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ABSTRACT

Objective: This research aims to investigate the effect of eight weeks of Pilates training along
with silymarin consumption on the levels of liver enzymes in women with non-alcoholic fatty
liver disease

Methodology: In this semi-experimental study, 40 women with non-alcoholic fatty liver were
randomly divided into four groups: Pilates training (N=10) with an average age of 42/2+8/68
years and an average weight of 79/8+4/7 kg, and Silymarin supplement (N=10) with an average
age of 43/3+4/66 years and an average weight of 79/2+£5/92 kg, and Pilates training with
Silymarin supplement (N=10) with an average age of 39/8+7/72 years and an average weight of
82/5£5/35 kg, control group (N=10) with an average age of 40/1£8/97 years and an average
weight of 81/1+5/02 kg. The Pilates group performed Pilates training for 60 minutes three days
a week for eight weeks. The Silymarin supplement group took 140 mg silymarin capsules three
days a week (after meals) for eight weeks. the Silymarin supplement group and the control
group did not participate in the training activities. To analyze the data, dependent samples t-test
and analysis of covariance (ANCOCA) were run using SPSS 26 at a significance level of
P<0.05.

Results: The results of statistical analysis showed that the levels of liver enzymes ALP, AST,
ALT decreased significantly after eight weeks of Pilates training with Silymarin consumption
(P<0.05).

Conclusion: Based on the findings, eight weeks of Pilates training along with Silymarin
consumption can have a beneficial effect on improving liver enzymes.
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Extended Abstract

Introduction and State of Problem

on-alcoholic fatty liver disease (NAFLD) is the leading and most prominent
chronic liver disease worldwide (1). NAFLD caused by the expansion of fat
stores and its accumulation can eventually induce insulin resistance. In these
conditions, inappropriate lipolysis leads to the continuous transfer of fatty
acids to the liver, thereby increasing de novo lipogenesis, cellular stress such

as oxidative stress, and endoplasmic reticulum stress (2). Exercise is a good
way to reduce fat, weight and obesity and consequently lower body mass index (3). Pilates is a
form of mind-body training that was founded by Joseph Pilates in the 1920s (4). Pilates training
involves the synergy of multiple muscles, including isometric concentric and eccentric muscle
contractions (5). Some studies recommend herbal therapy in the treatment of non-alcoholic fatty
liver disease, among which the use of silymarin (SIL) may lead individuals to further
investigation. Silymarin has been reported for many years as a potent therapeutic component for
the treatment of various liver diseases (6). The aim of the present study was to investigate the
effect of eight weeks of Pilates training along with Silymarin consumption on the levels of liver
enzymes in women with non-alcoholic fatty liver disease.

Methodology

In this semi-experimental study, 40 women with non-alcoholic fatty liver were randomly
divided into four groups: Pilates training (N=10) with an average age of 42/2+8/68 years and an
average weight of 79/8+4/7 kg, and Silymarin supplement (N=10) with an average age of
43/3+4/66 years and an average weight of 79/2+5/92 kg, and Pilates training with Silymarin
supplement (N=10) with an average age of 39/8+7/72 years and an average weight of
82/5+5/35 kg, control group (N=10) with an average age of 40/1+£8/97 years and an average
weight of 81/1+5/02 kg. The Pilates group performed Pilates training for 60 minutes three days
a week for eight weeks. The Silymarin supplement group took 140 mg Silymarin capsules three
days a week (after meals) for eight weeks. The Silymarin supplement group and the control
group did not participate in the training activities. To analyze the data, dependent samples #-test
and analysis of covariance (ANCOCA) were run using SPSS 26 at a significance level of

P=0.05.

Results

The mean and standard deviation of age, height, and weight variables are presented separately in
Table 2. The results showed that the participants in different groups were similar in terms of
these characteristics. The results of ANCOVA test showed that the average ALT enzyme in the
Pilates + Silymarin group in the pre-test decreased from 41.9 to 26.1 units/liter (U/L) in the
post-test (P<0.05) [Figure A]. Also, the average AST enzyme in the Pilates + Silymarin group
in the pre-test decreased from 34.9 to 27.4 units/liter (U/L) (P<0.05) [Figure B]. Also, levels of
ALP enzyme decreased by 164.3 in the pre-test and 154 units/liter (U/L) in the post-test
(P<0.05).
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The results of statistical analysis showed that the levels of liver enzymes ALP, AST, ALT
decreased significantly after eight weeks of Pilates training with Silymarin consumption
(P<0.05) [Tablel].

