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Abstract 

The effects of the selective serotonin reuptake inhiiitor (SSRI). fluoxetine, were examined 

on appetitive and consummatory sexual behaviors in the male rats. in a long-tenn dose 

response and tirne course study, male, Long-Evans rats received O. 1.0.5.0. o r  10.0 mglkg 

fluoxetine hydrochlonde for 41 days and were tested for copulatory behavior every fourth 

day in biievel chambers. Animais demonstrated a rapid inhibition of appetitive behavior. 

no dianges in copulatory efnciency. and a progressive inhiiition of ejaculation. The 

greatest effects occurred at 10.0 mglkg ip. This pattern of sexuai inhibition was similar to 

the fluoxetine-induced sarual dysfunaions reported to occur in humans. Males then 

received an injection of the neuropeptide oxytocin (200 q g  ip) or saline vehicle 60 minutes 

before additional sexual behavior testing occurred in a A-B-B-A design. Animals rmiving 

oxytocin demonstrated an increased number of ejaculations, equai to the frequency 

displayed at baseline. No increases were observed in appetitive behavior frequencies. in 

Studies 2 through 4. ritanserin (a 5-HTÎmc antagonia), yohimbiie (an al adrenoceptor 

antagonist), and mianserin (a mixed 5 - m m =  and a2 adrenoceptor antagonist) were 

tested for theû ability to reverse fluoxetine-induced sarual dysfunctions in male rats. In 

each of studies 2 through 4, decreases in appetitive sexual behavior and in ejaculations 

were reliably identified after 10 mgkg chronic fluoxetine treatment. Animals receiving 

ntansenn co-treatment (3.2 and 5.4 mgkg ip) demonstrated significant increases in the 

frequency of ejaculations and copulatory efficiency, but not appetitive behaviors. 

@ 
Animais receiving yohimbiie co-treatment demonstrated increased ejaculation frequency 



at the higher dose tested (4.0 mg/kg ip), but not the lower dose (2.0 mg/kg ip). Animais 

receiving mianserin CO-treatment demonstrated increased appetitive behavior at the lower 

dose tested (!.O mgkg ip). but not the higher (10.0 mgkg ip). Post-hoc analyses rwealed 

a suppression of ejacuiation ikequency by the high dose of mianserin to a level below that 

induced by fluoxetine alone. Taken together. these results validate the use of male rats to 

mode1 fluoxetine-induced sexual dysfunction in humans and suggest that SSRIs may 

inhibit ejaculation by inhibition of the release of oxytocin It is suggested that facilitation 

of oxytocin release may underlie the efficacy of 5-HTmc and a2 antagonists in rwening 

SSRI-induced sexual dysfunction. The implications of these findings for treating sexual 

dysfunction in humans are discussed. 



Résume 

Cette recherche est consacrée aux effets de la fluoxétine. inhibiteur sélectifde la recapture 

de la sérotonine (ISRS), sur I'appétit et le comportement sexuels de rats d e s .  Dans le 

cadre diuie étude à long terme portant sur la dose-réponse et le temps d'absorption, on a 

administré à des rats d e s  Long-Evans O, 1 , s  ou 10 mg par H o  de fluoxétine 

chlorhydrate pendant 41 jours et l'on a examiné leur comportement copulatoire tous les 

quatre jours dans des chambres à deux niveaux. Aucun changement dans I'eficacité 

copulatoire n'a été observé, mais une inhibition rapide de l'appétit sexuel et une inhibition 

progressive de l'éjaculation ont été notées. Les effets les plus marqués ont été observés 

avec la dose de 10 mgkg. L'inhibition sexuelle est comparable aux dysfonctions sexuelles 

induites par la fluoxétine signalées chez I'être humain. Les d e s  ont ensuite reçu une 

injection d'oxytocine (200 ng ip) ou une solution saline, 60 minutes avant le déroulement 

d'autres tests sur le comportement sexuel, selon la méthodologie A-B-B-A Les animaux à 

qui I'on avait injecté de I'oxytocine ont éjaculé plus fréquemment. selon une fréquence 

équivalente a celle enregistrée au départ. Aucune augmentation n'a été observée dans la 

fréquence des signes d'appétit sexuel. Dans les études 2 à 4, on a évalué l'aptitude de la 

ritansérine (antagoniste S-H&ARC), de la yohimbiie (antagoniste alpha 2 adrénergique) et 

de la miansérine (mélange d'antagonistes alpha 2 adrénergique et de 5-mm) à inverser 

les dysfonctions sexuelles induites par la fluoxétine chez les rats d e s .  Dans chacune des 

études 2 à 4, une baisse de l'appétit sexuel et une diminution des éjaculations ont été 

observées après l'administration de 10 mgkg de fluoxétine. Chez les animaux à qui I'on 

avait administré de la r i t ansé~e  (3.2 et 5.4 mgikg ip), on a observe une augmentation 
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sensible de la e u e n c e  des éjaadations et de i'eficacité wpulatoire mais aucune 

augmentation de l'appétit sexuel. Chez les animaux à qui l'on avait admùllstré de la 

yohimbiie, la fréquence des ijacuktions a augmenté a la dose la plus élevée (4 mgkg ip) 

mais pas à la dose infieure (2 mgkg ip). Chez les animaux CO-traités à la miansérine. la 

dose la plus basse a provoque une augmentation de i'appétit sexuel (1 mgkg ip) mais pas 

la dose la plus élevée (10 mgikg ip). Les analyses postérieures ont révélé une suppression 

de la fréquence des éjaculations avec la dose la plus élevée de m i a n s é ~ e  à un niveau 

infirieur à la baisse induite par la fluoxétine seule. Considérés dans leur ensemble, ces 

résultats valident l'utilité des rats mâles pour modéliser les dysfonctions sexuelles induites 

par le fluoxétine chez les êtres humains et donnent à penser que les inhibiteurs sélectifs de 

la recapture de la sérotonine peuvent inhiber i'éjadation en inhibant l'émission 

d'oxytocine. L'efficacité des antagonistes 5-FmC et alpha 2 adrénergiques à inverser les 

dysfonctions sexuelles induites par les ISRS s'expliquent peut-être par le fait qu'ils 

favorisent l'émission d'oxytocine. Une analyse de l'importance de ces résultats pour le 

traitement des dysfonctions sexuelles chez Ïêtre humain fait suite. 
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Fluoxetinelnduced Sexuai Dysfunction in Humans 

