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>=2.C! (%)4J:%1! IUU! C%1=!

]&0%4=$*0! ?2J=G2%.G%=B! MA&^@! #$%! 4%=>1+=! ,%4%! *.*1-`%/! >=2.C! ?2J8/2+! ;%4=2J.! U@R@Q@I!

=J3+,*4%@!!

&

@'3'$4'$-3(&3#3(54$4&

#$%!(!5@I@"!&!7*.C>*C%!*./!8.;24J.0%.+!]V4%%!AJ3+,*4%!VJ>./*+2J.B!?J=+J.B!<&^!,*=!>=%/!3J4!

=+*+2=+2G*1! *.*1-=2=@! #$%! 3%4+212+-! )*4*0%+%4=! ,%4%! )4J;2/%/! *=! 0%/2*.=B! ,2+$! 02.20>0! *./!

0*W20>0!;*1>%=!C2;%.@!LJ0)*42=J.!J3!3%4+212+-!G$*4*G+%42=+2G=!D%+,%%.!)*+2%.+=!*./!GJ.+4J1=!,*=!

)%43J40%/! >=2.C!<*..Zh$2+.%-! M! +%=+B! ,$21%! *11%1%! 34%e>%.G2%=! ,%4%! %;*1>*+%/! >=2.C! χ5& +%=+@!

7JC2=+2G!4%C4%==2J.!,*=!>=%/!+J!*.*1-`%!+$%!*==JG2*+2J.!D%+,%%.!+$%!)J1-0J4)$2=0=!=+>/2%/!*./!

+$%! 42=f! 3J4! 0*1%! 2.3%4+212+-B! ,2+$! +$%! J//=! 4*+2J=! ]N(=^! )4J;2/%/@! 9! p! R@RQ! ,*=! GJ.=2/%4%/!

=+*+2=+2G*11-!=2C.232G*.+@!

!

!



! X!

!J@IK+@&

&

;($#$-3(&63'3&&

#$%! 3%4+212+-! G$*4*G+%42=+2G=! J3! =+>/-! )*4+2G2)*.+=! *4%! =$J,.! 2.! #*D1%! 5@! &=! %W)%G+%/B! 2.3%4+21%!

)*+2%.+=! ,%4%! J1/%4B! $*/! 1J,%4!0%*.! +%=+2G>1*4! ;J1>0%! *./! =$J,%/! =2C.232G*.+1-! GJ0)4J02=%/!

=)%40!e>*12+-!)*4*0%+%4=!]=)%40!GJ.G%.+4*+2J.!*./!)4JC4%==2;%!0J+212+-^!GJ0)*4%/!+J!GJ.+4J1=@!!

&

M)#)'$-&23/$3'$.#4&$#&A"RN&A"RR&3#6&AR$%&%)#)4&

LJ0)*42=J.=! J3! AHR ]&4CQQK7-=^B! AHRR ]94J"YQ&1*^! *./! ARNT! ]d*1"YXd*1^! *11%1%! *./!

C%.J+-)%! 34%e>%.G2%=! D%+,%%.! G*=%=!*./! GJ.+4J1=! *4%! =$J,.! 2.!#*D1%! I@!:%.J+-)%!/2=+42D>+2J.=!

,%4%! 3J>./! +J! D%!,2+$2.!'*4/-Zh%2.D%4C! %e>212D42>0@!&11%1%! 34%e>%.G-! %;*1>*+2J.! =>CC%=+%/! *!

=2C.232G*.+1-! $2C$%4! 2.G2/%.G%!J3!AHRR!&1*"YQ! *11%1%! *0J.C! 2.3%4+21%! 0%.! ]R@Q"^! GJ0)*4%/! +J!

GJ.+4J1=! ]R@K5c! χ5& +%=+c! 9! a! R@R5P^B! ,$21%! .J! =2C.232G*.+! /233%4%.G%=! ,%4%! .J+%/! 2.! *11%1%!

34%e>%.G2%=! J3!AHR! &4CQQK! *./! 7-=QQK! *./!ARNT! d*1"YX! ]:! *11%1%^! *./! d*1"YX! ]L! *11%1%^@!

A2021*41-B! C%.J+-)%! 34%e>%.G-! %=+20*+2J.=! =>CC%=+%/! *! 0*4f%/1-! $2C$%4! )4%;*1%.G%! 3J4!AHRR!

