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Extended Abstract

Background and Purpose

Given the critical importance‘ef liver health and its vital role in maintaining the body's metabolic
homeostasis, it.is imperative to investigate effective non-pharmacological interventions that can
enhance hepatic function. Aerobic exercise training and green coffee bean supplementation have
emerged as two-promising modalities with potential synergistic effects on lipid metabolism. This
study aimed to comprehensively evaluate the individual and combined effects of these interventions
on hepatic lipid metabolism in a high-fat diet-induced obese CovyBL/# mouse model, which closely

mimics human metabolic dysfunction.

The global epidemic of obesity and metabolic syndrome has underscored the urgent need for
effective lifestyle interventions. Aerobic exercise has been well-documented to improve
cardiovascular fitness and metabolic parameters through multiple pathways including enhanced
mitochondrial biogenesis and improved insulin sensitivity. Concurrently, green coffee, rich in
chlorogenic acids and other bioactive compounds, has demonstrated potent antioxidant and anti-
inflammatory properties that may beneficially modulate lipid metabolism. However, the potential
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synergistic effects of combining these interventions on hepatic steatosis and related metabolic
pathways remain insufficiently explored.

Materials and Methods

This experimental study employed a rigorous multi-group post-test design utilizing yA male

CovBL/# mice (age: ¥ weeks; initial weight: yv-15g) obtained from the Royan Institute. Animals
were maintained under strictly controlled environmental conditions (A\v:\y light-dark cycle, yvOC
ambient temperature, 6--#-7 humidity) with ad libitum access to water and a high-fat diet (5.7 fat,
Y-’ protein, v .7/ carbohydrates) throughout the vy-week study period.

The experimental protocol consisted of two distinct phases:

). A yy-week obesity induction phase where all animals received the high-fat diet
Y. A subsequent \.-week intervention phase where animals:. were stratified into four
experimental groups:
o Green coffee supplementation group (GC)
o Aerobic exercise training group (Ex)
o Combined intervention group (Ex+GC)
o High-fat diet control group (HFD)

The exercise protocol involved progressive treadmill running (& sessions/week, f& minutes/session)
with intensity systematically increased from Yo m/min (weeks-¥) to Y¥ m/min (weeks a-y-). Each
session incorporated a standardized warm-up (v minutes), main exercise bout (f- minutes), and
cool-down period (v minutes):=Animals were acclimated to treadmill running prior to the

intervention phase.
Comprehensive metabolic assessments included:
e Anthropometric measurements (body.weight, liver weight)
e Biochemical analyses (fasting blood glucose, plasma insulin)
e Molecular analyses of key lipid metabolic regulators (Srebpyc, Accy, Gpaty, Fasn, Cpty,

Ppara) using standardized techniques

Findings
The high-fat diet successfully induced metabolic dysfunction, with control animals exhibiting
significant (P <',-0) increases in body weight (fa,v £ v,1g vs. baseline v¢,y + -,AQ), liver weight

(YA £ -xg vs. w8 £ -Q), fasting blood glucose (VAo £ vy mg/dL vs. a6 = A mg/dL), and plasma
insulin (v.A £ - ¥ ng/mL vs. -4 + -,y ng/mL) compared to baseline values.

All intervention groups demonstrated significant metabolic improvements compared to HFD
controls:

V. Body Weight

o GC group: YA, f £ v,yg (P = -,-11A)

o Ex group: yo,y £YxYg(P<-,--+Y)

o Ex+GC group: ¥ys £ Y \g(P < -,---1)
Y. Liver Weight:
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o GCgroup: Y,y £ - yg (P = -,-YAY)

o Exgroup:vazx-yg(P=-,--vy)

o Ex+GC group: vy - g (P<-,---Y)
Y. Glucose Metabolism
All intervention groups showed significantly lower fasting glucose (P < -,---V) and insulin levels (P
< .,..+3) compared to HFD controls.

Molecular analyses revealed complex modulation of lipid metabolic pathways:

. Green Coffee Group
Significant downregulation of Srebpyc (P < -,- 1), Acc) (P <',.-1), and Gpat) (P < -,--1\) but
paradoxical upregulation of Fasn (P < -,--1) and downregulation of Cpt\/Ppara(P< - ,- -\)

. Exercise Group
Consistent reduction in lipid synthesis enzymes (except Accy) and beta-oxidation markers

. Combined Group

Demonstrated synergistic effects with approximately v-fold greater reductions in lipid synthesis

markers compared to single interventions

Conclusion

This comprehensive investigation demonstrates that both aerobic exercise training and green coffee
supplementation independently improve metabolic parameters in diet-induced obese mice, with the
combined intervention yielding superior results. The findings suggest that these non-
pharmacological approaches may represent.an effective strategy for preventing hepatic steatosis and
related metabolic disorders. The molecular.data indicate complex interactions between these
interventions and key regulatory pathways-of lipid metabolism that warrant further investigation.

Keywords: Aerobic- Exercise, Green Coffee, Lipid Metabolism, Hepatic Steatosis, Metabolic
Syndrome, Obesity

Article Message

This study investigated the combined effects of regular aerobic exercise and green coffee
consumption on hepatic lipid metabolism in high-fat diet-fed rats. The results demonstrated
that both interventions independently improved liver fat content and regulated key enzymes
involved in fatty acid synthesis and B-oxidation. However, the combination of aerobic
exercise and green coffee supplementation showed the most significant benefits in
optimizing hepatic lipid profiles and reducing metabolic risk factors.

The findings suggest that aerobic training can serve as an effective non-pharmacological
approach for managing fatty liver disease and obesity-related metabolic disorders.
Additionally, green coffee extract may mimic some beneficial effects of exercise, offering a
potential complementary strategy for individuals with physical activity limitations. These
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results provide a foundation for future research on combined lifestyle and nutraceutical
interventions to prevent and treat hepatic diseases.

Ethical Considerations

This  study was  approved by the Royan Institute  Ethics ~ Committee
(IR ACECR.ROYAN.REC.1va4,-vo) and conducted in accordance with international guidelines for
animal research.

Funding

This research was fully supported by internal funding from the first author.

Authors' Contributions

Study design: SMM, MHN-E; Data collection: SS, ZG, FJG; Molecular ‘analyses: ZS; Data
interpretation: MA, SMM; Manuscript preparation: SS, SMM; Final approval:all authors.

Conflicts of Interest
The Authors Declare no Competing Financial or Professional Interests.

