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ABSTRACT

Purposes: The purpose of this study was to investigate the effect of linear
endurance training along with salvia extract supplementation on liver TNF-o.
and CRP gene expression in male rats.

Materials and Methods: 34 adult male wistar rats (8 weeks old, mean weight
of 204.45+9.08 g) after One week of acclimation, were randomly assigned into
5 groups: control (n=6), liner training (n=8), supplementation (n=6), placebo
(n=6) and liner training-supplementation (n=8). The training protocol
consisted of running on treadmill for 8 weeks (5 days a week) at 10 m/min for
30 minutes in the first week which gradually increased to reach 35 m/min for
70 min in the last week. Salvia extract was administered (100 mg/kg) by oral
gavage technique before each training session. TNF-o. and CRP gene
expression in liver was performed using Real Time PCR test. Data analysis
was performed using ANOVA and Tukey post hoc test (P<0.05).

Results: TNF-a and CRP gene expression in the liver was significantly higher
in the linear training group than the control group (P =0.0001). On the other
hand, liver tissue CRP gene expression was significantly lower in the linear
exercise- salvia extract group than in the linear exercise group (P=0.0001), and
liver tissue TNF-a gene expression was non-significantly lower in the linear
exercise-salvia extract group than in the linear group (P=0.252).

Conclusion: Intense endurance training causes Inflammation in liver tissue.
In addition to its known effects on pathological studies, salvia extract can be
effective in modulating the inflammation caused by intense training with its
anti-inflammatory effects.

Keywords: Linear endurance training, Salvia extract, Inflammation, Tumor

necrosis factor a, C-reactive protein.
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Extended abstract

Background: Inflammation is a fundamental aspect of the human body's defense mechanism against
injury and infection and is essential for survival. To combat inflammation, various components of the
immune system are involved, one of the subsets of which is cytokines (4). Cytokines include a group
of soluble proteins or glycoproteins that play the role of transmitting messages between immune cells
and other cells (5). Cytokines are grouped into a wide variety of interleukins, interferons, tumor
necrosis factor alpha (TNF-a), growth factors, and chemokines based on their structure and action
(6). Cytokines are also divided into proinflammatory and anti-inflammatory, TNF-a is one of the
proinflammatory cytokines that plays an important role in the response to central nervous system
damage (7). Another proinflammatory factor is C-reactive protein (CRP), an acute phase protein that
increases significantly during infection, inflammation, and tissue damage (13). It is often produced
by the liver in response to blood-borne inflammatory mediators and secreted into the blood (5).
Training scheduling is the systematic variation in the training process to develop training adaptations
that prevent the phase of inadaptation and monotony of training responses. Although there are various
models of training scheduling, one type of endurance training scheduling is the traditional or linear
method. In this type of scheduling, training volume is reduced as the intensity of training increases
linearly over the course of the training program (15).

One way to combat inflammation caused by intense and heavy activity, is to use oral supplements.
One of these herbal supplements, Salvia, belongs to the mint family and contains several active
compounds such as cineole, flavonoids, polyphenolic compounds including rosmarinic acid, fluoric
acid, diterpene compounds such as carnosic acid, manol, vitamins C and E (20), and its anti-
inflammatory, antifungal, antimicrobial, and anti-anxiety effects have been proven (21). The purpose
of this study was to investigate the effect of linear endurance training along with salvia extract
supplementation on liver TNF-a and CRP gene expression in male rats.

Methodology: The present study was a semi experimental study with a multi-group post-test design.
The samples in this study included 34 male Wistar rats (weight 204.45 + 9.08 g and age 8 weeks) and
after one week of familiarization, they were randomly assigned to five groups: control group (n=6),
Salvia group (n=6), saline group (receiving gavage stress) (n=6), linear endurance training group
(n=8), and linear endurance training + Salvia group (n=8). The linear endurance training program
consisted of eight weeks (five sessions per week) of treadmill running with increasing intensity until
the final week (except for the fifth week of reduced load). The training program was performed at a
speed of 10 m/min for 30 min in the first week and gradually increased each week until reaching a
speed of 35 m/min for 70 min (equivalent to 80-85% of maximal oxygen consumption) in the last
week (23). To prevent overtraining, there was a reduction in load in the fifth week. Before the start
of each training session, the rats warmed up for 5 min at a speed of 8 m/min and at the end of the
training session, they cooled down for 5 min at a speed of 6 m/min. In this study, rats received Salvia
leaf extract daily at a rate of 100 mg/kg body weight for eight weeks by gavage (24). After the eight-
week experimental period, all groups were anesthetized under completely similar conditions and at
baseline (48 hours after the last training session) with a combination of xylazine and ketamine. Then
the livers of the rats were isolated. Hepatic gene expression of inflammatory markers was performed
using Real Time PCR method.

The normal distribution of the data was examined using Shapiro-Wilk test. Then, considering the
normal distribution of the data, one-way analysis of variance test and Tukey post hoc test were used
for differences between groups using SPSS version 23 software. P<0.05 was considered as statistical
significance.
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Results: Statistical analysis of one-way ANOVA showed that there was a significant difference in
the expression of liver TNF-a gene among the five groups [P=0.0001, F=4.30]. Tukey's post hoc test
showed that the expression of liver TNF-a gene in the linear endurance training-extract group was
non-significantly lower than in the linear endurance training group (P=0.252). Also, the expression
of liver TNF-a gene in the linear endurance training group was significantly lower than in the control
group (P=0.0001). The expression of TNF-o gene in the liver of the Salvia extract group was
significantly lower than that of the linear endurance training group and the linear endurance training-
Salvia extract group (P=0.0001)(P=0.004). Also the expression of TNF-a gene in the liver of the
linear-extract endurance training group was significantly higher than that of the control group
(P=0.0001).

Results showed that there was a significant difference in liver CRP gene expression among the five
groups [P=0.0001, F=4.30]. Tukey's post hoc test results showed that the liver CRP gene expression
level in the linear endurance training-extract group was significantly lower than that in the linear
endurance training group (P=0.0001). The liver CRP gene expression of the Salvia extract group was
significantly lower than that of the linear endurance exercise group and linear endurance exercise-

extract group in both groups (P = 0.0001). Liver CRP gene expression in the linear-extract endurance
training group was significantly higher than in the control group (P = 0.0001).