Table 1. Results of the pre-test and post-test of biochemical and anthropometric factors of the subjects in

all groups
Variable Group Pre-Test Post-Test Paired ANCOVA
samples t-test
ALT(mg/dl) PG 33/6+2/79 28/ 80 + 4/07 0/001 0/001*
SG 34/8+10/42  25/50 +7/30 0/001
PG+SG 41/9+5/38 26/1144/60 0/001
CG 36/2+4/26 36/70 + 4/11 0/138
AST(mg/dl) PG 30/74£3/71  26/90 + 4/86 0/010 0/005*
SG 35/5+4/00 31/50+2/79 0/001
PG+SG 34/91+4/01  27/40 +3/20 0/001
CG 27/5+3/62  27/80 + 3/45 0/279
ALP(mg/dl) PG 161+8/58 156/3+9.44 0/002 0/001*
SG 166/7+17/5  159/6+17/93 0/001
PG+SG 164/3+12/84  154412/34 0/001
CG 15848,/20 158/448/05 0/104

Discussion and Conclusion

Clinically and scientifically, studies show that exercise affects fatty liver disease through
different pathways. Improving insulin resistance reduces the excess delivery of free fatty acids
and glucose to the liver for free fatty acid synthesis. In the liver, exercise reduces fatty acid
oxidations and prevents damage to mitochondria and liver by reducing the release of damage-
related molecular patterns. As a result, physical exercise is a proven therapeutic strategy to
improve fatty liver disease (7). In this research, it was tried to investigate the effect of eight
weeks of Pilates training along with silymarin consumption on the levels of liver enzymes in
women with non-alcoholic fatty liver disease. The medicinal properties of silymarin are based
on its ability to target elevated liver enzymes and suppress the operating system, hence
preventing the activation of hepatic stellate cells and activating immune cells (Kupffer cells); it
also reduces oxidative damage, fibrosis and inflammation.Clinical studies on NAFLD confirm
that silymarin can positively affect the progress of liver disease treatment and improve disease
symptoms, clinical conditions, and quality of life (8,9). Pilates stimulates the vagus nerve
further, and subsequently reduces inflammatory cytokines, visceral fat, oxidative stress, blood
pressure; it also increases insulin sensitivity and improves metabolic processes. In addition,
Pilates training causes deep and diaphragmatic inhalation and exhalation during exercises and
rises the energy level, so that in addition to active muscles, respiratory muscles consume energy.
Deep and diaphragmatic breathing allows more oxygen to reach the active muscles, which
increases the sensitivity to insulin as well as the need for less insulin secretion. Pilates training




can cause more fat oxidation (10).
Given the increasing prevalence of NAFLD and the high costs of treatment, exercise alone or in
combination with herbal supplements may offer a promising approach for the prevention and

management of the disease. The findings of this study demonstrated that Pilates training, both
alone and in conjunction with silymarin, had an effect on liver enzymes.

Given the increasing prevalence of NAFLD and the high costs of treatment, exercise alone or in
combination with herbal supplements may offer a promising approach for the prevention and
management of the disease. The findings of this study indicated that Pilates training, both independently
and in conjunction with silymarin, had an effect on liver enzymes.

Among of the limitations of this study was the lack of control over participants’ nutrition and their
physical activities outside the planned program.

Ethical Considerations
Compliance with ethical guidelines

Before starting the study, the necessary permits were obtained from the Clinical Trial Registration Office
with the code (IRCT20230216057435N1). For this purpose, after filling the consent form, the volunteers
were assured that their information were not shared with the organization or a specific person. Regarding
the ethical principles of working with human samples, the subjects were told that they have the right to
withdraw from the research whenever they wished.

Funding

This study was conducted without any financial support.

