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Introduction: The importance of androgen-estrogen balance has been postulated to be more than complete levels
of estrogen or androgen for an optimum reproductive function in males. In aged broiler breeder males, the low
fertility is influenced by greater plasma and testicular estradiol as well as a low synthesis of plasma and testicular
testosterone concentrations. Since aromatase is the main enzyme that converts the androgens into estrogens;
therefore, it has been hypothesized that using the aromatase inhibitors could increase endogenous testosterone
production without an associated increase in circulating estrogens. It is hypothesized that these steroid hormone
changes that occur during post-peak fertility can affect the expression of several genes whose activity may be
associated with steroid hormone changes, including Foxjl, PVRL3, and LPR2 genes. Estradiol plays a vital role
in the proliferation and differentiation of the epithelial cells, which cause activation of the Foxjl gene in these
cells. The knocked-out mice for the Fox jI gene (epithelium lacked ciliated cells) informing the importance of
Foxjl in estradiol-dependent epithelial cell differentiation. In this study, the effects of an aromatase inhibitor,
letrozole, were evaluated on reproductive indices of broiler breeder roosters at short-term (three weeks) and during
an interval (three days of use and two days of a stop).

Materials and methods: Eighteen 55-weeks-old roosters were randomly divided into three groups receiving
letrozole TO, T1, and T2 (0, 0.015, and 0.03 mg/kg of body weight, respectively). Deranged semen was collected
via a syringe from the distal cauda of the vas deferens from each rooster as a single sample (n=6). Seminal traits,
steroid hormone concentrations, the relative abundance of Pvri3, Foxjl, and Lpr2 mRNA, and in vitro fertility
were assessed at the end of the trial. Testes were carefully removed and the epididymal region was dissected free
of extraneous tissues and weighed to determine the gonadal/somatic index [testis weight (g)/body weight (kg)].
Total RNA was extracted from the tissues using the TRI® reagent (Ambion, USA) according to the
manufacturer’s protocol. The nucleotide sequences of all candidate genes of the roosters (Gallus gallus) were
obtained from the GenBank database (https://www.ncbi.nlm.nih.gov/). The primer was designed using
Primer3Plus online software and assessed using OligoCalc and PrimerBLAST. Beta-actin was considered an
internal control. Quantification of all transcripts was performed using QuantiFast Eva Green PCR Kit (HOT FIRE
Pol® EvaGreen ® qPCR Mix Plus) in a 20 pL reaction volume containing 3 pL single-strand cDNA, 7 uL of the
master mix, 0.75 pL of either forward and reverse primers, and 8.5 pL of distilled H,O in 20 pL by a Rotor-Gene
6000 Real-Time PCR software (Corbett Research, Sydney, Australia). The data were tested for normality using
the Shapiro-Wilk test. Single and repeated measurement data were analyzed with the GLM and Mixed procedures
of SAS software. Rooster's testicular data and body weight were considered as covariates in the statistical models.
Duncan’s multiple range test was used to compare means. Sperm quality characteristics and in vivo fertility were
analyzed with the same models.
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Results and discussion: The results showed that gonadal somatic index (GSI), sperm total and forward motility,
viability, membrane integrity, semen concentration, and fertility rate were improved for letrozole groups
compared with the control group (P<0.001). Lipid peroxidation and sperm abnormalities measurements in the T1
and T2 groups were lower compared to the control group. The epithelium thickness and tubular diameter of
seminiferous, and the epididymal and testes sperm count increased in the T1 and T2 groups. A concentration of
testosterone was statistically increased in T2 group and testicular concentration testosterone was lower in both
letrozole groups compared to the control group. FSH concentration was significantly influenced by letrozole
(P<0.05). Plasma concentration of estrogen decreased in the T1 and T2 groups and the lowest one was in T2
group, also testicular concentration was lower compared with the control group. The ratio of estrogen to
testosterone was significantly influenced by T1 group. An increase in relative mRNA levels was observed for a
PVRL3 gene (related to spermiation) in testes, and a decrease of Foxj! gene (related to ciliogenesis) and LPR2 in
epididymal (related to endocytosis) in the T1 and T2 groups.