Conclusion: The present study showed that linear endurance training can increase TNF-a and CRP
gene expression in the liver, which seems to cause inflammation, but long-term supplementation of
Salvia extract along with linear endurance training probably reduces the inflammation caused by this
endurance training. The mechanism of increased TNF-a gene expression in liver tissue in the present
study could be due to the fact that cytokines are released from monocytes during exercise, therefore,
it seems that at least part of the increased expression of TNF-a gene could be due to the facilitation
of its production by monocyte cells (30). It seems that the mechanism of action of Salvia extract is
that the rosmarinic acid present in Salvia extract reduces leukotriene B4 and consequently reduces
inflammation (32). TNF-a and IL-6 are released from adipose tissue and their release is increased by
negative regulation of sympathetic stimulation by physical activity, which may lead to a increase in
CRP. TNF-a induces the production of IL-6, and IL-6 stimulates the production of CRP.

Keywords: Linear endurance training, Salvia extract, Inflammation, Tumor necrosis factor o, C-
reactive protein.



0l loeg S LD5y9 ($59lgr b A i

Y 0 loud ) 8,93 Y E0Y Lo

P o (B hge 3o Sl S lh (B sauS (35 ol » (B e p0 ojlas Spao b s Soliiwl oy yoi 5]

2SS

-

Blas Gpan b olyas s calitial (505 U oy 3l Gl 5l e tonie
S92 s 5 gl lagise ;o 0S 8L CRP G TNF-a o5 ols 5 (S e
9 oSl g amieh Gu b gy OB 5 ple e WY G (b9,
() 1 508 09,5 i 5o (Bolai jab 4 gilulinl aan S 5l Ly p,5 o AZY - F.FO
e ojbac_ b o ped g Gef) ey ls () 1 IS e 0 )bae () a2 pes
S92 sl nyed gl atiah Jold (oo ped el i8S 13 () (IS
aan ;0 4ddo ¥ Do 4 dddy b e Vo ey b aSog (alae (o ald> B) 0,8 g
a0 daBo Ve Dol d 4880 1 e YO Caeyu 4y g a8l il 38l 2o 0y 5 0l ploil o
039 PS5k e Sk Vo Ol 4 (Beye ol S (ISlgpom o las s, 5
3L CRP s TNF-0 15 )l s 52525 (0503 a0 51 L8 il &0 43 Lo g
oalatul b eosls Jdod ¢ 4y .oy (5 S0 luil Real Time PCR gy 5l eolawl b oS
A plosl PS04 0) maw 10 S¢ cbind (9051 s ANOVA 505 5)

JFS 09,5 & Sl (a3 0 pe5 0,8 0 08 8L CRP 3 TNF- )5 o)L o assly
oered 095 5o S 28l CRP (5 Lo o ()b 51 P/ 2 ) )ag 5L Jlo e 5k
P=eTe eV )og 52aS (sl sins sk (s (203 09,5 4 S (IS o0 0 lae s
b 05, & Cand (5 e ojbas S yed 09,8 50 oS 8L TNF-a o5 (e s
(P=I¥0Y) 09 oS o sne i ok

oybae Ylaiml .39 oo 8 28l 53 Clell 55 o wpns alistal (a6 S Ao
el 0s S L Wl e «Syselsil Slalllas 4 oad asslis Sl odle o IS oy
AL Fge ol (o859 Sl pes sl (B0 Slell Jrass jo 09>

23095 00233985 Jole volell (5 oy 0ybae (S elinl o pe3 ig S (B Sl
C ,RaSly ey (T

iyl &,
VEY/ Y5
by U
VELY VY
Saiq S LU
Y.e5eVeVA

Syilas 43,

29,5 (B35 8599528 Ab )l ol )8
pole odSily (D)9 Sidg b
o1 ol & izl ¢l iilyy g (S
Ol s el (oMl
Yodl5lils, sage

09)5 «—3y9 SiPg i ol
pole odS—il «(—B))9 (SGln 5b
o1 ol & izl ¢ o—soliiilyy g (usy
ol (s <ol (oMl

& dloww

09,5 «s83s9 il 1P ol
9 s pole oSl ((85)9 S5l
WJad)l (o)) Biee oSl ¢ cunliitily,
Ol

SR g

03)5 «s=b}39 (53592 8 byl ol )lS
(Sl pole 0aStily ( 559 (559l jub
Ol ol sy o8l

&b dilows : Jgkus 0y g

: o]
samane.hadi.70@gmail.com
orcid/0000-0003-3962-8412



https://portal.issn.org/resource/ISSN/%E2%80%AA%DB%B3%DB%B0%DB%B4%DB%B1-%DB%B8%DB%B6%DB%B6%DB%B6
mailto:samane.hadi.70@gmail.com
https://orcid.org/0000-0003-3962-8412

0l sloog S D559 ($59)gr a0 i

VRN T
3,8das g 39,00 Y Aol e (5509 liy i ol Sl a9 > 3 GLIKS555 (4 2 oS el ol ST (g5
i o gt 4 Dol 3, Sos a2 51 .(1) 2500 Jlub sl (gl 5 Cigie b ablio ] anb CullB &S oy el
Ssslon 1 Solem 53 phee Jolo S plgis @ Ll acanl (5)50 (215 Jelgs g g Sue dlos als 4 (ol ol
ade gl (o (2183 (g Sl (olsl dir o Clecdl] (V) Wl (o Jibd ol 9 (Bgpe (ol (5)low (Gl dlex 5l
Oledl D95 o (cnaib peoie Sl g ol Ol lgie o Gl .l (g9 pe ke 0355 (¢l g 039 Ciighe g cawl
(¥) 23,5 oo s Cl o 59 bawg 5 abdib (yoje Sl lgis 4 b polis ST Lel 039 CisenlisS Al 15 S, ol
St U S gl 003 ] (slbdegacma ) 3] S 45 Bigsb oo S0 ool olStnd Cilizeo (i) coleidl L ablia gl

(%)