Authors’ contribution

All authors contributed to the design, implementation, and writing of all parts of the present study
Conflict of interest

The authors declare that there is no conflict.

Acknowledgments

We would like to thank Dr. Eskandar Hajiani, the liver and gastroenterologist at Aria Hospital, Fibroscan
Department, and Mr. Mohammad Reza Mazraeh, who is in charge of the same department for their
cooperation in collecting the samples. We would also appreciate the personnel of Norgen Laboratory and
Dr. Sabz Ghabaei, who is in charge of the laboratory, for their cooperation in the measurement of the
blood samples. Finally, we are grateful to all those who helped us in conducting this research, especially
the participating women.

1. Loomba R, Friedman S. L., Shulman G. I. Mechanisms and disease consequences of nonalcoholic fatty
liver disease. Cell, 184(10), (2021); 2537-2564.[https: //doi.org/ 10.1016/j.cell.2021.04.015].

2.Yu C., Li X., Zhao Y., Hu Y. The role of FOXA family transcription factors in glucolipid metabolism
andNAFLD. January, 1-16.(2022);1081500. [https://doi.org/10.3389/fendo.2023.1081500]

3.Hallsworth K, Fattakhova G, Hollingsworth KG, Thoma C, Moore S, Taylor R, et al. Resistance

exercise reduces liver fat and its mediators in non-alcoholic fatty liver disease independent of weight
loss. Gut. (2011);60(9):1278-83.[ https://doi.org/10.1136/gut.2011.242073].

4.Batrakoulis A. Psychophysiological adaptations to Pilates training in overweight and obese individuals:
a topical review. Diseases. (2022);10(4):71.[ https://doi.org/10.3390/diseases10040071].




5.Tanir H, Giigliiover A, Oncar I.N, Goger I, Esen H. The Effect of Pilates Exercises on Body
Composition and Dynamic Balance Performance in Sedentary Women. Journal oPharmaceutical
Negative Results, (2022); 13(S01), 770-779.[ https://doi.org/10.47750/pnr.2022.13.S01.96]

6.Zhong S, Fan Y, Yan Q, Fan X, Wu B, Han Y, et al. The therapeutic effect of silymarin in the treatment
of nonalcoholic fatty disease: A meta-analysis (PRISMA) of randomized control trials. Medicine
(United States). (2017); 96(49).[https://dx.doi.org/10.1097/MD.0000000000009061].

7.Van der Windt DJ, Sud V, Zhang H, Tsung A, Huang H. The effects of physical exercise on fatty liver
disease. Gene Expression The Journal of Liver Research. (2018);18(2):89-101.
[https://doi.org/10.3727/105221617X15124844266408].

8.Dadban-Shahamat M, Shakki M, Hashemi-Chashmi SZ. The effect of high-intensity intermittent
exercise with silymarin supplementation on liver enzymes in male rats of fatty liver model. Journal
of Isfahan Medical School. (2021);38(606):989-95. [ https://doi.org/10.22122/jims.v38i606.13642].
[in Persian].

9.Aghemo A, Alekseeva OP, Angelico F, Bakulin IG, Bakulina NV, Bordin D, et al. Role of silymarin as
antioxidant in clinical management of chronic liver diseases: A narrative review. Annals of
Medicine. 2022;54(1):1548-60.[ https://doi.org/10.1080/07853890.2022.2069854].

10.Mir E, Fathi M. Changes in Plasma Visfatin and Insulin Resistance Index in Obese Women with Type

2 Diabetes after Pilates Exercise. Journal of Health and Care. Vol. 20, No. 1, Spring 2018, Pages 30-
39.[ https://doi.org/10.29252/JHC.20.1.30]. [in Persian]




T 2 P T e
(@)@ wi0si o

Ol G0 S w2 3T st g3 (0 lo i By b of o uidd (9 503 43 Culid il

I w2 W 4 Wi
®‘eo|},;.c JUC T @2‘5;@,5 ool 338 s desdlae ‘®”w~= S 4l o
1404/02/17 - b s 2, 1404/02/04 - ¢S54 0 1403/02/08 il o &,k

s.kaabomeir1 996@gmail.co

olyod iy (el dlin Sl )..?L' (1404) .51 e ooljde )b . S5 )5 soml oodlone ¢ o ¢ dlios uos caS Ll

