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ABSTRACT 

The Effect of Estrogen, Coumestrol, Triclosan, and !Cl 182,780 on GnRH Secretion in 

GT 1-7 Cells (under the direction of Dr. Gilbert Pitts). 

Endocrine disrupting chemicals (EDC)s are exogenous agents that can alter the normal 

functioning of the endocrine system by mimicking or blocking natural hom1ones found in 

the body. They are found in many of the foods we eat, in food container linings, in fabrics 

we wear, and in plastics we use every da y. EDCs that mimic estrogen are called 

xenoestrogens. Estrogen is a hormone that plays a large role in the maintenance of 

reproductive cycles by paiticipating in positive and negati ve feedback loops with 

gonadotropin-releasing hormone (GnRH) neurons, which are part of the hypothalamic­

pituitary-gonadol (HPG) axis. GnRH is a neurohormone that is critical for proper 

reproductive function . Numerous studies have determined the effects of estrogen, 

coumestrol, and triclosan, on various parts of the HPG axis but none have looked at their 

effects on GnRH secretion under the conditions in this study. We hypothes ize estrogen, 

coumestrol, and triclosan will have an effect on GnRH secretion . Because primary GnRH 

cultures are difficult to obtain. an immortalized GnRH secret ing cell line namely, GTl-7, 

was utili zed. In this study, GT 1-7 ce ll s were incubated for 24-hours with varying 

concentrations and combinations of estrogen, the xenoestrogens: coumestrol and 

tri closan, and the ER-a and ~ an tagonist/GPR30 agon ist, IC! 182,780 (whi ch was added 

as a possible contro l) to determine their effect on GnRH secretion. GnRH peptide leve ls 

in the medi a were quantified using enzyme-linked imrnunoassays (ELISA)s. It was found 

that neither estrogen, coumestrol, nor triclosan significantl y altered GnRH secretion. 

However, it was shown that ICI 182,780 significantl y increased GnRH in GTl-7 cells. 

These results are surpri sing however, recent literature has shown that ICI 182,780 can 

deviate from its traditional antagonist ic ro les to take on new agoni st ic ones, as shown in 

th is study. These results give new insight to the effect of ICI 182,780 to GT 1-7 ce lls . 
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Chapter I: Introduction 

People and other an imal s encounter endocrine di srupting chemicals (EDCs) daily. EDCs 

are defined by the U.S. Environmental Protection Agency (EPA) as "exogenous agents 

that interfere with the syn thesis, secret ion, transport , metabolism, binding action, or 

elimination of natural blood-borne hormones that are present in the body and are 

responsible for homeostasis, reproduction, and de,·elopmental process (E PA, 20 17)." 

Any di srupti on in the endocrine sy tern can cause di ea. e or e,·en be fa tal. ,,·hich is \\'hy 

EDCs are so important to tudy. This thesis describe the effect · or estrogen, the 

xenoestrogens: triclosan and coumestrol. and the ER-u and~ an tagon ist GPRJO agon ist, 

ICI 182 ,780 on reproduction. 

Synthetic or plant-Jeri, cd l:IX\ that mimic estrogens arc called \cnoestrogens. 

Coumestrol is a plant-dcri,ed ,cnoc~trogcn (ph)tocstrngcn) that is lt)Llnd in i"oods such 

as. clon:r. soylx·,111s. hrusscl sprouts. spinach. legume". chick peas. and alt'all;.1 sprout 

Some studies ha, c ~uggcstL·d that plr:, tocstrllgcn~ ma: rL·Jucc menopausal symptoms 

(Sunita and Pattana: ak. 2011) and prL'\ L'nl hrca ,t cancn ( I kdL·lin ct of .. 2007: Trock l! f 

of .. 2006). I kdlin ('/ ul. (2(Hl~) rcportL·d a ~0°11 JccrL'asc in the incidence or estrogen 

receptor (I ·: R) ncg:11 i, 1..' and pn1g1..·,tL-rt111c rcL·1..·ptllr (PR) neg.at i, c breast t umnrs in ,, omen 

,,·lw :IIL' a diet Clllllainin !.'. u1u111c-,1n1I c\l111p:1rcd Ill,, \llllL'n that did 1H1t cal cnumcstrol. 

l:ating a diet high i11 ph:lt1L'Slrt1gcn~ h:is ai -, ti hccn -,h1l\\n c1usc ncgati,e cllccts such a 

prcmaturL' cstrnus L·:,. cles. disrupt illn lir l\\ari:111 L·:ck,. and ~upprcss1..·d lordosis behavior 

(A l-:\ 11:11i t ' / ul.. 2011 : IL1rrc11. 19%): thus. i"urther ill\ cstigatinn into the effects or 
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The regulation of estrogen during a normal reproductive cycle starts with gonadotropin­

releasing hormone (GnRH) neurons. GnRH neurons integrate many types of information 

and control reproduction by modulating luteinizing hormone (LH) and follicle 

stimulating hormone (FSH) secretion from the anterior pituitary (reviewed in Conn and 

Crowley, 1994). In tum, LH and FSH control ovarian secretion of estrogen. Finally, 

estrogen participates in feedback loops with the cell s that secrete GnRH, LH, and FSH. 

Coumestrol reduced the frequency of multi unit electrical volleys within the hypothalamus 

(McGarvey et al., 200 I) where GnRH neurons are located. The same study also showed 

that coumestrol inhibited pulsatil e LH secretion. Thi s suggests that coumestrol may 

reduce GnRH secretion from the hypothalamus. Bowe t' f al. (200 I) showed that GnRH 

mRNA levels were signilicantl y reduced when cnumcstrol \\·as applied to immortali zed 

mouse CinRH (GTl-7) cell s. CiT l-7 cells arc an irl\ aluahk model to study GnRH 

secretion because primary (inRII cultures arc dillirnlt to obtain. 

GnRI I and estrogen may also he impacted hy tricl osan. a synthetic :xcnocstrogcn . Heath 

et al .. ( 1999) reported tricll,san hlllllld anJ suhsc4ucntl y inhibited cnnyl-acyl carri er 

protein rcductase (Fahl ): thus. prl·,e111ing f'att~ ac iJ synthes is in bacteria. This 

information kJ to the use or tricl osan as a hacll·ri ns tatil· and anti sl·ptic agent. It \\·as not 

e:xpected to c:xcrt effects on mammalian cell s hcc 1uSl' the bacterial Fahl enzyme is 

structurall y different frnm its 111 a111111 alian c,,un tapart (L ing('/ of .. 200-n c,wthcless, 

so111c \\·ork has been J l,nl' tn c-.;a111it1l' tri clllsan·s pl1 tl·nt ial cndncrinc di sru pting 

( Vcldlwena 1.. ' f of .. 2006: .-\ja11a ,., ed . 201 ~) and carl·irwgen ic ( Din\\'iddie t' f of .. 201 4) 

properties. These studies ha, c 1H1t been n1nclusi, e. Interestingly. on September 2, 2016 

the U.S. Food and Drug .-\d111 ini strati l1n (FD . .\) rukd that n, er-the-counter (OTC) 
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consumer anti septic wash products containing tri closan, could no longer be so ld (FDA, 

20 16). This ban was issued because the manu facturers could not demonstrate that soaps 

containing tri closan were better at reducing the number of bacteri a than non-triclosan 

containing soaps (F DA, 20 16). However, tri closan is sti II fo und in many of the products 

that we use every day such as makeup, tooth paste, fab ri cs, and plasti cs, so its effect on 

reproductive hea lth must be in vestigated. 

The goa l of my thes is was to determine the effects of estrogen, the EDCs coumestro l and 

tri closan, and the ER-a and p antagoni st/GPRJ0 agoni t, ICI 182,780 (whi ch was initi all y 

used for a con tro l) on Gn RH ecretion from GT I- 7 cell s. 
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lrnptcr 2: Literature Review 

In trod uction 

There arc hund reds of dilTerent EDCs that we encoun ter dail y, and some ol'thcm can 

adversely affect people and wildli fe. Many of EDCs are fo und in everyday products such 

a toothpastes, make-up, pl asti cs, and even in the U.S. drinking water and bottl ed water 

purchased in China, France, Italy, and Germany (Benotti et al., 2009; Li et. al .. 2009; 

Wagner et al. .2013 ). Although EDCs can affect all aspects of human and wildli fe hea lth , 

thi s revievv focuses on their effects on reproducti ve hea lth . Estrogen-like EDCs 

(xenoestrogens) are of interest as estrogen has a large role in maintaining reproductive 

health . Therefore, my goal has been to examine the effects of two xenoestrogens 

commonly fo und in many of the foods and products we consume and use; namely, 

coumestrol and triclosan. 

