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ABSTRACT

EEE Gl e Relgle Mol [EMiYsE Background and Objective: Obesity and overweight affect
approximately 40% of adults worldwide, increasing the risk of developing diseases such as

type 2 diabetes and cardiovascular disease, and have significant economic impacts on
healthcare systems. High-intensity functional training (HIFT) and curcumin, the active
compound in turmeric, are both recommended for their beneficial effects on metabolic and
cardiovascular health. Therefore, this study evaluated the combined effect of HIFT and
nanocurcumin on specific parameters such as blood lipids and leptin and NRG1 levels.
Forty obese men were randomly assigned to four groups: placebo,
curcumin supplementation, functional training + placebo, and functional training +
curcumin supplementation. The intervention lasted for eight weeks and consisted of three
non-consecutive weekly sessions of functional training. Various markers including lipid
profile (spectrophotometric method), fasting insulin (radioimmunoassay method), insulin
resistance (homostasis model assessment (HOMA-IR)), leptin and NRG1 levels (ELISA
method) were measured before and after the intervention.

The results showed that the nanocurcumin + functional training group (Sup-Ex
group) had the greatest decrease in total cholesterol, LDL-C and increase in HDL-C (p < 0.05).

Received: 23 October 2024 Also, insulin resistance, leptin and NRG1 levels in the Sup-Ex group had the greatest

Accepted: 14 December 2024 decrease (p < 0.05).
Available Online: 20 May 2025 According to the findings of the present study, the combination of

nanocurcumin exercises with functional training in obese individuals can be used to
positively regulate lipid profile indicators, leptin and NRG1 levels, and it is also suggested
that other indicators related to obesity and cardiovascular diseases be used with
nanocurcumin and functional training intervention in future research.
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Introduction

besity has emerged as a pressing global health

issue, currently affecting approximately 40%

of adults worldwide. This condition poses a

significant risk for a multitude of chronic
health problems, including type 2 diabetes and
cardiovascular diseases, which not only compromise the
quality of life for affected individuals but also exert
considerable economic pressure on healthcare systems.
Recent evidence has highlighted the therapeutic potential
of High-Intensity Functional Training (HIFT) and
curcumin—an active compound derived from turmeric—
due to their advantageous effects on metabolic and
cardiovascular health. The aim of this study was to
meticulously investigate the combined effect of HIFT and
nanocurcumin supplementation on specific biochemical
markers, focusing on the alterations in levels of leptin and
Neuregulin-1 (NRG1) as well as lipid profiles among obese
individuals.

Methods

A randomized controlled trial was conducted involving
forty male participants classified as obese (ages 25-35
years with a Body Mass Index (BMI) exceeding 34 kg/m?).
Participants were randomly distributed into four distinct
groups: a placebo group, a group receiving curcumin
supplementation, a group participating in functional
training with a placebo, and a group undertaking functional
training with curcumin supplementation. The intervention
spanned a duration of eight weeks and entailed participants
engaging in three non-consecutive sessions per week of
structured HIFT. Systematic evaluations were conducted at
both baseline and post-intervention to ascertain significant
changes in metabolic parameters, including lipid profiles
(sampled through spectrophotometry), fasting insulin
levels (measured using a radioimmunoassay technique),
insulin resistance (assessed via the Homeostasis Model
Assessment of Insulin Resistance, or HOMA-IR), and
quantification of leptin and NRG1 levels (conducted
through the Enzyme-Linked Immunosorbent Assay,
ELISA).

Results

The results revealed that the cohort receiving
nanocurcumin supplementation in conjunction with
functional training exhibited the most pronounced
improvements, including statistically significant
reductions in total cholesterol and LDL-C levels,
along with enhancements in HDL-C levels (p < 0.05).
Additionally, this group presented the greatest
reductions in insulin resistance markers, as well as in
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circulating levels of leptin and NRG1 (p < 0.05).
These findings suggest a potential synergistic effect
derived from the combined intervention, which
positively influences metabolic and cardiovascular
health indicators in the studied population.

Conclusion

The findings of this study provide compelling evidence that
the strategic combination of nanocurcumin supplementation
with High-Intensity Functional Training may serve as an
effective intervention for improving lipid profiles and
reducing levels of leptin and NRG1 among obese
individuals. The results underscore the importance of
integrating dietary supplements alongside structured
exercise regimens as viable therapeutic strategies aimed at
addressing obesity-related health issues and promoting
overall metabolic health. Given the promising outcomes,
future research endeavors should expand the investigation to
encompass additional metabolic indicators, long-term
implications of this combined intervention, and its broader
applications in promoting cardiovascular and metabolic
health within obese populations across diverse demographic
backgrounds.

Ethical Considerations

Compliance with ethical guidelines
It was a descriptive study that reviewed laboratory

data without disclosing patients' information after
receiving the code of ethics (IR.URMIA.REC.
REC.1402.022) from URMIA University
Funding

This research is derived from the author's doctoral
dissertation and has received no financial support from
any organization or institution.
Authors contributions

S.S.S. conceived the study, conducted the
investigation, curated data, and wrote the original draft.
A.T. supervised the research, designed the methodology,
reviewed and edited the manuscript, and administered the
project. B.J.G. contributed to methodology, performed
formal analysis, and participated in manuscript review
and editing. All authors read and approved the final
manuscript.
Conflicts of interest

The authors declare that they have no competing

interests.
Acknowledgements

This study is derived from a doctoral dissertation
completed in the Exercise Physiology Department,
Faculty of Sport Sciences in Urmia University. The
authors would like to express their deepest gratitude to all
participants who contributed to this research.

Tofighi A, et al. HIFT and Nanocurcumin: Cardiometabolic Health .JSMJ. 2025; 24(1):54-70



. S ele dloxe 1 0 l0us 28 5,55 A404 Caiaus ) 5 3135955

P R

23 g5 )55 PU (23 JeSe 9 HIFT by poi Gl (i) 9 NRGL gglaws &l i
Gla o1 3!

21,5 . e ) o] s Sl

O')i‘ ‘@5), ‘@5), WA ‘u.«.:l)’)j '051.9 XU t@%&‘ CQ‘SP 9 u.&)’” ‘53,‘%}55 bs; 1
Oyl i 5o (S o9k BN ¢ (S ]y 0SUESID iy mgle 59,5 .2

Use your device to scan
and read the article online Seyedi S S, Tofighi A, Jamali Gharakhanlou B [Changes in NRG1 and Leptin Levels Following Functional
Exercises and Nano Curcumin Supplementation in Obese People (Persian)]. Jundishapur Scientific Medical Journal.

2025; 24(1):54-70. 10.32592/jsmj.24.1.54

https://doi.org/10.32592/jsmj.24.1.54

0
»* Lo d

aidle o2l g lows 4 S s g ol 00l 413 Sl 1y gl Yo S35 3 w5340 Lo i y3948L01 9 ‘;
LTS S T3 KV F TSI N1 R P RCA PO P RC -V L A PPN PP NP J RO IS
955l g Sdglio Cuadlaw 3 libisho ST Judoas 93 58 19205 50 Jleb oS 5 (mogS 595 9 (HIFT) YWl i b (g0,5es
9 0395 Sl wiile pasiine sl piolyly y (rwosS s g HIFT (oS 5 1l )l o gy coaf scotl plis Wigdh o0 do 5
0318 3,50 NRGL g ¢yuicdd z gl

9 Lodglo + (69 5o Uy 0 «(rnogS 195 JaSo claigfs 1o ane 5 095 Jlez & Bolai yebar 3l S0 Jo
D81 (68,5 hos Wl yoi Jlgso e Sihd dun ko dr Joldh g dihd il d G @ als e .W,S),SJ;SHH &0 5das Wy poi
Jomol crdgmnil @ Cungliin o omilgigoslgroly sbg ) Ll (ol gmudl (5 yogidy yiScuml sb9) (ol JalBg 1 alo il Silisko (sl Sl
N (655031l by y 41 alslae 3l a9 S (Y1 g, NRGL g caid gl [(HOMACIR) ' jlisgon (b3l
9LDL-C S JgpuulS 35 Sials' oy pidie as (SUP-EX 09,5) (69 ,5kos iy 05 + (5098 5959l 0,5 5o ol (yLi @

1y GilS (o ykie st SUP-EX 09,5 50 NRGL g il o siulguun 3l Canglio zglans ecpuizzod (p < 0/05) wils [y HDL-C s (sial34! 1403 4Li2 e3> o b

