








A NOVEL MOUSE M ODEL FO R PARTI ,\I .ANlJROGH' INSENS ITI \ 1TY 
SYN [)R()~I .; 

<Cl Kat ie E. Ma<d<mald . Il_Sc_(Hons) 

in partial fu lfillment of the 

''''luirements for {he degree of 

Mas{erofSci~,><e(Med i c i ne) 

Fa.c ult)"ofMc-dicioc 

April2011 



And",!!"nlnsensilivilyS)'txlroo..,(AISli'li>ewxier.tl'IlIS<ulini"'liooof 

iooividualswilhXV .. xchromosomekaryol)p<"S.Abrooddinicalspe<ln.unofAIS 

exi"" from mild lOparliallorompklcAIS. Moo .. mO<klsof<"<>mpl<1< AISha,,< httn 

used 10 Sloxiy aspcci,of""xual dnc lopmcnt, rh)" iolo>,y, and bcha.,ioumloulcomc ,in 

tl>c.b""""cofan<1rogcnic.ignaling, "ThereiSCUrTcntl)'noan im.lmodel"fpartiaI AIS 

(PAISj.an<11i>eno'-el1llO\lSOsuaindc""r;bed inthisres."rchsalisliesli>edinicaI 

JcscripiionofhutTI3JII'AISpalicn",appcaringoul",,,dlymak,,ithadditio,,,,lfcmini"" 

chatarlrri<1ics_ My rc.",,,,,,h onlhe PA IS mou""",,><icl ftx:usc. on tl>c """I()mical 

f~",urc.and"nd.,<rin()l()gy()flhi. uniqUCSlr.!in,and lhemlc"fparti'l andmgcnsignaling 

Anatomically, PAIS male mice have . ;milar body si", and weighl to ,,-ild-Iype 

(WTlmales,I>tJIthe}'ha\-eani ntermo:diateanaJ-genilaJdiSiancelhatisshorierlhanWT 

male_., hut longcr than "VT female mice, "The PAIS male. do 1""<"'" intra_abdominal 

1<"Sle.,l>tJllheyarcinfcrtik.aslhcyla<kinl<-rnaln:prodLJ<liYCSlrudun:ssuchaslhe 

.. minaJ"esicles.prostale,epidid),misand.'asJeferens, Aoo",!!en-responsi\eotgansare 

,igJ1ificanlly sm.lI..- in malure PA IS males <"",pared 10 age-matched wr m.l"" 

ind udinglhelcstc<,prepulialglandsandkidoc),,,lMlwcHr,1hi.ph<-1l<lt)pcdidnot 

c"n-da .. withah.:k<lflcs1();lc"'nc(Tl.)'nllK. .. i,,'inccTcr""'Cfllralit'"sw~renol 

dilTerenlbel"<:<onWTanJPA1Smalesasju"enilc;(30d)or}'U<lngooul1S(SOd), 

glands in caSlrnlcd mal""'lISsignilican,l ),rc-Juccd inT.s.uppl erncnlcd PAIS "ersLlS\\-'l 



further indiealed b~' the <lev"ltd SC1'Um ~o""dolropin co"""n!talion, al 30 cl "f"ge 

(Lll)) . • u"eSling a f.i lore of ncsati'-e (Mood ",sulation at the lewl of'i>c 

hypolhalamic.anl"riorpil"i'.ry-~onadal(lll'Gjaxi •. lkh."'iourally.lhePAJSmUlat;on 

significantlydecre.se<imaJe-typica l bcha"ioors(aguessiooondseJ<ualintcrcSljnnd 

in<reasedan~i<1)'-l ikebcha'·iOlt rinastandardpa"""igmform.asureme"tofroJent 

anxiety - tl\eeie"'le<iplusmaze, One assayofsocial bcl"..-ioursllowe<i oodill.ren<c in 

social interactions betw",,, PAIS and WTmalt ml<e. This ,,,,,,e l rodent tt><><Ic1 of PAIS 

;.a,isfirsII>cCTil<-TI.foThuman PAISpalic"11ts. andwillsc,,·easBne.,cdl"'lft001 to further 

<xpl"Tt'i>cpolCntialconllCquc""".ofPAIS10malci>cai,h 
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Chailier I - INTRODUCTION 

1.1 Androg.n,udM.I. lI.tproooc. i ... llu lib 

1.1.1 '''ormaI Jllalt lk n lopmrn' 

1'he000)·picsexdifT .... "'c."a ..... uribu.ed.o.he se.chro'nosomes(Clu).Xrxin 

f.males and XfY in ,nales. The developmental path stans from a single-<:elkxl z)"~otc 

lha'de,·.lopstoform&Jl.mboyoandlat"J'f"Ol:!"I's.se.intoafeHls.Thel'l""~otefonnswhcn 

lhofemale gamc1e(egg) ispenelmted " 'iththc male gamclc (spetm). Gcnctic matcrial, 

.",exchang«<l bct"""n ego; and spetm resoiting in a l)so.e. The l)'golC undero:o<s 

multipkcell di" i,ionsw form a 1.'¥ee<:lI "", .. lCnned.he morula and $ob$cquontly a 

blaslocy>l(H.rrison.1959). ThebiaslocySlimplanl$intotheulcriDCw.llandconlin""lo 

VOw in.o &Jl.mbryo (H.rri>o". 1959). Thecmboyo undergOC$$C, .... ldifTer<ttli.li<on 

medi.tedby.hepm;<oc<:ofChrXandY(llarrison.19S9j.Gcncrally.lheChrXV 

pairing Icad,.o tbe de'·.lo .... nen. of male sex ",¥"IIS and thc ChrXX pairing ",,,,Its in,,,,, 

de"elop",,,n' offemale sex "'¥""' (i\mold. 20(4). Stooie.oo human sobjo<ts "hos< 

p/oeOOl)·pic sex did OOICOm:lalCwi.htheirgCD01)"pic •• ,,kd101he isol8lion of ..... SRI" 

(.""~..J.·u'miningR~gion I"go",,)_ ,. .... SRI' proIcin i, ,,,,,es.<ar)" for male de,·elopmcn. and 

i,oftcnrcfcrm!tnasthc Tcs:ti.«lctmining l'actor(lUF)(GrifTen.2000)(Figl.l).The 

expressionofSRV protein from the male Chr V lead,lo.hedifTerentiatiooof.hc 

"",br}"ooic gonads in.o.est<:, in bo<h hurnan,and ",dcn1S(Sintiairc,.I.. 1990) 

1.1 .2 lI ormoul lnftucn.., •• nd Malt U .... lopn' .. 1 

M.lcdevclopmcntcon.inOC$with.h<ho"""nalconlribu.innnfl .... gonad 

Go:m:>dalhormnnc,funhcT$Cx .... ldifTcrcnli.lionbycnnlribulinglOlhosex-'I""'ific 



dc"clopmemofma.nyorg.nsaodha'-c""",,,,""nlorganizalionalelfeclSonlheinlCmal 

reprodllCli'-cana!omy.Dwillj!geslalioo.lheembr)"odc,-cl"""I'",""",ofdllClS"hich 

arelheaodilferenliaiedprecW'SOf'SformllChoflhenl.leandfcm.lercprodllClj'-ell3ClS; 

boIhlheWollflanandMnlieriandllClSOOrlll.1I1}' dc'-eiopinlheJll"S"lICeofCb,y 

(G'; fTcn.2000).MulieriandllClSinfcmales~j '-c'isclOlhefall~an 'ubc .. uppcr'--.gina. 

aodlhe mclUS;inmalc"lhe\\'olmand""'s ~i'-criSC101I1ese",;",, I ,...iclc .. '1ISdcfcrcns. 

aodcpididymis(Figl.2)(Grillen.2000).A,·aticlyofhonnor.,.arerequ in:<lr"nhesc 

Sln.:1"""lOde'·~lopf'lOl1t\ally.AnJrog.nsareSleroidhonnoneslhal in large pan "1lulalc 

dc,·clopmenlaodma.inl<nanccofmaiesex ... lchanocl<riSlics in"enebnucs(Siil<ri& 

Wil""".1(74).M.1lercprodllCli,·esexorgan.re>opolldlO.nJrogcn.anddQnotfurm i" 

lhei,"""'''''''. ",ilh lhe c~""ption"f1l><: ""'is_ 'rO$loSlcmnc(1)(Fi~ 1.3) is I'I«:<-ssary for 

lheappcarnr.c<;oflhemalcpbcnol)'pcandi$ occITledbyllleinIClSlilialcellsofLeydigof 

'1Ie1'''I<s(llrinkmann.2001)_ Anli.M (l II~rianHormo,",(AMH)frumlhef'lall<S1es 

causeslh< ITgre$S;"n of Mullerian clocl$ (GrifTen, 2000). External """sculi",, ~enj lalia 

i"cludin~'hephall .... and "",,"umbcg,intodnc1op follo,,-ing.""'l1cof1· """'''''lion from 

,",wlyformcd1.<ydigcclls.ThcICSl ... dc",,<ndshonJyaflcrdc'-elopmem(Cort>i .. .,.I.. 
1992) 

Mal.occondary .. "cI\a"""<riSlic.<lt,·.lopin~.lJl11bcn)'a",alsoanJrogcn 

dcpenJcnl(Par~er. 2(04). Alpubcny. malesunJc'l!ophysic.lchanges"",hB$j.\;in"",", 

gro"1h ofhair"" lhe axilla. face. che>1. and abdomcn. malura,i"" "f,he body. ioc",ase< 

les'es; lhe .. change. arc cl"" 10 a 'w¥c in androgenic hormones (Gold".i" &: Wilson. 



1975;Parkcr,2(IO.I)_Thusnormalmalcsc,u.aIJiff<TCntiatio"ancipubrnal ,natlIDltionarc 

S,LJdi", ,,-,ing gc"OCtically cnginccToJ AH knotk out mice (ARKO) <kmonstratoJ 

fcmi nizcde'temal nppear.nce(genitalia).cwnmalteSiisat,opnyalld.dedi""o(T 

productioo (Notini. 200S). 

EtTed.ofalldmgcn, may bcmcdiatcd by. 'ignal trnnsdu.:tion ""-,,hanistn "hieh 

f'filuirc'testostemnc binding to thc androgCTl lttepior(,\R) prot<in (IJrinlanann. 2(01) ; 

thcARprotci n i,amemt...,-or thcstc",iJbindingnuclearlttep1.",uperfamil),andha, 

an affinity f<)T binding to dibyJrute,to,tmmc (lJHT)or 'f Icaoding to tmnscri pliOO31 

oonu-ol ofJo"n,trcaml\c"",,(MacLcanrtal .. 1997b;Hccmers&Tindall.2007),DllTi, 

• polenl mt tabol ite ofT. " hich can bind toAR "ith highc'.fIinil~' than T.nd has loo~ .... 

lasting effects;Tiscon\-encdloDl IT" ialhccnzymeS'al phHeductase(Fig l ,J) 

(W ilbenet.l.. 1983; Ma<[..e.net aL. 1997b). [)HT.nditsa<liooi,imr<",anlfoTloc 

d"".lopment.ndm.intenanceofmalesecO<!darycharactori"i", . uchasrubcrtalhaiT 

n-taSCulini,.ationoflhcpenisand..,rolwn,andformatioooflhcproslate(J0SI.1972; 

Vag .... 1983; W.me.t Kanunl.lkala.2002) 

ThcAHgenci.locatcJ in bumans31 Xql 1·12; thcrefon:. fenl.llesha"e 1"-0 

eOl'i"ofthcAHgmean<i male,ha,'eo". COP), . Reduced fWIClion or complele loss of 

funclionJ\IC lo mutationsofthcAJl:g."" inlerferes ,,-ithAR signali ng. Th is.l Icred 

si£na ling can give rise to \'arious disord<rs of .. ,ual dcvelopment. A, malc. hayconly 

onccopyofthcARgeoc. thcso;gcncticabo<>rmalitic'canoc reaodil)' obscJ'\'oo in males. 



And~.RSalsol""'etl","bilily loexen llleireffec1Sdirecllyoncelisurf",,e 

"'Ccptorof~<1cdl<wilhouI ARbindingandn""learlransl"".lion:tlle;:.eresponse<are 

fasl<rand work Ihrough ,,,,,It S)'Sle,RS as the ~an\lna-.mi"ob<l1)"ric acid (GAB!\) receptor 

orlhe..,xhonnooe binding globu lin reccp«>r (Walhr. 2003: Foradorielal .. 2008) 

A llhooghalldrogensmayacllhroughd ifl'crenln>echanism.s.lbeARrece ptoris tlle 

preoom in.ntpathw.yfor..,xualdifferentiation. 

1.1.4 lIypolh.la mi.· Piluilary·Gon~d . 1 A, is 

The hYjXllhalamic· piluital)'· gonadal ( II PG) "xis is crit ical for m.k d<"c lnl"" enl 

and regublion of llle repro;h"'l i"e system. Withi n the HI'G .. ~i .. the ")'I",lhalamus 

produc",gonOOotmpin.",lca, inghmmonc(G nRH). lheantcrio, lobcoflltt pituilary 

glandprodocC$f<lllicic stimuialinghorTllonc(FSH)andlutciniLing ltonnone(LH) .• nd 

lhegonadsproduccbolhc.rrogensandandrog"ns.GnRH issecreledfrom lhecell sof ll1e 

It),jXllhatamu,andi,carrieJ lo lheaJtlerior piIUilary,;a lllehHI('physcalpo''al verIOUS 

syslcrn ,l n ..... 'p<>n"'loGJtRH.tllepiluilaryprodllCesandrele~sLllandFSllint" tlle 

blood Slream(G,illen. 2000). Aolh LH and FSII affe<1 the p",docti "" ofg<>ru>dal 

slimulateintcrstilialcelisinll1elesleStoillC",,,,,,Tproduction.whiIcFSHpia),'a"rilical 

rolcin spcrm.11<>geoesi. 

In hurna ..... scrum and",!;"" Ind . peak at ""bert)' and awrage le"e ls rem.in 

eonstanl,s),UWIl! ""'lt transilion intoadulthood.Decre"scsin ll l'Gocli,·ity"",,,",","'cd 

J uringagi ngasaredecrc'scdk,·cbofT(Hcl lcr. I944).Thi,tkc«a.scin T lc'·cIs ean 

lead to.gc.", latcd ltypogunaJ ism.nd can ",,,,It ina lass ofn",scle m .... an illCrc asci n 



,'i",e,.1 fal SI~S.' decline in se~ual dri,'. (libido). im",~c""e. a decreased allOnI;On 

span •• ndan in<rease<ichan<eofbone frnctu", (Hcl lc,. 1944:Verrneulcn, 1979),'The 

OOIl"'li,'e ,ymplonlSreferredlo.,.ndropause.",maicrncnopausc, i""",=, in 

p"','al.""efron, W. inmidd leagedrnento20"4 amongrncnag<:'S60lIlroughSO 

(Vermeulen. 1979). 

1.I.SOtbrrnr..,,. of And rog<n, 

TeSloSlcro""e~e",.ffectsonl"" mal< rcp<Odu<liwpalll""y. butal", 

.fT"'''sc<on<laryoexchamcieriSlic.andse''''''dimorphis1Tl$inlhtbrainand body. Early 

rodent castntiionSlooi<:'Sshowed thtimponaoceofandrogcn$andcffcciSofearlyT 

dtprivationtomalephyslologyandbeha,'ioural oulc""", .. Re<<>gnilionlhalmal<:'Swcre 

generally more sensili, .. 10 androgenic d<pri,,,,ion ,han fcrnal".led 10 tht modem 

Se~ual dimorphism. in beha"iourmedialed by gorodal oonnoI>Csexi>l in 

oexua ll yrcproduc;nganirnal', (PhoenixelaL. 1959; JOSI. 1972;Ju"tli etal .. 200K) 

Earl ye:<po"'''' ' o,ht<"]!ani'''lional.fTe<lSofTmasculinizesll>ed<Hl,,pingbrnin 

IcadiJ\i 10 enduring behav;oural changes in a variely of an imal models (Morri. cl al.. 

2004). 'Thescbeha"iours .... medialed by pcrrn"ncn' "'l!ani""li<>tl3.l.fTe<lSon tl>ebrain. 

AR ",ccplorsa""'I>"'=d in ,·arious brain "'gionsirnl'licorcd in malelYI'Ocal m",ing 

behaviourS sucbas thcbed nucleu<ofthcsui"C'ml inah.andlhchypolhalamu«Shahel 

.1..2004),Texposureduringcarlycriticaldt,-dop<ncnlal pcriodsproducespc,maI>Cnl 

beha"ioural changesi n aspc<:t,.uchaschild play beha,iOlrr. sexual orienta'ion. and 

gCnJc,idtnlity (Hiocs & Kaufrnan, 1(94) 

Sexual dimorphisms rna)' be anatomic.1 (001",. ,i"" c«>lpatlcm, "'l!. n 



a,...angc"",m),pIIysiologicaLorbeha,'iouraldifJ=ncesbelween ... xesoflbesame 

spccie •. Sc ... ",,1 b .... inSlrudu ...... , "nich.", ... nsi!i,·c!oAK signaling,are .. xually 

dimorphic. The,·en!rometli.l hYPolh.lamus(VMH).isas.m18l1ydimorphicnrea 

in"ol.'etl in sexual behaviour !iIa! COIl!ains a sii!Jlificanll}'higherconcenmnionofAri n 

malescomparetl lofemales(Morris elnl .. 2()()4). Thellr£en.e'ppears!O play a role in lhe 

ma",,,i inif.lllionof!beVM H:malera{''''ilhadef«!iveArgene"ppear loha,·eno 

difJererw:. in tbeir VMH "fie" compartJ wilh fenudes (Mortisel aI .. 2()()4), The bed 

"ucieu,oflh<: 'IriaICTlTlinaiis(IINST)i~.ls"scxuallydi """Phic: a "'gionwi!hin !his 

area.lbepo,lcr<>mediainocicusoflbcbednucieu,of lhe.lria!Cnninalis(BSTpm). 

con!ains~teal"'AIdel"ilyandhasalarg.r,'olumeinmalecomparedlofem.l crms 

(Madeirael.J..2001),Nonnal male ra"andAr mutaletlra{,difl"e, in BSTpm "olumc 

(R"",lIi.i991)indicatingaroleforArinbrainnIMCulini:aotion. Fin.lly.wiWI}']l'Omicc 

ha,'esignificantiy,,,,.ller iocuscoeru ieus(LC) volumcandneuroopopulalioncompared 

IOmal"'lwi!hArdcfccl, (Garcia.Fa igucr.lSetal .. 2005).Th<:LCisbea\'il yimplicatetlin 

Ibc S!ress rc'pons<: and AI,ignaling""""ulini:reslhi,rcgioll{Garci.-Falguerose1.I. , 

2005). Female mice haYe a larger LC. lbeteforc 1be masculille pher.o1yp< i, a n,docetll.C 

.'Olwnc (Garcia.Falgucr"",cl al .. 2005) 

Spontaneous mutamand gene1ical iyengi"""ted mouse models show that ,fr 

fUn<lioo off«!S behaviour. Male mie<: bearing . sponW>eous null .11e1e oflbe Ar gene not 

onlylookfcmininein1I>ei'extcmalapf><atan<e.bul 1beyfai I1"displayhcha,·i"urs 

approprialclo1I>eirs."(m<lUnling,I"'Ucmsof.S& ...... , ion)(L)'o1l& lla"les.1970),11, 

knockOlJts(ARKO)are genelicallymanipul"etlmie<: in v.h ich1I>eArSc""i,complc1c1y 

tumet!off. i\RKOmiceha"cimpairetlma!e.'ypicallxha"iours;ncludinSS<.'xualin1.0 ...... 1 



(mooIHing, ilnromissioosJand oggress iOn(S"0<:1aL 2004),Simi lars,udie,ofm ale_ 

lypioal bcha"io""s/1o"'lhalcastralionofmalemice.ooh,he,;aggrcssi"ebcha,iQur'S,hal 

canbcIT",-oITdbyadmini,tcringanJroge<l,(Ta,ldDlln(G,ndelman,1980).Ar 

de!",t i vemi cc>wi lh i n~'l<ltc"e,."il l 'how"'-"'ITa",dagl\n:"i".~h,"'iour,uggest inS' 

rol el-"".ndrogensincoolmll in~lhi"pccificbch",iou,(OhnoetaJ" 1971), Similart011le 

IIRKO micc, mice wi1h ""vere.-tr l\cT,,:lie mutations haw impaired male sexual 

bchaviour'S(Ohnodal ,, 1971)_Miecloclingse lccti\'eArfun<lioninlheenli","",,'ou, 

,)"tem ,h.)W , imilar bchavi(}Ulal <kfieit' in mnle-t~'pical bch",'iours, These mi<c ,how 

10"'" "",wi mOliv.li(m, int",mi .. ,i"n" and reduced 'penn count, and also display low 

.ggressi\-ebch."iours dmingthe ,e,ident.intrud:, le,"of.ggress;on with anun (amili .r 

male (Rask in et ai" 2(09)- M.b I""king A, alS<! di,pla~'eJ signiftcaml)' few~r mounts 

.nd in 'mmi"io,,, ",,,-.,.d, females, "" well as ,,"SS time spent fighlin~.nd tower aUlK·l< in 

'ggre"ion {c,ts{Junlli ct al .. 2010). Knov,jedg"hat aJldrogensallectbehaviour 

funh<.-rxlhewKicr:>lanJingufg<ndert),picalreaclionsin'-ariousbehaviouml <itWlli on', 

mcJialedb)'''TllaJlizingctTe<tsoothebrain 



.' ;gu .... 1.1: GunaJ . 1 d;rr~ .... nti. t;"n d~tumin.-d by p",,,,nn or ab .. n .. " fTln' 

~ 
Sperm 

\ \ '7 I 

Fillu,e 1.1 soows tl>e rath"",)· of gonadal Jiffcrcntiation initi.tcd by tl>e 1"""''''''' 

ora""""""of,,,,,i, dclmnining fa.clor (I·DF). 