The onginal product literature for fluoxetine (Prozac) claimed that the 

ad-depressant dmg caused sexual dysfunction in fewer than 2% of the patients using it 

(Physicians' Desk Reference, 1989). In fact, the favorable side-effect profile presented 

by the selective serotonin reuptake inhiiitors (SSRis) as a class, relative to previous 

anti-depressants (Cooper, 1988; Stark & Hardison, 1985; Wemicke, 1985) led them to 

bxome the most widely prescribed psychoactive substances in history. However. soon 

after their general release to market, case studies and bnef reports began to appear in the 

literature describing incidences of sexual dysfunction in patients taking fluoxetine (Kline, 

1989; Solyom, Solyom, & Ledwidge, 1990). Clinicians that reviewed patient records 

retrospectively produced estimates of the occurrence of fluoxetine-induced sexual 

dysiûnction of 5% to 16% (Ashton, Harner, & Rosen, 1997; Hennan, Brotman, Pollack, 

Falk, Biederman, & Rosenbaum, 1990; Musher, 1990; Zajecka, Fawcett, Schaff, Jefies, 

& Guy, 1991). However, subsequent reports employing prospective recording of direct 

interviews regarding sexual side-effects found 34% to 75% of such patients to be 

expenencing sexual dysfunction (Hsu & Shen, 1995; Jacobsen, 1992; Montejo-Gonzilez 

et al., 1997; Patterson, 1993). Similar rates of iatrogenic difficulties were also observed 

with other SSRis, such as paroxetine, sertraline, and fluvoxamine (Clayton, Owens, & 

McGarvey. 1995; Hsu & Shen, 1995; Labbate, Grimes, Hines, Oleshansky, & Arana, 

1998; Modell, Katholi, Modell, & DePalma, 1997; Piazza et al., 1997; Reynolds, 1997; 

Robbe & O'Hanlon, 1995; Zajecka, Mitchell, & Fawcett, 1997). 



Most authors attributed this extreme range of estimates to physicians' hesitation 

to query for seniai concem and patients' reticence to volunteer them spontaneously. 

The initial research relied on patients' spontaneous reports of adverse effects. as is 

common in clinical trials (eg., Physicians' Desk Referenq 1989; Stark & H a r d i i n ,  

1985). in later studies, patients were questioned diredy regarding their sexual 

functioning. In an interesting test of the effect of this methodologid difference, 

Montejo-Godez et ai. (1997) treated 344 patients with SSRIs and recorded any 

spontaneously reported side-effects. They then questioned patients with an independent 

survey. Although 14% spontaneously reportcd them to their physicim, 58.1% of the 

patients reported senial side-effects on the survey. 

Paradoxically, a handful of case studies have described the opposite effect, a 

facilitating action of SSRIs on sexuai behavior. in the first of these, Modell(1989) 

reported the case of a 30-year-old female patient who experienced persistent yawning and 

spontaneous orgasms associated with clitoral engorgement. Balon (1994) reported the 

onset of sexuai obsessions in a 46-year-old woman, and EUison (1996) descnbed the w e  

of a 50-year-old woman who expenenced orgasms induced by exercise, yet the delay of 

orgasm dunng purposefiil semai activity. Pro-sexual effects of fluoxetine have also been 

reported in men. Moms (1991) reported the case of a 69-year-old. diabetic patient in 

treatment with fluoxetine d e r  suffering two strokes. The patient indicated that he 

spontaneously experienced, two to four times per day, a tingling of the g e ~ t a i  skin, 

independent of p e ~ l e  erection and ejaculation. Garcia-Campayo, Sanz-Carrillo, and Lobo 

(1995) reported a similar case, wherein a 69-year-old man expenenced pleasant, genital, 
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tingling sensations, but not penile ereaion Smith and Levitte (1993) descnied three men. 

each with long-standing erectile dysfunction, for whom fluoxetine appeared to facilitate 

erections, either during sexual stimulation or noaumal penile turnescence. These effeas 

may also be associated with other SSRk, as spontaneous orgasm was reported in a man 

taking venlafaxine (Ravsten, Smith, & Thatcher, 1997). 

No controlled, prospective reports with larger samples have been published to 

substantiate these observations. In addition, given the very large number of people who 

are prescnbed SSRIs, unexpected or sporadic somatic changes cannot be easily attnbuted 

to their medication. It therefore rernains unclear whether such effects are very rare or an 

artifact of some other factor. 

Although sexual dysfunction can be mistakenly labeled a single side-effeci, 

pharmxological agents frequently alter only particular aspects of sexual response 

(Crenshaw & Goldberg, 1996). SSRIs appear to interfere most potently with 

ejaculation/orgasrn. less so with sexual desire, and still less with sexual arousal 

(erection~lubncation). Of the m e s  reported by H e m  et al. (1990) and by Zajecka et al. 

(1991), al1 spontaneously presented delayed orgasm as the primary side-eRect. The 

patients did not present with other sexual dysftnctions. Swenty-five percent of the 

sample described by Patterson (1993) also reported anorgasmia. However, that author 

did not indicate whether patients were also queried regarding other types of sexual 

dysfunction. Of the 59 fluoxetine patients in the case review by Ashton et al. (1997). 

59.3% expenenced orgasmic dysfunctions, 30.5% expenenced desire dysfunctions, and 

10.2% expenenced arousal dysfunctions. The other SSRIs tested, paroxetine (n = 60), 
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sertraline (n = 23), and venlafaxine (n = 15). produced the same proportions of sexual 

dysfunction as did fluoxetine. 