(p<0/05) cusls 1403 ;3124 ;0 iy )6
il of s oni ol ) 5 s ed 5 5 et s o aodllao - cloazil . - . 1404 Cuiguss,) 31 2Ll g6
@l 31,80 50 60 hoe by yoi ol jod &1 (ya0gS ys5 Pl Wiy gl S 5 3l (lgF o0 98 sl 4 axgi WFTUEES

31 oyl ol 30 dgab o0 Sendins (aizpod 9 0,5 03liius| NRGL g o) Zgbauw «gobamad JilBg  (slo s Ly Conto uliis
S 03l (63 5o Wi 503 9 (a0s5 ) Pl Ao b (Bgye ol 9 Sl SLoslom b b po slo 5Ll L

bl Canglis om0 s e (53,kas iy a3 iy

| |

s D3
iy o

Mol SIS o 5 (o559 (S5dsn38 09,5 iy pole 2ASD cdgog olSutils gl 03l ctpog | 1 Sk
09144467079 : ol

a.tofighi@urmia.ac.ir :aelill,

1 Homeostatic Model Assessment for Insulin Resistance

Sgilio — 8 SVl 103095 ;959U g HIFT .o, 1S02 g (Adgi ol



file:///E:/graphic/صفحه%20آرایی/جندی-شاپور/jsmj.ajums.ac.ir
http://www.doi.org/10.32592/JSMJ.24.1.54

1 o5loni 24 5,95 1404 Cuigad)l g (1255958

19 8l s o Jos

(Diferuloylmethane) (st Jsg,859) (CUrCUMINY 058,55
Curcuma )y aszs,; 5o Aol Sjglon Jld Jsd L oS
oLS ) (RNIZOMES) (slapsys, g oasy, ;o bose a5 el (lONgA
Jlo ol 6l masS5s5 o Gten 5 wgz0,5 11 100 515 )18
SE Sloore g o5 e ( iSu il Jdeay alise Ll b leys e
Sloyd Joily (b Slidss aloai eolai il SlauST 0
oy ladas Ol 1 by Jale S plgieds |y rangS 58
okt los,S 9l el i 00S wulati § Olgliis (Bl
Wb (Sore ol slasilen o (Ao SIS (aesS )5S (ol
1] s o Ly cdxe slaps ;) g Al g3 85 AiiianS gigila
Sgdgyed Canb (ol (SoilsSle)l 00 (sblie o9zl [12
5 Bl ag s i (@l sl )0 aly Sl (eSS
5 bolly oy pab bl 5 e il boolyen
ol S e olml o (Gleys 005 sl (P HE Glacysgucme
ol sl jebdr WiilE co (esS )5S (sle Vg d5il >

L1301 e )by 1) lacosgase

4 a5 ol g, (Neuregulin-1) (NRG-1) G oISy ,4
sl (Epidermal Growth Factor) ojusl si ;) 956 solgils
Lws NRG-1 sl sl Gilis _Suslpms sloiisl sl 5 0,00
b g g o3l 5 i Gl VS lgg Sn 0 dly JLbiswil (sla sl
5l cadl 50 (g9 ol S 058 o pelas Jlygemg )58 Jelse
o BB 0wiynS b o] Jslss Gojbojl Sl olais 5 3,
S5 ezl Glie (Suigdnsed sbanalp S o ula S
NRG-1 .38 oo 13l Gyl b )51 5 Ly o ool8 slo Sl
B ey slp oS wms oo Gl lalungiago S pleS g iSS
Gkl 1y ol sl a5 Il ys ol oo sl o 5l
e 9% Jol B (2L (sla e (55l Jlu3
1y il 5 selieaST oyl asiiys g 05 oo usis ERK1/2
sl 45 NOXA L5 s LNRG-L ool posdle a5 oo ials
edis il wes s 2als 1) (ROS) (ypemnS] St sloaisS
3370 (iged oSl o] Sl S5l 0 a5 0 e lael
e |y 15l SINLRP3. Lzl s g s | pgie jlos 05500
NRG-1 .l odle ano o 2alS |, 5 slacsl, ] 5 aiS e
B alo b ol asle (ald )5 oS 5908 5 Sl o L
Sy w8 oo Ll Splie palais )0 (cage SR iiwd (Sl
U 3)lge dhox il Cgllasl Sl SIS ply yo (Hadlre
L ey ity NRG-L az 51 el sl it oyl s s 5

O gl (s was oo dl)l By e B (slags Lo aie) s |y kg

9-’ ‘ & ‘5 .
p) 4 ""_’".
dodde
OYLoS 3 5 a0 40 a5 05 e 005 (st (o s o
Obosle s psbar it o azlye (Sl 5 (5ea8le 1L po 50
JLaS )5 Carax 5l ao,0 39 a5 amo e Liy)liS lex ol
AT g o sanail Glr Gyt wo )y 13 5 005 3908L51 1l
@y o eee solamdl ol sb ojeailol s Bl Sk send (2
S eos 1) o slaslazil s 2blag Glapiasm 475G 55k
5 Sl golasdl 3b o wes e plis ab sloo gl a0 00 3
s LAl adgs 5l as 102119 sgum 42019 Jlo jo 55ailsl
2 oy, ST a8 aes o gl b n i o Toaew , Sl
wb il as 53 3129 42060 Jlo b wlgs e 250 cnl iy aslol
S o 58 onst o Sler b gy UKk s S plyieas S (1]
s ele G gl g ol il 0anS LSS wada (Y
S 398 (o0 LD S5lily Gl las Lo arw s 1y (Lol
4 Wl e a5 Sl gl 4 Canglie (Sl glasely (et
o abale aoldl diwlyenlys 3] 098 e (T2DM) 2 g45 cobs
@ 1y o3l (oogae ol gl 1 S50 50 (i Sl 5T (SBL 9>
aile (6,50 Sdglie WS L Bl oplpogdle )l o Hlas
)l bl 58 Y g9 )lad 5 (095 sloceyzr Gl (s
son A oSk 0 )38 oo b o8 (S5 kS e kld ol
Gl ez kB 5k 4 55 1, CVD) By oli slosjlon
s Jitas b Gl o3l a5 aims oo olis Slallae [4] aas
i azlge o1 5 (2U es S 5o 5 CVD a Ml sl 650t
b Sl slags lnial 5l lasgorme Jolts a5 Sgilia pjoins
ol (godnd Gud s Vb 95 )Lad (gl ) Canglie o535 0 Sl
5 Sg Sty 3T By pe ool lacslom sl slas Jole S lgiea,
5 4l 50 (2 @ i (0l 50 055 g0 ikae 2 g5 s
2l Grizmen 5 ($9,0lB slags b 4 M Jlad 8 L sasa
P Cupde g Sl jl 6oy Canl laiye Bl b i ye (5)lse
Shoslesl (Jolaze (lié w3 ol o S5 S Dt Gobosl
Wlgi g0 (9 Dl i g plite oy Eellad g ondaslis o oS
4 az g plply WS S g2 bl ol 40k Jhs alS 4
St 5 g Glapi s 5 anelr gl o o] lassly 5 Sl
Sl 0 e Sleadl aS e so Ll wax wled | (g 9,0
Ol Bl b b e Splbie SWS 5595k 0 e A (22
6o Skas oliyyer a5 wlols i L3 clllas [7-5 3]
High-Intensity Functional ) (HIFT) was s (Juasil)
Jedods 068 o o g8 Bla g o398l | lls o3 ol (Training
b oansediblr Jole Sy Glsiea oy g il <ol e S

S gtlio — B Codlwr 10095 395 9U g HIFT .o, 802 5 Ayl yiuo!




