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ET{VF‘)"’“"S: supplements cause changes in the levels of inflammatory markers. Therefore, the

present study aimed to investigate the effect of eight weeks of high-intensity interval

E'_%g"mensny interval training training and pollen consumption on interleukin-1 beta (IL-1B), tumor necrosis factor-
Pollen. TNF-o alpha (TNF-a), and C-reactive protein (CRP) in rats exposed to cadmium.

’ Methods: In this experimental study, 25 male rats were randomly divided into 5

groups, namely healthy control, cadmium, pollen, high-intensity interval training, and

©2024 Arak University of Medical pollen+high-intensity interval training. They performed high-intensity interval training

Sciences for 8 weeks, 3 sessions per week. At the same time, they consumed pollen (200 mg

dissolved in 2/4 cc of normal saline) and cadmium chloride (400 mg/kg/w/I dissolved
in drinking water) daily. Hippocampal inflammatory factors were measured. Two-way
analysis of variance and t-test were used for data analysis at a significance level of P<
0.05.

Results: The values of IL-1B and TNF-a in the pollen group (P=0.898), exercise
(P=0.258), and pollen+exercise (P=0.056) were not significant, compared to the
cadmium group. The values of CRP for the pollen group (P=0.029) and
pollen+exercise (P=0.005) were significant, compared to the cadmium group.
However, it was not significant for the exercise group (P=0.267). Moreover, the
interaction effect of exercise and pollen for IL-1B (P=0.227), TNF-a (P=0.846), and
CRP (P=0.957) values was not significant.

Conclusion: It is likely that intense interval training and pollen alone and in
interaction are unable to reduce some inflammatory factors in rats exposed to
cadmium.
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INTRODUCTION

Oxygen Species change the frequency of T
lymphocyte subsets and reduce the antioxidant
levels in humans or animals (3). Interleukin betal
(IL-1B) and Tumor necrosis factor alpha (TNF-)
are key proinflammatory cytokines the levels of
which increase in response to inflammation. Both
of them are involved in a variety of cellular
activities (cell proliferation, differentiation, and
cell death). However, they have different
structures, cellular responses, and activation
pathways (5). C-reactive protein (CRP), the level
of which is mainly regulated by the action of
some cytokines, especially interleukin-6, is one
of the practical methods reducing inflammatory
factors in regular exercise, which acts as a natural
antioxidant and a safe anti-inflammatory strategy
to prevent and control the complications of
diseases (7). Studies have shown that high-
intensity and resistance physical activity
suppresses the expression of IL-1B, TNF-a, and
CRP genes, which are pro-inflammatory and
inflammatory factors (8, 9). Some previous
studies have shown that pollen (pollen of all
spring flowers) due to its phenolic compounds,
phenolic acids, flavonoids, and significant
amounts of minerals and vitamins (e.g., vitamin
C) has a wide range of biological functions,
including  antioxidant, anti-inflammatory,
antimicrobial, anti-allergic, anti-tumor, and anti-
atherosclerotic properties, which have favorable
effects on the functions of the nervous, immune,
and inflammatory systems (11,12). It also
strengthens the antioxidant system (13,14). In this
context, Takahashi et al. reported that bee pollen
supplementation can inhibit the production of
proinflammatory cytokines, TNF-a, IL-6, and CRP
by stimulating macrophages and interferon-
gamma (15).

METHODS

In this experimental study, 25 healthy male
Sprague-Dawley rats, approximately eight weeks
old and weighing approximately 250 grams, were
obtained from the Center for Animal Breeding
and Reproduction of Islamic Azad University,
Marvdasht Branch, Iran, and were transferred to
the animal exercise physiology laboratory at a
temperature of 22+2 °C, a humidity of 50%-55%,
and a 12:12 hour light-dark cycle until the end of
the experiments and exercise training period.
After one week of adaptation to the laboratory
environment and familiarization with the
treadmill, the rats were matched based on weight
and randomly divided into 5 equal groups (n=5),
including control, cadmium, cadmium-pollen,
cadmium-high-intensity interval training, and
cadmium + pollen + high-intensity interval
training. A high-intensity interval training
program was performed for 8 weeks, which
included three weekly sessions of running on a
rodent treadmill at an intensity of 80% to 110%
VO2 max. The mice were treated with pollen by
oral gavage daily. All groups, except for the
healthy control group consumed cadmium
chloride (40 mg/kg/w/d dissolved in drinking
water). Then, 48 hours after the last training

session, pollen supplementation, and water-soluble
cadmium chloride consumption, the mice were
anesthetized using ketamine (50 mg/kg) and xylazine
(20 mg/kg) in a 12-hour fast. To confirm cadmium
poisoning and measure inflammatory factors, after
complete anesthesia and dissection, the hippocampal
tissue of the brain was carefully extracted and stored
at -70°C until data collection and analysis. Two-way
analysis of variance and t-test were used to analyze
the data at a significance level of P<0.05.

RESULTS

The results of the independent t-test showed that the
levels of cadmium in the brain were significantly
lower in the healthy control group than in the other
groups (P=0.001). These results also showed a
significant decrease in the rate of change in cadmium
levels in the exercise-pollen group, compared to the
cadmium group (P=0.031). However, these levels
were not significant, compared to the pollen
(P=0.204) and the exercise groups (P=0.278). The
same test for IL-1B levels showed that they were
significantly lower in the healthy control group,
compared to the cadmium (P=0.005), pollen
(P=0.032), and exercise groups (P=0.003). However,
the exercise-pollen group showed no significant
difference (P=0.425). After 8 weeks of training and
pollen consumption, IL-1B values in the pollen
(P=0.898), the exercise (P=0.880), and the exercise +
pollen groups (P=0.056) did not show a significant
decrease, compared to the cadmium group. TNF-a
values in an independent t-test showed that they were
significantly lower in the healthy control group than
in the cadmium (P=0.016), pollen (P=0.002), and
exercise groups (P=0.012). However, this difference
was not significant for the exercise + pollen group
(P=0.245). After 8 weeks of training and pollen
consumption, TNF-a values in the pollen (P=0.365),
exercise (P=0.258), and exercise + pollen groups
(P=0.132) did not show a statistically significant
decrease, compared to the cadmium group. Also, the
healthy control group showed a significant difference
in terms of CRP values, compared to the cadmium
(P=0.001), pollen (P=0.045), and exercise groups
(P=0.003). However, this difference was not
significant for the exercise + pollen group (P=0.106).
After 8 weeks of exercise and pollen consumption,
the CRP values in the pollen (P=0.029) and the
exercise-pollen  groups  (P=0.005) showed a
significant difference, compared to the cadmium
group. However, this difference was not significant in
the exercise group (P=0.267).

CONCLUSION

According to the results of this study, performing
intense interval training with pollen consumption did
not significantly reduce the levels of IL-1B and TNF-
a; moreover, intense interval training alone and with
pollen is unable to reduce CRP levels in mice exposed
to cadmium. However, pollen consumption alone
reduced CRP levels. Therefore, it seems that intense
interval training and pollen consumption may not be
effective in reducing some inflammatory factors,
which in the present study is probably related to the
difference in the type of subject, training methods,
insufficient repetition, intensity, and duration of
training and the use of the type of disease, as well as
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the high dose of toxic cadmium, and the dose of
pollen consumed during the intervention, which
has a non-uniform and different response
affecting the immune system.

