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Abstract

Obesity in middle-aged women is associated with increased chronic inflammation and
tissue hypoxia, playing a crucial role in metabolic disorders and related diseases. This
study aimed to investigate the synergistic effects of high-intensity interval training (HIIT)
combined with berberine hydrochloride supplementation on the expression of
inflammation-related (NF-«B) and hypoxia-related (HIF-1a) genes, and metabolic
indicators in obese middle-aged women. In this randomized controlled clinical trial, 40
obese middle-aged women were randomly divided into three groups: HIIT + berberine
(n=14), HIIT + placebo (n=13), and control (n=13). The training protocol included three
HIIT sessions per week (30 minutes per session at 80-85% VO2max intensity) for eight
weeks. The HIIT + berberine group received 1000 mg of berberine hydrochloride daily
in two divided doses. Venous blood samples were collected at baseline and after 8 weeks
to evaluate NF-kB and HIF-1a gene expression in peripheral blood mononuclear cells.
Clinical indices including BMI, body fat percentage, VO>max, fasting glucose, insulin,
insulin resistance (HOMA-IR), and C-reactive protein (CRP) were also measured. The
results showed that the expression of NF-kB and HIF-1a genes significantly decreased
after the 8-week intervention in the HIIT + berberine group compared to the HIIT +
placebo and control groups. Additionally, the HIIT + berberine group demonstrated
significant improvements in BMI, body fat percentage, VO.max, CRP, and insulin
resistance compared to other groups (p < 0.05). A significant difference was also observed
between the HIIT + berberine and HIIT + placebo groups in favor of the supplementation
group. The findings of this study suggest that high-intensity interval training combined
with berberine hydrochloride supplementation has synergistic effects in reducing NF-kB
and HIF-1a gene expression and improving metabolic indices in obese middle-aged
women. This combined intervention could be recommended as a novel and effective
strategy to enhance metabolic health and reduce the risk of obesity-related diseases.

Keywords: High-intensity interval training, Berberine hydrochloride, Inflammation, Hypoxia,
NF-«B, HIF-1a.
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Table 1. Primers Used in the Study

Gene primer Sequence (5'—3") Amplicon (bp) Reference
NF-xB F: 5~AGACCAAGGAGATGGACCTCA-3' 120 3)

R: 5-GGTATTTCTGGTCCCGTGAA-3'
HIF-1a F: 5-TCAAGTCAGCAACGTGGAAG-3' 150 (13)

R: 5-TATCGAGGCTGTGTCGACTG-3'
GAPDH F: 5-GTCTCCTCTGACTTCAACAGCG-3' 143 3)

R: 5-ACCACCCTGTTGCTGTAGCCAA-3'
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Table 2. Demographic Characteristics of Participants (Mean + SD)

Variable HIIT + Berberine (n=14) HIIT + Placebo (n=13) Control (n=13) P-value
Age (years) 425+2.1 432 +24 429+£23 0.75
Weight (kg) 84.6+7.2 83.8+7.5 852 +8.1 0.88
BMI (kg/m?) 312+1.6 31.5+19 31.8+2.0 0.69
Body fat (%) 334+3.2 339 +143%* 33.7+3.6 0.93

Table 3. Clinical and Biochemical Variables Before and After the Intervention

adxle 5l a5 13 ol 5 b sl e =Y J s

Variable Group Pre-Intervention Post-Intervention P-value (Within-
(Mean + SD) (Mean + SD) group)
Body Mass Index HIIT + Berberine 312+1.6 28.6+1.5 <0.001
(kg/m?) HIIT + Placebo 315+19 29.1+1.7 <0.001
Control 31.1+1.5 309+1.5 0.30
Body Fat Percentage HIIT + Berberine 334+£32 295+£3.0 <0.001
(%) HIIT + Placebo 339+34 304 +£3.2 0.01
Control 33.2+33 33.1+34 0.44
VO max (ml/kg/min) HIIT + Berberine 28.5+43 36.2+4.8 <0.001
HIIT + Placebo 28.0+4.2 340+4.5 <0.001
Control 283 +4.1 28.6 £4.0 > 0.41
I 1
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(p<0.01)