23 9 Gl gladsbo o ply JWSI (i85 o it Joloce (slacniSa naSals b by 5l (29,5 ol lagyS gl
59559 Jole Tl 8l M S gzl 5l (gmos Elsil s litbos g 3L bl 2 by sl (0) A5 oo il Lo Jsbos
15 g el Sy ygo 4 oS gl (F) b o 1095 Yl 9eS o T (glayeiSTe (TNF-01) Wl js055 osimd
S5 o o oS ol & Gl 0 & Cusl el G slopSgulo 2 TNF-0 cigd oo (shispounds 55 (283
4 80l (gl old (59 2 el 38 Il g laie Gliy pes &S Wledly LS Lo stagsy (V) 3 (sere B
Oyl e Ay (glaoyed yil 3y50 30 Lol L(A) D4 0 TNF-0 (pSaule ials el plate oy yed oo yind oS &jgo
S gl cnl (W) Gials 5 (Vo) s pas o(3) il ol (Soliste (glaaidly TNF-a anlpiwl wdaw pr stolial
Sl ] TNF-0. o Sl oo (taglie 5 (55ln (o5 5 (i ped oS Sl 00d ()5S cmizmon ol 0 (51357 olecd]
(VY) aed

5 Pl hghe (> > & 039 0> B slapSgy 5l &S cosl (CRPY C Sl (g el G Jelys 1500
25 atlo S Dbl slaasbe 4 sl 0 48 Gk Gl (W) wbie Gl oSt b 4 (Bl ol
oiels g (L anls Sl o ol @y Gil3El cle 4 CRP (gySojlul ol 6 (clacniyyn o 51 (B) d9dee by 015>
(V) Gl (2L Slols pasis ol cp it (9 oA 4 ol o

il 5 SS9 (Bype (ol 3 )Shas gy B L |y glite (2 p8 Sla g p5Y sla Solel S sl 185555
srolil Sl yod JSSgy (hlS559 Ole 3 Gy SBUSgn 5200 0 5l (S S (o0 L (Sl = (Mas
wilo) )15 g polie o350 ol g0 4y olitel Sl el gy ) @ silgn (Solel S (sl &5
S 236 Jalge 31 (S g on ol (el (VL i g loj 53 gane g (oo g (6)lgm 45,290 did e(59) o0l ey
Bab gy S 5 o Dbl ()l U &S cunl diedan guiile; (gl asliy G 5l oolatul coliiwl oy yod dobiy jo
(o5 )3l dmgs (sl (a3 gy 3 whaie Olpis Sl ol Sjlie (a3 (satloj (V0) Bl (o359 43 o) S5 )9
)13 3529 (o3 gisloj I alisee glaJae 425108 o0 xS gle (S yed Sl (B18Se 5 ) 5Le pas 6 5l &S

L Interleukin

2 Interferon

8 Tumor necrosis factor alpha
4 Growth Factors

5 Chemokines

6 C-Reactive Protein



oo Lghzso”f )19 5)919)),_9 Ayl Y oylowi §Y 0,93 ¢V E Y Loy

ol (Jad b (gtiw gy (alitl (p o3 islej lgil 5l (So Lo

ol (Slae g 53 (sl bjyg Wilo A (i ped Bun Sy gl & o)y sl Slodes JSS 4 (s gl
2 Oy O s Gl cgaisle] g5 cnl )3 )l s 3o 13 ol 93 b o 4 Juad Jgbo )3 IS5 4 398 0
(V0)nke (2RI (2 yeT o2 iz ped Aol Jsbo

O 3l g Cog g (Foeyon slaclad mdals )y Gilise slag 5l SaSTL &S sl 1 )i g ol slaplul s
2 el Jloyg3 5 glofag Copl 5l 0355 Socdld plsl I g adgl b & Sy alsye 5 (3 p03 ol il plSn
0% e 203 TV AS b bulpd 3 457 Sh90 0 Wliee (2l Mo O 4 08 55 e i Ol ped don
&S ol JWd ) (oob cllge il sl yoy9 (2 0 AS A e e Y ials (V) WS e cdbya |y B0)5
oSl 1S coizmen D500 g ol Sl Sy polie dindy 5 Slbiyy JU 4 eud esalie (Suus
Slopadld (gw)p 4055 B 95 o0 o Jole (ot (W) ol (505 51 (0 Cledll g (ool LS aa slacdly
23,5 ke 45 5> (el

o JoSio 5 o3lil o sllash S5l e eizean 5 eSias 5 b b 51 o3l sl b dblio (slaogud I LSy
g a4l 485 )5 dngi 590 yidin Wil 268 5)lee e a9yl LS I ookl p3 ) Wl > el (STyes
Sl ol il 3)lg0 (o 3 GlaLS ol g Adlioe ()l (BLS I Grtie Kol 13 3290 (slag)ls JS7V0 oS
S5 2 GhooR oy cnlpl s Wl g lglid ol Ygemo (lalS anb @lie & Ll jlcul (g5l sloesglys
S cge b g odd oxie bt olS Sy Sleyd s p)lS 4 3)lge (B 53 (29)h QLS () g 0392 Jlgen (a9 > GlalS
gl odlgls &y (3late ¢ Bnnye (2L loaSe cpl jl (S0 (W) sl opn )5 ol I 51de oo (aland odle S
() Caol o [iyl55 olpl 40 50 Oi S VW p dl g cunl s Sl s 5o Oi Slass Qe 5l i &S Wil o
gl Sppld Ml Siiglog abox 17 g8y S 5 Mg Jgtin ulas b S 5 iz gl (S e
5 95w w8 ) 4 (el s Sl g (Ye) Cwl B 5 C el T gl Mgl S5 g > bS5
Sl i (SSaoye rige Jlominl caimd o Ui &S ol 0 ploul pla jimgs (YY) cunl odd cob o] ol as] as
3l Pbo' ggrb-’)-" ol L;’LQ(J‘ RV u‘):‘ L c\bb 9 ¢(Y’\\°) u‘)&@ 9 )9.Sl> &S gy D g (YY) ABd 0 u».eolS |)
(YY) 205 oo ool Lials cely S5 po ojlias Blaw (y9)0 52y oS Wby L