To clearl y lay out the scope of issues related to xenoestrogens, this review will describe 

EDCs, xenoestrogens, and their mechani sm of action. Next, the hypothalamic-pituitary­

gonadal (HPG) ax is will be examined leading up to a description of potential endocrine 

di srupting events. Ultimately, mammali an reproducti on is governed by GnRH , which is a 

neurohormone that indirect ly causes the release of sex hormones fro m the gonads 

(Marshall et al. , 1992). Proper ma intenance of the HPG ax is crucial fo r hea lthy 

reproducti ve and sex ual development and any di sturbances in its fu nctioning can cause 

de leteri ous effects. Therefore, it is important to investigate the effects of xenoestrogens 

on the HPG ax is, specifica ll y Gn RH secreti ng neurons. Unfo rtunate ly, in vivo studies of 

GnRH neurons are extremely diffic ult to perfo rm because they are di ffuse ly scattered 

throughout the hypothalamus (Okubo, 2006). To sidestep this issue, Mell on and 
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co ll eagues, de\'cloped immortal ized GnRH secreting neurons lrom immature mice ca ll ed 

GT 1-7 cell s. These ce ll s express mouse GnRI---1 mRNA and secrete GnRH when 

depolarized (Mellon et al. , 1990). GTl-7 ce ll s provide an in va luab le model to study the 

effects of estrogen, the xenoestrogens coumestrol and triclosan, and the ER-a and~ 

antagonist/GPR30 agonist, ICI 182,780 on GnRH secretion and ultimately reproducti ve 

health . 

Introduction to EDCs 

There are over 85,000 manufactured or synthetic chemicals that are used in many 

products today; some of which may be EDCs (Gore, 2007). Table l shows a list of some 

EDCs found in common products. These products are nearly ubiquitous and impact food 

production from seed to table and personal care from the crib to the tomb. 

Cateqory/Use 

Pesticides 

Children's products 

Food contact materials 

Electronics and Building materials 

Personal care products, medical tubing 

Antibacterials 

Textiles, clothing 

Example EDCs 

DDT, chlorpyrifos, atrazine, 
2,4-D, glyphosate 

Lead, phthalates, cadmium 

BPA, phthalates, phenol 

Brominated flame retardants, PCBs 

Phthalates 

Triclosan 

Perfluorochemicals 

Abbreviation : BPA: bisph nol A; 2,4-D: 2,4-dichlorophenoxyacetic acid; DDT: dichlorodiphenyltrichlo­

roethane; PCB : polychlorinated biphenyl 

Tabl e I. A li st of so me known EDCs and the products that contain th em 

(G ore, 2007) . 
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The amount of research concerning EDCs has greatly increased over the pa t 30 years. In 

the mid 1990's major change were made in the methodologies for testing endocrine­

medi ated toxicity (Marty et al., 20 11 ). Perhaps most signifi cantl y, these changes include 

the uggestion that some EDC be te ted at lo\\"er concentration than previously 

examined (Gore, 2007 ; Marty et al. , 201 1 ). The c change ,,·ere due to the de,·elopment 

or the " low-dose hypothesis'' \\'hich suggest. that the rel ati on hip bct,,·een do e and 

re ·ponse is non-monotonic . or non-linear. In :uch _· ituations. it i: po ibk that lo,,· EDC 

doses may have greater physio logical effect~ than higher do:c~ ( tart) ct al..20 11 ). 

I lowevcr, the .S . EP /\ is not on board,, ith thi~ hypothc~is . tating --until there i. an 

impro\'ed sc icnti fie undcr~ta nJ ing or the lo,, -do~e h~ pothc~i~. EP.-\ belie , cs that it \\'OU Id 

be pn.:nrnturc to requi re routine te-.t111g of-.ub:-tance-. for Ill" -Joe:-- effect. in the 

Endocrine Disruptor . \ :reening Prngra111. I· P.-\ rerog1111e, that in the future. rck, an t 

information may bernrnc a, ailabk on -.pee Ilic che1111cak . ·uch infor111a tion 111ay support 

testing for hl\\ -dose dkct:-- llll a c:1-.L·-h: -c1,e ha,1,·· (\Li n: ct al..2011 ). ( )n the contrary. 

the Endocrine .·ociL'l: i,-,ucd 11-, ,up1 1H1 fpr the h:p11the,1, 111 a '-CIL'ntilic ,tatc111ent 

published in _(){)l) (l) ia111a1111-K :111d.ir.1k1, L'l al.. 2(Hlt>J .111d then ,1gai n in 201'.' ((iorc ct al.. 

201 5) . ,\ ltlwu gh therL· ma: 11111 be :111 .1grL'c111 ·nt ,11111111g th' L'l1t1re ,L·1cntilic eo111111unity 

about" hL·thn thL' 111,, -dl"L' h: pPthL·,1, 1, cP rrcct. th ·r · 1, .111 ,1grL'L'111 ent th.it 1·Dc-. can 

possibly hL' harmful t\l thL' rcpn1du ·t1, · h -.ilth l1l°hu111.111 , ,111d th·" ildlik an1und u:-- . 

EDCs cm e,crt their all·ct, h 'C.ll1'L' thL': .ir • L·h ·1111c.ill: ,11111l ,1r t\l e11JngL'IHn1, 

hormones . L1L·h IHm1H111e ha~ :1 c -rt.1111 che111 1L-.il L·l1mp1"1t1nn :ind , tructure ,, hich all c)\,·s 

it tl, bind tn speci liL· rL'L'L'ptl1r, . I l1r ·,.1111pl ·. th' --t ·rl11d lwrnwne. l.>tn1g ·n ( Figure I). has 
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a spec ifi c order and arrangement of elements whi ch all ow it to bind spec ifi ca ll y to 

estrogen receptors. 

-H 

Figure I. The chemical structure or the ste roid honnone estrogen (PubChcm , 201 7). 

Estrogenic Signalin g 

There arc man y din~rse steroidal and non -steroidal. natural plant-deri\·ed and ynthetic 

compounds \\·hich can mimi c estrogen( . ingl ·ttm and Kahn. 2003) . . ome ha\-c a simil ar 

chemica l structure to estrogen.\\ hik others do not. LI)(_\ th at mimic estrogen arc knt)\rn 

as \cnoestrogens . Like L'S trogL'l1. some \enoe:-trngen:-- can ha\ c ~timulatory and inhibitory 

effects. \\hik others can he pkiotrop iL· in nature (Paech et ,d . 1997: i\1ueller et al .. 

200-+) . Xe11llestrogens ncrt their L'l'kcl:-- h: binding to c:-trogcn reccptt1r:-- (E R)s. thus 

mimicking estrogen . 

There arc t\\O m:1in types t1!'nuckar LR:-: 1-:1{-(( :111J 1·R-rl . n nth ,lrl' e\pressed in di\-c rsc 

ti ssues \\ ith ER-u pt)puL11ing the h: po1h:il :1mu:-. pituil,ir:. lllL'rll:--. and gonads (Jacob et 

al. . 200 I: Lubahn t ' / ul.. I 9tn: Cou:--e t ' / c1/.. 1999: . cllllmherg t ' / ul .. 1999: Dupont et al.. 

2000) and ER-[3 in the hypnthalamu:-- . cercl1L'llum. t)IL1cto ry lobe. prostate. uterus, ovary 
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and lung (Jacob et al .. 200 I ; Couse et al .. 1997). Research has shown that ERs may be 

fo und in equal numbers in variou cellular structures, moving between the plasma 

membrane, cytoplasm, and nucleus (Parik h et al .. 1987). Figure 2 shows the four 

different signaling mechani sms used by ERs to cause their di ver e physiological effects. 