Fi~ur.I.2: lIifKIl to li.l goDad<ando ... lopintn . i,h ... r,malo n. mal. gonad 

Fig","" 1.2 sh<,,,,, ,hc bipol"nlial g<lll.O<ldiffcrtnti.linginloti>emale(ll"femak 

gonad strutlwn W'\d<,r the influence 0< abscoc<: ofmaie Mrrnooes. rermi .. ~>nofr.gure 

usc was granted r""" Nat\ll"C Rn·icw< (Appendix A) (Koba)"a.,hi 8< IIdttinger. 2003) 



~igurt l..l, Chcmico l "ru< tu r •• oft<stost.ron.(Tj "nddih)'dnof.,lo"tuun. (lJIl'n 

Figufel.j,ll<lw"hcchcm i.:al,!ru<!ure,ofandrog<nsTat>dDHT.Tis 



1.2 l)i ... rd~ .... r ll "n,an S .. " a llk ... lopn' tn' 

Ili""""'rsof .... ""ldevclopmcnlcanorigi .... le.l theIO\·eloftbeeilromooon><. 

sex include Kh ... felt .... S)OOrof1"l< and Tumer·. Syndrornc:. looi,·iduaJ. wilh 

Klincfclld. Syoorof1"l<arebom" ;th I 47XXYChr ~II)·Ol) ·peandlool;phc:noIypieally 

malcl"nha,·cdcmas<u lini;o;<:dfealu"""",has.malilesles.dc<:re.sedspermrounl.low 

looormal ....... m T le'·cl.bulcln.l<tl«lradiolandF$IlIcHI. (ParkCT.2<IO-I). 1"umcr·, 

(4SXQChrkar)"0l)'pe). CharaclCTiSliesofTumer·,S)oorof1"l<includel""kofmctl<t, and 

femini ... s«olIdary "XCharacl<ri<lics(I'ar~er. 20(4). 

Some ~onaJal disor<J,o,rs"", found despilC I """""I kar)'Olype and are dut,o an 

o'-ero<underproduc'ionofandrog""". r.licmswith""re~onaJald)"'i""""i ' h,,,,, an 

im""'lurefcmalcphc",~)"pe.ltlJQu"'lhe)"ho'-cnormal4(iXXor46 XYkarJOI)"pe. 

(Park ..... 2<10-1; SIwma & GuplO. 2(08). Speclrums ofundtl">'iriliud ,oco"'pl<ldy 

MUllcrianti .. utpresenl.,hustbeirdist\lplioninandrogcnptoouc,ionor",'cl'f'TO'luction 

occ urrcd.OcrAM ll " ...... ;TC"'.J(P. rker. 20(4). 

pseOOohermapiorodi'i ..... and true hermajJhrod ilism(o"ary& lesti . )(Johonnsene1aL. 

2006). l nthiS $u~'ofdisor<J,o, ... 'hepl>cnot)"pic ... of'i>tindi,'id,-",ldi$3WC<'Swithohci, 

gonadal sex (Parker. 2(04), Suffici<:nll''''clsofandrogelISdonol ~uaranleelhe;rpr<lll<r 

f"tIC'ioni~. ManyAk",u"'ions<lo"",.lIowandrogcnstobindpr<lll<rlytothe"",eplor 

andti>trefon:ho" • • iJ!)lif>e"",.ffecuonaspe<:tsofbeha'·iour.phy.iology andana1<)my. 



TheproductiooofTbylllcfel.lle"Sli.ise""nli.lf()l"normal malcmas<ulin;'!llion,andil 

hasbttnJemoostraleJlhallhefctalle>tiscanprodue<:Tfrom8-2 I w,..,hof 

<k"elopmcnt (Siileri & Wilsoo. 1974),T",.lmcntofgcndcrdi..,nkrsmayi",ILJde 

'ppropriale surgic.1 proccdurcs.hormo",,1 lrcatmcnl" and "arious form, of psychological 

SUf'l'O'\S}'stems.Funllcrmo",.!rcalmcnloflncsedi...ru<1'Snmslbeiooi' ·idualizedbase<J 

onsuchfaclorsasagealpo.-scnlalion.«onomicSlalu,andpsychosoc;al issue,(Sharm. 

& GUpl •. 2008) 

Thequalilyoflifeoflhoseli\,il\iwilhdi.onl<=ofsexualdevolopmenlhasbeen 

Sludied (1<>hannsenelal,. 20(6). Rcsuilsof.""h. 'ludy artO used lo<klcrmi .... approp1"i.tc 

tre'lmcntsandimpacts"f lmdicalint<rvcnliononfunclion.nd"",ialwell-being.An 

impaircdqualilyoflif.andm"",alTeclivoSlre"relalh-clOcoflirolsubjec"w""oI:>sc,,d 

in indi"idua" wilh cnmpl= AIS (CAIS). 46XX or 46XY karyOl)'1'<" with ."me deg":. 

or,·irili7!11ion.46XYgonadaldySt;cnesis(GDj.orcongenitaladrenal hYr<rpl",ia(CA II) 

"hichi,anaulosomalrrces,ivedisordcr.VirilizedXX.ndundcr·,·irilizedXYpalicnl< 

",:""ignilicandymorelikelylolla'·elowo:rincomc .. and'p<lOl$3lrciali"nshipsw,,,, 

';gniflcandy less frequcnt in CAIS and CAl i palicnl.(klhannscnclaL. 2006j. All 

pali""tswe",.ignif,cantl yl<sslil"lyloha'·echildrcn.andhad'lendcncyl0wani,. 

higher frequency ofroWISClill£ due lose' .. rcps)'chologic.J')'mploms(.""h",suicid.1 

lhooghlSjandincrc.se<J.""ielyk>'el.(JohanMcnclaL.2006) 

Qurknowlcdgeorhumansexual Je"clop",,-"nI is ad,·anced by the Sludyofgcndcr 

disordcrs ,,,,,h,,,CAII. In fem.lesil c.u""virili""' ionofll>ecxlcmal genitalia and 

atypic.1 fe"tTlale bella'iournl pallCm •. Young girls with CAli ha\'e an increased male-

l)'picalplaypallcm(~fc",nceformalelO)'S.[)\alerompa"ion .. andmUl!handluntblc 



play)(Jlines&Kaufman. lm). Thoscfondinll" supp<Jr1tl><idca thatTinflLlCfl<<S 

ps)'cOOs.exualde\'Olopment ()\Itcomes th.t are e"idcntin indi\'id",,1$with cornpl<te 

androgcninsensiti'·it)' syndrome(CAIS). 

1.3Andr"J:cn l..,en .iti,·il)'S)' ndrom. 

Androgen Insensiti\'ity S)'ndrome (AIS) is . weikharactcri ,.M disonk,ofmale 

,",xualdifT.renlial ioo.nrstdesctib«linI953byJohnM<:>rTi.afic"e,-icwing82eo, .... 

(Morris, 19SJ). This rare genctic disc""" afl«ts 46 XY indi"iduals wilh "PP"'!""iale 

amount,ofs.trumTfo>rr.ormalmales(Morris.1953)and",,,, llsin,·a,yingdegrttsof 

under lnas<ulinizatioo based 00 II>< desree o((unc.ion I""""nl in II>< AK protein 

(Macl..,an <t al.. 1997.), Tho Online Mendolian Tnl><,i"'nce in Man number (O~IIM ~) 

fo>r AIS is (OM I).,! n OOO68). Th"", phenol}'"", of AIS c~i<l within II>< AIS speetrum and 

.rediallJl"'iCdassepara'cclinicalsuhj;roups:mildAIS(MAIS).I"'r1iaIA IS(PAIS).and 

romplete AIS (CAIS) (Quigk)' <t al .. 1995). Tho pre,-.Ience ofCAIS is estimated k) be 

arout l :20.000 malebinh.andalthoughlhtp"',·alenceofPAISisunkoown, iti. 

assumed 10 be alm<:>Sl cq",,1 10 thaI ofCA IS (Quigleyetal" 1995).MAISi.likcl}'lo"" 

""""cOOlmoo.wilhappr<>,imaldyIW. ofphenol),picallynomtalmcnwithUl>c'plained 

infcr1ililyh .. -irt;lSQll)C mi ld deg"", "fandmgcn insensi.i" ily (SchulstcrClal" 1983). lhc 

gcocticdcfcc. i.carriffi on Chr X. andallhouglt in""'it<-d as an X_linked m.-cssi,·etrai I, 

approxim.le ly 30% of cases are anticipated.o be <p<>ntdic m"IlIlions (ll ug/>es & De<:b. 

2006). AIS is the most common idcntinablc cau,", oftttak p;scudohenllaphroditism 

(Ahmed& l!ughes,2002). Cri t icalpcriod,exiS1f<X llte~""nccofA!Sinhumans 

during.tv:r.~.""gcofl" )'nthcsi'intheemb<yo(J.lcmofde"clop""",.)(SiiIcri& 

Wilson, !974),1lased00c!inic.J fir.dings,'hedi"l!"",i.ofA!SmuSlfoliow 



dc1crrninalionofbormonal lcw l.inonkrtoruleoutpotenlialdeflCicncic.inandrogen 

L~. l Mild Androlt'" In>tn,iti,·ity S)·ndromr (MA IS) 

MAISi.chatacl<rizedbyimpaired'pennatose,"""i,.ndundcnleHIo]>Cd 

l1<11italia. it ma)· al'lOexpiaincascsofimpaired'penn .. ogc .... i.despilCal)·pit"aI male 

phy.ique(Vague. 1983: Quigley et al.. 1995; Brinkm.nn.2001). Unlike tiw; 0 ther 

j>henol)"peS. MAIS rna)· go completely unootie<:d. n. so"", "fil$ char.deri'ti« o,·crlar 

" ·ith thoseofoormal".,.nharbofingooARmulaliooor""f",,t. A report On thcf"'4u<ney 

ofMAISinapopttlotionofphcoo1}"pic.llynorm.l mcnwa$conduttN(Aimanctal. . 

1979). Menwe"'takcnfrom.c1inic.lpopul.ti"n.ulTcringfrorn"" · ..... oli~ospem'ia 

(redllCCdspem1count).andv.oospcmtia(ooJrlctlablcspenncoonl)(Aimanetal .. 

1979).AnAISinsensiti,·i,)·indcx,,,,,,Jr,·iscdtoidentifyindi,·idual.with AISatld 

detcnnineitsfreqllOncy.Tiw;A1Sindcxexpioitstherc lati,·elyeie'·aled ic'cl,ofLlland 

Tf"utldi n t~indi ,·iJu.aI$(AimanC1al..1979).Ail)lffi.ndcollcag""sconclu<kdllIa'a 

s<"rc >200onthcAISindcxindic.tedMAIS;nom,.lnt.k:."ithnormal.pcmt 

conce·", ... ions had a"""an indcx ,""""of 102. In a.imilar rclrospt<:ti,·c study. UpatielllS 

sulTcring from cithc,v.<x><pcrmia or ol il1ospermia were inelu<led. and. of this sample. 

I 1.6'" had !iCore' pla<ingthem intheddlnedrangeforMAIS(S<hulstcr<:1'I.. 198) ) 

The)" cone iude<l tlIat the AIS indcx identified.groupof..,wrco]igospermicand 

aroospennic1"'ti cnts ,,-ithAISbulthat m<,,-.'cas<sof MAISarcnol Jrt<.<:table by this 

"",thod b<caw;c they arc Ie .. se,-crc. and sub groopcd difl'ercntly wilhin Ihc infcnilc 

popttl.,ioo(S<hulstcrctal .. 1983).Th .... t!Je lrucp.-c'"dleoccofMAISisnoI"asily 



1..l.21· ... li.I Andrn~n I D..,D'iI;.·;ly (PA IS) 

PAIS indj,'Kj""I< ~xiSl in u". middle of III< clinical AIS srctlrum ond have ,II< 

mostvaried~nlati"". ln.phenoc)"ptcanrang~from.pmjominanll}'fcmalc 

app.",,,,ncc,loape.-.onwithambig""'''Krnitalio.<:>roprcdominanllyma!cappcamn<. 

wi,h "'meremininccharactcris(ics(RcifcllSlcinS}'ndrolTl<')(VagllC.19SJ:Quigl<)" 01 al.. 

I9'iS).lkifctl$'cinSyndromcistll<buman PAISconditi"""fmalc 

.,....tJ<Iobmnaphroditi<m, ,,'hkh"' .... llS in inf.nility ondscx .... IJ}" fWlClion. [)""tol11< 

"ide range ofdinical jnse",ationo in PAIS patients. it isoficndiff",ultlomeasure lbe 

"",,,,,II"""alence of !his .... btj.'pe of AIS: til< OMIM number for PAIS is (OMI~ I 

_3 12300). PAIS patients "ith a pmjominant ly female phenoc)'pe ofien haw such fea1Uf,," 

""a fusedlabia . ...,.,..,pubkhai. at tll<limeofpubeny .• ndasmallenla'¥cmentoftll< 

d itoris., ,,-heRastboseha" inKa more malc extemal phell<>1)'peoficnha"e •• mall ponis 

ond,""",00d)-ha;.(Fc.linClal .. 2006),Bothg","psha\'Cu~r.ded"'''c.and 

clc ... tedl..-cl.ofUlaDdTrclati.-e tQunalTe<,cdmaI0$(II.inkmann.2001).M"",'ncr<: 

ARmulatitln$lcodll<>1<>nlytosc.""ldc.-clopmcntdisonicrs.butal",ph}'sioiogkal 

ch:mK'" in lI<ight ar.d boncdcn\ity.,n.anatomyofindi"Kj""I, "ith PAIS i, 

in1ermcdiat~bet"ttnthos< predkted for males ond fOHlal ... Decreased bone density in 

th<luml>atorinei.al",cOOlmon(Danilo"icClal .. 2007) 

1.3.3 C .. m .. "'t. And.o~.a [n"n.iIi,-ity S,- nd.um. (CA IS) 

InCAIS.th<ARproteiniscom plctolyoon-functiooal",al>sentond thus 

ind i. 'iJ ual,appcarpreOOminantl)'fom.lealbinh.r.-opI<"'ithCAIScannot,,,SJlOndto 

androg<ns aDd do 11<>1 ha"e a l)'pical m=ulinc.ppo"",nc". nor do ' h<y cxbibi,ma«u linc 

beha"iourpattcmSdcspilclbejn""nc<ofaYch.-ornosome.ln.yar<:missing,ite 



epid idymis(V'gue, 1983:Qoiglcyctal .. 19'J5).Truchcrmaphm.Ji(csl""""""bo.,th 

"' th<:y hEse nnl}' male gnnad, pTC'lCnt bot with fcmal~ external eharoc1""' s1ic. (Morris, 

19S3). I'cTij>hcra1 ti""",an.:complctcl )' un""p;::>n,i,'c 10 T,an.! there is no dewl opmem 

of tlle sc,ondOl)'scxeilaractcTi ,tic, (Morri • . 19S3).JoItn ,\\OfYi.firsldescribedado II 

CIIISpatient,a,ha"ingtllefollo",ingchamd cTistic. : fcntalebodyl}'pewi thnormal 

an.! pubic haiT. fenuM extcmaigcnilals. absent fem.l. imernal gen il.ls with I~ exception 

of,ollle rud im.ntruy gI.nds. sm.ll utlde""ended testes. and c!C\'atcd gOTlad.,tmpins in 

some in sla""". (Morris, 1953),R.relydothoscwithCIIISha,'ciIJlyMulicTian.deri, 'e.J 

imemal gen;~1Iia (Dodge el .1., 1985; Swan"",n & Comne l. 19')3). B""'-'tl Oil gcOOl}'p<' 

pllenol)'peanalyses,il ""ts cotlClooed that Tl(I Tcal pIleTKlt),pic.-arialioni nClIlSpatiems 

exiS1,l>owe.-er i l i sfTe<]ue",lyobse"'cdinPi\ I~mab( l!ochTOCTctaL ,2001).Si n,ilarto 

Pil lS ratien". CA IS patien,-, aTC intmn.:diatc in bcight bctw«n ,,,,,mal XY males.nd 

XX females, an.! 'hey also had a lower than normal bone density in tile lumbar ,pine 

(D..,;lo" i'<:1.I.,2007) 

l'oooccntTa'ionsand lhusareel><loc,iJ"'logic.II~'sim;lartotlleholTll'>nalrromc"fPAIS 

pati ems.Onesrudycompare<lIOsubj octs(X Ymalcs)wi th C,\ IS:thcscpatiemshada 

typical female 'PI"'..-aoce, genitali ., and h.-ca'<l dnd'>prOCn t (Amrl><in ",.1.. 1976) 



(Am,hcinClal.. 1976).A,LlI Ind.arccb1>lro. liti,indiral<S a problem ",;lh 

problem inal>drogen.ignaling.androgens)'nlhcsi. i,OOI iHlpoin:d,,,,$hown by lht 

dilttl T and DiU assa~' •. 

Th"lypiClli pr" .. nl.liOllofaCAISpolienlisprinl''Yalmncoorhcadu,ing 

"f"ntal.~put.eny. CAIS palie1l1' lend lO ... lf-idcntif)' .. ("",al.and assumclhcirro", 

genOoriden1ily"'lhcse~of",aring."'hichi,usuallyf<mak(Morris.1953)(Wi<nie"'<ki 

.101 .. 2000). CAIS diagnosis is missed al binh '" Ihce~l<:mal.ppe"""",. i. femai<. and 

lat)'OI)pingi. 001 a rooline ne"bom l<:SI and i''''8uablyOOl",ananlro ... lhtcondilion 

i.rarr;lIjlprOximalelyl:20,OOOnlakbinhs(Quigie)· Clal..I99S).CAISdiao;n<:>$i,31 

lOwanJsps),chi'lricrounselingot\cnduclosuicidallhuui:hlsondlcnOonei".(Morri •. 

1953: Johannsen e\ .1.. 2(06). U.in~ the Hopkin. S)'nlplom Chedlisl (SCL·90-R). CAIS 

palienl.a1sorcpor1cJhighcran.icly lewls(JoI\annsrnclal.. 20(6). Based 00 lc\"Cl.or 

Ill<'maldiSll'l'SS.poorsociaISlal\1l.anditighk"clsofanxie1y.CAISmaiesappearloha'. 

anirnpairedq ... lilyuflife.AnothrrSlooy. 00"'-.".,. !wOOlronflrmcJlhco<:findingo 

(Hines'101..2003).Hineselal,(2003)concluJclhalCAISpo'ienl<arcsirnil"lo"~1I 

odj ... lro fcmal ... I'i,hard'Oc.''l!orizehurnan<duclOlht'· ... difTercne .. insocial 

",,,,,ricne<s and pcrsonaIi'ie<. I'emaps more'P""ifICSlooi .. lhalcouldadj ... , for$<)<ial 

.,,,,,ri.nee may h<lp=<>n<ik lh< difTc",ne",bo.~"",-..,q ... lityoflifc"""ITs."'O"lh< .. 



l{udcntroodd,ufCAISh",-ebeen<kscribe<ie'len,i"ely(s.x:tion 1.4), In 

gC'1lmtl,lhcCAISmabha ... fc~ninine"""ond"!)'sexch"""'teri'!icsand.re infertile 

know l"dgeofthisgn><krdisord<-rgiventn. rari1)'oftbe disease in the hum.n populat ion, 

and tbecthiclll issues tha! arise withhumon in'-estiga!ions 

1 .~.1 Tfmin Mi« 

I,}'onand Hawkc,(1970)wcTc r,,,,,lo "l"--'rt a Chr X-linked gene f",CA1S in. 

m"uSC. hi,t"ricaliy named ,he 1"'licu/ar femini!.a/ian muiGfian (Tfm). CAIS CI1T XY 

,nale rnic<cannot be ou!"ardl)" distinguisbed from ChrXX females duc 10 ,hciT 

feminized eXlernal geni!alia, althoug/1 the},pos,""s bit.tcml l,,"cswilhin ,he "bJ",nen 

(Lyon&llawkes, 1970,Oooelal.,1974). ThcT/mmulalionITsult,fro",".inglebase 

<kieti onoftheA,genec.using.frameshinmulalionandc<>I""4ocnll~'n"n.fun('1 iooaiAr 

pr01ein(Chare'leI"L 1991), Mouse modc lsofC/l ISari'ing fmmcithc,<pm,tancous 

nlUi.tionsoftheAr gene(such.sTjm)r>rg<>JlC1icall)"<ngioccrc-Jdcl clions of!hi'gene 

(knockouts),i n labo"""'Ystrain,,,fmiccrc,uhinlhcsanocphenot)peofafeminizedChr 

XY maie (llu!son, 1986:ChareSle!aL 1991),Migeonaoocoll<ayoc,(19KI) 

demons!rnledlhe I>omol<:>g)'ofrhc h>o:;u, in l1uman C/IIS 10 tru.l obscr,'e<i in the CAIS 

0 .... of rhe mn,t importan' c"oclu,ioTl.' dcri,'c-J from the 11m m"IM! mouse ..... as 

tru.l thc Aryen< doc, "ut cu"troi primary sex detennin.11inn.! lhe 1e".I"r'he gonaJ . 

sinoce the !esles ore fully difrerentime<i in Tfmmi« , /I'I''''''i'lU, '),di><''w,,,,d .lhisprocess 



i.altrib..trdlosignalin~t,-enlSiniliatNbylI1eSlJ'g ..... ooChrY.AlIOIlIerimportllllt 

conch«i""dcri"N from tbe Tj",mulantw"sth:ot tbeArsignalingcas<adecontrol. 

tbedown.ttcame'-tntsrcqui.-Nfor""""",ldiIT"r<cmiationoftllemalercprodllCti'-Ctrac1 

inmammal.(Morris. 19S3; LI""dt Ha"lC$. 1970). In hwnanand rotkntSf!"Cies. 

lossoffur.clioomulationsinthcAR(A'lgc""cankadt"r<.i'1aB<Ck'and",~cn"tli"" 

(ii,,,nlheubiquilousrokofand"'lltnsisnaUinginmaledc,-elopmcnl.,,d 

irtSlr'Umenw intlt:1cnninin~ll1e pt>SI.natal hcailhoul<:OmeSofAIS, Endoc.iooloj;i<:ally. 