Fig. 1. Changes in NF-kB Gene Expression after 8 Weeks of Intervention. NF-kB gene expression in the high-intensity
interval training (HIIT) plus berberine group significantly decreased from 1.23 to 0.78 (p < 0.001). In the HIIT plus
placebo group, this reduction was also observed from 1.20 to 0.85 (p = 0.01). No significant change was reported in
the control group (p = 0.30). Repeated measures ANOVA indicated a significant interaction between group and time

(» <0.01).
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Figure 2. Changes in HIF-1a Gene Expression after 8 Weeks of Intervention. HIF-1a gene expression in the high-
intensity interval training (HIIT) plus berberine group showed a significant decrease from 1.10 to 0.75 (p = 0.002). In
the HIIT plus placebo group, a reduction from 1.08 to 0.90 was also observed (p = 0.03). No significant change was
detected in the control group (from 1.05 to 1.02, p = 0.40). Repeated measures ANOVA confirmed a significant
reduction in gene expression between the groups (p < 0.01).
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Figure 3. Changes in Fasting Glucose after § Weeks of Intervention. Fasting glucose levels significantly decreased in
the HIIT + Berberine group from 105 to 92 mg/dL (p < 0.001). A similar but slightly smaller reduction was observed
in the HIIT + Placebo group, from 104 to 96 mg/dL (p < 0.01). No significant change occurred in the control group (p
> 0.05). Repeated measures ANOVA revealed a significant group X time interaction (p < 0.01), and Bonferroni post-
hoc analysis confirmed that the reduction in fasting glucose was significantly greater in the HIIT + Berberine group
compared to both the HIIT + Placebo and Control groups (p < 0.05 and p < 0.01, respectively).
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Figure 4. Changes in Serum Insulin Levels after 8 Weeks of Intervention. Serum insulin levels significantly decreased
in the HIIT + Berberine group from 15.2 to 10.5 pIlU/mL (p < 0.001). In the HIIT + Placebo group, a reduction from
15.1 to 12.2 uIU/mL was also observed (p < 0.01). No significant change was noted in the control group (p > 0.05).
Between-group differences were statistically significant according to ANOVA (p < 0.001), and Bonferroni post-hoc
analysis indicated that the insulin reduction in the HIIT + Berberine group was significantly greater than in the other
groups (p < 0.01 and p < 0.001).

XXk
|
sk
[ —
5m
s *k Hokok
h A
44 ) [ T
Hl Post-intervention
x© 34 3 Pre-intervention
<
5
I 29
14
0 T T
Control HIIT+Placebo HIIT+Berberine

HOMA- 2>L: HIIT + Berberine o5 S )3 .alslte ada A 51 oy o sl 4 Canslie L2l Ol ieay HOMAAIR ol o050 s
e IS s S 52 (p<0.01) Ay YN 474 51 Laxle ol HIIT + Placebo o5 8 55 . (p < 0.001) il [ials Y/« ¢ SR
3 5u42 (p it HIIT + Berberine o5 5 8 (g 5bar 28 Aol 1y baes S o sobsine oslis (bl Judows . (0> 0.05) 25 s (5 ek

AP <0.001;p<0.01) sls OLis bos S plo a4 ol |

Figure 5. Changes in HOMA-IR as an Index of Insulin Resistance After 8 Weeks of Intervention. In the HIIT +
Berberine group, the HOMA-IR index decreased from 4.0 to 2.4 (p < 0.001). In the HIIT + Placebo group, it declined
from 3.9 to 3.1 (p < 0.01). No significant change was observed in the control group (p > 0.05). Statistical analysis
confirmed a significant difference between the groups, with the HIIT + Berberine group demonstrating the greatest
improvement compared to the other groups (p < 0.01 and p < 0.001).
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Figure 6. Changes in CRP (C-Reactive Protein) as an Inflammatory Marker after 8§ Weeks of Intervention. The CRP
level in the HIIT + Berberine group significantly decreased from 4.0 to 2.5 mg/L (p < 0.001). In the HIIT + Placebo
group, CRP was reduced from 4.1 to 3.2 mg/L (p = 0.04). No statistically significant change was observed in the control
group (p > 0.05). According to statistical analysis, between-group differences were significant (p < 0.001). The
Bonferroni post hoc test further confirmed that the reduction in CRP was significantly greater in the HIIT + Berberine
group compared to both the placebo and control groups (p < 0.01 and p < 0.001, respectively).