The first mechani sm is direct which in\'Ol\'e the ER directl y binding to the D . Thi s 

occurs when one ER-li gand complex dimerize · to another ER-li gand complex. The ER-

li gand complex dimer then bind directl y to th e D al tering tran ·cription (Ku lmer. et 

al .. 2000; revie\\'ed in Mueller. 2004: re, ie,,ed in . arc and Kim. _ool ). It i. al o 

noteworth y that ER has been rerorted to exist as a di1111..r ,, ithout a ligand (Tarnrazi. et 

al .. 2002). The second mechanism is tethered and it occur~ the sa111 e ,, ay as the direct 

mechan ism ho,, e, er the l:R -1 ig.anJ cnmplC\ unJcrg.oe~ indirect hinding. , ia transcri ption 

l~1ctors (TF)s to the I) (Ku,h ncr. ct al .. 2000: r1..·, ic ,,cJ in \1ucl lcr. 200-t: re, ie \\ed in 

. al'c and Ki111. 2008) . The third mcchani~111 i~ non-g.eno111ic. It i~ not \\ell understood but 

in vo h cs interaction het,,cen a cla,s1 ·al l·R or .11111..·111hrane hounJ receptor ~uc h a~ 

(i PIUO. li ga nd~. and ~ectlnd 111e,,1..·nger ... ( · \I b h1l\\ n er there 1, nn binding onto the 

I) . and ulti111at1..·I:-, 1111 g. 1..'11\: r1..·gulat11H1 ( lfr, .111k.1r 1·1 t1I. _(Hl5 l. l nl1ke the pre, ious I\\ o 

111ech:111is111 s. the 1wn -g.cnn111ic 1..' \ 1..Th 11.., 1..·llec1, rap1dl:-, 1l1r1 1ug.h ,1gnaling. ca ,cade~ that 

either alter inn ch:111111..·I-, nr im-r1..·,1 , c 1111r1c ll \ ld · ( '\ ( )J k, cl..,,, 1111111 the ·:-, tllpla~rn 

(re , ie,,ed in i\luc llcr. 200-l): 1h1, i-. .il , ll krn"'n ., ... 1111..·111hr.111C-1n111a1cJ ... 11..·r11i d ~ig.naling 

(1\ 1\ SS) ( I 1..·in1..-r1..·. L'I ,,! .. 2(HJ.; ). I h · fllu11h 111 ·cl1.1n1 ,111 u11l11 ·, gnl\\ th l;1ctllr ((ii· ) 

induced si gn:iling ,, hi1..·h 1..·an h1..· .1 1..·11, .11 ·d h:-, , 1 ·r111lLil .111d 1l\1n-,1 ·rll1Jal ( ·1..·hiff. c'/ ul .. 

2005) sti 111 uli . This i1 1\ L1h1..·~ 11h11-.plH1r:-,latiL1n 111 ·1111..· IR ,1nd ,1c1i, :1 tiL1n ,ia peptide gro,,·th 

li:1ctnrs (NiclwlsL1n t'/ ul. . l1)L)1)) ~uch :1~ l(iF-1 (.-\ n111i 1..·a :111d Kat!L.'ncllcnhogcn . 1993), 
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EGF and TGFa (Bunone et al. , 1996) and heregulin (Pietras et al.. 1995). Once activated, 

the ER can alter transcription like the direct and tethered methods. 

() 

·e 
0 
C 
Q) 
C> 
I 

C 
0 
C 

~ 0 I Ligand independent I 
s.s 
.c ~ GF 3.2> e Cl) 

C, 

~ Physiological 
effects 

Figure 2. The four krnnrn mechanisms through" hich ERs cxcr1 their L'l'kcts (1-kldring 
£' I al.. 2007 ). 

The signaling acti t) ns of each nuclear llr membrane hound ER is Jcpcndcnt on the li gand 

or grm,·th factor present and" hLTL' applic:ihle. ,, hich rL·spon:,;c clement it binds to . Paech 

t'I al .. ( 1997) demonstrated thi:-- in a study th at slH1 \\ L'Ll \\ hat happens to transcription 

,,·hen differing rnmhi natit)n:,; llf ER:- and ligand:,; arc hound tn either :in estrogen response 

element (E RE) t)r acti, atllr pn1tei11 (:\PI) binding site: the Un and AP I si tes arc 

sequmces or D A \\ ithin a pn111w1L·r rcgil111 nr a gene to\\ hiL·h cert:iin TFs bind to 

initiating transnipti tm t1I.L'Strogen related gene:-. They slw\,ed that \\ hen bound to ER-a 

on an AP I site. the ligands 17(3 -estradiol (E:l. Jiethylstilbe~tro l (DES). and the 
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anti e trogen ICI 164,384, tamoxifen, and raloxifene act irnte tran cription. Transcription 

was inhibited when E~ and DES combined, and E~ alone ,,·ere bound with ER-~ on the 

AP I ite. Tamoxifen, ICI 164,384, and raloxifenc initiated tran cription ,,·hen bound to 

ER-0 on the AP I site. 

Alternati ve ly, when hoth types of ERs arc hound to ERE,, ith the pre, iously mentioned 

li gands they shm,· the same transacti, ational prolik. \leaning.,, hil · on the ERE. 

tamox ilcn inhibits transcription ,,hen hound to either I R-u nr ft c .... trogL'll a ·ti,ate..., 

transcrir, ti on ,, hen hound lo either 1·. R-u or~- anJ ta1111l\ikn · e,trngcn inhibit 

transcription ,, hen hounJ to either I R-u nr ll I ,1bk 2 ,umman; . ..., the rc,uli.... or thi .... 

stud y. 
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Recentl y, the ro les or a novel seven-transmembrane-spanning (7TM) G-protein coupl ed 

receptor (GPR)-ER, GPR30, were inve ti gated (Noel et al., 2009). This ER acts 

independentl y of the more well-studied nuclear ER-a and ER-~, and activates adenyl 

cyclase and matrix metalloproteinase (MMP), which in tum generates cAMP and on 

some occasions, the cleavage and release of heparin-binding epidermal growth factor in 

response to estrogen (HB-EGF; Filardo and Thomas, 2005). Thi s is quite interesting as 

recentl y, HB-EGF expression was fo und to be significantl y elevated in numerous human 

cancers at leve ls much higher than other ep idermal growth facto r receptor (EG FR) 

li gands (Miyamoto, 2006). Also , the ER antagoni sts ICI 182 ,780 and tamox ife n act as 

agonists when they bind to GPR30 (F il ardo and Thomas, 2005). 

These studies indicate that the effec ts or horm ones arc largel y dependent on the li gand , 

the type of receptor and in some cases, which rcspon c clc111cnt the ER-li gand complex is 

bound to. Thi s shows that one can not gcncra li l.c the effects or hormones and EDCs; they 

mu t be examined under a variety or conditions cn\·iron111ent s. Two EDC , coumestrol 

and tri closan, have been i1westi gated 1·o r effects on rcproductin: ph y iology. 

Coumestrol as an EDC 

Coumestrol is a plant-derin:d xenoestrogen that is also knmrn as a ph ytoestrogen (Jacob 

et al .. 200 I). It is found in high concentrations in cl o\ er and al l'a ll'a sprouts and in lower 

concentrations in sun ll om~r seeds. lirna beans. pinto heans. soybeans. Yanilla oym ilk , 

and round sp lit peas (Frank er cil .. 1995: Bhag,\·at er of. . 200c ). It ,,·as tirst di scovered in 

1957 \\hen it \\·as isolated from ladino clo\·er. all'al 1·a. and stra\\ berry clo \·er (Bickoff et 

al .. 1957). Cou 111 estro l' s che111i cal struclllre is like that ol·estrogen as seen in Figure 3. 
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Figure 3. The chem ical structures or:( . ) coumestrol and (11) estrogen (PubChcm, 2017). 

The estrogcnic a11d a11tiestrogenic effects or coume~trol ha, e been slw" n in numerous 

studies. A report by elso11 t'/ ul .. ( 19~-l) shn" ed that cou111estrol caused cytopla_ mic 

estrogen recq,tors to tra11slocate tn thL' nucleus ( Nelson ct u/. . 19~-l ). This same study 

al so sho\\·ed that coumestrnl i 11duceJ prngesternne receptor (P R) e\ press ion in the mouse 

uteru s. Estroge11 is also ca11ablc or induci11g tra11scriptinn or the prngestnone receptor 

ge11e (Lee a11 d Cio rski . 19%) .-\ different repnrt by .-\shb: ct ul .. ( 1999). sho,, ed in the 

rat, both coumestro l a11d estrogen i11creaSL'd uterinL' lluid and the ,,eights of the uterus, 

cer\'i\ and , agina ,, he11 compared to the 11nn-treated groups. !Cl I 82. 780 blocked this 
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cff ' ct " hen combi ned'' ith courncs tro l. The combination 01· ICI 182,780 and estrogen 

\\'a S not tested. Coumcstro l admini strat ion to neonata l fe male rats suppressed lordosis 

beha,·ior in adulthood (Louki el al. . 2005). Interestingly, hi stologica l examinati ons 

revea led that the corpus luteum (CL) was not present in these rats. This latter study 

suggests that coumestrol altered the level of LH secreted. It was also reported that GnRH 

mRN A levels were significantly reduced when GTl-7 cells were incubated for 6 or 24 

hours with varying concentrations of coumestrol (Bowe, et al. , 2003). Estrogen exerted a 

si milar effect (Bowe, et al. , 2003 ). It should be pointed out that GnRH hormone levels 

were not measured. 