&1*\&1*!C%.J+-)%!,$%.!GJ0)*4%/!+J!GJ0D2.%/!C%.J+-)%=!J3!94J\94J!*./!94J\&1*!*0J.C!2.3%4+21%!

0%.!]I"@Qq!;=@!PY@Qq^!GJ0)*4%/!+J!GJ.+4J1=!]"Y@Rq!;=@!Y5@Rqc!1JC2=+2G!4%C4%==2J.c!N(!a!5@"Rc!9!

a! R@RRP^B! ,$2G$! 2=! 2.! *C4%%0%.+! ,2+$! +$%! $-)J+$%=2=! J3! *!AHRR &1*\&1*! C%.J+-)%! D%2.C! +$%!

=>=G%)+2D212+-! 1JG>=!3J4!0*1%!2.3%4+212+-!]#*D1%!I^@!#$%!;*1>%!J3!AHRR!94J"YQ&1*!1JG>=!J.!0*1%!

3%4+212+-! ,*=! 3>4+$%4! %;*1>*+%/! ,2+$2.! 2.3%4+21%! )*+2%.+=! D-! GJ0)*42.C! +$%! )4%;*1%.G%! J3!

*`JJ=)%402*! *0J.C! AHRR! &1*\&1*! ]KU@"q^! *./! 94J\94J! GJ0D2.%/! ,2+$! 94J\&1*! ]5Y@Xq^!

)*+2%.+=@!#$%!1JC2=+2G!4%C4%==2J.!0J/%1!*/_>=+%/!D-!)*+2%.+!*C%!*./!+%=+2G>1*4!;J1>0%!4%;%*1%/!*!

0*4f%/! *==JG2*+2J.! D%+,%%.! AHRR! &1*\&1*! C%.J+-)%! *./! +$%! JGG>44%.G%! J3! .J.ZJD=+4>G+2;%!



! "R!

*`JJ=)%402*!]*/_>=+%/!N(!a!5@KXB!9!a!R@RK"^@!A2021*4!+J!+$%!*11%12G!/2=+42D>+2J.=B!+$%4%!,%4%!.J!

=2C.232G*.+!/233%4%.G%=! 2.! C%.J+-)%!34%e>%.G2%=!J3!AHR!&4CQQK7-=!*./!ARNT!d*1"YXd*1!]:\L!

*11%1%^!1JG2!D%+,%%.!0*1%!2.3%4+212+-!)*+2%.+=!*./!GJ.+4J1=!]#*D1%!I^@!

!

!

?B@;I@@B=H&

!

#$%4%! $*=! D%%.! 0>G$! 4%G%.+! 4%=%*4G$! 2.+%4%=+! 2.! +$%! 12.f=! D%+,%%.! $>0*.! 3%4+212+-! *./!

)J1-0J4)$2=0=! 2.! C%.%=! J3! +$%! &'(! )*+$,*-! ]5QZ5U^B! *=! 2+! 2=! +$%! 0*2.! 0%/2*+J4! D-! ,$2G$!

/2JW2.=!*G+!*./!*1+%4!G%11>1*4!=2C.*12.C@!&//2+2J.*11-B!3>.G+2J.*1!;*42*+2J.=! 2.!4%1*+%/!C%.%=!0*-!

D%!4%=)J.=2D1%!3J4!/233%4%.+!=>=G%)+2D212+-!+J!+$%=%!%.;24J.0%.+*1!)J11>+*.+=@!V%,!)J1-0J4)$2=0=!

$*;%! D%%.! 2/%.+232%/! 2.! +$%! C%.%=! 2.;J1;%/! 2.! &'(! )*+$,*-B! =J0%! J3! ,$2G$! *4%! )J)>1*+2J.Z

=)%G232G!]5Y^@!6.!+$%!G>44%.+!=+>/-B!,%!=%1%G+%/!)J1-0J4)$2=0=!34J0!+$%!GJ/2.C!4%C2J.=!J3!0*_J4!

GJ0)J.%.+!C%.%=!J3!+$%!&'(!)*+$,*-S!AHRB!AHRR!*./!ARNT@!9J1-0J4)$2=0=!*.*1-`%/!2.!+$%!