Ay B (2l o)las Bpae g s elitul Gy yed gaisle Bond y3U 3)90)3 (pidghy (ST aS) 4 4295 L
Gloril il JoSo S 305 jlaips (iaghy (nl ecunl oads pldl AS” bl b adls zolaw 59y 2 92 o (Jols
w03 )18 gy 3y90 (Stoliinl (o3 (ad (20)k sl 8L a8 stie ool b padll 1) IS e pe olS

7 Cineol

8 Flavonoid

® Polyphenol

10 Rosmarinic Acid
11 Fluoric acid

12 Carnosic acid

13 Manole



0l sloog S D559 ($59)gr a0 i

X NETY
po YE ol Gimgly ol ) Wdigas 051 (29,5 22 (9ol ok Sgar sl 2ib 9 (279 €9 5] ol Lok
S5l e g 505 ()l 3 ) gl dumsga 5l 4 09 (4in A G 5 )8 VTN (o) Sl 5 (2lime hge
sl 08" 8L )3) (el 09,5 (NZ6) IS 2 p0 09,5 < (N6) S8 09, 09,5 iy 5 (Bl ysbo 4 (gjloli] et
O gy Sllge 285518 (128) (S w yot (s ol (3 305 09,5 (N=8) (o stoliitul (3505 09,5 (N=6) (3lo
9 3oy OO U O Cugby 50,5 il doypd YoEY slod b Josee o GBlad Slu,S i 2 )0 (g0 yuw ¥ (slaeg,S
ol Slyes &5 15 5 o 4 3,10kl B wad) HE Slge 5 Ll k5 £S5 el WY sy, o So,b i o

g1 ] g3 900 @ (0185 0k

iy <L) (i olo,S g 53y g1 g (K > Ay ) i i Lol S il (5
4 @by ) plo Vo o po b (pel Al g (pomy aie )l (B o) (SLL ate U e ad Gl (jlhed
aaBd Ve loj baads ;o 5o YO Gy 0 U ad Jloel dtan o 13 0,00 iol38l o a1 a] ol atan > adds Ve e
a5 s ayed et ) St st ) JSOIVY) sy oin (0,31 53 (yema s5emS] Sl 2 s ADA- L )
Obl 52 9 025 p)5 4d8> 5 yio A Copuo b BB B L yhge e ped dude o £95d I LS .l 3929 )b (S o2ty
5 pll ol ol gl olitlesl ) (g pe3 Aoy 30,8 Ll ]y (13,5 300 d&B5 )3 o & i pus b BB D (305
i Cud Soda o050 (039 PSS 2 psS e Vev Olise d ligy |y (IS ye ol S 0jliae In hge e pimg sl 5
WAl S il )0 g 9 A 0000 guliiand Sy a5 o3 30 05lkas s (gl (YY) 05,8 <8l o 51sl8 Gygo g
A o 21050 0D (S g il 0 ol )30 5 05 b g 4 (B Sl lausg 0ad SiS slaS g
Bl b ojlas 50,8 Kits ) e Iolyg ol lis oyl 5 IV (5)lg, o8z 51 odlizl b Jobro 3,8 Bl 5| Ly
(Y0) ol cows 4 o ojlas b Jloy (3903

Buly oo BT 5 g sl ¥A) il Ll 53 5 aliie SIS Ll b lnog S plos cslatin catin (0585 0593 plasl | g
2l p S e 00 BY) (el 5 (0 0y S S okS o il 4 p)S e iy U dw) (03l a8 5 L (e
G918 Cel WY ol e o bge b b ol e o ge 48 s 505 ga 2 (0 (g T p S oS
ol g ogygoy0m ol g2 (Sia08led w22)) s oo 3 S5 51 655l (sl it loj )3 dind (5, leS5 lie
gt 5|y 05 8L gladiged gyl paiged g gu pll Sl gy WS g S AR ooy S Sl gliie g0 basbge
SIS 35 il d2ps —A (slod b Jlsy ) (alilej] slaylST sll loj b g oad 5239 wlo @l 4 shatie T L
TNF- sly Hybrid-R™ cuS 5l solazwl b g Real Time PCR s, 5l oslaiwl b okl slajasls (oaS o5 ol .04
88 el g 0, Gene All ¢S’y <l CRP (41, RealAmp™2XgPCRMaster Mix 4 o

Shgg b yg05] 5l ookl b ol s oo bzl 5 awogi bl 5l eslitwl b laodld dadiges aBiislesl Julow 51 u
i (9051 5 48,y il g s 903l S bodls xbo 2365 A g b e A5 (2 B3 (a5 B
4 P<O/05 jlago awyy cpl 50 20,5 oolasiwl VY dswws SPSS )l58le 5 5l ool b (29,5 opo (sbacoglds jolaio 4y S'o

b 88 ey o (1558 03) (Slise



oo Lghzso”f )19 5)919)),_9 Ayl Y oylowi §Y 0,93 ¢V E Y Loy

HEPW N

S8 &y by 33905l A8 8l )3 jlainyge el o padls 35 g Lingk Sladige (s ke Jhme Byl 5 :Ske
.C.Lw.’l IR W) 03)9] Y 9 ) Z)Lo.») Ja_\:- ).) w).t LY 9 09)§

(P o (1jg) Lrdiged (159 Syt 9 25 ddgl (19 Sk =V g

039 Sl s bl o9 adgl 09 slass 095
VAT L Yo AVEY-AD FAYEY Y. .o e Jxs
VWY.YYEAYSS VOAFEYAQLYY WASEY LYY 5 odle
Vv 55 Ve ¥.Eyay... WASEY.YYY 5 0,lac
V.oV ESY ... VeV EYVEA Y.OFEY YA A JREES d.nla.w:l RS
FOVEMA- AVYvEyass. ANVEYVA. A ojlact Jad  oldiwl oy ped
Y¥ I x>

o) dul> widn Al 45 CRP 5 TNF-a 0] ol polie =Y o>

15 CRP 15 TNF-a -
(omoks) (omoks)

M + SD M + SD 09,5
VoS £ XY VADE -)¥D JyS
DYS £ 0P EXF o+ XY (ks ol
VES o VAY £ XY IS mepe 0)las
YAD * -0F YAY & oY ol
FoF £ v YE o+ .Y (lasebs las