Interestingl y, coumestrol can also have anti-estrogenic effects on the brain. Jacob et al., 

(2000), used ER-a knock out (ERaKO) mice to demonstrate thi s. Female mice were 

ovari ectomized (OVX) and half of them received an estrogen containing implant that 

yielded a pl asma concentration equi va lent to that fo und during proestrus 

(OVX+estradiol) , the other mice received a vehicle-filled implant. Then, for ten days, 

half of each group ate diets containing coumestro l while the other half ate a coumestrol­

free di et. Coumestro l significantl y reduced the number progesterone receptor 

immunoreactive cells in both the medial preoptic area POA and the ventral medial 

nucleus of the hypothalamus in OVX +estradi ol treated mice. However, this effect was 

not observed in OVX +estradio l treated mice that were not fed coumestrol. Thi s showed 

that coumestrol not onl y has estrogenic but ant iestrogeni c properties as we ll. 
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Triclosan as an EDC 

Triclosan is a synthet ic compound wh ich functions a abroad spectrum antimicrobial and 

antifungal agent that is used in many hygiene products uch as toothpaste, hand soaps, 

body washes, and di sh detergents; it is also found in item such as fab rics and plastics 

(reviewed in Gore, 2007) . Triclosan has been marketed under many other names, 

including: Microban®, Irgasan, lt ra-fre hR, aniti zed R. Bactoni:x R', and micorg, 

(Adolfsso n- Eri ci, 2002 .) Li el of .. (20 10) found triclosan in bottled " ·ater purchased from 

Chinese grocery stores and con um cd c, cry day. Triclosan ,, as c, en detected in human 

urine, plasma, and breast milk (Ca lalat el al .. 200c: Xiaoyun et ul .. 200c: Ho\cmder el al .. 

2002). The chemical structure or triclosan i~, er) similar to that or the,, idcly kno\\'n 

xenocstrogcn. hi sphcnol ( BP . Figure -L PuhChcm. 201 7.) 

,, 0 
H 

0 

Cl 

Cl 

· - · · I · ... , 11·( .\ ) l~P -\ a11d(l~)triL·lp~,111(PubChcm.20 17). Figure -t I he chcm1ca ~t1 ullu1 D L · · 
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Tric losan has been shown to alter reproduction and th yroid !'uncti on. for example, 

tricl osan exposure suppressed th yroxine concentrations ofj uvenile male rats in a dose­

dependent manner (Zorilla el al. , 2009). Regarding the reproductive system, triclosan 

significantly reduced testosterone secretion from rat Leydig cells (Kumar et al., 2008). 

Furthermore, Stoker el al., (20 I 0) found that triclosan significantly advanced the age of 

vaginal opening in rats. Triclosan appears to function as a xenoestrogen as it was also 

able to inhibit the binding of estradiol to both human recombinant ER-a and ER-~ and 

cytosolic ER from MCF-7 cells (Gee et al., 2009). Lee et al. , (2014) also showed 

triclosan's estrogenicity using MCF-7 cells. In this study, MCF-7 cells were incubated 

with varying concentrations triclosan ranging from I 0-7 M to I o-5 M or with a triclosan/ 

IC! 182,780 combination for 4 hours . An MTT assay, which is a cell viability assay, was 

performed after the 4-hour incubation. It was shown that triclosan significantly increased 

MCF-7 cell proliferation when compared to the control, also that IC! 182,780 reversed 

this effect. After they discovered this effect, they examined the effect of triclosan on 

cyclin-D I (a cyclin-dependent kinase regul ator) and p2 I (a cyclin-dependent kinase 

inhibitor) gene expression leve ls. They incubated the ce ll s with I o-6M triclosan for 0, 6, 

and 24 hours. At each increment, they performed the reverse-transcription polymerase 

chain reacti on (RT-PCR) and found that cyclin-D I express ion was significantl y increased 

after 24 hours and p2 l express ion was signifi cantl y decreased after both the 6 and 24 

hour incubations. !Cl 182,780 and siRNA- ER-a treatment inhibited both these effects. 

Thi s report suaaested that triclosan may work via an ER-mediated signaling cascade. 
Ob 
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Clcnrl , EDCs such as tr iclosan and coumestro l have endocrine di sru pting effec ts on the 

rcprod ucti\'c system, and po sibly by interfering with ERs. To understand the innuences 

or the e EDCs, a review of hormonal regulation of reproduction is required. 

The Hypothalamic-Pituitary-Gonadal (HPG) Axis 

Estrogen is a steroid hormone and its involvement with the HPG ax is is vital to the 

maintenance of reproducti ve health . Essentially, it works by participating in positive and 

negati ve feedback loops with the hypothalamus and anterior pituitary gland causing them 

to secrete GnRH , or the gonadotropins, luteinizing hormone (LH) and follicl e-stimulating 

hormone (FSH), respecti ve ly (rev iewed in Conn and Crowley, 1994). The female and 

male HPG ax is are depicted in Figures 5 and 6, respectively. 
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Figure 5. A schematic representati on or the HPCi a\is in lcmalcs (S turmhofel and Bartke, 

1998). 
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Figure 6. I\ sd1emati( r~:presentatinn of the tf P(; a\is in 111;1ks ( Sturmhilld and Bartke. 

1998). 

GnRI I is a decapq1tide that is Sl'lTeted in1<, thl· hyp()ph~ ~l·a l p,,rtal systl'm from nl'urons 

hinds to specific high-affinity receptPrs "ithin thl' antl'ri,,r pituitary,, hl'rl' it rl'gulatcs 

hiosynthesis and secreti,,n of gonadotrnpins sud1 as I.II and FSH ( Kaiser t!l al .. 1997). 

The secretion of LH and FSH ha, c hcen sl11m n w hl' dcpl'nJt?nt on the pulsatile nature of 
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GnR H re lease ( Vazquez- Martinez 1 .1 200 1) .· " e a . ; whereas, continuous ex posure lo GnRH 

reduces LH and FS H secretion (Jayes et al 200 1) H' hf -, . 1g requency GnRH pul ses 

stimulate the secretion of LH wl ·1 I ·f· · , 11 e ow 1equency pulses stimulate FSH secretion (Jayes 

el al.· 200 1 ). The gonadotropins induce growth of the gonads and release of sex steroids, 

estrogen and progesterone, which act on diverse targets, including the brain to mediate 

reproductive function and behaviors (Moore et al 2006) Th t r I . , . e nex tew paragrap 1s 

describe the reproductive cycles in females and males followed by a summary table 

(Table 2) of the hormones: estrogen, FSH, and LH and their effects on males and 

females . 

Hormonal Regulation of Female Reproduction 

Ovarian cycle 

The ovarian cycle consists of two phases: the follicul ar and lutea l phases . During the 

fol li cular phase in a normal 28-day ovari an cyc le in the fe male, GnRH causes the release 

of FSH and LH (Kaiser el al .. 1997). FSH causes the rec ruitment of fo llicles as well as 

the secretion of estrogen from the granul osa cell s of the ves icular fo llicles; as estrogen 

levels in the plasma ri se, it causes a negati ve fredback loop \\ith the hypothalamus and 

anterior pituitary, thus inhibiting the release of GnRH , FSH, and LH Thi s lack of FSH 

causes all but the dominant fo llicl e to deteriorate (re\ie\\ ed in Baern ald er al., 2012). 

This dominant follicl e in turn starts secreting high levels ot· estrogens which forms a 

positi ve feedback with the hypothalamus and anterior pituitary. Around midcycle, these 

high leve ls of estrogen cause a burst of LH to be secreted (Hall er al .. 1992). This LH 

surge triggers many events leading up to ovulation in \\ hich the oocyte is released from 

th A 
A I t. the ovary enters the lutea l phase. LH causes the corpus luteum e ovary. 1(er ovu a 1011 , 
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( L) to form and secrete laroe am t f · 
e, oun s o progesterone and some estrogen thus causing 

the inhibition of FSH , and LH (Edwards and Steptoe, 19 5). Thi s dec line in 

gonadotropins prevents fo llicle maturation and ovul ation of add itional oocytes (Rea me et 

al .. 1984). If fertili zation does not occur, the CL deteri orate as \\·ell a the ]e\'els of 

e trogen and progesterone and the cycle start aga in . 

Uterine cvcle 

The uterine cyc le happens simultaneou: ly \\ ith the o, arian ·yck. It con. is ts or three 

different phases: I) menstrual phase, 2) pro li l'erati, e pha:-,e. and 3) :-,ecretory phase. 

During the menstrual phase (" hen the()\ arian hormone-.. an: at their Ill\\ e:-,t and the 

gonadotropins arc ri sing) 111e11:-, truation occur-.. in "h ich the nu tL·r la~ l·r-.. of the 

endo111 etri um is shed ( n.: , ic" ed in · urr~ and 0-.tccn. 200: I. I hl· pro Ii fer.II i, e pha:-,e 

consists ol'p ro lil'c rat ion and increa-.cd pruge,ten,ne rL'c eptnr-.1 11 the endumetriu111 cau:-,ed 

The secretory phase incl ude-.. pn,gc,te ron · , timul,11111g man~ e, en t, 1(1 pri:parL' the 

l-lormonal Regulation of ;\lair l~ rprodu cti on 

. . . ( I l " hi •h 11.,, , ,1 I.tr\.'.· nil· 111 thl· nu111 ll·11.111cL' nl 
l.eyd1 g cells 1t1 rek:1se l ·, tp,tu1111 . l . -

..., 1· ·11 .11 d, 111 th· 1·u11dl\111111' . ·nnl1 ce ll," hich 
spern1atuge11L·sis ( :,. kl achLt11 t ' f ,ii .. 2( Hl_ l. 

