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ABSTRACT 

JUTATTP GUPTARAK 

ROLE OF 5-HT, ,.\ RECEPTORS IN FLUOXETINE-INDUCED 
LORDOSIS INHIBITION 

DECEMBER 2009 

Fluoxetine (Prozac{,('), a selective serotonin reuptake inhibitor (SSRI). is an 

antidepressant that is also prescribed for several other disorders such as anorexia, 

bulimia, and premenstrual dysphoria, all of which are prevalent in females. However, 

fluoxetine also produces sexual side effects both in male and female patients, the 

mechanisms of which are unknown. In rats, serotonin (5-HT), acting via 5-HT,;\ 

receptors. reduces female rat sexual behavior. Fluoxetine's block of the serotonin 

transporter (SERT) leads to elevation of extracellular 5-HT and consequent activation of 

5-HT
1

" receptors, which may contribute to disruption of sexual activity. The following 

experiments were designed to test this hypothesis in female Fischer rats. In the first 

experiment, the 5-HT,,\ receptor antagonist, WAY 100635, was used to test the hypothesis 

that fluoxetinc-induced lordosis inhibition occurs via activation of 5-HT, ,\ receptors. In 

the second experiment, the effect of 9 days of daily 10 mg/kg fluo .xetinc administration 

on sensitivity to 8-0H-DPAT-induced lordosis inhibition was examined. In the third 

experiment. the ability of progesterone to reduce the potency of fluoxetine in lordosis 

inhibition was studied. Three major findings emerged from these studies: (I) The 
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5-HT1;\ receptor antagonist, WAY 100635, attenuated effects of an acute fluoxetine 

injection on lordosis behavior; (2) subchronic treatment with fluoxetine reduced the 

potency of the 5-HT L\ receptor agonist, 8-0H-DPA T, as an inhibitor of lordosis behavior: 

and (3) progesterone, previously reported to attenuate effects of 8-0H-DPAT, reduced 

the potency of an acute fluoxetine treatment. These findings reinforce earlier suggestions 

that 5-HT1..\ receptors contribute to fluoxetine-induccd sexual side effects and that 

adaptation of these receptors occurs with repeated fluoxetine treatment. In summary, 

while the present findings implicate 5-HT 11, receptors in fluoxetine-induced sexual 

dysfunction. additional mechanisms may also be involved. Although fluoxetine has 

greatest affinity for SERT, fluoxetinc is not completely selective for SERT and also 

elevates extracellular noradrenaline and dopamine .. albeit with a slower time course than 

seen for elevations in 5-HT. Therefore. additional studies arc clearly needed in both 

animal models and in the human population before definite conclusions about the 

mechanisms responsible for SSRI-induccd sexual dysfunction can be clarified. 

Research supported by NIH HD284 l 9, by TWU REP and by the Department of Biology. 
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CHAPTER I 

INTRODUCTION 

Since being approved in 1987 by the Food and Drug Administration as a drug for 

treatment of depression, Prozac® (fluoxetine hydrochloride) has been prescribed for 

several disorders including anorexia, bulimia nervosa, and menstrual dysphoria (Gram, 

1994: Rossi ct al., 2004: Simpson and Stuart, 2000: Wong ct al., 1995) which are 

prevalent in women. Because it has fewer side effects, fluoxetine began to replace the 

earlier generation of antidepressants. However, sexual dysfunction has been reported 

after fluoxetine treatment (Coleman et al., 200 I: Montejo et al., 200 L Montejo-Gonzalez 

et al., I 997: Morris, I 991: Zajccka. 200 I) and is one of the causes for patients stopping 

medication. The mechanism of fluoxctinc-induced sexual dysfunction is unknown, but 

fluoxetine's block of the serotonin transporter (SERT) and consequent elevation of 

extracellular serotonin (5-HT) (Kreiss and Lucki, 1995) is a likely candidate. 

Fluoxctine and Its Therapeutic Effects 

Fluoxetine is a mixture of S- and R-isomers in approximately the same amount 

(van Harten, 1993). Both isomers are similar in their affinity for the serotonin transporter 

(SERT) (van Harten. 1993 ). The affinity of fluoxetine for SERT is higher than for either 

the norepinephrine transporter (NET) or dopamine transporter (DAT) (Benfield et al., 

1986: van Harten. 1993: Wong et al.. 1995) and is 1000 fold higher than its affinity for 

most neurotransmitter receptors that have been studied (e.g. serotonergic (5-HT), 



noradrenergic (NA), dopamincrgic (DA), histaminegic, and mucarinergic receptors) 

(Benfield et al., 1986: van Harten, 1993: Wong et al., 1995). As a result, SERT is often 

viewed as the primary site of action for fluoxetine. However. multiple effects of 

fluoxetine. other than on SERT, are well recognized (Er12:landcr ct al., 2005: Marx et al., ._ . .... 

2006: Miguelez et al., 2009: Pinna et al., 2006). 

SERTs are embedded in the plasma membrane of axons and dendrites (Daws, 

2009: Miner et al., 2000: Pickel and Chan, 1999: Sur et al., 1996: Zhou et al.. 1998). 

Since a majority of serotonergic neurons use volume transmission (Bunin et al., 1998: 

Bunin and Wightman. I 998: Daws. 2009: Kaushal ya et al., 2008), 5-HT most Ii kely 

reaches SERT through extracellular diffusion (Bunin ct al., 1998: Bunin and Wightman, 

1998: Daws. 2009). SERT transports the extracellular 5-HT back into the nerve cell 

where 5-HT is degraded by monoamine oxidase or repackaged into vesicles that will be 

released upon another neuronal firing. By blocking SERT, fluoxetine prevents 5-HT 

from being taken back up and thereby increases extracellular serotonin in multiple brain 

areas including the raphc nuclei (Geyer et al., 1978: Gram, 1994: Rutter ct al., 1995: 

Wong et al., 1995), where the cell bodies of serotonergic neurons are located (Kanno et 

al., 2008: Perry and Fuller. 1993). 

An increase in extracellular 5-HT will. in turn, enhance S-HT's ability to interact 

with 5-HT receptors. Cun-ently, seven 5-HT receptor families have been identified 

(5-HT,. 5-HT2• 5-HT_1• 5-HT4, 5-HT5, 5-HT6 , and 5-HT7 families) which differ in their 

affinity for and response to the 5-HT signal (Green, 2006: Hoyer ct al.. 1994). In the 

raphe nuclei. 5-HT1., receptors of the 5-HT, receptor family and SERT a1~e found 
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abundantly on the soma and dendtites of serotonergic neurons (Kia et al., 1996a; Palacios 

et al., 1990: Pazos and Palacios, 1985). The rapid increase in extracellular 5-HT, as a 

result of fluoxetine's blocking of SERT, leads to increased activation of 5-HT"' receptors 

(Hjorth and Auerbach, 1994; lnvernizzi et al., 1992; Kreiss and Lucki. 1995) and inhibits 

neuronal firing (Fuller, 1994; Fuller and Wong, 1977: Le Poul et al., I 995), decreases the 

rate of 5-HT synthesis (Muck-Seier et al.. 1996: Tsuiki et al., 1995). and reduces the 

turnover rate of 5-HT (Fuller and Wong, 1977: Schmidt et al., l 988: Wong et al., 1995 ). 

When fluoxctine treatment continues. serotonergic neuronal firing increases (Blier 

et al., 1988a, 1988b) due to a reduction in the sensitivity of 5-HT 1i\ autoreceptors. Later 

desensitization of 5-HT 1H receptors, located on nerve terminals, further enhances 5-HT 

ncurotransmission (Adell et al., 200 I, 2002). The ultimate increase in 5-HT release, 

coupled with block of SERT. further increases extracellular 5-HT which can then reduce 

the sensitivity of scrotoncrgic receptors located throughout the brain (El Mansari and 

Blier, 2005: El Mansari et al., 2005: Kantor et al., 200 I: Kreiss and Lucl<i, 1995; Le Poul 

et al., 1995: Li ct al., 1993, 1996). This time-dependent process parallels the onset of the 

therapeutic efficacy of fluoxetinc in depression (Davidson et al., 2002). 

Fluoxetinc and Sexual Side Effects 

Several investigators have reported fluoxetine-induc_ed sexual dysfunction in 

female patients (Clayton et al., 2006; Coleman et al., 200 I; Gregorian et al., 2002; 

Labbatc ct al., 1998: Montejo-Gonzalez et al., 1997; Olah, 2002: Roose et al., 1998: 

Rosen et al., 1999; Zajecka et al.. l 997). The onset and degree of sexual dysfunction 

varies with close and duration of fluoxetine treatment. The common sexual side effects 
3 



include delays in orgasmic duration or anorgasmia (Benazzi and Mazzoli, 1994; Clayton 

et al.. 2002; Coleman et al., 200 l; Labbate et al., 1998, 2004; Montejo et al., 200 I: 

Montejo-Gonzalez et al., l 997: Olah, 2002; Zajecka et al., I 997 ). Reduction in sexual 

desire. lack of arousal. and inadequate vaginal lubrication have also been reported 

(Clayton et al.. 2006; Coleman et al.. 200 l; Gregorian et al., 2002; Labbate et al., 2004; 

Meston and Gorzalka, l 992; Montejo-Gonzalez et al.. 1997; Olah, 2002; Roose et al.. 