268 (1) 15 iy colles 5 sl 5 Cpes 4ii . S 8 Gy oS & Mie 5 605 sl T sk p cpsle (oo B paa b
87

556 0jlys Sl Sledlbl 5 ity 03728 slagcy ye3 5l Jbiinl 5 (IS 28 0z S Golom Eaed IS 4 Az L
Ot S gl ) (g Slalllas g (s @ 4295 b izmes « NAFLD o)l s Spae boolyen (253
O (s atie Coip 30 B el o o] 5 Kt eoplpl tCal sais 6105 o)l lejen ok 4 radlge dan

S gyt |y S et oz S 4 Se (U5 605 Sl sk 2 2 leshins Bran L olyen

This is an open access article distributed under the terms of the Creative Commons Attribution NonCommercial 4.0 International License (CC-By-NC):

https://creativecommons.org/licenses/by-nc/4.0/legalcode.en,
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

@ G & Copyright © 2025 The Author(s); Publiser: University of Guilan
BY NC




=
2285 ble ooz pul o 53 605 030 Srlemon il 5 ik« (NAFLD) IS ié oy oS (s )low:
2.0) el Gl @ g,y bas a0 70-90 c0bs b Gl lhles 48 5 00,0 30 120 0 oges Corax
15 355 cn alpmdl 4 Canglin el 5 sl )] br 4 b s azilil 5 yz D bS5 o356 NAFLD (
o) Bl e ge 4S50 Wed oo A5 4 oz la dpul Al o JUT 4 e il ded Ll ol
2 2z 35 Golenr ) 390 owMygil 4t il g il oyl wiile (Jshs oyl ide novo
s Coibagilind b ol e eols jeilinul b oS cole pulid ol 5l gl 00,8 b Julis (JISUI
4 e Wl g Lolis 50 45 wgbige patin 505 sle Jshe b ogll 5 Ll b olyen (NASH) IS
& 5520 3950 NAFLD ay poxie a8 Lol puecile [1 JS3] () 058 (05 oo )5 5 9o 28520y 9
% 5 ST 5T 35raS «Slgilio pg i o By Ky anle Llolse Lol el onits azslis LelS b
NAFLD  Llolis (ls o5 (5) aliso s lant o2l 3ot 30 comliol adis 5 o5 565 oS 5 b S
o SRS Sl Sl e b o g slaggesl plml 5 (pBaslesT sl Siliss ) (oS5 Jels
cCALT) il 5 gipel VT 2ol g so ool ISUé yz S lolids 1o Lzl b Sopgo 4y 45
osbw Ll a5 CGGT) il JualiglS LS « CALP) jblans o JIIT ¢ (PAST) jlhauils el @l Ll
S Smpl (0) w3l IS 5 iz S len S WIs o 055 50 L3l ol xeb 9> 1 VG
Sl gl 5 (el 993 Cuilm (oo € Codlip waiile (05 (gbom 4 s (Lo 5o Cal (Sos o2 JLo 3
Sy 0ad il S8y b 8 slap Bl A wil Golo Cenl Sew js ] aSe 5 g 0gb eags JSUI L2
51 5 gl 4 Gl sanl3d slag,ls « oy sleessals aile sogame gyl lagle,s Jl> 4 B.87)
Slpig oyl pgloe oolaiwl YU anje 5 bl (o)lse e 4 a5 Canl 00l Byme oy S Gl baglaS]
D) wiloe Gy 0358 Lo alS a5 5 (Bl iy sy G Gln erelie 9, (250 9SS
A0y 0 6,38 4l 1920 aps jo "Lidly Bi9z lawgs a5 Ceol 0y 5 585 cpyed ) Sy Dy (108
5 Syl 5 e 5l g S jtegnl e olalal anle cHlas saxte il op Lol My Sl e
po 5 laly g lagsly o o pe (rsl U5 o i i (il 5 (A Blasl b iy 0500 50 Canl S S
IRl el o5 cel lgnal Jol (2d p w3 S (o0 655 sl Tl 5l g wiS e Jagnd 1) i o3l
JFES S pe3 S e d9diss o p el Gile) Plax @ (izeen 5 (SSLL la o Shee Al g S el
55 e 2y Gl Bl Jolss (s Smdy (S39me Sl Ny aBlioe Oy ol (D i g Ly w280
20T 5900 el 5l (23555 9,8os S92 sl o5 e 5 20