1fot"",lcsh"'esignificantlyrnl •• ,,,,domlmTwhcncomparedloWTsiblingsal 

adullh""d(TabIcLl)(JoncsdaL.2003l,u,w""rum T le,-el.artduelo.der.cier.c)- in 

the 17oh)"dro,)"I...,cn~)""",_n.ck>wTk\"Cli.tht>ughltQt>c<lllbrtaLlSO:lhele<lC.art 

IOC"led inlra.abdominally and in part by loss of A. fun,,:lioo (Murph)" I:. O'Shaugh .... ss)". 

1991),]]owc'"Cr.t,,;der.ce.uueslSlheirb-cls ... similardurin8 1h<l"'rinat.11'"ri<:>d 

(Goldstein &: Wilson. 1972) with le'-el. bcingc",nparable 10 """""I mak mi"" ur until 

the neonatal stage (1 -10 days posl birthlof <Io:,-dopmcnl (GoI<blein dt Wil$<)n. 1972) 

1"'"CI'(FSIlIUllinju".nik:andadult7fotmales .. lalh-ctoag .... nlalcho.>dWTmak.,.ir.co 

ncgali' .. f«d"""k ... )lulationofthclll'(J""'i.i.di .... p'ro(I.)·""& H.wlC$.1970; 

Goldatcin&Wilson.1972l_FSHandLHart~onadotropinsr<cI •• sedfromtheantcrior 

piluitary;lIIeySlimulatoll1egonadstorrodllCc .. XSleroids.slICh.s.r>dn:>g<'nS,lnthccas< 

ofTj",inrodcnts.bolhUlar>d .·Sllle,'.ls.""ign;'.cantl)-ir.c",ao;cdandd""!O!he 



decreasood1e'~I,ofTinthe.ySl.mthere;."".;gnal for .... gati'~feedba<kforthe 

prodoctionofFSHand UI 

by Ar-mcdiatoo 'ignalling to sexual di",.,."n;sms in the brain. Man}' anatomicdiffe""",eo 

ha,~ been foond in male mice with the Tim mutation relati'~ to \\'T maleo; bolh rlCu""",1 

"""".izcandregional'·olwne.n:,ignificanllydecreasedinTimmaleowilhinlhe'pinal 

nucleu, of the I>ulbocl\"O",osu, (SNB). poslcro<lorsal mcdi.1 amygd.la (McPD). 

".,nltomcdial h)"pothaJarnus (VMI I). and the,upraehiasmalic nuc1eu, (SCN) (Breedl",·. 

&. Arnold. 1980: MaJciradal .. 2001; Durau.ll<I al .. 2007; Zuloaga.1 al .. 20(8). Tim 

miceha'·e.lsobeenext.",i\"ely'H"'ioobeha'·iourally;CAISmiceconsistemlysho,,·a 

lackofmale.l)"picalbeha'·i<>urs(T.bleI.2).Oneaspoctofmaiel)-pi<albeha'·iou.i. their 

sexual interest to,,"3/\ls female mi~; when presentOO wilh femaleo in eotrus. CAIS mice 

.xh ibitoo v;nual ly 00 mounti,,£. inlromission,.oranyt)"pcoft)"pical maksc".al 

beha,·iOOr(000.laJ .. 1974).Thi.decli .... inm.lcse.ualfulICtiond idootCOfTClalc wilh 

an incn:.se in fcmale ... xual beha,·ioor(Oooctal.. 1974). Anolhermalc-I)"pical 

beha'·iouri,~ssiOltintheformofclwi"g.biti"g.figltti "iandwrestl ing_During. 

stand:u-tllC$1of"UrtlSion. the mli<icnl·inlruJtr tesl. 11m mutants " ...... less.ll-t=Si'·. 

towaro, male imrudcTs in their l.ome,,,.c: •• 1han WT male, (000 .. al.. 1974)_ Tim malo 

anx;';t)· on the "",'<1 obje<t 'eol .. w.1I OS lhe LiglttllJarl; l!.ox (LDll) comJ'l>f'td 10 WT 

mal""(Zul"'W'.,laJ..2008).0\· ..... II.con~cnitaldcrec"inAr'ignallingin tllemo<"'" 

ha"ean impa<lon brain<lc'-elol'mCnl.organi"'liOlt.t>d beha"iou' which canOOl be 



o.'ercome",ithexogenou.androgensduetorompH:1eaodrog""insensiti.i1y.sugg .. ling 

.imilar path .... ),. wO<IId be impacte<! in human CAIS paticnts. 

I .U TIm in Ra t. 

M.H:rats .... ilhAISClf'" rats)n:t.in. fem.lcphcOOl}'peandt ... i,.tx!ominal 

trstrsprodL>Ctoormal to high IC\'elsofT ",-ith. nonnal Too DIITc",wersiooratc: t ... 

r,rsl <lts<rip1ion ofAIS in ralS occurred in 1964 by Stanl.yand Gumb,ed (Slanley. 1964: 

llanlinelal.. 1970).R.tandmousemodclsof7j",dilfcr inlcrm,of t"'t)'pe"fmu'.tj.oo 

frarncshiflmll1alionandlossofprolein(ChanostC1.L.1991).w"'rtast"'mut.tioninrat, 

.xpressioobul .... -C1'elyaffCCl'bindil\iof""llrogen lit;tmdH:adingto ..... ar-rompl.te 

androg",,·i.,..nsili'-epheOO1)'pe(Yarbn:>ut:.hctal.I990) 

T/mratS.l.udiffc'cndo<:rioologi<ally from wr male ral (fable 1.1). A Slooyon 

t"'cndo<:rin<,latusofthc7j",rat«>rnpartdogainstnurmalliuc"".le'lVfrats"" •• 

rondU<l«l.ttwodiff<rtntlimtpoin1S: l60d.nd J50dofage(Pur>'isetal" 1977),1 n 

oo.hthtyoung<landoloo1>"'upofTI",rat .. ..",mLHlc,-d,,,,,,n:.ill-"ificantly 

increas«lw"'ncomparedoooormal l i ttcrmat""indicatin~.bokofntgali'-ef«<lback. 

The pluma H:,-d. <>fT "'''''' ,ignif",,,,,tly jnortas«l in T/m rats "'ben con' pared to thei, 

lillcmtal".100.hagegroupsas"'-ell(Pu",;.etaJ,,1977),Similarly."""'''''stooy 

e,amincd7j",ratsatage.g·IOmontluandf""odth>tscrurnTandLHI,,,·d,,,'C1'e 

,ignificantly ek,'atcd in compari!lOl110 """""lli"trrt\a1e" In this Slooy lhe seNon ~'SII 

Ind was significantly hiWtc, in 1Jm ralS than in oom",llinennates (N..,,. et .1.. 1976) 

T/"' ... t<offerfun ... 'e"i<knceto .... ardslhe.-l'ge .... ·.contributionlot ... 



m",mli nin.lion "fthe ",,'vou, 'y'tem and ~ha,'iour. Important lor some aspen, of 

sc< .. ~1 behaviour i, the po,(cmd",,,,1 ",,,dial amygdala (~'lePD): this is , moil., 

in Tfin ra~, inttTTl1<,Jiatc h..~wc"'n lhal o[ W'!" mak, and females for both volu",e.nd 

" ,m. ,i,~ (Murri, d al .• 2005), Morris olso looked allhe sup,och;"m.l;c nucleu, (SeN) 

IDd [<>und tha, in TIm mal~ rats. SeN ' -olume.,xI som. , ;,-< WO'C docre..w c'()mpared 10 

""'T males. The locus cae",I<", has impoMant timc';()n, in an <iet)' (Redmood & Huang. 

1979). aooTjinmalesruweiarge r "olUmc"SaOOnumh..·T<o["'·UJ(),,,in,hi • • ..,a. similar to 

[emaleWTrnts(Garcia-Falguernset.I.. 200Sj 

Ileh.wiourall)'. Tim rats d iffer lrom \\-T mok, (hbk L2)_ In ,,-rm, ofsp.t;.1 

memo ry. m"le. OU'r<rf"rm rem ok' in Ix,," rodenl and burnan models. TIm mI. d isplayed 

an in'.rm<d iatc p-'ltcm between Wi' m"b and [emal",. taking longer to r.och male-

t)'p;<al rcrr<HTTlanc'c, on the Morri, Waler Maze teSling for spmi.l abil ;l}' (Jo"", & 

Wol"m. 2(.)5)_ ,\, in 'Ifm mi c •. Ifm rnlS disploy redu<ed aggress;"e anJ ",<ual beha,ioUJ 

wh~n "omran--d 10 WT ma"" (lkoch & Iluehler. 1977) 



Table 1. 1: Ilow« orrund ion and ~Dd""rino logy of Mou .. TIm, Mou .. ARKO. ond 
Rot TIm con' por.d . o WT mal< • . 

Oeg ee 01 AR lH ,~rum rSIf .e,ym T ,e,um RefNen«. 
funct>on I ,~pf. le.ef> le •• I. 

I Tf"'~Wf I:TfmoWT lyon&If • ...u..1970 
A; Tfm>WT A: Tfm~WT A:Tjm<WT GoId,,';nnal.,19n 

MY'P/Ovotai .. 19901 
IonnntJI,,200J 

Rltl/m IO·IS"Li!I .... I: Tfm>W1 A:HoDil!i!rence l:rfm>WT 
Bnd, .... Acttrity A;Tfm>W1 "':T/m~W1 Nonur al.,1976 

Tfm>W1 llIt1>otou&~tfal .• I!I9O 

fable l.l shows the deg"'" offu",,'ion of the: .U ar><! lit FSIL and T se",m 

levels fo< mouse TIm. mouse ARKO. and rat Ifm. Iloth li .. moose TIm and AR KO 1\,,,,,, 

nu il AR fullCtiOll. whe",., the rat Ifm is not compl<tely null. Ad "lt (A) mice arc 

apj>fo,imatc ly6 " k'''f''!lc an<i rats are o\der titan 3 mo," hs_Ju"rnik mi« (J)are 

b<tween)·6 ,,-.;ck. "r"!le ar><! ratsarebctween2.nd) m"nlhs_LH I,,'.ls in the adu lt atld 

juvenile 11m ""'USt: arc signir.can~y iocreased C{lmpa",d to WI' m.les, FSIIIe'-el, are 

alS<:l.iW'ificantly.I .... teil in adult Tjmmi<:<:. and TI",'d,are ,ignificamlyd.'cre "-,,,din 

adult Tjm mice. Mou« AR KO "",Ie, ha," ,ignificantly Iowor Ie,'.," ofT during 

adulthood. ltat 11m males ha' .. significantly hi¢ocr kw i,oflll and T during adul.hood 

andasju'·enile. 



Tobl. 1.2: Om, pori. on orm ale-.)-pita l bth,,·;"otJ and an~itly·lik. btha' -;"o .. 
nro," MouS<" Tim, MODS<" AMKO, ond M • • Tim. 

S, on M. .. M. . An, .. , Sp.~.1 S"".I R.I."",,. 
T,p '" T,pc> ""010, n .. ",non 

AU 01. on ""'0' 

"","wTfm CS7BL/6 Tfm.WT TIm' WT Tfm.WT 

MoIow (CS78lj6. foRKO<Wl .RI'.O<WT ". ARICO CD-i) 

NjA MeOMY~l aI.. 
,~ 

8eocll ...... 

::.::'W.""" 
,~ 

Tablcl_2$OOW$bcho,.ioura] "'''' lt.inmale -t)"pical.gg .... w:m • ..,xualbcho,.wmr. 

anxiety. spa,; . 1 memory and wcial in.""""ion, in moose Tim. mouse MIKO. and nll Tim 

All lhr"" groups had.ill."ificanUy lower 1.,..I.ofaggressioo and ,."",,1 bcho,-iour 

<on,pan:d to WT male • . Moose 1fin "",-e .ignific.ntly higher 1e",1. ofanxicty ,-ornpam! 

10 wr. Tim ralS displ.y .ill."ifi<an,ly lowo, Ie,-d, Of$palial memory on the Morri. w.le' 

mv""whcn«.mpaml.o .... ' l"rats 



Sponlancous and g«>etically-engineered rodem mOOels of CAIS (7fm) h.v. l>e<:n 

i",'aluablc ",ili:Ju<c,,,, ddc-rmirullion pathway. and thtbroad physiolo£ icaland 

behO\-io"",1 rok. ofaoorogc",. particuiarl)" in lhe COInext of male health,Thi.rese arch 

project describes a tlCW mouse m'~kl or, P,\ IS_like r/>c'''ot)P'' that was first identified m 

,h<;JochonLabo.,m'myfoli"",ingamul"<;"tl.in<iocedscfttnforr.,,,'elherit.ble 

r/>c'"',t)p"<.Malem"'c inherit lhi,eo,\ditionfromtheirmother(ChrX·li nked). theyar. 

infertile with inl"'Hbdominal teste. and are dossined as pseudohermophrooites; female 

wilhinthe A,l(><uson ChrX, althougnthe cxacttnoleculardefe<ti"tillundcr 

investigati on_ The PAIS mutati,m " ... , i<lc-nti fic-d in C57BU6J mice.nd the mutatioo is 

maintain<,Jonthi"trainbackgroun<l;thisstr.iJ,isootyetptJbl ica ll ),3v3il .hicthrough 

theJAXmoustc.t.logue.andthisislhelimpublisheddcscn rti()n()f,hcPA1SmulaJ1, 

pbeoot)'pe 

Dle goolsofthi,rest"rchproi<'<;taddres' ,he fo llowing.ims. in occordancewi th 

histor ic.1 stud i.s performed in Tim rodent models: to c","k a ng<H'OWl descriplion of tile 

an.",my ofP,\ IS malt' mit'c rcia,i," lo lKltmal fertile male mice of a C57BLi6J inbred 

s!11linbadground;toin"estigmepenurootionsoftheHf'(]oxi,attheb-duf 

gon;,dotropinands<rumTmoccntfatiunso>"Crt"ode,'elopmental timepoims.and to 

in.-< .. ig8lC rl",bcha"iourofadult nlaie mi<e with the P/l IS phcn"')'[>< in tcnn, u ftheir 

mal. -t)ipical.anxiety-likeaoosoci.lbeh.xiou". Thi,,,,,.I)',i,willprcsclll ,>ewand 

reic"""t inforrnationto the tidd ()fgcoot'r di,,,,dc-n that is particularly rei ."""tto 

patient, with the PAIS condi,iun 



1.3. R' liodOl~and 11)"I>ol h • .n: 

Imcrfc",,,,,,,"ithandrol\cnic'isnalin~ '· iamU1'lion,inlbeand"'l!cnITCcplor 

conseqll<!ICes inCAISrodrnl "",dd •. The PAIS 1l>OUSI<m<.><k1 undcr ,Iu<iy Ita, 

anatomical featu rCSllta1 arc inlmncdialc between malcar.d fcmalcchara< .... ";,ti os. 

suggesting a significant di''''plion in androgenic signal ing re,ults from Ihi, uniqLlC Chr.X 

li nked mutat;"". T~ experimental hypolhe5Cs will be examir>e<l in this""""", "",dol of 

lIypo, h .. i> I: A rn"jor d j, rul"ion in o ndro~.n ic ' i~n . li ng"jll in t. rr .... .. ·ith 

nom .. 1 n"l:"II\'o f..,dbark ,..,g~l. tion oflh. hYp"th. l"m ic. pil uil. I"}'-~onado l a~i, 

This"·ill ~ ... flNledby.<ho ng.in ,,"runl " .roid (T) a ndKonadotropin'(Ll l u d 

.·SJI) .... no .. 'r. li,m . .. la' intu mak mie. th. t do no' o .. ry lhi,mul. tion. 

lI )"po lh",j, 2: A mojordisrup' iQn in androgcni •• igno lingwill innu on« 

tj· pic. 1 ma l. bt ha'·iou ..... Tbi, ,,·illm.nir • ., .,,,du •• d aggnMion ond • .,uo l 

II j·p"lh e. i. 3: A mojordisruption in . nd ro~.ni •• ign. li" ~ " 'iII incro,," 

a",i" ty· l ik. ~h ... iou .... 



Cha illcr 2 - MATERIALS ANI) Mt:THOI)S 

Z. I.l S, .. in".~rip, ;"n •• ndbu>b.nd ry 

A <:(Ilony ofCS7HlJ6J mi« CarT)·in~ ,lie I'AIS mUlali"" " .... idtnlif1cJ al1"h< 

Jackson LabonlQr)' (Har Harbor ME) following" mul8j;cnesi •• ,"""" for neW mutalion<. 

Mi,e were lransferred~) Memori.l lJniycrsily in 2007 and lht brrtoJinll colony was 

hou.cJinlhtSp«if1cP.lhogCflFYn:lhrricroflhcllcallhSei....., ... C.nlte.lnlht 

absrn<cofa spccif>e ~cnoCypin~_y. female mice w.,.., progCflY tesled "ilh CHIlU6J 

rnulanlmal.sinlheiroffspring. For fem.1e camcrs. 1M nw .. lion lmnsmi .. ion .... lio 10 

malcoff'l'rilli ..... as close 10 lhe eJlp«led mle of50% (48%). indic.filli ,ba, eml:>ry""ic 

lethalily in male mutalioocarriersw."noIsignifocanl. 

All endocrinological and beha,·iou,"1 s",dies wen: performed on WT or I'AIS 

InUlanl males mainlained on lhe CS7IlU6J inbred background. ,..lIh a prefercnce f", 

liller·n",,~pairs forbeha'·ioo .... l.naJy""'. ln . ubseq""nl "'I. toc """",oclalure 

auillnnlC11t .... llhtCS7I11.J6J""andC57111.J6J· AIS. lno .. casc.C57BU6Jfemale 

hybrid(C57xSJL)Flmalcoff'l'rilli f",fwthcrmale·' ypicalbeha,·iowalSludi",.ln 

su~""nll"'~tht1lOm<ncI31urc auillnrntnlshaJl be(C57xSJl)FI"~and 

(CS7.SJL)FI'AIS. AlJand FVIJINJ ininJmicc """'putchased from lhcJaciu:on 

Laboral<>ly:AlJ males "·ere.....Jforan:<ielyand resi<lem·in'nKIorbe"'''"ioo .... 1 analy""" 

and alhino femaic. (NJ Of FVIlINJ)wcrcuscd in loclcSlSofsc.<ual inl<resl f'" 



C5711IJMm(C57xSJ L)F l mab.re'f>C"liwly , Fcntalernice"'ere"oll inennmep.1irs 

and had a C57BU6J l>aclgmund; lhcy were used as a comparisoo gfOupf",phellOtype in 

Ihc,n,I )',i,of,,,,,I_gcni lal di,laJ1cc,and OOdywei g/tl.n,,}'werealsoi,,,,orporate<1i nto 

lhcgcnotyping.s<ay 

Z.1.2 Anim~ 1 m.intenon« . nd IA{T .ppnonl> 

/III mice had au",' 10 LablJiol food (22~. jl!'Olein, S% fat, S~. fiber. 6% ash, 

wilh "'",,al fi ller a, r"maind" .. ) and fresh lap walerab libitum. OtlSi>'in~ we", h"used in 

sarne"" lil1wnalegroups, " .. aned between 19-21 dof .ge;rod< nt <oge,werc II"Lx 

7"W x SOH "ilh cmn.;.:"b Ix-Jding ",aterial (Bed-O-Cobs (LabDie1. IN. USA.), P,\IS 

mul""l, ""re htHJ."-'il with Wl' malcs sibling' under a 12 h: 12 h light/dark cycle with the 

lighl "~ok commcnci n~ at K am"nd lcnninaling al 8 pm, All protocols "'e", appro,'cd h}' 

lhe Instiluliona l A,lirnal Care and Use Comminee of M.morial Uni,'cfSily 

Mice were w"aned belwoen 19_2 1 d "f"!le. with "'-'x de,wnine<1 by onal-genital 

dista"". (longor in m.le, than females), and/m pTe,.,n.", ofntammal')' cha in <!e"eIOpmenl 

in females, Se,ing the PAIS mulan' w"""ling' """,,often challenging m typ ical w"o"ing 

;tgc.ductOlhciTinkrmcdi,loanal_gcnilal di,(an<ellud lhepresen<eoffurpill!Y"'ntati,," 

lhal,e~",b leSlhemanunarychainoffemale,./lIsuchan caTI ),"!lel·/lISntulanlSWere 

notca,ily rccogni7ahlo,andlhu, may ha,'e been originall), incorrectl)' assesscd a, 

females; PAIS mulanl, "ere clearly identinable anOT a ",,,,,k or." I"..t.wcan IDci we 

" .. re then obi. 1o scpmale them into the COTTe",t male cage'S. All WT and PAIS mutams 

"'ereofaC57RIJ6Jbackground(hla<kfur)IDcilhcYl'",eindi'tinguishablefromone 

anoIIleT un k"thciTvcnITal,idcwa.<xamineJ.As theani lnalsagetoSor6wk .... , 



dc!crminat."' i.m""h.implc'and!O/llCtim",,"-......:dliltcrs"""''''"'·isiledlOreclify 

2.2 s.nom Colin lion . ndllOO)· Cho .. clui.tic. 