1998; Rosen et al., 1999; Zajecka et al., 1997). Several approaches have been used to 

relieve the adverse sexual side effects of fluoxetine. These include use of a "drug 

holiday" (fluoxetine \Vas taken every other clay or once a week (Benazzi and Mazzoli. 

1994) ). waiting for the adverse effects to disappear by themselves, switching to another 

type of antidepressant or use in combination with intervention drugs including buspirone. 

bupropion, mirtazapine, yohimbine, or olanzapine (Balon, 2006; Taylor. 2006; Taylor et 

al.. 2005 ). However. these approaches have had limited success (Balon, 2006; De Battista 

ct al., 1998; Taylor, 2006; Taylor et al., 2005). As multiple factors and depression, itself, 

can contribute to sexual dysfunction, the investigation of fluoxetine-induced sexual 

dysfunction is complicated; reports are often confounded with other factors and, 

therefore. have led to inconclusive results. 

While in the majority of studies, investigators have reported fluoxetinc-incluced 

sexual dysfunction (Clayton et al., 2006; Coleman et al., 2001: Grego1ian et al., 2002; 

Labbate et al., 2004; Meston and Gorzalka, 1992; Montejo-Gonzalez et al., 1997; Olah, 

2002: Roose et al., 1998; Rosen et al., l 999: Zajecka et al., 1997), fluoxetine has been 

reported to enhance some aspects of sexual function including the frequency of pleasing 
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sexual thoughts, increased desire for sexual activity, and the ability to achieve an orgasm 

(Zajecka et al., 1997). These differences in outcomes may result from differences in 

methodology and/or absence of critical controls. For example, a large number of reports 

have come from clinical records that have lacked placebo control (Coleman et al., 200 l: 

Herman et al., 1990: Montejo et al., 2001; Montejo-Gonzalez et al., 1997: Morris, 1991; 

Nelson et al.. 2005: Shen and Hsu, 1995: Zajecka et al.. l 997). Investigators have used 

different criteria for baseline evaluation of sexual function before fluoxetine treatment (if 

such predrug data are even avai I able) and data are often confounded with factors such as 

drug use (including alcohol and tobacco) or comorbid medical conditions (Clayton et al.. 

2006: Herman et al., 1990: Labbate et al., 1998: Montejo et al., 200 l: Shen and Hsu. 

I 995: Zajecka et al.. 1997). In addition, the length of the study may vary from months to 

years (Labbatc et al., I 998: Montejo et al., 200 I: Montejo-Gonzalez et al., 1997: Zajecka 

et al., 1997). Furthermore. outcomes may vary with the investigator's definition of 

sexual dysfunction. For example. some patients may show limited evidence of sexual 

dysfunction under one definition but not show overal I sexual dysfunction defined as 

reduced sexual desire, arousal, and orgasm (Clayton ct al., 2006). 

Thus, the literature on fluoxetine-induced sexual dysfunction is often 

inconclusive. Different results likely stem from differences in methodology, dose of 

fluoxetinc. time course of treatment, history of illness and susceptibility of the patient or 

definition of sexual dysfunction. Nevertheless, the fact that some female consumers 

discontinue medication because of experiencing sexual dysfunction cannot be ignored 

since premature discontinuation of medication can lead to reoccutTence of the depressive 
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episode (Balon, 2006; Taylor, 2006; Taylor et al.~ 2005). However, the clinical data on 

fluoxetine-induced sexual dysfunction are not adequate for meaningful insights into the 

mechanisms responsible for effects of fluoxetine on sexual function. Animal models, 

therefore, may be especially valuable tools. 

In rodent models. fluoxetine can inte1n1pt normal estrous cyclicity and reduce 

sexual behavior of female .rats (Maswood et al., 2008: Sarkar et al.~ 2008b: Uphouse et 

al., 2006). The lordosis reflex has been the most prominent aspect of female rodent 

sexual behavior that has been examined and is routinely reported to decline when rodents 

are treated with fluoxetinc (Frye et al., 2003; Maswood et al., 2008; Matuszczyk et al., 

1998: Sarkar et al.. 2008a, 2008b: Uphouse et al., 2006). 

Lordosis Reflex 

The lordosis response (a supraspinal reflex) is a posture made by sexually 

receptive female rats in response to the male's mount. When the female receives stimuli 

around the base of the tai I, rump and perineum, the sensory input travels through the 

anterolateral columns of the spinal cord to the caudal ventrolateral periaqueductal gray 

(PAG) of the midbrain (Daniels and Flanagan-Cato, .'.2000). Input from the ventromedial 

nucleus of hypothalamus (VMN) and the neurons suJTOLltlding the VMN are integrated 

with the ascending sensory information (Daniels and Flanagan-Cato, '.2000). The motor 

output conveys the signal to the lumbar ventral horn of the spinal cord and to the epaxial 

muscles of the back, initiating the reflex. The female then arches her back in response to 

the tactile stimuli during courtship and sexual activity (Beach, 1976: Uphouse. 2000). 
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The lordosis reflex is essential if the male is to achieve intromission and is, therefore, . 

critical for the production of offsp1ing. 

The role of the VMN is to coordinate this behaviora] response with underlying 

physiological events essential for successful mating. Estrogen and progesterone acting 

within the medial basal hypothalamus play essential roles in lordosis modulation (Daniels 

and Flanagan-Cato, 2000: DeBold and Frye, l 994 ). The VMN. enriched in estrogen

alpha (ERcx) and estrogen-beta (ERB) receptors, is critical to this steroid modulation 

(Devidze et al., 2005: DonCarlos et al., 1991: Lee and Pfaff, 2008: Musatov et al., 2006). 

In naturally cycling rats. the reproductive cycle (estrous cycle) is around 4 to 5 days. 

Near ovulation. the ovarian follicle moves toward maturation. Estrogen~ secreted from 

the ovarian follicles into the blood stream, rapidly rises. The female becomes sexually 

receptive near the time of the prcovulatory progesterone peak. After ovulation, 

progesterone secreted from the corpus luteum, plays a role in terminating the behavior 

(Clemens and Weaver. I 985). 

In ovariectomizecl (OYX) rats, lordosis behavior depends on the dose of estrogen. 

Progesterone is not required for the behavior to occur (Clemens and Weaver, 1985), but 

addition of progesterone reduces the dose of estrogen required to facilitate the reflex and 

increases the probability that lordosis will occur (Clemens and Weaver. l 985~ Sinchak 

and Micevych, 2001 ). Another component of sexual behavior in female rats is 

proceptivity. which signals the male of her receptive state. The female's behavior 

(hopping and darting (hop-dart) and wiggling her ears (ear wiggling)) attracts the male's 

attention and increases his engagement in sexual activity (Beach, l 976~ Erskine, 1989). 
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Proceptive behavior is regulated by progesterone (Erskine. 1989: Micevych et al., 2008: 

Uphouse, 2000). Therefore, it is the coordination of estrogen and progesterone on 

proceptivity, receptivity and ovulation that prepares the female for successful 

reproductive activity. 

Serotonin and the Lordosis Reflex 

Lorclosis behavior is modulated by several neurotransmitters including 5-HT 

(Acosta-Martinez and Etgen. 2002; Mendelson, 1992: Uphouse and Guptarak, in press). 

Compounds that increase 5-HT, such as 5-HT releasing agents and 5-HT reuptake 

inhibitors. attenuate the lordosis reflex (Luine and Paden, l 982: Mendelson. l 992). 

Drugs that decrease 5-HT levels, such as 5-HT synthesis inhibitors, facilitate the lordosis 

reflex (Allen et al., l 993: Mendelson, l 992: Meyerson. 1964 ). 5-HT modulates lordosis 

behavior through its numerous receptor subtypes. To date, the 5-HT11,, 5-HT,B, S-HT2M 2c, 

5-HT,, and 5-HT, receptors have been shown to modulate lorclosis (Maswood ct al., 

1997, l 998: Mendelson, 1992: Mendelson and Gorzalka, 1985, 1986b, 1986c. 1986d: 

Siddiqui ct al.. 2007: Siddiqui and Shaharyar, 2007: Uphouse, 2000: Uphouse et al., 

199 l. 1996a, 1996b). The activation of 5-HT, 1, (Mendelson and Gorzalka, 1986b: 

Uphouse et al.,1991) and 5-HT7 receptors (Siddiqui et al., 2007) inhibit, while activation 

of the 5-HT 2M 2c receptors (Mendelson and Gorzalka. 1985, 1986c. I 986d~ Uphouse et al.. 