Ethical Considerations

Compliance with ethical guidelines

All ethical principles for working with animals
were approved in accordance with the Helsinki
Declaration and under the supervision of the
Ethics Committee of the Islamic Azad University,
Boroujerd Branch, Boroujerd, Iran
(IR.IAU.B.REC.1402.114).

Funding

No financial support was provided for this research.
Authors' Contributions

All  authors  participated in the  design,
implementation, data analysis, and writing of all parts
of the study.

Conflict of Intere]st

The authors of this article declare that they have no
conflicts of interest.

Acknowledgments

The authors hereby express their gratitude and
appreciation to all those who collaborated in this
research.

66



1Pl ol ¢F o low 1F 0,559

https://cmja.arakmu.ac.ir/

gy dlo

T 9005 3955 951 cla | (o of sl 9 U5 00 35 O yao g Wk (3L (9 303 A Culd il
PgaodlS (0 yr0 4 (I 30 SO g0 LS gy 30 C — RS 19 (g o) 9

A . . £ A . a .
SUis) S ¢ gps HeyJs dems T o as 308 50,8 Y Jlais (68,5 s

Ol @250 (oMl ST oSl 0329 25l ¢ 5559 SeIsnsed 09,5 655> sty

o bl e ol 3T oKty bl 55 ¢85y (55360 03,5 ookl ©

Ol oblas ol ) ol o Sludlpole 5 clusl 0aSiils ¢ s pole 09,8 ¢yluiils T

Ol @ g e oMl ST o8l 0 291 2l ¢ 38 8, 095 lpalil T
olrl ool 3 oo ST olK2sls bl 3wty 509 S35952503 05,5 o> 80 (5 5358 i ghoms o imnr 98 7
firuz.sharafi@yahoo.com : J.o!

PN S VEY/-AYE bl o gu )b

Iy ol slagwl g &S o a1y sios] pitaas 5 ySlas (o jo Cyguody (coww porodlS &S Cowl 00y Ll llllas tannda  VFYNYF i pd )6

plo allas | Bin cply g0 A (Sl SIS g 13 s el o Jao (3 5 g o blings 2w e s o5l

2 C =528y s 9 Wl g0 9,50 )88y N (Sl ymul e IS 03,5 Bymo g s (glis (08 atie i 131 g

D92 poredlS (o pme )3 (e latse e el

s (S a8 . & L : . . X ) S s

dgbww‘yabﬁ‘ﬁwhg‘&bkjrj%)fﬁAJL;JLAJ)910¢)JL541)MU»9A).NY0 L;’)Duuuﬁﬂwl).))lswj) i 5‘05:)& ﬂ‘gb
- 9

Oleied 305 pbol ) diam j> duds ¥ il A Site 4y B (gl oy 08 9 WA ndtl LD glS g ye + IS 03,5 g Mos Ci /) ‘5;5”

(f+ -mg/kg/w/l Suelisl T s Jolore) ]l paeedls'y (opdlis Jlo s Y/EC4 (3 00 J> Yo -mg) 5 03,5 &iljg, & )yguny PR
P it gejl g adybgs il 5JUT 5l aodls oo (gl 0 (65050l CeoS guatn Lol (glnyiS16 53,8 by e | el Bgima ST Sty pole
A o3zl P <o /00 (g)lakiae o
£ 03,5 5 (P =+ IYOA)P =-/AAA) iyy05 (P =+ /¥5D)(P =+/ARA) S 03,5 09,5 STNF- 4 IL-1B yoli oasil
03,5 5 (P =+/+¥a) J5 03,5 09,5 (slys CRP pyolie .uns jlolize pguedls 09,5 4 cuas (P =+/VYY)(P =+/-0%) oy 5es
S epmiomon (P=+/Y8Y) cus jloline oy 505 09,5 (slys Lol sl Jloline pouedls 09,5 &y i (P =1/++0) 1,05 + 5
& line @glis (P =+/20Y) CRP 4 (P =+/A¥8) TNF-0u(P =+ /YY) IL-1B pslia (slys IS 03,5 g cyzped (sholos
Cadsl
laisn ool slaysSTh ) (5 a6 o b ol 13 5 oS 5 03,5 5 0ad gli5 (8 Vlets 15,8 e
iy il ) pgsedls (e )3 (gl o

Copyright © 2025 The Author(s); Published by Complementary Medicine Journal. This is an open access article, distributed under the terms of the Creative
Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses /by-nc/40/) which permits others to copy and
redistribute material just in noncommercial usages, provided the original work is properly cited.


http://creativecommons.org/licenses
mailto:firuz.sharafi@yahoo.com
https://orcid.org/0000-0003-2769-8851
https://orcid.org/0000-0002-6367-581X

oo g sg‘..\.;é SOy

5 (Takahashi) 5t aie; cnl 0 .(0F OY) 595 s eialuSTas
ledlote oo shle a5 (S 00,8 JaSe a5 w0 S (515 ol Sen
0985l 5 il Sl Sy L1, € - pausly (0855 5 IL-6 TNF-a
babal))o a5 (Sl gl iogh 4 azg b LlLO0) &S e Wl oo LIS
S5y 2 poeedlS (po3e 52975 b (59 Sodlad ol e 4y IS 00,5 B e 13l
Obzes Sl glaatl ol ad S S Sl sle Sl
@byt Sl slo)Sal) anngi 4 5l 4 azg b nlply wiloglis
Sl Al (B8 L g peeeslS b L (B)lee a5 L 6T sl sl
By 53 3B (6l Wl oo Wl (gl (el olyen 4 J5 03,5 B pan
aslllae B g, b3l el 5L (6 ity Dl ) Bk Wedge pasls
IL- 52 S 03,5 JoSo by 5 dpkls (g5 (305 it i 3l 0l

el p3aadlS e 13 ilymo slobge ;5 CRP, TNF-a1 1P

SLITIY)
P @lme Ghge p YO Slad pilo Buiod (028 adllas (ol 5o
B ()9 9 ke ek gy e b JIgd - STololi ol o
ST oSl alKislej] llg iS5 o Lbyen e 3 45 p5 YO
olfiles] lame 4y JUES! 5l o 09 o0d angd Cebdgpe axly oDl
Slabial glamid jo Qb O laegS )3 Sl (L2555 SHleid
- 00 Cagb, ol 5 il az 0 VY Y ples Lyl o Slas oly S
Ll ooy b olidy, ~So,b ceelo VYAY USew v 5 oy O
5136 4 Lo ige ooy ad (g )lgSS ()55 DLy i 090 5 Sligloj
Lz b )5l atie o <3S Gl amy g Sl eyg0 Jsb o o
s5bar s s3leglans (s oelul laige 110,555 b (g slulisl olSsles]
poeasls 09,5 (HO) Jyu5 05,5 Jold (0 = 0) (55lus 09,5 0 & Bl
sl el +pgeadlS 05,5 (CAHPO) S 03,5 +psmadls 05,5 (Cd)
o5 cyed S 03 Shpgasls o058 o (CATHIIT) sy
WAl Bab g ol ojls Colgse 9 eewds (CAHHIITHPO)
5 05 008 b moaSe inyes andz BTl am Cele Cutag oz
o pss sl el VY b o T 4o oo wylIS paneols’ G e
Vo) cnjokly 9 (pSskSTpsS (oo B°) (iS5l ooliinl b Beiois 90
5 poeadls b Coogee dnl Cuz ol gt (o5 okSTe S e
el g Cb gy 9 oS (SBater 3 o 2l sl eSS ol
Vo Do 4 gdiglend g ()90 5l o Al g ol sl Cdody e