Eou
Dlpe 330 odalie cpiman a3 35 |y K gl i sl g 3 45 315 OLES aalllan ol (slaasil
ATk Sl b 55 cp a3 058 52 VOUImax 03 Ol S 4 e o JaSa Lol s W
OLen s Maturana & sed gl sl 8500 S 2 S M6 35 5 ead HIF-lo sNF-«B

G HIIT 55 oy o5 45 L35 3,18 (TeY) HOMA-IR , CRP VO Imax « BMI s _,axLs
2 $F6S8 Al hase SAd L a4 Labps iy Sllas b il cpl LS o sl
sesa> 5 (V0) syl VOOmax sl (Yo¥+) 0LKea 5 Soltani  (Jls Olge 4 .ol
e ol e Lo s Sk S e L 03 HIIT o a5 glazings o3 G S s S 5158
(YY) 0, n s Wewege slaail L «S ¢ 5BMI Sse s NFkB Ols s jials 4 Bl Ol 0L
SHIT s5s 55 a Lisls 0L o5 5505 il pas ol sl 08) AE e sl sl
e wlie Sl 4 e bwge Ddd L o el Ols o gy 5 (YeYE) O, 5 Nikseresht

Slaoarls e D) Spbe oS S35 0k gyl S Wsh 0L Sbsh wbb Jlibe
(HOMA- ;) 5ol &5 s slis 5 (CRP 2alS) ol hs- shacs (i Ok b ol pon HIIT (sla S5 5
Nikseresht i alis 55 5= aallas 3IR) 05,5 4 S (ul5kias 5 4b 4 | ,HOMA-IR sCRP
L2alS S HIIT Joke 55 8 35 Olsie 45 55 (Yo 78) s e 0L Sldlas 5l (1Y) sl 2alS sl
5 ol 3 OY) Az 53 HOMA-IR ,CRP S el slanT  LEalS L Ll i e HIIT &8

ARA



&‘J&QAJF;JJ@;«.& AV Cli (NE0E ﬁ.“., ud}‘ oJLo.f-r g‘..aw Ju 5‘5)‘33‘.‘{- da‘«&d«nﬁ)

by S 5 o 331 el sla, 55U 0Ty 5o
4 das o By Olgdl G 1 3L slos
< NF-kB 5 HIF-la sl lea <l s ol
S XS o g3y Sl 55 1y oledl e 4
ST sl Josee i 1) S plie oDl
Ll Ll e 05 opl Oy 22l L Jlee o) cnl
2 s Sl GUls 5 el Cads | age
A e Lo laasly das s g | sl 4 2ol
iS 34 altlde 5 e HIF-To s NF-kB Ols lsbine
063 L3 ol b pl (8 5,5 5
o5 s L NFkB 2l ol At Gl
HIF-lo :alS 5 ool olen ol sl s
Gladtaly 5 oo 3L o 55 IS 5l Ll s
() a8l of 1 b Spke i
Ll o Vazml oS pula 5 el (a0 oS e
3 Y s b Sl R Sllein sse @
Al Ses Blr 0L 5 B slagssles
S i DA g s HIT (G550 500 sl
SIRT1» 5 «AMPK» s 53 18 Ll JaSo
ol O gl eS| 2l 53l 4 e oS S o Jlai 1
sl Gles e 5 GLUTA a5 )5
) oS 5 Yl s 5 opl 4 (Y7 YY) 548 e
b= 35 31 VL cle Ll dtlie s
A S | S ple DUl Jals 5 o s
irr DA e Olge ap A8 bl Sl 4 S
5 Sl ol sdalis HIF-lo s NF-kB S o 5
S JeSe O G pme sp500 sl ol il
sl @l bl b ASLHIT oy pe8 ledlas
03 s 2l S5 93 pl G aliEles o5l
i 0535 (Baa gla0) (Al o e Lo andlas
Gla pxze 53 (g sl ol OLasT HIIT - o3«
Lol el 3,88 sbml Les HIT & cnd (S8
ool il s (Y4 Y8) 01, 1Sa 5 Nikseresht Sl