. Non- alcoholic fatty liver disease
. Non-alcoholic steatohepatits

. Alanine amino transferase

. Aspartate amino transferase

. Alkaline phosphatase

. Gamma-glutamy! transferase

. Joseph Pilates

~N O R W N =




Sl o Tobs 2 Wl (oo G- slen Dl el e (i lyzl a5 widly o (13970 ) Sen 5 (K
5 en R el 53 (13) aal ie S 2 Gz 0S4 S oy BSsiem 5 oS
Ol o5 a8 ol (Lad gl s )S (pwy 1) Bl 0U) p O Cpped (SA5u Sl o3 iagh 0 (2022) ) Sen
woarg bl Gl olS wldlhs I pan (1) 255 oo 7 2opd 5 G oSS R cse Dy
(I7) 55 oo apog MU 12 0z oS ilon Oloys 55 (15¢16) ag T GlapesT (25T 5 Slell o oS
@S iz Glo gile (loys Glp 698 Sl s Sl 4 aS cale L tnjlebes Gl on! 5o
O S (s ((00,300-50) (o Lo aile g3b 5 sl Kdgighs (gol> oy jlo o (18) sl oats 3,158
Ot slo sk wBlis (Oel58 (SB) A rizman 5 (00)05) (sl (00,31 0)pilio oms (00,520)
s o 5 gt s 5 s 55 35S oSy 3 sl 43 s S 5T 131 5l
Sl $)900 @7 S Sl 5 GeelS e 655 (0l ol mae ) ojlas nl 2 ogdle aBloe oS sl
Sl gial (o1 gy sba e Sl Glo sl so)las (19) o)ls (285 T (og Sledl w50 o8
5 (ol 20y s o Hiels 35 1) (AST) jlhaudl s gl g:;ls)lf:..ﬂ o Tobw aizmen 390 (ALT)
SRl ol domp w0 Wl (oo ez HE sk @ njleden Bpan wioS 5155 «2009) (o Ken
Slogiagh 357y b eadelnl wliis fin Q1) 958 IS 8 Gz a8 & e o 5 lajlul (il
PL 5 Gelsmil @ Cenglivo s gy 3 s glomr (Tl 35t 50 1) iy Sl el e (235 ((22) a8l
il 5 S 1y 5 5 o s il 4 s b Sl Gl s o i ol slo L 5 Sl
Oeizeed NAFLD j oy 5lo o B yae ol jod iy 130 0,50 Sail Oledlbl 5 iy 085S slay o 5l
0did (655 o3Il lojer job 4 badlge sden Cpin glo ieeh 0 (Bansg Oldlas g il 4 azgi b
Tk 5 Oloskim Bpan bolen (Dl (yed dtin Cute b b ceal ead o] 5 Siagy ol sl
WIS gy 1y U 2 oy 0S4 M U5 S sla
e )
Solel el wilioe 9e3] 5 093] i Sz @ s GO £ 5l s e Aed ey @yl (iashy
35 85 ] a8 oo Sl 3 it 4 45 ol IS i o S 5ot 4 Sine 5540 Ll
ac 8 5l gile Bolar gly ol Gbll sole JBolai job 4y by Sogejl .ol o cings 00,5 danx>lyo lgal i
as B dax )0 o alby alive slo CSL 0 aS olo &LlS 65,40 B 1 slacl aS s 3 s e oolaiwl i8S
25 10 (i) A 05,5 & Jgl 5 10 0,5 Cliisl dolas &)l o5y oS &S, a8, 5 S
) Dog 3 a goms )5 10 5 (yledho) C 05,5 e my ©)5 10 s(pjlogshes + 33) B og 5 @ gomy
0,5 Lz 5o ol luly 5 )38 o)lads iy 4 PBAS 08,8 2 JSE) wd eols (elatsl (S g8
1999 Laulyh a8 S HLHCG) S 095 9 (PSG) (yloishonrt oy (SG)isloshons (PG iy (2505
5 bolio olot ((F9,e ool lacs Lo 55105 (JLo 55 630 s oagumme (IS 5o oz S 4 M 0

