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Extended Abstract

Background: Generally, respiratory infections, environmental stressors, chronic heat stress,
intestinal parasitic infections, nutritional imbalances, liver diseases, and increased ovulation
frequency and microbial invasion can contribute to chronic ovarian inflammation. The severity
of ovarian inflammation tends to increase with age in laying hens. Chronic inflammation is
defined as a prolonged and sustained host response to inflammatory stimuli. Microstructural
changes in ovarian follicles, along with increased inflammation and oxidative stress, have been
reported with advancing age in laying hens. Age-related inflammatory complications in broiler
breeder hens may impair reproductive performance, egg quality, and metabolic status through
imbalances between pro-inflammatory genes (such as IL-1p, IL-6, TNF-a, and COX-2) and anti-
inflammatory genes (including IL-10 and TGF-). In recent years, non-steroidal strategies, such
as willow bark extract (containing salicin), propolis, and the selective COX-2 inhibitor celecoxib,
have attracted attention for reducing inflammation and modulating the expression of
inflammation-related genes. Salix extract and some of its constituents possess potent anti-
inflammatory, anti-proliferative, and antimicrobial properties. Their adverse effects appear to be
less pronounced than those associated with conventional nonsteroidal anti-inflammatory drugs
(NSAIDs), including aspirin. Propolis is a resinous substance collected by worker honeybees from
plant exudates and mixed with wax and other components. In general, propolis exerts anti-
inflammatory effects by suppressing and regulating pro-inflammatory cytokines such as IL-13
and IL-6. On the other hand, celecoxib selectively inhibits cyclooxygenase-2 (COX-2), thereby
reducing prostaglandin synthesis and modulating the expression pattern of inflammatory genes
toward the attenuation of detrimental inflammatory responses. Nonsteroidal anti-inflammatory
drugs are widely used, and the lower gastrointestinal toxicity of coxibs represents a potentially
important advantage over non-selective NSAIDs. This study aimed to evaluate the effectiveness
of these three strategies in promoting anti-inflammatory factors and controlling inflammation
during the late laying period of broiler breeder hens.

Methods: The experiment was conducted on 80 hens and 10 roosters of the Ross strain (52 weeks
old; average hen body weight: 3860 g) for 5 weeks, including 1 week of adaptation and 4 weeks
of treatments. The study was carried out in the poultry breeding hall of Sari Agricultural Sciences
and Natural Resources University using a completely randomized design with four treatments and
four replicates. The treatments included 1) a control group receiving a basal diet, 2) a group
receiving propolis alcoholic extract at 100 mg/kg metabolic body weight per hen per day,
administered orally, 3) a group receiving celecoxib at 15 mg/kg metabolic body weight per hen
per day, administered orally, and 4) a group receiving alcoholic willow bark extract at 150 mg/kg
metabolic body weight per hen per day, administered orally.
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Powdered propolis extract and willow bark extract, together with celecoxib, were incorporated
into the basal diet on a daily basis to minimize oxidation. Furthermore, the hens were maintained
under a photoperiod of 14 h light and 10 h dark throughout the experimental period. On the final
day, 2 mL of blood was collected from the brachial vein of one hen per replicate. The collected
samples were immediately transferred to the Physiology Laboratory under cold-chain conditions
and stored at —80°C until gene expression analysis. The evaluated genes included IGFBP2, IL-
1, IL-6, IL-10, IGF-1, IGF-2, IGF-1R, and TNF-a. Relative gene expression was measured using
Real-Time PCR with gene-specific primers. The threshold cycle (Ct) value was determined for
each sample using a Real-Time PCR system. Amplification reactions were performed using
specific primers and corresponding kits (Sinaclon and Yekta Tajhiz Co.) in a thermal cycler
equipped with an optical detection system. The expression of the GAPDH gene was used as the
reference (housekeeping) gene. The obtained data were entered into Microsoft Excel for the
calculation of relative gene expression levels. Relative gene expression was initially analyzed
using the 2°—AACt method. Statistical analyses were performed using the General Linear Model
(GLM) procedure of SAS software (version 9.1). Mean comparisons were carried out using
Duncan’s multiple range test at a 5% significance level.