Sport Physiology, Volume Y7, No 1V, Y+ Y¢



Doi: ), YY AY/SplY Y20 TAY YV AV-Ye ao FY o;loud IF 0590 AFeY Sl ()59 599 3

¢ n
‘/ 339 G389 Wl i

Journal hompage: https://spj.ssrc.ac.ir \ T —

pg R i g gi
o . £ = . . w A
WS (S o 93l 33 3w 0969 9 (53192 () 09 b
' S 30 oo daw ¢! S i ailow ) 1305 ! Sl Il Al (To13 ilho 1n ) ¢! alllins 3o ¢
Y .. - T
Sledo! pa oo ¢ (599
ol coledal (leiol olftdls (o555 pole 0aSita ()9 S35l 035 )
Ol eoledol (leol (g, (5hplid o s BuSimgs k JoSge (Joko iz ¥
LS IANAR AU AR T 2 JATVAVNEFCN PR 28 % TV RO PR o

* Corresponding Author: Sayyed Mohammad Marandi, Tel: + YY) +¥eed E-mail: s.m.marandi@spr.ui.ac.ir

How to Cite: Shirkhani, S; Marandi, S. M; Abdollahi, M; Safaeinejad, Z; Jangharbani, F; Qavi, Z; Nasr-Esfahani, M. H.
(Y-Y¢). The Effect of Aerobic Exercise and Green Coffee on Liver Lipid Metabolism in Obese CoV Mice.
Sport Shysiology, \1(1Y), \V-Y'-. In Persian.

odS>

Sl 390 (5152 9515 19019 (Aab B, (SS9 Sglie (S low 359055 W SIS ialjEl @ dagi b g el (S35
ol B0 (o) 32 B85 ) adlgalic 32 Jaw 003 B pan g pliie (Silon (2 p0 U cadllas cpl )3 14,5 418 e S
O P59 0% 059 Bed BN VY 5| NS QI Cp2 g N 255 L AER VT Sie 4 Ghge TA Slaa
o3 09,5 ANZY) jaw 0508 89,5 UNTY) J S 09,5 135 (gxinpoamdi 29,5 )l 2 (3L j5b 4 By (pige (g b o]
FO dnda j2 g 4id8 3 5o, O et Vo Go a1 (55192 (o 09,5 (N=Y) jaw 0508 9 (Slgp (32305 <5 5 09,5 9 (N=V) (55192
Sl V050851057 9o 0 (159 @5 S 12 055 (oo Yov (liao 2 il 4 5o, ¥ s 0503 09,59 23315 ol (2 pod B>
W Wb 0y d e Sl (15 g o (Gyglaen Baiged g Wil (SlyE Blge 15l 5 (u gl Al (28T I any
s y3 P30 S 51 5 G5 (S Tobw (5y10Une yob &1 ilg oo s DRSS yucre ol o &1 okl (5519 (2 yod & 1> L
& Wiy o LABL (pl 5SS (505 (S5 low Jhd RIS 41 g St d9a 1y (o ol ammnS T 9 O me! T5059,5 ihaw
38 Sly $ P50 (Floydmb 3,9, plite (9))9 S S 5SS lon Cope gl (Floyd waa G380, drwgd
Sl 53lgp (oS Sado O ST 51 oabidy S (63 (050 W5 0 o 0903 9 Gl ke (S5 S (5115

(S (Sl ki (052 S S G el g2lio aw 0585 ¢(5jlgR (2 pe3 SIS W3

@ Copyright: © Y- YY by the authors. Submitted for possible open access publication under the terms and
conditions of the Creative Commons Attribution (cc BY) license

(https://creativecommons.org/licenses/by/%, - /).


https://orcid.org/0000-0003-3877-870X
https://orcid.org/0000-0003-3877-870X
https://spj.ssrc.ac.ir/

Olye2 g (lllss oo

dodio

Eos Bl Wloads (ceges Cudl 055> )0 odes Sla iy Gl (S S 5 Sgbie slas Lo 3l slaans s
Ol Copae Gl peries s s She lalSel) 4 Sl rwg o slaysdS o ohsa (Sl pyain 5 (Sl
59 Olgrear e 0903 wiile 2l o JeSe Bras 5 Silan DLy ped Sl 03,5 (59,0 S Sl i 1) s lee
4 33l 00 0S5 S pueliplin p Jale 53 ol by @ dalllas cpl EES I e )00k 0 S0,
V)l dsie (g (Slays 5 xSty Slaghy) axwgi 5 S Sl Fhe gl i 550 Wl o

9 595 & i ce S 0 ey (pl gdige B! o)z C8b sza eplal ple o oy icllila dlral o2
3 sl @ Saglie nl pogdle ol b e SWglie slaslem (08 ety b g asST SWS Culs cdyin
oz weolal (rals plply o ls (galdST i gl o 00 ¥ ggd Cubs 4 M ol 8l je (el aS Oy 0S c8 iy
05 Figed JsielS i ol 0ad g as St slaslont Supde sl hol Bn S olsiear 05 4o
s gz Gilwepd e Lol g0 Jled 4 oS el alexjlilecntisnad elgl a5 0 dS 55
5 Ngd so &8 0S5l (5Bl Byl 5l L ead B ras Hewwlal STy G b IL oS 0 (FRA) ol Gy slaal
5 g diboor (Bl padlgios ;o b i) o (ygmsloenSTEL 4 5 Wgd 0 05T (5 xS sl o )lg Lo FFA ((gole Loyl
-0) Kgb oo slul SIglie slas low @S ;o o] ez 9 FFA Gpae asbslib bl Bigs oo Joos (TG) & oS
(¥

H 55V Glacle L il el 5 0as XIS o s s j5b'% 055 a0 S S5 ik ) oS ol
gl joee b lad e 0 eiz Olo GRIBENGUIS Beye0 (nlingdion 99y Lo b ple 4 S (5098 0
=90 Gpat g Fasn Acc asbe SSjed slop)s @iloJbd L SREBPIC wssig, 19551 o)l 1) (DNL) I509,0
oS slaJsles s)ls S FFASSLTG > slaal s )5 1 lié slapes, Grae o 45 05 oo DNL Cugis
Sgd oo (DAG) JgrmelS Jowliss widle (TAG) JgpmelS Josl (65 3 poane slamiln (il 3l Sl g 00
Sl & Gty S 2B 5 Mayhed L8 055 o0 2o C5LiS eign wile a3l sjloJlud 4 WDAG mos
g go 4Ll gl @ Cusglie 45 a8l S e Jisee |, PIPKIAKT e odsndl (sloodi o8 15 (yujores
T50Igilo Jg3gme 30 ACCH 0,535 (g9 3l ool &S 30 DNL (l3dl g (igmilpale 500 5 Lol lse 51 (S
CPT-1 s bl ACER colss 5l b Tosllgile a5 Jloyo S oo agi |y oyz sladmsl 3 sl o3¥
(LCFAS) i) Vbt yz cloopal &yl aelass 13 60l 03357 a5 CPT-1 .S o e |, ygumslansTly
5 9S ;0 LCFA mazw el M}fl Ol Sl S oo Jtens |y (5,055 5o 4 LCFA-COA 54,9 «onl (5,055 5500 50
hol ouSdas lgieay Ppara oopl poogde 090 oo gl 4 Ceaglie ST g S edS 65 ol amis o
SaS otz 5 RIS @ a gz By Gl b 5 0SS e s pspenSag 5 S5 5iee 5o FFAS (ysedinnsTls
(F-A) 05 oo