G>44%.+! =+>/-! ,%4%! .J.Z=-.J.-0J>=! G$*.C%=! *+! GJ/J.! QQK! ]&4C! +J!7-=^! 2.!AHR! C%.%B! *./! *+!

GJ/J.!"YQ!]94J!+J!&1*^!2.!AHRR!C%.%!*=!,%11!*=!*!=-.J.-0J>=!G$*.C%!]d*1!+J!d*1^!*+!GJ/J.!"YX!

2.!ARNT!C%.%@!!

!

94%;2J>=! =+>/2%=! $*;%! 3*21%/! +J! *==JG2*+%!AHRR! 94J"YQ&1*!)J1-0J4)$2=0!,2+$! +$%! %+2J1JC-!J3!

%./J0%+42J=2=!]5Q^!*./!1>.C!G*.G%4!]5X^@!6.!+$%!G>44%.+!=+>/-B!,%!3J>./!+$*+!*!.J.Z=-.J.-0J>=!

G$*.C%!2.!AHRR!C%.%!0*-!=%4;%!*=!*!=>=G%)+2D212+-!1JG>=!3J4!=%;%4%!0*1%!2.3%4+212+-@!(%G%.+1-B!+$%!

AHRR! 94J"YQ&1*!)J1-0J4)$2=0!$*=! *1=J!D%%.! =>CC%=+%/! +J! GJ.+42D>+%! =2C.232G*.+1-! +J! C%.%+2G!

)4%/2=)J=2+2J.! +J! 4%/>G%/! 0*1%! 3%4+212+-! ]5P^! *./! +$%! )4%=%.G%! J3! 02G4J)%.2=! ]IRB! I"^! 2.! +$%!

n*)*.%=%!)J)>1*+2J.@! 6.!+$%=%! =+>/2%=B!+$%!)4%=%.G%!J3!+$%!94J"YQ!*11%1%!,*=! *==JG2*+%/!,2+$! *.!



! ""!

2.G4%*=%/! 2.G2/%.G%! J3! 0*1%! 2.3%4+212+-! *./! *D.J40*1! %W+%4.*1! C%.2+*1! /%;%1J)0%.+@! N.! +$%!

GJ.+4*4-B!J>4!32./2.C=!/%0J.=+4*+%/!+$*+!+$%!&1*"YQ!*11%1%!J3!AHRRB!4*+$%4!+$*.!+$%!94J"YQ!*11%1%B!

,*=!0J4%!)4%;*1%.+!*0J.C!)*+2%.+=!,2+$!=%;%4%!0*1%! 2.3%4+212+-@!N>4!/*+*!3>4+$%4!=>CC%=+%/!+$*+!

94J\94J!*./!94J\&1*!C%.J+-)%=!0*-!3>.G+2J.!*=!)4J+%G+2;%!C%.J+-)%=!*C*2.=+!0*1%!2.3%4+212+-B!*./!

+$*+! )*+2%.+=!,2+$! +$%!&1*\&1*!C%.J+-)%!0*-!D%!0J4%!)4J.%!+J!0*1%! 3%4+212+-! )4JD1%0=@!V>4+$%4!

4%=%*4G$! 2=! .%%/%/! +J! G1*423-! +$%! 4%*=J.=! 3J4! +$%! /2=G4%)*.G-! D%+,%%.! J>4! 4%=>1+=! *./! +$J=%! J3!

h*+*.*D%! %+! *1@! ]5RRK^! ]5P^@! #$%! /2=)*42+-! 0*-! D%! />%! +J! /233%4%.G%=! 2.! =+>/-! )*4+2G2)*.+=@!

&1+$J>C$!+$%!2.G1>=2J.!G42+%42*!3J4! 2.3%4+21%!0*1%=!,%4%!=2021*4B!+$%!G42+%42*!3J4!GJ.+4J1!=%1%G+2J.!

,%4%! =12C$+1-! /2;%4C%.+! D%+,%%.! +$%! =+>/2%=@! 6.! +$%! G>44%.+! =+>/-B! +$%! GJ.+4J1! =%1%G+2J.!)4JG%==!

4%12%/! J.! =)%40! )*4*0%+%4! 4%=>1+=! ]0%/2*.! =)%40! GJ.G%.+4*+2J.! ;*1>%! J3! "55@R! W! "R
P!
\01c!