1 o5loni 24 0,95 1404 Cuigd,)l g (1255958

s g
)% :

ol oabadl)] slop,d 10 5, dw Do 4 ) 35 Bras glicolge plas
Byman 55 (5,5 sed 5l S 5o, &5 ole Cuenl 4 4> g b oS
ol o1y o @ldd ), b acs aules Bauses b 5l wed oo

Aad s ) o) g oS Laas aalllas Ll B osguse
Ao JSSgy

03 ol 09,5 ;8) 095 oz 5l (o 4 (Bola jobay (Fanses s
Bl 50 Ledg s JonsS S (P 0g,5) Ladgylo 09,5 1aiais pummedi (,&5
(ol et el 5 b o 5 o dgmn S o0 s Lis) wio S
Sladmarosls 5 oo 80 wlig, (SUP 03,5) (rrasS )55 JaSo 09,5
Sl ped 09,5 (IRl Ol eyl L S5 05) W58 Bras (resS 505
Lsgyls g &8 8 68,8kas Ol pad 40 (EX 0g,5) Leig,ls + (50 ,Slase
(SUPFEX 05,5) (0055 155 + (50, kae Dy po 09,5 5 2035 by
508 By an |y peegS S oS g wisls plowil (60 Slee liy yoi
ol & blagy Dyl i) sezme SIS JsesS Dygoty (eSS
Ol fed o b b 5 LS 55, 0 bk 45 5 5025 1228225765
9y Oled & 35 95 5 (59l Laig o (sla g oS 0D (0 Spas
G A o3l Slp resSys5 oS 53 5 (5,50 i 525

B9 g0 oslatul yu0gS ;oS

HIFT (g0 ,Slos &by poi 4ol

anlr aw 0 a5 0n HIFT ol or atie cotn Jol o505 aaliy
(o350 b s S Lagoms Sy 5 alilae o |2l azin o Jlsio i
by oldbgls s ploxil (Seglie 0503 (sl (ol pld) 5 Sl
Sl ped Jold (Jigta et Ojg0ty wida )3 Jbass | (63,Sdes (505
FVEY.Y BEEST) l.a ‘sxﬁjLM Ml? “—ii 9 u’_blil.w.ﬂ (_g‘o);.la wsl.n.a 9 6)1933
Sl g aelosl Jsb 4 4835 90 560 1 505 ad> oyl isls ploxl
o8 4is 20 T Jlisar 5 00,5 5 4ids 5 g 25 @ o
Sy 4885 5 1 (o0 Shoe aglie il pe3 dids 30 Alslay s3ls
St b a5, 1 oabplel (s s il S o8
S5 50 Soglin oy ped s plodil g wlide jo (Siws STl Joleo
Ode A |).?| J.AL..: oli';.....ﬂ L ...xio)f .nl;p‘l cli‘i.m.il 8 5 (_gla)._:.lo C/Jo
ilizee 0l 4 gazmays o | ol | ail 30 alo b L 436 30
50 5 plez 5 poe e 40 0pls Sy 5l pgs g Jol ke 55 00 sz
45l T ain 9o 40 ol g opls dw l s g ey s 43 wpls
S5 S5 oo 10 80 575 Gl ped Bad cpizmen g o oolitw ] o pls
Sl pod o a8 40 dl> S izmen (1 Jgom) 005 1l ditin

03,5 121 2 Jgazr ololr i3 b (Soglin

2o go (i 4 el oy S (0 jein Slgilie pedas o
oS ey oMlae lp Gl o NRG-L o] 5,51 a5 aao
Jan |y Silplie SIS 5 2z e 3 San Ty Bgse il (s oy

116141 s, 15 4 S o

B Sl lom wd jag; gy 5 anslr (ol (Saie W) Bk
ol &5 (S5 S psitee sloylSal, )] ¢ Bl 5 S pae
ke slagasly pgie (2l88 w2 olen 4 (L3 )5 collad
5 by lp b e slaanza falS izmen 5 Con | 5 1> anal>
S oo Oz ed [ cnl D908 (290 By 4 agleyd Bom
2 B Dlaios 055 5 (AL 5 b slo oS o SR clpl
orizpen 5 (Bl o3 o HIFT 5 regs,s5 (oS5 5 4 0
Cenl ATYNRG (s 555 5 088555 Dlidos iy @ 4298
Eoh S5 B0 b 55l adllas oy 5 s Glaizgs |y 35 90
nsS 555 s S s HIFT el s cilie ot 5 NRGL

SOUK SO RPN
IR M)
adlle 2,k

65 Slae Sliy o5 thn i oolb S bl Llosl5 ol
else 5 Sigapsm Sloiasls 2 masS)sS oo g 5 b il s
et Jsb p adlllas (ol 08 o sn 1) Gla e o Byl Sl
losg | 09,5 o i 09,5 oz & GBS S 10 5w ploxil atin
Sl a5 09,5 g Laig)lo b (53,5hoe Bl po5 09,5 yragS 58 JaSlo 09,5

03 555 JaSo b (50,Skee

oS es o

259935 skae ololy Jo 35625 (s b Gl 050 gl oz

3419 KGIM? YU 5 plp oo 0095 (as i (g 1S o i

09 )Lid 3929 pae (Jlo S Do 4y JBlas plae oy cdled il
«Sdglio ( Byye ol slosilow ablw g g 6w pe I
5 Syl PSS 8 plpedle o b (5545 (g5 (b IS
a0l 5 03l el Lag s 5 badygol 4 Azl ke YL
Jolt s lojlne og ol (LS g0 Sles Dl yed ploxl
ole 28 )3 e dlpilio 35l slag ls b JoSo 4355, 5l oslia |
el 2 30 OS85 eadipleyd alsyd 6,508 (I bpan il IS
w25y ol slededllygiws a5l ey s G5s J5S L 2l w3
b ol aiwles Bauscs b 5l ool (Kan o 4 alyy, ol

Sgilio — 8 SVl 103095 ;959U g HIFT .o, 1S02 g (Adgi ol




1 0,0 24 5,55 1404 Cuigusd,) 5 305958

JoSat (0305 5 0003 slong S 3 HIFT @iy slasimentn S5 -1 Jgin

Slad> slaws o colpul  oplslaws gl olaws el Sal ol

FVET S lacew

(ad:50)

o olejoae an
JERUE oW oS!

ol (as8)

(a56)

D9 9 (steglie o pe8 SS9y =2 Jgd>

azan o Slads slows aan ol 5 Sow

S5 olass s ol oS > el

S J1gy (5 S0l

o 3 b pyw ;0 (oS paais S lesliin T g slasg]
by, 5l eoli—ul L 2010) LT sl WErba—XL 300

oy S5 5 IS JoradS ol (g Fojlul (6 yegidg 2l
JosdS g 2iad 5 xSoilil lnl o903l oy e85l eslial L (TG)
olall o Sialaly oS 3l eslies| b (HDL-C) Y JEx b 555 5 50s)

oslizl b (LDL-C) o8 IS b (g e s ymedS i (5 5505l

b Jaloxi g Loools (555l 2oz

om el d8 5 oy poi aslin £9,5 5l S8 colu 48 (155 laaiged
8550 o eite (5503l (gl arly Ll yo 5 (el Al (5]
&ly sl win 12 51 G celes 48 tolejl ol ol (6 j5laex
g Se 4 odelCmndy slop,w ad S5 FAnSES 5 den
ar 80 aie sloo by o latalesl el (loj b g Jazie

Wl (5 S ol F gl

S gtlio — B Codlwr 10095 395 9U g HIFT .o, 802 5 Ayl yiuo!




1 o5loni 24 0,95 1404 Cuigd,)l g (1255958

sl go—>

b g 5oyl 1YL > 51 Casabayo

olel Jnlxiges 25

Jbop wiads Judotisay 25 SPSS f38le 522 asews jl oali! b Laosls
Sy A sy p Shapiro-Wilk jse; 51 oslizu! b lacsls 238 009
Jlie 5o (903l (2950950 Slodlin dnosls Joloviga, 25
5 o el Paired t-test) g5 5 ogesl 5l eoliw 1L (Gge3lm
(ANOVA) 45, LS iy g 56T 51 oolisil b 29 5 inm (slodnli
Ao Jdeagan s (One-way Analysis of Variance)
(ANCOVA) Ll g8 56T 5l sslaziul b 095 sla cglas
205 —wyp al polie aw Ly (Analysis of Covariance)
o 2Us0 sleawnlia ol BONfErroni s ¢ge3l (uizen
0/05 3l 2S5 bl (s lolins pehans .8 15 oolitas 1390 05,5 oz

R PER SIS

baxsly

4l b S

aS Gl 0,00 40 o adllae jo oS i gl a5 ol 3l
u;éoLa.f Oy 4 g axllao 0)‘9 4&05{ aslllae 4 99,9 dlb)l.d..o 6‘)L>
JoSa 05,5 P Loigls 09,5 ol asllans g 05,5 Jlezr 51 (5o &
Ored + eesS 555 09,5 5 (PHEX) (ye5 +Laaig s 05,8 (SUP)

(3 Jgis) $45 wumds (SUPHEX)

20,5 dcule (Friedewald) wisas 3 Jse b 5|
TG
—HDL-C — st JpetsLDL-C =

gl & Cooglio g (rd gandl Ll 35615 (6 S o 31l

oS 5l eslizw I L (Fasting Blood Sugar)y FBS) st 55 ais

b (oo Igalsnaly (g, 5l oolitw L i b dguil 5 (lnl cgo3! o)l
A (65503l uiln g oS 5SUl oK 8 g ledT 51 ROSK o
HOMA-IR) skiw gon byl Joo 3 oolitn Tb pdgunil & Cooglita
Homeostatic Model Assessment for Insulin )