Scrum "-..,col""lcJbctw",,n'lam·1 I am. from CS7I:1U6J''''' mutanlS 

andC571IU6J~~ ronlrol."'30dandSOdof.gc."hon"""""$CTUmllon:.dotropin 

1e,-.I. andgonadalileroidie"clspeak.respe<:ti'·cly(ScI"",ooffctal .. 1977).TIUI1kblood 

(-lml)"1I$coll"",cd inlostc,il.I.5mlmicrocentrifugelubesfoliowing<iecapitalion. 

lncbloodoample' .. toniccfor - lhfoliowedbyaspinin lllc""n1rifugcfor IO min 

(IJ.OOOrpm).Scnlm(- IOO-I50ld)wa.,hencoliecledfroml!leIO!>'Upcmatanllajo·crinlO 

cI.""aodlabeledtubesaodstorcdal·20 · CWllilassay.A ..... y.wc"'pc,fotTlled.tlhe 

Uni'·crsilyofVi",iniaLigandCorcl..boratoryforlhcfollowi~ .. rum"ompon<n":T. 

LH.and FSIL Sample,""",c f"''''n (·20 ·C).nd then packcd 00 dry icc inSI)·",foam 

""nlaincn and numbcrcd so thai the Uni".rsiry ofVir-gini. Ligand Core W;tO blind to lhe 

instruction •. Extra samples for.acha ... y " ........ nt in or<k"o test the 001 Illc dilutions. 

Once dilulion. """,c wrilied in thei,rcporUble range. ICst .. mples wc"' .... )cd; the 

.,-."'l1.rq><>rtablcrang.forthemou .. FSI I ..... yi,2·2SnglmI.1.IIi. O.07.)7.4nglml 

andTi. 1IJ-IOOOngldl. Mouse 1I1 " .... m.asuredusinG"" immunoradiOlll<.~,ic ..... y. 

"-herCils"""",,TandFS H wcrcmcasurcdu,ing.radi.,.immLUlOll$<lly.Thcdalllwcrc 

,-.,ifled u.inga calibralion "",,-. forcach .... y. 



Following serom collo:c1ion. lhe following "",asure,nems ""re ",ken: anal· 

gCTIitaJ distance. bod)' weisht. teSlc'S pair weijl.hl. l""(>Uli.1 gland pa ir "'''isht. and k idney 

pair w.i&hl. lIody weighlS w~re nt<asured ""ing' pre<:ision bahUl"" wllereas on !lllalylical 

baJ"",,~ wasU>e<i tomcasuroo'hcweighlSoforpn l"'irs.Ana)·genitaldiSlaOCe " ... 

mcasuroousingaplMticmillim<1crrukr 

2.3 I'ol, 'm ...... Chin lI.urtHIn ( I'C II.) As,")' ror Su Chr. m""om. I).tccmino tion 

Ll.I l).'IIiA u t"'<'ion fro mr.i lti p 

CndetaiIDNA", .... usedforlhcI'CRanalysa. Tailtips(-S mm)"'-..... obIained 

(' '''''m.le.fcmale.andmu'anlmi<:e.nd ......... individuallyplacedin1oJ.SmJ 

mi.m«nlrifuge ,ube!i and SOO 1,1 o(SO mM NoOH was oddo.'<l to each ,ube. 11>< 'ubes 

w=placcd"".hcatblock$C,at9S"(;fOlIOmin_h,llu",ingre""""lfromhc.,.W1" 

of 1M l'ris· HCI (pll S.O) S<llution was addcd to each of'hc ,ubes. Samplnw.reim-.n«l. 

mixcdusinga'-ortexmi,.r;mdthcnccntrifugcdatl).OOOrpmin thcmiemcen,rifugc 

Appr<>.i""'tdy.soo~lofliq"id"'1I$","",YCdandplaccd;n,,,cI.,,,,.labelcd l.5ml.tub« 

and,hcDNAsampl<$ wCTcstomlin!bc·20 · Cfr«',<Tuntila$$ay 

l..l.l Pol)·m . .... Ch. inll..ution C .. ndit ion. 

I'CR was conduc'od on CS7111) 6JPA" genomic DNA '0 0.»< .. SC' ehmmosom< 

~ootY1"'.usingCS7IJU6J""maj.andCS7l1j)6J f.male sam pl .. aspositi"econlJOls. 

Amplific.tion"''OS1'''rfonuedu,ing.codtailofIO"lmaslcnnix(Masl<'rToqKi,·S 

I'rimc·lnc.GathcBburgMU)creatodinaclcanlabcl«lI,Sml.tut.:.u.ing,hcfollo..-ing 

reagCTI'S: 7.3~1 H,O. I ~J TaqM .. ,cr I'CR CTlllan<:cr (hcatcd '0 6S · CJ. 0.2 ~J oflOmM 

dNTI' mix (Qiag<n. Vale""i. CAl. I ~I Mast., raq buffer wi,h Mg'·. f\.22 ~I o(forward 



and rc,w"" primen. and 0 .05 ",I 1''''1 DNA polymerase, lid of1. ikmaclcd DNA "a, 

addcdl0&fl.liqOO1ofn'l3Slrrmix for each sample and primcrpair.S/iCSSCd,Thcrm"1 

cycling was<l<>n<" in an Applied 1l;"'}SlemS Veni"" Thermal Cyclcr(Applied 

lliosYSI<ms Inc,) with 1he fo llo"ing profile: ')7 "C for 30 """; 39cydo:sof94 "Cfor IS 

""".S5 "Cfor30""".andn "Cf.".JO..,c;72 "CforIOmin(Tabk2,1), Toconlirm 

~'I)'()(;C sex. two pri""'IlI.ISMC·I : rGAAGC1T1TGGCTITGAC] arod ISMC-2. 

CCGCTGL'CAAA lTCITfGG] ""ere used!O diSlinguish lhe Ch. X arod Chr Y 

homolo~""s of1he SMcXand SmcY genes. fC>pe<,iHly (Mroz<1 al,. 1999). These 

primelllwerconJercdfmmIDT loc.(C,,,,,"'illc.IO). Foliowillj!I'CRanlplilicalion.11,1 

ofloadingd}'e was added in'ocachoflhe I'CR IUb<-s and run againSiS ",I of 100 bp 

1.J.JG.lt:t •• ,rophor., i. 

H"';n)nlalgcickctrophorrsi<"1ISusedlodclcrminclhe'ciali,·.,i'.cof1he 

amplifie<iprodllClS. I'CR prodllCls wcrc run on a :/% agafOS'" gel comprised in IxTRIS· 

1lon>1~·EDTA (TilE) !:>uffe •. 1l>c ""Iulio" "as il<-a1ed in a microw.,' •• rod 2 ", I of 10 

mglml C!hidium bromide was added lOdc1tt1 DNA; lhe ""Im;on "'" pou.cd inlo lhe gel 

plalcwilh hOO,.ontal romb in placc(agarose''''hidium I:>romidc. and TBE. Sigm. Aldric h 

Co. (Stl.ouis.MO».1l>cgc l "",el""lropho~all00Vf",approximalcl ylh.fte. 

" 'hieh nuores<enl bands we", \'isua!iO'C<! using the Synge"" UGENIUS gcl documentalion 

sy<lcm (Dis<o,'crySc;entific Inc. Vancou\'crBC) 

(kocrally. lhcand",!;<nsensili\'ilylcSl mcasures ,he <><gan.cspon"" 10 



exogcnousaoorogcn followinllapc,iodofaoomgcn Jcrri,-atiOll.8Chi<wd by the test es 

rcm("<lI(cas,,,,tion),n..spc<:ilicpr<J'ocolw,,s,..,foll,,,,-soM.kpai .. werea,lesthe'i'-"<l 

"-ithisoHuranellasand.urgic.llycastrn,ed.which'lXjuircdthererr",,,alofintra 

abdominalt<s1<:"S fmm CS7BlJ6JrA" mutJlrlt males. PosHurgical analgesia was pr<J"ided 

using S mgl\<g of carprofen administered i,l'afic. each su'gery. Castta,i"" was followed 

bya2."-eekreco.'eryafier,,hichalOmmsi!astictubingcapsuk(Fi.he,Scientif,c, 

Ottawa ON) c""tain ins solid packed T c.!>PCd by gla .. bt:ad.oranCTllptysilastic capsule 

wasSIJbcutancou,lyiml'lantedin thebackdunng""",ooo.u,gCT)'(Figl.I).TeSlOSlerone 

(4.androsten- 171l--<>1 -J-one) "-.s purch"-'Cd from SlCrnloid., (NeWl'0n. RI)and licensed 

for u,," through the Office ofC""lrolied Su!:>staoccs. lle"lthC"nada. I'ou. groups of 

animals WeT<; ."igncd os f"llowo; T.;mpl31lted PAIS male, (n - 9) T·implanled WT 

mal'" (n~ 9), Empty-<:apsule PAIS male,(n - S) aoo [mrty-capsulc wr "",Ies(n - 8) 

T"owlsfollow;ngcapsule impl.ntati"". lbe mice WCfC cuthanizcd and the body "-ei gilt 

"""'rded,Statistic.lanaly .... "=pcrformcdu'inga"udcnt"'t.testforindepcndent 

",,,,pic, for tbe scmi",,1 '-nick" and. two-way ANOVA for both tbe I""pu, i.1 glands 

andkid",,),,-with,igniflC.ncesc,.tp<O.05 

AII"ftht bdta"ioural lesting wos "ide<>laped. 1kh.a"iouf'S we", man""lIy "'OI'td 

fromobservati""ofthe,-ide<>,n..I)h<;",i.ionX"rsy"entforuscofco",putcnled 

bcha"ioural tracking"",uscdf".- two"fthtbcha"iouralleSt5:Ele."tedPlu,M",-" 

(EPM) and the Opcn Ficld test (OF) 



------------------------------

10-12w~sofagew.reexaminedfor ·uressi".ne ... l'rio<lo1esli"G.mal .. werc . i"<lly 

I><>usoo<lforoneweek"'i ll""nabeddingc"",,~.,On thedayoflhelesl.mal .. w.,,, 
brougln lolhelcSling roomJOminpriorlOlesling. l h.,<SIroo<n"""dimlylil:md' .... 

""",,,,,rf<>rme<Jduring lllelal •• flcmo~,"(mQU$<""ld;ngro"ml; ghlc)'d")inlhet'" 

mouse' , 1'1""""''''8°. An unfamiliar intnxkr male moose (albi..., All) was imroduced into 

the same t i"", of day; .fi.r!O mins ~ inlrudc1- mouse was =no,nl on """h of!he three 

day •. Tht pmccd"", "1O$.hesamc<""hday(RaskinelaJ .. 2009)(Fig2.2). Wben mkc 

"", ... bj..,tcdlOm"llipl.~.noounl",o'· .... a""riodofda)'s, lheaggessioo 

build. (Raskin <'1 al..20(9);bec.w><""cw",,, looki nglOrno,...,,,,.<kcline inaiUV<<<i,,, 

heha,';"",,,,,,,,,,,,rd«lonly'he lhinldayuflhcoggrc<.iontrialsin<>r<krloha,'elhemoSi 

<nI,ili.'."""y.Forc""hlrial. ti>e'eslm.ales inlcracledwilhadiff.remimruok,S<I"" 

ramiliarino,i"" """ldoccuracro .. lrial .. ThelOllllamounloflimcspcnlfighli ngond lllc 

phenolypeofll1c lest mouse. and manual ""oringof ll1c ""i<knl inlrudcrl<$1 was<lo«hy 

llIcsame oi!scrvI:r.Sll"i$1ical analy ... "'''"performcJ u$ing.<ludcnl"1-i""for 

On a ... parat. occasion. the residem-intruder parodigm was ",pe.",d with WT 



and PA IS mu,.,ionc.mcrsonadiffcrcnt mousc strain ba<kj;l'<>Ulkl, Inthisea .. , 101"'i .. 

of(CShSJL)Fl""' aOO (C57,SIL)FI MIS mal,s "",...uamilled, using All slrain m.lles as 

thointrutkrs. Inthi.lc .. ,ninepoirsofmale,,,'erelillcr-mates •• OOonl}'oI>Cpa irwa. 

ottlailledfromt,.odifferemlillers.andlhllSupericI>CedadirTcrenlmalcmal 

en,'ironment. n..lOpairswcreana iy",du>in~a",uJcnt'.t"rslforunpaired .. mples. 

with •• igni1ka~ lc\'CI"'1"p <0.05 

Twcnly_flH liUer_rnal<hcd pairsofCS7BU6J"".oo C57BU6J"A" mal", 

be"'ttn 10-12 "k of a~e were examilled for "",,"1 inlcreSl. n,i. Irst foliowed rile 

re,i<lenl -inlnldcrlest"llhagapofeilllerI o.-2dwhiicthemal",remaiJ)edsiJ)gl)' 

housed. n.. male. Were bro,,~ht to the .eSl room)O min prior 10 leSling. 'Il", ""x",,1 

inl< .... ""twll$pcrformed in thc l< .. mouse'. homccage. which h:>dlhcbc'dding 

WlChangedfOf"wr7d,Anunfamiliarfe-m.leineSirus wa.in1r"docedinlotllehom<:<age 

and .heirbeha"iour wasr<:«>rdc<lo"eronclO mintrial.l'o,,"suresexual recepti"il)'.the 

AIJfem.ic mie<: wcre induc<;dinto,strusby"",eivingasubeUlaneou.inj<:<lionof 

c>1radi<)ldisso"·ed;npcanutoil(2S~gIO.lml),'48 h ar.d24hpriortolcsling 

(EJwanls. I968;Soukl",wa-O'H"",etal .. 2001).Ailiirdsubcutaneousinj<:<tiOflof 

pr-<>geSleronedi"""I,'ed in pcanu,<)il(1 mglO.lml)"'IISgi.'en4· Shbef"",'llelc't (fi~ 

2.J).Th<nurnberofS\lOCessf"lmoun1Sandlhelime.pcn''''''''ntin~"=reconled.TlIe 

""""'~w.,blindedto lhep/lCnotypc"ftltctc"maJcs,andmanualsc"'i ngbyasingk 

obscrwrkdplaoc.Stati<ticalanal),ses"ereperformcdu>ingaSludcnl'st"CS,for 

paired ",mples.wilh.significaoccICl'd SClal p<O.05. 



PAIS mU(ation carrit .... on a dilTc",n, mouSCS1rain """~g"",nd_ In lhi.cos<. 10 pai rs of 

(CS7xSJLjFI,.,.,-and(CShSJLjJ'l 'A .. rnalc<wcrrr_.aminrJ .... ing.,"ilable. lbiII(> 

FVBlNJfemalc<asd .. partnrrs.foliowingthesarntc<uu. indueti-on..,hcmcdrstribdl 

earlicr.lnthistcSl.niJ>epairsofmaleswcreli{{cr-nlates.andonlyonc:pair\\"asobtained 

from l""odilT.,,,n, litters. 1-... 10 pairs ""ere anal)'=\ using a Slu<Ionl'. Hesl for unpaired 

sampl«."itha.il1"if,caocrlc\-elSCI"lp<O_05 

2.5..J T rsuof An, Otty 

A unique cohort "ftWrnly-<>nc liucr·rnalchcJ pairs (CS7l11j6J"'~ & 

CS7lJU6J"")ofmal« bclWttn 10--12 "k of age was <x.mined using lhltt weli lnown 

tcSl.fOf"""ie1)·like bell,,,"iours, eJc"a1<Xlp-lu, """",(EPM).opcn field (OF). and the 

light/dar\; bo~ (1.])11)_ Male mic.; We'" housed uliUcr·rnatc poi .... in ,he IlioorchoolOgy 

lluidlin¥ (Mcmorial lJni"ersity ofNe\\"foundland) for one " .... k prior 10 tcSling afier 

transferfrom""n1raJanimalcarcfacililies.T\\"en1yAJJmaJcmic.;(II}-IJ"k)"-ereaJ"" 

teSledineachof1hethrttanxietyparad il1""asapo,i1" .. con1roISlrain;AJJ mieella,-. 

been reponed {o exhibit more """iel)·lik. bella,-i""", {han CS7IlU6J .... mice (WhalSlcn 

&Cr3bbc.2(03)_T<"SI.,,"crcpcrfQnn<donlhr«:c<><lSttuli"cda)'. in1hefo llo\\"i"i ordcr 

EPM. OF. and UD. and 1he teSling orde. ofindi,-id""i mice "-as the,..."., ."Cf)·da)·. IVJ 

albinomalc m"c "ncrolOfr-d.li¥hUywilh black nur1irf 10 conl",,1 " 'ilh 1he \\'ltilC EI'M 

and 0 I'.""iel y.pparali. faciiita1ingcomputer1rading. I'Ofconsistency all mi""bcing 

blind'o'he¥"""')'pcof'he'cSlmouse when i'camclOC57l11j 6J ... ·" -cmJ. 

CS7lJU6J .. ";ilwasob,·iou."hen1heAJJm ..... ncbcin¥..,orcJbc<o.usc1heirroal 



- - - ------------

color "'as white, Scorill8 " -.sperfonnro ooth manuall y and usi"~ Elhu.isiofl X'I 

computcri,.cdlra.king. \\'bc n manuaJ""oringofthe th"", tcstsof ollxietywasperforme<J 

astri<1 guidc lir.e w"" enforced: all four pa",-s of the mouse (not including the tail) had 10 

compk1c1yhe ineilherlhe"f'Cnarm.cemrezone. orlighlareainordertohccoumed 

When EllxwisiooXTw,",used in order 10 e'-aiuale beha\"K>U"lbe m",lSeWywas 

di'-i<iedimolhr,-epoinls(heod,m iddle8lldbase)and when<ili;erof tbesepoinl,".rcin 

the dcsignated are .... itwl\Scounledas.nentry,1l>econscquenceofthi,i. an i""re""" in 

numher«,.ml,f()fthec"",pUlcri",d trno:;king rtiatiw to manual KOfing 

Approximately 30 min priori" te,(ing, mal .. were brought l" the test ing room 

Tests were performcd in an EPM apparatusron,is{;ngoftwodose<l8lld,woope1,anns 

(JO.Sem ]OIIg x 5.2 .", wi<lt). The walls oflbe do ... d arms were 14.3 cmhi&hBlkl tile lip 

around the peri rllCt<r oflhe open arm, """,,O.6cn' high. 1l>eccnlcrsquarewa<l5.2. 5.2 

cmanJ lheemiremazewasele \'al<:dHcmf",m lheground(Fig2 .4). E""h subje<:ISpe nI 

perma""nl m",ker for idemif1c.tion ,MicewereplO«<! inthecentcrdeadzonc to "",n the 

Ic<t aoo atlc, cac h lria l thci,fc"Calbu li wcfC co un,cd.,."anc" m moasLlTC "flU1,< icty 

",,' 1 tc<t . ubjec1. Time spenl in the o:>pen a!Id clo!ied arrn. of the ma,,, and thenumbe'of 

entti <sinlo IlIcarmswC"fCfC"<orded. Manual ""ming ...... pcrf"m'I<d foranaly".""flime 

.nd frequctICy in the op<n arms. IIowc\., ocorul£ "'as funhe" '. ii daled whe"" 

heha,iouraltrac\;ing . }'stcm(Ell1ovision XT)beca""'a>'.ilableforcompulc,lr,,,,ki ng 



T1Ie mean \'eiocilyoflhtanimalandl1le10laldislance tra, .. led """.Isorecorded ,,-ithlht 

autom.tedtrockingsySlem.StaliSlical a"aly..,." .. ",pe,fonnedus ingasu.>oknt"st·tcSlf.,.. 

paired samples. wilh •• ignitk.nce le"el set al P <0,05. and. one-",,}' ANOVA wh<n II><: 

arully~, ioduded All mice 0< til< thi,d ~"'up 

2.5.3.20[><nFicld 

n"'''pe11ficld(OF)aP!'ll",tu.isawhilcbu,_ I",¥<r lh:inlhebOIne<:"-£e.'' ith. 