1996b) or 5-HT, receptors (Maswoocl ct al., 1997. 1998) facilitate the behavior. 5-HT 1" 

receptors on sites postsynaptic to 5-HT neurons play a major role in lordosis inhibition 

and the VMN is a primary location of this effect. VMN infusion, as well as systemic 

injection, of the 5-HT1:, receptor agonists, (±)-8-hydroxy 2-(cli-n-propylan,ino) tetralin 
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(8-OH-DPAT) or buspirone, inhibits the lordosis reflex (Ahlenius et al., 1989: Kishitake 

and Yamanouchi, 2003: Mendelson and Gorzalka, 1986a: Uphouse et al., 1992). The 

inhibitory effect can be blocked by the selective 5-HT,A receptor antagonist, N-[2[4-(2-

methoxyphenyl)-1-pipcrazinyl]ethyl]N-(2-pyridinyl)cyclohexanecarboxamide 

trihydrochloricle (WAY 100635), and by the nonselective 5-HT,A and r)-noradrenergic 

receptor blocker. pindolol (Uphouse ct al.. 1996a). 8-OH-DPAT has been the most 

prominent agonist implicating 5-HT," receptors in lordosis inhibition, but 8-OH-DPAT 

has high affinity for both 5-HT," and 5-HT7 receptors. Since pindolol, which has little. if 

any. effect on 5-HT7 receptors, attenuates the lordosis-reducing effect of 8-OH-DPAT 

(Uphousc et al.~ 1996a). 5-HT, ,, receptors appear to be the dominant receptors negatively 

modulating lordosis behavior. 

Fluoxetine-lnduced Lordosis Inhibition and 5-HT," Receptors 

Systemic treatment with fluoxetine inhibits lordosis behavior in intact 

(Matuszczyk ct al., I 998: Uphouse et al., 2006) and in hormonally-primed OVX rats 

(Frye et al.. 2003: Matuszczyk et al., 1998: Sarkar et al., 20()8a). Fluoxetine's elevation 

of extracellular 5-HT would lead to increased 5-HT 1" receptor activation and would be 

expected to inhibit lordosis behavior. If so, the 5-HT 1" receptor antagonist, WAY 100635 

(Forster et al., 1995), should attenuate the effect of·fluoxetine. Sukoff Rizzo et al. 

(Sukoff Rizzo ct al., 2006) have recently reported that WAY 100635 attenuated the effect 

of fluoxetine on reducing noncontact erection in male rats. Effects of WAY 100635 on 

fluoxctine-incluccd inhibition of female rat sexual behavior has not been examined, but 

effects of fluoxetine on 5-HT 1" receptors are well-known (Kantor et al.. ~00 I: Le Poul et 
9· 



al., 1995; Raap et al., 1999; Riad et al., 2008; Van de Kar et al., 2002). Desensitization 

of somatodendritic 5-HT,A autoreceptors of the dorsal raphe occurs rapidly in response to 

fluoxetine treatment (Kantor et al., 2001; Le Poul et al., 1995). 5-HT,A receptors in 

terminal fields arc slower to desensitize (Kantor et al., 2001 ). Seven to ten days of daily 

fluoxetine treatment reduced the neuroendocrine response to the 5-HT 1" receptor agonist, 

8-0H-DPAT, thought to be modulated by 5-HT," receptors in the hypothalamus (Van de 

Kar et al.. 2002). Thus, 7 to 10 days of systemic fluoxetine may be sufficient to 

desensitize hypothalamic 5-HT, ,, receptors. This latter observation is particularly 

relevant since 5-HT1;, receptors in the VMN are important in lordosis inhibition (Allen et 

al., I 993: Uphouse ct al.. 199 I. 1992). Moreover, 9 days of fluoxetin.e treatment reduced 

lordosis inhibition seen 30 min following a 10 mg/kg fluoxetine injection (Sarkar et al., 

2008a). These observations lead to the suggestion that 5-HT '-" receptors may be critical 

mediators of the effects of fluoxetine on female rat sexual behavior. 

Hormonal Effect on 5-HT," Receptors 

Estrogen appears to reduce the effects .of 5-HT,A receptor agonists. In rats, 

estrogen reduces the sensitivity of both somatodendritic and postsynaptic 5-HT, ,, 

receptors to agonist activation (Bethea et al., 2002a). Estrogen treatment reduces the 

potency of 8-0H-DPAT to inhibit firing of dorsal raphe nuclei (ORN) 5-HT neurons 

(Robichaud and Debonnel, 2005) and reduces the neuroendocrine response to 8-0H

DPAT (Raap et al., 2000) and 8-0H-DPAT ·s ability to inhibit the lordosis reflex 

(Jackson and Uphouse, 1996, I 998; Trevino et al., 1999). The mechanisms responsible 

for estrogen's reduction of 5-HT,., receptor sensitivity include changes in_ mRNA 
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expression and receptor signaling (Birzniece et al., 2001; Osterlund and Hurd, 1998; 

Osterlund et al.. 1999, 2000: Raap et al., 2000). 

Estrogen's effect on mRNA for the 5-HT1A receptor has been the subject of 

extensive investigation. However, the directional change in mRNA appears to vary with 

brain region examined. species of animal, and duration, dose and route of estrogen 

treatment (Bethea et al., 2002a. 2002b). For example. in rats, a single estrogen injection 

reduced S-HT 1,, receptor mRNA in petiform cortex, perirhinal cortex and medial 

amygdala but not in the hippocampus and retrosplenial cortex (Osterlund and Hurd, 

1998: Osterlund et al.. 1999), while after 2 weeks of estrogen administration there were 

no effects in any brain region examined (Osterlund et al., 2000). Birzniece ct al. found a 

high dose of estrogen, implanted over 21 days, decreased S-HT 1 , receptor mRNA in 

hippocampal CA2 region and clentatc gyrus, but that a low dose of estrogen had no effect 

(Birzniecc et al.. 2001 ). In most reports. long periods of estrogen treatment had no effect 

on the level of 5-HT 1,, receptor mRNA (Birzniccc et al., 2001 ). Similarly, whether or not 

estrogen alters binding density of S-HT 1;\ receptors varies with the dose of estrogen and 

brain region examined (Clarke and Maayani, 1990; Flugge et al., 1999; Frankfurt et al., 

1994b: Gonzalez et al., 1997: Hiroi and Neumaier, 2009: Jackson and Etgen , 200 l: Le 

Saux and Di Paolo. 2005: Mize et al., 200 I: Osterlund et al., :WOO: Zhou et al.. 2002). 

However. regardless of the molecular mechanism, investigators generally agree that the 
~ ~ ~ ~ 

sensitivity of 5-HT 1A receptors declines following estrogen treatment (Jackson and Etgen. 

200 I: Mize et al.. 200 l: Raap ct al.. 2000: Trevino et al., 1999). A possible mechanism is 
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that estrogen binding to nuclear receptors alters cellular signaling processes that modulate 

5-HT1:, receptors. A majority of investigators hypothesize that estrogen modulates 

5-HT1,, receptor sensitivity by reducing their coupling to Gi/o-proteins (Clarke and 

Maayani, 1990: Le Saux and Di Paolo, 2005: Mize and Alper. 2000: Mize et al., 200 l ). 

In the hypothalamus. estrogen attenuation of the sensitivity of 5-HT,A receptor agonists is 

thought to occur through reduction of G-proteins since the estrogen-induced decline in 

the endocrine response to 8-OH-DPAT is accompanied by a reduction of Gz. Gi I and Gi, 

proteins (Raap ct al., 2000). Oz protein is most likely responsible since hypothalamic 

5-HT 11, receptors are thought to couple primarily to Gz proteins (Raap et al., 2000). A 

recently idcnti fiecl G-protein-couplecl, pertussis-toxin sensitive estrogen receptor. GPR30, 

may contribute to estrogen, s attenuation of the hypothalamic response to 8-OH-DPA T 

(Xu et al., 2009). 

Estrogen also induces progesterone receptors (Micevych and Sinchak, 2008), 

which are important in facilitating lordosis behavior (e.g. administration of antisense 

DNA to progesterone receptor mRNA prevents the expression of lordosis behavior) 

(Mani ct al.. I 994: Ogmva et al., 1994: Pollio et al.. I 993). Progesterone following 

estrogen treatment reduces extracellular 5-HT in OVX rats and the reduction occurs 

coincident with the increase in lordosis behavior (Farmer et al., 1996: Maswoocl ct al., 

1999). In addition, progesterone reduces the potency of the-5-HT,;\ receptor agonist, 

8-OH-DPAT, in inhibiting lordosis behavior (Jackson and Uphouse, 1996, 1998: Truitt et 

al., 2003). Although progesterone acts via nuclear progesterone receptors in the VMN to 

increase lordosis. progesterone metabolites may act in the ventral tegmen.tal area (VT A) 
12 



to increase lordosis (Bethea et al., 2002a; Frye and Vongher, 1999; Mani, 2003). In 

addition, Frye et al. found the effect of fluoxetine can be modulated by the progesterone 

metabolite, 5cx-pregnane-3C(-ol-20-one (3a, 5a-THP), since microinfusion of 3a. 

5cx-THP into the YT A attenuated the effect of systemic fluoxetine on lordosis behavior 

(Frye et al., 2003). Therefore, progesterone might be expected to decrease fluoxetine·s 

potency as an inhibitor of lordosis. 