100,85 dulne gl 4 Canglie Lasls olsicas (RESIStANCE
FBS (29 x s oy (B

HOMA — IR =
0 405

o Sl y (5 oIl

CaS LY g, sl eslaiwl b NRG-1 oy slo cdale
omilacd cov oz <3l EASTBIOPHARM HANGZHOU
5 ooliiw 1L 5 (LEPLINY cpid oo i (5 o3Il oamecsL|
5 BIOVeNdor «us g (gsile) ailfgs sob ol SLass b 15V o,
el ooliial b g b el s bl o (s Soslal ol
SrSoilal pa b asiis loy S 50 badiges plas oS g o il |
oS 5l eolanw | b Sirtuin 1) SIRTLY 1 (565 e ok o

P- asllbaos g0 (clnog,S aalllaod ygo (sl jasls
value
oSt oesSsS 10) gyt bigh (1 10) greS )5S (% 10) L)l
(5 10) (585
0/28 32/3+2/9 30/6+3/7 32/442/7 29/8+3/6 (W) oy
0/34 110/6£15/2 116/2+10/4 111/7+12/7 112/2+11/6 (p,5LS) oso
0/22 174/15+4/41 172/75+3/40 170/2+5/15 173/8+4/47 (o olo) 28
0/47 37/942/8 39/2+3/8 38/5+3/4 37/8+2/4 (zyo ol p)555S) s 0355 sl
0/41 38/5+3/9 36/6+5/1 38/4+3/7 37/6+4/6 O L doy
0/61 125+10 122+12 12749 13147 (092 yiogslen) Sl 55,L8
0/43 83+11 8849 85+8 89+4 (o9u2 o heo) Sgiuolis (g5 )l

Sgilio — 8 SVl 103095 ;959U g HIFT .o, 1S02 g (Adgi ol




1 o5loni 24 5,95 1404 Cuigad)l g (1255958 * d
IRl g
aS olo s 48,y il g 5dUT .(>0/05) wis saslive (s loline
303l Saglis Ll was loline baog,S o (y9esl i (slacslis ot )l jlmecdlzl £ :50le D j308 Laesls
1) JordlS ol ;o 20lS o i 03 + oS 09,5 092 Jloline HIET ml s . 5
T ) oy M peslS 65 b @lSloe 5l e «a sy ols oles Sy pod g 055385 b (gouud B9 Oy
i 3 il lasS SUT bl g oline ks laog,S 5l
9 2 Rl 5 [} e WBogp HlOn . .= . .
T g Laigylo + (pyed 09,5 90 o 0 aldlae 5l iy Jo e lS Zolan
Q JS8) ol L ey )5y (5 lole ~ ) . _
Gl g loline jsboar sesl ey b awalie jo oo+ (5 yeT 09,5
. oo s 55 5 Lg I sloog S 4o a5 Iy (P < 0/05) sl
JoSa 5 Ladg ls 09,5 @ S (5 folana® 9ol e & a5 foline
00 B3 Pre-test C1 Post-test
' £ {
250+ L # 2
L ] L)
% I *
3 . o o
% 2001 oS | ” %
g B o 5
S 1504 i 5 =
A I
= 100-
< s e b
504
o- T cee . - l = A
< &N <+ <
>
adllas (sloog)S 5 aldlis Sl any 5 b oy JoyiedS zsbaw (nSike -1 IS0
B Pre-test 3 Post-test
200 i
7 2 T T T
4 1 T
= 150 o
?
('2 100
50—
0- T T T T
< SN <+ <
s
adlllas (slaog)S )5 aldlie jlam g B ppus 1y pundlS 6 5 oo (5:Ske =2 IS5

S gtlio — B Codlwr 10095 395 9U g HIFT .o, 802 5 Ayl yiuo!




. S ele dloxe 1 0 l0us 28 5,55 A404 Caiaus ) 5 3135955

Gl (5 oline joboas o e + JaSe 09,5 5t yed + Ladgls 09,5 )

UL,....\ 6)‘QUM )M l@,u “s 5 LoJQ)L) L5L°°3)§ d\fgb)b auﬂl; 2 d)l.)l;m )5.\94: (R + J.Qgsn 05; 2 HDL-C C5]aw PPALSEW )I o
ot oline clacsglis ANOVA 5l osliceal b ygeT g 50UT il 2 s blae @plds LSl il aeg)S plow 5 (oejluin b Aulie
oo s 1, lS s i+ oS 05,5 5 ol i [, Loy, 5T oz sanliie (yes + Ledg s b Lo oS dlodgyls sloog,S
A s Obi Ty g3l 5l o oy S (e Jloline slacglis ad)bSs (bl
5l e LDL-C ol (3 JSt) wdy awl el lges LT L as ol
FIESRVS
JaSe g Laig s 05,8 dy o (g lolins ™ 93l 4 Cand (5 loline
B3 Pre-test 1 Post-test
60 L # 2
3 I - )
I i T
o) T _I.
25 8 % -+
S 401
(=2
£ 3
Q 1Bl B3l | Bl EBR|
o |
(=]
T 201
10
o T T T

x
<
%Q

o (cloog)S 5 dldlis jl sy g i pyw HDL-C polaws (Slie -3 IS5

B Pre-test € Post-test
L # 2
140-' . ’
#
120_ } L] L] L
S = *
100 Zn oo f
=] g S i £x
E=) | o
§, 80 K= |-
Q
ad 604
Q .....
|
o BEH| | EBH| | BE|:
204
0"' T LE T T
< e <+ <F
&

Sgilio — 8 SVl 103095 ;959U g HIFT .o, 1S02 g (Adgi ol




1 o5loni 24 5,95 1404 Cuigad)l g (1255958 )y“‘ 5 d - ‘

adllas (glaogS 53 alslio 31 1 5 U8 pyw LDL-C g (s5ike -4 IS5

dasgyly slrog)S &S Jbbyd il ialS (g)blize jsbay aldlio | aslie 5 bog)S 5l Sogun , FBS ggha s 3 (gjboline puis s
O bl ol (Lt o bline yi pyed + Lodgyls o g JaSio & obine gl 5 il gsS 3T 5 48, bSy il ly T 5 oanli
(6 J5:5) 4 a0l il oS 3T L S 350 b Al Sl g Lnog,S 2725 Ko 05,5 3y ] g (5 US) 311 ol os,S
JoSo 5 Laigyls 09,5 4 s (5oline 093t 4 G (5 )bliae
120- EE Pre-test [ Post-test
100 L
s RS =
g 804
=
£ e
w
el
s 40
204
0- T T ¥
< g < <r
=

adlls (cloog,S 5 alilis 5l am 5 i FBS pshaw (ke -5 S

Bl Fre-test [ Post-test
20 . - i
L [l 1
LJ Ll
15
= T T T
5 T 1 1
2 - 1
=
f— 104
£ i
=
(7]
=
5_
0- . . . Y
&
s sloog,S 53 alslie J an 5 5 gl (oo g (e 6 JS5
+Laigyls 5 (el + oo (slaog S 50 p e et sbans (7 US2) + oS 05,5 5 (payad + Liglo 03,5 50 2,3 HOMA-IR sk,
5 Laigylo (gloog 5 il ol (g loline jobay al>low 31y ool L Laig)ls sloog,8 a5 Jl>jo 28l uals (s loline jsbay oy pes
slacgles il leeS 5JUT Lol leis (g lobine yuoss s oS o ol el sl pleis g lolis s L oS
B ISy 8,8 ol Iy 09050 5 i Weg S o lolins ab ool lis il,lagS SIUT L aS 0y jloline (55kel jeboas Loy 5

S gtlio — B Codlwr 10095 395 9U g HIFT .o, 802 5 Ayl yiuo!




)%1_.4%5.&_@.