\RAS

Sl Golain 5 g g dal g b (0l 5 A 5o Lo glaasily
IS 5 s s HIT Cote Sl skiasolis
et il SIS sl 5 Seatis DU
ooz ol axdlas cpl 3 eslizal 3,5 HIT

SIa =AU Ygane) YU ol b es i
L ol il sbae,ss 5 (VOUmax L 5 ol o
£ Jle gl oltle i s S Sl
Al el o) ol peaa Yo ods b clled ai s
3 S Sl bl (el L
5 s ) ol S b S Oley s anudl S
Ol siaze ladlan S sl (655 S il ol L350
L go i b Ol w3 b avslis ;o HIIT o5 Llosls
5 VOUmax sy Sl corgo (MICT) aius sy
Wy Olpe a pde ol 4 Conles
HIIT «5 X5 S 5,18 (VYY) 0, 5 Crowley
CoSain  slose sl

OSan Lo pn O gd o ok Zb b5 J e

duum-u L

O3 glaarls o el SIGL ol
Goso e e 31LOV) Wil axsls MICT L o3l s
oS LHIIT oS sl ol [ Sos 5 J0Tke G ¢ Sl
S A 2 L g el e D3y e
ol OA) &S o ol b S plie Sl 5 S
sl osdhe anlllas opl 3w, LSLHIT S5,
Gl o b Il S S sk glasll
&35 55w e Coge (SIS Jed s
YN NN WP K IIUCHP I
Jelse s NFkB a5l el slaos olo a3l
5 ey Sl s HIF-Ta asle oS s o 4l
SN g Sl ns ol il sl sdalin oo L
b Censlis ( Seatom DUl R0 Lol ale
09 dzes Spbe Glagslon 552 5 o sl
Sl s (S ) &S das 0 Ol ladlas
«S 345 » NFB 5 HIF-lo 0dddls Gl o>



&‘J&QAJF;J‘%‘;«.& AV Cli (NE0E ﬁ.“., ud}‘ oJLo.f-r g‘..aw Ju 5‘5)‘33‘.‘{- wu&‘-«-wﬁ)

Lo 01 L Jad e S ple oVt 5 3le J zs
slagler Sus S 0L Comex L5 e LIL
Sheslimal il SRl Bl b S b 8
San G p e SIS s HIT g e asl
4 ol 55 5 St Ol a5 L el
03 pd b Glaglen Sy Sl s

e.l_:‘ w‘)‘}b‘)‘b J.“JL: Cat».h‘ GL’I; u.:‘ LL;LQ&CE.-N
Sdd b S s 4 a5 AS 0 Cole

AL Ol 0L e 5 Bl e slads i

cl.u
1. Yadav R, Swetanshu, Singh P. The
molecular mechanism of obesity: The
science behind natural exercise yoga and

healthy diets in the treatment of obesity.
Curr Probl Cardiol. 2024;49(2):102345.

2. Ruck L, Wiegand S, Kiihnen P. Relevance
and consequence of chronic inflammation
for obesity development. Mol Cell Pediatr.
2023;10(1):16.

3. Grun LK, Maurmann RM, Scholl JN,
Fogaca ME, Schmitz CRR, Dias CK, et al.
Obesity drives adipose-derived stem cells
into a senescent and dysfunctional
phenotype associated with P3SMAPK/NF-
KB axis. Imm Ageing. 2023;20(1):51.

4.Xia M, Yu Z, Wang Y, Liu D, Wang Y,
Wu S, et al. Electroacupuncture combined
with press needles alleviates simple obesity
via VEGF-C/VEGFR-3/PI3K/AKT
signaling pathway. Obes Facts. 2025:1-16.

5. Simonsen M, Eggertsen C, Pedersen J,
Christiansen S, Vestergaard E, Hagstrgm S,
et al. Intensity and enjoyment of play-based
HIIT in children and adolescents with
obesity. Int J Sports Med. 2025;46(3):207-
216.