37.2 ,m ~ 37.2 ,m 1100' and 20 em hi~h walls (Fig 2.5)_ I",," test subje<:1 spent one 

10 min trial in o""ofthclwoidcntical openfidd bo,es. Two subje<:ts """'Iested a,o"" 

lime. Tests we'" run undcrdim red illwninalioo and all tails " -e", ma,ked wilh perm""""1 

markerfor idcntificatioo,Micc " .. ",placed inlhtcent",oflht'PI"""tUSlostan th<trial , 

apparalllS """ cleaned with a 5% sol ulioo of 0l1la",,1, I'MS and \\'1' maJes wnc random ly 

assii!J"'dbet"'""nlhe lwoidcnti<aIOF'l'I"'mli, Rc<orded .-ariahlcswcrctimc'[><TlI 

in III< ecntre mnc and fT"4u,,,,,,yentering ,hettnlI<"lOl>i:I"hichcomprisc<i 50% of the 

lloor)andthcperiphcrysutroun<lin~lhecent",(romprisc<iofa3cmsq\l" rcli-omlhe""11 

of the box), Measu .... ofmcan v.I,,,,i'}' as ",ell •• '0011 distance lnIwlled w<c<' also 

was "'" tra<~.d. Data ,,'.,.., COIle<:led first with ma"",,1 scoring and then apin using the 

computcrizedsystemEll1o,'isionXTforlunh<,analyses_()I".""CThWc'Tcblindt-d,othe 

gcocti< statu, "f'lI< micc ; this i,only lrut fu,C57l11)W'Io'l \'t'rsusC57BU6J"~.ndOOl 

forNJmicebe<:.use lhci'coat rolor i,,, hitc. Stali>1i<al.naly,,,wCITpc,f,,,,,,cdusing a 

studcn ".t.tcst fo,pai"--d"",,,plc'.wi'hasigni ficanc~lc"elselatp<O.05 •• nda",!C·way 



ANOVA """ u.,.,d wilen NJ mice wtrc US<:d in lhe analy..,. as a lhirJ group 

lhe umwlIsrurJon thtlniniconscculivedayofbdl.1"iowal te<ling, Animal. 

were hou,.,d as li ller·mat<· rairS and brou~hl 10 lhe lesl "K,m 30 min prior 10 tesling for 

ot,l imali'''lion, 'Ihe LOB cunsistrtl ofl"'O equal ,;,e co,'crcd grey boxe •. 19.9clnx 19.9 

clnxI5cm,conl' .. ":tedbya'1ll.lIellClosedtun""16.6clllXI0.lclnx7.2clll,cm.:,,fthe 

boxes i'CO/ll pletely opaque (dark box) .• Itd the other box had. tT'On,parent top with 

breathingholes(light box)(Fig2,6),A 40w.tt oo lb WllS positioned OVef the lighl box 

Eachteslsubj«t wasplaculinthecent", of thelightsidetoheginthe5minlrial .Thert: 

were foor LDB se\Ups "'lIilable so 4 animal, WeTe teslcd al on< 'imo:_ Animal, were 13il 

mar\;edwilhablackpcrrnaocnlmarkcrlok«plr""kofiltdi"iJual"Th<otrial".srun 

under dim room lighting. and lhe apparalus was cleaned between run,u,ing a 5Y, clnanol 

""I utioo and dried, Fec.l boli were coumed following each run. The numbero'lmn,ili"n, 

imothelightoreaandtheamountof time,pcntinthelighla'ea" .. :r-.; 'ccorili,d_~",ingor 

these meJSure, "''liS manual by one oosef·.-er blinded to the gc""lit staIU,-Slali51ital 

.... 'Iyses were perforrned using. "lId<nt"t·"''' for raired """,plcs. wilh a 

,i&nif,c"""e lnd set al p <0.05,.nd. one-way ANOVA ,,"'as u.,.,d "'hen NJ Inice were 

inch>ded in lhe analyse. as the lhird group 

1l>osame twentY-<>I>e rain; C5711Ll6Jv.-, and C57BIJ6J''''' mab wCr<abo 

te,led on >ociai intera<li (Nl,Following lhelhrc<;tOT\S<:<u,iwday.ofanxicty te,(i ng.ln. 

So"iall"(.r"",i,,,, Open Field (SI.O~) lest was wnd""tcd. Mice ,,'ore tested ill {he same 

{es{ing order as the pre"ious {est,.Itd were ,{ill rairhouse<l. 



The: SI-O!, .pparalUS is .Ial);' box with. 47 em x H em floor. alld 48 em high 

w.ll •. A wire mesh box bolding the Slimulusanimal ,,-ithin the lar-ge o:>pen box i. 

13.5emx9.0emaod is 10em high; the "-alls.remadeofPk,igl .. (5 mmthi,l)aod 

rise up 16 em in l>eight 01""" ll>e mesh (hg 2,7). Tile te,t WlIS run UndoT dim "Xlm 

lightingcoliditioos.aodtwo identi<alapparnt i wcrellSOd""two.nimalswerc'c,ted.l 

'h< """\clime. Eachlesisubjec,ulldcrw'ntOtlC 5 min ,rial,For tlle initial 2,5 mi nlhctest 

.ubj«t w .. alone (Trial A). TI>e animal was 'hen removed while a .,imuILL' animal ",as 

placed in ,Ilcwire mesh box within Illcintcrnortion1Alnc_Onccthe,timulu,animal "'IS in 

plac •. the tC$1 ID<lU'.C WliS put back into the box for the finaJ 2,5 min (Trial B),The: 

1A>n< for both Trial A anJ Trial II. to!aldi'Ja<ICctra,'clled. mean--elocily.aodllle numbc, 

ofhcad point,l<)wllTd,the ,timu lu, anim.l'. c"llc "hilc in the inle roctioozone f or both 

"""lyse. were pe,fOfmed using .two-"a)· ANOVA (gcn<,type x trial). with • 

• igniiieancck,-dsct.tp-<lJ05 

2.ti Sr •• i.ri •• I Anol),.is 

Dala""cre.xpressedasmcan~'1andarderrorofthcmc31l,,,absol"t.,·.I ... ,aod 

w ...... I)?Cdu<ing the,lati .. icalprogram I'rism(GTlIphPadSoft"'are ltl<.'crsion5,0b. 

LaJo ll •. CA).A student"s pai,ed I-lest (p<0.05) "1ISusedtodelerminc,ignil icant 

di tf.re''''.'ofbody''"c ights.or-gan.''cil:lot<.IId .... l.gcnital di.taocc •. The,.'u11softhe 

scrum "",,,,)',w.,analy,..,d u>ing a "udent"s 1·1«-1 fu, indopendenl samples,Slati, ti<al 



.. " .. lyS<"sofb<chav;ouraltestswerea"aly",Ju,ing.s!Wcnf 'paireJHeSl(r"O,O5). 

Wl><nalllhrccgroups(C57BLl6JWT.C57BLl6J'''''.andA/J) ''~'ITcomp;IJed." one- "a)' 

ANOVA statistical test .... "aS used. followed by Tulccy', multiple compari""" lcst. Bolh lhe 

andrc>g<11 sens;li\'ityleslandth<,: ",,,,ial intcmtlions beh,,,,ioorol tests were an"lp "d u,ing 



Table 2.1: P~ I)·mer"". C h. in Hu<t;on (I'CH) C .. ndition. 

39Cyde,,,f: ~· jnal Step 

\O.77~L Targ<1: 94' C I Target: ss"C I Targct:72"C 

1I"ld:ISo«: I II01J;300«: 1" .. 'd: 300«: 

Toble2. I,ool>'.thcrond itionsQfthopolymtrasechainrea.ctiooassa}'f",.,,, 

chromosomc <lctcrmination. 1l-.o reaction >'t>lu ...... inilial Slep. c)'cle .. and linal.lq>a re 



17 pairs 

CAk. 
WT '''-IS WT l'A IS 

T EMI'TY 

--
I 

1'igu", 2. 1 sho .... ~theparadigmfotlhear.drogcn ...... ili'·i1y1<'Sl.M"'e""'" 

on:hid«1omi7J:<Jar.dgi"en 2wk'''r«<!,=fmmthesurgcry''lwh;ohpoinlancmpcy 

capSUle ot. capSule c(KIlaining T wll$ implanled inl" ~'T mal"" and PAIS mul..,l., After 



Resident- Intruder Paradigm 

Consecutive Days 

Day 1 Day2 Day 3 

10minTriai 10minTriai 

Tri.1 3d"!~ use<lfora""lysis 

Figu", 2.2 obo::>w. ,he parndigrn forthcrc<iJrn,·intnJ<k,rbel\a,-iooral 'cst Tri.l. 

<>Ceu!tt<l""tltrn:c"""",uti".da)·. "ilhmic~unJcrgoing . IOmin'rial.""hdayu';nKa 

"",·.1 imruder male stimulus """""" in ,heir homc-<age. Aw=ion buildso'-er 'rial .. "" 

""lylhedal1>frumday3wasarulyzedinonkrIOOO!ainlhemos<5Cn';li,'cIl$$lOY· 



.' ;gurt 2J'Su .. l ln. rr." r . ... dign' 

Sexual Interest Paradigm 

Injeclio<1sfC)(Females 

48hrs 24hrs 5hrs TEST 

I I I I 
~ I '" 25 IIQ estradiol l mgprogeslerone l 30mintrial l 

to tes.ing thefcm.le ...... c .. inj""ted ..... i th25~gofcSl""'io l a"daI4-5hprior, Imgof 

progestcrone,1lIelCst ..... a.run .. . . ingleJOmin triali n themakmou",·.hom«:"!;' 



FigUJc2.4,how"b"eie,'ale<ipiusm.",appamlu,_Thc lwoarm,onlbebo11om 

riyhlandl"p ]"na",ciosed. OIid lbe lOp right aoo bottom icn are open. 1lle center dead 

WIt"isa"llWe inlbe rniddlc ofthe maze 



fi~urc2-' 'h<"'~ thc"p<n flelJ apparatus. 1lte ce nt ... squarecxi ."inthcmiJJ1~ 

"rthc"p<nfl"ld and th"peripheryzo""li""sthecd~e,,,r lr.:wall •. lnb<Me<1llhet"o 



t'iJ:urt 2.6: l)ial!no'norLi~htll)ukliu. 

Figure 2.6 show, !wo iightldark boxapp"rati . idcb}',idc_Eaoh'pp"rntus 

containsanopenair iig.htedcompanmcnt conne<tedtoancocl"""ddarlcompanmcnt 



Figur~ 1.7: Ilia~n nl (If th~ s..ci. I_lnt~n<tion Opt • • ' It ld 

Figure 2.7 shows tile social intcrnctiollopcn fi<ldaf!l"'l1llu •. "llIc "",,·inlcrnction 

zone. inlcrnclioo7.onc .• ndlile small mcsiJcag""'ilerelileSlimulusan imal,wcrckqll 

during Tri.1 I:J arc $hown 



Ch~ pler J - RESULTS 

l. I Anatom, · 

K.y difT ... nces in the.xtemal anatomy "fthe male C57BU6J· A" and 

C57BU6J ...... mic. W'cre useful for p/lcOOl)"pe di!ICriminatioo. On the black roat of'he C57 

inbred background. C57BU6J'AIS m.les ha,·c mamm.,y cha in pigm<nla,i()fl 00 'heir 

' ·cm",1 side and the)· lack .scroH'm(~· ig 3.1). TIIisi,co ... i''''nt rq>rcscn' ati,·cc.<1cmal 

anatomy .. upwards"f250animalsha''c''''''n'>bscru-d. rw1~.lheanol.g.nital 

di""""c of mal. and frn.ale C57mJ6J ...... is , ·isibly difT.renl from C57BU6J'''''' mate 

mice. When m<asw'cd at 50dofagc.C57BU6J'AlS malesMdan inlermediatc pheno!ype 

bet ...... n C57B1J6J~"" males and f.mal"" with .signiflCantly larger distance lhan fcmak. 

and a.igniflCal1lly smaller distance than norrnal malescrable3. 1). Wf'TISUS PAIS male 

lIody ,,".ighls (,) of.11 three g"'"P> w<re examined and PAIS mutanlS were 

found '" he .i~ni flcantly he ... ier than r.male Wfmicc al 50 d "f38e crable 3.1) 

l ........ " . no . ignificantdifT.ren<cinthebody weighuofPAISmll\aJluandWrmaks 

II 5Od. Despite the JIfI'S'Once"fintra·.bJomi",,1 tc,tes. C57I1lJ6J''''' "",le.arc inr<rtilc 

d .... to their missing inlernal male: rcpntdu<ti,·c SlJ\J<tu ..... including the seminal ,·.sicles. 

proslalcIohe$.'1l$dcf=n<.andthecpiJid,·mi.(Fig3.2). lkt .. -een10-12"bof38C• 

IheandPOien.respon'i'·corpn. presentinbolhC5711IJ6J ...... andC571lU6J ·"" mal"" 

were weighed Ii" comparison. The tcstes. kid""y .. and prep.ni.] gland pair weigh" 

nomla]iredlobody weights wer.,ign ilkant lyomaller inC57I11J 6],At' rompan'llw 

C57BU6J ...... mi<c (Table 3.1). ThcrcwlI$no.ignificant dilT"",nce in body ..... ight 



bel"'ee" C57BU6J"-T and C57BU6J'A" mice., 11).12 wk. of.g" (Table 3.1). eoru;i$ICTlt 

withmeasuremen""50d(- 7,,h) 

J.l Serum A»ay 

I.Ma"' ..... colleeledooli1eS<1\lmb·clsofT.LlI.arodFSHIi:>rl:>olhC57I11 J 6J"" 

andC57IlU6J· A "male.(f.bl< 3.3). \\'Ilencochphenm}'pe wa,analyzeJ for T li>tn:: 

"creoo,ignilk.mdillerer.;.,\>c,w,,,,ng,,,ullS"either3Qdm50dlimcpoinl'.AlJOd 

therewer.oosigni/icanldilfC",""cs in LH \>clw""n phe"",ypes. Itowcver "1 SOd 

CS7BU6J'''' mol.,. had signilic.nlly higher Ie,'d, ofLH eOmpaITJ '" Cs7IlU6J"''' 

07IlU6J"" male> bad ,ignificanlly hil;h<r b 'd, ofFSH., both 30 d ntld SOd 

compare..tloC57BU6J"'''mal.,.(f.bleJ.3). 

l)singoI'CRba",das""yforlwug<:TIC'speeificforChrXandChrY.Smcx .nd 

Smcy, il wo,cietCTmi,,,,ci IMlli>t C57IlU6J 'A" males were bf"}'ot)"pically identical 10 WT 

mab.p"",,-",,i,,gbothChrXandChrY.Fig3.3depictslheele<:lropllorctic pa1tcm of 

Iwo if'l<kpe,ldent femal. DNA samples showinll' sin!!lc band 10 "'pre«n' the Smcx gen<. 

whereas lwo if'l<kpef'l<knlDNA """pie. from C57I11J 6J"" and C57IlU6JM" males sha", 

lht"",,,..Joublclpatt<mforSmcxandSmcyamplificatioopro<iUCIs 

J.J Andro~cn S< n,i';"i'y TH I 

Tholc.lingp<m><ligmd<-scribed" ..... performcdon odult mal. mic •• lhus it 

wwldootbeexpe<:tedtMteXogeOOllSTcoold,..,.,,,,,,heana'()ffiieal .. ,producli,·cd.:f,,,,lS 

of lh< CS7111J6J'A" male,. 1l,,<Jy and o'll"" " .. igh" ,,'= mea.sured for fou, groups of 

n,al~,<"""",t"'izedb)'phe'>Otype("""fv • . rAIS)o' t'eat",.nt(T supplcm<'"tationvs 

cmptycapsule)(fabIeJ.4).Organwcighuwe'coormali'A"<ltob"J)"w<ign"dLJelOthe 



Mgh.'ariabilily;nlht"'l1'nIlI~«11.2)" k<)of,hclill<rma,<""in'llhc'imcoh"'l!cry 

AhhouI',hC57BU6J·AlS mal<sOOnolJt,..,lops<mi",,'wsioles.lhi.'''i"nin wr 

male! "",used asaposili,..,conlrol forlhtcxp<"rimcnI.A<$OOwn inT.blc).4. 

C57BU6J"'~ male! ",110 "",.i.'ed T c.psules had signific.""Y larg .... s<mi",,1 wsick .. and 

ll>cn:fore large .... tios of sem;",,1 Hs;ek ,,-..;I',hl per body weighllhAA WT male! wllo 

rccci,·edcmplycap;5ul ... and",,'hc~.ibedparadigmw ....... fulformc.su.ing 

androg.n$C1l$ili"ity. Sul>S«jocnlly.thc kidllC}'.and prcpuli., gland pai. weigh" ""'" 

rompruc<lbtlWttnlhcC57HIJ6J· ... 'OOC571l1J6J ... ·t Tandcmplycarwlcl:J'OUP'in 

orde.toJtlermi ... ifThadaneqLl3.ldr«lonorgan"'.~"lh.l)rspil.,thceq ..... 'dost 
and kngthofexposure toT.lI1cCS7B1) 6J· AlSgroupSlili had significan"y sm. llc. 

p"'putial gland. I"oClfJMlizcd 10 body "eight than CS7Ul)6Jn mal .. (Table 3.4). bu,..., 
significanlditT""',,<e",..Sttnin kidncyw.igltts.h .... lhougltWI'AISTlre.lmcnl 

response1<.Tcompared to lhc empty c'rwl.s, Tbcrefore it can bt concludc<l from thi' 

assaytha,C57BU6J'AIS male! ha"ea partially androgc"·i"-"''''i'i'·ep/Ie'I1otype.The 

""",i ... 1 ,·nick. We'" .... Iyzed using a.,,><knl", He>l for independent """,pi .. (P<O,OS). 

and the kid .... },. and prcpu'ial IIlands were onalyud usinll a ''''''"'''''Y ANOVA. p<O,OS 

C57BU6J'AIS and C57BU6J"" male! did nol ditTe. signifICantly in thc amounl 

of'imc,p""'fighlingorinthenumbC'roffights(.· igHA.II).Thebcha"iou.obse'f"ed 

during,hclC<idcTttintrudcrtrstw .. minimal.andobsc,ving <ignif",anldifT,"'n.'.< 

bctwccngroup;5wasdiflicul,d .. l0,hclack of.ggrnsion in eithc. group. l'hi"." was 



folio"wupusinga"""""l!gressi"eSJLinbre<iSlraincl'OS!l"'lhlheCS7BU6Jfenlale 

carri.rI.WhenlhePAISmulalionwascrosscdomo lhe(CS7.SJLlFI h)'bi"id 

ba<kground.lilenumrerofaurc .. i".ac!Sg .... rallyi .... reascdinbolh WT.nd PAIS 

male mUlalion calTiC1'S. Funilenoore. using lile same "",idom-inlMiderleSlparadigm.lile 

(CS7 x SJLlFI.-T w"re sign ificanlly more "l!gressi"e compared 10 (C57 X SJLlFl ·AO> 

malcoo_Thcyspen,.ignif",,,,,U}'mo.-.,imcfiiiJl, ing(Fig J.5Aland had significanUymore 

fiiiJlli/ljli1oolS(Fi&J.S II). indiealin&IMI'AISmu""ionhas •• i&nifican' impac' 10 red"". 

lhe .... yinor<le-r'omeasure.decli .... inauressi' .. bclla'iour. 

Con'parisonoftile'imespcntmounlilljl.oo'·elfemalcineSlrusandlhenumrer 

of moun IS ohovow.igniticant diffc""",coo betw.,.,n CS7 HIJ6J''''' and CS7HlJ6J··' 

maics(Fi&J.6A.II),Tbcbrlla,·iourob«",·cddurin&"", ...... linlerest!est" ... minimal 

and obs<:I"ing any diffcretICCs bcl"ecn g.roupswa,dil\1cull due lo tile lackofac,i,-i'y in 

eilhergroup;lhererO}f'CdIe(C57xSJL)Flmales"creexamincdforsexuatint"reSl.U.ing 

the same ,",.ual imcrest paradigm. (CS7 x SJL)F1·~ w.re . igniflcantly more ac,i,-. in 

....... 1 bella"iou .. when .ompared k> lhe (C$7 x SJLjFl "" males. WT malcoo 'pent 

significantly more ,ime mounling (Fig 3.7 Al and altemplc<i more moun!S (Fig 3.7 fI). 

indicating'hePAtSmulll'ion"", •• igniflcantimP""lto~""" .. xu.albell.a\'iour. 

l.S.J An~ itl}'T .... 