Srae Gl L (So5d codld 0sd amie Slplie SIS 5550 5 (pepe Sl @ Wl e WS 0 2y Cnld]
Gl Oleys g i )0 @alond Ghe) e Ol (B9 WS (o0 S Slieas (nl 1A 4 oz laves!

Y 0 lods 17 0590 NFeY 3ol (20359 65992 38 aoliliad



oo e S ol alio 33w 39@? 9 LS}‘}“ o008 ;.yi?

S oo Jlosl (ol yasS e 3 Shos 39 B2k 511y 353 Coite Dl a8 dygo Jlai @ 5 35 n ool ags Lo
039 By J5S lple s Bl g (p8lal ol else aloxjl (200 5 (2138 Slge ol i B yas
5 o Sdlsd o Gl Bk sl plle (9 Lad aBl F5e Bl b L e slags Lo 4 Ml s alS s wilg oo
039 SRR slp gyl sl eslitul ( Fiba ul @l (Swiy (rils Gln pre Boe Soclie 138 w3,
2 e DB b ogls olyS shlo oS witua gl I pide b 2l5é olge lag laceny; tasl a8l Congne
(A1) Al 0aiiS SaS s lans oy 3 (6 St yd Al o g O oMo

3 8kes gr sl leyely (a8l o Sdplie Jolo Lia o o Gl (1857505 Sl Sl 4 4z b
Ol g gy 315 oo o) il b alBloe 90 (lgicds e 0908 Bras 5 sl Sy peTitsl 5500 S
Lol ol o5 el el el 0 ol 05 s et silie s Al loe 0 oIS 2ila i B bl Goas b anlllas
9 09 oolitlul guS s lem Sty 5 Sloyd Wz Gl il anng Gl olis (lsiedr Gk 0l
Al (agee Cuadlu Sgnr Sz )3 e

PRI 9

VO VY g0 )0 g 9 axild oy axan ¥ a5 COVBLIS o551 5 Soge YA bl anlllas ;o 1 i boj] bl gus
Slaelo VY sbas > fols a5 g0t Loyl pl o o jige ool .asd dgs leaol Gy, 0uSingyy 3l waxiils 0,8
Gz (pl plnil Jobo jo 2ol (6,5 giae ;s P B 00 G (ghsb, 5 oS (Bl 4z o VY sles (S0 5 9
IR. ACECR. ROYAN. REC. ) oS o)lais L imgh opl aciils cwpsws e g Of a4 albll &0 4 o jige
ey el gy caSiimgh M ateS ol 4 (1¥44,-V0

ol Siie @l i, plasalsylE oz @l m) cou a8 S slaige ol Bt o il )
4o woll Jobo 4y aaa VY oS dalllas ol Jol 58 ;0 09 Olyauess,S doyo Yo 5 (g S )0 Vo o 0)> do)o
HFD, ol ogy¥ solod ;o ayige S Job azamiVe aS pgo 18 1o .aiod dieo e olde 5, £95 0l 5l e
B 485 Oy 2l w3, b oo,bgs GC, Ex, EX+GC

wde ;2 oS Sensilye lued alis VY eld adlllas cpl o oadioslital (onped SS9y 163leR o ped SS90
Sy 42,85 Y g 3lomicy pod 480 Fooo0 5 T anBo ¥l St 0 el dnds> 2 00 (glaads O all> 0 el
Aol ools wole Dglaie sloce o b addo Ve (gl Jed i (595 dugd A aae S Job jo o Jige colad 090 0,5
e S 3ol Al YIS 85 Sy 4y 5 5] o 5 25 g &2 K25 A S5 e b Uiz gl 59, 2
AiBy e YV a4 3] atie 0 b cdl iolidl dids e ¥ e 4 dlin 90,8 g 09 d4iBs p e VO lal o
2 a8y e VY Sad p)lez 5 pges slaatie )0 aRds  5e VO Dol pg g sl sleatie o (ulply ta,
5 ot sdian 10 5 adds S V) Culd pilid g i sloaas jo i b S VA Dol pld g ey sloaian
AOY) 090 adBo e TY ol o0

Sleo J31s 5,5 5l eolhinl b olisl celu VY 5l G @bl aadllas ol LL 50 1 2 biowdigu Judod g 0 x5
Stz sl s e ol el oy Sl (85T 05F Wb hsacs (0 MOKG) (k5 5 @ MOIKG) eyl

FY o)lods % 6590 APV jul (D)) 559) g yud aolilad



Oy o e oo

DA (6,05 gams slaiales] sl ol 5 il axy0 Ve ite sles j0 Colesys g diad fguh yile diges dewdl
A Sl az 3 Ve e slod ;o yiin sladudod g 428 Sl G 9 98 (9 i) slula 5l g 5 0 28
o~ (Parsippany, Zoetisus, TRAK) ,iog5sl5 olSiws 5l oolaiwl b (FBS) Liil (yg3aid Judow g 4y 520 .0l (5,105
ovbes 558 1Y oS 5l eolatil b Ledly gl o ol s odle 28,5 & g0 b yoge (y0g LOL celus i
A 6 S o3Il oasile sl Lasdl)siws 3k (INSMS-E-1, ALPCO, Salem, NH, USA) jise _pgasce

b ool Jgil5 Jslone 3l coszge (slodanllysis 3o S il JIRNA glsial &y io3 olat Sl 9 430
oS 3l oolaiwl L CDNA aalsl jo ol ioxiw (NaNo Drop) yiegidy wSiwl oSiws dawgs RNA L Clale e s
ACCy, CPTy, FASN, sl 4 b sbocw,yp plxil gl .0l ags (Biotechrabbit GmbH) <o, SSgbs
& oolaxw! (Amplicon, Brighton) olSews 51 s x5e 4o L Real Time-PCR yg051 51 "GPAT, PPARA, SREBP)
T gesl 51 daesls Jlos g a5 (slp el 0ud )] (eSolie S5 4 s (kg o0l 50 1ol ko
ooliinl b g Lol Judow g as3o0 Jol o ded .o oolsiwl baog )5 oy lobine (slacsglas bl Hshred 48 b il g
Al S P <0 (g ol mhaw 9 28,5 &g VoOYLYL T Y ass GraphPad Prism l58le 5 5