Conclusions: Based on the results of this study, using aromatase inhibitor improved reproductive indices in aged
broiler breeder roosters. It is suggested that increasing testosterone alone cannot improve reproductive
performance and a balance in the estradiol/testosterone ratio is necessary to achieve optimal fertility.
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Table 1. Ingredients of the standard diet of Ross 308 broiler roosters

Item Value (%) Amino acids Value (%)
Corn 69.5 Lys 0.46
Soybean meal 9 Met 0.39
Wheat bran 19.5 Met-Cys 0.49
Dicalcium phosphate 0.18 Ile 0.4
Calcium carbonate 0.85 Leu 0.53
Vitamin premixa® 0.25 Val 0.5
Trace mineral premix® 0.25 Trp 0.12
DL-Met 0.12 Arg 0.67
(%)CP 12 Na 0.15
(%) Available P 0.35 Cl 0.15
Ca (%) 0.7 K 0.6
Salt 0.35 Thr 0.37
ME (Kcal/kg) 2754/5

2 Supplied per kg of diet: vitamin A, 15,000 IU; vitamin D, 3000 IU; vitamin E, 100 IU; vitamin K3, 4 mg; vitamin B12, 25 pg;
biotin, 50 mg; pantothenic acid, 18 mg; riboflavin, 7.5 mg; pyridoxine, 5.5 mg; folic acid, 1.5 mg and niacin, 50 pg.
b Supplied per kg of diet: Mn (MnSO4-H20), 120 mg; Zn (ZnO), 110 mg; Fe (FeSO4-H20), 90mg; 1, 2 mg and Se (Na2Se03), 0.3

mg.



095 ole Eyo aAlS 10 s sloug > eadsi o el J59, Bras il Ses g Cusgs Jole nes 7.

oy So Ssle e oy ol Bk 4o ol 18 g adka
Glod o daado e Do a4 (pwbsSil (g3l STL 5l aw =Y
SYge [0V 350 SIS Jslme 55 Gugedis az 0 YV
SLbl a¥ 405 Ghp g (S Jolowe po s ¥
39 Sed Jolme po gatud b iz (Segsgiadh
oelg o slae —F el canny g sp aY oy
Do gl oyl dhes VIO ol U5 4 ouds oolel
w5l wgamds ax 10 Fo sloo b p 5 O plos jo aids
i Lagoun &y 00 323, s ) el shen T+ o
o5 Ol ploa o St > 4y aiBs O Sow 4 g adlSl
VYD X 1Y Ll il ) ad asSl egaadis 4y ¥
Jsbe 35l 59 ol y50alisil 5 s G ohaol
oS s g Kad] Ay s 5 00D gl Juo 10 S5 So
2o Ve o olad ds b Oy it g oY (83, Lol
9 s9abg o o dids S e Lad g aisy, Lad g,
Wl Al Lid (g9, s Byme 0phad 90 bSO 0l oS
S sl 5l oolil b dié (18,5 S5, 5l Ly alolidly
00 0310 guinnds A po 90 (e A i WIS do 0 G
4 oad ooyl ol g olaws (5, Had Sis 5l e g
@b by )9 25w e 5l oolial b ol aliwg

A hled e e g SO Colie (o Fex
ol slatiges (ol il Slallas g o wlid sl
Vo oedleyd 10 (LSS 50 50 ey () mdvanl g aan
(8l o anld LSS glp g ool ool 8wy
S5, 5 sty ol Gy s Sl gl o
E S Do o diged (59) ebeS glen =558l (el
@ e (Ve ox 2leS)5) 69 @oSws,See b laadlul
5 sbop el gl Jlad 5 WAl (618 Ko (ot 93
T st alolin sy b Sopad o) ppi] Cadid
Al gladdgd I3 0 bap sl Slaws g 5lup el alg)
el ey il 5l (6,5 5uSilio b g (ol j5bots msony!
A s sl (omyp ln tellae 050 slag) (i o
RS PVRL3 (5 oo Sl e 50 36log,T 00iiS Lo
S0l s Ol il 3 5 (Giuppaeel Wl o
9 ..\.w) B ).35)&) FOXJ1 9 ()Bwjh\.v‘ B );)O) LPR2

@l Jolds ol (05 sloazminl 3 0] 4S5 DL/
Slap sl 20,0 i sl LS (o > c0dig) A 9 S
Jd slae glls glap penl aoy 5 gleond olorigals
e g aan o ppl dliyy adg 65l
OlBsily 3l e yslanz (s 5l S OselaeST
b slopnl doys Guend Glp 85 8 (o) 9590
3 pessST Bl I jlxial lap el by @il pg39,ST
sl el byl lp g Sl dlo s Jolowe
ool Sgamlyle 05 9031 5l ol (lodly
Ls 69 @oSwnSee 2j odd as slapY «oles jo g
sobay) oY sl adadi Ve g 0ad ools 13 Fe X SlesS 5
85 13 bl Syge prel Vo cahals o )3 ((Bola
oly 5l g HgemlannSTy ol5e (Ansari ef al, 2017)
Esterbauer ) o plsl aeallss olle clale (5 ,.5 ;0]
Let al., 1990