\\.'hen Etl., ... ,sion was uscd loe'-al .... '. ",stsof .. nxi.,y. me.",,,,, of'imc and 

r'«Iuc:-n<y arc ,igniflcantly highet than "hen manual ocoring""'u5C<l forthe "X"," same 

"'ofbeha'·iours;thi,i,dLlelOadifT.",,,,,,,inlheoooringparadigm, When I !OOICd lhe 



bch,,,,immmanuallylSC1aparaJigmform}'sclflhalooly,,llenlbe3pointsofthemousc 

(Ms.t, midJl~, head) haod completely ero...,.;! iOlo lbe arca I would "an liming or counl il. 

counle'" S<l"""lely,mcaninglhalan},tirnc~ilbertbeMs.t, midJlc, or head cro..scd int" the 

.,..,a il would bce"",nled_Thi,cxpl.in, "nyllle Elho,-isioocount for the same , ·idoos;s 

signilicanlly higbcr_Regardlcs."rusinglht J points as" "'holeorscparate, lhedat • "ere 

consistenlac",.. manWllanJcornpulcrizcds<oring, We il'l<luded a cohonof AlJ rnak 

micc(n3 19)in ali Ihrcclestsofanxiety ... a posili"econtrol strain 

(A )Manual S<odn ~ 

AlJ malemieesp<nt $iglli/icanlly less limc in Iht open arms compared to 

C571\1 )6J"~ (Pig 3.K A). 07IlU6J'AIS mice also 'I"'nl signil"'a."ly kss lime in the open 

arms compared 10 CS7I11J 6JWJ mice (Fi g. J,g A). Entries inlo op<n arm, w= also 

mcasurctl,AlJmiceenleredilltoopenamtssignilkanllyfcwCf limcs(FigJ.81l),The 

number of entries 10 open arm, did"'" diITer belw""n C57IlU6J ~"T anJ CS7BU6J"AIS 

males(fill ,3.81l) 

(D) Compulcriad S<oring 

Similar ",suits ,,= calculated .. ioj; Elh,wision XT in Iht EI'M tCS1 ' 

C57111)6J"A" malesspcnllesslirneinlhtop<narms(FigJ.9A)andenlen:dthe 

opcO ann. signiflcam ly fewer limcs (Fig J .9 II) when analy""d by a studcnt's t-tCSl. AlJ 

maICllW<'" "",includcd in Iht cornpul.-rized analysis duc 10 llIei. while mal color which 

was no! well discriminaled by lhe lracking ..,I'warc , 'I'ISU' lhe whil< hacldropoflhe 

EPM apparatus, Although black markinl;$ were applied 10 the hack of AIJ male .. the 



compulcri,.ctl')"t<mfailed!OU'a<ktheAIJ m.ie.accurntcly 

No .i~nifl<anl diIT"",nce. ";,,,. found be!ween CS7HI)6J Wl and C57BU6J'~" 

mal",f()"he'i""'<p<nlintheciosedamlS(FiIl3.IOAjornumbcTofcnlri~sinlo"losed 

arm,(PiIl3.10 B). Total distance (cmj and mcan ,·cl<><ity (cmf.) "-cre,,o"'pared. olld 

"",ignificantdiffere""",,"·erefoundinci ll>c,mcasurcWig3.IIA&Bj. 

J.S.3.l0I"'n.·ield 

(A) M anual S<orinJt 

NJ m.le mice spent significanlly less lime in ll>c centre zono companxl to 

C57Ul)6}Wl (Fig3.12A). C57BIJ6Jr~" mice did OOId iIT.,. fromCS7Ul) 6}Wl for 

amount oflirnc sp<nl inthccentrezoJ>e(FigJ.12 A) . AIJ mioeenl<re<l in!O tl>c cen t re 

zonesiKnifocanli yfc"c'tirnc.""mpaml toCSmlJ6}~""ma",s(Fig3.12A),NO 

, ignificanldilTerel>CConnumhc,ofentri ... to!hecentrezonow",foundhct",,-.," 

C57B1)6J""andC571IU6J'A1'lmice(Fig3.12B) 

( II) Compu'~r"~d Scorin~ 

WI>cn ,he centre ZOJ>e ",os mluced from 6-W, 10 SlJ%oftbcentire OOX formore 

stri<1analy"", ... ingcompulcriZJ:dlracking.idcn,ic.l",so]I,,,-creseenf(J["OOlhlimcand 

numbe, of entries into lhe centre zono bet .... ""n CS7BIJ6J''''' and CS7IJU6J~'" m.I ... No 

,ignifocanl differences i><t"""n gfOlJl'" "as seen foramoonloftime sp<nl in lheoentre 

zono(Fig ],13 Aj (J[" number tim« enlcre<l inlO the centre wne (Fig lI311). Li~~the 

EPM 'l'f"lTIllu<.. the ,,'hite OF apparalllS was not condoci..-c 10 tracking the albino NJ 

Funhermeasure . ..... crcob!aioct!',.,hostheamountoftimc>(>Cntinlhepcriphery 

>.ooc. numb<1-ofentri .. inlo the pcripi>erywne. kltal distanCe lm,'elH:<l (cm) and mcan 



,-clo<ity of the animal (cm/s),Nosi!;tlifica nt diflcr.nec.wcrt'foundhc1,,'ttTI 

CS7l1lJ6JW1 andC57BlJ6J'A"oni<:efortimespcntin thcpcIiphcTy,,_onc(Fig3. l4 A)or 

numb<r Qfcntrics into tk po-ripi>ery zonc(Fig J,14 B). WIII."T1 tOl"ldi'\aJlCc(cm)an.l 

mcan,-docity(omlt )wascompare<lthcrt'wcreno signilkant diflcr.nce. ineithe, 

",..",ure(Fig3.ISAl;;.B). 

J.5.3.J L.igh t/lbrk 110' 

(A)Monu.l Sct> rin ~ 

Mi«wertcom pllTCdfo,tkanlOU1ltoftimespcntinthclightar<,,<)flhe 

light/dark OO~ (LI)II)_ All mak ",ie. did noI differ significantly in 11>< amount oftinle 

spcnl in thc light arca comrarcd toC57BU6J'OTandC5711U6J'A"micc(PigJ_16A) 

C$7B1J6J'A"micedidnoldifferfromC57BU6J-T ()fIamountofti",..spcntinlhclil!-ht 

area(FigJ. 16A) 

Al) mice enlered into 1he light ""'. signifICamly fewer lim .. ,. compared to 

C57I11J6JW1 .butdidrlO1diffafrornCS7BU6J'·"'(Fig3.16 11),1"hcrtwMn",igniflCant 

diffcrtoccbct""ttJtC57BU6)lWTandCS711U6J'A" maic,for lhenwnbe, ,,fentrie.into 

tl>olighta,u(FigJ.16B). Fecal bol i were collectcd and counteJ ancr testing '" an e xt ... 

measu",,,fanxie1y . NQ .ignific""tdiff-=rrocesinnumbe<offecalboli were found 

be1,,"ttJttheCS7BU6J'O"an.lC57BU6J' A"groups(Fig3.17).lIo"-ewr.lheAlJmice 

had significantly more boliaflcrthc1rial "hc:-n compared to bothCS7BU6J-T"nd 

C57111) 6J'A"malcmice(PigJ.17) 

3.5.4 So<lal Inltr:oc.ionOI>tn Fi.ldT." 

Time in lhe inleraction wnc WlIs cornrarcd for Trial A (empty zone) ' -s Trial II 

(2011C Wi lh n,wel mouse) between CS7BU6J1WT and C57I11J b.lMrs mice. Thore were 00 



dilT .. e"""sintheamoun1oflimc"",n11heinl<r8Ction:wne.orlhefrequcncycntcrcJinIO 

the imcraelion woe. """"" Trial. A , 'S II foreit~ CS7BU6J~'r Of CS7BU6J'A"males 

(Table 3.S), Similarl}'. thefC waS no signifICall1 dilfcn;:""" in ,he number ofheod points 

towards the cagc within lhc inl""""tion zone in Trial A ,,,-lIhctwttnpneootypegroup' 

The ,csu llS sUi\l:e,t TMl cliITCTC,",C in soci.1 inleracti"" traiL' het",,,,,n C~7DU6J~'" and 



Figu", 3. 1: ht .. n.1 Anatu m, · uf C51 nU6J"T oud C57 11 L16.] ",L' m~ l. mi« 

Evidence of 
Mammary Chain 
Pigmentation 

Figure 3.1 shows (he external .n.tomy ofboth C57B l j6J~· ' and CS7l11 j 6JM" 

mi ce. The CS7 RI ) 6J'AI> male .tl<,,,", ", id..-occ ofntammary chain pi s.mentatioo. a visibly 

redu.ced anaI·£enit.1 distance. and l""k of. ",f<>1um. Thi ,i,acon,i,(~n(rq>re"'n1a1iveof 

the .'temal anai<>my ofhoth C57B ])6J~· ' and CS7 Il U6J'''' male mice. 



Tabl. 3.1: Ilody W.ight' . ndAna l_G.nitol lIi ,toncr. ofC51I1U6J""", CS7IlUU ··'" 
1II.1~lIIi.,. ... nu,CS7BIJ6J"'r.m. l. mi« . t 50d"f.g •. 

C57BLl6JWT 

C57BLl6JfWS 

C57BLl6JWT 

Genotype Body wt (9) Anal Genttal 
Dtslance(mm) 

Male 22.3511.5 19.14i2.1 
(n=14) 

Male 22.75 t 2.3' 12.11iO.8",1 
(n=14) 

Female 17.4710.8 7.8iO.7 
(n=14) 

(meant$d,·,Tp<O.OOOl,one· ... ay;tncwa) 

Tablel.! soo"'sthebod}"wcight,:mdanal-~ffiital distallCesoftho;C571l1J6J W"[ 

mal e.C57BLl6J'·'''mal c.andC571l1J6J~'Tfcmalemice.n-!4foralllhree group, 

C57BU6J'"'" m,k, W'"IT inlcl"rtle<liate for anal·ge nital d istance. The)' haJ a significantl}' 

smalier di,tanc·c"hcncompareJloC57BU6JWlmaic<{T).anda,ignificantly lo'ge, 

diSlall<e "'hen compaT<d to C571!1J6J"" foma!es (') IF(2. 19) - 225.5. P <0 .0001 I. 

C57 RIJ6J""'aooC57UU6J .... male mice did "", ditlcrin bo<ly " .. ighl. oo ..... ·er 

C57 B1J6J'A" male mice w .... , jilJ1ilicamly ilea"ior lhan C5711U6J"~ female, (') W(2. 

19) m 44,90.p <O,0001 1. 1l>e(· )TCpr~""nl"heoomparisonhet"'''''nC57UI J6J·A'' rn.l .. 

and C5 7f\UM"T fc"TTtatcs. and the (f) repre .. nts the comparis<m hc'''Wll C57BU6J"" 

andC571!U6J"''''' otales. 



Figure 3.2 show, lhe intomal reprod""ti'·e structures ofthc PAIStnutant 

mouse compar<-d to a n"mal WI" male tooUS<'. The mie<; haJb,.)ring the PAIS mutali,,,, 

arc m i ""in~ ,he seminal ,·esieles. pro" ate lobo. ,·as deferens ... lid the epididymi" 'lbi, i, 

reprCS<:ntati,'e internal anatOO1}' "fC57I1lJ6j ..... "lid C57BU6J"A" mice 



T.blr.1.2:()~.n . ndoo.J)· W~il!l",(,,,, .. , l;jdn"Ji •. p .... p"lialgl. nd.) for 

C57UU6J"" and CS7RI.16.J"'" m.1r mi .... , lfl..12 ... k .. 

C57BL16J"'" 
(n=18) 

C57Bl.I6.f""S 
(naI8) 

Agelwk~) Teste s ""dncy P,epulal Body 
p,wl body p,wl body Gland WG'9ht 

(mg91 Im99) p.w\ body 191 
(mg91 

7.77ctO.64 13.69±O.92 2~±O .63 

TabkJ_2>bo ... sth<pai,weight:!of'hctC$ICS.~idneys.andPf.f'll1ialglandsof 

C57UIJ6J"" and CS7IlU6J'" '' male mi<. at 1fl..12 ... ~,. nonnalized to bod)' ..... igh. 

n ... .,..""'k .w .. rcu<;<dinlhcmalr'JPi<.l bcha',iou .. I •• S1S.tl1usthcy.rclium" ... paifS 

and a pain..-d t·\cst isuse<i,All 'l\reeoTtheandmg .. n rcsponsive ofgan, dilkITd 

significa,n lybetweengroup-s.n-IKThc,es\c,,,-.,,,,,ii!J1 ifi<andysmall .. r inthe 

CS7IlU6J''''group whcncomparcJ,o lheCS7llU6J~'' group.t(]7) - 14,70. p«U)OO\ 

n-.osalll<"",'rucforlhtlid'IO)'s.t(17) - 4J)04 . p - O.0009.andfor'hcprepu'ialgla,Ids. 

t(17) _ 8.417.p<O,OOOI,n-.orcw,",,,,"sii!J1ificamdiff.rcnccbc\,,"tt1Igroupsini:oody 



.'igureJ.J,C<nol)' rinjt:A .. ayfor SnChrom", um .. 

CS7BLI~ CS7BL/ 6J""T 

lOObpladder 

Fig u,e 3.3 ShoWS lbe .. Stlltsofll>c genotypingasSll), f",sex cliromosome •. TIle 

prese""e of the Smcyand Sma g""", a, f"lll1d in (oc PAIS and WT groups i, typical "f 



Tabl~J.J, lI. .. ul ... of ... rum .ss.)· for UI. r SIl , . nd T in .W d ond S(l d C571IU fi.! " ·r 
ond C578U6.J"·'" m. l~ mio •• 

n'''<tt~P'" Al P Grou~ lH F~H T 

nl/ml " l lml " , /dl 

CHtll/61W"l "',., 42.67:t6.706 6S.51:t74.01 
(1'1. 10) (n'!O) (,..10) 

C5781/6 ...... 4.185:t7.841 SS.l81!UU' 
(1'1.10) 1"·9) (".10) 

C576l/61W"l ""'" 0.2SS:tO.424 14.61110.69 53.65:tS4.26 
(1'1. 6) (1'1 . 16) (1'1.15) 

(5781./6 ...... "',., 3.59512.242' SI.261 11.~ ' 74.41174.45 
11'1·6) (1'1.11) (n.17) 

Table J.J.I>o",.. thc re"" l" from Ihcocrum ossa~ forLil. FSII.and TOI both30d 

and 5{id. Whcn0711U6J~"l and CS7IJU6J''''male mice were eomrarcd fOf Lll. thcIT 

was oosignificanIJifTerel>CcalJOd.t(18) - 1.427. fF<l.1707;bown<r.' SOd 

C57B(6)'A"micelladsigniflCanllyhighcrlcwlsofl.ll.L(IO) - J.582 . .,..o,OOSO,Whcn 

phenoI)'P'" were oomp;rn:<J f<1f FSH. CS711U6J' AIS males llad signifICantly hi!lJ>cr Ie,-d, 

aI30d.L(17) - 4.202.fF<l,0Q06,Thcyal!W)llad,ignificanllyhighcrle'-el,n1S0d.L(31) -

4_213 . .,=<1_0002_ When']" was c~amir>«llhcre was 00 si~n;r",am difTe,""""" a1 30 d. L(18) 

- 1.000. p-(I.3304.oral SOd.L(JO) - O.8907 . .,=<I.3801 



(. ) 

'" 

Seminal K,dneyprwtJ Preputial 
Veslclesprwtl body Glandprwtl 

body (mglg) (mglg) body (mg/g) 

Testosterone 
WT 6.1 5 :10.33 15.27.0:0.99 2.39:00.51 

Testosterone 
P~S 14 .03:0:1.10 1.21..,0,33·' 

EmptyWT 
1.37:t0.35· 12.32tO.98 1.31:10.35 

Empty PAIS 
0.89±0.2'" 

C"'~mn Ilm~.., 1: «I, "p<O.OOOI, unpair~ H eM) 
( olumn<2-1i"""an.t<d,··i><O.05, "p<O.OOOl,2.2ANOVAj 

Testosterone 
WT 

Testosterone 
P~S 

Seminal Kidneys Preputial 
Vesicles ' . chartgc Glands 

' . change % change 

448.9% 130.8% 185.3% 

117.2% 155.1% 



Table 3.4 (a).ho".-, the O<gan weigh" from the andmgcn SCTL,ili"ily lest foraJl 

fo~r grouPS' T WT. T PAIS. Empl)' WT. arod Eml'!}' I'AIS, U>Cd ... ",,,iliw control. the 

.. milia) " •• id.s ".-.re sign ifoc.mly sma ller for WT with the oml'!}' capsu le,/(15) - II).().I. 

p < I).OOOL There "",,-'''0 ,ignifieant clTect "fph<notypc x<aps~l< lrea!""'nl whenthi: 

lidn<:yswerccurnparedlx~wctngroup" F(JO,I) - 1. 686.p - 0.2040, 1l>erewas 

hov. e,'er,.significanl effeclon pheOOlype x capsule lre.tment when the "",puti, 1 gl.nd , 

wereex.mirledF(29,l) - 8 , 539,p - O,0067 ,Table3,3(b)irod ieate.the ~. ehangethaI lhc 

Tlreatmenl prod~ on each androgen responsi,'. O<J!an ofbolh W I' and 'r PA IS gmllps 



.' igun JA : Comp .. i>oD Dr Au ..... i ... II<ha,-iDUC in C~1IllJ6J'" and CS7HlJM'''' 
mol.,. u,in~'h< 1I..,id.nt_ln{ rud~rT .. t 

(A) 

("' 

Figurc).4 <ho,,< the tinle.poent flghling (A) anJ the numherofflghl,(Il)du,i"ll 

then:sidcnl inlrudcr test ofaguession u,ingrnan ual scoring. C57l\ 1J6J~'T and 

07BU6J"" male mice did not signifloantl y difTer in ti me 'I'<nt flghling.1(24) - 0.6086, 

p - O.5~85.", inlhe froqucr.cy off'ghlS,1(24) - 1.41 2. p - O_168 1,n-25 pa i ... 



.·i~u .... 3.5: Compari'Qn Or .IlIl~,i,.. b.b ... i".r ... ith. (C~hS.II .) F I bl bdd 
ba<kgroundu'inll·h.~KI<n.-in tmdect ... 

(A) 

(0' 



Fi~urc 3.~ show, tile time s.pent nghting (A) and the nwnb<1"offight, (B) during 

tile ""i<icnt intru.kr test usillgmanual ""oring . (<':S7xSJL)FI~-r ".-.",.ignificantlymorc 

aWCS$i,'conOO/h "",,,,ures;theyfOllghlmorcoficn, «18) - 2.769. p - O,OI27 •• nd fora 

IO/,~cr dumtion. «IS) - 3.272. p - 0.0042. "hen compared 10 (C57,SJL)FI 'AL> males 

. - IOpai" 



,A, 

(II) 

Figure 3 .6 ,how, lh<-limc ,,,,,nl n,o"nt;n~ (Al and lbe number ofmoums (B) 

Juring lbc ,imple mowl1 ing test of ... ual inlcIT$! ", ing rnam",1 scoring. C5711 U6J"" and 

C57BU6J"A"male mice did ""t sig:nificant ly dilTer in f""l""""Y. 1(24) - 0.2649 , p -

O.79~3. Of in time """"' mounling.1(24) - 0.8002. p - OA3 15, ",.25 pain; 



Figuro 3.' , CompariS<ln of Sexuallkha'·iouc,,"ith _(CS7. SJL)fl h)"brid 
b."kgl"tlund u, ing lb" Simplt Mountin g T .. t 

(') 

(II) 

f3. 
~~ 

.. ~'" 4t~-I' 
/" .,,';-



F;gure3.7""'ws the ti "",spcntmounting(AjandthenumberoflllO\lnts(Bj 

during thc sexual inlCm;"e,t u>ing manual sroring. (CS7xSJLjFI'OT weres;£nift<antly 

more sexuall)' intere'ted 0" bmh mea,ur«. mounting more often.1(18j - 2.8~ 1 . p -

G.oI08 .• ndfora lonserd u,,,tion.I( IKj - ) .122.p - G,0038. whencompare<ito 

(C57xSJLjFI M"males.n- l0pai ... 



.. igu .... 3.8: Compari,on or An,;.IJ-li~. II.ho.·iour . , ing Ih, Op.n Am I.' Dr'h • 
• :k ,· ... d 1'1".MIZ .... i'hm .nD.I ..,.,rin ~ 

lA) 

(") 

1'~O 
1:1RU 

• $ .,. .,.' 

// 



Figu",},8show"lIelimc.'I""-"JIlinlhcopenarms(A)alldllle numbcrofcnuic' 

inlo 1he open arms(B) of,lIe cic,·.,cd piLlS rna:< ... usillf: "wlII.1 sooring. CS7HlJ6J"'~ 

spen' sign ifican,ly more time in IlIeo""n an", ,han both tile CS7BlJ6J'A" and All males, 

F{2,58) · 9,149,p - O.0004 . CS7UlJ6J'Io'Tma!es.lsoeme rc<.! inloll1eopcn.n-ns 

sisnificamly more lhan AiJ m"ln. F(2. 58) - 7,789,p - O.OOIO, n· 19,2l pairs,PoSl-ilo< 

COOlparison, wen; made using Tukcy'. mu ltiple comp.lTi.on leM 



(Aj 

('I 

~j gure3 .9""'ws'Iw:';me,!,<nlinlhcope!1.nn.(")andtbcnurnberofcmrie. 

inlotheopcnarm,(Bjusingc"rnptJlcrizedSCOl'ing. CS 7BlJ 6J""' spcnlsignificanti)"m,>rC 

limc.1(20) ~ 2.363 . r ~ O.02M. aOO entered into the "pcn ann, significantly mOTe "non 

thanthcU7lJU6J' M'malemi"" r(20) ~ 2_12K p - O.().I60. n-2 1 pair< 



Fig"" 3. 10: Cam pa";,oa of An>i.l,'. lik. l.I.h,,·iour u,in~ ,h. C~d Arm. of 
Ek.-.l .... Plu. M . .. ,,·i'hf:'ho,-.. ion 

('J 

ee, 

Figure 3.10 """"'" loc lime spcn{ in loc closed arm, (A) and {oc nwnberof 

entrie.inl{){occloscdorms( lJ)usil'llcompUlcrized ""orin~ , 'n .. re was no sign ilicanl 

dilT<r~nce beN .... n C57 R1 )61"" :md (;57IlU6J'~" m,lc mice on mca;ures of{ime.1(20) 

_ O,924 1 ,p _ O_3 b65.()frrcq""ncy.I(20) - 0.8054.p - 0.4301.n~11"'i ... 