28 TNF-0 (35 ol (liee )3 6Bomy gloog)S o 45 o> (s 4, uilyly el 9ol (glol Jilows 5 42329
5 Aoy slaog,S jd puite oyl (liwe dwslie (gly [TN=2¥8  Fep =V Vo0V P=oe e eV ] 51y D93 g (o)l mo coglis
— s ool (3505 09, )3 1S TNF-0t (5 e o5 ol (L (S5 (sl (0] @l g 15 olitol (S5 (i (190
FoS G b sk (kS FFFENT) (lad elital (nyed 09)5 d Capmd (Gunghs TFFE-VR) o)lac
JHS 09,5 4 Cons (umghS TIVEXY) (b aliul (yed 09,5 28 TNF-a ()] oo (oizmen (P=2.VOY)og:

(P o\ )ogy 5V I sie polas (uazshsS V)0 \¥D)
2 58 (S VAVE YY) IS sl 03,5 & s (TATE-TT) il 05,8 58 TNFot 55 o siipan
45 Cras (sl VAV XY) IS 00 Bylac 00,5 08 TNF-0 o5 ol el 2 ogde (P=+ 3A0)38s 5L (gl sina
sokar (LratglS WPE NS 50 0jbacad toliiul (yad 5 (GrshS FFFEXF) (lad olital (505 055
4 Camd (g YAVEYY) 5l 09,5 WS TNF-a (5 ol opizpon o(P=eue s F)P=eie o0 1) 351 208 ()5 gime



Y oyloud ) 093 VET Jlan 0Pl lrog,S (5555 Gl 5 gl

(W9L5 \".\‘Fi'nYﬂ) oybac— Jas  oliiwl oy yed 09,5 WS TNF-a 5 ol <3 g .(P=‘.~\"Y)(P=~.~H\) Sy yiaS
(V IS)P= V) 39 5VL ()l gine yskar (ughS VNOENFD) S 095 &) Connd

o eeliw] o ped ol

A.
Y- Y-
Y-
R
o i,
: B fo
= % ¥. ¥.
L, =~ . A
a2, ﬁ v, o v, Y.
FIA
3 Y. Y
u Y. A1
\"
L [

B T L - CHPLE LASNEICINAET LT T ET TSN LT T S

[ JCERLRCRCTH JOrSUg  REERT) JUAV]

b ol oy pod dolip - JS0

(Y JS5) Conl oids ol oo (sla g S 50 Ol ol 38) Cawe oliiwl (pyed (gl copimad (Y JSE) 390 5l jixe

T ya0ay cucmd 33,50 Jole

TNF-a

§
j_) % [ *
34 7 #

.

¥

.

J=s Sl ol i Josa N
s

&S TNF-0 (45 ol &t -F JSUS
Ol 5 5 e S8 sloog)S & S I cime ol
Ol 5 5 e (J S sloog S & o Jloime o158

©glis 45 CRP (1 ol 50 alSomy sloog)S o o ob ol 4l Sy (bl il gl )bl S 9 400
0940)'1 )" 43&7};) lehb}).? ).) )f:.iJuO O{' Ol}a:n dwu%l.s.n dl){ .[lel:'.ﬂ; 3 F\c‘v,=\V\”.M"~‘P:~.~ . '\] .))‘.) .)9%9 d)l.}u;.’.o




oo Lghzso”f )19 5)919)),_9 Ayl Y oylowi §Y 0,93 ¢V E Y Loy

ojlas— o (alizl (3703 03,5 15 CRP (35 ol oliwe 35 (Lt (S5 (ol (905 s 9 35 odlitl (S5 (poed
(P=rie e o)) 0y yieS oyl xe yolay (LmshS OVEELNF) ad oldiw] el 09)5 4y Comd (uasglS ¥oe FEv L0 V)

o SUiS g iy
CRP

(=5 s.JL“"
{4
H

Jrs S et JeSer s e oo ol

S CRP (5 ol Ol ps =Y JSU0
0,5 yolu 4y Caws I3 gxe il 38l i
Ol 5 (5 oy oS (sloog)S 4 il gine el 8 H

292 (CroghtS Vo FENY) J50S 09)5 ) Cannd (gl BNFENF) (ad gtoliitul (3505 09)5 45 CRP () ol
o)las 09)5 & Cud (unshS VOAENF) (il 05,5 A8 CRP (1 lo copizpod (P ) D92 VL (g5 gime
e B)las 09)5 A CRP () (ol ccnl 2 0gMe (P=2 A7) 392 1205”55 gine uf jokas (umagheS N FFE MY ) (S0 5
P ¥ V) o lac o olital o ye3 g (oS OYSE+N8) b iali] 095 & Cam (oo VS5E 1Y) IS
(CroghsS VOAENY) (b 09,5 A5 CRP (5 (o iz 93 2 )3 (P=ree e 01) g2 jiaS ()l ine ygkar (umshsS
292 (uprghsS ¥or¥te V) ojlac— ad calital (pyed g ((ughS OVFENF) (o aliitol o yed 09,5 4 Connd
(g oo ¥e V) o )las— Jad  ctoliitul (2 503 09,5 1S CRP (] (s ¢35 9 93y 53 (P=re V) 392 oS (5l ime

(¥ JSB)P=rne 1) 390 5VL ()3 sine yolas (punaghtS Vo FENY) 308 09,5 4y Capnd

HW )

el Gl 93,0 (45 05 Ol DRI o (oS alil ppe8 aasils (lpl 450l Lt el (slaaidly
o381l greliial (o ye3 ol il LS 53 (IS mye (LS JoSo B puae 55 9 05 2l yoeo (gla Jbge > CRP g TNF-
(Vo) sl JSa) oy Gaals' ]y o yes (sl j1 (30

St 3l Slo g ornl oS sla sk o] A5 Lol gito g 039 skae lodll ole S s 4 TNF-a (S 52l
oLt laimgdy (V9) Ll Clus & il elge 51 36 Cogie plp 50 a2 la)Sgile o jtere I S g
Oeyed Gdedily (glooygd (1 5y50 50 Sb sl s g9y 2l Mo g Sl Gl b)) clacdlad &S Wlesls