02.20>0!*./!0*W20>0!;*1>%=!UQ@R!*./!U"P@R!W!"R
P!
\01B!4%=)%G+2;%1-^@!N.!+$%!GJ.+4*4-B!+$%!+,JZ

3J1/!=0*11%4!GJ.+4J1!C4J>)!J3!+$%!h*+*.*D%!=+>/-!GJ.=2=+%/!J3!0%.!,2+$!)4J;%.!3%4+212+-B!D>+!.J!

)4%G2=%! 2.3J40*+2J.! ,*=! *;*21*D1%! *DJ>+! +$%24! =%0%.! =*0)1%! e>*12+-@! N>4! /*+*! 2=! 2.! *C4%%0%.+!

,2+$!*!4%G%.+!=+>/-!D-!#22/J!%+!*1@!]5RRP^B!,$%4%2.!+$%!&1*"YQ!*11%1%!,*=!3J>./!+J!GJ.+42D>+%!+J!

+$%! %1%;*+%/! =)%40! iSg! G$4J0J=J0%! 4*+2J! 3J11J,2.C! )4J1J.C%/! %W)J=>4%! +J! J4C*.J$*1JC%.!

)J11>+*.+=!]I5^@!

!

#J! /*+%B! =+>/2%=! 2.;%=+2C*+2.C! 12.f=! D%+,%%.! +$%! AHRR! 94J"YQ&1*! )J1-0J4)$2=0! *./! 0*1%!

3%4+212+-! )J+%.+2*1! *./! %W+%4.*1! C%.2+*1! /%;%1J)0%.+! $*;%! D%%.! /%=G42)+2;%! 2.! .*+>4%B! ,2+$! .J!

4%)J4+=! %;*1>*+2.C! +$%! )J==2D1%! 3>.G+2J.*1! 4%1%;*.G%! J3! +$2=! ;*42*+2J.@! &=! +$%! 94J"YQ&1*!

)J1-0J4)$2=0!4%=2/%=!2.!+$%!$%+%4J/20%42`*+2J.!/J0*2.!J3!&'((B!2+!$*=!D%%.!$-)J+$%=2`%/!+$*+!

2+!GJ>1/!*1+%4!+$%!3>.G+2J.!J3!+$%!4%)4%==J4B!1%*/2.C!+J!,%*f%4!.%C*+2;%!3%%/D*Gf!*./!%W*G%4D*+%/!

+JW2G!%33%G+=!J3!%.;24J.0%.+*1!)J11>+*.+=!]I"^@!&1+%4.*+2;%1-B!+$%!AHRR 94J"YQ&1*!;*42*+2J.!0*-!

D%!12.f%/!+J!*.J+$%4B!-%+!>.f.J,.B!3>.G+2J.*1!)J1-0J4)$2=0!2.!+$%!AHRR C%.%@!!



! "5!

#$%! .J.Z=-.J.-0J>=! &4CQQK7-=! G$*.C%! 2.! +$%!AHR! C%.%! ,*=! 1JG*+%/! 2.! +$%! +4*.=*G+2;*+2J.!

/J0*2.!J3!+$%!4%G%)+J4!)4J+%2.!+$*+!2=!4%=)J.=2D1%!3J4!+$%!2.2+2*+2J.!J3!+4*.=G42)+2J.!34J0!+$%!+*4C%+!

C%.%=!]II^@!94%;2J>=!4%=%*4G$!3J>./!+$*+!+$%!&4CQQK7-=!)J1-0J4)$2=0!J3!AHR!GJ44%1*+%/!,2+$!

*1+%4%/! %W)4%==2J.! J3! Li9"&"! /%+JW232G*+2J.! %.`-0%B! J.%! J3! +$%! 0*2.! +*4C%+! C%.%=! J3! +$%!

*G+2;*+%/! &'(! )*+$,*-! ]IK^@! 'J,%;%4B! J+$%4=! $*;%! 3J>./! .J! GJ44%1*+2J.! D%+,%%.! +$%! AHR 

&4CQQK7-=!)J1-0J4)$2=0!*./!Li9"&"!2./>G+2J.!]IQB!IP^@!#$%! 20)*G+!J3!+$%!AHR!&4CQQK7-=!