~;~::~.~~~I : Comparison of L...,omOlor II<h..-iou", ;n lb. t:k,·. ltd I'lu. Malt u.in~ 

,A, 

(11) 



FigureJ.llsbow. lh<;touldim""etra,·elled(A)and themcan,'dodty(ll)of 

C57nU6J~T.nd CS7B IJ6J''''' malc mi« in the elev.ted plus maze using COfflru1rn>.<J 

SCOfing. There "'" no signif1canl difTcn.-nce between the C57BU6J--' arid C57I11 J6J"Ars 

Tl\31emi« in dislance travelled. r(20) a O.S029. p a OAJl5.orin mean wlocity, 1t20) a 

0 .7640, p a 0 ,4 358. n~2 1 I"'irs, 



("> 



PiI:LIfc),12show.lbclimespenlinthece11lrc:wnc(A)andlbcnumberofcnuic. 

inlnlhcccnlr<:wnc(II)of 'bcopenfi< ldLlSin~manual scoring.CS7BU6J""'"penl 

, igniflcrulilyrnore 'ime in ll>ece"'rezooe.F(2.55) - IO,3 1.p - O,OO')2,anden'crrdin'o 

lbccenlrc:wncsil:f1ificam ly""""of\cnihanllfjrnales,F(2.55) - 11.I)..I.p < O,OOOI. 

p<O,OS,n- 19·21 pai ... ros,_hoccompariSO<I>wcrernaJcusingTukcy·,muiliple 



Fi~ure 3.13: Com p_";, on of ""'i<tJ.lik~ lJ~h. vio"r using lhe Cen'" 7.on< of , h. 
Or<" ~· i.ld ,,- ith r.th",-;, i,," 

(') 

Figure),13shows lbclime spen1 in 'heccntrc7l'n«A)ond tocnwnbe-rofentries 

into lbc cetll re zone (R)oflll<: "I"'" field LL,ingcompuK"';<.e<! ",<>ring.CS7BLl6J"T di d 

notdilkrsig:nitican ,lyontimc.r(20) - 1.3SO.p E O,)922.(lfownberofemrie.io'othe 

<:co'n: mne fTIlm CS7ilU6J'AlS mal. mice. 1(20) - 0 ,8620> p - 0.39~<J. n~2 l ptlirS 



(A) 

(0, 



FigureJ.14 shov.-. the ti me spe nt in the periphery """,(Ajaoo toc numb<.'T of 

<:mries into the per;phery ZOtl< (B) of the open ticld using comrutcT; ,ed >coring 

C57IlU6J""d idoo{d ifrersignif,ea ntl )-on ti me.t(20) - O.O.l17 1. p - 0.9750. ",numbcr 

"felm;"" into (he periphery. t(20) ~ 0.6376. p - 0.5310 ,,'nc fmm C57I1lJ6J'A"m"k 

miee.n- 21 pairs 



Fjgu~ 3.15: Comparison "r l.ocomoloc II.h,·jou .... In thr Open Field u,j n~ 
J:lho,-;,;oon 

(A' 

(II) 



~igurc: 3.IS shows !he touti di<tar.<c t",,"dled (A) and !he 1I1<3II ,-dncity (Jl) of 

C57BU6J"~ and C57BU6J' AlS malo m;'" in !he &pOn field usingcom1"'tcrilcd 

scoring. Tltere ".,.. no <ignificant difrerence be!"",," ,I\eC57BU6J"".ndC57BU6J'AI> 

miceon toud dista'"" ","-elled. 1(.!(I) - (l.9410. p - (l,JS79.oron lI1<an H lncit},. 1(2 (1) -

O.981 1.p - O.3383.n- 2Ipoi", 



Fi~uc~ 3. l ti: Com pari,,,n or An., i<I)·-li ko U.h •• ·ioun in tho U~hlfl)ock 110' u,in~ 
m.nu. l .. oriD~ 

(AI 

r-l_ ... -r 

".~ 
,y.t- ~-I' ... ) 

0'- 0/ 
SInIin 

(" I 



Figure), 16sho .... ~ ll1elime spen1 in ll1e lis/ll area (1\) aDd lllenumbcrofrnlri« 

inloll1e lighl ar~.(B)ofll1e li s/llld.rt bo. us ingman",,1 "'<>ring. CS7JlU6J~" did 001 

dille, significanlly from NJ or C57BlJ6J"A"malc mice on the meas"", oflin~, F(2, 56) 

- 1.10S.p - 0.3382.NJmokmioxcntcred inIOlhelis/ltar"Casi&nif",anllyfe"",limes 

lItanCS7BU6J ..... mal ... F(2.56) - IU9.f""O_OOO l. p<O_05.n- 19.2Ipairs.POSl-ho< 

compari..,ns wcrt mad< OI$ing Tuke)". muhiplt comparisoo lest. 



Figu .... 3.17; 1'«.1 Roli Cnun .. f"lIm.·in\:. ,ri. 1 in Ih< Lighl/l).rk lJox 

FigureJ.17sbowsthenumbe r oftec.l bolicoIICClexlf<,llowinl\leSiingin lhe 

l i ~.IWd.rk box for C57B1.)6J~·' . C57H!J6l ALS and AiJ m.le mice. Signi licantl y higher 

numbersofboli W<;CO found fmm AI] male mice compared to C57B1.)6J~·r and 

C57BLi6J'A1S male ... ~(2. 58) m 76 .77. »<0.0001. p<i).05. " - 19-2 1 I"'iro P",t_ht", 

t"oml"'rismlS We .... made using Tukel", mul tiple C(Hl1P;!ri 'l(l" test 



I 

T.bl.3.S:ComnariS(l n of """i~l b.b ... iou"" u, inl: tb",ocia lint" rarl ion 
01><" fk ld t., t. I>« ..... n CS7RU6J~ I a nd CS7 HU t\.I'AI> m. le_, 

Measure Tnal C57BLl6J"'T C57BLl6JPA, S 

Tlmein 51.04:111.34 59.04:1 13.73 
Interaction Zone 

Tlmein 38.41:115.44 44.65:1:-18.05 
InteraclionZone 

Number of Entries 
Into Intefactlon 70.95:116.48 81.05:122.54 

Zon. 
Number of Enlries 

Into 65.48:126.65 81.67:137.09 
Interaction Zone 

TlmeHead 11.00:14.51 13.54:1 3.93 
Pointing 

TlmeHead 10.32:17.49 9.77:17.49 
Pointing 

Number of Head 57.38:1 17.46 65.00 :122.74 
Points 

Number 01 Head 44.38:1 19.70 51.71 :126.97 
Points 

(mean:15-d,2x2ANOVA) 



Table 3,5 shows the results from the 50Ciai interaction"""n lieldtcSL In TriaJ A 

I><) stimulu, anim.l was pre>l<nl. and in rrialll a Slim"lusanimal ,,"" pre .. nt. The", was 

I><)cff""tofph<",~}'pc • trial for the lim< spcnl inlhe inleractionzooo. 1'(80. 1) . 

0.07389. p · 0.2497. nor for lhe frequencyentere<l inlolhe inlera<lion:wne.F(80.1) -

0,2nJ.p · 0,6032.Whenheadpoinlingtowartlsthei ntcractionro .... "..",mcasur<:dlhert 

" .. ",.lsol><)efl"e<1Sofph<I><)t)"pcxtri.l fortime.F(80.1) - 1.34S.p - 0.2497.,,,for 

frequency. 1'(80.1) - 0,0008847. p - O.976J. n~21 pairs. 



ChalMr 4 - DISCUSSION 

4.1 A Muu,. Muodtl furPAIS"""'n,bling lI.. irt n"tln S)'ndromt 

Partial AIS (PAIS) lies in.1Ie middle of.1Ie AIS spec'rum. clinically delicrib.,d as 

psell<lohcrmapMOOitism, or ReifclIStcin S)'J>d","",: ilsl>ow •• gr.atcrdcgm:of,'aria ,i"" 

in geoder pr.sentalion lhan CA TS. The PAIS 1110"'"' mUlation dC>cribcd in ,his w<>rl< i$ X· 

link.xl and m,,!emally tr.!mmi lted, which i, "mngl)' suggesti,'c "fa mut"tion in tile 

mouse Ar g""" on Chr X ,imi l", '0 11m rnou<e modd. ofCAIS 

An .. lomical di!TereDCes were ~,,'cd in !he C57BU6J"AIS mie<: "'ben compared 

againsl C57BU6J"T romrol male mice at all posl-.. 1>1 ages examined, n.c 

C57B1.I6J"A"malesareinterm.,dia'cbctwecngc""""-""'qui'emalcandTM~qui'< 

kmak. b'crnaTT y. ,hey h'''" e,';<knee of mammary chain pigmen"'ion as wdl as a 

significantly $hmtcr anal.genilal d;,!ancc. Int<ntally, ,Ioe)' arccmnparab lcluhw nar, 

Rcifen,!ein p.licn .. , mi";ng lhe seminal "t,iclcs.prosla'c l<>be','osdefere ns. and the 

cpidid)'mis, Furtllennore, tlley ha'-e undese<:J>de<l which is charactc,istic of Reifen"ein 

palien". Unlikelhe" .. iationobsen'e<lamong human. wilh T·AIS.lhej>hcn<~)pci'Hry 

consiS1cn'amongC57BI J6J'Al>maiemice.aoo "'i.;.agrca'pla,form forin,-e,{igaling 

Aoorogen responsiHorgansofPAIS mice we.., sma ller ,han ,I>osc ofWT mitt 

supplied, theprCpulialglaods in C57BI.I6J"A'" maic,did ""' rc<pooo as much as in 1't' 1 

males, ,uggc,'i n~. fai lu.-coranJrogcn response. CompatinB"'l!an response, between 

,hantandT-tremedC57D1.I6J'A" male. , ,he significan{dcsreeof"'llan m"ssinc..,,,,,,,, 



wilhTexJXI'"recoofimlSlhalpanialandl'Oj!enillS<n,itiv ily;,anaccumle<ks<,iptorf", 

C57BU6J·~"mutantn\ak:.,lnronlraSl,.ronlplel<;lo .. of.nd",gcnic$ignallingi, 

OO.'''',ed in Tfm male mice (Lyoo "" Hawk",. 1970) 

AIS ini,i,l<;$a change in HPGaxi',...gul.tiond .... to . l<>S:Iofnegali'-e f""dback 

Hum"""wilhRcifcnslCinSyndrorntdilT .... cndocrinologicallyfromn<>m1alm,l .... ha"ing 

, ignir.cantlyin<",ascdl,,,·cI,ofLHandT; .-S llle, .. I.,,,ngefromllOml.ltohigh 

(Campo C1 aI., 1979). In Tim male mice,le'-el, ofT .... . im il" 1:>0.>\"",," Tim and "''1" 

miu up until arout posl natal tlay 10,afie,,,hich li nwtl>e Tfot mal", ha,'. , ignilit"ant Iy 

reduced ""rum T(Gold'lein I< Wil""", 1972), s.,rum g"""",,lnJpin 1",-.1, (FSIIIUII .... 

• 1,,, el<,' .. ed in Tftn mice (Lyon & H.,,' . .... 1970; Murphy etal .. 19W), In cootrast, no 

diffcreocC$ in T I.,-d. bel"..."., C57IJU6J~"1 and C57BU6JM" mice were found at citbcr 

30d or 5{J d (Table 4.1). A laI"\;e degre<: oh .. ,iability was ""led for ..,rum T betwITn 

individual,inboth groups. e,'entbough....,.mcoikctioo,we ... con,i"cntlypc,formcdin 

,hcmo",inglorctlocc,1Iriationc.uscdby cln:atIianmythm.,'torednl·20 ' C,and 

thawe<i ooly on<. prior to ..... y. A i"se<kgree of .. rum r, .. ri.,i"" h.a<hccn note<i in 

f"C""'us.-.pon.u,ingpo<>kdscrumsamplcs.suggcSlingalarge'popl'l.t"'nsamplei, 

requ;red "honanalyzingindi,'idual .. rum sampic,(SclmanoffCl.L 1977) 

LHdata .bowedapcai<aI30Jf<><CS7IJU6J .. "althoogh'KlI.ignilicanll}' 

Jiffcrenl,ho"-."'cra,5{JJCS1IIU6J ' ''"'hatI.ignilicalOl lyele,, .. e<lLHlcwl,c,,mpare<l to 

C57BU6J"'"1 mal"(fable4.1),FSlldalasho"e<l th.t .. rumFSHi"igllilican,ly 

el.'-.Ie<iinCS7BU6J'A"mal .... 30dand5{Jdlimepoin' .. nlCscrcsullScoo ld"" 

,"ribu,edk>.f.ilureinfccdbackwithin ththypoth.alamic-piIUilaly""".i •. 



Mou .. rjm 

T ohle 4.1: Iht,r •• offu n<lio n on" . n" <>c rin nlogy of 1',\IS, Tim, AItKO rn iot, and 

Tlm .. 1 rnn,p. rW 10 \\T m.I ... 

OC I '.e01 AR lHwrum FSH,e,,,m T,e."m !lclc'en,e. 
/unot1on leyel. le"ol> I<,vel. 

J: Tjm > WT J: rjm. WT l'f'On & H.wbs, 1910 
A: Tfm. WT A: Tjm. WT A: Tfm < WT Gold>tto. f:I tJj., 1912 

M>lfp/'ry~lo/ .• l9'M 

Joron H"I .. lOOl 

II).1S~llpnd J;Tfm>WT 
Bin<lirCAttMly A:Tfm.WT 

rjm.WT 

J: rjrrr.WT 
A:Tfm.WT N ..... Ho/ .. 1976 

Yaft>otoul~Ho/ •• I990 



T.blc4_1 ,how, til< d"gtccoffu",,{ionfo,PAIS, Tfm, ARKO mice, and T(mr.{ 

cOO\pared 10 WI males. Il<lth the IlIOUse Tlm.nd /lRKO have null /lR fLJOCti(>fl. rlI ' l fm 

h,,-< 1(l-15 '1'. hindingactivil)'ofT toAR,;md,hePA IS nlousehasparti. l funC1ionin8. 

Adult (Al mice are approximately 6wks;md rats are older {hao 3 month. _ Ju,-cniic mice 

(J) are aroutld 3·6w!<sof.geatld rats ... bel",,,,n 2 and J m!)nth" I.H b'd, in ,he adult 

;md juwnilerjmrnoU5e,fc.ignificantl ygrcatcrcomparc"<1 tol>trmal",.FSl l isal'" 

significaotly clc.-.ted in adult ljm mice. and I i"ignif,oaJltlyd""reaseJiIladuhTfm 

micc_ Mou>c ARKO mak, haye 'i~ni1ioantiy Wea{er le,-. l, ofT during adu i{iIood, Ral 

Tfm "",Ieshave signifk.ml}' higher lewl,ofLH ;mdTduringadul{hmdand", 

jU'-C11ilc. _Tlw;I',\ISmu{'li!)ndid n()tha,'c .ndl; __ Cloo TI~,'el,of aduhsor j u'-enilesooT 

did i{I\a,·.aIldT",,{onjuvcniles forLlI. PAIS m.les had signilicanlly g .. atcrl .Hlnc!, 

asaduhs. lnoo{hadul{satldjuveniiesserumFSH "',,"significanUycb-.!c-J inPAIS 



Androg~n' exert their effcct' on male, in two different forms: organi7,ational at><! 

a<livation.a1 (Phoenix etal .. 1959; Morriset a1..2(04). At><!rogen'h.we Ihe.bility to e,en 

diff.ren!ialeffec .. onospec .. ofbothphysiol ogJandbcha'·io"T dq,.ndin ~"nthe ,i mc of 

eXJ'O,ure duri"g <ie"elopmenl (Phoenix et al.. 1959). During embl)'oo ic <ievel opmonl.the 

organil.aliona] dfe<t< ofandrogcn, are req uired during a critical peTiod in order 10 

contribute to the sex·speciftc<ievelopmenlofmanY0Tj!.n •. Theacti,.,.,ioo.al cflc"< ""f 

androg"""in 'hematurcmak~idi nthcm."<ulini/.ati,,nofman)"bchaviountlchanges 

«xn in animal rnodel,(Morri' ''al .. 20(4). 

In our PAIS model. lhe,e are se'-ere effects 00 the <ie ... l"""",n' of 'l>< g...,ital 

troctand thiscongenitalmUlalion likel~'hasa'ign iftcaotenectonandro;:cn-mc-Jia'ed 

organiZ81ioo.l anda<lj' .. tj(>ltal effects in the brain of PAIS m"lc •. 1ll<; 1',\ISmu tati<m 

signiftcantlyred~botht)'pesof m.le·tyricalbch.\'i()u"(aggrc"i()nand",,xua] 

intcrc,t)in(<':S7x~JL)F l 'A"hybridmalc._ l'hi,,,,n,itiLMg"netirbockgrouoo 

supponMagr~atITnwnbcrofbcha'·iou,"I",·entsal\dser.-edos.bcttoros"a)'than,I>< 

C57UU6Jbac~groundin"'-hich"'-.-rylow numbcrofbeh""iouralc\'Cn"occum.-Jin 

b"thte<1._ Makt}'picalheha,'i()u""u<ha,a~ITssi"nranvar)'antOn8illbredba<kground 

"",in, (Guillol & Chapouthier. 19%) (Table 4.2). ]ntern,,]e aggress ion was lcst.d amon~ 

C~71lLl6 rnak. had loc lu","" proportion of at laCking mal.softoc group and.s such. 

this ;Ilbred main is tIO! os use]ul as comin otl><" for detemlining (C'I"-"<iaily dc ",rease, 

01) bch.wioural awc,,;on . Rcccn,l y.itwa,fnundlhalntalC'il""king..i.rinlhe, ",,,'ous 



s~""-mha""lhcabiiil)'10inili.lem.sculinebcha"i "'lrl;(scxualand tcrrit<>rial) ihdkatiug 

thatAr in tile brnin is 'lOt necessary li:>rthcsc(li, plays,hulm'Yil<'I()cnltan<e tilese 

beha"iou",i pbenot)'pes inmalo.(Juntti ctal .. 2010).TbeJ wmi group·seJtperimem.lso 

used a C57BU6 gene1ic backgmuhd t')T tile ARl"xPIY; Nes-Cre males.a"d perhajYS 

using C57BU6 l<> c,'.lualC ",mal h.:h .. "'ioo, is llOt the beSl choice accOfdi"g l<> our 

ooserv'liol\S, 1r.ese male. exhibited fewer mOunts and int.omiss ioos wbe n romp.'red 10 

the CO"'.o1 males; 'hc)' also a'tac k intrOOc!'> fur a short .. duralioo. there is .igJ1ifican'I~' 

morc tim<; in bct"",n iighls. and there is lesso,'ernll fighti ng when comrarro l() tbe 

,'unlru l mrues(Junniet.L201Oj. Al1houg!1'heAri,n()IOCCe"'aryinlbeabilitylo 

initiatemascul inebehavioufS,ilmh:mcc" hi,t...-ha"iour.lpheflOlypeinlheC57BI )6J~- ' 



T l hlt ~.l: C .. mp.m.on .. rm llt-I)-pk.' hthn ioun. l ui.I)-. liu hthn ioun I nd 

.... i.1 inl .... lion. u ...... PAIS. Tim, AHt.:O mi«, ond HI I Tim. 

Mouoe T/m 

~,,," M.. MoO. An ... !, \.0",1 R,I.,en", 
l,p'" T,p'. 'n,..,Mn, 

AU ."on ~ .. ".I 

T/m<WT r/m < WT Tfm>WT 

(CS7Bl/6. N\KO<WT "'~KO <WT 

CO-I ) 

Stan~ T/m < WT T/m < WT 
Gtombrt<k 

", 

~~-..no/., 

ka<h~to/., 

>on ---------------------------------------------_ .................... __ ... _-----------

Mou>ePAIS (CS7>SIL)fl PAlS < WT PAIS < WT If'''' 

T.hk4_2 .... 'w.hcha"ioural ~ult.in""'le.l)'pie"l ~ion. sexual bell.wiour. 

anxiety.1l1Id social ;nlcra<l;<>n.;n """"se Tim. ARK O m;c.,. raJ Tim. Il1Id PA IS mice. 

