Ademetionine — high-fructose

diet plus ademetionine 20 mg/kg/day (oral administration).

The duration of the experiment was 5 weeks. Body weight
was measured weekly; at the end of the study blood and liver
samples were collected. Biochemical analyses included the
determination of serum ALT, AST and triglycerides, as well
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as hepatic triglyceride concentrations in liver homogenates.
Histological examination was performed using hematoxylin—
eosin and Masson’s trichrome staining. Statistical analysis
was performed using one-way analysis of variance (ANOVA)
followed by Tukey’s HSD post hoc test (a = 0.05). Results are
expressed as mean = SD. Tables and Figures present p-values
for the comparisons of each group with the control.

Results and Discussion.

All animals were randomized into five groups, each receiving
the respective diet and drug for 5 weeks. At the end of the
experiment, body weight was measured, and blood and liver
samples were collected for biochemical and histological
analysis.

After 5 weeks of the experiment, the control group developed
marked macrovesicular steatosis (grade 3 according to the

Experimental Design

Five-week-old Wistar rats in a fructose—

Model ) .
induced steatohepatitis model
Silymarin  Fenofibrate =~ Betaine  S-Adenosyl-
é} methionine
Control HFR HFR HFR HFR
HFr +Silymarin ~ + Fenofibrate + Betaine + S-Adenosylmethionine
Figure 1. Experimental groups.
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Figure 2. Serum ALT (mean + SD; n = 20). p values by Tukey HSD vs
control.
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Figure 3. Serum AST (mean £ SD; n = 20). p values by Tukey HSD vs
control.
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Figure 4. Hepatic TG (mg/g) (mean + SD; n = 20). p values by Tukey
HSD vs control.

NAFLD Activity Score, NAS), focal lobular inflammation and
moderate pericellular fibrosis (F1).

In the control group ALT and AST reached 95.2 £ 2.8 and 88.0
+ 2.1 U/L, respectively; hepatic triglyceride (TG) concentration
was 12.50 +0.38 mg/g.

Fenofibrate produced the most pronounced effect, lowering
hepatic TG by about 60 % (5.02 = 0.22 mg/g, p < 0.001) and
reducing ALT and AST by about 40 % (56.8 +2.9 U/L and 55.0
+2.4U/L, p<0.001).

Silymarin and betaine induced intermediate reductions (all p <
0.001), whereas ademetionine markedly lowered transaminases
(p < 0.001) with only modest effects on hepatic TG (11.94 +
0.28 mg/g, p <0.001).

Silymarin stabilizes hepatocyte membranes and scavenges
free radicals. By reducing lipid peroxidation, it decreases
mitochondrial damage and attenuates inflammatory signaling,
indirectly improving fatty acid handling and limiting re-
esterification into triacylglycerols. [4]. It may modulate
lipid metabolism indirectly (e.g., via antioxidant and anti-
inflammatory pathways) rather than acting as a direct PPAR-a
agonist. In addition, silymarin has been reported to support
apolipoprotein B synthesis and VLDL export, thereby
facilitating triglyceride removal from the liver [5].

Fenofibrate, after hydrolysis to its active form fenofibric acid,
binds to the nuclear receptor PPAR-a. The resulting PPAR-o/
RXR complex activates transcription of genes responsible for
fatty acid catabolism. Enhanced B-oxidation of fatty acids is
driven by the induced expression of genes encoding carnitine
palmitoyltransferase-1 (CPT-1), acyl-CoA oxidase, and other
enzymes of peroxisomal and mitochondrial B-oxidation. In
parallel, PPAR-a activation suppresses the transcription factor
SREBP-1c, which normally promotes lipogenesis.

Betaine serves as a key methyl-group donor in the reaction
catalyzed by betaine-homocysteine methyltransferase (BHMT):
homocysteine + betaine — methionine + dimethylglycine.

The methionine thus formed is converted to
S-adenosylmethionine (SAM).