1 o5loni 24 0,95 1404 Cuigd,)l g (1255958

Jam3 0 W5 SIRTL 55 g3ga5m0 il ol S oo o 1, NRG-1 oS 5 dldlie

JoSa 5 Laigyls 09,5 4 s (5 folins 0903ty 4 G (5 )blias
6 B Pre-test 3 Post-test
. # ' ]
4
o T T -
g 1 _I. T
= :
2
0o~ T T T T
4 %QQ <r *@ﬁ'
¢.oo
adllas (gloog)S )3 dblie jlaw 9 S8 HOMA-IR zolaw (Sile -7 S5
50+ EE Pre-test 3 Post-test
b = 1
40-‘ -
+ -
E 30 s i B Il I
S i &
=
= 20
Kon
10
o- T T T T
< =® <> Q&*—
%Q
allas (loog)S 5 alilis 5l a5 I oy 0t oo Sk -8 S5
& oS cvaliv alslae )| o Laa05)f )l LS;G& » .Q)_uJSIRTl s+ J:oio 05; 9 (Pl + Lon)L) 0515 90 @ NRG-1 C}]aa.u
O Sbolias glas il lggS LT &5 g a8 biSe il lg 5JUT JoSo b Ledgls (slmog 8 50 oS s adl alS (g lolias jebay
(0 ISo) wsslas oyles e 5 slooglas a8 by Wil ly 5 JUT ais samlie (g loboe poss Lo

Sgilio — 8 SVl 103095 ;959U g HIFT .o, 1S02 g (Adgi ol




1 o5loni 24 5,95 1404 Cuigad)l g (1255958 * *
pl—wga—>
JoSo 5 Laigyls 095 4 s (5 folino 093t 4 G (5 )bliae
64 B Pre-test L Post-test
54 I # 4
L # ' ]
e )y 4
E T -
{=2] 3 +*
‘.— ..... -
g 1
= @ | B C [
Z . e b
0- T T T T
< X <t <
s
wolllas slaog,S )3 alslio Jlasy 5 S8 oy NRG-1 ggla (5040 -9 IS
2 B Pre-test [ Post-test
10- ”
- T
T
= 84 I x 2 &
(= T = 2 5 Booes
E, —_ TS
- 6
—
— D
e | B8l B3l 1l BEal ]l EBERl
w 4
-1 B |-
0- T T T T
A4 QQQ Q,‘P xQ;..
=
adllas (clmog,S )3 alslie jlam g b pyw SIRTL zohaw (,Sike -10 JS5
e S s Byl 5 Spmysn Splie slo SIS 500 L1y Bl o3 2 mesS 55515 S b ohpa HIFT b5 , ol asliss

S gtlio — B Codlwr 10095 395 9U g HIFT .o, 802 5 Ayl yiuo!




1 o5loni 24 0,95 1404 Cuigd,)l g (1255958

*e d *
v ga—o
Castelli risk index-) wls jas gloasle g loudly 55957
b anslie 0 0,55 058 10 b arld ol (izmen (b s 35500 dam
WS gpSams Baiwy sl el o blixe jebay S 09,5
39 (S8 Ml lgieds adile o Vb Dol b (60 Slee Dl i oS
«rlpogdle wBl S5e (Sl g 0jealal b lasye (B)lse RalS g S
obes 4 Sgame (3,95 Sawai Sl (9] Sen 5 AMEUD) 50l
o oS 5w HIFT o004 L (Time-restricted eating) (TRE)
ol s Gl Bl Jbne () 5 Slsliens 5 sle, St
&5l S wilg o HIFT LTRE oS5 a5 08 (6 pFams adllas
O Sl o BBon 5 o eSS e T skl Gl F5e
ol oold QL..JTG 5 o6 Joypm IS zolaw j0 slodsws b GyeSams
oS WS oo ALl )l 0ezge o iagh 4 5o b glaaidl, ol
S o g 1y ST ol s 555 S STl 5 Seills ol
Lo asllae ;5 censS 1555l 5 HIFT Law g5 ool ailfss Joe el il
Slas 3l ol3l o o Codls Sgute (5l 00 fgonel (53T | S
aiin 12 a5 wisls olas [B1] o) Keo g (sowmw il jobay oo o
Sgne 4 ()9 Sl a3 b ol yen (AStaxanthiny ocolstonl Joss
axllao ‘u.,b.aoj‘)l.c W P et o.)?' QA>L.: 9 O™ 3 Qo 33 )9
23,5 5 ) Silglio 5 o) oy o oleoge

QL&S |) C).:J}AMJ' & S b > 5 sﬁ’?‘uj“b Ogufe (yiSred Lo Lglboolo
53 ohgh LdU el mola g HOMA-IR ,olis _zals b as wiols
a3 o lad o5 LS cliios b e (loassl ai wSaie SUP-EX o4 8
S e B33l 1) 598 S 321 YL s b gl g, ogm s
Glucose transporter type 4) (GLUT4) 4 ¢4 5548 J3U
2K aagS 68 a5 J> o I33] wes o Ll (GLUTA4)
S5 gn elas el sl S 5 gilanneST sl G180 L, (g
Sl ks 5 easSys5 bodds Lolys lidhea ol il lssuen [34]
ol ) oS 5 eslisl (gl (SloaisSmls Yl (39 5 b Sglie
oS wols 558 (9] o Sen 5 AMEU) j5al amd o 4l )
ok dgedd waw 5 HOMAIR 15 5540 L &5 jsbocloa caisl 35518
JoSlo aan 12 a5 wiols s 35 [31] o) Sen 5 (oo 0 o0l
S e (CQL/TNF-related proteiny CTRP9 4 CTRP2
S i) are (p9 Sl yed 53 S5 p0 &5 s e i 2 (slaaidly
oz doye Sl b e molaw o iy (el (e cplh sl ol pen
oreasS 555 45 Cansl 0 o0ly Las (ol podle [35] 09 o snalice oy

Bioavailability) ) codl do oyl 3 soliiul b ol
Ol Dl Byl s ysS SIS glacasgaze g 8l (I (eesS )5S
)9 e 5l eolail 3 Colaz 10wy, Seled dcgere 4 Gukod
S oo Al (Bl o pae j0 esS yeS aiile Jeblwn; LS 5 g
4 ol (s Blgy 0 2B sooge lo slaasil
w55 @il sllie a5 ol Bl et e sl 5 (dgnd
NS (oo Az ) (meS 555l oS LHIFT

FHIFT oS )55l 09,5 10 HBausEs b a5 aas o obini Lo gl
oiali#l s LDL-C 5 Jg w5 55 2alS” (52 2 SUP-EX 09,9
ol sblye a5 L3 Slalllas b baaxily opl oS 4,05 [, HDL-C s
STl (lyen wimd oo Glti |y (2509 9 OmesSusS 90 2 B9y
G5 Alie JoSgo Slopun S @ (50055 155 (B9, l8 sliblore
B-) 3Ss3, HMG-COA o5l oo Jolis bopunsiSio i) 39 oo adls
so—s Hydroxy B-methylglutaryl-CoA (HMG-CoA)
OlaSly zals [20 19] LDL sloows 5 ol (ioliél [18]
sobody i oy ol oeits 5 (211 LDL e s o811 load
Ol 9 Gl |y S sl 5 50550 Slae T e sS85 (2l
CresS 595 1211 amo o 2l ) aend Fwsn 0 150 sl
AMP-) AMPK) cliw dgie o591 b 55 o Jlod 5LS cyuis
AMPK .s5 . Jué 1, @ctivated protein kinase (AMPK)
PPAR-sile 555001 L Lo yo (smaginy slo)giS (s3loled 055 arginy
peroxisome proliferator-activated receptor gamma y
CCAAT/enhancer-binding ) C/EBPa 4, (PPAR-y)
o lpodle [22] uis' o g |, (protein alpha (C/EBPa)
S 3l S5l 4 a5 s SISl Sletlas S pragS o8
olis 3! slagdbite [24 23] wis o S8 Sy Suly 5T slacSL
b gt ool i 2 dgme 1) ood BBgn WIg oo GregS jo5 o5 Wlosls
ons ools oL2s HDL-C Liyliél s LDL-C (ob Jgyols TG zals
127-25] e

Sl s DIl pog—as s (gogaze Dligizs (gupd JilBgy 09058
oy Az sl g, Oliize 3 )ls 329 Vb o b g ,Slee
g el —caliiwl g greliiwl Gl pei dlez 3l wilos S asla il
Slads 5 cas Veb @l s (28] ) Ken 5 (Ratajczak) Sl
&l yei 5 [29] ) )Sen 5 €CHUNG) Sils Lo 55 Sanio o5 oligS
Slallas o) [30] o Sen 4 (LailaCT) DU bawg ol Gd cam
9 =)l s ,ST BIS Glar b 50 samd g slaSilas 3 (ol
Sl b5 Vb s b g8 Slas @l po5 ain cotin ol 51 8] ) S
LRGL chale » T anllhs 505 b))l Gla 5 o908 Lol
==L «Leucine-rich alpha-2-glycoprotein 1 (LRGL))