Sweral recent reports that used fmed batteries of prospective questions 

specifically regarding sexual functioning con6nned that ejanilationlorgasm was most 

affected, followed by sexual desire, followed by arousal dysfunction Zajeka et al. (1997) 

developed and administered the Rush Sexual Inventory. asking patients to disclose any 

changes occumng in each phase of their sexual responses. Male patients on SSRI 

medication most frequently endorsed "loss of abiiity to reach orgasm," "delay in achie-ving 

orgasm," "decreased intensity of orgasm," and "required more stimuli than usual to 

maintain an erection." However. significant effects were not detected with regard to other 

. items investigating sexual desire or physiological arousal. Mode11 et al. (1997) similarly 

administered a set of 6ve YiYIal analogue scales on which subjects indicatd changes, if, 

any, in "libido," "arousal," "time to orgasm," "duration of orgasm," and "intensity of 

orgasm." In each of the SSRI groups tested-fluoxetine, paroxetine, and sertraiin-the 

greatest changes occurred in the "time to orgasm" category. Administering the Arizona 

Sexual Expenence Scale to a sample of 11 men using sertraline or paroxetine, P i n  et al. 

(1997) also identified significant reductions in the items, "ease of orgasm" and "orgasm 

satisfaction," but not the items "psychological arousal" or "physical arousal." However. 

a trend toward significance was detected in the "sex drive" item. 

Montejo-Gonziilez et al. (1997) conducted the largest and most methodologically 

advanced study of the pattern of S~~Linduced  sexual dysfunctions. A diverse group of 

patients prospectively received a sexual functioning questionnaire before, during, and afler 
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SSRi treatment. Subjezis who experiend sexuai dysfunction prior to beginning 

treatment were excluded. Of the 160 patients using fluoxetine: 48.1% reported a decrûw 

in libido; 51.1%. a delay in orgasm or ejaculation; and 34.4%. anorgasmia Fewer patients, 

16.2%. reported erectile dysfunction or female arousal dysfunction The effects of the 

other SSFUs, paroxetine, fluvoxamine, and sertraline were similar. The single significant 

difference between dmgs was increased anorgasmia and erectile dysfunctionlarousal 

dysfunaion associated with paroxetine, relative to the other SSRis. 

Jacobsen (1992) du> attempted to catalog the types of dysfiinction that male 

patients experienced. Unfortunately. that report provided changes only in patients' 

"libido" and "sexual response." It is not clear h m  the report whether 'sexual response' 

referred to penile erection, ejaculation, or both. 

In some situations, the delay of ejaculation caused by fluoxetine and the other 

SSRis would be better given the more neutral tennfeorure. rather than side-effect. Men 

presenting to clinics with premature ejaculation experience the delay of orgasm as a 

substantial benefit. Exploration of the use fluoxetine to treat premature ejaculation has led 

to clinical trials specifically for its use in that purpose. In the fist double-blind trid,'17 

men with premature ejaculation were prescribed 20 mg daily fluoxetine for one week 

followed by 40 mg daily afterward (Kara, Aydin, Agargun, Odabas, & Yilmaz, 1996). 

The subjects and their wives recorded the latency to ejaculation after vaginal penetration. 

Mean latency increased from a baseline of 25 seconds before treatment to 180 seconds 

after one week of treatment. The placebo group did not change significantly from its 

baseline of 30 seconds. In a second double-blind study with fluoxetine in a cross-over 
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design (Haensel, Klem, Hop. & Slob, 1998), a w m b i i  group of 18 mm with premature 

ejadation either with or without CO-morbid erectile dystinction experienced a significant 

increase in ejadatory delay. Kim and Seo (1998) also atternpted a double-blind trial. 

wmparing four weeks of treatment with fluoxetine, sertraline, clomipramine, and placebo 

in a cross-over design with 53 subjects. Although each of the three active drugs were 

associated with substantial increases in ejadation latency, a delay was also associated 

with the placebo. Although a washout p e n d  of one week was used between each 

treatment, the cellular or neurological effects of chronic SSRi treatment may be 

substantially longer. Haensel's successful design ernployed a four-week washout period 

between dmgs rather than one week Success in treating premature ejadation has also 

been reported in double-blind trials of paroxetine (Waldiiger, Hengweld. & Zwindennan, 

1994, 1997) and sertraline (Mendels, Camera, & Sikes, 1995). utiling independent 

groups designs. 

Although studies of SSRIs for premature ejaculation provide important 

information regarding the role of 5-HT in male sexual funaion, caution must be applied in 

their clinical use. Direct comparisons behveen pharmacological and behavioral or 

psychotherapeutic interventions have not yet been reported. Nor has the long-term 

efficacy of the SSRI approach to treating prernahire ejaculation been established. In faa, 

the current data indicate that the treatment benefits are lost after discontinuation of the 

dmg. Although this substantiates the chemical rote of SSRis in ejaculation, it also 

indicates that the dmg might require life-long use to control the symptorns. 



The reduction of semial motiMtion inducpli by fluoxetine may also be of 

therapeutic use in some ciraamtances. The fiterature contains a number of single case and 

small grosp studies d e s c n i g  fluoxetine treatment of several paraphilias, including 

pedophilia, exhibitionism, voyeurism. frotteuism. and compulsive masturbation (Biachi, 

1990; Bourgeois & Klein, 1996; Emmanuel, Lydiard, & Ballenger, Kaka, 1991a, 1991b. 

1992; Komriech, Den Duk, Verbank, & Pelc, 1995; Lorefice, 1991; Perilsteih, Lipper. & 

Friedman, 1991). S i a r  daims of efficacy have been made regarding clomipramine, 

fluvoxamine, sertdine, and pmxetine (Abouesh & Clayton, 1999; Greenberg. Bradford, 

Cuny, & O'Rourke, 1996; Rubenstein & Engel, 1996; Zohar. Kaplan, & Benjamin, 1994). 

The simplest explanation for the redudion of paraphiiic symptoms during SSRI 

treatment is that the reuptake inhibitors decrease sexual desire globally, thus reducing 

paraphilic desires along with d l  other sexual interest. In contnist with this hypothesis, 

some case studies claimed that patients' attractions to typical (non-paraphilic) sexual 

stimuli actually increased during treatment (reviewed in Fedoroff, 1993). However. 

because of the social unacceptability, even illegality. of enacting many paraphilic desires, 

those patients may be responding to their own desire for a complete cure or demand 

characteristics, rather than a genuine increase of non-paraphilic sexual desire. That is, 

many paraphilic patients, such as voywrs and exhibitionists, receive treatment under 

pressure from legal authorities or family memben. This may lead them to exaggerate the 

self-reported benefits from any treatments anempted. Although Stein et al. (1992) failed 

to find any effed of even hi& doses of fluoxetine in a group of five paraphilics, authon 

reviewing this literature unanimously declare the need to proceed to conduct double-biind 
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studies (Abel. Osbom, Anthony. & Gardos, 1992; Balon, 1998; Bradford & Greenberg, 

1996; Fedoroff. 1993; Gijs & Gooren, 1996). Given the severe social sanctions associated 

with many paraphilic behavioe. only highly rigorous methods would disambiguaie actual 

change from feigned or exaggerated treatment responses. 