0l sloog S D559 ($59)gr a0 i

e 5 o (V) RIS (1) s i 8) 1 s sl shaaly TNFe i)l e 3 il
Gl e (Jad (greliil (g o5 gl 2l & W00ls (U3 393 Gimgy 53 (V4 MA) (e g (om0 (B)155 (o
(Verr) GSon 5 " ggalse pizmen (YY) 43 jliy § o o 9o ueSsmn <8l 3 TNF-a 0 ol jlo sine
Do oo TNF-0 50 inl38l 4 o diiin B pae 5emS] Mo pd FO=F+ ud b (gilon oy ped el duwo oS 2isly L
9 ol sloazdly o ol G (b9 Sliyed I BU (Fge s smas g sl g Chsw Sl 4 1) QI ol ]
Cryed i Cudas il 1 g VIY) ghlSen g oMo (( B)bo 51L(VA) 092 pole haghs (gladibl b guon o)
(Y2) 255,55 sdnlie b 53905 oy )3 TNF-0 jlado ;3 1) ()5 dme s ((4hdd VO oo & dtid 5D duds dw) (g5lon
L 539031 £33 cons o3latul 3,90 iy o3 095 Jgbo > 4y Bl oo 2 gumnls e 35 5l imgfy (laeitly L guanls oS
S5 & lyes (sipaaliy 55 g Slped Cad Ve il ing > ccmipen il Gingh 33 (5550jll 390 <l
TNF-0. 55 ol G331 S g5t ol 005 18 @l 1> TNF-0 55 5l il 331 o 48 ol 0397 (535S & 05 35,5
g oo il ruwgige jl (23559 Cullad plin )3 LS gl & 23L > (ol 4 Slg o pols G 3 A8 8L
O W5 S 51 80 Wl o dill orimd 59,55 bole 5 ol e Gl 51 ond oo sy g0 5 4y ol b
(7+) 33l Camige sla oo Lo

Moo e (B s o Stoliol (g2 o3 US55 (IS 30 05las Bpae oS 3l (U5 p3l gl (slaaidl (yionen
OB 5 (ons Gimggy sloaidl b yol Giagh (slaaidl ad (las slitel (a5 09,5 & Cumd « TNF-a 0 ol
otelS s el Sy el (gl U8 )3 IS o p0 Bjlas Bpue oS 2ioly LS 295 imgly 50 R3] g2 guen (Y4 VA)
Sl 9w I (YY) 35 dbml Jlwny 5 2lme sbbge cueSenn c8b > TNF-a o] by 2 1) (6)ine s
aan A LS o Ul 0,8 5l eolatwl coly Lis 393 Limgds 0 a8 (VWD) o) Ser g (g3layd iagh ol b pols e}
@ WUl o (gmenl Cle (YY) 0y gunodl cCunl 0 HK0559 e ldpe ;0 TNF-00 jl xe (i3l cuws (gjlon culled
005 43,5 IS 4y iy o5 i i dge5] g5 codlisl 350 (sl JaSo 13 39290 Jtb DS 5 e g £ 0 glis Ll
b

dgr90 iz lojy Sl & sl Sjg0 s IS o200l oo S gjls oS sy o0 55 4y ¢ led] 05 Tyl 42 o
b 2 lgwsSy (iloJlb (TY) 258 0 Cldl ialS donis )3 5 BA 1558 JialS el (IS iy olS 0)lae
OUS iagR cnl (sl opizmen 98 o0 TNF-a alox I oledl (i sladanly Sl g)lu (9l crgo sl Cladd!
sgycn ] ccnl 0 15 il 15 TNF- 15 ol ool o IS iy ol Coyume b olyorn oy ol s oS s
25 o)l 4 atdly U3 g 5 (peie el Ll & o s

slodill L guon A5 8L 1> CRP ()] (lo 59y 2 (o (oliitol o ped (381 ST b5 ) pols hangly (slaaidly
CRP 3 gze yiul38l o soldiwl (pyed (glynl a8 ioly lis 095 yidghy 10 a5 3 (V+IR) ) Sar 5 (g0l jimg}
WS 5 adlas iy snel | puonl ol ingsy ol i J.(17) 13 e csla ign o5 il 5
e p3 1y (ols me LEalS (48B3 YO+ e 4 dtin 4D duds dw) (Silgn pyed athn Cuiin (¢l o Ll g (YY)
CRP aJgl e b S3905] g5 5 cgls s & Wlgs o  ogmonl e (YA) 15,5 osalie b 3dge5] ppw ,5 CRP
0l (ylgis w0dd 3L Lizgh ;0 CRP LialS cuw &S (68 g5k bl (6,u503lu] 0gud g (Code «chiid) (o yad 4ol y 0gudd

14 Moldoveanu, 2000



oo Lghao”f )19 5)919)),_9 Ayl Y oylowi §Y 0,93 ¢V E Y Loy

ol 5 IL-6 o TNF-a a5 15,8 sl (VoY) o) Kad 5 2z il W 500 59,55 Jole Lals s 4 4yl
OSen 45 b o G5l Glower clleb )b 5l Sl K58 it lats dasly 4 el ol g g oo o) 02
5599 Callad J1S5 8 o S50 |, CRP g5 55 IL-6 5 0 IL-6 A5 casws TNF-0 395 CRP jialS’ 4y yoxie o
(omen (V) 150 CRP Lials’ Jstuws IL6 Cusl (Son oyl cpty w3 oo ialS |y IL-6 5 TNF-0 plaio g0 4
ol 1) el S gl o wsS) plg o slse ol pliie S s amd e (LS I ag (S @l
o Jsks )3 ol 15 slaS glo Mg 5 48 o sl Cailes JUbigul slo sk 5 oamsgige o Jolss 5l g Lm0
Sl EMas 53 el 0 5 ol Lt e sl 33 oy ol ooyl b eppioman o oo yinlS | (el S5
so5 4y ol ol oo a5 05 samlie Cllae yl M (sl gy o Lol (YD) diisy oo deuts |y SlawsT LT lo
o syl ingh el o ioman S5 s i Lo | golitl Sl yad gl 515 (s 55 Kot Sl
00795 095 4 S A 3 ORP. 5 oy o RIS s ¢ g ializl (505 ) 53 IS ey s e o8
aS oy L 03 yidghy 50 a5 D9y YV +) ) Ken g 1)58 (slodiBl b guer pols g sladidl b Jad soldil
CRP 1> sze yidlS Como (4Bd )3 o Vo V0 cdtan ) duals gy it i)  oldiwl oy yo HUS™ 3 Jbgy J5 B s
OlSer 9 (o)lp Himgh clbdBl b guenl pols izl (slbddl ¢ picxon (V)b olyo oge (SMas cél
(05655 CdB lys o yd Ve il L) (gjlon clad JLod & oo 0 )1 o)las (glaian 90 B yae Wil (ylis &S dg (V+VY)
Gigk BBl d929e (agmenl Sl (YY) 3980 30 pligprdily 3 (oS o b)) (bl Gl Gl 4 e
5 Olsse oS 0B puan 313,13 ¢ oo £55) (gjlus LoSio Bons 43 iglds I o5 Canl Ko 0id Sl Limed ol b ol
Sl (Culed 90 g to wnd) (W59 300148 (B yae loj