· I 1· l •,1 1, 1·1,nn,1111111 .111 J ,11crm.i tngc11c:-.i, • · . ti . 1 .11-• '" l'lll t,1 ,1r secrete, amH1s pro te111:-. 1,1 . L l. • 

. . . I · . , " •II h, 1111lu ·11( 111g th· J tllc rcntiatinn and 
((iri s\\ olJ. Jl)t) ~). l-.str11ge11 pb~:-. ·1111 

.1. · 
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maintenance of reproductive tissues (K rege et al., 1998) as we ll as regulating 

reabsorption of luminal fluid (Hess et al .. 1997)_ 

Estrogen FSH LH 
Helps develop Recruits Triggers 
endometrium follicles ovulation 

Female Stimulates LH secreti on Stimulates Aides in CL 
(follicular phase) fo llicul ar development 

growth 
Inhibits LH and FSH (lutea l Stimulates 
phase) ti mu late proge terone 

fo lli cle to secretion 
secrete es trogen 

Differenti ati on/maintenance Act on Scrtoli Act on 
Male of reproductive tis ues cell · to aid in Leydig cells 

spermatogcncsi . to stimu lates 
Reabsorption or luminal T ·ecretion 
!luid 

-Table 2. Summ ary tab le of the roles ol e trogen. F. 11. and LI I in males and lcmalcs. 

Evidence for Indirect and Direct Effects of Estrogen on Gn RH :\eurons 

While the ro le or estrogen in n:producti on is clear. there is much contrn, ersy concern ing 

how estrogen mediates GnRI I secretion. On the one h:rnd. some studies that indicate 

estrogen e\erts its effects indirectly 011 (in RH neurons. This is supported by many 

i111111un ocytochcmical studies th at 1·ou nJ re,,. ir any. (inRII neurons that \\ere 

immunorcac ti,·e to estrogen (Herbison and Theosis 1992: \\ ·atst)n l'f of .. 1992: Leman 

and Karsch, I 993: Sulli, an er ed .. I 995 ). In addition . . hi, ers t'/ of. sht)\\ ed that the nuclei 

or GnRH secreting neurons rarely cuntained estrngen. suggesting that estrogen ·s nuclear 

retention-dependent effect s ,,ere not found" ithin ( in RI I neurons. On the other hand, 

GnRH 111 RNA ,, as significantly reduced ,,hen i111111ortali1ed CinRH cell s (GTl -7) \\'ere 

t 
• . t d · I 1R . ,

1 
,I 1999)· hO\\ e, er it cannot be certain that reduced GnRH 

1 ea e ,,·tt 1 estrogen , O) l c • • • • 
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mR A levels equi va lates to reduced GnRH levels. Roy et al .. ( 1999) may have gotten 

these results because GT 1-7 cells were deri ved from immature mice (Mellon et al .. 1990) 

and this may have affected which receptors are present. Another study showed that 

exposure to estrogen caused rapid hyperpolarizati on of iso lated cultured primate GnRH 

neurons as well as a 250% increase in action potential firing frequency, and an increase in 

number and duration per burst (Abe and Terasawa. 2005) . However, it is po sible that 

these results were due to a pos ible contamination with other type of neuron that 

contain ERs which reacted when thee trogen wa applied . Taken together. the e last 

studies suggest the poss ibility that c trogen may ha\'c a direct effect on Gn RH neuron 

GT l-7Cells 

There is also much debate about ,,·hich types or ERs arc found in the hy71othalamu · in 

vil'o, spec iti ca ll y, GnRH neurons. Thi s is due to the dirlicult y in obtaining primary 

cultures. To avo id thi s issue. el Ion et ul. . ( 1990) creatL·d an immorta li1ed CinRH cell 

I ine using gcncti ca l ly-targeted tumorigenesis . The re. u ltant ( iT I ee l Is ha , c pro,·idcd an 

· I bl d I yst ,111 1·t)i· tll •' stud, · of h\'l othalamic neuron!-- that re!!ula te mamm alian 1nva ua e 111 0 e . . c -- . J • -

d · Tl · . . . .. ·onsisted or creatinu a 1)1 , \ con!-- truel conta ining the rnurinc repro uct1 on. 11 s p1ocess c . . = 

GnRH promoter coupled to the ending region for the . i111 ian , irus -rn (. V-Hl) T-anti gcn 

Sv '() 1·•·1111·cati on reL1u ires nnl: nne, iral prntein. the large T-antigcn (Tag) oncogene. . -t -- , 

· · · · . , I" •· 1· 1 ·111d a-, a rcpli cati ,c hclicase 
(Tag), ,,·hi ch acts as both an 1n1u ator ol IL P lC ,1 101 ' . 

_ , . . . . ,, as then inj ected intn a sing le eel I or a mouse 
(Vanloock et of .. 2002) . l hc LOnsu uct · · 

· I · "·nomc Consequentl y, j I . i111e nntcd 111W t lC lll OLISl = l . 
embryo \\"here it ,, as then ram 0111 : = ' 

• . 1 , RH ,,ould also c\prcss the . \'-+0 oncogene. The 
any ce ll capable ot producin~ Gn 

.· . -~e1 uhtcd cell di, ision. Es ent ia lly. thi s created tum ors 
oncogene ,,·ould then ll 1gge1 uni\::= ' 

22 



which were harvested from the mice and subsequentl y ubcultured (Mell on el of .. 1990). 

The resultant GT l-7 ce ll s express Gn RH mR A Angelin i and Belsham, (1999), nuclear 

ERs-a and~; Noel et al., (2009) the membran e bound GPR30 Fi lardo and Thomas, 

(2005), and release Gn RH in response to depolarization (Mellon el al .. 1999). GT l-7 

cell s were chosen as a model sy tern determine the effect of coumestro l and triclo an· s 

on Gn RH secretion because GT 1-7 cell are completely i olatcd ,,·ithout contam ination 

of other types of cell s, so observa ti on or direct effect. can be made. GT 1- cell ha\'e 

been shown to express both cla · ical ER and the nO\el membrane-associated e ·trogen 

receptor, GP R30. Both coumestrol and tri closan h,I\ e been :-,ho\\ n 10 hind to the clas. ical 

ER however there has been no report on "hether the: can hind to ( i PIC O: hoth EDC s 

warrant rurther im-csti ga ti on on their effect on (inR I I ..,ccrctinn. l h>ro1hcsi1c that 

coumestrol and triclosan \\·ill inllucnce (inRI I ..,ccrction. 

Summary 

EDCs arc e:rngcnous agents that intcrkrc ,, ith the normal l"i111l'110111ng of the endrn:rinc 

system by either mimicking or hhKl--ing natural hnrnwnc, f11u11d in the h11d: . l· IK\ that 

· · ... II · I .111 , .... uw•cn, F,tnH!L'n help, ma1111a111 nnrmal rcprnduc ti,c llllllllC cslrngcn :Ill' C,I Ll .\L \ L . = . . . -

· · · · · · , . I ,,, . t',c kL·dhacl-- ln11p, ,,1th (inRll 11eun1n..,. 
cycles by part1cq1at1 11 g 111 pos111, L ,1m llL::-•1 1 

. . . r ti 'r ·11n1dl1L'll\ ',\ ,tL'lll . I ,trnucnic 
CnR I I is crucial for the prnpcr lunctinning 11 lL L · -

. I ' ' 'll Ll lll" \ lll l he II L',llld . l \ j1L' ll r receptor. . 1· . I . . 1111'1 ., ·111LI c:111, .11 \ l lj •L = - -s1gna 111 g 1s c\trcme > en , L • -

.. \ tllL' 1:. 1> -liL'and n1111pk, , ... h11u11d 111 . \\ hether ·:-trngen ac t" 
and ,,·here at nn the 1) 1 ' -

. . ·nnin, cn111n1, er,ial a:- there i.., e, idencc ltlr 
indir~ctl\' or direct!\' nn (inRI I ncllll'll:- IL · · 

. __ J h, -- n,,, th,, arL' ..,1, ~care ,,hich makes 
both sides. GnRH neunrns :ire ditl1clllt ll' :-Ill : L, . . 