Summary 

Mechanisms responsible for sexual dysfunction during fluoxetine treatment need 

further examination . Here, we speculate that the 5-HT 11\ receptors. having a major role in 

lordosis inhibition. may contribute to the mechanism of fluoxetine-induced sexual 

impairment. The following experiments were designed to examine speci fie predictions 

b_ased on the hypothesis that 5-HT,A receptors contribute to fluoxetine's inhibition of 

female rat lorclosis behavior. 

Hypothesis l: If fluoxetine's elevation of extracellular 5-HT enhances activation 

of 5-HT1:, receptors and thereby leads to inhibition of sexuaJ receptivity , then blocking 5-

HT1 ,, receptors with WA Yl00635 should attenuate the effect of fluoxetine. 

Hypothesis 2: If 9 days fluoxetine treatment reduces the potency of 5-HT1" 

receptors. then a higher dose of 8-OH-DPAT should be required to inhibit lordosis, and 

the dose response curve to 8-OH-DPAT should shift to the right. 

Hypothesis 3: If 5-HT,.,receptors contribute to fluoxetine's inhibition of lorclosis, 

then progesterone shou Id shift fluoxeti ne' s dose response curve to the right. 

13 



CHAPTER II 

MATERIALS AND METHODS 

Materials 

Estradiol benzoate (EB), progesterone (P), sesame seed oil, the serotonin rcuptake 

i nhi bi tor, [±]-N-methyl-y-[ 4-(tri fl uoromethyl)-phenoxy ]benzenepropanami ne (f1 uoxetine 

hydrochloride). the 5-HT 1" receptor agonist, (±)-8-hydroxy 2-(di-n-propylamino) tetralin 

(8-OH-DPAT). and the 5-HT 1A receptor antagonist, N-(2-(4-(2..,methoxyphenyl)-l

piperazinyl)ethyl)-N-(2-pyridinyl)cyclohexanecarboxamide (WAY 100635), were 

purchased from Sigma-Aldrich Chemical Company (St. Louis, MO). Isoflurane 

(AErrane •·) and suture materials were purchased from Henry Schein (Mel vi Ile, NY). 

Food (8604 Harlan Teklad rodent diet) was purchased from Harlan Teklad (Madison, 

WI). Al I other supplies were purchased from Fisher Scientific (Houston, TX). 

Methods 

Aninw/s and /-lousing Conditions 

Female. Fisher inbred rats (CDF-344) were purchased from Charles River 

Labo'ratories (Wilmington. MA). Rats were housed 2 or 3 per cage in polycarhonate 

shoebox cages ( 18 x 9.S x 8.5 inch) in a housi-ng room maintained at 25 °C and 55% 

humidity with a l 2: 12 hr dark-light cycle (lights on from 12:00 AM to 12:00 PM). Food 

and water were available ad /ih. 
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Surgical Procedures 

Two weeks after arrival, rats were bilaterally ovariectomized under AErrane~ 

anesthesia as previously described (White and Uphousc. 2004 ). and experimental 

procedures began two weeks later. All procedures were in accordance with PHS policy 

and were approved by the IACUC at Texas Woman·s University. 

Behcl\ 1iora/ Testing Procedures 

Behavioral testing took place during the dark phase of the light-dark cycle. Red 

lighting was used to facilitate the experimenter's visibility. Females were pretested for 

sexual receptivity and proceptivity by placing the female in the home cage of a sexually 

experienced male and observing her behavior for ten mounts. After the pretest, the 

female was injected with the appropriate clrug(s) and returned to the male's cage. Sexual 

behavior was monitored as previously described (Uphouse et al., 1992). Sexual 

receptivity was quantified as the lordosis to mount (LIM) ratio (e.g. number of lordosis 

responses by the female divided by the number of mounts by the male). When a female's 

LIM ratio fel I below 0.7 for two consecutive intervals after drug injection, that female's 

behavior was considered to have been inhibited by the drug; Lordosis quality was 

recorded on a scale or I to 4 as previously described (Uphouse et al.. 1992). Proceptivity. 

defined as hop/dart sequences, was recorded. 
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Handling Procedures 

On the day of the estrogen injection, each rat was picked up, held for 15 sec and 

turned as in preparation for an intraperitoneal (ip) injection. This procedure was then 

repeated and constituted a handling session. After all rats in the cage had received a 

handling session, the procedure was repeated ·until each rat had received 5 handling 

sessions. The entire process was repeated the following day. 

Swris1ica/ Analysis 

LIM ratios and lordosis quality data were grouped into the pretest and 5-min 

intervals after treatment. In the first expeii ment, data were compared by I-way repeated 

measures ANOV A with drug (WAY 100635 or vehicle) as the independent factor. In the 

second and third experiment, data were analyzed by 2-factor repeated measures ANOV A 

with time after infusion as the repeated measure and prior treatment and dose of drug 

(8-0H-DPAT and fluoxetine or 8-0H-DPAT and water for the second experiment, 

estradiol benzoate and oi I or cstradiol bcnzoate and progesterone for the third 

experiment) as independent factors. Time-dependent differences. within treatment . were 

compared to the pretest with Dunnett's test~ differences between groups, within time 

intervals, were compared by Tukey's test. An alpha level of 0.05 was required to reject 

the null hypothesis (Zar, 1999). 
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Spec(lic Merhodsj<Jr Hormonal Prirning and Drug Treatment 

Experiment 1: The effect of the 5-HT1A receptor antagonist, WAY l 00635, on fluoxetine
induced lordosis inhibition 

An N of 10 rats was used for each treatment. Fourteen days after ovariectomy, 

rats were injected ip with 1 ml/kg vehicle (distilled water) for 9 days. On clay 8 of these 

injections, between 9:00 and 9:30 am, females received IO µg estradiol benzoate 

followed 48 hr later with 500 µg progesterone. Hormones were dissolved in sesame seed 

oil and injected subcutaneously (sc) in a volume of 0.1 ml per rat. Four to six hours after 

progesterone, rats were pretested for sexual behavior. Rats were divided into 2 groups 

and injected vvith either I ml/kg saline or I mg/kg WAY 100635 (in saline, I ml/kg). 

Fifteen min later, rats \Vere injected with 15 mg/kg fluoxctine in distilled water ( I .5 

ml/kg). Sexual behavior was tested 30 min later and continued for 15 consecutive min 

(Fig. I). 

Experiment 2: The effect of 9 days treatment with fluoxetine on the response to the 
5-HT 1,\ receptor agonist, 8-0H-DPAT 

Ten to fourteen clays after ovariectomy, 30 females were injected ip daily for 9 

clays with l ml/kg vehicle (distilled water), and 29 females were injected daily with 10 

mg/kg fluoxetine ( 1 ml/kg). The hormone treatment occurred on clays 8 and 10 as 

described for experiment I. Four to six hours after the progesterone injection, rats were 

pretested for sexual receptivity. Immediately after the pretest, rats received an ip 

injection of 0. 25, 50. 75, or 100 µg/kg of 8-01-I-DPAT Females were placed back into 

the male's cage and testing was continued for 15 consecutive min (Fig. 2). 
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EXPERIMENTAL DESIGN: EXPERIMENT 1 

Ovariectomized 
rats 

Day l 0: 500 µg 
progesterone injection 

Day 1-9: l ml/kg 
distilled water injection 

.Day 8: 10 µg 
estradiol benzoate injection 

4-6-hr later. 
sexual behavior pretest 

l ml/kg 
saline injection 

1 mg/kg 
WAY100635 

in saline in,iection 

15 min later,· 
15 mg/kg fluoxetine injection 

30 min later. 
sexual behavior testing 

Fig. 1. Flow chart of experimental design for experiment I 

The experiment was designed to test the ability of the 5-HT 1,\ receptor antagonist, 
WAY I 00635, to reduce the lordosis-inhibiting effects of fluoxetine. The flow chart 
shows the key steps of the experiment beginning with the ovariectomized rats. 
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EXPERIMENTAL DESIGN: EXPERIMENT 2 

Ovariectomized r .____ra-ts , 

r------------ r------------, 

Day 1-9: l 0 mg/kg 
fluoxetine in distilled 

water injection 

Day 1-9: I ml/kg distilled 
water injection 

Day 8: 10 µg D .__ __ e_s_tr-ad_i_o_l b_e_n_z_o_at_e_i_nJ_· e_ct-io_n __ ---1 

Day 10: 500 µg 
progesterone injection 

Behavior testing 
immediately -

4-6 hr later. 
sexual behavior pretest 

0. 25, 50. 75, I 00 µg/kg 
8-OH-DPAT injection 

Flow ch_art of experimental design for experiment 2 

The experiment was designed to test the effect of 9 days pretreatment with 
fluoxetine on the response to the 5-HT11\ receptor agonist, 8-0H-DPA T. The flow chart 
shows the key steps of the experiment beginning with the ovariectomized rats. 
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Experiment 3: The effect of fluoxetine in progesterone-treated rats 

Two weeks after ovariectomy, rats were handled and injected ip with l ml/kg 

vehicle (saline) for 3 days as previously described. The hormone treatment occuITed on 

days I and 3 of the handling days. Animals were divided into 2 groups. One group 

received progesterone as previously described while the other group received vehicle 