Omes ysbie & sl S g 57 slaipe 00 STl
5 Lawdly sloggeysn zobs g3, shalojl sloloss Sl
Y g, 5l Jgslital 3 g9 s FSH alea jl aay
Monobind Inc., Costa Mesa, CA,) ailgige oS 4
(g rmmgad  GlilS  Coawlus ad colawl (USA
oy YA Sl i gy b il e o oS5l OV
MO Slpess cyo b yid (oo 50 05950 AT Jgl 2l
Slyusts o po b Sal> ;0 ,omlU ¢/ +# FSH g oo )0
b Z3b (9098 Tolaw Geend jolate 4 .0539) w2 YA
Sl 5l p S Sy adS jsbay a5 wb 4 geilses
L laaSs 4y o> i 5l ool b osiyy o 5l acay
PH=T) olawd 3L e 90 b g 0ad 0,5 SaeS
Do 4 TV g) odd (5gem S8l 0l (590 5 Lol
0)ligs ool Cewy (219) e G 5 eyl (485 10
29y @lo b ek Tl (480 VO Sae 4 VYo evg)
aryd =V by bl elal ey g ouds ails
(Taras et al., 2006) o (5,105 wgamdas

Bramwell e) (bg; il 39 2L/ 5 (5 v $09)b
Soi 2kl 9 (5 Gar ok sRSell sl al (1995
3 42 jebods 45w oolitul reling s (slid 4 oyl

O3 ErepSS 03,5 Silwlaa -V 10ed o 00l sy )



£

OO-5Y) VN Lol s o lotl w3l JLod sols Slos liyioes

T2 05,5 a5 olo ol g b o> 4 b gl
Loyl gme Bl g a1y oo mbe oo o i
‘5|L..._‘>“5>L..._‘>QA>LA(P<’/’(B )\))‘\JTI 5T06LQ05)§
(v:‘Lo 5o ‘n).u...v‘ u,u)l_o...u slie cwdw ua.‘>l....a 0859 5 e
o J93ard b (poless a5 wisls plis Sleowsy 5 (e
Jﬁ\.\?)(P<’/’ \) KWIRV-Y 03; A Con LS)“)(_?"*" S gupe
Slap el 2oy0 33 e Rl cow Jg39d (T
2,led (P<efe o V) al aald 09,8 4 Cond lorigals
S el Wl oo hafiie & 90 J939,0 b e obisS
Dolis wald 095 4 o 9 998 S GsemlonnSTy
laogS (0 Gl Soli (Jg )l )l s
5heolawl (Y g )(P<+/+Y)) wid odwline g ks
dar yole Eyo slaug > 0 Doe (Vs &jgods Joj9
o 5 eyl Grazisld CuheS S el wdg sl
oo @l b @ls (l a5 0g 0ad oS Ll (i
VIO zdaw 5l eslaiwl .o)ls Slsen (Alieral., 2017) S50
@ Oy g S St el Js35, 555 00 p5 e
2 el @l g chile B rizen 5 ol
o b as (Saylam et al., 2011) o gyl 59005 L 1o 10
s Ly S o ol gl

u_').'YL T2 09)5 e 4..4..; U)5 (5’5 RN ul.m.: 6)‘0‘52.’.0
als uLA.AAJ ‘) 6)‘6‘5;&0 uﬁlﬁ.ﬁ LDOj)f );Lw Lv 9 adle ‘) )‘..\M
sialojl slaog,5 10 5ol Lasls (Y Jgaz )(P<:/++Y)
T2 09)5 B )‘..\M ua);yl) 9 Sl 6)10 >R Cado ..\.;5)
(P<+[+)) oy ovalive

sy (g i85 13 o)l 050 (V Jgaz)ege 255
I3l p 3 b e yesly owl Ceway NCBI ools olSL 51 0500
okl slayl58l o 5 alwg 4 9 >1 )b Primer3Plus ;3!
PrimerBLAST -y coxen g OligoCalc (OligoAnalyser
B wals plaie 4y sy 5 wd 518 (sl o)
S5 b gy 5 adn slocdl JS RNA jlabar
L JoXo DNA c&Lls g (Ambion, USA) Jgpnlys Jeloxe
4o (GeneAll, South Korea) jpgaxe oS ;| colazuwl
BioRad, ) JSGluge s oiws ;o g S 00 ol o>
S.S L Real-time PCR sla STy 8,5 slxl (USA
5 o)l E8 50 cl 03l slag g oSkl
HOT FIREPol® EvaGreen®qPCR MiX _uSo yiws
Rotor-® ol%eews g (+ =+ + V=Y 0-+ A : 5L o,Les) Plus
Corbette Research (model: <5 ,% <=ln Gene
Ll K Jols PCR asby o plxl RG2072D)
YO az > ¥ A0 °C 0 ldads O (gjlwaiis yuly
YYOC ;04 Ve 400°C 0 aslYr <20 °C o slast
o3 5l plaS 5o gl g bdiged JI G 50 0,90 40 09
g 0l yuatS b logad (g9, 5l (C) allin] 4z > wuuils
A duwlee 2788C 5o ol ooliinl L Jols slassls