G ool 5 csle azy0 -V sloo )0 o 9 030 ,5 jeabge ol OBy 4 8o
g b, B Jyol a5 wi o lugS baosls 56T 5 (6,sTanz
aly oMol 5T oKl B atpaS i 5 Sipenls oanlas ool
ool 00 9l 5 owy p IRIAUB.RECAF- YAV E 05 Lo,

Gy b glagen AHIIT) o3 S5 b il o505 JSE3t
Jols aSoly as b gl o ped atid A Do 4 pguedls g J5 08,8
OV J992) OB gz (pgasie Jood 5 (59 2 (Ko (g dnd> an
@ oy dndz o 5l S S 03,5 Hin S g (el sloog S el |2
Iy 00,5 S g 50,5 p,5 VO2max 78+ b0 as b aide b oo
.(2) aiols plol

LS &5 5 51 Al WIS p sl 1 gaodlS (il 95 9 dutd 09203
Dygody (420 A) (o yed 0y90 S Jsb 0 pgrasls b 4 gyl
20N 038 P55k 2 e S shee Trv Oliee 4 0T 50 slome IS pseasls
5 03,5 05205 p3edlS) (glog S slaige 4 (Sueli] O b3l 2
ailis; ssboas psrasls (sol ol B9,k s 0wl 95 (L2 o3 + S 00,5 09,5 5

FA

donio
Lol o5l a5 cosl b slooan¥T 5l (S pgesls
5 Vsb e sl Jidon Ll o)l ke sl Sepslseied
385l50 1, (i 055 e ps 1 VU (6o
o9 (oleond B35S 5 5,b g o GlbDSL 4 ooy
oanlid SIS (V) vgdse Ll Gy o)l (S @ ailasd glassS
I8 e 3 5l o Ol s 2 poeaslS gllasl DI 550,
e 5 ol Bran uizmen JLesd )8 (antS HKews Gosbojl 288
GBSl g ol Coens Jdody pgaeslS o )ls 3525 pgreslS 4y o4l
Jolis 5 a5 S gl wodlas «oyz wile olacsl o YL
2 0L3l Gy o sasie (5)lse 5 lais e Sop Sl 5 0 oo g,
ONas pgreols S wilosls las lallas .(E) Sg o0 poeslS o xe
5 Jes 1y (o] o 5 Skat il (5lo Jsbo 53 o b S
sl b wlas by a8 S 1y el slaiel
S doppS gl iy j0 i o eul sla sl (Apoptosis)
Reactive ROS ) Jled 58T sladisd slall cgslonnsST ozl
s T Cawgad sladacgomme )y LuilS,8 o a5 (Oxygen Species
dole 2 glyieas Sl b 5 sl 9 (SapmT T o sials
S i) cnl 58 (7)) S Joe dMmunotoxin) S s giges
oy 8,5 18 as wiols lis glaalllas yo )l S o (Turley)
b gl ladsho 3 Slac el 33 b e Djgots pgasls
xSl (F) a5 il il slogioly ool (5San 535 o
TNF-0 W1 4045 59,5 ,5:51 4 (betal Interleukin) IL-1f Ls
o5 okl i oS el (Tumor necrosis factor alpha)
byl 550, by se (tal3l Sleadl 4 dly 50 sl sl o it
G (s 5o 9 525 ook 35 Joho (sl el o
Slodled slopn 5 oo slogsly Sl 5l LI sl
C-Reactive :CRP) C - SasSly usign (0) @)l gslats
5 boSsnle Sy o Shee Ly Gues o] olje a5 (Protein
(Sl Sl 58 pogdle wod on malais FonS o) il (pgata
el o) lite slapuslle Goyboj) 55 w55 Sl Wil o
Sz bl (Nitric Oxide:NO)  wlus1SG o adgs
Low Density )LDL JSnS e55 5 90d i 55 5 b J5Sge
6,8 oy, 5l (S (F) 95 sl Sl Lawgs (Lipoprotein
oS Col plate (o859 Sudlad 0gd oo Ll Jelge JhalS Cely oS
Sl o A ISal, S 5 el oS T  lyies
ol satelas] Slallls (V) Calas o 252 S 5 555l
IL- slayg ol smglio s YU @i b oy cudles aloxl a5 wilosls
I, sea ol s ol i Jelse 5 &S CRP, TNF-o.lf
IS 5 e 5 (ibg (Mgt Lol (A A) wiS oo oS e
2 6l Vg lawgie Dol b geglie Sl i gl a5 Wlos S
sadplsl Slallhs (3500 +) 0,05 Wl oz oo ye IL-1P ppolie
Jdoas Glor Jad oI5 aen 00,5) J5 00,5 a5 wlools las L3
ol 5 oSyl (Sdsid slanl (L3 LS5 g s
Plo bl (€ prsbyg aile) bagralig 5 (Sone Slge az g L
(SIS elss alazil saxie (Seflsm Sloo,S ) 5 (xmss
5 Sosen (s3I (s Seens (olusas lellas
P IS YO TACHJ St JCUE B W
oS Cusi el 5 OF 1) o)l el 5 el (sloolSins



oo g sg‘..\.;é SOy

V) Bog elgzds lads 4 Ol B ay ol e pled [0 o ige

456 ba (ad o 1 0)lpen g S atie Cuie Sde pled )0

ol3 i b 9lF o po3 JSFg 5 1) Jgur

RECBIES o8 s . . Oty 008 e Sl
Jbé col gl o Frery

ahp j0 (VO2max) (VO2max) ALBS o Bt
59, ¥ 0. Y A~ Y \ adyl e
5 Y o7 Y TN Y Y Jsl azan
59V O+ A a-7. Y s p9d dlan
S 07 Y Vool Y 2 PIWPLET
59, % 0. Y ARV Y A oie azin U )l azin

G50l (Ol oyl o8 ,8) Sle> sbeaS 5l eolinul L (ELISA
Cais dgaste 5 9 VAV Colis L)V Ly (pnSd il LiolesT .o
30 9 YIBY ol L) WT 5005 59,55 o(id sl p 59 ¥V /Y e ¢ oY
b CoRassly (efion 5 G hedlps Sl 0V 0o e (add sguoms
b s Gid hoolp S5y VIAY = B0+ anieis sgame ;5 5 FFA Sl
3 (OD) 5,5 S (Hlp! cls) (6 egd xSl olKiws 3l oolazul
A dwle 5 hoviw diges (0 YO XY zg0 Job
Y# a5eai SPSS l33la 5 5l eolictnl b (s ,ll cldas ples g 5bo] g,
S ebally (e g laosls @598 o9 (reeb (s 2 sokaieds 0D plx
o oolaiwl (Leven) (gl 9 (Shapiro-Wilk) Sbg —g,mls sl (g0
g 5 00,5 eolatul 5 Jitue T g dalyge uil)ly Jdos slagyse;l )
Mean £ SD & g04 losls plod .ol a3 5 ko s P< /2 (g lo e

iloads ol

bl

o 50 00balilil paeslS polie oS ol lid Jius t yge;] s
S92 yeS (s)loline joboa ooy S ple 4 S pllo S35 095 (o
Sl s lime 10 1) gyl sire (2alS bl Cpl cpizen (P o=2/+))
Sls s poeedls 09,5 a4y S JS 03,5+ po3 09,5 )3 paredls polie
ity 09,5 5 (P=+ 1Y+ F) US 03,5 05,5 & s palio el Lol (P=+ /Y1)
03,5 5 (P=+IAFR) (y1 yai 03,5 1o pssadls pae 05 jlolina (P=+/YYA)
Gobolize glas 5 00,5 05,5 @ Cand (P=2/V+Y) 5 00,5 + (o yed
Syl Dglis J5 03,5+ yoT 09,5 5 (2 ye 09,5 (e (aBIN
() Sloges 6V Jgaz) (P=+/+AF) wis conlice

o fae jre 30 ouds ailil pgodls polis

3
2.5

. ¥
1.5

1 .