O Jgoz) 0b i Jlo s a5l 5V (19308 g gl (g9 SRl 4 aae VY Gl Oy 2138 05, B pas

gl g (95 a3 (359 (o (139 Wl ) Jgua
Table - Changes in body - weight; liver weight, blood sugar, and insulin

W slessl 5o gws 039 Ll 95 B Lowodly cd gund]
; (£5) a3l 039 o 1o (£35) %5 0333 s> L g
09,5 . (p55) Jol 4 X . Fasting blood Plasma
body weight . liver weight . .
body weight sugar insulin
20T R ™) VY0 Y¥..0 .00 VF4 Y$
(HFD)

el dalllne Joh3l6 5 laadly dsmsl 5 095 35515 S (335 0 0039 2 2 20 oy S 08 (V) o
o tge 5l lowdly el il 5095 3595 S (35 0 039 S oy 2 S Jobo aan Ve oS aalllas pgo 5B (LG o
LoDy gl 5 (355 5555 S 39 o (39 Gl A opz (@I85, Bras a5 0l GlaS g 0l 48 S
O yolo gl 50w, e Jloyd Ol ol jzmie (leyd Cod (sleog S 4 S (HFD) J0S 095 5o
@ S oz p @), Srae pfy 45 Wl LS (Sler (nyeT g e 098 S 5 (SleR (nyeT e 05kd

(O JS8) a8 ssalie (5 pladar 2ol Lowdly Gdsesl 5 93 35905 (o 039 50 S5 09,5

Y 0 lods 17 0590 NFeY 3ol (20359 65992 38 aoliliad




oo e S ol alio 33w 39&3 9 65‘9‘5 o008 )yi?

407

s

3.59

3.09

S & & &
e"‘“&x@

4 <
& L & ¢ ¢
S A &

LoDy (el guasil g LLbli (195038 S’ ()39 s (339 22 NS o Ol k' (mwy 2 -V S5
Figure V- Evaluation of changes in interventions on body weight, liver weight, fasting blood sugar and
plasma insulin

& <

039 40 09 demlie Lewdl ol 5 93 Sl S s o 039 2 oz n @l Rieigy RS o)y (1) S
Lo JSs _oolos sl GCHEX 5 EX (GC (gloog,S 5 (HFD) 1S 05,5 sboo 30 laadly pdpead] 5155 555l S
FP<e,0 FEPS o) CFEE P L)) Sl &l 0wl Glast WSl ulul

a5 ol (lis @l @S loy oralaenST Ly 5 Bioygpe s aml8 )0 50 lam 5l laomyp & gy 2 alil 5o
Cemd (HFD) 555 05,5 55 (gt Ly 5 1503950 5 s bzl (2l & imie 0250 (256 3, B0
058 <S5 5 SilsR (i yeT e 05B szrar pOl> eghy o di) Ay Sleys IS al loys cox glaog S 4
a8 oalive (5,lolins ol ]S 0538 4 St 0z (2B 3y Bras mf )4 4T Wby LS (g3lee o yeT 5 e
(Y JS)

14 e)l.o_.';': A4 099 SFeY ).oJLi“ “5.2':)‘)3 ‘5)5-‘54)»3 aolliasd



Olye2 g (lllss oo

1.57 1.5

Fekk 1 2
= 121 -7
S = s
S 3 3
S o 3 340.94
\" 0.9 3 2

o
=
L,0.6 B 3 061
3 < =
o
903 034
0.0

2
>
T

Cptl/ Gapdh
Ppar-a/ Gapdh

S & ¢ ¢

9SG e 92lio o (S5 2 ST Ol (o) 2 =T S0
Figure v- Investigation of changes.in interventions on.genes of liver lipid metabolism pathway

Srebp-1C,  dwglio 5 GsmmlaennST Ly 5 [0g,0 5,0 5o w3 wyzp @l meiy 586 o)lys (V) IS
o S olod .l GCHEX g EX GC (slacgyS 5 (HFD) Jjus 05,5 0 Acc), Gpat, Fasn, Cpty,Ppar-a
CFRS- 0 Py R P< 1)) wiad &l o aibi! clast oSl olal

S5 4 g Cny

).w‘).m B )ij)a C).: “59>. 4.:54 A aS el oudy asliy it 6[.66)Lo..u )LCT é.a‘ J.QLC sS)?u[‘,S gm) g_iMp
Sl elas! Sdalin slog lom yloyo 4 sdilags locedle sloas i 5l Glodes jidw aos oo (ilidl |, Hle>
g9 Subo 3)lpanpd Wb biglejee oS 50 gy gead Glall o Fiba )38 oo (hie ;5L (S5 CodS p oS
= é.o.?u “;‘J.C 0‘9.0 QLJ) J).AA l.: (HFD) YL) <= L) @‘J.C rg.))) Ll o0l oo lice ;S.Jj.:l.uo rﬁ)M 9 (TYD) P£9o
Sloyd Bad ST )0 (g2 gexs Al Gl 0gdoe e Splie pyake o 4 g WS (o0 wadd ) WS )0
ATN0) 99 g0 4385 Hlai )3 Sgibie oo 5l (6 Sty b S5 sl p oS

el s 5 2 593 35508 13 535 Gl s (HFD) Y (s U sl 5, 3o (ol g o 5o
ol epgs 5B LL o wgh e Al Sl slag,len T gl olo Slas lgeas Jolge ol a5 ol Lawdl
5% 0539 00l A HFD L oS J 1S 09,8 slaige )3 (339 9 0978 Gilidl ol has ol (glal> e 4y oy
Gl o Ll ( S0 Cled 5508 olpad 4 HFD Gy a5 el )] sazasylis sadleys sloeg,S b duslio

Y 0 lods 17 0590 NFeY 3ol (20359 65992 38 aoliliad



oo w5 el g2lie g1 oms Bt 9 3150 (0T U
(VF) S o o (HFD G jpae aan VYY) asdllas Jol 5B L aslio ,0 1) Y g48 Cobs aiile S gilin