Results: Willow bark extract significantly increased the relative expression of IL-6 and IL-10
(P < 0.05). Propolis extract significantly increased IGF-1 expression compared with the other
treatments (P < 0.05). None of the treatments, including the extracts and celecoxib, significantly
affected on the expression of IGF-1R, IGF-2, or IGFBP2 compared with the control group.
Conclusion: The findings of the present study indicate that willow bark extract may serve
as a promising natural anti-inflammatory agent for alleviating age-related inflammatory
responses in broiler breeder hens during the late laying period. However, further
investigations involving different dosage levels, longer supplementation periods, and
evaluations across various production stages are required to confirm its efficacy and
establish optimal application protocols. Given the advanced age of the hens, the elevated
baseline inflammatory status, and the presence of environmental stressors, the
administered doses may have been insufficient to elicit significant changes in the
expression of most insulin-like growth factor-related and pro-inflammatory genes.
Therefore, higher supplementation levels or longer treatment durations may be necessary
to achieve measurable effects on these molecular markers.

Keywords: Anti-inflammatory, Broiler breeder, Gene expression, Insulin-like growth
factor, Pro-inflammatory
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3.20 (Calcium (%)) (1o5) pasedS’

0.34 (Available Phosphorus (%)) (1o3 ) Lo yiwd LB yiud

Omoling )5 oo Vo Bl (yoling )5 oo & K ppoling p)5 Juo 8 E (paling Ve TU D3 oy YV TU A fypoliyg Voo v TU : ol nolisg JoSo 5l p)SslS” o
5ol by 25 0 5 BI2 (b S ke 1+ it bty oS ks 15 B6 by S e & B3 b 5 b YO B3 sy 2,5 s Vo B2

D92 onl S ko ¥ g il 5 o <Yy p)S o Vo p)5 ko VP gy 205 e A S0 p)S (slio WY+ 1ol (as JuSto Sl p)S5hS po 390 SIgh
Each kilogram of vitamin supplement contained IU 10000 of vitamin A, IU 3200 of vitamin D3, IU 130 of vitamin E, 9 mg of vitamin K3, 6 mg of
vitamin B1, 20 mg of vitamin B2, 70 mg of vitamin B3, 25 mg of vitamin BS, 6 mg of vitamin B() 0.07 mg of vitamin B12 and 5 mg of folic ‘acid.
Each kllogram of the mineral supplemem contained 130 mg of manganese, 90 mg of zinc, 16 mg of copper, 3 mg of 1odme, 0.3 mg of selenium, and 40

mg of iron
g oloj 53 Slyeey (sloyey STy =Y Jgu
Table 2. Real-time polymerase chain reaction (Real-Time PCR)

Volume (microliters) (yzg,Sse) pox> (Reaction components) &Sy (¢l
7.5 (Mastermix) Sy e
0.7 (Primer-Forward) c.é, )55\l
0.7 (Primer-Reverse) cuiSy ,5;le]
1 cDNA (Complementary DNA) ¢l o (63
5.1 (Nuclease-Free Water) jilS'ss )'l’d)’l; o

g 51 9)Sue 1 JgosSw Vo imghs ol 5 o oolizul (gla Skl cldale

The concentration of the primers used in this study was 10 picomoles per microliter.

Real-Time PCR al5uwd )3 olo,5 45 >

b ol s pSojlal o ad) 54 sl )SHET lod Lalps =Y oo
Table 3. Temperature conditions of primers used in measuring gene expression

Time) o Temperature) Lo Phase) adolS

[S)ed)
(5 min) 4&,85 & (95°C) :\)S‘_,.;Lw 420 (Initial Denaturation) el ;a5 ;b

10 S) ast V- 95 °C) sl Lo 4> > 20 Denaturation in every cycle) 45 ,> 3 o 5L 40
Sl ey R R oM
(40 S) asbs ¥+ (60 °C) 51,5 b a3 £+ (Annealing of primers) ,5;E] yaue cd}i:l:
(20 8) asbs Y- (72°C) oI5 lw ax > VY (Extension) ,,iSs
A5 Bl 423 A0 b asb )3 31,5 Bl )3 V o5 aljS) (Melting temperature curve) cgd (glod (oo