6. Paramita N, Puspasari BC, Arrody R,
Kartinah NT, Andraini T, Mardatillah J, et
al. Protective Effect of high-intensity
interval training (HIIT) and moderate-

\R21

S USSsn & upp 0255 Koy e S Oy &S
Caslie 5 el la iz LSl mls HITT
Sl glac sl (Il opl L) cdls oyl
Comaxr G S5 b oenp S0 el g8
spd SN i o ol S andllan 350
S5 ol S e Sl ke cnl ply (YE)
53 Al ol b B el alles sl
Oladlae 53558 oy (0 s did 1S Olallas
ol gl e 055 LSS ialas L LTS
Glaes S 3 O o2 o) 5 055 BMI (e ASls
2 delse ol s eals Olsl 3 el J 2S5 alstlte
LS JoSe 5 el & S5 slagel
e Gl b 5 sl (Jle sl (YO)
& Ced S find S slie ol ool (S 5L
3 il dolal con cpl 31OV das QLS 555
P S ES o s Slasile G35 sl 2L
5ot bee altlie 51 e eldedalin ol
Laos S b S 5 @ il e s HIT &l
J S 45 4ils ASE a5 ol el pon L lalllas
03 sl e slael Corge al sla e
sl ey S adsl glaesls 5 ol addllas
3 Ol s ol ] 45 B (g lslns
31 0LES asllas il gl XS e 5 pee | Al
ran oS Lol Vb a2 b sl el
Lokoe o0 Ol als Carpe LI IS5 0
35 5 (HIF-lo) .S,uls 5 (NFB) olgdl
BMI Jals) JSbr b Glajine 5o g 55 L6
55 ( HOMA-IR; CRP _3:als VO[max il ;3!

Sy o Bl ke OG5

S S oS
oS5 Al ol oS el Of 5l S easl ol

):@b):jdﬁiiﬁéjﬂﬁﬂl&;)lﬁgx\}:&



bb&q.h}}:S)xfi«.& APV Clao N6 E ﬁ_‘a} cd}‘ e)\.o.f-r ur-h-\?bh JL-« 5‘5)‘35\? da‘«id««»ﬁ;

cross-sectional study. Clin Nutr ESPEN.
2023;58:397-408.

14.Soltani N, Esmaeil N, Marandi SM,
Hovsepian V, Momen T, Shahsanai A, et al.
Assessment of the effect of short-term
combined high-intensity interval training on
TLR4, NF-«xB and IRF3 expression in young
overweight and obese girls. Public Health
Genomics. 2020;23(1-2):26-36.

15. Maturana FM, Martus P, Zipfel S, NIE
AM. Effectiveness of HIIE versus MICT in
improving cardiometabolic risk factors in
health and disease: a meta-analysis. Med Sci
Sports Exerc. 2021;53(3):559-573.

16. Wewege M, Van Den Berg R, Ward R,
Keech A. The effects of high[Jintensity
interval training vs. moderate[Jintensity
continuous training on body composition in
overweight and obese adults: a systematic
review and metallanalysis. Obes Rev.
2017;18(6):635-646.

17. Crowley E, Powell C, Carson BP, W.
Davies R. The effect of exercise training
intensity on VO2max in healthy adults: an
overview of systematic reviews and metal]
analyses. Transl Sports Med. 2022;
2022(1):9310710.

18. Khalafi M, Mojtahedi S, Ostovar A,
Rosenkranz SK, Korivi M. High! lintensity
interval exercise versus moderate[Jintensity
continuous exercise on postprandial glucose
and insulin responses: A systematic review
and metalJanalysis. Obesity Reviews.
2022;23(8):e13459.

19. Al-Shajrawi OM, Alwardat S, Alwardat
N, Tengku Din TADAA, Hussain
Abdulrazak M, Musa I, et al. Exploring the
complex relationship between HIF[1
(rs11549465) and NFxB1 (rs28362491)
variations and obesity. World Academy of
Sciences Journal. 2024;6(6):71.