Serotonin-based treatments of paraphitic behavior would represent a substantial 

contribution to the management of pedophilic and other paraphilic patients. As reviewed 

by Greenberg and Bradford (1997). surgical castration is ethically untenable by most 

standards. Hormonal and anti-androgen treatments produce substantial side-effecis which 

tirnit complianq especialiy among adolescent sex offenders. However. SSRI use is 

reversible, offers fewer side-effects, and is safer for prolonged use. Because sex offenden 

are more likely to select SSRl treatrnents over the endocrinological treatments currently 

available (Fedoroff, 1995). increased compliance of paraphilic senial offenden may result. 

Despite the multiplicity of clmical phenomena impacted by fluoxetine-induced 

sexual inhibition-iatrogenic sexual dysiünction, premature ejaculation treatment. and 

paraphilic symptom reduction-little is known regarding the rnechanism through which 

fluoxetine exerts its anti-sexual effects. Authors reviewing the SSRI-induced sexual 

dyshinction literature speculate that the effect is related to increased brain serotonin levels 

(e.g., G i t l i  1994), reflecting both fluoxetine's neurochemical action to increase 

extracellular 5-HT and the animal data sug~esting an :khibitory role of 5-HT in sexual 

behaviors. Reviews of SSNs for premature ejaculation also anribute the cause to a 

relationship between 5-HT transmission and ejaculation (Balon, 1998; Metz, Pryor, 

Nesvacil, Abuzzahab, & Koznar, 1997). However, although they note that diierent 
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anti-depressants demonstrate different 5-HT receptor specificity profiles, neither Balon 

nor Metz et al. suggest any specific mechanism for the e£fect. Discussions of the use of 

SSFUs to treat paraphilias also lack a theoretical underpinning of the mechanism. 

Although some writers speculate that paraphilia results fiom monoaminergic 

dysregulation (Ka&a, 1997). or. more specifically, a serotonergic dysregulation (see Gijs 

& Gooren, 1996 for a review), most instead discuss whether the data support the 

re-classification of paraphilias as OCD- or affective-spectmm dimrders (Abouesh & 

Clayton, 1999; Greenberg, Bradford, & O'Rourke, 1996; Stein et al.. 1992). In fa* the 

very applicati~n of SSRls for the treatment of paraphilia has been described as altogether 

serendipitous (Fedoroe 1993. 1995). 

Serotonln a n d  Sexual  Behavlor 

Speculations about the fùnction of SSRIs and serotonin receptors in human 

sexuality are denved largely from phannacological st~dies in animals. 

Waldiiger and colleagues (Waldiiger. Berendsen, Blok, Oiivier. & Holstege, 1998) 

proposed a theory of the roles of 5-HT receptor subtypes in premature ejaculation. They 

noted that stimulation of 5-HTIA receptors causes an acceleration of ejaculation while 

stimulation of 5 - m c  receptors causes a delay. They speculate that premature 

ejaculation is therefore caused by hypersensitive 5-HTIA and hyposensitive 5-HTZC 

receptors. However, this conclusion is a logical error of aîlirming the antecedent. That is, 

that 5-HTIA stimulation accelerates ejadation in animais (including humans) does not 

necessarily imply that dready prematurely ejaculating animais must have had over- 

stimulated 5-i-iï'l~ receptors. 



Greenberg and Bradford (1997) also implied a dpregulation of the serotonin 

system as the basis of paraphilia Unfortunately. th& review mischaracterized the role of 

5-HT recepton in semiai behavior, writing that "In the male rat 5-HTIA and 5-HTlc 

recepton inhibit semai behavior. while 5-HT2 probably facilitates it (Mendelson & 

Gorzalka, 1990)" (p. 352). Mendelson and Gorzalka (1990) and a large body of 

additionai research show that 5-HT1, receptors facilitate ejaculation and while 5-HTlc 

(renamed 5-HT,3 and 5-HT2 (renamed 5-HT2J receptors inhibit copulatory behavior in 

males rats. However. no direct tests of these possibilities have been tested either in 

animais or humans. 

Drawing both 6om the animai literature and human psychopharmacological 

literature, Segraves (1989, 1995, 1998) highlighted the complexity of the 5-HT system, 

but identified the most plausible hypotheses regarding 5-HT interactions with other 

neurotransmitter systems to produce SSRI-induced anorgasmia. He noted the effect of 

5-HT2 (renamed 5-HT2d receptor stimulation to inhibit ejaculation. and hypothesized 

that this occurs through their inhibition of the penpherai noradrenergic fiben of the 

reproductive nerve tracts. SSRIs cause anorgasmia, he concluded, by stimulating the 

central 5-% recepton. However, these specific interactions await direct venfication. 

Existlng Reversai S t r a t e g i e s  

The reversal of fluoxetine-induced sexual inhibition can shed light on the relevant 

mechanisms as well as provide both immediate and potentiai future clinical implications. 

Successfùl reversais using neurochemically specific substances evidence the involvement 

of specific receptor classes, providing clues regarding the mechanism through which SSRIs 
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exert their effects. Clinicaliy, for patients who experience the inhibition of m a l  behavior 

zs iauogenic, r e v e d  represents an improvement in quality of Iife. Given that SSRis are 

prescribed. not oniy for depression, but also for obsessive-compulsive disorder, panic 

disorder, bulimia nervosa, penonality disorden, and other problems (Coccaro, 1998; 

Goldbloom et al.. 1997; Gorman, 1997; Gunasekara, Noble, & Benfield, 1998; Pigott & 

Seay. 1999). large numbers of patients would benefit fiom the development of such 

treatments. In patients for whom sema1 inhibition is beneficial. clarification of the 

mechanism of action may lead to improved interventions. For example. curent treatment 

protocols for premature ejaculation generally recommend medication either daily or 

several hours in advance of sexual activity. The developtnent of a pill which could be 

taken only as needed would increase compliance and therefore efficacy. An increased 

potency of the phannacologicai management of sexuai offenders would provide 

substantial social benefit, obviating the more controversiai interventions, noted above. 