. _
1
_ _.0 , 1 ,1, thi:-- i:-- :- lle. thi:- :--tlld: utiliLcd 

. d' 1·1- ' It l ) l1bt ·1111 l) :--1 L'.'-primary culwres I tell L ' · 
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i111 mortali 7.ed mouse GnRH secreting neurons, namely GT l-7 ce ll s. GT l-7 cell s express 

the estrogen receptors ER-a and ~. and GPR30. The endocrine di srupting properties of 

coumestrol and triclosan have been studied however none have looked at their effects on 

GnRH secretion . ln the present study, GT l-7 cells were incubated for 24-hours with 

coumestrol, triclosan, 17-~ estradiol and the ER-a and~ antagonist and GPR30 agonist, 

!Cl I 82,780 to determine their effects on GnRH secretion. 
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Chapter 3: Materials and Methods 

GT l-7 Cell Culture 

GT 1-7 cells (Dr. Pamela Mellon Univer • f . . 
, s1ty o California, Berkeley) were cultured in 

I 00 mm poly-D lys ine-coated ti ssue cultured. h (BO F 1 _ . 1s es a con, Franklin Lakes, NJ ; 

Cata log # r35GC-l.O-l 4-C) in Dulbecco's Modified Eagle Medium (DMEM/F 12; 

Invitrogen, Grand Island, NY· Cata loo# 12634 0 IO) d I d · h I 
, b - an supp emente wit 1eat-

inacti vated fetal bovine serum (10%), penicillin (100 µg/ml ), and streptomyc in (100 

µg/ml) (lnvitrogen, Catalog # I 0378016, respectively) until experimentation. The cells 

were incubated at 37°C in 5% CO2, the media was replaced 2-3 times weekly and the 

cells were passed once they reached 80-90% confluence. 

Cell Preparation and Experimentation 

The following is the method for each run , a total of five runs were conducted. Once the 

plates reached 80-90% confluency, the ce ll s were removed from the can-ying pl ates and 

counted using a hemocytometer. Approximate ly 50,000-70,000 cells were plated in each 

we ll of four ti ssue-culture treated polystyrene 12-,,·ell plates (BO Falcon; Cata log 

#352043). Once the plates reached approximately 80% confluency, the media was 

aspirated and replaced with 1.0 ml phenol red-free OM EM (lm·it rogen, Cata log 

#21041025) supplemented with I 0% charcoal stripped heat inacti,·ated fe tal bovine 

· ·11· ( I 00 / I) a11d streptomyc in ( I 00 ~1 °/ml ). The charcoa l stripped FBS serum, pe111c1 111 µg m , 0 

h · · db I t. o 1·t at 56±2°C fo r 30 minutes, gentl y S\\'irling every I 0 was eat 111 act1vate y 1ea Illo 

. . b t d t'or ?4 hours \\·ith the fo ll o,,ing so luti ons: 
minutes . The ce ll s were mcu a e -
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• 0. I 1.0 or IO 0 M f . 
' ' · ~1 o coumestro l (S igma-Aldrich, SKU# 

27885) 

• O. OOOO I, 0.000 I, 0.00 I, 0.0 I, or 0. I µ M of 17-~ estradiol 

(S igma-Aldrich, SKU# E8875) 

• O. I, I .0, or I 0.0 µM of tric lo an (Sigma-Aldrich, SKU# 

1682206) 

• 

• 

10.0 µ M ICI 182,7 0( . igma- ldrich . SK H 14409) 

I 0.0 µM ICI 182,780 \\'ith I 0.0 µM coumc. trol 

• I 0.0 µM ICI 182.7 0 \\'ith 0.1 ~1 I -0 c. tradiol 

• I 0.0 µM tricl osan "ith 0.1 µM I -0 cstradiol. 

Some we lls conta ined control s ha, ing \\ith less than 0.2°0 ol'thc appropriate ,chick or 

either DMSO, EtOH, or DMSO and EtOl l. and lastly phenol red-free I) 1E 1 

supplemented ,vith I 0% charcoal stripped heat inacti, atcd fetal ho, inc ~LTUm and 10° o 

pen/strep. The concen tra tions or tricl osan \\ere cho~cn hccau~c the) "ere reported in the 

serum 01· pregnant ,,·omen ( Bharg:I\ :.i ('{ al .. 19% ). The plate~" ere then placed in the 

incubator for 2..i hours at 3 7°C in 5° o C( ) : . r\ lier" hich . the med ia " a~ a~piratcd and 

stored at -20°(' un til needed for (inRI I quantilicati t)ll . 

Enzyme-lin ked lmmunoassa~· 

A I
. k J' '" · (F l\ ),, ·1,11erfnr111L'dtlll(llalllil',1hca11101111torc; nR II. 11 enzyme I ll eo 1111111unna~S,l) · t ' · · 

E 1 
· II I (P· , .. , ::: l.:; ()41)\\ascnatcd"ith I00,ulnl'donkeyan ti -ac 1well ol a96-,, e pate 1c1cc . • -

· . 
1 

. , - ,-1rch :::7 11-005-15~) at a concentra ti on orD.55 
rabb it lgG antibody (.laekson 1111111111 01 c:--c , · 

. . . . N· HCO · o I i\ I \ \i :UL pl 19.5 ). The plate" as then 
µg/ml 111 coating butkr (0.1 M '1 ·' · · 
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\\Ta pped in roil and kit to sit at room t . . . . . 
cmpeiatui c lor approx im ately 24 hours. The plate 

" as then rinsed twice with assay buffi- . (0 I M . 
ei · sodium phosphate buffe r/pH 7.8, 0. 15 M 

aC I, 0.1 % Tween 20) and washed three t' . . 1 .~ . 1111es wit 1 assay but fer. Ant1-GnRH primary 

antibody ( I 00 ~LI per we ll , courtesy of Dr Nett c I d S • • 
· , o ora o tate U ni vers1ty, R 1245) was 

di luted I :50,000 in assay buffer and added to the I t h. h · 
P a e w 1c was incubated for 24 hours 

at 4 ° C on a shaker set at 60 RPM Th I t h · · · · e P a e was t en nnsed twice with assay buffer and 

then washed three times with assay buffer. The GnRH standards of: I 00 pg/µ! , 33.33 

pghtl , 11 . 11 pg/µ! , 3.70 pg/µI , 1.23 pg/µI , 0.41 pg/µI , 0.14 pg/µ! (BaChem, Torrence, 

CA, H-4005) and samples were added in I 00 µI quantities each to the we lls, and the plate 

was incubated for 24 hours at 4° C on shaker setting 60 rpm. The plates were then 

allowed to come to room temperature completely and 50 µI of biotinylated GnRH 

(BaChem, Torrence, CA, H-4792) was added (diluted I: 2,500 in assay buffe r) to each 

we ll and the plate was incubated at room temperature fo r one hour. Nex t, the plate was 

washed three times in assay buffe r whi ch then I 00 µI of Av id in D-HRP (Vector 

Laboratories, A2004; diluted I :5,000 in assay buffer) was added to each well then plate 

was incubated at room temperature fo r one hour. The plate was then washed 8 times with 

assay buffer and 100 ~LI of supersignal substrate (Pierce, #37075,240 µI diluted into in 12 

ml H
2
0) was added to each we ll. The chemilum inescence of the samp les was then read 

by a BioTek Synergy HT Mul tidetect ion Microplate Reader. A standard curve was 

. d d d the GnRH in the samples was quantified using 
constructed fro m the GnRH stan ar s, an 

. . . . M • · na I detectab le concentrat ions ranged fro m 
the eq uati on !rom the standai d cw ve. 11111 

I ti e \Vas discarded. 0.0125 - 1.786 pg/µ1, any va lue be ow ies ( 
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Stati tica l Analys is 

Each treatment sample was duplicated in each of the experimental runs. Each sample 

\\'aS then a sayed in tri plicate. The experiment was run 5 times, resulting in sample sizes 

ranging from n=4-5. 

A one-way Kruskal-Wallis test was done to compare GnRH levels in all the 

experiments besides the ICI 182 ,780 experiment, in which a Wilcox in was utili zed; 

significance set at p<0.05 . The stati sti cal software used was JMP Pro I 0.0, manufactured 

by SAS. 
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Chapter 4: Results 

J 7-/J Estradiol (El) 

GT I-7 ce ll s were incubated with varying concentrations of 17-~ estradiol fo r 24 hours; 

after whi ch, GnRH levels were quanti fied and the results are shown in Figure I. The 

culture medium coll ected from control treatments contained 205 .9±60.6 pg GnRH/ml ; 

while the 17-P estradiol (0.1 , 1.0, I 0.0, and I 00 nM ) resulted in levels of I 03. 7±41.6, 

211.2± I 00.9, 202 .5±63. 8 and 365.3± 141 .3 pg GnRH/ml , respecti ve ly. 17-~ estradiol was 

unable to significantl y alter GnRH secreti on (p >0.05). In thi experiment , 17-~ estrad iol 

was di ssol ved in I 00% ethanol; therefore, the contro l contained the ame amoun t of 

ethanol. 