20. Zeng Y, Li W, Ma T, Zhang H, Xu J, Liu
K. Early intervention of baicalin suppresses
obesity-induced adipose tissue fibrotic
remodeling through interfering NF-xB/HIF-
1a/GRK?2 signaling pathway. Phytomed
Plus. 2025:100815.

intensity ~ continuous training (MICT)
against vascular dysfunction in
hyperglycemic rats. J Nutr Metab. 2022;
2022:5631488.

7.Gawet E, Hall B, Siatkowski S,
Grabowska A, Zwierzchowska A. The
combined effects of high-intensity interval
exercise training and dietary
supplementation on reduction of body fat in
adults with overweight and obesity: A
systematic review. Nutrients.
2024;16(3):355.

8. Ahmad AM, Mahmoud AM, Serry ZH,
Mohamed MM, Abd Elghaffar HA. Effects
of low-versus high-volume high-intensity
interval training on glycemic control and
quality of life in obese women with type 2
diabetes. A randomized controlled trial. J
Exerc Sci Fit. 2023;21(4):395-404.

9. Wang H, Chen S, Tang Y, Nie K, Gao Y,
Wang Z, et al. Berberine promotes lacteal
junction zippering and ameliorates diet-
induced obesity through the RhoA/ROCK
signaling pathway. Phytomedicine. 2024;
124:155268.

10. Shou JW, Shaw PC. Berberine Reduces
lipid accumulation in obesity via mediating
transcriptional function of PPARS. Int J Mol
Sci. 2023;24(14):11600.

11. Poudel A, Zhou JY, Mekala N, Welchko
R, Rosca MG, Li L. Berberine hydrochloride
protects against cytokine-induced
inflammation through multiple pathways in
undifferentiated C2C12 myoblast cells. Can
J Physiol Pharmacol. 2019;97(8):699-707.

12. Nikseresht M, Dabidi Roshan V, Nasiri
K. Inflammatory markers and noncoding!’
RNAs responses to low and high
compressions of HIIT with or without
berberine supplementation in middle[aged

men with prediabetes. Physiol Rep.
2024;12(15):e16146.
13. Olean-Oliveira T, Padilha CS,

Figueiredo C, Dorneles GP, Marmett B,
Peres A, et al. Central obesity is detrimental
to anti-inflammatory, phenotype, and
exhaustion markers in mononuclear cells - A



bb&q.h}}:S)xfi«.& APV Clao N6 E ﬁ_‘a} cd}‘ e)\.o.f-r ur-h-\?bh JL-« 5‘5)‘35\? da‘«id««»ﬁ;

24. Mehrpuya E, Keshavarz S, Banitalebi E,
Naghizadeh H, Ramezani J. Effects of
aerobic exercise combined with berberine
chloride hydrate supplementation on the
mitochondrial biogenesis of cardiac muscles
in diabetic male rats. Zahedan J Res Medi
Sci. 2023;25(4):e132725.

25. Debes WA, Sadaga M, Németh Z,
Aldardour A, Prémusz V, Hock M. Effect of
resistance exercise on body composition and
functional capacity in older women with
sarcopenic obesity-A systematic review with
narrative synthesis. J Clin Med. 2024;13(2):
441.

26. Janani S, Sedhunivas R. Effectiveness of
exercise interventions on muscle mass
among older adults with sarcopenic obesity:
A scoping review. Aging Med (Milton).
2024;7(1):115-120.

\FA

21. Chen Y, Zhang S, Ye L, Chen H, Ma P,
Wu D. High(Jintensity interval training
improves hypothalamic inflammation by
suppressing HIF[/1a signaling in microglia
of male C57BL/6J mice. FASEB J. 2024;
38(14):e23770.

22. DiNicolantonio JJ, McCarty MEF,
Assanga SI, Lujan LL, O'Keefe JH. Ferulic
acid and berberine, via Sirtl and AMPK,
may act as cell cleansing promoters of
healthy longevity. Open Heart. 2022;
9(1):e001801.

23. Amirazodi M, Mehrabi A, Rajizadeh
MA, Bejeshk MA, Esmaeilpour K,
Daryanoosh F, et al. The effects of combined
resveratrol and high intensity interval
training on the hippocampus in aged male
rats: an investigation into some signaling
pathways related to mitochondria. Iranian
Journal of Basic Medical Sciences. 2022;
25(2):254.