. |

o N

Cd

HC PO +Cd Cd+HIIT Cd+HIIT+PO

-0.5

(p ) 1p 159 1500) 3h0 32 perdl8 yolie
o
L

anlline 3 y50 glo 09 ,F
alizes slaog 5 50 (p,51p,59,500) 1o ;0 oubalilil paaesls polie (s Ol pss 1) Hloges
S5 00,5+ y03 0o oI5 08,5 (paneslS 09,8 4y s J 1S 09,8 (5 lobiae 3
p5aedlS 09,5 4 s J5 00,5 0y 103 05,5 (5, loline ¥

£

aam) J5 03,5 lal 1SS 00,8 JaSo (yuily55 0970 g Ant
SiskeS ol %it%y" Gy JLS 005 05l g Jad oS
OLSes 5 (5 7ol anlllan (bl (s 08 4 Eeliog o L 0
Yoo Bpan 35 535 Sl g Wi 03,8 (g p |y cilizee (slass &S
FIY 5o 05 00,5 0,5 oo Yoo wlis, 1at oo o551 5 05 o
(dn A) (i yo3 0,99 S Jsbo 58 5 038 o o Jlo i (gms s
5 S5 005 rpgeasls slaog S slatge & S & ygon il
OA) 0 00l j35 (o pe5 +S 03,5 +pgeasls

porodls polie (foruw 9 S gle Sl l Ladigas aned
3adlS b Coraganns anl Sz i sloog S dan sl tiko p0
omt (psaedls g (B oS (0 y08) al3le (1 5T 5l g sl FA
Sloolaiul b Blaog,s 85 dlewsds b ige ( olisl celu VY )
(pSskSlp S ke Vo) odhlis (p5skSTp S (oo 0°) GaelsS
o bge sho caeSgmd SOl oo 3,5 5b 5l WD Shgeen
9 0238 3l o abalidly g 0 glysinl g gilulazr oyl Ll o
VU G 2905 jeabge &l OBy aaBo V- S 4 PO Y
olCiws 4y g A 035908 S e ) Vge IV Sie Bl Jslone 1 ls
Jae O0F-+ v g0 -0l 5 cilo a0 F glos i Bo V) jauiy Sl
@b o3 Sy Jobre e ptle plesl 5l 38
Sbial Jolomo 30 s S iz dlged Glyiedr 539,500
Sl et Gl S9San Vv ) poresls (s paresS
3 sty b Colesye g al ansldS (ad ) eili) Reagecon
poedlS sy o ubial e sbml gl pseels slacdil
Sk AL esdigy jhe 28l 5l eSS wad (6 Seslul
90 o 5 bsle SIS ol e Vg Lale SO ol
Sl s, bsle pss 9, ol lis [Ty ans Sy sasanalis
05 e 5l id e O w090 Ky 00 g Blad b os aalds
Cd cbile olgsys o bl gsas ¢ 4Ll Shiec] 4 ol
5l Dl macab) (el Gl (5 egiby Sl agd diged 5
40,5 yss (Thermo Fisher ScientificiCE™ 3500 AAS
Sl VYA LA g9, sl zoadsb 5 (ool i > (55, AAS
Cd (Hg) slyma b jro y oabraidlsl pyodls (glyiome b alais
A ooy Las () il e

31 oadisjlulan sladiges 3l sslitul b :la yuiso b 5,1 092
Doy odd (6,lK ol F sl ax o Ve sl jo aS CwSanle
Sandwich-) o suilu 13331 i, 4 CRP g TNF-00 dL-1P 0l



oo g g‘.\é&’ 8o

A5l porasls 09,5 b anglie jo (P = +NYY) JS 05,5 + 50y 09,5 5 (P =
Wl 5055 39,55 192516 yolio cprizman ol GLis 1) (g loline 2alS (sl
00,5 +epyad 5 (P = +[YOY) U5 08,5 (P = +JFYD) iy yo3 sloog,S oo
lolas 51 gl (7 Jloges ¥ Jsaz) 8, s lolins sl (P = < FYY) S
(P = +IAYF) s oanlica (s oline Soglis e yad 5 U5 03,5

ez 91 i Jis T yg03] 50 €= SaiSTy (g polie duylis
[-50) U5 00,5 «P=r/e ) pgundls 09,5 4 Comi ol J S 095
0,5 sl Lol utls 3925 (g foline slis (P = +/+ o) oy pa 05,5 5 (P
ety 42in A 5l s (P = +[)+8) 055 laline Soglis ol IS 03,5 + iy
= V) J5 05,5 05,5 )3 € RaSTy (g polie (5 00,5 Spae s
Dol pgrasls 09,5 b auglia jo (P = o/ +0) 5 05,5+ a3 09,5 5 (P
Jolie sl ol (P = JYPY) o pe 09, o Ll ol ol |, g loline
Br= oYY (el ooy S (e O RS (g ool (rmizrad 3905
&lolize glas ¢ 5 00,5 09,5 b duslin ;o (P =+ /¥VA) oy poi+ 5 00,5 4
Slolire gl ¢y yod 09,5 Ay Cnd S 00,5 + 3 03 09,5 4o Lol Lozl
b S 08,5 el 51 sl cpaizman (F loges ¥ Jsaz) (P = +/- FY) oy
(P =+ 120Y) s cvslin g loline Doy (o el

aS ol plas Jaae toygesl jo Lo ) Sy il polie awglie
00,5 P = +[++0) pyradls 05,5 ay Lo Wl J 35S 09,5 1y glis
Dyt feS (5 lbae joboas (P= o/ 2 ) (n e 095 g (P = o/ YY) J5
ot AP = <1FY0) 555 Jfoline S35 S 03,5 + 052 o5 09,5 (5 Lo
095 2 L ) Syl polie (5 03,5 Bras g (nyed aia A
03,5 + 303 03,5 5 (P = +IAA+) (ypyai 09,5 (P = +JARA) S 05,5
bt 1y g yloline LaalS pyradls g5 b duglio 5 (P = +/-08) S
Jo00) JS 03,5 + 3 p05 03,5 ) by 035 o) il pyolie ol
s g (B=JAAR) (n pes 095 G Ll ogr jline (el 095" &
399 (5 lolae gl 5 08,5 09,5 L anlin o P = +/\YF) J500,5
Orred 9 S5 0 (el sl rizmen (V Joges oV Jgozr) cutls
(P = YY) ati ssaline (g, loline gl
Olas e T y05] 50 W j5a58 59,50 555518 polie ausli
(P = /1 F) poesls 05,5 4y Comd Wl J 5505 09,5 e Dglas olo
obolins ysboas (P = +/+VY) iy p05 05,5 5 (P = +/++Y) IS 03,5
g soline Dglis (ul 5 03,5 winyed 09,5 slp Ll 09 S
1551 yalie oS 63,5 B yan g s el 4id A 5l g (P = /YD)
SIYOA) (205 09,5 P = +[YFD) S 00,5 09,5 10 T 9055 55,55

i (P= -

Gz gWog S o 4o oubaililil pgaodlf'y CRP.TNF-0 IL-1P (i y 0lio jLmodl il g (puKiloo oY Jgur