)J1-0J4)$2=0! $*=! D%%.! =+>/2%/! 2.! GJ._>.G+2J.! ,2+$! =%;%4*1! )*+$J1JC2G*1! GJ./2+2J.=B! =>G$! *=!

/%3%G+2;%!=)%40*+JC%.%=2=!]5P^B!%./J0%+42J=2=!]5Q^B!1>.C!G*.G%4!]IQ^!*./!/%0%.+2*!]IU^B!$J,%;%4!

.J!*==JG2*+2J.=!$*;%!D%%.!3J>./@!6.!+$%!G>44%.+!=+>/-B!*11%1%!*./!C%.J+-)%!34%e>%.G2%=!J3!+$%!AHR 

&4CQQK7-=! )J1-0J4)$2=0! ,%4%! GJ0)*4*D1%! *0J.C!0*1%! 2.3%4+21%! )*+2%.+=! *./! GJ.+4J1=! 2.! +$%!

8=+J.2*.!)J)>1*+2J.@!!!

!

#$%! d*1"YXd*1! ]:\L!*11%1%^! )J1-0J4)$2=0! 4%=2/%=! 2.! +$%!/J0*2.!J3! +$%!&(b#!)4J+%2.! +$*+! 2=!

.%G%==*4-!3J4!/20%42`*+2J.!,2+$!&'(@!&1+$J>C$!+$2=!=21%.+!0>+*+2J.!$*=!.J!%33%G+!J.!+$%!*02.J!

*G2/! GJ.+%.+! J3! +$%! &(b#! )4J+%2.B! 2+=! J;%4*11! 20)*G+! 2=! 1*4C%1-! >.f.J,.@! #$%! d*1"YXd*1!

)J1-0J4)$2=0! 2.! +$%!ARNT! C%.%!$*=! )4%;2J>=1-!D%%.! =+>/2%/! 2.! 4%1*+2J.! +J! .J.=-./4J02G!J4*1!

G1%3+!]IY^@!#$J=%!/*+*!=>CC%=+!+$*+!+$%!d*1"YXd*1!]L!*11%1%^!)J1-0J4)$2=0!02C$+!D%!2.!*!12.f*C%!

/2=%e>212D42>0! ,2+$! *.J+$%4! *=! -%+! >.2/%.+232%/! 3>.G+2J.*1! )J1-0J4)$2=0! J3! +$%! ARNT! C%.%!

4%1*+%/! +J! J4*1! G1%3+! 3J40*+2J.! ]IY^@! 6.! +$%! G>44%.+! =+>/-B!,%! 3J>./!.J! *==JG2*+2J.!D%+,%%.! +$%!

ARNT d*1"YXd*1!)J1-0J4)$2=0!*./!0*1%!2.3%4+212+-@!

!

6.!GJ.G1>=2J.B!+$2=!2=B!+J!J>4!f.J,1%/C%B!+$%!324=+!*==JG2*+2J.!=+>/-!2.;%=+2C*+2.C!+$%!GJ.+42D>+2J.!

J3!&'(!)*+$,*-!C%.%+2G!;*42*+2J.=!]AHR!&4CQQK7-=c!AHRR!94J"YQ&1*!*./!ARNT!d*1"YXd*1^!

+J! 0*1%! 3*G+J4! 2.3%4+212+-! 2.! *! L*>G*=2*.! )J)>1*+2J.@! h$21%! ,%! /%0J.=+4*+%/! +$*+! +$%! AHR!



! "I!

&4CQQK7-=! *./!ARNT!d*1"YXd*1! C%.J+-)%=!,%4%!.J+! )4%/2G+2;%!J3!0*1%! 3%4+212+-! )J+%.+2*1B! J>4!

32./2.C=!)4J;2/%/! =+4J.C! %;2/%.G%! 20)12G*+2.C! +$%!AHRR!&1*\&1*! C%.J+-)%! 2.! =>=G%)+2D212+-! +J!

0*1%!2.3%4+212+-!,2+$!20)*24%/!=%0%.!e>*12+-!2.!+$%!8=+J.2*.!)J)>1*+2J.@!!



! "K!

!JOJ!JH;J@!

!

"@! d*1/%`! 8HB! 9%+4J33! ?H@! 9J+%.+2*1! 4J1%=! J3! +$%! *4-1! $-/4JG*4DJ.! 4%G%)+J4! 2.! 3%0*1%!