C571lU6J' A " mal .. diJ not diIT .. from CS7llU6J n mal .. in lestsofmale-I)'pic.1 

(CS7xSJI..)Fl · .... "",I .. bad r<tl""...t mal._I)'pieal auressioo as ".-ellas .. xual inlCrnI 

w .... ncomparedwilh(CS7xSJljrl ..... m.lc •. NIAindie.IC.!hallhi. mc. surehasnothten 



4JS .. d" llkh;o,'iou J'lI ..... nOlarr •• r.dby rh. i'AIS murarion 

sO<ialinr.racrionbel>a'iou .... lleSI'I>a'·.re.,n~innl.nyrodemmodel.of 

.00 inabilirylOsocializcoonnaliy(Cra"ley.2007),lnonefamiliarpara<iigmdesignedlO 

te.r soci.1 "I'J'I'OOCh inremeti""". a mou"" i. plac<:<l in a l"'1!e box with ,wocomparlmcnu; 

One lias an empty wire eage.oo the Other ha$ a wire cage wirh. Slimulus moo", which i. 

usually lIl1:.dulr (;S7IHJ6J unfamiiiar male (Cra,,'I<y. 2007).CS7BU6J mice ha,..,re.,n 

usW'oleSl$<)Ci.biliry.ooha,-.hcrn<bo"'JIrospend.ignir.canrly",."..,rimeexamining 

rhccag.wi' hthc$limuIUSm<l<1S<"ornpart'tlro'Mo .... wi!bou1.l'hi •• rrainal"'lIas . 

rcOOrncyfOfhir.hphyticaia.cri\'iryandsocialaPl""""'hroOlheranimal. (ScOlr.I942; 

MoyClal.. 200-1; Moyeral .. 2007) 

Unlike what lias re.,n dcs<ribed in the lire",'o"" f",C$7I11J 6 mice durin~ rcSl.nf 

soci.l.ppn"",h.rheCS7I11J6JM" and(;S7UU6J~"' malrsreacl<:dinrhesa",e 

manncr.andducrOthc.imilaririrsinthcbeha\'iour(alrooui;h u""xpecrcd) rile PAIS 

mutariondon",~ awcarr .. alTttrrhe socialinr.racrio"""·irhinthcsoci.linreracriOll 

"".nficldrCSl_Thisi.ano'-clr.ndingrcSlinganAISmodelandsocialaPl""""'h.Thcre 

were no.igni focantd irrcrc""",in rh<: followi ng mcasu"" betw«n phcnot}'p<!l; ri""'SJl<1'1 

rrial .. rimcspenrheadpoinrlOwanl.thc;nlCrac,ion • .oncbetw«n,rial.,andthcnwnhcr 

ofhcadp<>inr.hctwccnrrial.(Table).S) 

Ono sugge.rion as 10 why lhe animal. explom:d rile inleraclion zooc in Trial (A) 

"-irhooSlimulusanimalcouldhcll\ardurin8rh<:f'rS1 1rialrhcwirem<:Shcagcapparn'U$ 

"'hcrc lhc Slimu lu, animal rcSl.in 'I"rial II iSSlili presoenr (al!bour.h empry) in Trial A. The 



facllhalan' '''ciobjeclisprell'nlinlhefirsllriaJmaybecooughl'''limulalelbeanimaI's 

inlereSllOexplorelheimeraclionrone.B}'lhelilll<'lhe"""",ndTrial(Bjis unJerwa}'lhe 

animal. could be ac<limale<i lO lhe apparalu, . III .... lhe social·inICrac1i""O!l<n f,cldle. 1 

....... lhef""nhbeh''''io'"'''lleSl''''rooreonscculiwdays:duri".;lhepre''iouslhr •• dayo 

mice ..... erehousedwithlil1ennalepairs.aoourodergoi".;anxielybeh'wiournlleSling whiell 

may ha'-e.rfecled lheirsocial beha"iour, OtIC suggeSlion ..... oold be 10 house them 

indiviJ""llypo-iorlOsoci.l in lcracli nnle<ting inorJerlOocp.-i\'Clhemso<ially ",,1hey 

may bern<""dm"ntu"""ialiLCduringlhesocialintcraelionopcnfICldtfSl 

4.411 11 ,i~ry andIl IS iIl All i m . I" 

Androgensmaymodul.learutie1y,ln aging male:s lherei.anaturnldeclitICofT 

(.ndropausejlUldo!lCofthesymplomsassociated"-ilhlh isjll>eoom,,,,,,nisan.iC1y 

(Cooperk RilClli •. 2000; Seidm.n. 200J). Testoslerone repl""ement lherapy reduces 

<}'mplom. ofan~iC1y .n" mn"d in .ndmpausal males. aoo i. of len eh"",n a, 'hempy 1<" 

lhedi",,,dcr( Burri'<lal .. 1992; Vci811[UC'. & Hcllabarbo Ar·.la. 1998). Anirna l,noJe lsof 

an.xietyha'·ebecnuseJtofunherourkoowledgeof thegetlCtic.!lCurologicallUld 

neurochemical ",..,hanisms that contribute to anxiety (Cr.wl'~i. 1999; Mil ner k Crabbe. 

2008; Ra""",. 200s)_Expcrimcn"'on thebou>c""''''''''(.II''''''w;culw:) .... ppon the link 

belWttn Tandanxicly.soo,,-;nglhaloonnallUldroge-nic signali1l8 significanlly 10,","'" 

an.ie1y.osrdlcx;,·cTrelea.",(Juringmalingjah;okad, toml"""danxicly(lIikcydal .. 

2(02). 

1I 1l oough the me<han ismwastlOlexplorcd in our expcrimentat;on. lhe HPAaxi, 

i.ap.-ohabkca"""_Aclinllion of lhe Hl'lIaxi. iSC()I1'cMcdwilhin<Tt·"-,,,,in anxicly 

(Lund", .1., 2004; LuMet.l .. 200S); anti"'l;en, pia)' a role in lhe I!PA axis bJ-' reducin~ 



,-------- -------- ._------

ti>e rise Oflbe Slress I>o<monell (admJQConicotropic honnone(ACf!lJaodconi«",croneJ 

foliowingaSlressful situali"" (Aikcy clal" 2002; LWlode1.1..21)O.1; Lund ct aL. 200 S) 

IIPA axisac',,;'y;, ,..,nlmlkJ in pari b)'. subset ofpar.-""dlular ""umns in the 

panlwnlricular nudeu. (I'Vl<.') of the hypolhalamus; Ill< IWA axis rttc;,'es anxiety input 

"bieh cause, a se<retioo ofcon icO!rop in.rck .. in~ 11m .. """" (CRIll from these PVN 

,""u",ns (Weiser 01 al., 2008). CRH then , timulale' the an,,,,;or pituitary 10 """retc 

(ACTH) v.h.ich in tum dri"e. tbe ~ I """cort;<"<>id production _lid release by ,he ltd",,,,,, 

corlex (Weiser 01 al .. 2008)_ Our data 'uU"'{ thaI the PAIS mutation "onfc,"a genetic 

J>fCd ispo.ition~,anxicly.likcbeha'·iour,"hichmaybeor<rali,·cinhumanPAISpatienls, 

and may «lmpoLIIHl their anxi<1y dllO !O.n ob,,;"'u, gcndcr disortkr. 

Condilionedandur.cood itiO<>edanimalmoJcl,,,fanxiely exiSl(Cantcros.200K) 

ConditionOO anxiety responses.re as>o<iatcd wilhaconte,toro""utralcuc;thi.t}'pcof 

t"'tuse'P"vlo"iat1rondit i oni n~lOcmkc""anxi ot)'-li keresponscb}'l"'i ti ngaf(K,t ,l>ocl 

to something such as a lOTI< ,,,-light (C.n1cntS, 2008). Ou r m<>del nfanxic'1Y i, 

"nc<mJiti,>ne<l; thcparooigrn is i15elf.""icty-c,·oking and dues not req uire cooo i!;on ing 

10 a $lim"]u" When the C57BU6J~·t and C57Il1J6J"At'l tnales '",re COO1I"'",d .,,,,,,.. 

three tCSls"fanxiC1y ([PM. or, I.OH) there ...... sa sill"ilicanl diffcrcne<: in 000, lhe EPM 

In the EPM. C571l1J6J"" "'ale, ".-eresil!Jli]icanlly mor<:anxi<>uscompare<\ 101il1<:rrnatc 

C57UU6J""' ,nales(fable 4.2). This ' .. ' i. thought to measure the mousc'. ""lur.] 

lenJcTl<ytoe' plorea ocw cm-ironm<nt,· ....... 'their1cndcn<ylOami<iopotcntially 

dangcwu •• iluation.The fi,><iingofelo"atodao_, icly.lilchehaviourin PAl Sm.k. 

mimic. what has hecn reponed in '/fm lnales (Zuloaga ot ai " 200g) 

So ..... hat~'ill11eat1"hen""ly"ocuflhrcclc't'ofanx .. ty i.aff.ctedbylhc 



replica1ethehumandi""ase. 1he...,arctundarncntal .i~n'th"I,·anbc<>b><,,·cd i no.<kr1o 

tCSl1hcories ",hu"d to human disordcn; (I{odger ... 1997). In nlousebch" ';ooral st ooies. 

l.horat"T)·elT,""ts·· <anlcadlosourceerrorsan<l.ffe<l resultsderendingonlbc 

lahorat()T)· . cxpcrimenler. ore,·ctt lhe.ppara1us(Brov>11. 2(07). Manyexpcri men""''' 

now underway which .inllO further ,'alidme bcM,'iournI1ests as w,,11 as maic ,ure lhal 

Il>capp.l1'llli in u"" lruly sr. les1ing wh31 1lley are 100ughllo test (Bmwl1. 2(07) 

l!owe'-e •. we.reconfodem inourcor>el"s;on ,ha1'hcP,\ISmulli,i"niocrc""",an.<iety-

hkebch.v;our in ,he FPM doc u)"llTeareful cic<ignand stooy power using >20 littCfmalC 

pai rs "fC5711L!6J~' and C57lJU6J" '" males 1hm experic"""d a s;milar maternal 

Cau ,ionsooutd bc raken "i1en an.lyz;nl: bchavi"w becau.", IOC<>nKJtioo is 

highlycorrelafedwi1hin<licesofanxie1y,an<linbn,;J<tfain,diffcr intooonlolorabili fi .. 

(M;I"", & Crabbe, 2(08) . One "fthe a(h'anlagcs"fu,inl: lb. Etoo"ision XT 1rn<king 

,y""m was the ahi lily to examine loc(}fUot(}(" dde<1' as possible confounding van,ble< 

When C~7DU6J~"T and C57BU6J"'" male, were CX3n1incd fo, lotal diSlarlce tra"elled 

.nd "e ioc;f)'. therc WtfC no diffcreocc, "n cilhc.,-mc.sure. Ilavingfheabi ii1ytoe lim itl;l.tc 

it)COrTJ()ti ()(\a.sa",mfou(><i itog ,'sriable.we"ulOecontiJemin rKl,<ooclu.,ion of,oc ir 

anx;efy-lil;ebcb",'i<>ural <l ifrere~',11>trdo"'1he i;ndi nl:ofdc"a,edanxiel)'-like 

I>ch,viou" i'lrCS m IJ6J'""'malc-s intl>c l,I'M".,..f\01c.usedb}'thein.b; lityto 

,,", igale the space. 

U .. ofAI}m;cc"ap",;ti"t contJol "nlinp,m 'idcdadd ifioMlcot\ftder>eei"1he 



parooigm.appar'li and lhemooilOringofboh.vi<>u",1 vid<;" • . AIJ mice ",'orc as a 

'rugh" aoxiely slrain bosed on 'heir behavinur in anxic1~' Ic."ting. TilLIS, All ",ice 

ut1derwen1lhesame .. riesofanxi'1}'ICSling",C57BI)6J"~ andC57BLl6lA" mal"".In 

alllhree lests of "",iet}' (EPM. OF. LOll) tho All mak, were significan Lly mme anxi""s 

On at 10.slo,", "",asure when CL""parcd tnC57B1 )6J-" malc,_Fecal bo., li """,re.l",, 

coll""lcdaficralllhn:ele'l",andthcAIJ"'iC'cddc'<'lcdsigninc.ml~'moreboli 

th""di dthcC5711L16J~" mice. indicat ing that even usilli.cn.idemeasurcofan<iely, lhc 

AIJ mice h.'-ehig/lerle,·elsofonxiety, l\ot on lyd id thisvalid.lcouranxicl)'.tcSling 

parooigru.bulilretlectcdwhalisrepoTlcd inthelileratUfC_[)uclolhccoi<>roflheAll 

strain we were LmabielOlracklhem"",ingcompulrn"ro lr.t<king and thcrefo,e una hie 

In evalu.lc their i"como"" ahilit)'; . Ilbo.)ugh A/J mice are kno,,,, 10 hO\-. locomotor 

dete,," (Whal,len & Crabbe, 2003). Across inbred ,1m ins. the CS7BU6J inbrcd m"u",",;, 

aroWl<! til< 'middk of~>e pack' for onxiel)' rel",cd beil,,,-iours. making them an ideal 

choke tomeasureeitn.rdecreascsorir>erease,of.nxiety·n:ialed behavi<>ur(Mil11<'& 

Crat>be.2008). Imereslingly.o",,"udy suggc"," lhal in ,..-.Icr to cut dt'''"'n Ol' lhe 

emotionai Slre,,"ofmuitipic tCWiandavoidhumancm)fandvari.lionmullipleanxi01)' 

lcstsshould becoooucle<i in a ' ingle oppamtu. (Ramos. 200&). lIy combining loc EPM, 

Of. and I.DII intnooc, ,imuitllnemJ>ty run (c,t. il i,proposedth,! il WQuld be on>ore 

reliable measure of.""iety (Ramo •• 2008). 

4.5 Tron, lotion lollumon PAIS(R. if. n". in Sj-nd nome) 

OisorJiersof.,.xuald<;,'ci()prnc.,.,t eanbedna>1alinglOa perso"",hi&'herfamily. 

1:oo" lcdg<of thedisotd<fby looking"tolheraspea,ofgeOOerdi",..-.Ic""ueha, 



aoalOm"'.I.ph}'.iol<:>gical, a .... bcha"iouralfcalW't.,'kpossibHilyal..,ex;S1.fo< 

gc""""ingl'nssil:>l<lrcalmcnlSanJphannlOCculicllaids. 

'kol'inionsnndis<lnsurelnlhepalicnldu.elnlhepsydlOSO<ialron,id<:ra,ions 

ha,-.,bc<:n,"";cdlhroughoul lhe)'car<.When Monis(1953)forst<ies<rihedAISboscdnn 

S2c~ofCA I She"'ronglyal);ucdlhallhediso<d<:r.ndlOClual gendcr.boul dbckcp' 

frnmlhepaliC11tanJlhallhephysici.nsshouldoolyexpl.in.o thepnicnl.lha,lhcywere 

unable1nbcarchildron.Thi,id<:anfdi"'rctinnwascwncarriedlhroughtnlhe'lO·, .... hen 

Shah 'talcdthaI ".hedi><IO$UfCof the genotyp"is irrde"al11tncareandmal'bcconfusing 

10 palirn' and fam iiy" (Shah <1 al.. 1992). Currcnll)'.,he geOOll'po isrcwalcd os """"a. il 

is di",,,,-cm! al tilt limtnfdi"W""'is: "'hen the diagoosi.;. made ina chi ld. parcntsare 

inlcwalcd ink> psy"holheral'Y to leam how 10 dis<lose the inf"""a, ioo to'lIechild_When 

llle diagnosi. is made during adoles<eoce. the palient is infot11l<d along ,,-ith the parents 

immed;l1ci)'(Laufco, .2005).Moncy( I9!i4)oontludedthtrewastlOioc,easedratcof 

gcndcrid<nl;tydi..,rdcr. bi<cxualily,n,homosexua li t)'inCAISpalients,WithM 

inlcm>t<lialcdi..,nkrsoch as I'AIS, lhe "",)'ing d<:grec ofltlllli<ulinily maybc more 

«>nfusing 10 the paticntatld the ralesforbisexualitl'. homos<x""lily .• "dge"der 

ronfusionarehigherlhanthalofthegcneralpopulalion(Mcycr-Baltlburg.19S2;Monel' 

ct.l" 1984),Ourbcha"ioural llMCssnw:nlofcongcnital I'AISinmousemndcl .ul!.l:C<lO a 

ge""licoontribulionl0.""ietY·likebchaviour.whichmal'bc<ompou .... in~lhe 

p.ychologjcal outcornc. in I'AIS paliC11ts 

• Ul'lorelhegeneticme<:hani,mof lllel'A ISmutalion,Althoughlhemechanismi. 

S1 illunkoo"n.ll>crci$C>'id<llt<:lhalilresid<sonCh.X.asili,passcdon mllt<mally 



SC<!""""in);.KNAtranscriplondprolcinexpressioo.u.chc ..... illbchelpful toclc1crrni .... 

the mol""ularge""tic causeofl'AIS in thi,strain 

• l""orporat~theoo"elobje<:ttcstintothebat1eryoftcstsforthePAISmicesotil.t 

the .",,;ety-tests would be directly comparahle bet .... «n PAIS mice ond 11m mice 

• ExaminotbcclT"",i,'cncs.$of,"Cnain",,-,ioi),licdrul>'inlhomalePAISmiccin 

ordc.k>funho" ·alidatclhe",,,i<'ly.ludies,Ha.ing theabilit)'toeitbc.reducco.i""",,,,,,, 

theln<l.o(anxi<'lyseeninPAISmice .... ouldsc.'.-easaneffecti"ctoolfi"funho. 

,",scarchonth<-treatmentofan.xietyingen<lerdisonle",.spc<:iiicallyPAIS(llo\,atu.& 

Barh>w.2008). 

• Futuretestscouldexaminc spatial "",moryond ,ho.ittondsltuctureof 

hil'f'OCampalI>Curun'.Ihoscx ... llydim<>rpl\icnudcu,oftheb),pothalamusand theSNI:l 

inlho'pi""lcord 

• R<l"'atthe""'i.lintcractio"testi~using.mor< .. nsili'·<Jl"OloroLOnc 

suggestion .... "" ldbetoOOusethemice indi,'iduaii)' prior IO"he MlCial in t""",tiontrials . 

• COllSide.the PAIS mouse model f"" ilS po<cn,ial as an "",c<lcralcJ 

model forandmpau ... Nalurall y .... mcn age thtre i •• jI,f8<lua l declinc ofnnJmgcn, and 

thi,oecw-rencehasbeen"ariablycallcJ:andropau ... mak""''''>pln.sc,andparliaJ 

nnJ'ogcndcf,ci.""yofao:ingmal«(PAI)AM)(Amore,200S). Thiscor>d itioo i,"ariabi c 

in men. and has a "ide rangeofS)'mp1orn.nnJ.ign.os>ocialcd "ith i',ueh ... ,,-...l;ness. 

fa'ig",""'ucro muscle and bo<le mass. oligospcnnia. dc<Iinc in .. xual dri"e (libido). 

depressioo.anxiety.nnJmcm".yimpaimltnl(WangelaJ .. I996;Seidma".200J),ltha. 

al'" bttn associated witilosleoporosis,i""rea .. in body fat. <I'I.'<tilc dysfWlCti<m. and 



oosnitiH deficil' i""l udin~ depression (Vermeulen. 1979: V~nneulen &; Kaufman. 1995) 

Dc<;li"", in libiJoha"e been reponed in.gingmcn. and 'Iudiesha"esho"," lhal in 

<ugonadal men. suW"'ssion ofT led 1o a rc<l""ed sexual desire.." wdl a, rrdoc<d 

freqLle""y f,.,. sexual ""livi ~' (Ra~lcll ~I.I.. 19W). Impro"cmcn1<arc ,>/,,,.,,,·ed in some. 

bultlOlaJ l. men wborecci,-e1 ITpl,",crnenl(B.g.tcll etal. . 199~). O""Jiffe",,,,,e tonol. 

" ·oold be tllep.,ni,l functi,mingoft),,,Ali inPAISmaksandlheVCI)" Srooualdeclinc of 

T in andro".."",,1 male,_ Many of tile ' )'lnplOOlS atld sign> arr<"- to be tile same d"" 10 

IlfOble ms withand",!;cn,ignalling 

• StudYlllemousemodei ofPAISlodelcrmineilS "llJ'fOlll"iatC1lCS'tolc'land 

detemline lleallh oulcom<' in human PAIS paliems. Due to the fOCI thai il is an 

intel1l1<-diatcm"de l ofJisease.)'e1S1H1maint.in.aconsi,,,,nlp/letlO~·pe.lhis penni .. tbe 

di"""ti on of gc"".~<ne and Sene~wiroomcnl rcialim"ltips important to AT signallin~ 

Through oUf e<p<rimcnt"tioo the PAIS mUlmion has bccn crossed onlo.dilfCfl;nlinbrc<l 

background fmm C~7IlU6J carrie,", 'The SJ[) lIm inbrctl Slrain was <!losen due to their 

clCY.led"t;gressionle>'el.inm., .... ndde,pilethefaclthatthcsewcrch)'bridslhe 

dc,·e!opment.i pOcno~'p< (analomy) was consi.,e", and pmwd. good .""mple of 

gcnclic crosses to inirOOuee.no1l1er p/lenolypc of in teres 1. 'The m<:>dci cou ld bc used to 

examinelheimp;>c1 nftheP,\ISmutaliononolhe.aod.ogco ·""",ili,·e,1Iri.bles.elatedto 

Ar sueh as.nalOmica] snual dimorphisms in lhe brain or physiological sexual 

dimor-phi""",,,,,hasbo,,.dcpos ition 
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