(sesame seed oil) 46 to 48 hr after the estrogen injection. Four to six hours after 

progesterone or vehicle , rats were pretested for sexual behavior. After 10 mounts by the 

male, the female was injected ip with 0, 2.5 , 5. 7.5 , 10 or 15 mg/kg fluoxetine in distilled 

water ( l ml/kg except for 15 mg/kg= 1.5 ml/kg). Then the female was returned to the 

home cage and remained there for 30 min. Sexual behavior was monitored continuously 

for 15 consecuti vc min thereafter (Fig. 3). 
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EXPERll\llENTAL DESIGN: EXPERIMENT 3 

Ovariectomized 
rats 

Day 1: IO J.Lg estradiol benzoate injection 
Day 2: l mg/kg saline injection 

Day 1-3: handle 

Day 3: 500 µg 
progesterone in sesame seed 

oil injection 

Day 3: sesame seed oil 
injection 

30 min later. 
sexual behavior testing 

4-6 hr later. 
sexual behavior pretest 

0. 2.5. 5. 7.5. IO or 15 mg/kg 
fluoxetine injecti~n 

Fig. 3. FIO\v chart of experimental design for experiment 3 

The experiment was designed to test the ability of progesterone to attenuate 
fluoxetine-induccd lordosis inhibition. The flow chart shows the key steps of the 
experiment beginning with the ovariectomized rats. 
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CHAPTER Ill 

RESULTS 

Experiments 

Erperimenr 1: The effect of the 5-HT 1" receptor antagonist.WAY I 00635. on fluoxetine
induced lordosis inhibition 

The first experiment was designed to test the following hypothesis: if fluoxetine·s 

elevation of extracellular 5-HT enhances activation of 5-HT1A receptors and thereby leads 

to inhibition of sexual receptivity, then a 5-HT1:, receptor antagonist.WAY I 00635. 

should attenuate the acute effect of fluoxetine on lordosis inhibition. As hypothesized. 

treatment with WAY I 00635 significantly reduced the acute effect of 15 mg/kg fluoxetine 

on lordosis behavior (Fig. 4). Treatment (WAY 100635 or saline, F 1. 18 = 11.21, P ~ 

0.005), time after treatment (F 3_5.i = 24.88, P ~ 0.0001 ), and the time by treatment 

interaction (F_u.i = 5.95, P ~ 0.002) were all significant. Consistent with previous 

findings (Sarkar ct al., 2008a), acute treatment with fluoxetine significantly reduced the 

LIM ratio. In the absence of WAY 100635, fluoxetine-treated rats were significantly 

different from their pretest at every test interval (Dunnett's, all q5u::::: 5.84, P ~ 0.05). 

With WAY 100635, LIM ratios were significantly different from the pretest only at the 

first 5 min interval (q 5u= 2.90, P ~ 0.05), and the degree of inhibition was small relative 

to the vehicle control. Rats treated with WAYI00635 plus fluoxetine differed 
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Fig. 4. The effect of WAY 100635 on fluoxctine-induced lordosis inhibition 

Hormonally primed. OVX female rats were pretreated with 1 mg/kg WAY 100635 
or saline I 5 min before injection with 15 mg/kg fluoxctine. The mean ±SELIM ratios 
for the pretest (PRE) and three consecutive 5-min intervals beginning 30 min after 
injection with fluoxctine are shown. # indicates time points where LIM ratios of rats 
pretreated with WAY I 00635 significantly differed from rats pretreated with sali nc (al I 
Tukey' s q5.i. 2 2: 2.86, P ~ 0.05). * indicates time points where the LIM ratio significantly 
differed from the pretest (al I Dunnett' s q5-1 . -1 2: 2.44, P ~ 0.05 ). · 

23 



significantly from rats treated with saline plus fluoxetine at each test interval (Tukey's. 

al I (b.:. ~ ~ 4.85, P:::; 0.05, Fig. 4 ). 

Fluoxetinc inhibited lordosis behavior in a larger number of rats pretreated with 

saline relative to WAY 100635 pretreated rats (Fisher's Exact Test, P:::; 0.02, Fig. 5). In 

addition, none of the WAY I 00635 pretreated rats had LIM ratios of zero, while 3/ l O of 

saline pretreated rats had ~m LIM ratio of zero at some point during testing. Lordosis 

quality of these three rats could not be assessed but, for the remaining rats. there was a 

modest. but significant, time-dependent decline in lordosis quality (Fu5 = 6.63, P:::; 

0.00 I, Fig. 6), but neither the treatment nor the time by treatment interaction were 

significant (P > 0.05 ). Overal I. there were no significant effects for number of 

mounts/interval (P > 0.05) (Fig. 7). 

Flu(;xctinc significantly reduced proceptivity (Fisher's Exact Test, P:::; 0.001) and 

WAY 100635 reduced this effect. In saline treated rats, only 2/lO rats remained 

proceptive after fluoxetine while 7/10 rats pretreated with WAY100635 remained 

proceptive. Thus, within treatments, proceptivity was reduced by fluoxetine in the saline 

(Fisher's Exact Test P:::; 0.00 I), but not in the WAY I 00635, pretreated rats (Fisher's 

Exact Test, P > 0.05). 

Experiment 2: The effect of 9 days treatment with fluoxctine on the response to the 
5-HT 1;\ receptor agonist. 8-OH-DPAT 

The second experiment was designed to test the hypothesis that 9 days of 

fluoxctine treatment would attenuate lorclosis inhibition in response to a 5-HT 1,, receptor 

agonist. In agreement with prior studies (Uphouse et al., 2002), there was a dose-
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Fig. 5. Percentage of rats with inhibition of lordosis behavior after 15 mg/kg fluoxetine 
treatment 

Data arc from the same rats shown in Fig. 4. Percentage inhibition was defined 
by at least 2 consecutive intervals with UM ratios~ 0.70. The total number of rats in 
each group is shown in the parentheses. * indicates significant difference (Fishers' Exact 
Test). 
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Fig. 6. The effect of WAY 100635 on lordosis quality after fluoxetine injection 

Hormonally primed, OVX female rats were pretreated with I mg/kg WAY I 00635 
or saline 15 min before injection with 15 mg/kg fluoxetine. The mean± SE lordosis 
quality for the pretest (PRE) and three consecutive 5-min intervals beginning 30 min after 
injection with fluoxctine are shown. * indicates time points where the lordosis quality 
significantly differed from the pretest (all Dunnett's (].i:; . .i 2':: 2.44, P::; 0.05). 
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Fig. 7. The effect of WAY 100635 on mounts/interval after fluoxetine injection 

Hormonally primed, OVX female rats were pretreated with 1 mg/kg WAY 100635 
or saline 15 min before injection with 15 mg/kg fluoxetine. Shown are the mean ± SE 
number of mounts/test interval for the pretest (PRE) and three consecutive 5-min 
intervals beginning 30 min after injection with fluoxetine. 



dependent effect of 8-OH-DPAT on sexual receptivity of females (Fig. 8). Females 

subchronically treated with distilled water and injected on the 10111 day with doses of 8-

OH-DPAT of at least 50 µg/kg. showed near maximal reduction in the lordosis reflex 
u u 

within IO min of injection (Fig. 8A and B). In the vehicle pretreated rats, 10CY1o of the 

rats showed at least two consecutive intervals of lordosis reduction after treatment with 

the three highest doses (50, 75 and I 00 µg/kg) of 8-OH-DPAT. Pretreatment with I 0 

mg/kg fluoxetinc for 9 clays attenuated the lorclosis-inhibiting effects of 8-OH-DPAT 

(Fig. 8 and 9). For these fluoxetine-treatecl rats, a dose of 100 µg/kg 8-OH-DPAT was 

required for maximal inhibition of lordosis behavior. Other doses of the drug, while 

producing some inhibition of the LIM ratio, were considerably less effective in 

fluoxetinc-pretreated than in vehicle-pretreated rats. Consequently. while fluoxetine was 

. 
effective in reduced lordosis in both pretreatnicnt conditions (Fisher's Exact Test. P ~ 

0.05), the magnitude of inhibition was significantly different. Therefore, for the LIM 

ratio. there were significant main effects of type of prior treatment (F1...i<J = 2 l.32, P ~ 

0.000 I). dose of 8-OH-DPAT (Fu9 = 52.24, P ~ 0.000 l) and their interaction (Fu<>= 

7.78. P::; 0.000 I). Over time, UM ratios declined (F<,. 29 ..i = 58.56. P ~ 0.000 l) and time 

interacted significantly with type of pretreatment (F<,. 29 ..i = 4.6 L P::; 0.0002) and with dose 

of 8-OH-DPAT (F2..i . 2c)..i = 5.50, P ~ 0.000 I). The 3-way interaction \Vas not significant 

(P > 0.05). 