Ademetionine (S-adenosylmethionine) is the principal
methyl-group donor in transmethylation reactions and supports
the synthesis of phosphatidylcholine (PC) via the enzyme
phosphatidylethanolamine-N-methyltransferase (PEMT).
Phosphatidylcholine is a key structural component of VLDL



particles. Adequate PC availability ensures normal assembly
and secretion of VLDL from hepatocytes and facilitates the
export of triacylglycerols from the liver, thereby reducing
hepatic steatosis.

Liver Biopsy and Blood Biochemistry Results.

After 5 weeks of the experiment, the control group exhibited
marked macrovesicular steatosis (grade 3 according to the
NAFLD Activity Score), focal lobular inflammation, and
moderate pericellular fibrosis (F1).

In the control group ALT and AST reached 95.2 £ 2.8 and 88.0
+ 2.1 U/L, respectively; hepatic TG concentration was 12.50 +
0.38 mg/g. Fenofibrate reduced these indices to 56.8 + 2.9 U/L
(ALT), 55.0 £ 2.4 U/L (AST) and 5.02 + 0.22 mg/g (hepatic
TG), all p < 0.001 vs control. Silymarin and betaine showed
intermediate reductions (all p < 0.001), while ademetionine
markedly lowered transaminases (p < 0.001) with only a modest
effect on TG (11.94 + 0.28 mg/g, p < 0.001) (Table 1).

In the Fructose + Silymarin group, the degree of inflammation
decreased to grades 1-2, with ALT activity reduced by 35% and
AST by 28% compared with the control group; however, the
severity of steatosis remained high (grade 2-3) (Table 2).

In the Fructose + Fenofibrate group, a marked reduction in
steatosis (grade 1-2) was observed, accompanied by a 60%
decrease in hepatic triglyceride concentration. ALT and AST
levels decreased by 40% and 38%, respectively (Table 3).

In the Fructose + Betaine group, the steatosis grade was
2, inflammation was reduced, and hepatic triglyceride
concentration decreased by 30%. Biochemical parameters
improved moderately (Table 4).

In the Fructose + Ademetionine group, the main effects
included a reduction in inflammation, however, the impact on
lipid metabolism was minimal (Tables 5 and 6).

Our quantitative results (<60 % decrease in hepatic TG and
~40 % fall in transaminases with fenofibrate) are consistent with

Table 1. Biochemical parameters Control.

N ALT(U/L) AST(U/L)  Hepatic TG (mg/g)
1 92 85 12.0
2 98 90 12.8
3 96 89 12.6
4 94 87 12.4
5 95 88 12.5
6 99 91 13.0
7 100 92 13.2
8 90 84 11.8
9 97 90 12.7

10 93 86 12.3
11 94 87 12.4

12 95 88 12.5

13 96 89 12.6

14 91 85 11.9

15 98 90 12.9
16 92 86 12.0

17 95 88 12.5

18 97 89 12.7

19 93 87 12.3

20 98 89 12.9
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Table 2. Biochemical parameters Hfr + Silymarin.

Ne ALT(U/L)
1 60
2 64
3 61
4 63
5 62
6 65
7 66
8 59
9 63

10 60

11 61

12 62

13 64
7 60

15 65

16 61

17 62

18 63

19 59

20 65

AST (U/L)
61
65
62
64
63
66
67
60
64
61
62
63
65
61
66
62
63
64
60
66

Hepatic TG (mg/g)
9.5
10.1
9.7
10.0
9.8
10.2
10.3
9.4
9.9
9.6
9.7
9.8
10.0
9.5
10.1
9.6
9.8
9.9
9.4
10.1

Table 3. Biochemical parameters HFr + Fenofibrate.

Ne ALT(U/L)
1 55
2 59
3 60
4 54
5 56
6 58
7 63
8 52
9 60
10 55

11 56

12 57

13 54

14 61
15 53

16 59

17 60
18 55

19 58
20 55

AST (U/L)
52
58
56
54
55
57
59
53
54
56
55
52
54
56
57
53
55
58
54
56

Hepatic TG (mg/g)
4.7
5.1
52
4.8
5.0
5.4
5.3
4.9
4.8
5.0
5.1
4.7
5.0
52
5.3
4.9
5.0
5.4
4.8
5.0

data from Belfort et al. (2006) and support the role of PPAR-a
activation in stimulating B-oxidation and inhibiting lipogenesis.
The antioxidant and membrane-stabilising effects of silymarin
observed here (=35 % ALT reduction) agree with Serviddio et
al. (2013) and Federico et al. (2017). These findings confirm that
the mechanisms discussed above directly explain the magnitude

of the effects we observed.