0 )0 pgradls ladie C-— Kissly gy T 55059 59555 553518 V=L oSgd ! ko
(5 2 £559,5) (oo 2 05 530) (b 12 05 95) (ko 2 0 S9L) Log 5
SFYRENE FYIVAEY - 5 SANYES /ST 5 A/ - £VY/ Fae HC
YA /2A AS/V-£1Y/) - V- AT YV/A- VWYITPEAYN S cd
YISt /Fq FEIESEV VIV ABFFENV/0- WA 2VE/AD Cd+PO
YIOVE-[FA VE/BREVY - Q)T V/AY VYISO EONVA Cd+ HIIT
VAYE- YF¥ BOSYENVIS - ¥ AVATEYV/£5 VoX/-FEFY ¥ Cd+HIIT+PO
e 5 03051

crtpe3 +S 0355 +p3pe0ls CATHIITHPO- oy a5 +pgeasls CAHHIIT - J5 05,5 +p5easls CAHPO —pgpanls :Cd - gl J 5 HC
Cd+ HIT & s (5 oline ¥ - Cd+ HIIT (CAHPO (Cd 05,5 L o lobine s # oLy 1 105525

Cd+ HIT Cd+PO «Cd 05,5 L Jls oline cgles # Wallgngs 54,55 ,5:56

Cd+ HIIT Cd+PO Cd 05,5 b Jlsbins cglis £ - Cd+ HIIT 05,5 b Jlsbins oiglis ¥ Cd- 09,5 b Jslins cglis # :Cm SiSTy o5y
Cd 05,5 | lolins cslis ¥ -CA+HIIT+PO (Cd+ HIIT .CA+PO (Cd 65,5 b fslins sslis # 30 1 pogasls’

L Yool yics|

g

2

120

4

NRIPYPSC R D TER R A JECH BN
(
(=]

PO+Cd Cd+HIT Cd+HIIT+PO

adlllas 550 5lo 09,5

ilizo lrog,S 50 (i o 0 5530) Ly ) (sl yiiu ]y olie (s ol ki :F 510900
J5 03,5 05,5 5 (i yed cpgeaolS 09,5 ay S (5l0line
S 09,5 4 S (5 loline ¥



oo g ‘gk\-ﬁ} 8o

T j5ngd 13,55 55556

120

(o el 95 WAl s 3085 53553553816 yaolie

0 I I I I I

PO +Cd Cd+HIT Cd+HIIT+PO

aflize 050 gl 09,5

Cilieo o 5 53 (il s 32 0 595u) LT 005 59,55 HguS 3 lio (comd Ol yudi ¥yl g05
oS 09,5 9 U5 00,5 09,5 cpgeadlS 09,5 & s loline glis

C5iasly (g

3 100
90

N
a 80
_}; 70
) 60
O
O 40
4 30

‘J.
%20
X 10
boo

PO+Cd Cd+HIIT Cd+HIIT+PO

s\.vJUa.n.:)}néLkas;

Méuej;)ocfjiw‘swﬂsﬁﬂéuasb‘ﬁfﬁ :F 510905
O2yS 09,5 Ay o loline Sglis ¥ (pgaedlS 05,5 dy o loline Siglis 3
CRged cjﬁ.ﬁ oa; .PWQLT ojjidg;;\.?...i)|oL;v.a A:JjLﬂJE

5 laids Velals Yiain A By by jed sl L YA Slaol s
Sl alS L oS (08 oo YT+ (08 S ailiy; 59) JaSo s
.(&) Sgs Ll jo2 5 09y ol jo Ly )
29 L4 Bab (9l G yes &5 3l (LS pagh ool o0 s
Ll cpl a2 CRP polie jo Jbolse &lynss cely J5 00,5 L Jolss
wesas,s YY) (Zohali) J>; 5 (Btemad) sluel gdbos sloassl
Y-FO/VO2max /V0-5+ b b atin A Sde 4 sl Sl i plxl
it LS p S e 000 Gl sy 5 5 abe o 5y, Yamds
Ohlen 5 (Ga0) gir Guiod 55 5 Sl )3 wa boles 5 2leSa
oS sl (Fp 2 g cnreS e VY 8l ) 4 &S VYT
S 258 GYlaS )5 0 W Sl L C paaSTy g g Sledllos
i3l 99 CRP ol jan oline zals b o5 Sgslin pyiies 4 Sice
Ol 5 (Gaini) sl 3aios sloasl b Lol (VY YF) casls Cbllae
Sile BB 5 g (Sl ey 53 S5ler e ole VT Gy YT
3 .(ﬂ ‘m) cle Slgan ogls 1 yed alan FLYYY o) SKen g0
OFan Slp ) ol alS oS v 5 0,580 s slaatily
SATF ) 051 gned Slalllas 50 slaaidly L aS ol olis C- sy
ol (Son lalllae Lo byl anllas @l o & plie Jlozs! LYo

Sad S5 o S e i 505 slaoges « Soge;l g5 30 Siglas ay bgs y

Y

-

Dol o9ls el aian Cuie a5 ol las dasdllas ol ol
Sals 4 ;0B Kaea b Joles jo 9 olpisas plaS o 5 00,5 L ol o
W1 3055 335 556 s\ 0Slinl gob 5 polia Jolin
sdlie J5 05,5 05 503 5 JS 03,5 «(n yo3 (sloog I iz e
s |y (5 loline Sl pss LT j9a95 59,85 49351 g L ) (uS'g) inl
L;LCMLBL» )l L§>J" L )..Al.‘> asllas C;L.u Lolas ul.m.' ﬁwalf °j)§ QO
S o3imolis gl wadlle S5, (V4 ) 2) 09y guon Slidsd
Bl ol ye jo (steglie iy yei dihe ot jlan IL-1B jloline ()0 55
.(YY ‘Y\) 39 guedl Slados 51 Ko S b as (\'~) Sl 059y
SIL-1B a5 wloo S oylo o, Se2 5 (597 pol> slaatil L ples
AT abee SRl Sab b b a3 4 ol TNF—a

Ly ) eS8l il b slolins 2alS ol ko b Sy
Sl L a5 9 (nyed 09,5 4 Comad (nyed + 5 03,5 095 10
95 (a5 88 BT ATV VY (e g (55,005 (5,98 B
OB 05 (hea 7 B pan ol o 4 aiin 3 59, T (o5 5) (Shaglie 9
L-zshaw jo 2alS b (s5lon o y0i Gl ol,81 )0 atan VY S 4
s 39 gned (TF) sl el cls 218 s Lole wlss B



oo g sg‘..\.;é SOy

Ay S ot s Jols obml b 45 cedd _igluSTas
sla)Sgsle (FY A0 AY) wiSioe oo 1) Gldlitn slooSstle
e gl s @i el 0ad AIS S 00 lp o (e
e 3B o (JlS b S pals s Slell 5B s (S hsee 62354
) 09800 e Slell alS 4 o Cel Gl i (S 9l 5 el
5 (U5 00,9) by J5 JoSe Bpae o5 el oads (3155 (glaalllas o
0212059,55 abox il ol sloaP L pobaw (28l crge (L2559 (03