Gradual increase of 1 °C per second up to 95 °C

Sly oloj y ey loyasy (ST o odliul )90 sla Iy =¥ Joa
Table 4. Primer sequences used in Real-Time PCR

aio 5 o id o)l Sl e Jy 03 P
Accession number and Reference Direction Primer sequence Gene name
NM_204359 (Wu et al., 2011) Forward CCCOACACAGAGOAGCTTOA (IGF-1R) <y (gl dss 15 )5S 03,5
NM_205359.2 (Malyar et al., 2024) Porward TOCATOAAGGAGATGGCGAT (IGFBP2) ydguad] 4 15 15516 &y oo 53 (s
NM_001030342.5 (Malyar ef al., 2024) Porward JGCCAACAACCTICACACCT (IGF-2) 5 (ylgus aus 13, 556
X15726 (Dirandeh et al., 2016) Forward CLAGTGOATGCICTCCAGTIC (IGF-1) Sy (sl a5 15, 5516
ABS9570 Dindh 2022 o Eecco b (1) 5 59
NESHI USRS o o e (L0 5
NM-204267.1 (Y. Zhang et al., 2024) Forward B NI Tt IR e sy (TNF-0) Wl (g)505559,S5 5556
ABS559572 (Ansari Pirsaraei et al., 2022) Forward oA AL TaCCCAr (IL-6) (i (S o sl
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Lo o o > 515055 £ oIS L n JySd
(Xin et al., 2022) cul oass is)l35

o g gl
Ol ! s iy (6,95 (S5 o s

s b yna &8 0005 L5 (D g g el gl
S [GF-1 (5 (s glo 3 1) )3 gine (Ralj81 pgeo
G ime pui ¢ cpiorad (P < o[+ 0) cusld bylass plo &

ol u.wLo)T sbyles b IGF-1R 5 (ond ylo 5o
(ohlisl (slad £ (:Sila) gl and 03y (sl )g (glag] (s Gl =0 Js>
Table 5. Relative expression of insulin-like growth factor genes (Mean + Standard Error)
(Treatments) Lo

N 4 3 2 1
P 55l o )
P-value A o)las £g00 51 0)lac Jals Gene
Willow Extract ~~' 9“‘“ Propolis Extract Control
Celecoxib

0.0289 090£0.15° 0.89+0.18° 152£0.03° 1.06£0.20° (IGF-T) S5 oyl 4 13 556
0.0009 1.0740.20° 0.1840.02° 0.5540.09" 1.01£0.10° (IGF-T1) 53 (gl 4 15, 5516

0.046 0.58£0.10° 0.45+0.06° 0.51£.08° 10980270 (IGF-IR) K opsedl 4 43, 55516 05,8

gl A 15y 616 ) o JuaoV— s

0.0024 0.54 £ 0.08 0.22+0.02° 0.60 +0.07° 10680200 Oyl e a8y )9S B e oI

(IGFBP2)

P < o+0) a0 i b uSSho w1y Yo gime M (g 1o 45 (Jlused pué Bg> o b @
a, b, and c: Means with different superscripts within each column are significantly different (P < 0.05).