For water-pretreated rats. all doses of 8-OH-DPAT inhibited lordosis behavior by 

IO to 15 min and thereafter (all Dunnett' s q29..i. 10 = 2.69, P ~ 0.05 ), and there were no 
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Fig. 8. Daily fluoxetine treatment reduced the effect of 8-01-1-DPAT on L/M ratios 

Hormonally primed, OVX female rats were pretreated with fluoxctine (FLX) or 
distilled water for 9 days before injection with 8-0H-DPA'f. The mean± SE LIM ratios 
for the pretest (PRE) and six consecutive 5-min intervals after injection with 100 µg/kg 
8-0H-DPA t arc shown in A~ with 50 and 75 µg/kg 8-0H-DPAT in B, and with O and 25 
µg/kg 8-0H-DPAT in C. # indicates the time points where LIM ratios of rats treated with 
8-0H-DPAT were significantly different from rats treated with O µg/kg 8-0H-DPAT 
within pretreatment condition (all Tukey's q29.u ~ 4.17, P ~ 0.05). $ indicates the time 
points where LIM ratios of rats pretreated with fluoxetine were significantly different 
from rats pretreated with water for the same dose of 8-0·H-DPAT (all Tukey's q29.t 2 ~ 
2.77, P ~ ().05). * indicates time points where the UM ratios were first significantly 
different from the pretest and remained significantly differed at every time point 
thereafter (all Dunnett's Cb>.i. 10 ~ 2.69, P ~ 0.05). 
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Fig. 9. Percentage of rats with inhibition of lordosis behavior after 8-0H-DPAT 
treatment 

Data are from the same rats shown in Fig. 8. Percentage inhibition was defined 
by at least 2 consecutive intervals with LIM ratios~ 0.70. The total number of rats in 
each group is shown in parentheses. 
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significant differences among rats treated with 50, 75 or 100 µglkg 8-OH-DPAT. For 

fluoxetine-pretreated rats, doses of 75 and 100 µg/kg were required to produce significant 

reductions in L/M ratios relative to the pretest scores. For these two doses, LIM ratios 

were significantly less than the pretest by at least l 0 min. However, for lower doses of 8-

OH-DPAT, there was minimal inhibition of lordosis in fluoxctine-pretreated rats. For 

doses of 50 and 75 µg/kg. fluoxetine and water rats differed significantly at 10 min and 

thereafter (all Tukey's q2.i1;_:: ~ 2.77, P::; 0.05, Fig. 88 and C). Thus, prior treatment with 

fluoxetine shifted the 8-OH-DPAT dose response curve to the right. 

A large proportion of rats ( 18/30) pretreated with distilled water and then injected 

with 8-OH-DPAT (Fig. l 0) had LIM ratios of zero during the testing period so that 

lordosis quality could not be examined. Prior treatment wi.th fluoxctine significantly 

reduced the number (5/29) of rats showing at ]east one 5-min interval without lordosis 

behavior (Fisher's Exact Test, P::; 0.00 l ). Thus, for rats pretreated with fluoxetine. 

quality could be examined for all doses of 8-OH-DPAT lower than 100 µg/kg. For these 

fluoxetine-pretreated.rats (Fig. 11). there was a significant effect of the 8-OH-DPAT dose 

(F~. 1,; = S.56, P::; 0.0 I) and time after injection (F<, i.i.i = 6.55, P::; 0.000 I) on lorclosis 

quality, but the time by dose interaction was not significant (P > 0.05). Significant 

declines in quality \Vere evident in rats treated with either 50 or 75 µg/kg (Dunnett's q
1 

i.i. 7 

~ 2.64~ P::; 0.05 ). 

There were no significant main effects of either prior treatment or dose of 8-OH-

DPAT on the number of mounts received by the female (Figs. I 2 and 13 ). However. 

across all groups, there was a decline in number of mounts over the 30 min test period 
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Fig. JO. Percentage of rats with lordosis scores of zero at some point during the test 
period 

Data are the percentage of rats with lordosis scores of zero at some point during 
the test. The total number of rats in each group is shown in the parentheses. 
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Data are the mean± SE lordosis quality scores of hormonally primed OVX rats 
treated daily with fluoxetine (FLX) and then injected with v_arying doses of 8-0H-DPAT. 
The data arc for the pretest (PRE) and 5-min intervals after 8-0H-DPAT injection. 
* indicates time points where the lordosis quality differed significantly from the pretest 
(al I Dunnetf s Ch, 114 2:: 2.64, P :s:; 0.05). 
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Fig. 12. Number of mounts received by vehicle-pretreated females treated with 

8-0H-DPAT 

Hormonally primed, OVX rats were treated daily with water for 9 days and then 
injected with varying doses of 8-0H-DPAT. Shown are the mean± SE number of 
mounts/test interval for the pretest (PRE) and six consecutive 5-min intervals beginning 
immediately after 8-0H-DPAT injection. 
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Fig. 13. Number of mounts received by fluoxetine-pretreated females treated with 8-01-1-
DPAT 

H01;monaliy primed. OVX rats were treated daily with IO mg/kg fluoxetine (FLX) 
for 9 days and then injected with varying doses of 8-0H-DPAT. Shown are the mean ± 
SE number of mounts/test interval for the pretest (PRE) and six consecutive 5-min 
intervals beginning immediately after 8-0H-DPAT injection. 
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(F,,. 2q.i = 5.90, P:::; 0.05) and this was slightly accentuated by 8-OH-DPAT (time by dose, 

F24. 29.i = l.74, P:::; 0.02). Neither the time by prior treatment nor the 3-way interaction 

was significant (P > 0.05). After 8-OH-DPAT injection, rats in both groups showed 

resistive behavior and avoided being mounted by the male. There was no significant 

difference in the proportion of rats showing proceptivity after 8-OH-DPAT treatment. 

E\p<:ri111e11t 3: The effect of fluoxetine in progesterone-treated rats 

The purpose of this experiment was to determine if progesterone attenuates 

fluoxetine-induced lordosis inhibition. Progesterone reduces the potency of the 5-HT1A 

receptor agonist, 8-OH-DPAT, in inhibiting lordosis behavior (Truitt et al., 2003). If 

fluoxctinc reduces lordosis by increasing activation of 5-HT 1,\ receptors, progesterone 

would be expected to reduce the lordosis-inhibitory effect of fluoxctine. As seen in Fig. 

14, progesterone attenuated the effect of fluoxetine on lorclosis behavior (ANOV A for 

hormone treatment, F ui = 8.98, P:::; 0.005). There was a significant effect of close of 

fluoxctine CF:ui1 = 14.87, P:::; 0.000 I) as well as a significant effect of time (F>. ix ., = 31.23, 

P:::; 0.000 I) and the ti me by fluoxetine dose interaction (F 15_ ix.,= 5.29, P:::; 0.000 l ). EO 

and EP rats differed significantly at doses of 5 and 7.5 mg/kg fluoxetine (Tukey's q<,1. c, 2 

4.16. P:::; 0.05, Fig. 14B) and progesterone decreased the number of rats ( I 0/32 EP rats 

versus 19/32 EO rats) showing UM ratio:::; 0.70 after fluoxetine (Fisher' s Exact Test P:::; 

0.05. Fig. 15). 

Mc.isl rats (11 /12) treated with 15 mg/kg fl uoxeti ne had UM ratios of zero at some 

point during testing (Fig. 16), and EO and EPrats did not differ in the proportion of rats 
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Fig. 14. Effect of fluoxetine on LIM ratios in EO and EP rats 

OVX rats were hormonally primed with estradiol benzoate and oil (EO) or 
cstradiol bcnzoatc and progesterone (EP) and injected with varying doses of fluoxetine 
(FLX). Shown in the figure are the mean± SE LIM ratios for the pretest (PRE) and three 
consecutive 5-min intervals beginning 30 min after fluoxetine injection. Data for the 
control and 2.5 mg/kg fluoxetine are shown in A; for 5 and 7.5 mg/kg fluoxetine in B: 
and for IO and 15 mg/kg fluoxetine in C. # indicates the time points where UM ratios of 
rats for the same hormone treatment were significantly different from rats _treated with 0 
mg/kg rluoxetine (all Tukey's q 12o.c,2:'. 4.09, P :=; 0.05). $ indicates time points where LIM 
ratios of EO rats were significantly different from those of EP rats (all Tukey's q, 20. <i 2:: 
2.8, P :=; 0.05). * indicates time points where the UM ratio differed significantly from the 
pretest (all Dunnett's q, 20. 7 2:'. 2.6, P :=; 0.05). 
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Fig. 15. Percentage of rats with lordosis inhibition after fluoxetine treatment 

Data are from the same rats shown in Fig. 14. Definition of inhibition of lordosis 
was as previously described. OVX rats were hormonally primed with estradiol bcnzoate 
and oil (EO) or estradiol benzoate and progesterone (EP) and injected with varying doses 
of fluoxetine. The total number of rats in each group is shown in the parentheses. 

40 



0 
C 100 

- 0::: e!!. '~' --..:: Q. 