(V%) S o0 Cm(iiSTy (g g WIT 59095

S 4

G s ol o a3 9y oslis by o3 plonil caslllan ol @l ol
3955 sgeg 4S9 Lo ) Sl pslie ol (2alS o JS 005
B S 00,5 ol pod @y g ol o (o9l (el (uizen oid W]
il p5eedls (Byme o laige po 1, C - RaiSTy oy sl Consd
S S5 05,5 B ran 5w (o9l (p ped S o0 S 4 (nlply 80 o
Yl ol ol as wsls e Sleddl b ,giSl 5l S pals s cul
Y e e 5 lons €59 31 03lital 5 e Glojite 5 Sk 1SS
Gl o Al Jsbo 53 J5 03,5 Bpae 53 5 (o pyredls B0 50
JRE{EYGNRYRE SRGIN PR POV IPL SN a5 5T glite 5 e leSs d
! Jolse [0 (6 oslilay g oo a5 Tl 009y 5, st asdllae ol yo
@ Jo e 05 o)l psedls (Syme yo slagages] o Sleillas
ol 3l Ay ol o (6 s Oladsd

G;“))‘Aé 5 Sy
ST oBasls (o855 il 6555 Ale) 5l 4By Gaios ()l

S35 9 ol Slye Babngh dbmgindy ol 3529 92l (oM
QS o pdlel cslanily ) Sen pol> umgh 0 oS (6ol )8 sles 5l g5

S ol

P 3 Sl 38l ol Sy IS IS Syl 45
B g S R C RS oKuily B arwS
el a3 5 18 000 g o)y 0,90 IRIAUB.RECAT-YANVE

olﬂ

Sl oo

2o Sasle e B3] 525 ol ol sl o ol 55

&8l 5l
1 wlie Bl wsTms o5 Wyl el dlie ) Bt s

D) 392y pSl gl

OB S 93 e
G isw den (5,55 g bosls Judo dzl o 2l o Bai g den
ilails &S line Gaiod
References

1. Cirovic A, Satarug S. Toxicity tolerance in the carcinogenesis
of environmental cadmium. In# | Mo/ Sci. 2024; 25(3):1851.

Yy

2.

5 SISy iy 45 ilan g5 3l ookl 5 o yed leje
b e omizman ail @00 el pen g NS 50 Sglie
55 allae Job 5 J5 63,5 53 5 ailiy; g0 paeesls SErae 5
AE LYY s 5 o anlllas (Jlslgiea op 08,50
Gl ol sy 2 Vb beste (oal S b (Zeglie Sl e
ain VY 8 L Yoy oL Kes 5 (Chang) Sl ccudlasiuy
ALY A Gl 5 605 (o5 )le 3123l 55 » (Seglie (nyes
S 6 Bt g (A Ol (595 2 (W5 g (9l 0 o3 Atan
J5 05,5 JoSe (g g atin ¥ (glopls steglie o pes Sl LYY
ARS
slo,gSt 5l TNF-a 4 IL-1B wilesls olzs L3 sla jzags
Elgl jo g Sleadl iy 5 obul o peul o Slee ;0 a5 aies o S
Ll s (Jshe S g pled o dsbo 250) Jsbo slacalas
Sy Jy 55 o W, gl ol 5 il bss sl
NALP-1 Ll L] g IL-1B s Ssline (55l led
9§ WS (oo S0 (Jeke jehgnm wnld s g 3580 Jlb 1 -5Lls
5 Jos V=SUSTA-SLslS s 30,5l TNF 51 25 Jsbo 5o
TF) S o weiis 395 (sloosi S 5ol 1) 20 JUiKms (5loynne
B o Skes by o ceol > asls S, CRP (V7 X0
oads a1 (gl ki (slapmnslSo g 045 co @i o yuS gl
«(Nitric Oxide:NO) wluS1SG s adgs gl & bl a5 ol
IS eonsed Qi i 5 bJeSge (Sarn I
el Wil oo 3lig,Sle Jawgs (low-density lipoprotein:LDL)
poedls Silesls ylis (LB Slalllas ((B)bosl (F) 09 S o5
A aSsin llad ol S, ady Gkl base
ol sladshe o gaz 5 i) slo e 2 3l L g 205
IS g g5laienST oyl o lgdl slageals ial33l g 5o d dinsly
DNA 4 Liits ool pogdle aiS o W1 901 es5g3) ol o
I, DNA o5 &g, g wilu, o ol (acid Deoxyribonucleic)
oM o] Crge olojen P38 4 (activated protein kinase)
s ,5S6 g IL-1B TNFo 59, Lialdl alozl b sl
0 e 20 |y Sl g el s 3 55850 NF-KbD) B LS
(YA Y)
b3l e 25559 Ol pe8 Vel a5 wiyeb onl p Slallas
Jawi g oot ceb oS gule 55 olo LRalS b g o)l Sldlas
el sl spign S @ eoulilinly (F ) 55 Sl
ol SIS s Gl el plae ©jg0a ilse (25555
STl Jalse Gl 5 Juligl o Slos 0500 5 JLbis
oylgs Blo oMace 3l ol sla S gnle ads Guals ass e
obe s s CRP Jlais! als 0 la)] ol b 5 cnl JLbigusl
sla il 585 Glapasillo (F) A) 395 o y2te TNF-a 5 IL-1B 5
Sl o0l uu)l)f ‘QJ‘.’.b}?BL’ Ll 00l aseive JolS jsbay FKoo s
Sloaul 3l (58 5 Jsymlsnd s gils SlaS 5 g5l IS 00,5 oS
ST T ol s miman 5 olllas Sl sl «Sgid

doi: 10.3390/ijms25031851 pmid: 38339129
Shibanifer F, Mortazavi S, Mirsanjri M. Investigating the



https://doi.org/10.3390/ijms25031851
https://pubmed.ncbi.nlm.nih.gov/38339129/

oo g ‘gk\-ﬁp’ 8o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

accumulation of heavy metals (zinc, copper, lead and
cadmium) in the muscle tissue of the great egret (Egretta
alba) in the Mangrove Biosphere Reserve. | Environ Studies.
2015; 40(4):929-936. doi:10.22059/jes.2014.53008

Badawi K, El Sharazly BM, Negm O, Khan R, Carter WG. Is
cadmium genotoxicity due to the induction of redox stress
and inflammation? a systematic review. _Awtioxidants.
2024;13(8):932. doi: 10.3390/antiox13080932
pmid: 39199178

Turley AE, Zagorski JW, Kennedy RC, Freeborn RA, Bursley
JK, Edwards JR, et al. Chronic low-level cadmium exposure
in rats affects cytokine production by activated T cells. Toxico/
Res. 2019; 8(2):227-237. doi: 10.1039/c8tx00194d  pmid:
30997022

Bonaventura P, Courbon G, Lamboux A, Lavocat F, Marotte
H, Albaréde F, et al. Protective effect of low dose intra-
articular cadmium on inflammation and joint destruction in
arthritis. Se Rep. 2017; 7(1):2415. doi:10.1038/541598-017-
02611-5

Abedi B. The effects of 12-wk combined aerobic/resistance
training on C-reactive protein (CRP) serum and interleukin-
6 (IL-6) plasma in sedentary men. Yafteh. 2012; 14(4):95-106.