sdas yob 4y CRP 345 o 03] Syatumw Sl ,S5LE5 lgie 4 bogos 4 Cawl b als yo ,SiSTy 239, CRP
> 5> oxd Mg CRP il oo (LS laJoSo (YA) 2900 Mg5 anCumgige 5 lacumwgid (a8 slashe bawgs
S9290 dlge oS WL O)yg0 (p Mg e (S ye JoSo Ll 12 Sl (ogas > (ooloidny ) gile aimd GralS ) clld
S9y 2 L5398 Joho e 3)ls Wil o (a5l slaigergn 4 )lBLe calid L5 & 0l Bpae ojlas 5
5 SlBls ooy st Ny Ol caz 3 ) pgisn; £xSISS TRNA ussis) 5 1 50k RNA (clag, il
oSl osd by i ((2Rilej] clajimgs 1 egMe 4 il Keily S clacdls jl ik (Sglie 5 Sl
5V 9 ) Gigme Sl oad JUb Jobe (g JUSw 4y ey (slajlaS” (33,5 4S5k Bo)b 5| (S yo 0jlias 3 39250 0l
gl 5516 2 ply s Yoo Coly (g5l Dlind sige (ol & ity A LS B9y Lo A5 ywo (35 Jlub
s3eg8 023 59,55 Jale alaz I el )il Jelse ol (2l g ool belge cmagig) o ol Jele lsis 4 (L
(F2) 33,5 o Wl

& 5 4o
33,5 48 1 CRP 5 TNF-0 (f gl li8l o Wilgi oo o (ol (03 (655,15 4 a5 ol plis ol yimgdy
Sl S 5 S mye ojlae otatil (g5l JoSo ) o3l Ll o5 ol 390 o 2155 oo yol ) vy oo s & oS

15 Church, 2002



1 ) BRI 4 0Pl slog)S (25559 (Fdg b 4yl

w3 e il |y el s pe ) 51 o8b ool Yiems] o las oliil oy ye

wasid dizgm | oS sl o oMl S olSutils 13559 405 (55l 5ub 5] (wlish)lS el (bl Juols pSl gl
ol 0is plool o Rily gy Cogles Colas g gl

é.’l.uo

Alinejad HA, Shamsi MM. Exercise induced release of cytokines from skeletal muscle: emphasis on
IL-6. Iranian Journal of Endocrinology and Metabolism. 2010;12(2):181-90, 203.

Shishehbor MH, Bhatt DL, Topol EJ. Using C-reactive protein to assess cardiovascular disease risk.
Cleveland Clinic journal of medicine. 2003;70(7):634-40.

Castellano V, Patel DI, White LJ. Cytokine responses to acute and chronic exercise in multiple
sclerosis. Journal of Applied Physiology. 2008;104(6):1697-702.

Howatson G, Van Someren KA. The prevention and treatment of exercise-induced muscle damage.
Sports Medicine. 2008;38(6):483-503.

Shoelson SE, Lee J, Goldfine AB. Inflammation and insulin resistance. The Journal of clinical
investigation. 2006;116(7):1793-801.

Makhija K, Karunakaran S. The role of inflammatory cytokines on the aetiopathogenesis of
depression. Australian & New Zealand Journal of Psychiatry. 2013;47(9):828-39.

Tarkowski E, Blennow K, Wallin A, Tarkowski A. Intracerebral production of tumor necrosis factor-
a, a local neuroprotective agent, in Alzheimer disease and vascular dementia. Journal of clinical
immunology. 1999;19(4):223-30.

Fleg JL. Physical Activity as Anti-Inflammatory Therapy for Cardiovascular Disease. Preventive
cardiology. 2005;8(1):8-10.

Scheett TP, Nemet D, Stoppani J, Maresh CM, Newcomb R, Cooper DM. The effect of endurance-
type exercise training on growth mediators and inflammatory cytokines in pre-pubertal and
early pubertal males. Pediatric research. 2002;52(4):491.

Greiwe JS, Cheng B, Rubin DC, Yarasheski KE, Semenkovich CF. Resistance exercise decreases
skeletal muscle tumor necrosis factor a in frail elderly humans. The FASEB Journal.
2001;15(2):475-82.

Linke A, Adams V, Schulze PC, Erbs S, Gielen S, Fiehn E, et al. Antioxidative effects of exercise
training in patients with chronic heart failure: increase in radical scavenger enzyme activity in
skeletal muscle. Circulation. 2005;111(14):1763-70.

Balducci S, Zanuso S, Nicolucci A, Fernando F, Cavallo S, Cardelli P, et al. Anti-inflammatory effect
of exercise training in subjects with type 2 diabetes and the metabolic syndrome is dependent
on exercise modalities and independent of weight loss. Nutrition, Metabolism and
Cardiovascular Diseases. 2010;20(8):608-17.

Alizadeh H, Daryanoush F, Mehrabani D, Kushki Jahromi M. Evaluation of changes in inflammatory
indices and muscle damage in male mice after eight weeks of aerobic exercise and omega-3
supplementation 3. Journal of Exercise Biosciences (Movement). 2011; 10: 77-94.(in persian).

Simopoulos A. Evolutionary aspects of diet, the omega-6/omega-3 ratio and genetic variation:
nutritional implications for chronic diseases. Biomedicine & pharmacotherapy.
2006;60(9):502-7.