Several strategies have been tested in humans for their ability to reverse the sexuai 

dysfunction induced by SSRIs, yie:ding mixed success. These have included reduction of 

dosage, dmg holidays (Rothschild, 1995). awaiting tolerance (Ashton & Rosen, 1998). and 

discontinuation of SSRi treatment in lieu of treatment with a different anti-depressant (for 

a review of clinical management recommendations, see Asdian & Margolese, 1996; 

Gitlin, 1995; Segraves, 1995). However, the most widely examined alternative has been 

an antidote strategy. The two most fiequently studied potential antidotes are 

cyproheptadine, a SmARC antagonist with anti-histaminergic propenies, and 

yohimbine, an a2 antagonist. Aithough these drugs appear to reduce the sexual 
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side-effects for many patients, some reports indicate that the original symptoms return or 

that altogether new, more severe Sde-effects begin 

A number of case studies have been reported using cyproheptadine to reverse 

SSRI-induced anorgasmia McCormick et al. (1990) reported the remission of anorgasmia 

in two men suffering from fluoxetine-induced sexual dysfunaion ï h e  same o b m t i o n  

was made of an additional three male patients by Feder (1991). and of one by Cohen 

(1992). McCormick noted the possibility that cyproheptadine might reverse the 

anti-depressant effect of fluoxetine, and Feder reported that, indeed, depression did return 

in each of his three patients. Goldbloom and Kennedy (1991) prescribed cyproheptadine 

to reduce the anorgasmia in two bulimic patients using fluoxetine. Those authors noted 

that, although sexual functioning normaiiid in one patient, both patients suffered the 

return of the bulimic syrnptoms. Aizenberg, Zemishlany. and Weisman (1995) reported 

mixed success in seven male patients taking either fluoxetine. fluvoxamine, or 

clomipramine (a tncyclic antidepressant with relative specificity for serotonin). Three of 

the patients experienced improvement in sexual functioning; the remaining patients 

reported either no improvement or transient improvement. Additionaüy, al1 patients 

complained of experiencing sedative effects after cyproheptadine treatment. Arnott and 

Nutt (1994) successfully applied cyproheptadine to reverse the fluvoxamine-induced 

anorgasmia iii a 63-year-old d e  patient without detenoration of affective state. 

In the only sizable study seeking to alleviate SSRLinduced sexual dysfunction, 

Ashton, Hamer, and Rosen (1997) reviewed 596 case fles, identiijing those patients who 

were treated with SSRls, subsequently presented with sexual dysfunction, and then began 
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co-treatment to combat the side-effect. A total of 16.4% of SSRI-treated patients 

reported experiencing sexual dysfiinction As the authon themselves noted, this 

relatively low frequency iikely underestimates the a d  prevalence of dysfunction 

because their patients were asked to report sexual side-effècts together with other 

side-rffects. Asking patients specifically about sexual side-effècts, as in the other studies 

noted above, would likely have identified more such subjects. Of the affected individuals, 

25 attempted cyproheptadine co-treatment. "Much improvement" was reported by 40% 

of them, while "some improvement" was claimed by 8%, and "no change or worse," by 

52%. Adverse affects of cyproheptadine CO-treatment included sedation and weight gain. 

However, no relapses of depression or other psychopathology were observed. 

Jacobsen (1992) treated nine patients experiencing fluoxetineinduced sexual 

dystûnction with yohimbine on an open-trial basis. Formal data analyses were not 

conducted, but four patients reported a "goos' response, four reported a "fair" response. 

and one, a "poor" response. However. patients also comrnonly indicated experiencing 

anxiety and nausea, as adverse effects. At least two patients discontinued yohimbine 

CO-treatment. Unfortunately, the low n of this study obviated any analyses of which 

dysfunction responded best to yohimbine. In the Ashton et al. (1997) study, 21 patients 

attempted CO-treatment with yohimbine. A majority of those, 71.4%, indicated 

experiencing "much improvement" on the dm& while 9.5% indicated "some 

improvement," and 19.1% reported "no change or worse." No data were reported 

differentiating the effects of yohimbine in the different dysfunctions. Adverse effects 

included agitation, leadiig three of the 21 patients to discontinue yohimbine CO-treatment. 
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Although these results are suggestive. féw h conclusions can be d n x ~  Large- 

scale, placebo-controlled studies 4 t h  cyproheptadiie or yohimbiie have yet to be 

conducted. Although the Ashton et al. (1997) study provided a &ciently sized sarnple., 

only a low proportion of its patients reported experiencing SSN-indu& sexual 

dysfunction Therefore, the renilts of yohimbiie and cyproheptadine CO-treatment may 

reflecî an atypical subgroup within it. Prospectively seieded samples of patients. 

inteniewed with standardized measures of sexual functioning and psychopathology, are 

still required to assess both the efficacy and any additional side-effects of cyproheptadine 

and yohimbine. 

In general, even the well-validated treatments have been attempted only 

haphazardly, without substantial consideration or exploration of the neural mechanisms 

underlying their effecîs. The selection of other potential pharmacologicai treatments or 

CO-treatments has been limited to compilations of clinicai anecdotes and single case 

studies. A more wncerted effort, based on advancing the known neurochemicai basis of 

sexual behavior, may produce more effèctive treatments and the identification of the 

aEeded components 3f the male s m a l  response system. 

Modellng Hurnan Male Sexual  Behavior in t h e  Rat  

The elucidation of the mechanism through which fluoxetine alten s m a l  behavior 

and the dwelopment methods to either prwent or augment it can be facilitated by the use 

of appropnate animal models. Testing in animals would serve as a screen for potential 

pharmawlogicai and behavioral treatments for the dysfunction. Clues regarding the 

biological basis of sexual function and dysfunction can be explored with neurochemically 
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specific substances which cannot be administered safely to humans. Additionally, the 

xreening of new phannacological agents may assist in the prediction of iatrogenic sexuai 

dysfunction. Indeed, had such dysîünction b e n  explored in animals as a matter of coune, 

fluoxetine's side-effects would have been detected before its own chical trials began. 