Sgilio — 8 SVl 103095 ;959U g HIFT .o, 1S02 g (Adgi ol




1 o5loni 24 5,95 1404 Cuigad)l g (1255958

*

oS awd o olins EMOB oo JuiSw jons ;0 NRG-L cllss s b
SaS (Bge ol sloo Shac 390 4 Wlgie 2309 g o] ealats
ol Gl (Son (058 )55 5 HIFT 55 o8 ams o (s ol s
a5 W g B s Gl A 5 sipge |, i
(il ol o sl (oo pandilio g 28l wae s 0 NRG-1 25

WS pSaie | a8bogee (B9 el 0 Shoe &

4 mesS )55 sl JaSe s HIFT (5 5 a5 ams oo olts Lo anlllas
5 olg—adl & ol (sond By 0 2 slaoge
pobe Gl s aiil 953 oo e 3l o3 5 i s
0,90,8 Geid slp iz slvel, dasgups opl b las e NRG1L
S b alisee (o359 slocadlad oan] Slidss j0 99 oo Slgidun
b das e (55lems 5 3l o131 30 esS )5S JoSo oo 4y ilizes (sla
2,8 Ojge Sl

ENEUERTRYA
o5 @IS Jgol 31 59m

1402.022 31 a5 L 5 DB atweS bwgy axlllas oy

5o oS asbculs, slap,d .o wul IRRURMIA.REC.
L g asllhas Glaal g o by, 0)50,0 auls Sl bg5 &)
plas aalllas Jsb 55 o s il 5 JooSs oFaSes, 5
15 Wsgr jlme GFALSES 15 g al Cule, B sla el g s

Wgd gy anlllae 5l (s po 4 g plej o
Sk >

495 g 9 28l (oo il (6550 b, 5l e (g
ol 03,85 8L 10 (6,500 dlei b ol 51 Jbe coles

Ip g

Rl 1y gl 5 S5 pohan kS e dgnte 1) el 4 Ceaglie
ety () Tk 5 aa0 e SR (Sigal 3leslil s s
e hloss 5 1, L6 SIL-1B TNF-0) el (gloeSs) ]
Baee ) oyl 4 Caoglin (pmasS 65 [34] aas o 22 T2DM
4 5 ams oo Lial5 PIBKIAKE s o s AMPK gilo Jleb (33,b3
[37 36 22] sgs 0 GLUTA i ol aaljil

b ool ol yes o5 il o [38] o Ken 5 GUI) 3,65 ol pogdle
a3 oo il gl Sl cdlae o 1) SIRTL el b oo
095 035 Jasogilh a5 azdl s [39] Ko 5 (sl (ol podle
ain 10 &l [40] g il asllas aas o alidl |, SIRTL Lo
0398l lls By 50 e lar JoSe 9 Vb Do b ol iy el
oo 2l SIRTL oy obaws a5 ol s ol 0,5 (o
blys ;5 SIRTL ok, 5 G55 5 omesS 555 &5 el 0y (3155 4z 51
allas ool o Jloline i pae (41 39 17] w38 o b Ko
RN [ S P [ S X EVREI VI S N S KR PRCHIN JRK U8

el 03g.3 ‘SSLY Lg):fa)'bdl

Sl S350y 9 55t (o3 Lo aallas wgge Slacis (st o
HIFT oo 4 (osS y65 s [y ool ol gl ol 31 5o dgudl @
o1 5,55 s FBS s Jloilly ol (28 1, (5 oy s
b o3l el L8 Slalllas oS 0l b Jdopply cans | 1 Sew BB
25 FBS al zehv 4 b adlllas jo Fouses , b o5 Jbyo wisg
b e o se o] ams o (i oS sidls i cws 0 5 e 126

.JJO}.:

o NRG s ax 51 wigh il 95 (i05 , aillg o s NRG
9 Juo gl ool ol w35 13 Jls )90 093 (A5 50
Jsis oy a1 85 e NRG-1 ailie 350 008 s JLibisod
S5 s 5o g [42] Sl i 5 s
Lige [43] a8 o Jlad ISl el o 1) NRG-L ( By I8
o cdlsd o g98 alaly 5 ok Las [44] ) Kes 5 (MOONdra)
sabazlis NRG-IB by ons Jub (Sijslser slogealy 51 s )kemme 5
S alaoly S Ceol (Sas s NRG-IP o 058 0 mio 408 0l &
o5 ab )T ami Lapl il (Bye o bl Gy ike D]
NRG-1B zhas aoliss jo Vb b baz 5 o5 s b az (o
sloclled oo Jdoay oy o0 a5 4 Calply s ol s | o
Soal e yo b adlas Cydgae wilie glacal b (o5 55

S oo bles il (o559

Sgibie P o e slagealy, (rals Jdoa cosl (San 2alS )l

S gtlio — B Codlwr 10095 395 9U g HIFT .o, 802 5 Ayl yiuo!




. S ele dloxe 1 0 05 24 5,55 A404 Caiid ) 5 3235955
>

ol gu—o

Aaodls (5y515,5 (i sl caalllas b : g b dpw
lis adgl gt 45

9 il olididyy (BShb ek ep e i Sidy puel
0jon Cupe lie iolny

4520 plnil (ulid by (b y3 8 )lie 113 Jleo ply
lio Jialpg 5 (il eslel slaJulos

)5 aob g adllas |y dlis ol astus (Bsiung olos

&Ble 2,5

S 929 (HBlie (2)l5 LS gun

uﬁ,b).\é 9 M" )

oS Cal (1539 55592548 09,5 (55 Al jl 4B Sy LSl imgl,
9 )S“'“J Coles gl 50 0aiS'CS Wb dL‘”@J}")'] ol By

Syl oo Jos a1y b8

Sgilio — 8 SVl 103095 ;959U g HIFT .o, 1S02 g (Adgi ol




March & April 2025. Vol 24. No 1

Jundishapur

References

[1] Okunogbe A, Nugent R, Spencer G, Powis J, Ralston J, Wilding
J. Economic impacts of overweight and obesity: current and
future estimates for 161 countries. BMJ global health. 2022
Sep 1;7(9):e009773. [10.1136/bmigh-2022-009773 ] [PMID]

[2] Abdelaziz HA, Abdelbaki TN, Dean YE, Assem S. Is neuregulin-1
(NRG-1) a potential blood biomarker linking depression to
obesity? A case-control study. BMC psychiatry. 2023 Sep
14;23(1):670. [10.1186/s12888-023-05160-6 ] [PMID]

[3] Jung UJ, Choi MS. Obesity and its metabolic complications: the
role of adipokines and the relationship between obesity,
inflammation, insulin  resistance, dyslipidemia and
nonalcoholic fatty liver disease. International journal of
molecular  sciences. 2014  Apr  11;15(4):6184-223.
[10.3390/ijms15046184 ] [PMID]

[4] Powell-Wiley TM, Poirier P, Burke LE, Després JP, Gordon-
Larsen P, Lavie CJ, Lear SA, Ndumele CE, Neeland 1J, Sanders P,
St-Onge MP. Obesity and cardiovascular disease: a scientific
statement from the American Heart Association. Circulation.
2021 May 25;143(21):e984-1010.
[10.1161/CIR.0000000000000973 ] [PMID]

[5] Fahed G, Aoun L, Bou Zerdan M, Allam S, Bou Zerdan M,
Bouferraa Y, Assi HI. Metabolic syndrome: updates on
pathophysiology and management in 2021. International
journal of molecular sciences. 2022 Jan 12;23(2):786.
[10.3390/ijms23020786 ] [PMID]

[6] Swarup S, Ahmed |, Grigorova Y, Zeltser R. Metabolic
syndrome. InStatPearls [internet] 2024 Mar 7. StatPearls
Publishing.

[7]1 Shaikhnia F, Ghasempour G, Mohammadi A, Shabani M, Najafi
M. miR-27a inhibits molecular adhesion between monocytes
and human umbilical vein endothelial cells; systemic approach.
BMC Research Notes. 2022 Feb 10;15(1):31. [10.1186/s13104-
022-05920-9 ] [PMID]

[8] Zarei M, Shakib A, Zolfi HR, Nakhzari KJ. The Effect of High-
intensity Functional Training on LRG1 Levels and Its
Relationship with Cardiovascular Risk Factors and Atherogenic
Indices in Overweight and Obese Women.