80 

60 

40 

20 

(4) (5) (6) (6) (6) 
() ....L.a------~----

0 2.5 5 7.5 1 () 

DOSE OF FLUOXETINE (mg/kg) 

0 EP 

■ EO 

(6) 

(6) 

1 5 

Fig. 16. Percentage of rats with lordosis scores of zero after fluoxctine treatment 

Data are from the same rats in Fig. 14. Shown are the percentages of rats with 
lordosis scores of zero at some point during the test. OVX rats were hormonally primed 
with estradiol benzoate and oi I (EO) or estradiol bcnzoate and progesterone (EP) and 
injected with varying doses of fluoxetine. The total number of rats in each group is 
shown in the parentheses. 
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showing zero LIM ratios (Fisher's Exact Test, P > 0.05); therefore, this dose was 

excluded from analysis of lordosis quality (Fig. 17 A and B ). For the remaining groups, 

there was a significant effect of hormonal tre~tment (Fi. -'8 = 7.80~ P :S; 0.01) and dose of 

fluoxetine (F4_ .1s = 5.62, P :S; 0.002) on lordosis quality, but time after injection was not 

significant (P > 0.05). There was a significant interaction between time and dose 

of fluoxetine (F 114_ 12 = 2.64. P ::s; 0.005). Neither the time after injection by hormone 

priming nor the 3-way interaction was significant (P > 0.05). 

Since EO rats generally shm:v little, if any, proceptivity. an evaluation of the effect 

of progesterone on fluoxetinc-reduced proceptivity was not meaningful. There was a 

decline in number of mounts over the 15 min testing period (F 1K.~. :i = 40.04, P :S; 0.0001, 

Fig. 18), but no other effects were significant-(?> 0.05). 
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Fig. 17. Effect of fluoxctine on lorclosis quality in EO and EP rats 

Data are the mean ± SE lorclosis quality for the same rats shown in Fig. 14. OVX 
rats were hormonally primed with estradiol benzoate and oil (EO) or estradiol benzoate 
and progesterone (EP). Data are lordosis quality for the pretest (PRE) and three 
consecutive 5-min intervals beginning· 30 min after fluoxetine injection. The lordosis 
quality of rats injected with O or 2.5 mg/kg fluoxetine is shown in A; data for rats injected 
with 5.0. 7 .5 or 10 mg/kg are shown in B. 
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Fig. 18. Effect of fluoxetine on mounts in EO and EP rats 

Data arc the mean± SE number of mounts for the same rats shown in Fig. 14. 
OVX rats were hormonally primed with estradiol bcnzoate and oil (EO) or estradiol 
benzoatc and progesterone (EP). Data are number of mounts for the pretest (PRE) and 
three consecutive 5-min intervals beginning 30 min after fluoxetine injection. The 
average number of mounts for 0 and 2.5 mg/kg fluoxetine arc shown in A, for 5.0 and 7.5 
mg/kg in B, and for l O and 15 mg/kg in C. 
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CHAPTER IV 

DISCUSSION 

The overall aim of these experiments was to test the hypothesis that 5-HT,
1
\ 

receptors contribute to fluoxetine-indL1ced sexual inhibition in female rats. Three major 

findings emerged from these studies: (I) The 5-HT,:\ receptor antagonist, WAY 100635. 

attenuated effects of an acute fluoxetine injection on lordosis behavior; (2) subchronic 

treatment with fluoxetine reduced the potency of the 5-HT 1,\ receptor agonist, 8-OH

DPAT. as an inhibitor of lordosis behavioc and (3) progesterone, previously reported to 

attenuate effects of 8-OH-DPAT (Truitt et al., 2003 ), reduced the potency of an acute 

fluoxctinc treatment. These findings support the hypothesis and are consistent with prior 

evidence implicating 5-HT, i\ receptors in effects of fluoxetine. A possible model 

depicting the hypothesized effect of fluoxetine is shown in Fig. 19. 

WAY 100635 is a relatively selective compound with high affinity for 5-HT,A 

receptors (Cliffe, 2000; Martel et al., 2007) and is a potent antagonist of 5-HT,,\ receptor 

agonist-mecliatccl effects in both cellular (Fornal et al., 1994) and behavioral assays 

(Kishi take and Yamanouchi, 2004; Uphouse and Wolf, 2004). Although WAY 100635 

was recently reported to behave as an agonist at dopamine subtype 4 (D4 ) receptors. 

WAY I 00635's affinity for 5-HT,A receptors is considerably greater (Cherne! et al.. 2006; 

Martel et al.. 2007). Cherne! el al. found that WAY 100635 exhibited 10-fold higher 

affinity to 5-HT 1 , than to D4 receptors while Martel et al. reported a 200 fold difference 
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A EFFECT OF FLUOXETINE IN THE 
MODULATION OF SEXUAL FUNCTION 

Fluoxetine 

~-Increase )-HT 
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B EFFECT OF DAILY FLUOXETINE IN 
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Increase 5-HT 

Reduce sensitivity of 5-HT '" receptor to 
the activation 
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Fig 19. Effect of fluoxetinc on lordosis inhibition via 5-HT,,.\ receptors 

Acute effect of fluoxetine-induccd lordosis inhibition is shown in A. Effect of 
prior fluoxctine treatment on fluoxetine-induced lordosis inhibition is shown in B. 
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(Cherne I et al., 2006; Martel et al., 2007). Moreover, WAY 100635 reduces the inhibitory 

effects of the 5-HT 1" receptor agonist, 8-OH-DPAT, on lordosis behavior (Kishitake and 

Yamanouchi, 2004; Uphouse and Wolf. 2004). Thus, WA Y100635 probably reduced 

effects of fluoxetine on lordosis behavior by acting via 5-HT 1r\ receptors. This outcome 

is consistent with a previous report in male rats showing that WAY 100635 attenuated 

effects of fluoxetine on noncontact penile erection (Sukoff Rizzo et al., 2009) and with 

the finding that subcutaneous WAY 100635 facilitates lordosis behavior (Kishi take and 

Yamanouchi. 2004 ). 

5-HT 1_" receptors are located on soma and dendrites of 5-HT neurons as well as on 

soma and dendrites of non-5-HT neurons (e.g. postsynaptic 5-HT
1

" receptors) (Chalmers 

and Watson. 1991: Kia et al. , 1996a, 1996b). Since fluoxetine increases extracellular 

5-HT throughout most brain areas, fluoxetine would be expected to enhance activation of 

both somatodendritic 5-HT 1,\ autoreceptors and postsynaptic 5-HT1" receptors. Thus, the 

location of 5--HT 1!\ receptors responsible for the lordosis-inhibiting effects of fluoxetine 

cannot be determined from these experiments. However, it is activation of postsynaptic 

5-HT
1
;\ receptors, and not somatodendritic autoreceptors of the DRN, that accounts for 

the inhibitory effects of 5-HT1" receptor agonists on lordosis behavior (Kow et al., l 992~ 

Mendelson and Gorzalka, 1986b; Trevino ct al., l 999~ Uphousc et al., 1991, 1992. 1993 ). 

Moreover. infusion of a variety of 5-HT, ,\ receptor antagonists into the vcntromedial 

nucleus of the hypothalamus is effective in preventing intracranial effects of 5-HT, .. \ 
l 

rece_ptor agonists on lordosis behavior (Uphouse et al., 1996b: Uphouse and Wolf, 2004). 
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Nevertheless, we cannot rule out an effect of WAY I 00635 on somatodendritic 5-HT11, 

receptors of the ORN. 

However. fluoxetine treatment elevates extracellular 5-HT in ORN and in 

terminal fields. including the hypothalamus, of 5-HT neurons (Geyer et al., 1978: 

Malagie et al.. 1995: Maswood ct al., 1999: Tao et al., 2002). At the ORN, antagonism 

of 5-HT 1t\ receptors \vould amplify this effect of fluoxetinc so it is unlikely that 

WAY 100635' s attenuation of the effect of fluoxetine occurs at this level. However, at 

terminal fields.WAY 100635, by blocking 5-HT 1f\ receptors, would not only reduce 

5-HT 1,\ mediated-signals but could increase the probability that other 5-HT receptor 

subtypes arc activated. For example, when there is an elevation of extracellular 5-HT, 

blockade of 5-HT 11\ receptors with WAY 100635 could allow increased 5-HT activation 

of 5-HTlll receptors on 5-HT terminals. Since 5-HT 1B receptors. acting as terminal 

autorcceptors, would reduce 5-HT release (Hervas and Artigas. 1998: Sharp et al., 1997), 

this could limit extracellular 5-HT accumulation. Activation of 5-HTrn receptors by 

nonselective agonists facilitates lordosis behavior (Aiello-Zt1ldivar et al., 1992: 

Mendelson, 1992: Mendelson and Gorzalka, 1990) and blocking 5-HTrn receptors 

inhibits lordosis behavior (Uphouse et al.. 2009). Further activation of additional 5-HT 

receptors could also reduce the lordosis-inhibitory effects of fluoxetinc. For example. 

enhanced activation of 5-HT ::! or 5-HT., receptors would be expected to enhance lordosis 

behavior (Maswood ct al., 1998: Mendelson and Gorzalka, 1985, 1986c, 1986d: Uphouse 

ct al., 1996b). Such an obvious alteration in the balance between lordosis inhibitory and 

facilitatory 5-HT receptors would undoubtedly reduce effects of fluoxetine. However, at 
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the doses used in the cuITent experiment, WAY 100635 did not completely reverse the 

inhibitory effect of fluoxetine. This could indicate an increase in the activation of 5-HT7 

receptors, thought to inhibit lordosis behavior (Siddiqui et al., 2007), or could indicate the 

involvement of non-5-HT mechanisms in the effects of fluoxetine. 