Cge 0] dg2ge ;D du CE)0 Gy ojlac b pgeoy
Al sdalde sl IGFBP2 5 oo oo il
IGFBP odlgls slac! 5l anm Silibl cel oS oSl
Liu ) cwlosss Jsbo b oo s o Jso 3IGFBP-3 Jzo
IS e Gidoh opl o Jbepl b ofet L?l., 2013
IGFBP2 ;o by il coge iulojl (olojlos
Olyeay IGFBP-2 &5 0 ascine Gidgh S 50 LAl
Lol Ui IGF-1 oy )5 Jslite (slas Slas IGFBP
(}J?SJB.O szWKa dy90 ) (SN ‘_SLQQ».A.U ool c}.’.l
Hu et ) xad o Ui 1) gy o JoSsd bl 4 A,
dgb o odalie O Jods > & 465 Lo (al., 2025
dw g 90 slajled 4 Cand Sl Jled 5 ald sl
ol i IGF-2 5 aws ol 0 1) ()b bxe il
gl ez o 9 wald los e (Jlpl b (P < +/-0)
A Hlawd 4 Cond 90 Hlogd (puizmen il odaliie gyl jime
P IGF-2 (P < +[:0) ol ol 1y gyl bme gl
13y sloygSh kel ) oS e cslasSsh
J Comgol Esb (JoSdg dnwgi )3 9 398 0 g
(Muhammad et al., 2020) >l> id Can Ay g i
dlgo 3l binlyo a8 W) 3939 (o8 Abled (bl b
& » IGE-2 05 olo p pgeoy ojlas b ldles
Se Olyisds pgoy ojlac Bl 03)S (qwyp | IS 5T
5 (o] Zuuls daa0 50 g Cuwl odds AB Ll aub Cldlas
Sl 03 e yob 3 sslaST gl Jials
25U lesiiuns &S ganleds (Konanc& Ozturk, 2025)
P IGE2 ol 1) bokd! 15 plo b pgeoy ojlas
Slodis oy sl oa)f d)ﬁfo)’l.\}] Cywo )U.fp.id L;Ltbéfo
caw o 09l Lol d,81 (Boliikbasts ef al., 2023)
odd asuie (guisS)l S)low Jole) Sl 9 IGF-2
(Grunenwald et al., 2025) <ol

059 d9ke U IGF-1 oy cdale iolidl ¢ puiomon

b oS col olyon STygs SLS g & 10055 2w § popsss
OMeS (395 S g oo el 25 15 (g )l)95
/¥ o958l ¢ imgt y> (Dang et al., 2021) kS xS,
e S e BE @) 4 (e Moy
olis s il (Liu ef al., 2023) 45,5 IGF-1 ul;al
FB S5eln58 oyl b e sl ye p alie Laily5
o Ol ialisl cle (Hafez et al., 2022) ail ppoxs
by Slgice byl plo 4 Cos 93 )lo ) IGF-1 5
2 3590 8 Sl 5 3 el 15 oS T Ll
5V IGF-1 .(Pahlavani ef al., 2020) siL pgeoy o,lac
P gl i g uS e Jels FSH L IGF-1R 5,k
(Zhu et al.,2022) 5 > Slaess 3 Sas ¢ JsSd g8 lses]
slaglw b e gy glacdl 3 IGFIR by g pdow
» (Xin et al., 2022) sy gy (gli550 > Slas
P IGF-1R 03,5 MRNA Ly ¢ cpue HISS 050 laf o
8l Gl (Shess s JiSdgd g sdgnn (weeVbgun
oy L & Jgdo pd &S 465 len (Xin ef al., 2022)
Ol 53 o) gz ©glds dw g 80 (sl jlows o owl 20
sl 5 el ol 2 e i Ll g slayles
ylas plo & Cond ald jlas ccnl 2 ogMe 03,55
Ay 5l IGFBP2 5 o ol 30 1y oyl gme il
sy y0 -(Saxenaet al., 2020) s> LialSly lewdaw
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Sl Lulys > o szt el sl S
(Zhou et al., 2025) g4 0 A& ] bl Bl (e 30
5 LEMuls dloa 1w ojlas 3 2350 Jlad bS5
Ly Slecdl cools yials 1y b yuS sl A5 15368 el Jgi8 L
Antoniadou ) 135" Jgeus 1y (8L (53loil a0y 5 J S
poosy o)las b jles j5 (et al., 2021; Le et al., 2021
5 odalio TNF-a g IL-1 s by 0 (s32e ialS 50
9 Ol Rl coge NF-KB s jlee 35k jl pgecy
e 1B el slSyle i,
U135 35 ()90 addllas S > (Zulhendri ez al., 2022)
b okl b basye (ool oo (pdiz pgeoyy &S Cunl 0
o IL-1B s I olaopSsnle aew wdb I Gua
» (Zulhendri et al., 2022) wa> o ialS' |, TNF-a
TNF-0 (] (i glo 2 ()lsime (2l chaghs (ol
So)b g oylac b jle 50 o] ialS Wy Lol il ot liie
oS ol Jlasl plgioe cnl 2 e g ey L S sSls
s Ol 53 Sl sime Gl e ptlojl e b 593 al3él