Conclusion.

Our study demonstrates that among the tested hepatoprotective
agents, fenofibrate produced the most pronounced improvements
in a rat model of high-fructose—induced MASLD.



Table 4. Biochemical parameters HFr+ Betaine.

Ne ALT(U/L) AST (U/L) Hepatic TG (mg/g)
1 67 65 8.4
2 72 70 9.0
3 71 69 8.8
4 69 67 8.6
5 70 68 8.7
6 73 71 9.1
7 74 72 9.2
8 66 64 8.3
9 71 69 8.9

10 68 66 8.5
11 69 67 8.6
12 70 68 8.7
13 72 70 9.0
14 67 65 8.4
15 73 71 9.1
16 68 66 8.5
17 70 68 8.7
18 71 69 8.9
19 66 64 8.3
20 73 66 10.1

Table 5. Biochemical parameters HFr + Ademetionine.

Ne ALT(U/L) AST (U/L) Hepatic TG (mg/g)
1 69 66 11.6
2 74 71 12.2
3 73 70 12.0
4 71 68 11.8
5 72 69 11.9
6 75 72 12.3
7 76 73 12.4
8 68 65 11.5
9 73 70 12.1

10 70 67 11.7

11 71 68 11.8

12 72 69 11.9

13 74 71 12.2

14 69 66 11.6

15 75 72 12.3

16 70 67 11.7

17 72 69 11.9

18 73 70 12.1

19 68 65 11.5

20 75 72 12.2

Table 6. Biochemical parameters (mean + SD) and p-values (Tukey HSD) compared with the control group (n = 20).

ALT (mean % AST (mean + TG (mg/g, mean ALT p vs AST p vs
Group SD) ( SD) ( + S]§) v Contlg)l Contll')ol TG p vs Control
Control 952 +2.8 88.0+£2.1 12.50 £ 0.38 — — —
Fructose + Silymarin 62.2+2.1 63.2+2.1 9.82 +£0.27 <0.001 <0.001 <0.001
Fructose + Fenofibrate 56.8+2.9 55.0+£2.4 5.02+0.22 <0.001 <0.001 <0.001
Fructose + Betaine 70.0+24 67.8£2.4 8.79+0.41 <0.001 <0.001 <0.001
Fructose + Ademetionine 72.0£2.4 69.0+24 11.94 £0.28 <0.001 <0.001 <0.001

Data are presented as mean = SD (n = 20). p-values are from the Tukey HSD post hoc test following one-way ANOVA, comparing each group
with the control group.
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Compared with the fructose control group (ALT 95.2 £+ 2.8
U/L; AST 88.0 £ 2.1 U/L; hepatic TG 12.50 + 0.38 mg/g),
fenofibrate lowered hepatic triglycerides by approximately 60
% (5.02 + 0.22 mg/g, p < 0.001) and reduced ALT and AST
by about 40 % (56.8 £ 2.9 U/L and 55.0 £ 2.4 U/L, p <0.001).

Silymarin and betaine achieved intermediate reductions in
transaminases and hepatic triglycerides, whereas ademetionine
mainly decreased ALT and AST (p < 0.001) with only modest
effects on hepatic TG (11.94 + 0.28 mg/g, p < 0.001).

These quantitative findings are consistent with the proposed
mechanisms: PPAR-a activation by fenofibrate enhances
B-oxidation and suppresses lipogenesis; silymarin’s antioxidant
and membrane-stabilising actions and betaine’s methyl-
donor properties explain their moderate effects; ademetionine
primarily exerts an anti-cholestatic influence.

Taken together, these results confirm that fenofibrate is the
most effective agent for preventing fructose-induced hepatic
steatosis and transaminase elevation in this experimental model
and support the mechanistic rationale for its superior therapeutic
potential.
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