Understanding rat models of SSRI-induced male sanial dysîünction requires 

understandmg the species-typical copulatory pattern of male rats. In the experiments 

which follow, except where othenvise noted, the male rats' sexual behavion have been 

operationalized with the critena onginaüy set forth by Sachs and Barfield (1976), 

summarized below. 

The male rat copulatory pattern, both in nature and in the laboratory, consists 

mainiy of a senes of discrete behavion: mounts, which may occur either with or without 

the intromission of the penis into the vagina, and ejaculation. The male is said to mount 

the female when he approaches her from behind. palpates her flanks with his forepaws, 

and rapidly thmsts his hindquarters. A receptive female wiiI typically respond to the 

Bank palpation by demonstrating lordosis, the doniflexion of her spine. which exposes 

her genitalia to the male. When the male successfully intromits dunng a mount, he 

demonstrates a characteristic deep pelvic thmst and a spnnging dismount. For brevity, 

intromission refen to a mount which includes an intromission, while mount refers to a 

mount without vaginal intromission. The ratio of intromissions to mounts plus 

intromissions (ie.. 1 I M + 1) is fiequently labeled the hit rate; a term which may be better 

understood should a mount be considered to be 'a failed attempt at intromission'. 

However, to avoid unnecessary anthropomorphiing, the present discussions employ the 
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more simply descriptive term, iniromisiotr rafio. When the male accumulates sufficient 

penile stimulation through repeated intromissions, he ejadates, cornpleting a single 

ejaculatory series. During a post-ejaculatory interval of approximately five minutes, the 

male grooms himself, rests, and is unresponsive to further solicitation fiom female rats. 

Additional ejaculatory series follow the first, each wnsisting of the same pattern of 

behavior until sexual satiety occurs, typically al?er 4-6 ejaculations. 

In the laboratory. animais are tested in transparent cages permitting the direct 

observation of both the male's and female's behavion. Because rats copulate in bouts of 

behavior. the rate of which is paced by the female's solicitations and rejections of the 

male. specialiied test chamben have been developed. These have included bi-level cages 

which provide the female a continuous path or platfonn by which to evade the male 

(Mendelson & Gorzalka, 1987; Pfau;, Mendelson, & Phillips, 1990) and multi-chamber 

cages throughout which only the female is permined to travel fieely (e.g. Ernery. & Moss, 

1984; Gilman, Mercer, & Hin, 1979). ïhese environments permined the female to 

escape the male which she could not do in smaller, uni-chamber cages. 

Soon aller its development, the bi-level arrangement was recognized to have 4 

additional attribute. When introduced to the testing cages and p e d t t e d  to copulate with 

receptive fernales, male rats corne to dernonstrate heightened motor activity when placed 

in the cages on subsequent test sessions (Mendelson & Pfaus, 1989). The level of motor 

activity. operationaliued by the fiequency of his level changes, is generally interpreted as 

a measure of pre-copulatory excitement (see also van Furth & van Ree. 1996% 1996b). 



These behaviors-mounts, intromissions. ejaculations, and the motor excitement 

reflected by conditioned level changes-comprise the standard sexual parameten of male 

rats in the labomtory. ï h e  frequency of their occurrences and the latency to the fint 

display of each behavior can be quantified and analyzed aftw Mnous pharmacological. 

surgical, or environmental manipulations are employed. 

Animal models of some behavion, such as aggression or feeding, are relaiively 

transparent, exhibiting direct association with human behavioral equivalents. However, 

the species-specific behavion of other domains, such as depression and reproduction, 

permit only indirect mapping between the human and non-human activities. For example, 

the rat's recurrent series of discrete mounts and intromissions have no obvious equivalent 

among human heterosexual behaviors; human penile-vaginal copulation provides 

continuous. rather than discrete, genital stimulation. Yet, a concise organization of the 

sexual behavion of both species dong parallel lines is provided by the Incentive Sequence 

Model of sexual behavior (Pfaus, 1996, in press), which highlights the behavioral 

homologies between them. 

The Incentive Sequence Model adopts the division of motivated behavior into 

appetitive and consummatory phases, as proposed by comparative psychologists (Beach, 

1956). The appeîiîive behaviors are those which occur before the subject cornes into 

contact with its objective: quantities of food or water. a sexual partner. etc. M e r  contact 

is made with the incentive object, the subject demonstrates commmaîoty behiors ,  the 

utilization of the goal to satisf) its appetite. A third set of behaviors is comprised of the 

subset of appetitive behaviors which are displayed after the subject has already come in 
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contact 4 t h  its sexuai objective. These areas of male sexuai behavior cm be viswlized 

with partially overlapping areas in a Venu diagram (Figure 2). 

Appetitive behavion include both the preparatory and anticipatory activities in 

which the subject engages before coming into contact with the incentive object, in this 

context, a sexual partner. Preparutov acrivities are those which b ~ g  the subject closer to 

its objective; these either permit or faciiitate d i  sexual contact. For humans. 

preparatory sexual behaviors vary widely with culture and circumstance and may indude 

attendance at social fùnctions, courtship. payment, maniage, or. in some cases. stalking 

and coercion. For other animals, several paradigms have been developed in which pressing 

bars. crossing electrified grids. and other actions result in access to receptive partnen. In 

. both species, situations and interventions which dmease sexual appetite decrease the 

@ bequency of these appetitive behavion. For example, hypogonadal men and surgically 

wtrated laboratory animals both demonstrate Iess appetitive behavior (Bancroft. 1989; 

Stone, 1939). Anficiproty ocririries are those which are associated with sexual arousal 

and desire, but do not necessarily affect the subject's access to its sexual goal. For 

humans, sexual fantasy and yyhomotor excitement are examples. For other animals, 

increased motor activation, such as a heightened frequency of conditioned level changes, is 

detected. 