L Solai YlS 7 b LB o s ool g, lo/ o g s jor
ol Judow g 4350 SAS 1381 65 GLM 4y, 51 eolazul
oS (sylel Joo ;0 dan piie Glyie 4 G 09
@bl e 53 5 oSl 5031 L baeSilie anglio 5 0
IUGIPAES IR 38

real-time PCR )5 oolaiwl 050 sl poslyy g5 4 bogy o LS5 =Y Jgao

Table 2. Details of primer sequences used for quantitative real-time PCR

Gene Sequence Product size (bp) Accession number
B-actin F: AGCTATGAACTCCCTGATGG 236 X00182
R: ATCTCCTTCTGCATCCTGTC
PVRL3 F: CATGTGGACCAGGCTGGATG 150 XM 416630.5
R:GTCTTCTGATCACTCCTCTGACC
LPR2 F: GGAGTGTTAGCGATTGGAGGC 349 XM _004942766.2
R: CCACACTACCAGCTCCTGTTA
FOXJ1 F: TCCTACGCCACTCTCATCTG 155 NM 001321535

R: TTCAAGGACAGGTTGTGTCG

PVRL3: cell adhesion molecule 3 Protein, LPR2: lipoprotein receptor-related protein 2; FOXJI: Forkhead box J1.
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Table 3. Effect of letrozole on some reproductive traits in aged broiler breeder roosters (mean+SD)

Letrozole ( mg/kg of body weight)

Traits! 0 0.015 0.03 P-value
Semen volume (mL) 0.46 £ 0.05° 0.46 £ 0.08° 0.55+0.05° 0.06
Total motility (%) 80.7 £ 0.62° 85 £0.6* 84.9 + 0.4° 0.01
Forward motility (%) 70.7 £0.42° 72.6 £0.4° 74.7 £0.32 0.01
Sperm abnormality (%) 10.6 £ 0.082 10.2+£0.13° 10.2£0.1° 0.01
Live sperm (%) 69.9 + 0.4¢ 77 £0.3° 80.5+0.3* 0.01
Plasma membrane integrity (%) 70.5 +0.34° 73.8 +0.24° 76.1 £0.23% 0.01
Sperm concentration (x10°) 4.2 £0.05° 4.4+0.03° 4.6 £0.05* 0.01
Malondialdehyde (nM/mL) 0.94 +0.032 0.8+0.01° 0.77+0.01° 0.01
Body weight (kg) 52016 5.140.19 5.140.12 0.3
Testes weight (g) 37.4+4.1° 40.5+0.53° 41 +£0.35° 0.003
Gonadal somatic index? 7.1+£0.73° 7.6 +0.70° 8.7 +0.80° 0.01
Sperm concentration in testes(106) 25.1+£0.43° 31.5+0.4° 24.8 £ 0/8° 0.01
Fertilization index (holes/mm?2) 117.5£1.5° 123.3+£2.3% 130.1 £2.32 0.01

! Different superscript letters in each row indicate significant differences (P<0.05).
2 The gonadal somatic index is calculated as testicular weight (g)/body weight (kg).
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Table 4. Effect of letrozole on some histological and plasma biochemical parameters in aged roosters

Letrozole ( mg/kg of body weight)

Traits! 0 0.015 0.03 P-value
Phosphor (mg/dL) 0.44+0.15 0.4+0.16 0.43+0.16 0.91
Calcium (mg/dL) 0.2 +0.06 0.18+0.07 0.2+ 0.09 0.93
Total protein (g/dL) 0.16 £ 0.03 0.15+0.01 0.16 £ 0.01 0.3
DST?(um) 17.1 £0.35¢ 18.3+0.32° 18.8 £0.3? 0.001
TSE*(um) 2.34+0.3¢ 2.5+0.2° 3.1+ 0.22 0.001
Proximal ductules + + + 0.001
Distal ductules + ++ ++ 0.01
Epididymal duct + ++ ++ 0.01

! Different superscript letters in each row indicate significant differences (P<0.05).
2 The gonadal somatic index is calculated as testicular weight (g)/body weight (kg).

3 Diameter of the seminiferous tubule.
4 Thickness of the seminiferous epithelium.

* Sections in which >30% of the ducts displayed full sperms.
** Sections between 30-60 % of the ducts displayed a full sperm.
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Fig. 1. Testicular and plasma concentrations of testosterone (A), estradiol (B), estradiol to
testosterone ratio (C), and plasma concentration of FSH (D) following treatment with letrozole
in aged broiler breeder roosters (n=6, means = SD)
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Fig. 2. The relative expression of Foxj (A), LPR2 (B), and PVRL3 (C) genes in the epididymis region and testis
following short-time (three weeks) treatment with letrozole in aged broiler breeder roosters. Beta-actin gene was
selected as an internal control; Data are presented as mean = SD; Values with different letters are significantly

different (P<0.05)
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