Link

Malekshahiniya H, Mohammadi Mirzaei R, Vahdatpoor H,
Azarniveh M. The effect of a period of intermittent training
on gene expression of TNF-«, CRP and 11.-10 factors in the
heart tissue of diabetic male rats. Metabo/ Exere.
2021;11(2):183-201. doi:10.22124/jme.2023.23996.268
Hopps E, Canino B, Caimi G. Effects of exercise on
inflammation markers in type 2 diabetic subjects. Acta
Diabetol.  2011;48(41):183-189.  doi: 10.1007/500592-011-
0278-9 pmid: 21431832

Azizzadeh T, Zolfaghari MR, Fattahi A, Khademvatani K.
Effect of moderate-intensity continuous training and high-
intensity interval training with astaxanthin supplementation
on inflammatory factors of cardiac tissue in type 2 diabetic
rats. EBNESINA. 2021; 23(3): 12-22. doi: 10.22034/23.3.12
Sheikholeslami VD, Ahmadi S, Mojtahedi H, Marandi M,
Ahmadi DK, Faraji H, et al. Influence of different intensities
of resistance exercise on inflammatory markers in young
healthy men. Iran | Endocrinol Metabol. 2011; 12(6): 618-625.
Link

Varzaghani V, Sharifi M, Hajiaghaee R, Bagheri S, Momtaz
S, Tarassoli Z, et al. Propolis add-on therapy alleviates
depressive symptoms; a randomized placebo-controlled
clinical ~ trial.  Phytother ~ Res.  2022;36(3):1258-1267.
doi: 10.1002/ptr.7380 pmid: 35072307

Saral O, Sahin H, Saral S, Alkanat M, Akyildiz K, Topcu A,
et al. Bee pollen increases hippocampal brain-derived
neurotrophic factor and suppresses neuroinflaimmation in
adult rats with chronic immobilization stress. Neurosci Lett.
2022;  766:136342.  doi: 10.1016/j.neulet.2021.136342
pmid: 34774703

Biytikipekei S, Saritas N, Soylu M, Mistik S, Silici S. Effects
of royal jelly and honey mixture on some hormones in young
males performing maximal strength workout. Physical Edne
Students. 2018;22(6):308-315.
doi:10.15561/20755279.2018.0605

Ghanbari-Niaki A, Aliakbari-Baydokhty M, Dehghani-Chini
M]. The effect of two weeks of circuit resistance training with
and without bee pollen supplementation on plasma lipid
profiles in young college men. | Practical Studies Biosci Sport.
2020; 8(15):112-124. doi:10.22077/jpsbs.2017.604.1221
Takahashi S. Molecular functions of metallothionein and its
role in hematological malignancies. | Hematol Oncol. 2012;
5:41. doi: 10.1186/1756-8722-5-41 pmid: 22839501
Momeni L, Moghadam HF, Hosseini SA, Nikbakht M.
Interactive effects of endurance training and selenium
consumption on the intrinsic apoptosis pathway in the liver
tissue of cadmium-exposed rats. | Nutr Sci Diet. 2019; 5(3-4).
Link

Ojo OA, Rotimi DE, Ojo AB, Ogunlakin AD, Ajiboye BO.
Gallic acid abates cadmium chloride toxicity via alteration of
neurotransmitters and modulation of inflammatory markers
in Wistar rats. S¢ Rep. 2023;13(1):1577. doi:10.1038/s41598-
023-28893-6

Naseri L, Khazaei MR, Khazaei M. Synergic effect of bee
pollen and metformin on proliferation and apoptosis of
granulosa cells: rat model of polycystic ovary syndrome. |
Food Biochem. 2022;46(3):¢13635. doi: 10.1111/jfbe.13635

pmid: 33555077
Zamanpour L, Banitalebi E, Amirhosseini SE. The effect of

Yy

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

sprint training and combined aerobic and strength training on some
inflammatory markers and insulin resistance in women with
diabetes mellitus (T2dm). [ran | Diabetes Metabol. 2016;15(5):300-
311. Link

Mohamadzadeh Salamat K, Bakhtiari N. The effects of endurance
and resistance training on systemic inflammatory markers and
metabolic syndrome parameters in overweight and obese men. Rep
Health Care J. 2017; 3(3):15-26. Link

He H, Lin X, Tong T, Xu Y, Hong H, Zhang ], et al. Cadmium
exposure impairs skeletal muscle function by altering lipid signature
and inducing inflammation in C57BL/6] mice. Ecotoxicol Environ
Saf. 2023; 258: 114986. doi: 10.1016/j.ecoenv.2023.114986 pmid:

37163905

Khademi Y, Azarbayjani MA, Hosseini H. Simultaneous effect of
high-intensity interval training (HIIT) and consumption of flaxseed
on serum levels of TNF-a and IL1@ in rats. Intern Med Today.
2017;23(4):257-263. Link

Choi EJ, So WY. The differential impact of highintensity
swimming exercise and inflammatory bowel disease on IL-18,
TNF-a, and COX-2 gene expression in the small intestine and
colon in mice. Men's  Health. 2018; 14(2): e22-¢29.
doi:10.22374/1875-6859.14.2.4

Ghaderi Goodarzi S, Abbassi Daloii A, Abdi A, Saeidi A. The
effect of 12 weeks combined training and caffeineon plasma levels
of interleukin-1f and interleukin 10 in obese men. Inzern Med Today.
2021; 27(4): 450 -465. doi:10.32598 /hms.27.4.2378.6

Nasr Esfahani N, Taghian F. Effect of eight weeks of yoga training
and zinc supplementation on the levels of interleukin-1 and C-
reactive protein in women with type 11 diabetes. | Diabetes Nurs.
2018; 6 (1):374-385. Link

Etemad Z, Zohali S. The effect of aerobic training and royal jelly
supplementation on some inflaimmatory markers in overweight
women. | Disability Studies. 2021;11. Link

Gao K, SuZ, Meng J, Yao Y, Li L, Su Y, et al. Effect of exercise
training on some anti-inflammatory adipokines, high sensitivity C-
reactive protein, and clinical outcomes in Sedentary adults with
metabolic syndrome. Bio/ Res Nurs. 2024; 26(1):125-138.
doi: 10.1177/10998004231195541 pmid:37579279

Gaini AA, Nazari A, Tabrizi A, Farahani A. The effect of an eight-
week aerobic training on high sensitivity C-reactive protein of high
school students with different body mass indexes. Iran |
Cardiovascular Nurs. 2013;1(4):48-56. Link

Arefirad T, Shakeri N, Ebrahim K, Nasli-Esfahani E. Effects of
interval training on inflammatory markers among type II diabetic
patients. S Res | Albory Univ Med Sei. 2022;11(2):179-186.
doi:10.29252/aums.11.2.179

Najafi N, Seifi Asg Shahr F, Afroundeh R. The effect of different
intensities of intermittent resistance training on inflammatory
indices in obese men. Feyz Med Sai ]. 2023; 27(4):398-405.
doi:10.48307 /FMS].2023.27.4.398

Shakiba M, Fathi M, Gholami Avval S. The effect of eight weeks
of continuous and intetval training on serum TNF-Q, IL-6 and hs-
CRP levels in female. | Practical Studies Biosci Sport. 2019;6(12):71-
81. doi:10.22077/jpsbs.2019.971