[9] Ameur R, Maaloul R, Tagougui S, Neffati F, Hadj Kacem F, Najjar
MF, Ammar A, Hammouda O. Unlocking the power of synergy:
High-intensity functional training and early time-restricted
eating for transformative changes in body composition and
cardiometabolic health in inactive women with obesity. Plos
one. 2024 May 1;19(5):e0301369.
[10.1371/journal.pone.0301369 ] [PMID]

[10] Stohs SJ, Chen O, Ray SD, Ji J, Bucci LR, Preuss HG. Highly
bioavailable forms of curcumin and promising avenues for
curcumin-based research and application: a review.
Molecules. 2020 Jan;25(6):1397.
[10.3390/molecules25061397 ] [PMID]

[11] Hassani S, Maghsoudi H, Fattahi F, Malekinejad F, Hajmalek N,
Sheikhnia F, Kheradmand F, Fahimirad S, Ghorbanpour M.
Flavonoids nanostructures promising therapeutic efficiencies
in colorectal cancer. International journal of biological
macromolecules. 2023 Jun 30;241:124508.
[10.1016/j.ijbiomac.2023.124508 ] [PMID]

[12] Rahmani AH, Alsahli MA, Aly SM, Khan MA, Aldebasi YH. Role
of curcumin in disease prevention and treatment. Advanced

Scientific Medical Journal

biomedical research. 2018 Jan 1;7(1):38.
[10.4103/abr.abr 147 16] [PMID]

[13]Anand P, Kunnumakkara AB, Newman RA, Aggarwal BB.
Bioavailability of curcumin: problems and promises. Molecular
pharmaceutics. 2007 Dec 3;4(6):807-18. [10.1021/mp700113r
1 [PMID]

[14] Wang Y, Wei J, Zhang P, Zhang X, Wang Y, Chen W, Zhao Y, Cui
X. Neuregulin-1, a potential therapeutic target for cardiac
repair. Frontiers in Pharmacology. 2022 Aug 31;13:945206.
[10.3389/fphar.2022.945206 ] [PMID]

[15] LinYY, Liu H, Wang X. Neuregulin-1, a microvascular endothelial-
derived protein, protects against myocardial ischemia-
reperfusion injury. International Journal of Molecular
Medicine. 2020 Sep;46(3):925-35. [10.3892/ijmm.2020.4662 ]
[PMID]

[16] Kang W, Cheng Y, Wang X, Zhou F, Zhou C, Wang L, Zhong L.
Neuregulin-1: An underlying protective force of cardiac
dysfunction in sepsis. Molecular Medicine Reports. 2020 Jun
1;21(6):2311-20. [10.3892/mmr.2020.11034 ] [PMID]

[17] Tiwari SK, Agarwal S, Seth B, Yadav A, Nair S, Bhatnagar P,
Karmakar M, Kumari M, Chauhan LK, Patel DK, Srivastava V.
Curcumin-loaded nanoparticles potently induce adult
neurogenesis and reverse cognitive deficits in Alzheimer’s
disease model via canonical Wnt/B-catenin pathway. ACS
nano. 2014 Jan 28;8(1):76-103. [10.1021/nn405077y ] [PMID]

[18] Ghelani H, Razmovski-Naumovski V, Chang D, Nammi S.
Chronic treatment of curcumin improves hepatic lipid
metabolism and alleviates the renal damage in adenine-
induced chronic kidney disease in Sprague-Dawley rats. BMC
nephrology. 2019 Dec;20:1-3. [10.1186/512882-019-1621-6 ]
[PMID]

[19] Tai MH, Chen PK, Chen PY, Wu MJ, Ho CT, Yen JH. Curcumin
enhances cell-surface LDLR level and promotes LDL uptake
through downregulation of PCSK9 gene expression in HepG2
cells. Molecular nutrition & food research. 2014
Nov;58(11):2133-45. [10.1002/mnfr.201400366 ] [PMID]

[20] Dou X, Fan C, Wo L, Yan J, Qian Y, Wo X. Curcumin up-regulates
LDL receptor expression via the sterol regulatory element
pathway in HepG2 cells. Planta medica. 2008 Sep;74(11):1374-
9.[10.1055/s-2008-1081316 ] [PMID]

[21] Panahi Y, Ahmadi Y, Teymouri M, Johnston TP, Sahebkar A.
Curcumin as a potential candidate for treating hyperlipidemia:
A review of cellular and metabolic mechanisms. Journal of
cellular physiology. 2018 Jan;233(1):141-52.
[10.1002/jcp.25756 ] [PMID]

[22] Hussain Y, Khan H, Alotaibi G, Khan F, Alam W, Aschner M,
Jeandet P, Saso L. How curcumin targets inflammatory
mediators in diabetes: therapeutic insights and possible
solutions. Molecules. 2022 Jun 24;27(13):4058.
[10.3390/molecules27134058 ] [PMID]

[23] Lin K, Chen H, Chen X, Qian J, Huang S, Huang W. Efficacy of
Curcumin on Aortic Atherosclerosis: A Systematic Review and
Meta-Analysis in Mouse Studies and Insights into Possible
Mechanisms. Oxidative medicine and cellular longevity.
2020;2020(1):1520747. [10.1155/2020/1520747 ] [PMID]

[24]Singh L, Sharma S, Xu S, Tewari D, Fang J. Curcumin as a natural
remedy for atherosclerosis: a pharmacological review.

Tofighi A, et al. HIFT and Nanocurcumin: Cardiometabolic Health .JSMJ. 2025; 24(1):54-70


https://doi.org/10.1136/bmjgh-2022-009773
https://pubmed.ncbi.nlm.nih.gov/36130777/
https://doi.org/10.1186/s12888-023-05160-6
https://pubmed.ncbi.nlm.nih.gov/37710187/
https://doi.org/10.3390/ijms15046184
https://pubmed.ncbi.nlm.nih.gov/24733068/
https://doi.org/10.1161/cir.0000000000000973
https://pubmed.ncbi.nlm.nih.gov/33882682/
https://doi.org/10.3390/ijms23020786
https://pubmed.ncbi.nlm.nih.gov/35054972/
https://doi.org/10.1186/s13104-022-05920-9
https://doi.org/10.1186/s13104-022-05920-9
https://pubmed.ncbi.nlm.nih.gov/35144666/
https://doi.org/10.1371/journal.pone.0301369
https://pubmed.ncbi.nlm.nih.gov/38691521/
https://doi.org/10.3390/molecules25061397
https://pubmed.ncbi.nlm.nih.gov/32204372/
https://doi.org/10.1016/j.ijbiomac.2023.124508
https://pubmed.ncbi.nlm.nih.gov/37085076/
https://doi.org/10.4103/abr.abr_147_16
https://pubmed.ncbi.nlm.nih.gov/29629341/
https://doi.org/10.1021/mp700113r
https://doi.org/10.1021/mp700113r
https://pubmed.ncbi.nlm.nih.gov/17999464/
https://doi.org/10.3389/fphar.2022.945206
https://pubmed.ncbi.nlm.nih.gov/36120374/
https://doi.org/10.3892/ijmm.2020.4662
https://pubmed.ncbi.nlm.nih.gov/32705151/
https://doi.org/10.3892/mmr.2020.11034
https://pubmed.ncbi.nlm.nih.gov/32236630/
https://doi.org/10.1021/nn405077y
https://pubmed.ncbi.nlm.nih.gov/24467380/
https://doi.org/10.1186/s12882-019-1621-6
https://pubmed.ncbi.nlm.nih.gov/31752737/
https://doi.org/10.1002/mnfr.201400366
https://pubmed.ncbi.nlm.nih.gov/25164566/
https://doi.org/10.1055/s-2008-1081316
https://pubmed.ncbi.nlm.nih.gov/18704882/
https://doi.org/10.1002/jcp.25756
https://pubmed.ncbi.nlm.nih.gov/28012169/
https://doi.org/10.3390/molecules27134058
https://pubmed.ncbi.nlm.nih.gov/35807304/
https://doi.org/10.1155/2020/1520747
https://pubmed.ncbi.nlm.nih.gov/31998433/

Jundishapur
Scientific Medical Journal

Molecules. 2021 Jul 1;26(13):4036.
[10.3390/molecules26134036 ] [PMID]

[25]Qin S, Huang L, Gong J, Shen S, Huang J, Ren H, Hu H. Efficacy
and safety of turmeric and curcumin in lowering blood lipid
levels in patients with cardiovascular risk factors: a meta-
analysis of randomized controlled trials. Nutrition journal.
2017 Dec;16:1-0. [10.1186/512937-017-0293-y | [PMID]

[26] Musazadeh V, Roshanravan N, Mohammadizadeh M, Kavyani
Z, Dehghan P, Mosharkesh E. Curcumin as a novel approach in
improving lipid profile: An umbrella meta-analysis. Nutrition,
Metabolism and Cardiovascular Diseases. 2022 Nov
1;32(11):2493-504. [10.1016/j.numecd.2022.07.021 ] [PMID]