Sl yod &5 08 Gle St Sl 0ud i (rdgadl g (95 0B i (59 Rl 4 (gl sk 4 (sls (n peS
L35 55518 5 dgmnl e R8I g sl & oo 3300 5 SOl Lo 555 L GRal33l L (sl
OV AA) azls olyen 4 1) pdaudl § HOMA mlaw o galS o iy (s5l9n Sl jpad copl 0 ogdle 29l 0
Gools Lo glaadl slol jo o)l o] pedglo 42955550 ).ula GC a0 a5 wilosly ylad (yuiy Sla by
v 4,0 g WS o 65 ol Sl Qi sl as sl 0oy o Dol W lgs GC Y1 JaitzanslopuslSa 51 (S
oS 5 pimed el 3LS (6 i Oladlae plxil 4 ad 3l awl 6l Jlecnll e o blS 1) e 10 gl
b JoSo olojad B pan il cadly,s cuilas HFD jl o5l o )lee 2alS 5 ciclae 1 STGC Gpasl 5lsn Sl pes
1Y) al oasline (6 Kot S0 4 00,5 B as GCHEX a5 25,5 10 59 widlS jo b (s3len Sl ad g
ACCH yzmed s DNL 018 S e ylgacas |, Srebpy-C 5 lo oy (oldé 005, a5 A& asin Gudod ol )0
DNL axl,8 50 Jleedb odgs as Fasn codled .l sols iul8l (6 puSadi (9l 4 COA yiglle Jiin jo Lol o5l
Sb)s pzn mly & @lagbse ;0 FasN o Gle 50 e 8,50 Bl (el sladdl b Bl 35d o i
g <l anlol glidl e Oy slaaaul adei b 55end ol @ Fasn daves Sl adgi 51 ey 0l caalie (s,S
zhw jo ax GPATY (Lo a5 wilesls ylis Sladss .o Jooud oy paedS (65 & s () (50dS o1 Gpat) Lawgs
a0 (V) TY) cuils glabasdo o5 j0 il s )7 by iz 23, 45 (29,5 50 (e ghaw )0 4z 5 ()5
Slam 5l Glo palas o a5 005 0 5LETPPAr-a o b ail b el b, T gewlanSTn o laad endsilie 51 (6,500
e BB o]l il sad saalice rion @lalllas jo a5 jgbjles I8 i CPT-) dlox i gulonnSTLy (gallS
J..\.J93 l.: Canl u.i.o.n J‘" L}"‘ .bj.u.:‘édz 00 uﬁlob; u.el.l)o - rg.:)) as @Lﬁ:ws.n ) Cpt-\ 9 Ppar-adlmu) UL"" )
OGS oo Joe Ppar-acgledilEl] slacano,> slaocul ]y sl bas e Fasn o3l oy oS slaJsbo o FA
(YY-Y0)

25, &5 e9,5 4 camd Srebp)-C ke 5o o lblixe (ials < GC G yas g (5ilsp (1 ped @ Frwly jo aadllas ol jo
o5 obe 9,58y el (6085 c3LTe DNL anl b codlad jials oasmslis a5 b sdalin wisls (HFD) o,
S3len o yoi Lol cdms LzalSily oo 5T opl oyl cuslss GC S sls (jlis gulis «asl DNL 5T 55 (gudS o 351 «SACCH
o SYeb (gilemnaly 185 a5 il o pl 4 canl (Sow ol (ol 0,50 0wl ACCY (5 Loy (g bolae 2ol
S oo ol 158 Jbglle aiile lo FALT s a5 LS aseis o 5 amo oo iul38l (65,50 (Lol e lsicas |) FA 6 yas
e Olgieas |y b FA Cateal ol l a5 sl Fasn o5 oo » 650 (65l9a o yes a5 ols olis gl opl p opdle
4 Combes b Dlasiglbedl o o olhs 5 Sl adlac ;o bagdd 08 o anb upes Jsb o 6550
YP-YA) 0SS ol 5 oS po 1y 51l sl Sae (55l98 (o pod g Wl e Siad (o g

ol ams oo L 1y 05 onl ole Gialidl aS el Fasn o5 ole e 2 GC G yan 156 g 55,0 OIS 5 K0 (S
Wlg5 oo (3i8lS el oals (5,155 L8 Sldllae jo aS g ylen 1y salil 090 jo (i8S 0929 Jdo 4 Canl (Sae
a5l NI 9 0,0 il guwlannST -0 285 a5 aas o lid Eadge oyl g yaeie FASN 5 la al3dl 4

FY o)lods % 6590 APV jul (D)) 559) g yud aolilad



Olye2 g (lllss oo

(XY 05 o e | FA gt S
39750 GLFA w8l oo Bl caudlyguil a0 5 (5,0 5 () SLaE (Jgigims cha )3 (TG) oy pudSy 5 it
TG jiiw Ceoms 4 |y LFA GPATY s S5 a5 jgblan s 159,00 b ol co aws 4y o138 025, 51 L oS 5o
PTG gl 2alS b el ol a5 cod 03ls [2alS |, GPATY s gz b j5b 4 GC oS S oo Cuglin
aS Ceol ools als 1) Gpaty 5 ole > 55,55 50 Hob 4 50 Giler el ol Canllas og,S len slewsdl
oelis gl PPAra s (53 45 jsblas Al (gjls cpped Jsb 55 (5] ante Blsieds WFA il saimo sLis Wl e
Bl Gl a5 was oo (i Jlers Cou ladiged ;0 (o Gl s Sl 55978 SAS sladske 3 Gamlon ST
ples Jlosl LEPY (35 ol wizran 8L 2alS S 0503 5 (55199 (2 o3 LHFD slaiges ;o Ppara zlaw ;s HFD
VYol s |, gylolie zals o, los

b & ozn @l Gbm), 5 SRS (SN Sew &5 05 S et Ol stde e 4 4y L
Er Ml oe 093 w4 Julo 93 o aies e Gl ) Sglte pjain 5 Sl lagilen b (29550550
0k GC wiile plaJaSe pan 5 (s3lpn Sl pos 5,055 ghie 3B GF05 S g wi I3l 1) oS e
Ol ST GogSiae LB SIS mha 1alS g el ) Gl 959 GRS b | Wigy inl wlg oo oS wilesls
5 Srday 3 S Sl Flil plsiear wilgi oo colis Blo JaSoi S pan glg5lse Sl el a5 ans oo LiS Laasidly
o byl a8 e S Gl i oladss bl Coeal ool oS Jae ( Sdgle slas len Co e
33 3B 35S 5 o) i

o ply

b ot dss slabge 5o 05 Goere) a2 810500 o i 0508000 5 (53152 (52505 (oS 5 3l ctalllan (il 5o
b 5 ST r e RalS R Sute oSl QleBa (hg 50 0 oS ol Gl laatdl b gy 22 )
A i G 050865158 B2yed) s 39 0l a5 Lol iyl o slosl 4526 5 3 b Lo po (sla 3
30 oS Sedailie slagsjlow Jlas 2alS 5 oS o] Rl st 5o )