Chang KV, Wu WT, Chen YH, Chen LR, Hsu WH, Lin YL, et al.
Enhanced serum levels of tumor necrosis factor-a, interleukin-18,
and-6 in sarcopenia: alleviation through exercise and nutrition
intervention. Aging (Albany NY). 2023; 15(22):13471-13485. doi:
10.18632/aging.205254 pmid: 38032288

Kordi N, Shafiee N, Mirzaei S, Minavand K, Heidari N. The effect
of continuous and interval cardiac rehabilitation exercise training
on tumor necrosis factor-alpha (TNF-u), intetleukin-1beta (IL-18),
and interleukin-6 (IL-6) in patients with coronary artery bypass
graft. | Isfaban ~ Med  Sch.  2018;  36(486):  737-
742. doi:10.22122/jims.v36i486.10019

Bonaventura P, Lamboux A, Albarede F, Miossec P. Differential
effects of TNF-a and IL-18 on the control of metal metabolism
and cadmium-induced cell death in chronic inflammation. PLaS
One. 2018; 13(5): €0196285. doi: 10.1371/journal.pone.0196285
pmid: 29768427

Luo KH, Tu HP, Chang HC, Yang CC, Weng WC, Chen TH, et
al. Mediation analysis for TNF-u as a mediator between multiple
metal exposure and kidney function. Ecotoxico! Environ Saf. 2024;
283:116837. doi: 10.1016/j.ecoenv pmid:39121655

Wang Y, Che M, Xin J, Zheng Z, Li J, Zhang S. The role of IL-1§
and TNF-o in intervertebral disc degeneration. Biomed Pharmacother.
2020; 131:110660. doi: 10.1016/j.biopha.2020.110660
pmid:32853910

Wang Z, Sun Y, Yao W, Ba Q, Wang H. Effects of cadmium
exposure on the immune system and immunotegulation. Frontiers
2021; 12:695484. doi: 10.3389/fimmu.2021.695484

TImmunol.


https://doi.org/10.22059/jes.2014.53008
https://doi.org/10.3390/antiox13080932
https://pubmed.ncbi.nlm.nih.gov/39199178/
https://doi.org/10.1039/c8tx00194d
https://pubmed.ncbi.nlm.nih.gov/30997022/
https://pubmed.ncbi.nlm.nih.gov/30997022/
http://dx.doi.org/10.1038/s41598-017-02611-5
http://dx.doi.org/10.1038/s41598-017-02611-5
http://yafte.lums.ac.ir/article-1-878-en.html
https://doi.org/10.22124/jme.2023.23996.268
https://doi.org/10.1007/s00592-011-0278-9
https://doi.org/10.1007/s00592-011-0278-9
https://pubmed.ncbi.nlm.nih.gov/21431832/
http://dx.doi.org/10.22034/23.3.12
https://ijem.sbmu.ac.ir/article-1-885-en.html
https://doi.org/10.1002/ptr.7380
https://pubmed.ncbi.nlm.nih.gov/35072307/
https://doi.org/10.1016/j.neulet.2021.136342
https://pubmed.ncbi.nlm.nih.gov/34774703/
https://doi.org/10.15561/20755279.2018.0605
https://doi.org/10.22077/jpsbs.2017.604.1221
https://doi.org/10.1186/1756-8722-5-41
https://pubmed.ncbi.nlm.nih.gov/22839501/
https://jnsd.tums.ac.ir/index.php/jnsd/article/view/276
http://dx.doi.org/10.1038/s41598-023-28893-6
http://dx.doi.org/10.1038/s41598-023-28893-6
https://doi.org/10.1111/jfbc.13635
https://pubmed.ncbi.nlm.nih.gov/33555077/
https://ijdld.tums.ac.ir/article-1-5467-en.html
https://journals.marvdasht.iau.ir/article_2856.html
https://doi.org/10.1016/j.ecoenv.2023.114986
https://pubmed.ncbi.nlm.nih.gov/37163905/
https://pubmed.ncbi.nlm.nih.gov/37163905/
https://imtj.gmu.ac.ir/article-1-2636-en.html
https://www.jomh.org/articles/10.22374/1875-6859.14.2.4
http://dx.doi.org/10.32598/hms.27.4.2378.6
https://jdn.zbmu.ac.ir/article-1-281-en.html
https://sid.ir/paper/%201030189/en
https://doi.org/10.1177/10998004231195541
https://pubmed.ncbi.nlm.nih.gov/37579279/
https://journal.icns.org.ir/article-1-105-en.html
http://aums.abzums.ac.ir/article-1-1520-en.html
http://dx.doi.org/10.48307/FMSJ.2023.27.4.398
https://doi.org/10.22077/jpsbs.2019.971
https://doi.org/10.18632/aging.205254
https://doi.org/10.18632/aging.205254
https://pubmed.ncbi.nlm.nih.gov/38032288/
https://doi.org/10.22122/jims.v36i486.10019
https://doi.org/10.1371/journal.pone.0196285
https://pubmed.ncbi.nlm.nih.gov/29768427/
https://doi.org/10.1016/j.ecoenv.2024.116837
https://pubmed.ncbi.nlm.nih.gov/39121655/
https://doi.org/10.1016/j.biopha.2020.110660
https://pubmed.ncbi.nlm.nih.gov/32853910/
https://doi.org/10.3389/fimmu.2021.695484

oo g ‘gk\-ﬁp’ 8o

38.

39.

pmid: 34354707
Antar SA, El-Gammal MA, Hazem RM, Moustafa YM.

Etanercept mitigates cadmium chloride-induced testicular
damage in rats "an insight into autophagy, apoptosis,
oxidative stress and inflammation". Environ Sci Pollut Res.
2022; 29:28194-28207. doi: 10.1007/s11356-021-18401-6
pmid: 34993805

Mann S, Beedie C, Jimenez A. Differential effects of aerobic
exercise, resistance training and combined exercise
modalities on cholesterol and the lipid profile: review,
synthesis and recommendations. Spors Med. 2014; 44(2):211-

v¥

40.

41.

42.

221. doi: 10.1007/540279-013-0110-5 pmid: 24174305

Ravasi AA, Gaieni A, Tolouyi Azar J. The influence of 8-week
discontinuous aerobic training (3X10 min) on cardiovascular risk
biomarkers in inactive obese women. | Sport Biosci. 2013; 5(3):63—
75. doi:10.22059/jsb.2013.32187

Faramarzi M, Mousavi Ghahfarokhi SM, Khosravi N. Effect of a
course low intensity synchronize aerobic exetrcise on CRP level
changes in elderly women. Res Sport Sci. 2011; 3(10): 103-113.
Link

Bogdanov S. Pollen: nutrition, functional properties, health. The
Pollen Book, Chapter 2. 2012:20-30. Link



https://pubmed.ncbi.nlm.nih.gov/34354707/
https://doi.org/10.1007/s11356-021-18401-6
https://pubmed.ncbi.nlm.nih.gov/34993805/
https://doi.org/10.1007/s40279-013-0110-5
https://pubmed.ncbi.nlm.nih.gov/24174305/
https://doi.org/10.22059/jsb.2013.32187
https://www.sid.ir/paper/228325/en
https://freethebees.ch/wp-content/uploads/2020/06/PollenNutritional.pdf