' Pereira




S8 3l US55 s, 2 45 ol JaSa 5 510 e pue 3l oo 6 (b plaie o555 Callad (il ¢ Sl
O el s 21 a5 b s JaS 53,55 e s ke 3 31 i e a5 s il
Adlbor S (257 ol gg)ls Bras

lortsn 65 ol

ks g Wi ol olSigleg] o la Soges] o 98 el sl el 1210 &9 4y US55 ool 51 i3
ALTASTALP (s05 law 3l gobw b o aid S olStylel 15 aiged bawgs 25l g 5l 095 (s o0 D
oiws by 5 sl aiges ol pbul Basme 505 55 (JSap pledl 5l G Cacle 48 o9l _asein
S 5 sl &S I ALTASTALP slas 5l (65 o3l g s 3l Iz 350 51 5,5 () @0 5 5 il
ooliwl (HITACHI 912) 4 (Cobas-MiRA-S) cilagil JsdolSKiws lawes fpizad g o)l pl j0i8 colo g3l )b
St S 655 o

31039 9 98 xS o3l sl ad plonil Alslas wide cte (L 5l am 5 B (S0 tesys il slo (665 o5l
Co eolaiwl LT HeiS el seca g3l g sl

+ o) 09) 5 iy 09)F Jold &5 ayed slag ) gl ok asiie 5 655 55 el 5l o
10 a5 idhy (e ak3 00 ol 1 y05 ST 30,8 (i Sl yod plonl @y g5,0 el (Glogshions
2L 8 L Leidy Sl el il oo 0,5 g ais 10 3 Lol S > 4a8s 40 3 0,5 6,5 (gl aids
Obyo 000 80-55 bl p o ped ol (23) s, LSS 12 a4 )L Lol Jol cole, b g o g9,8 Jgl atan
Ay iy ol L5 00,0 80 L wihe oz 5 a0 55 planl iie ez j0 a5 (g)ab 4 0g Aty U8
:Carvonen by, 4y (o ped deliy ol 8,5 O g i by b el ol S .24)

B Gy Sl =220 - (e

0yd QB Glpo = B bye pSlas - col il CB e

Saw bl p5 =033 Gl GLyEXOL e do ok clpal S8 (L e

53,55 S5 5 il S 0,8 5 5 faleshon oS 05,5 el 55 4 oY

ot oS a5l

28 5L IS5 65l pU L) el 5 koo 140 S5 (L lo ot i) 05,5 5 ot sloshes 0555

30,5 B yan (1€ sacy 5l dw) alam 10 G5 duw 5 dAlhe St S s |, 1) (! eaS csle gl IS




@ \'-/_ﬁg & v .r Hepatocellular |
- o ] i___Carcinoma
Progression to end-stage
liver diseases with

Chronic inflammatory excessive fibrosis
Inflammatory stimulus by response due to viral (cirrhosis) and/or
Liver homeostatic state virus or fat accumulation F is or ici T (HCcC)

o 355koe a3 e plosl |y 555 rmeb (Saslsrsed K08 Sejlimsan Sl 4 WSS a5 le Sl il Jolye] JSC

sl ilisee Layly by Soans YS! s & NAFL) 4 j> o b s HOV L HBV b g s sl cisie Lass wlgi oo 45
(25)asS s Bl g cubs

Figure 1. Pathological clinical stages of liver diseases: The liver performs its normal physiological

function in a hemostatic state. Functions that can be changed by viral infections with HBV or HCV and
with NAFL due to systemic disorders with various conditions such as diabetes and obesity(25).
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Figures 3: Changes of ALT, AST, ALP enzymes in four groups (Pilates Group) PG, (Silymarin Group)

SG, (PilatestSilymarin Group) PSC, (Control Group) CG. There are more changes in PSG group than
other groups
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