293 odnlie TNF-0 g IL-1 sla 3

o> g Wojlas (Bras o o5 sy jlaia
05 o Ol 03 JIocgne sl Gimgl ol )3 oS oS
Ol b Yleis! 5 Cuwl 0090 8 sald 4 conns IGF-2
o5 o ole ol cue @l (Gilejl s g jed
WA daled astie

RIS 9 el )9S slagyj (amd (ol
O)La.c Lﬂ )la..u “)9"3@ odalio & J9.—\> )2 as d);uln&v
ol 2 il G cage plojen 50 Gy
S IL-6 (P < +/+0) 23 IL-10 o IL-6 (slap)j sous
&b (ol dos) i )d Ail8ed 5 (sAlS 0S8 pulais
05 S Mﬁbl o IL-10 Ll 5,k 5l g 5yl Sleddlas
ool 5 ] ozl b it TL-6 SJlSw (il
Mosser & Zhang, 2008; Rose-) ol olyon 8L
sl )5S wlal 4 .(John, 2012; Scheller et al., 2011
syl 4 B IL-1Ra 4 IL-10 W@l L IL-6 5]

(bl gllas £ (5:S0ke) 2ol 05 9 LIt sl )gS Sba) (s Gl F Join
Table 6. Relative expression of pro-inflammatory and anti-inflammatory factor genes (Mean + Standard Error)

(Treatments) L» jlas
P ;) 4 3 2 1 o
P-value A 0ylac S gl (g9l pge0y 0ylac Aals Gene
Willow Extract Celecoxib Propolis Extract Control

0.0320 1.21+£0.21* 1.06 +£0.32° 0.25+0.11° 1.08+0.23° (IL-1) Som S o) i)
<0.0001 1528 +1.78° 5.09£0.80° 224+ .55 1.26£0.43° (IL-6) = 38 o) yiis)
0.0047 3.13£0.67*° 2.07+0.68% 0.01£.00° 1.07 £0.21% (IL-10) 05 = 1S o) i)
0.0337 0.54+0.12 % 0.33£0.03° 0.62 £0.13% 1.07+0.24° (TNFa) Wl (g )5055 59,5 5951

(P <o ]+0) wid o i |y Sl o I gime M gy )0 (lued pué By ic gbaa
a, b, and c: Means with different superscripts within each column are significantly different (P < 0.05).

J95y955 JeSa Bpan b g 08 TNF-0t 5 IL-6 AL-1B 5
Ding et al., ) cély il by; ol mMRNA s ol
CoS BNy 4 mesS )5S S (e Veo (39591 (2022
[L-a5le (o8 ool slagplgnlo gaw cusilyy oyl
Hernandez-Garcia ) s> jial8' |y TNF-o 4 IL-6 (1P
Leaf Powder Mixture (5433l ¢ g3 5o (et al., 2025
|, TNF-a g IL-1B JL-6 38055 &0 oy y> (LPM)
b als S 098 4 Cand (bdre Heba

.(D'Alessandro et al., 2024)

(5 Ao
Sledl by jlade dag o 0bj oy Jdody &S sy 0 Hlaiey
Sl sres plie (pil S Jase sla il 9 4l
Lok by sde gl » biime olps skl
S Lbdlptn (o b gl b 43, (slaygss
Oislejl 0ysd 12,5 5 SV b b o JaSo 590 il58l .aledgs
390 a3 plo o )3 )b dme Il 590 4 conl (Ko

D9 e (o)

4 ey 4yl olye 1 Vgomo el sty slogS sl

s Jolse pls g IL-10 puws S35 0 3L Cgas
AL) 25 o iy G el a5 JS
b Ol GBS 45 ingh (Qahtani er al., 2024
NS035 Epe 53 IL-10 5 TNF-0 dL-6 JL-1 (slap
Lol 025 8L AL 03,5 (qw) 2 ol 9 35 peite sobodi |) (e
S cul 03 gl E0 2 g Sllle Sl By
» 85 ouis TNF-a 5 JL-6 dL-1 (sba S eibe
S oot 10 imad 55 olosee o) 5
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2 sk glpSgule clils 5 (oS5 a5 amse Gl
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S b Wl el Sjgyls (2023
5 IL-6 dL-4 dL-1B Ll i cloy; MRNA ol
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