5 w7 S5 Sapnde 33 e ()l pE Sl Glsiea wiilgi e s3lsr Sl a5 cul G (S e onl @l
SIS eas adli ekl qea Bl JoSe S5 (lyieds 15 e 0908 igd osliiul (Sl b s e Slgille YIS
Ol il cenlin (SaS 438 )l Cusgame S slacdlad ploul jo a8 (g0l 3l gl wilgs ge g )l0 Ty (555 Ao
Slr PS5 slodsSe 5 38555 5 )] arng cuz 5o canl Sl sl jluaie; Wigioe aily
il S slacs e Oleyd 5 6 2Nty

W Ol Mo

Mo S g ab plnil pledal by 0aSiagl BB S anli by (B Jpol Jal e, b iags ool
ol 48,55 Oy g0 allie (5,55 L gl o dosls (6 yglaes ail b j0 BB Cals 4igSa 45 Wigd oo

&lo o,

Lol oo (Bljle b saxd (glhdss ((Jb) mdle o)l digfamd a5 oS oo ool dlie pl (Baiag s

Y 0 lods 17 0590 NFeY 3ol (20359 65992 38 aoliliad



oo

o) ond 930 3 s ok 9 (53198 (g ,yl.?

3 Sgzg kil S 5L tagdy ol (gl s

(19598 g ;S5

5 Siedyyl sode mlie o ctaghy DLl o5l ol b aS Sa S oamgh 5 oledel oliils ) gl el b

oges wal 8 | allie cpl jlicsl g (2905 A o slo Colos

&b
Lee EC, Anand VV, Razavi AC, Alebna PL, Muthiah MD, Siddiqui MS, et al..The global epidemic of
metabolic fatty liver disease. Current Cardiology Reports. Y- Y¥f;v#:1a9-x) -.
Su W, Chen M, Xiao L, Du S, Xue L, Feng R, Ye W. Association of metabolic dysfunetion-associated
fatty liver disease, type v diabetes mellitus, and metabolic goal achievement with risk of chronic kidney
disease. Frontiers in Public Health. v-vy;y-:\ - fvva¥.

Caldart F, de Pretis N, Luchini C, Ciccocioppo R, Frulloni. L. Pancreatic steatosis and metabolic
pancreatic disease: a new entity? Internal and Emergency Medicine..y - vv; A(A):¥144-Y- A.

Khamseh ME, Malek M, Jahangiri S, Nobarani S, Hekmatdoost A, Salavatizadeh M, et al. Insulin
resistance/sensitivity measures as screening indicators of umetabolic-associated fatty liver disease and
liver fibrosis. Digestive Diseases and Sciences. Y-Y¥;\:\-\¥,

Benites-Zapata VA, Bohorquez-Medina SL, Bohorquez-Medina AL. Markers of liver function and
insulin resistance. In: Biomarkers in diabetes. Cham: Springer; Y- vv. pp. Ya6-v15.

Imamura F, Fretts AM, Marklund M, Ardisson Korat AV, Yang W-S, Lankinen M, et al. Fatty acids in
the de novo lipogenesis pathway and incidence of type ¥ diabetes: a pooled analysis of prospective cohort

studies. PL0S Medicine. y=\v;(7):e)- - ¥Vex.

Hydes TJ, Ravi S, Loomba R;.Gray ME. Evidence-based clinical advice for nutrition and dietary weight
loss strategies for the management of NAFLD and NASH. Clinical and Molecular Hepatology.
Yov e YP(F)IvAY.

Ramasubbu K, Devi Rajeswari V. Impairment of insulin signaling pathway PIvK/Akt/mTOR and insulin

resistance induced AGEs on diabetes mellitus and neurodegenerative diseases: a perspective review.
Molecular and Cellular. Biochemistry. v-vy;fYA(#): V¥ - V-Y¥.

Hodson L; RosqvistF ,Parry SA. The influence of dietary fatty acids on liver fat content and metabolism.
Proceedings ofithe Nutrition Society. v-v-;va(1):v--f).

-. Sorriento D, Di Vaia E, laccarino G. Physical exercise: a novel tool to protect mitochondrial health.

Frontiers in Physiology. Y- vy;\y:#8- - #A.

. Lim AY, Chen Y-C, Hsu C-C, Fu T-C, Wang J-S. The effects of exercise training on mitochondrial

function in cardiovascular diseases: A systematic review and meta-analysis. International Journal of
Molecular Sciences. Y-yv;vy(y-):1vo0A.

. Abdollahi M, Marandi SM, Ghaedi K, Safaeinejad Z, Kazeminasab F, Shirkhani S, et al. Insulin-related

liver pathways and the therapeutic effects of aerobic training, green coffee, and chlorogenic acid
supplementation in prediabetic mice .Oxidative Medicine and Cellular Longevity. y-yy;y.yy.

. Xie MinHao XM, Chen Guilie CG, Wan Peng WP, Dai ZhuQing DZ, Zeng XiaoXiong ZX, Sun Yi SY.

Effects of dicaffeoylquinic acids from llex kudingcha on lipid metabolism and intestinal microbiota in