The consummatory phase of sexual behavior is characterized by the subject being 

in physical contact with its sexual objective, permitting direct physical stimulation. In 

human males, the behavion of this phase include sexual intercoune, masturbation, 



or- and ejaailation. In male rats, these include th& own species-speafic copulatory 

behavion: mounts, intromissions. and ejanilations. 

To Jummarize. for the purposes of interpreting the results of the experiments 

presented herein. the following homologies are applitd (refer also to Appendk B). The 

fiequency of wnditioned level changes shown by male rats represents human male d 

interest or anticipatory excitement. Dysiünction of the p i l e  erectile response in the 

male rat results in his inabiity to intromit while mounting and is therefore detectable as a 

decreased intromission ratio. Ejaculations and the latency to ejaculation dernonstrated by 

male rats are more d i i y  homologous to those in the human male. 

Animal models possess many methodologid advantages to offer the empind  

study of hurnan sexuality. Conventional moral standards typicaily obviate diiea 

observation of human d behavior. This limits the sources of data to self-reported 

aaivities, cognitions, and emotions together with the attendant biases associated with 

retrospective reporting (e.g.. see Catania. 1999). Error would be substantiaüy reduced in 

variables, such as ejaculatory latency. were they objectively measured rather than 

subjectively recalled. 

The testing of behavior in randomly-assigneci groups of animals also eliminates the 

wnfounds presented by pre-morbid psychological and psychiatnc conditions. generally 

associated with c l i d  research in humans. As noted above. the first men and women 

suffering fluoxetine-induced sexual dysfunction were taking the SSRI to treat depression, 

and depression itself is associated with sexual dysfunction. The effects of the drug were 

therefore indistinguishable from those of the initiai iüness. Howwer, the induction of the 
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homologous effect in oth& healthy animais would support the direct. 

pharmawlogical hypothesis of low sex drive over the co-morbid depression hypothesis. 

ï h e  cornparison of randomized groups of animals also eluninates the effects of 

self-selected sampling. ï h e  sexual behavior of men can only be tested in vivo when thqr 

have sexuai partnen. It is seldom known how the seventy of the initial disease 

(depression, obsessive-compulsive disorder. borderlie personality disorder. etc.) 

confounds relationship status, drug dose, and other variables. 

Studies of iatrogenic sexual dysfunction and the proposed treatments in humans 

typically lack appropnate wntrol groups. Since the medications in question are 

administered to populations requinng an already established, effective, phannacological 

treatment. withholding the treatment to forma control group would be unethical. Animal 

testing is not so constrained. 

Although animal models of human behavior and psychopathology escape these 

methodological problems, they posses their own short-wmings. The greatest 

disadvantage remains the limitation of generalization across species. As is true with other 

psychological tools for predicting behavior (such as cognitive tests. observation of 

behavior in the laboratory situations), al1 predictions must ultimately be borne out by 

application in actual. human, clinical samples. 

It is worth emphasizing that the goal of an animal model is to predict human 

behavior. Although it is the predictive validity which drives the animal modelig of any 

behavior, many researchers frequently rely only on face validity. However, as noted by 

Willner (1991). "Animal models are tools for Our use: They are not developed as part of a 

21 



beauty contest, with a prize for the most [a priori] convincing8 (p. 1). That is, if 

manipulations of an animal mode1 correlate with and predict clinical efficacy. then its 

intuitiveness holds iittle import of its own. 

Successi3 animal testing may, howwer, suggest solutions. As one such example, 

Nelson, Keck, and McElroy (1997) s u c ~ l l y  treated sexual dysfhction in a woman 

by prexribing granisetron, a dmg n o d y  used to treat radiation-therapy-induced 

nausea. Those authon embarked on the? single-case experiment based on the data ffom 

femaie animais suggesting a pro-sexuai effect of 5-i-ïï, antagonists the ciass to which 

granisetron belongs. 

Rationale e n d  Object ives 

The involvement of 5-iïï in human sexual behavior is consistent with the data 

h m  the animal literature. However, such explanations beg the question. They fail to, 

elucidate any particular mechanism through which 5-HT might exert its inhibitory effect 

and do not account for the lack of similar, widely-observed side-effects of the tncyclic 

anti-depressants, which also block 5-HT reuptake. Nor. given the complexity of the 

5-HT system, does the hypothesis predict the relative involvement of any particular 

5-HT receptor subtypes. Nor does the hypothesis differentiate the effects of acute 

versus chronic fluoxetine treatmenf each of which is associated with distinct 

neurochemical effects on the brain. 

The goal of the present body of work has been to develop an animal mode1 of 

fluoxetine-induced inhibition of male sexuai behavior and to test specific hypotheses 

regarding the rnechanism through which that inhibition occurs. In Study 1, an animal 
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modd was devdoped. demonnrating that the sexual behavior of male nits responds to 

chronic fluoxetine treatment in a manner analogous to human males. Study 1 also explored 

the hypotheses that the inhibition of sexual behavior is related to the inhiition of 

oxytocin release, and that exogenously adminïstered oxytocin is suiïicient to reverse the 

anti-sexual efFects of fluoxetine. Study 2 replicated the hdings regarding c h r o ~ c  

fluoxetine use and exarnined the involvement of 5-HTmc recepton by attempting a 

reversal of the fluoxetine-induced effeas with ritanserin, an antagonist with selective 

afîïnity for those receptors. Study 3 investigated the ability of yohimbine. an al 

adrenoceptor antagonist, to reverse the anti-semai effects of chronic fluoxetine in rats. 