Kraemer, W. J., & Ratamess, N. A. Fundamentals of resistance training: progression and exercise




oo lelbbg)f )9 6)919’)'-9 Ayl Y o lowd €9 5,93 ¢V E Y Loy

prescription. Medicine and science in sports and exercise. 2004; 36(4), 674-688.

Ajami Nezhad M, Sabet Jahromi MJ. The effects of a single bout of aerobic exercise at different
intensities on markers of liver function and blood hemoglobin in healthy untrained male. The
Horizon of Medical Sciences. 2014;19(4):184-91.

Galteau M, Siest G, Boura M. Does mild exercise affect the reference values of the blood
parameters?(author's transl). Clinica chimica acta; international journal of clinical chemistry.
1974;55(3):353-7.

Hayder N, Abdelwahed A, Kilani S, Ammar RB, Mahmoud A, Ghedira K, et al. Anti-genotoxic and
free-radical scavenging activities of extracts from (Tunisian) Myrtus communis. Mutation
Research/Genetic Toxicology and Environmental Mutagenesis. 2004;564(1):89-95.

Imanshahidi M, Hosseinzadeh H. The pharmacological effects of Salvia species on the central
nervous system. Phytotherapy Research. 2006;20(6):427-37.

Lu Y, Foo LY. Polyphenolics of Salvia—a review. Phytochemistry. 2002;59(2):117-40.

Walch SG, Ngaba Tinzoh L, Zimmermann BF, Stihlinger W, Lachenmeier DW. Antioxidant
capacity and polyphenolic composition as quality indicators for aqueous infusions of Salvia
officinalis L.(sage tea). Frontiers in pharmacology. 2011;2:79.

Khakpour S, Khosravi M, Jafari Marandi S, Ahadi Ali M. The effect of hydroalcoholic extract of
Salvia officinalis L. on the inflammatory reduction in male mice. Medical Science Journal of
Islamic Azad Univesity-Tehran Medical Branch. 2014;24(3):136-42.

Gorzi A, Rajabi H, Gharakhanlou R, Azad A. Effects of Endurance Training on Al2 Acetyl
Cholinesterase Activity in Fast and Slow-Twitch Skeletal Muscles of Male Wistar Rats.
Zahedan Journal of Research in Medical Sciences. 2013;15(10):28-31.

Gomar AS, Hosseini A, Mirazi N, Gomar M. The effect of alcoholic extract of Salvia officinale on
reducing hyoscine pain in adult male Wistar rats. Journal of Ardabil University of Medical
Sciences 2015; 15 (3), 237-245.

Kar A, Panda S, Bharti S. Relative efficacy of three medicinal plant extracts in the alteration of thyroid
hormone concentrations in male mice. Journal of ethnopharmacology. 2002;81(2):281-5.
Esposito K, Pontillo A, Di Palo C, Giugliano G, Masella M, Marfella R, et al. Effect of weight loss
and lifestyle changes on vascular inflammatory markers in obese women: a randomized trial.

Jama. 2003;289(14):1799-804.

Nemati V, Rahmani A, Qasemnian A, Karimi asl A. The effect of linear and nonlinear endurance
training with salovia supplementation on some oxidative stress indices, TNF-a gene expression,
hippocampal apoptosis and endurance performance in male rats. Ministry of Science and
Research. 2018. Zanjan University, Faculty of Humanities. (in persian).

Moldoveanu Al, Shephard RJ, Shek PN. Exercise elevates plasma levels but not gene expression of
IL-1B, IL-6, and TNF-a in blood mononuclear cells. Journal of Applied Physiology.
2000;89(4):1499-504.

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. Report of Health Care. 2017;3(3):15-26.

Dill DB, Costill DL. Calculation of percentage changes in volumes of blood, plasma, and red cells in
dehydration. Journal of applied physiology. 1974;37(2):247-8.

Farhadi H, Rahimi F, Baqgaei b. The effect of taking pomegranate pill supplement for eight weeks on
inflammatory markers and muscle damage in non-athlete overweight men under different
intensities of VO2max. Applied studies of life sciences in sports. 2017; 5 (9): 31-41.

Al-Sereiti M, Abu-Amer K, Sena P. Pharmacology of rosemary (Rosmarinus officinalis Linn.) and
its therapeutic potentials. 1999.



0l sloog S D559 ($59)gr a0 i

Shahedi V, Soori R. The Effect of Endurance Training and Purslane Seed Consumption on NF-xB
and CRP in the Heart Tissue of Rats Exposed to Oxidative Damage Induced by H2 O 2. Journal
of Archives in Military Medicine.7(1-2).

Church TS, Barlow CE, Earnest CP, Kampert JB, Priest EL, Blair SN. Associations between
cardiorespiratory fitness and C-reactive protein in men. Arteriosclerosis, thrombosis, and
vascular biology. 2002;22(11):1869-76.

Kasapis C, Thompson PD. The effects of physical activity on serum C-reactive protein and
inflammatory markers: a systematic review. Journal of the american College of Cardiology.
2005;45(10):1563-9.

Noura M, Arshadi S, Zafari A, Banaeyfar A. Effect of Endurance Training with Royal Jelly on CRP
Gene Expression in Muscle Tissue of Rats with Alzheimer’s Disease. Middle East Journal of
Rehabilitation and Health Studies. 2020;7(1).

Barari AR, Alavi SH, Shirali S, Ghazalian F. Effect of short-term endurance training and silymarin
consumption on some of preinflammatory cytokines, growth mediators and immune system
performance. Annals of Biological Research. 2012;3(6):2933-7.

Ridker PM. Clinical application of C-reactive protein for cardiovascular disease detection and
prevention. Circulation. 2003;107(3):363-9.

Hackett E, Twedt D, Gustafson D. Milk thistle and its derivative compounds: a review of
opportunities for treatment of liver disease. Journal of veterinary internal medicine.
2013;27(1):10-6.

Sherif 10, Al-Gayyar MM. Antioxidant, anti-inflammatory and hepatoprotective effects of silymarin
on hepatic dysfunction induced by sodium nitrite. European cytokine network. 2013;24(3):114-
21.