::. 
E 

--..... 
tlO 

600 

500 

400 

E: 300 
J: 
0:: 
C 
l.!) 

200 

100 

_ ..... 

10.0 nM 
0 nM 1.0 nM . _ . 

Control 0.1 . . . GT I -7 cells. (i n RI! 11 as quanu tied after 

100.0 nM 

H -c t ion fr om · . '" . -P Estradiol on GnR seer . - : ,1radiol :ind 1:10 11 cnn1rol. D::11a IS - . . 
Frgure I. The etlect of 17 . . -,111L'CI1lra11on5 ol 17 0 I - 0 I \I 1r ·~1111cnt l!roups and ii= ) 101 . . • . j \"'11'\' Ill!.! Lc \1 id 11 . L,, -static 24-hour 1ncubat1ons " 11 1 ' - - .. 

1 
, ·ontrol. I 0.0 n. ai · 

E. M >O 05. n=-+ 101 t lt L presented as mean ± S · /J · 
the rest of the trea tment groups. 
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J 7-f] estradio / and IC! 182,780 

17-~ estradiol was incubated with ICI 182,780 to determine if ICI 182,780 could block or 

modulate the effects of estrogen. GnRH levels were quantified and the results are shown 

in Figure 2. The culture medium collected from control treatments contained 205.9±60.6 

pg GnRH/ml ; the I 00 nM E2 resulted in levels of 365 .3± I 41.3 pg GnRH/ml , the I 0.0 pM 

JCI 182 ,780 (!Cl), 596.3± 195 .7 pg GnRH/ml , and the combination of E2 and ICI 

(E2/JCI), 23 1.9±87.2 pg GnRH/ml. In thi ex periment, E2 \\·a di oh ed in I 00% EtOH ; 

therefore, the contro l conta ined the same amount of EtOH. None or the tri:a tment. 

signifi cantl y altered GnRH secreti on (p>0.05). 
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0 n CnR lt srcre11 on. ,1 fl 
,. - -- . . - ·adioland ICI 182.78 o . \I IC! 1:-2.-~0 . :mdO.I u \11 7- . 
Figure2Etlectoll7-PES

t
r . JI \ ll--0 L·,1r.1d1,1I.IO.Ou •. _ ,· l· \I Ji'(l.05 .n=5lorall 

· · ·. t · 11111, \\ilh( . u. , ·111 ·d.1 , ll1 L,ll1 -., · · alter stat ic 2-1-hnur 111Lt1 1
,1 L · . , , -~o. 1t11:11, prL,l L 

. . • · · 1 JOO u\l l(I f::; __ cs1rad10! 111 comb111:11 1nn '' 111 · ' 
treatmcm groups. 
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Coumestrol 

GT 1-7 ce ll s were incubated with varying concentrations of coumestro l fo r 24 hours; after 

whi ch, GnRH levels were quanti fied and the resul ts are shown in Figure 3. The culture 

medium co llected from contro l treatments contained 465.5± 162 .7 pg GnRH/ml ; while the 

coumestro l (0.1, 1.0, and I 0.0 nM) resulted in levels of 769.1±443.4, 888.8±515. 1, and 

614. 7± 18 1.4 pg GnRH/ml , respecti vely. Coumestol was unable to signifi cant ly alter 

GnRH secreti on (p>0.05). In thi s experi ment, coumestro l was di ssolved in I 00% DM SO; 

therefore, the control contained the same amount of DMSO. 
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1200 

:;- 1000 
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'cio 
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J: 
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0 
Control 0.1 µM 1.0 µM 10.0 µM 

. _,, . 1.t ·r ,tatic ~-+ -hour incubations . - Rll 11asquanti11Lu,1 L . : 
G RH sec retio n. (,11 . . ' 1rc,cntL·d as mea n ::: Sl.\ 1. Fioure 3. Effec t of co umestrol on 11 

1
, !) \ !SO cnntrnl. l),iu 1. I ·. . 

" . - !" courncstrol and l lL . I , trc'" llllll'Ill \.!I lHip,. 11 i1h se\'era l conce 11trat1ons n - d - ~ l'tir the rc~t ol t le ' -
' 'Ill ·111 Il - -p>0.05 . n=-+ fo r the 10.0 ,ur-. t trca tmL ' 
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Coumestrol and IC! I 82,780 

Coumestrol was incubated with IC! 182,780 to detennine if IC! 182 . 80 could block or 

modu late the effects of coumestrol. GnRH level \\·ere quantified and the resul ts are 

shown in Figure 4. The culture medium collected from control treatment contained 

465 .5± 162.7 pg GnRH/ml , the I 0.0 nM Courne trol (CO ) re ultcd in b cl. or 

6l4.7± 18 1.4pgG nRH/ml , the 10.0µM ICI I 2. 0( ICl)re. ultcdin : 96.3 - 19:i. pg 

GnRH/m I, and the combination or CO and IC I ( CO ' I ·I) re. uhL·d in 462.3 '.!: In.-. pg 

Gn RH /111I. In thi s experim ent, coumestrol \,a: di .. ohed in 100°0 l)~t. 0: therefore. the 

contro l contained the same amount or 1)~1. 0 . The 'Ol ICI "a" unahk tn ig111ti cantl~ 

alter Gn RH secreti on. (p>0.0:). 
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Triclosan 

GT I -7 eel Is were incubated with varying concentration of triclo an for 24 hours; aner 

which, GnRH levels were quantified and the results are shown in Figure 5. The culture 

medium collected from control treatments contained 205 .9±60.6 pg Gn RH /ml; ,,·hile the 

triclosan (0. 1, 1.0, and I 0.0 nM ) resu lted in level of 15.0±312.3, I .3:::60 .1 . and 

254.9±68.8 pg GnRH/ml , respectively. Tricia an wa unable to ignificantl y alter Gn RH 

secretion (p>0.05). In thi s experiment, triclo an wa di oh ed in 100°0 EtOH : thi:ri:fori:. 

the control contained the same amount of EtOH . 
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Triclosan and IC! I 82. 780 

Triclosan was incubated with ICI 182,780 to detennine if !Ci 182,780 could block the 

ff·ects of tri closan. GnRH levels were quantified and the results h . F' 
6 e . · are s own m 1gure . 

The culture medium collected from the control treatments contained 205 .9±60.6 pg 

GnR.H/ml. The I 0.0 nM triclosan (TCS) resulted in levels of 254.9±68.8 pg GnRH/ml , 

the 10.0 µM ICI 182,780 (ICI) in 596.3±195.7 pg GnRH/ml, and the combination ofTCS 

and ICI (TCS/ICI) contained 340.2±94.7 pg GnRH/ml. In this experiment, triclosan was 

dissolved in I 00% EtOH; therefore, the control contained the same amount of EtOH. The 

TCS/ICI was unable to significantly alter GnRH secretion. (p>0.05). 
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Triclosan and 17-/J es /radio/ 

T determine if triclosan possibly inhibited or mod 
I 

t d h 
o u a e t e effects of estrogen, cells 
el·e incubated for 24 hours with triclosan and estrogen alon d b. . 

w e an a com inat1on of the 

two (Figure 7) . The culture medium collected from the from control treatment contained 

205 .9±60.6 pg GnRH/ml , the I 00 nM 17-~ estradiol (E2) contained 365.3± 141.3 pg 

GnRH/ml , the I 0.0 µM triclosan (TCS) resulted in 254.9±68.8 pg Gn RH/ml, and th 

combination of E2 and TCS (E2/TCS) resulted in 121.2±44.1 pg GnRH/ml. In thi 

rl·ment estroaen was di ssolved in I 00% EtOH; therefore, the control contained the expe , b 

same amount of EtOH . The E2/ICI was unable to ignificantl y alt r nRH e retion. 

(p>0.05 ). 
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JC! 182,780 

detennine the effects of ICI 182,780 on GnRH secretion (Fioure 8) GT! 7 II 
To o , - ce s were 

;ncubated with I O. 0 µ M IC I 182,780 and the EtO H control for 2 4 hours. The cu I ture 

d. collected from the control resulted in 153.0±73.3 pg GnRH/ml and 10 o µMIC! ~I~ . . 

182,?80 (ICI) resulted in 596.3± 195.7 pg GnRH/ml. ln thi s experiment, triclo an wa 

. 1 din I 00% EtOH; therefore, the control contained the same amount of EtOH. The d1sso ve 

h w that 10.0 µM concentration ofICl 182,780 ignificantly incr a d nRH results s o 

. hen compared with the EtOH control. secret10n w 
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chapter 5, Discuss ion 

The goal of thi s research was to determine h 
t e effects of the EDC 

G RH 
· s cournestrol d 

triclosan on n secretion and compare th an 
em to the effec f 

. t o estrogen in GT! -7 c 
The anti-estrogen IC! 182,728 was also investi ells. 

gated to determi ne if it blocked or 

modulated these effects. The results showed th . at neither est rogen coume trol, nor 

triclosan significantl y altered GnRH secretion d'd 
nor I ICI 182, 7 0 inhibit or modulat th 

effects. ft was fo und, however, that ICI 182,780 · • igmftcantly increa ed nRH . e ret1011 

when compared with the contro l. 