4%)4J/>G+2;%!=%.%=G%.G%@!(%)4J/>G+2;%!?2J1JC-!5RRKcKS5KIZQY@!

5@! HJC%;2.*=!<@!'>0*.!$%*1+$! %33%G+=! J3! /2JW2.=S! G*.G%4B! 4%)4J/>G+2;%! *./!%./JG42.%! =-=+%0!

%33%G+=@!'>0!(%)4J/!5RR"cUSII"ZX@!

I@! EJ1,2Gf!HB! A,*.=J.!'B!?4*/32%1/!L@! 6.! ;2+4J! *.*1-=2=! J3!&$! 4%G%)+J4! /J0*2.=! 2.;J1;%/! 2.!

12C*./Z*G+2;*+%/!Eb&!4%GJC.2+2J.@!94JG!b*+1!&G*/!AG2!M!A!&!"XXIcXRSYQPPZUR@!

K@! 9%4/%,!:@!&==JG2*+2J.!J3!+$%!&$!4%G%)+J4!,2+$!+$%!XRZfE*!$%*+!=$JGf!)4J+%2.@!n!?2J1!L$%0!

"XYYc5PIS"IYR5ZQ@!

Q@! H*`1*>=f*=!&B!9J%112.C%4!7B!9J.C4*+`!6@!8;2/%.G%!+$*+!+$%!GJZG$*)%4J.%!)5I!4%C>1*+%=!12C*./!

4%=)J.=2;%.%==!J3!+$%!/2JW2.!]&4-1!$-/4JG*4DJ.^!4%G%)+J4@!n!?2J1!L$%0!"XXXc5UKS"IQ"XZ5K@!
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Table 3. Allele and genotype frequencies of AHR, AHRR and ARNT variations in infertile men and 

controls. Allele frequencies of infertile patients and controls were evaluated using χ2 test. The logistic 

regression analysis was used to analyze the associations between the polymorphisms studied and the risk 

for male infertility, with the odds ratios (ORs) provided  

 

Allele and genotype 

frequencies 

Gene   

variation 

Infertile men 

(n = 112) 

Control men   

(n = 212) 
OR, P value 

 AHR:  Arg554Lys  

G (Arg) 0.94 0.91 
Allele frequency 

A (Lys) 0.06 0.09 
N.S. 

a,b
  

G/G
 c 

87.3 (96) 82.9 (175) 1 

G/A 12.7 (14) 17.1 (36) 0.71, N.S. 
Genotype frequency, 

% (n) 
A/A - - - 

 AHRR:  Pro185Ala  

C (Pro) 0.49 0.58 
Allele frequency 

G (Ala) 0.51 0.42 
0.026 b  

C/C c 29.7 (33) 34.6 (73) 1 

C/G 38.8 (43) 47.4 (100) 0.95, N.S. 
Genotype frequency, 

% (n) 
G/G 31.5 (35) 18.0 (38) 2.04, 0.024 

C/C + C/G c 68.5 (76) 82.0 (173) 1 

G/G 31.5 (35) 18.0 (38) 2.10, 0.006 

C/C c 29.7 (33) 34.6 (73) 1 

Combined genotype 

frequencies, % (n) 

C/G + G/G 70.3 (78) 65.4 (138) 1.25, N.S. 

 ARNT:  Val189Val  

G 0.68 0.67 
Allele frequency 

C 0.32 0.33 
N.S. 

b 

G/G 
c 

45.0 (50) 47.4 (100) 1 

G/C 45.0 (50) 39.8 (84) 1.19, N.S.  
Genotype frequency, 

% (n) 
C/C 10.0 (11) 12.8 (27) 0.81, N.S. 

G/G + G/C c 90.0 (100) 87.2 (184) 1 

C/C 10.0 (11) 12.8 (27) 0.75, N.S. 

G/G c 45.0 (50) 47.4 (100) 1 

Combined genotype 

frequencies, % (n) 

G/C + C/C 55.0 (61) 52.6 (111) 1.10, N.S. 

 

Table



Note: AHR = aryl hydrocarbon receptor gene; AHRR = aryl hydrocarbon receptor repressor gene; ARNT 

= aryl hydrocarbon receptor nuclear translocator gene; a N.S. – Not significant, b P value from χ2 test and 

c 
reference group 

 