However, the most parsimonious explanation for the findings of the first 

experiment is that fluoxetine's elevation of extracellular 5-HT increases activation of 

5-HT1:, receptors in terminal fields that then leads to inhibition of lordosis behavior. 

WAYl00635, by blocking 5-HT 1,, receptors, attenuates the effect of fluoxetine-induced 

extracellular 5-HT. The findings of the third experiment, where progesterone reduced 

fl uoxetine' s potency for inhibiting lordosis behavior, are consistent with this explanation. 

Progesterone shifted the close response curve for fluoxetine to the right in a manner 

comparable to that previously reported for the 5-HT 1;\ receptor agonist, 8-OH-DPAT 

(Truitt et al.. 2003). Progesterone's ability to reduce the effects of fluoxetine is 

particularly interesting since, in intact Fischer females. fluoxetine disrupts the normal 

estrous cycle and associated sexual behavior and also reduces plasma levels of 

progesterone (Uphouse et al., 2006). 

Progesterone reduces extracellular 5-HT in various brain areas, including the 

hypothalamus, (Farmer et al., I 996~ Maswood et al., l 999), and reduced hypothalamic 

5-HT occurs coincident with the emergence of female rat sexual receptivity in 

hormonally primed OVX rats (Farmer ct al., I 996~ Maswood et al., l 999). ln addition, 

the decline in hypothalamic extracellular 5-HT that occurs during proestrus (the stage of 

the estrous cycle associated with sexual receptivity) is thought to result from a 
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preovulatory surge of progesterone (Meyerson, 1964). Multiple mechanisms cont1ibute 

to progesterone ' s reduction in extracellular 5-HT. Progesterone has been reported to 

increase reuptake of 5-HT (Ladisich, l 974~ Renner et al., 1987) and to increase the 

density of 5-HT,B receptors (Frankfurt et al., 1994b), either of which would lead to 

reductions in extracellular 5-HT. Thus progesterone likely attenuates the effects of 

fluoxetine by increasing 5-HT1B receptors on 5-HT terminals (Frankfurt et al. , 1994a) 

and/or enhancing reuptake of 5-HT and, thereby, limiting the SSRI's elevation of 

extracellular 5-HT and limiting 5-Hrs activation of 5-HT1A receptors. 

Although progesterone's reduction of 5-HT may be sufficient to account for the 

steroid's reduction in the effects of fluoxetine, it is important to note that progesterone 

facilitates lordosis behavior by at least two independent mechanisms. Progesterone's 

interaction with the classical intracellular progesterone receptor in the hypothalamus is 

both necessary and sufficient for the steroid to facilitate sexual behavior (Blaustein, :2008~ 

Micevych et al., 2008). However, some facilitation also occurs via the progesterone 

metabolite, 3a, 5cx-THP (Frye et al., 2003, 2006a, 2006b~ tv:JcCarthy et al., 1995). 

Fluoxetine alters the production of these metabolites in a complex manner, varying with 

brain region examined and duration of fluoxetine treatment (Dong et al., 2001: Pinna et 
~ ~ 

al.. 2006). However, since Frye and colleagues have reported that VTA infusion of 

al lopregnanolone reduces the effects of systemic fluoxetine, a potential role for 

progesterone metabolites cannot be excluded. In fact, there is prior evidence that 
i 

coactivation of GABA ., and 5-HT 1" receptors in the hypothalamus prevents either 

receptor's inhibitory effect on lordosis behavior (Guptarak et al.. 2004 ). It is therefore 
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possible that al]opregnanolone's enhancement of GABAA action in the hypothalamus 

could attenuate effects of 5-HT1"' receptor activation on lordosis behavior. 

A potential role for 5-HT1A receptors in fluoxctine-induced lordosis inhibition is 

also supported by findings that 9 days of fluoxetine shifted the dose-response curve for 8-

0H-DPAT to the right. This finding is consistent with prior observations that daily 

tluoxetinc reduces the response of 5-HT1_.\ receptors to agonist activation (Van de Kar et 

al., 2002). Daily fluoxetinc treatment attenuates 8-0H-DPAT-induced 

adrenocorticotropic hormone (ACTH), corticosteronc, and oxytocin secretion, a finding 

implicating fluoxetine-induced decrements in sensitivity of hypothalamic 5-HT1" 

receptors (Van de Kar et al., 2002). The reduction in sensitivity of 5-HT 1,\ receptors was 

present after 3 days of fluoxetine injection and lasted for at least 14 days (Li et al., 1996: 

Serres ct al., 2000). The cutTent data are also consistent with prior findings that daily 

fluoxetine treatment reduced the acute effect of fluoxctine on lordosis inhibition (Sarkar 

et al., 2008a). 

Mechanisms responsible for the reduced hypothalamic sensitivity to 5-HT 1,\ 

receptor agonists are not known. but probably do not include a decline in the density of 

5-HT
1
,, receptors (Li et al., 1993, 1996). Current data are most consistent with a 

fluoxetinc-induced uncoupling of 5-HT 1" receptors to G-protcins (Raap et al.. 1999). 

Daily fluoxetine treatment reduces G-protein levels in the hypothalamus (Li et al., l 996~ 

Raap et al.. 1999). At 10 mg/kg/clay. fluoxetine reduced membrane Ga subunit, Gi I and 

Gz. of G-protei n without inducing internalization of the receptor protein (Raap et al.. 

I 999. 2000). Since 5-HT, ,\ receptors in the hypothalamus appear to be coupled 
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predominantly to the non-pertussis sensitive Gz protein, a fluoxetine-induced decline in 

Oz proteins may account for the change in receptor sensitivity (Raap et al., 2000). 

Female rat sexual behavior includes receptivity, measured with the UM ratio, 

lordosis quality and proceptivity (measured by number of hops and darts). L/M ratios 

have been reported to be the most sensitive indicator of acute hypothalamic 5-HT 1A 

receptor activation (Uphouse, 2000). This was also true for fluoxetine since lordosis 

quality was only modestly reduced by 15 mg/kg fluoxetine. Hopping and darting 

behavior. which is seldom present in the absence of progesterone (Blaustein, 2008: 

Erskine, 1989). was reduced by acute fluoxetine treatment in the first experiment, but this 

was not apparent in a later experiment. partly due to relatively low proceptivity in the 

pretest. Thus. fluoxetine's potentiul effect on proceptivity·is unclear. 

Although these findings are each consistent with the hypothesis that 5-.HT,,\ 

receptors contribute to the effects of fluoxetine on female sexual behavior, it is important 

to note that lordosis behavior and human sexual behavior are considerably di ffercnt. 

Nevertheless, effects of pharmacological agents on lordosis behavior may sti II be a good 

predictor of their effects in the human population. For example, a fluoxetine-induced 

decline in the sensitivity of hypothalamic 5-HT 1" receptors has been reported in humans 

(Berlin ct al., 1998: Lerer et al., 1999: Young et al., 2004 ). In addition. a reduction in 

number of 5-HT
1

_.\ receptors is found in several brain area including DRN of unmedicated 

depressed patients (Drevets et al.. l 999: Kennedy. 2006). Furthermore, time dependent 

effects of fluoxetine on 5-HT 1,\ receptor binding occurs in both animal and human model 
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(Hanoun et al., 2004; Riad et al., 2004; Sibon et al. , 2008). Therefore, animal models 

may provide useful evidence for better therapeutic intervention. 

A final comment about the relevance of these findings to the clinical situation is 

wammted. If 5-HT1r, receptors contribute to human. as well as rat, sexual dysfunction 

following fluoxetine treatment, then the fluoxetine-induced desensitization of 5-HT 11, 

receptors would be expected to lead to improvement from sexual dysfunction. In most 

reports from the human literature, there is the implication that fluoxetine-induced sexual 

dysfunction fails to improve with continued treatment. However, in most such reports, 

there has been only limited emphasis on the contribution of the depression, itself, to the 

sexual dysfunction. When this confounding variable is removed. some improvement may 

be present (Hartmann, 2007) . However, affected women may discontinue treatment prior 

to reaching this stage of improvement. Unfortunately, there is little literature available to 

critically assess the presence or absence of improvement after chronic fluoxetine 

treatment. It is also important to note that the current studies were conducted in 

ovariectomized rats, with exogenous hormonal priming. Thus it is possible that effects of 

fluoxetine on hormonal cyclicity were compensated for by the exogenous treatment. 

However. in intact females, improvement from sexual dysfunction also occun-ed 

following continued fluoxetine treatment (Uphouse et al., 2006). 

In summary, while the present findings implicate 5-HT , .. , receptors in fluoxetine

i nduced sexual dysfunction. additional mechanisms may also be involved. Although 
I 

fluoxetine has greatest affinity for SERT, fluoxetine is not completely selective for SERT 

(Koch et al.. 2002) and also elevates extracellular NA and DA, albeit with a slower time 
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course than seen for elevations in 5-HT (Koch et al., 2002). Therefore, additional studies 

are clearly needed in both animal models and in the human population before definite 

conclusions about the mechanisms responsible for SSRI-induced sexual dysfunction can 

be clarified. 
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