FY o)lods % 6590 APV jul (D)) 559) g yud aolilad


https://link.springer.com/article/10.1007/s11886-024-02025-6#:~:text=Recent%20Findings&text=The%20incidence%20and%20prevalence%20of,team%20with%20a%20holistic%20approach.
https://link.springer.com/article/10.1007/s11886-024-02025-6#:~:text=Recent%20Findings&text=The%20incidence%20and%20prevalence%20of,team%20with%20a%20holistic%20approach.
https://www.frontiersin.org/journals/public-health/articles/10.3389/fpubh.2022.1047794/full
https://www.frontiersin.org/journals/public-health/articles/10.3389/fpubh.2022.1047794/full
https://www.frontiersin.org/journals/public-health/articles/10.3389/fpubh.2022.1047794/full
https://link.springer.com/article/10.1007/s11739-023-03364-y
https://link.springer.com/article/10.1007/s11739-023-03364-y
https://link.springer.com/article/10.1007/s10620-024-08309-9
https://link.springer.com/article/10.1007/s10620-024-08309-9
https://link.springer.com/article/10.1007/s10620-024-08309-9
https://link.springer.com/referenceworkentry/10.1007/978-3-031-08014-2_9
https://link.springer.com/referenceworkentry/10.1007/978-3-031-08014-2_9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7292352/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7292352/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7292352/
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwjDg-fj2YSHAxVd1cIEHYzZArUYABAAGgJwdg&ase=2&gclid=CjwKCAjwhIS0BhBqEiwADAUhc12XgOw138cB52oad9g3z9Fv4pTWBe5pQSX8H2IcfDBeO6HXAVlLLBoC3pAQAvD_BwE&ohost=www.google.com&cid=CAESVuD2sMe06uUJ8eyLtPlDQEvQ66XanzfOGKUp1k8pDXI3EPtL_bRziP1pcNPGBtTZBG2AE8AD0I8yNqIv3CrMODYr1Gfzhd3PGiDwDVXweD6kmGyZ-jZR&sig=AOD64_0WVrSPlrtYWSm5AqACGcLyEDRHMQ&q&nis=4&adurl&ved=2ahUKEwj-zN_j2YSHAxUfPjQIHWEpDGsQ0Qx6BAgJEAE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwjDg-fj2YSHAxVd1cIEHYzZArUYABAAGgJwdg&ase=2&gclid=CjwKCAjwhIS0BhBqEiwADAUhc12XgOw138cB52oad9g3z9Fv4pTWBe5pQSX8H2IcfDBeO6HXAVlLLBoC3pAQAvD_BwE&ohost=www.google.com&cid=CAESVuD2sMe06uUJ8eyLtPlDQEvQ66XanzfOGKUp1k8pDXI3EPtL_bRziP1pcNPGBtTZBG2AE8AD0I8yNqIv3CrMODYr1Gfzhd3PGiDwDVXweD6kmGyZ-jZR&sig=AOD64_0WVrSPlrtYWSm5AqACGcLyEDRHMQ&q&nis=4&adurl&ved=2ahUKEwj-zN_j2YSHAxUfPjQIHWEpDGsQ0Qx6BAgJEAE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwjDg-fj2YSHAxVd1cIEHYzZArUYABAAGgJwdg&ase=2&gclid=CjwKCAjwhIS0BhBqEiwADAUhc12XgOw138cB52oad9g3z9Fv4pTWBe5pQSX8H2IcfDBeO6HXAVlLLBoC3pAQAvD_BwE&ohost=www.google.com&cid=CAESVuD2sMe06uUJ8eyLtPlDQEvQ66XanzfOGKUp1k8pDXI3EPtL_bRziP1pcNPGBtTZBG2AE8AD0I8yNqIv3CrMODYr1Gfzhd3PGiDwDVXweD6kmGyZ-jZR&sig=AOD64_0WVrSPlrtYWSm5AqACGcLyEDRHMQ&q&nis=4&adurl&ved=2ahUKEwj-zN_j2YSHAxUfPjQIHWEpDGsQ0Qx6BAgJEAE
https://link.springer.com/article/10.1007/s11010-022-04587-x
https://link.springer.com/article/10.1007/s11010-022-04587-x
https://link.springer.com/article/10.1007/s11010-022-04587-x
https://www.cambridge.org/core/journals/proceedings-of-the-nutrition-society/article/influence-of-dietary-fatty-acids-on-liver-fat-content-and-metabolism/109843C09CD25C592979E5DFCB0A7251
https://www.cambridge.org/core/journals/proceedings-of-the-nutrition-society/article/influence-of-dietary-fatty-acids-on-liver-fat-content-and-metabolism/109843C09CD25C592979E5DFCB0A7251
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8110831/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8110831/
https://www.mdpi.com/1422-0067/23/20/12559
https://www.mdpi.com/1422-0067/23/20/12559
https://www.mdpi.com/1422-0067/23/20/12559
https://onlinelibrary.wiley.com/doi/10.1155/2022/5318245
https://onlinelibrary.wiley.com/doi/10.1155/2022/5318245
https://onlinelibrary.wiley.com/doi/10.1155/2022/5318245
https://www.sciencedirect.com/science/article/abs/pii/S1756464619303925#:~:text=DiCQAs%20enhanced%20gut%20barrier%20integrity,the%205%20key%20gut%20bacteria.
https://www.sciencedirect.com/science/article/abs/pii/S1756464619303925#:~:text=DiCQAs%20enhanced%20gut%20barrier%20integrity,the%205%20key%20gut%20bacteria.

Oy o e oo

Y.

Yy.

YY.

YF.

Yo.

Y&,

Yv.

YA

yAa.

Y.

high-fat-diet-fed mice. J Agric Food Chem. v-1a;#v()):\V)-AY.
Farah A, de Paula Lima J. Consumption of chlorogenic acids through coffee and health implications.
Beverages. v-14;0(1): ).

. Organization WH. WHO guidelines on physical activity and sedentary behaviour. World Health

Organization; y-Y-.

. Cho Y, Lee SY. Useful biomarkers of metabolic syndrome. MDPI; y-yYy. p. \o- Y.

Handelsman Y, Lepor NE. PCSKa inhibitors in lipid management of patients with diabetes mellitus and
high cardiovascular risk: a review. Journal of the American Heart Association. v- A;Y(\Y):e- - AdoY.

Brellenthin AG, Lee D-c, Bennie JA, Sui X, Blair SN. Resistance exercise, alone and in combination
with aerobic exercise, and obesity in Dallas, Texas, US: A prospective cohort study. PLoS Medicine.
YoYYV; V()8 . - YEAY.

. Zheng Y, Yang W, Sun W, Chen S, Liu D, Kong X, et al. Inhibition of porcine pancreatic a-amylase

activity by chlorogenic acid. Journal of Functional Foods. v-Y-;#¥f:\ - YoAY.

-. Zheng YuXue ZY, Yang WenHan YW, Sun WeiXuan SW, Chen ShiGuo CS, Liu.DongHong LD, Kong

XiangLi KX, et al. Inhibition of porcine pancreatic a-amylase activity by chlorogenicacid. Journal of
Functional Foods. Y- v-;#f:) - YOAY.

Wada M, Yukawa K, Ogasawara H, Suzawa K, Maekawa T, Yamamoto Y, et al. GPRoy accelerates fatty
acid biosynthesis in a ligand-dependent manner in hepatocytes and.in response to excessive fat intake in
mice. Iscience. Y- Y\;YF(f):V-Yys..

Wallace M, Metallo CM, editors. Tracing insights into de novo lipogenesis in liver and adipose tissues.
Seminars in Cell & Developmental Biology. v-Y-;\-A:£0-V\.