[27]Saeedi F, Farkhondeh T, Roshanravan B, Amirabadizadeh A,
Ashrafizadeh M, Samarghandian S. Curcumin and blood lipid
levels: an updated systematic review and meta-analysis of
randomised clinical trials. Archives of physiology and
biochemistry. 2022 Nov 2;128(6):1493-502.
[10.1080/13813455.2020.1779309 ] [PMID]

[28] Ratajczak M, Skrypnik D, Bogdariski P, Madry E, Walkowiak J,
Szulinska M, Maciaszek J, Kregielska-Narozna M, Karolkiewicz
J. Effects of endurance and endurance—strength training on
endothelial function in women with obesity: A randomized
trial. International journal of environmental research and
public health. 2019 Nov;16(21):4291.
[10.3390/ijerph16214291 ] [PMID]

[29] Chung J, Kim K, Hong J, Kong HJ. Effects of prolonged exercise
versus multiple short exercise sessions on risk for metabolic
syndrome and the atherogenic index in middle-aged obese
women: a randomised controlled trial. BMC women's health.
2017 Dec;17:1-9. [10.1186/512905-017-0421-z ] [PMID]

[30] Lailaei A, Vafaei M, Abedi B. The effect of eight weeks of
incremental pump body training on some atherogenic factors
in obese women with dyslipidemia. Disease and Diagnosis.
2022 Jul 23;11(3):116-21.

[31] Saeidi A, Nouri-Habashi A, Razi O, Ataeinosrat A, Rahmani H,
Mollabashi SS, Bagherzadeh-Rahmani B, Aghdam SM,
Khalajzadeh L, Al Kiyumi MH, Hackney AC. Astaxanthin
supplemented with high-intensity functional training
decreases adipokines levels and Cardiovascular Risk factors in
men with obesity. Nutrients. 2023 Jan 6;15(2):286.
[10.3390/nu15020286 ] [PMID]

[32] Fealy CE, Nieuwoudt S, Foucher JA, Scelsi AR, Malin SK,
Pagadala M, Cruz LA, Li M, Rocco M, Burguera B, Kirwan JP.
Functional high-intensity exercise training ameliorates insulin
resistance and cardiometabolic risk factors in type 2 diabetes.
Experimental physiology. 2018 Jul;103(7):985-94.
[10.1113/EP086844 ] [PMID]

[33] Kraniou GN, Cameron-Smith D, Hargreaves M. Acute exercise
and GLUT4 expression in human skeletal muscle: influence of
exercise intensity. Journal of applied physiology. 2006
Sep;101(3):934-7. [10.1152/japplphysiol.01489.2005 ] [PMID]

[34] Marton LT, Pescinini-e-Salzedas LM, Camargo ME, Barbalho
SM, Haber JF, Sinatora RV, Detregiachi CR, Girio RJ, Buchaim
DV, Cincotto dos Santos Bueno P. The effects of curcumin on
diabetes mellitus: a systematic review. Frontiers in
endocrinology. 2021 May 3;12:669448.
[10.3389/fend0.2021.669448 ] [PMID]

March & April 2025. Vol 24. No 1

[35] Fedewa MV, Hathaway ED, Ward-Ritacco CL, Williams TD,
Dobbs WC. The effect of chronic exercise training on leptin: a
systematic review and meta-analysis of randomized controlled
trials. Sports medicine. 2018 Jun;48:1437-50.
[10.1007/s40279-018-0897-1 ] [PMID]

[36] Kiren G, Severcan G, Severcan SM, Pasaoglu H. The effect of
curcumin on PI3K/Akt and AMPK pathways in insulin resistance
induced by fructose. Turkish Journal of Biochemistry. 2024 Aug
27;49(4):518-24.

[37] Hardie DG. AMPK: a target for drugs and natural products with
effects on both diabetes and cancer. Diabetes. 2013 Jul
1;62(7):2164-72. [10.2337/db13-0368 ] [PMID]

[38] Gurd BJ, Perry CG, Heigenhauser GJ, Spriet LL, Bonen A. High-
intensity interval training increases SIRT1 activity in human
skeletal muscle. Applied Physiology, Nutrition, and
Metabolism. 2010 Jun;35(3):350-7.[10.1139/H10-030 ] [PMID]

[39] Khodavysi M, Kheiripour N, Ghasemi H, Soleimani-Asl S,
Jouzdani AF, Sabahi M, Ganiji Z, Azizi Z, Ranjbar A. How can
nanomicelle-curcumin  modulate  aluminum  phosphide-
induced neurotoxicity?: Role of SIRT1/FOXO3 signaling
pathway. AIMS neuroscience. 2023 Apr 4;10(1):56.
[10.3934/Neuroscience.2023005 ] [PMID]

[40] Afzalpour ME, Ghasemi E, Zarban A. Effects of 10 weeks of high
intensity interval training and green tea supplementation on
serum levels of Sirtuin-1 and peroxisome proliferator-
activated receptor gamma co-activator 1-alpha in overweight
women. Science & Sports. 2017 Apr 1;32(2):82-90.

[41] KhademPir M, Cheragh-Birjandi S, Teymuri Kheravi M. The
effect of combined exercise training on neuregulin-1 gene
expression, balance and body composition in patients with
multiple sclerosis. Journal of Practical Studies of Biosciences in
Sport. 2023 Dec 22;11(28):40-51.

[42] Geissler A, Ryzhov S, Sawyer DB. Neuregulins: protective and
reparative growth factors in multiple forms of cardiovascular
disease. Clinical Science. 2020 Oct;134(19):2623-43.
[10.1042/CS20200230 ]J[PMID]

[43] Lebrasseur NK, Coté GM, Miller TA, Fielding RA, Sawyer DB.
Regulation of neuregulin/ErbB signaling by contractile activity
in skeletal muscle. American Journal of Physiology-Cell
Physiology. 2003 May 1;284(5):C1149-55.
[10.1152/ajpcell.00487.2002 ] [PMID]

[44] Moondra V, Sarma S, Buxton T, Safa R, Cote G, Storer T,
LeBrasseur NK, Sawyer DB. Serum neuregulin-18 as a
biomarker of cardiovascular fitness. The open biomarkers
journal. 2009;2:1. [10.2174/1875318300902010001 ] [PMID]

@' TN ©2025 by the authors. Licensee AJUMS,

Ahvaz, Iran. This article is an open access article
distributed under the terms and conditions of the
Creative Commons Attribution-NonCommercial 4.0
International (cc BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).

Tofighi A, et al. HIFT and Nanocurcumin: Cardiometabolic Health .JSMJ. 2025; 24(1):54-70



https://doi.org/10.3390/molecules26134036
https://pubmed.ncbi.nlm.nih.gov/34279384/
https://doi.org/10.1186/s12937-017-0293-y
https://pubmed.ncbi.nlm.nih.gov/29020971/
https://doi.org/10.1016/j.numecd.2022.07.021
https://pubmed.ncbi.nlm.nih.gov/36058763/
https://doi.org/10.1080/13813455.2020.1779309
https://pubmed.ncbi.nlm.nih.gov/36264280/
https://doi.org/10.3390/ijerph16214291
https://pubmed.ncbi.nlm.nih.gov/31694237/
https://doi.org/10.1186/s12905-017-0421-z
https://pubmed.ncbi.nlm.nih.gov/28830404/
https://doi.org/10.3390/nu15020286
https://pubmed.ncbi.nlm.nih.gov/36678157/
https://doi.org/10.1113/ep086844
https://pubmed.ncbi.nlm.nih.gov/29766601/
https://doi.org/10.1152/japplphysiol.01489.2005
https://pubmed.ncbi.nlm.nih.gov/16763099/
https://doi.org/10.3389/fendo.2021.669448
https://pubmed.ncbi.nlm.nih.gov/34012421/
https://doi.org/10.1007/s40279-018-0897-1
https://pubmed.ncbi.nlm.nih.gov/29582381/
https://doi.org/10.2337/db13-0368
https://pubmed.ncbi.nlm.nih.gov/23801715/
https://doi.org/10.1139/h10-030
https://pubmed.ncbi.nlm.nih.gov/20555380/
https://doi.org/10.3934/neuroscience.2023005
https://pubmed.ncbi.nlm.nih.gov/37077959/
https://doi.org/10.1042/cs20200230
https://pubmed.ncbi.nlm.nih.gov/33063822/
https://doi.org/10.1152/ajpcell.00487.2002
https://pubmed.ncbi.nlm.nih.gov/12519750/
https://doi.org/10.2174/1875318300902010001
https://pubmed.ncbi.nlm.nih.gov/20634924/

	OLE_LINK120
	OLE_LINK121
	r1