Recently, reports have shown the estrogenic and antie trog nic effe t f oum tr 1 

(Ashby et al. , 1999; Bowe, et al., 2003 ; Jacob et al .. 2000). T d mon trate oum trol' '/I 

estrogenicity, GT 1-7 ce ll s were incubated for 6, 12, or 24 hour with diff ring 

concentrations of coumestro l (Bowe, et al., 2003). Thi r ulted in a ignifi ant 

reduction in GnRH mRNA . Whil e Bowe ' et al .. (200" ) tud and the urrent one " ere 

similar in that they examined the effect of coume trol , Bo,\'e· 
tud examined mR 

levels, but not GnRH peptide levels. Because al ter d mR 
Je\'el do not dire tly 

. . . . , . . ,1 ol .. _009). it could be 1ha1 in 
co11 espond to altered protem levels (rev1e,"ed b Maiet f 

h ~ Gn RH peptide in the 
Bowe's study the mR A did not actuall y go on to produce 

I 
i.: 

. , . . d non trated that inhibition of 
l!meframe given. In add ition, Pitts et al .. (200 1) et 

. . eriod or th ree hour : 
tr · . . G RH secreuon o, er a P 
anscnpt1 on and translat ion did not alter n . · tile hort term. 

G RH ecre11011 tn 
sug · 1 I do not alter 11 

gestmg that chanaes in mR A eves H 
o ·ct not innuence Gn R -

An d that coumestrol d1 
other study by Hughes ( 1988) reporte . -fi nt effect on 

d·ct ha\'e a s1gn1 ica 
. 5troaell I 

II1tluced LH secretion in ovariectomized rats but e = 
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the GnRH-induced secretion. My res It u ssupportth fi ct · ese 111 mgs by demonstrating that 

coumestrol does not directly influence G RH . n secretion. 

Triclosan is another EDC which was sho wn to exert eStrogenic effects in a breast cancer 

cell line (MCF-7) where it was show t · ·fi -11 0 Sigm tcantl y mcrease cell proliferation and 

cyclin-D (a cyc lin-dependent kinase regu\ t ·) , . · - . . a 01 exp1es 1011 while s1g111ficant\y decreasing 

p2 \ (a cyclin-dependent kinase inhibitor) expres ion .( Lee et al .. 20 14). The e effect 

were blocked by ICI 182,780 (Lee et al., 2014). Becau e thi stud y looked at the effects 

on MCF-7 cel ls and not GT \-7 ce ll it i po sible that the GTI- cell ,,·ere not 

displaying the correct receptor to cause an effect. It i al o po iblc that the cu1Tent 

ex periment utili zed a suboptimal TC concentration or incubation period. prern1ting the 

effects or triclosan rrom being observed. It ha been ho,, n that expo ing GT I - cells to 

different estrogen concentrations an l incubati on periods produces contrasting re ·ult . For 

exampl e, Navarro el al .. (2004) demon trated that administration of picomolar e. trogen 

leve ls to GT \-7 ce ll s lor 5-60 minute caused a rapid. sustained and dose-dependent 

inhibition or cAMP: con\'erse ly. c:-;posure to nanomolar estrogen concen trati ons !'or 60 

· · MP d , · Tl , , tud1·,, d•'nll)llStratc ho,, casv it is fo r 
m111utes increased cA pro uct1 on. lL: L: s .. .. · . 

· ·1· Tl · · · · nil ar to some nc,, reports on ICI 182 . 80 
hormones to ha,-c contrasttng cl eel . 11 1s s11 · 

· · · . I · , •I ·, · al ER anta!!onist (ll o\\ell el ul .. 2002). 
111 which It takes on ne,,· role. othct I 1an cl C as. !Cc -

. . l , . CPR 10 aunnist (i'..l c:,l'r t'I ul.. 20 I 0). C,PR30 is a 
\Cl \ 82,780 was recently sho,, n to 1

L: a 1 
• -

. . ., .. ·d bY GTl -7 cclh that is acti,atcd b) estrogen 
G-prote111 coupled receptor exp1 L: SS L: , 

. . . ,0 ·auscs intracellular calcium mobilization. 
(Filardo el ol .. 2002). Acu,·a11 on °1 GPRJ L , • · 

·ct 
1
. .-t

1
l, -+ ~-trisi1hosphate in the nucleus 

. . -. . 1· I osphall ,· 111 os1 l J. .. . 
cA MP s1gna \111 g, and synthes is o P 1 · · 

~ - . · tR , ankar. l't al. . 2005 : Kangetal., 
. . . . , . analtn£ e, enb , e 

resulting 111 rap id non-geno1111c St= -
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20 I 0) . /lwo ('fol . (_0()6) also showed a, · . · , · · . 
gon' st'c cl lccts when they 111 vesti gated the 

,11..·uroprotccti H: clfo:acy or IC! 1 2 780 · , aga inst neurodegenerative di seases such as 

l1hcimcr 's in rat primary hip1 0 1 campa neurons. They fo und that, li ke I 7-~ estradio l, ICI 

182.780 promoted neuron surviva l whe th . • • n ey we, e ex posed to exc1totox1e glutamate or 

~-amyloid-ind ucecl neurodegenerati on. Furthermore, they fo und that ICI 182,780 induced 

rapid intracellular Ca~ osc ill ations, exe1ted dual regul ation of physiological to lerable 

and excitotoxic ranged glutamate-induced rises in Ca2+ levels, and sign ificantly increased 

expression of spinophilin (a protein that aids in dendritic morphology and glutamatergic 

synaptic act ivity) and Bcl-2 (an anti apoptotic protein involved in estrogen promotion of 

neurona l survival) all with efficacy comparable with neurons treated with 17-~ estradiol. 

Another study by Long et al .. (20 17) showed that !Cl 182,780, via GPR30, fac ili tated 

lordos is in estradiol benzoate primed OVX rats. These studies show that lCl 182,780 can 

dev iate fro m its traditional ro le as an ER antagoni st and act as an agonist causing 

stim ulatory effects. Our results support these fi ndings as !Cl 182,780 acted as a 

stimulatory agent by significantly increasing GnRH secretion. 

Clearly there is dynamic re lat ionshi p between estrogen, xenoestrogens, ant i-estrogens, 

· · ·1· I · h · · lusive However what is known is and their target tissues; much o · w 11c 1emams e · , , 

· 1· · ·e largely dependent upon which li 0 and 
estrogen and estrogen-related s1gna mg acti ons ai 

0 

. . d 
1 

. h . nse element the ER- lioand complex is bound to. 
the ER 1s bound with an w 11c 1espo 0 

These criteria can also be appli ed to xenoeStrogens. 

. . 'bl ti t the incubati on time was not adequate to observe 
In the cu rrent study, ,t ,s poss , e ia 

cl t . oen Although other studies with similar 
the effects of triclosan, coumestro l, an es 100 · 

I d tl·ic losan as hav ino significant effects. 
. . . 1 1 coumestro an ° 1ncuhat1on periods 1ave s 1own 
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eit her a dilTcrcnt ce ll line was used or GnRH t'd I I I d Tl pep I e eve s were not ana yze . 1e 

diffcrinu results coul d be att1·1·b t d t I · I ::, u e o w 11c 1 receptors were present on the GT I -7 eel Is, 

the class ical ERs a and ~ are expressed on both murine GnRH neurons and in GT 1-7 

cell s and the novel GPR30 is expressed in GTl-7 cell s (Jacobi et al .. 2007), but perhaps 

there was is some alterati on of the estrogen receptor express ion due to over-saturation or 

incubati on of the hormones/xenoestrogens. There is evidence of thi s occurring in MCF-7 

cell s. In thi s case, the eel ls were exposed to IO nM estrogen fo r 24 hrs. ( one of the 

concentrations used in thi s study and the same incubation time) this caused the down­

regulation of hundreds of genes, a lot of which coded fo r receptors (Frasor, el al., 2003). 

It could be that in GT 1-7 cells, the current concentrations or incubation peri ods of 

coumestro l, tri closan, and estrogen triggered a down regulation of estrogen receptors thus 

causing no effect in GnRH secretion. 

In conclusion, our res ul ts demonstrate that GnRH secretion is not stimulated by 

coumestro l, tri closan, or estrogen under the current concentrati ons and incubati on 

peri ods; GnRH is however, stimul ated by the GPR30 agoni st IC! 182 ,780. Thi s provides 

novel in formation about the hormonal contro l of GnRH · 
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