Gavito AL, Bautista D, Suarez.J, Badran S, Arco R, Pavon FJ, et al. Chronic IL-# administration
desensitizes IL-# response in liver, causes hyperleptinemia and aggravates steatosis in diet-induced-obese
mice. PloS one. v-\1#;1\(5):e- vovans.

Guo Y-X, Wang B-Y, Gao H, Hua R-X, Gao L, He C-W, et al. Peroxisome proliferator-activated
receptor-o: a pivotal regulator. of the gastrointestinal tract. Frontiers in Molecular Biosciences.
YoYYUASE- A,

Schlaepfer IR, Joshi M., CPT)A-mediated«fat oxidation, mechanisms, and therapeutic potential.
Endocrinology. ¥-¥-;v#1(Y):bgz- 7.

Muscella.A, Stefano E; Lunetti P, Capobianco L, Marsigliante S. The regulation of fat metabolism during
aerobic exercise. Biomolecules. v-v-;y-(1¥):1#44.

Pino-de la.Fuente F, Quezada L, Sepulveda C, Monsalves-Alvarez M, Rodriguez JM, Sacristan C, et al.
Exercise regulates lipid droplet dynamics in normal and fatty liver. Biochimica et Biophysica Acta
(BBA)-Molecular and Cell Biology of Lipids. ¥-13; A£(1¥):10A0.

Eftekharzadeh M, Atashak S, Azarbayjani MA, Moradi L, Rahmati-Ahmadabad S. The effect of aerobic
exercise on SREBP-\c gene expression in skeletal muscle in obese female rats. Thrita. y-yy;yv(1):y-v-.
Dungubat E, Watabe S, Togashi-Kumagai A, Watanabe M, Kobayashi Y, Harada N, et al. Effects of
caffeine and chlorogenic acid on nonalcoholic steatohepatitis in mice induced by choline-deficient, L-
amino acid-defined, high-fat diet. Nutrients. v-v.; v(\Y):¥AA?.

. Farias-Pereira R, Park C-S, Park Y. Mechanisms of action of coffee bioactive components on lipid

metabolism. Food Science and Biotechnology. - 1a;YA(6):VYAY-45.
Wang W, Li L, Wang X. Therapeutic targets during mitochondrial lipid metabolism. Cham: Springer;
Y.V Pp. ¥-0-A.

Y 0 lods 17 0590 NFeY 3ol (20359 65992 38 aoliliad


https://www.sciencedirect.com/science/article/abs/pii/S1756464619303925#:~:text=DiCQAs%20enhanced%20gut%20barrier%20integrity,the%205%20key%20gut%20bacteria.
https://www.mdpi.com/2306-5710/5/1/11
https://www.mdpi.com/2306-5710/5/1/11
https://pubmed.ncbi.nlm.nih.gov/33239350/
https://pubmed.ncbi.nlm.nih.gov/33239350/
https://www.mdpi.com/1660-4601/19/22/15003
https://www.ahajournals.org/doi/10.1161/JAHA.118.008953
https://www.ahajournals.org/doi/10.1161/JAHA.118.008953
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1003687
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1003687
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1003687
https://www.sciencedirect.com/science/article/pii/S1756464619305110
https://www.sciencedirect.com/science/article/pii/S1756464619305110
https://www.sciencedirect.com/science/article/pii/S1756464619305110
https://www.sciencedirect.com/science/article/pii/S1756464619305110
https://www.sciencedirect.com/science/article/pii/S1756464619305110
https://www.sciencedirect.com/science/article/pii/S2589004221002285
https://www.sciencedirect.com/science/article/pii/S2589004221002285
https://www.sciencedirect.com/science/article/pii/S2589004221002285
https://www.sciencedirect.com/science/article/abs/pii/S1084952118303021
https://www.sciencedirect.com/science/article/abs/pii/S1084952118303021
https://journals.plos.org/plosone/article/figures?id=10.1371/journal.pone.0157956
https://journals.plos.org/plosone/article/figures?id=10.1371/journal.pone.0157956
https://journals.plos.org/plosone/article/figures?id=10.1371/journal.pone.0157956
https://www.frontiersin.org/journals/molecular-biosciences/articles/10.3389/fmolb.2022.864039/full
https://www.frontiersin.org/journals/molecular-biosciences/articles/10.3389/fmolb.2022.864039/full
https://www.frontiersin.org/journals/molecular-biosciences/articles/10.3389/fmolb.2022.864039/full
https://www.semanticscholar.org/paper/CPT1A-mediated-fat-oxidation%2C-mechanisms-and-Schlaepfer-Joshi/90d4a69f43e804b5267eaf950186a462fb0ddcbd
https://www.semanticscholar.org/paper/CPT1A-mediated-fat-oxidation%2C-mechanisms-and-Schlaepfer-Joshi/90d4a69f43e804b5267eaf950186a462fb0ddcbd
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7767423/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7767423/
https://www.sciencedirect.com/science/article/abs/pii/S1388198119301593
https://www.sciencedirect.com/science/article/abs/pii/S1388198119301593
https://www.sciencedirect.com/science/article/abs/pii/S1388198119301593
https://brieflands.com/articles/thrita-138382
https://brieflands.com/articles/thrita-138382
https://www.mdpi.com/2072-6643/12/12/3886#:~:text=In%20this%20study%2C%20caffeine%20and,in%20NASH%20lesions%20in%20mice.
https://www.mdpi.com/2072-6643/12/12/3886#:~:text=In%20this%20study%2C%20caffeine%20and,in%20NASH%20lesions%20in%20mice.
https://www.mdpi.com/2072-6643/12/12/3886#:~:text=In%20this%20study%2C%20caffeine%20and,in%20NASH%20lesions%20in%20mice.
https://openurl.ebsco.com/openurl?sid=ebsco:plink:scholar&id=ebsco:gcd:139273885&crl=c
https://openurl.ebsco.com/openurl?sid=ebsco:plink:scholar&id=ebsco:gcd:139273885&crl=c
https://link.springer.com/article/10.1007/s10565-020-09543-3
https://link.springer.com/article/10.1007/s10565-020-09543-3

oo e S ol alio 33w 39@? 9 6}‘9-‘5 o008 ;.y‘l.?

vy. Calle P, Mufioz A, Sola A, Hotter G. CPT\a gene expression reverses the inflammatory and anti-
phagocytic effect of v-ketocholesterol in RAWvysf. v macrophages. Lipids in Health and Disease.
YO VAN -

FY o)lods % 6590 APV jul (D)) 559) g yud aolilad


https://pubmed.ncbi.nlm.nih.gov/31823799/
https://pubmed.ncbi.nlm.nih.gov/31823799/
https://pubmed.ncbi.nlm.nih.gov/31823799/