Some preliminary attempts have been made with human patients to treat 

fluoxetine-induced sexual dysfundion. Study 4 explored the use of mianserin to reverse 

the dysfundions. Mianserin is an antidepressant which antagonizes both S-HTWc 

recepton and al recepton. 
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Chronic fluoxetine inhibits sexual behavior in the male rat: 
reversal with oxytocin 

Abstrnct Rnrionaic: SclcEtivc xmlonin rcupiake inhibi- lnhoduction 
tors uwd widcly in the m a m c n t  of dcpmsion. p m g m  
sivcly inhibit scxual orearm in many patienu and inducc Fiuoxctine. a sclcctivc wmtonin rcuptakc inhibiior 
a v&sieni inhibition ofwxual desiÏc~0bjccrives: WC ai- (SSRI) in widcsprcad clinicd use. induccs anorgasmia 
icmpicd io modcl the cffccü of thcse dmgs in scxually and loss of scxual dcsirc in humans (Crcnshaw and 
cxpericnccd male rais during icstl of copulation in bilcv- Goldbcrg 1996). Clinical reports indicarc orgasm dys- 
cl chambcn. ï h e x  chambcn allow the s ~ d y  of borh ap- function in up IO 75% of paticnis (Hcrmm et al. 1990; 
~ctit ive and consummatorv scxual rcswnscs 01 male Zaiccka ci al. 1991: Paivnon 19931 and hvwactivc scx- 
;ais. hferhods: Mdcs wcrc-ueaicd duly'with fluoxcunc uai dcsirc in 2 0 i 0 %  (Sol)om c; al. 1%0: lacobscn 
hydrochloridc (0. 1.5. or 10 mg&!) and icsicd for suual  1992: Modcll ci al. 1997). Ln fact. fluo~ctinc has bccn 
bchavior with rcccpiivc femalcs ai 4-day intcwals. Rats shown io bc an effcctivc mcans of incrcaring cja~ulation 
wcrc trcatcd with oxvtocin (ZOO ndke) or saline aficr laicncv in DrcmaNrC eiaculation (Kara ci al. 1996: Lee ci 
cjaculations had d&carcd: ~ e s u h s ~ ~ ~ u o x e u n c  dc- al. 1966) A d  of dc&ing xxual dcsuc in cmain para- 
crcascd cjaculaory rcsponrcs of male rail. in a dow- and philiar (Kan<n 1991: Kdkaand Reniky 1992: Grccnbcrg 
iimc.dcpcndcn1 farhion. but Icfi the copulaiory cfîïcicn- ci al. 1996). Ssmilar obrcrvauons havc bccn made rc. 
cv of ihc mdcs intact. In c o n m l  conditioncd lcvel 
changlng. a measurc of appciiiivc wxual cacitcmcnl. 
w u  inhib~icd followuig acutc and chmnic ucotmcni with 
10 mgkg. although tokrance may have dcvclopcd io the 
cffcci of 5 mpn<z. Subsmucni adminisuation of oxviain 
rcsiorcd the ~a&laiory &sponsc but not the mus& of 
scaual cxciicmenr 10 bascl~nc Icvcls. Concltuionn 'Ihc 
r c i c d  by oxyiocin of the fluoxctinc-induced dcficii in 
ciaculaiioÜs is~mnsistcnt with the hvwthcsis that scmto- 

garding othcr SSRIs. including pamxctinc. scmalinc. 
and fluvoxaminc (Waldinpr ci al. 1994. 1997: Zohar ci 
al. 199r; Hsu and Shen 1995; Mcndcls et al. 1995; Ludo- 
v i c ~  ct al. 1996: Modcl et al. 1997). Dcspiic the rcporls 
of fluoxclinc-induccd loss 01 scxud d a i m  and dclay of 
cjaculation or orgasm. cnctile dysfuncrion is no1 as hc- 
qucntly obwrved with SSRls as it is with mcyclic anii- 
dcprcssanu (Balon ct al. 1993: Shiavi and Scgravcs 
1995: Crcnshaw and Goldbrrp 1996). Bcttcr undcnwd-  

i n  suppmscs ejaculatory m c c h a n k s  by intcnupnng ing 01 the mlc of scmionin in" ts  s p k f i c  paiicrn of sca- 
<hc acuon of oxytocin. uhich nonnally xcompamcs wx. ual dysfuncnon would hclp 10 refinc our undcnmding 
ual bchavior. Co-adminisuaiion of oxyiocin may hclp to of the netuochcmical bas& of nomal wxual bchavior 
alleviate the prcdominani scxual sidc;ffcci 01 ;cmtonin and servc as a b a i s  for m m h  IO rcducc the scxual sidc 
rcupiake blockcn. cffccü of SSRl mamcnt. 

vordr Scxud khavior. Ejaculaiion. Maleai, 80th acutc and chmnic cffcctl of fluoxctinc on thc 

Dmg . Scmmnin . Ncumpcpiidc xxual behavior of m2c nrs havc k e n  cxamind. High 
dows of fluoxctinc (10 mgkg and 20 m o g .  i.p.1 havc 

J.M. Cuisi. Y.M. Bini i  bcen rcponcd to incrcasc the pari-ejaculaiory intcivals 
Drpuimciii of Prychalagy. McGill Unirenity. Monutd. of male rais during their fini cjaculatory scrics. i n c m c  
Qutbcc. C d  the intmmission f q u c n c y  and cjaculation latcncics of 
J.M. Canin. I.G. Pf~w ( I l  maics during thcir lasi cjaculaiory scrics prior to s u u a l  
Ceois for SNdies in &h.vionl Ncumbiology. cxhaustion. and dccrcasc thc copulatory cfîïcicncy dur- 
Drpurmcni of PsychoIopl. Coamrdia Univm~ty. 
14SI de Musolilinive Blvd. W.. 

ing the lari scrics (Yells ci  al. 1994). A lowcr d o x  of 

MontrW. Québec. CiDi<LI H3G IMB 5 mg& pmduccd similas cficcu only during the finai 
emul: pfus@uba.conmrdiru cjaculatory suies. in mnIasL 4 wœks of d d y  fluoxc- 
Fu: +ldl4-8482817 tinc ~ s e m i c n t  w rxually naive malcs (0.75 mgkglday. 



i.v.1 oroduccd a omrrcssivc d- in thc xouisition 
of n&al xxiwlpcriormancc. as indiwtcd fmm' a mm- 
positc of mcasurcr. including incrcascd intmmission la- 
tcncics. dccrcascd numbcn of inmmissions. and a rc- 
duccd fraucncr of ciaculation iTavlor ci à. 19961. 
Chmnic f l ; o a c k  irc;uncni dtd no; altcr thc rclanvc 
umc that the mdcs s p n t  n c u  waiwlly rcccpnvc vcrsus 
nonrcccprivc fcmda,  suggating tha~ s u u a l  motivation 
was no1 affectai bv this malmcnr. Althounh Tavlor ci ai. 
uscd a dosc of flu&.cunc within thc lowe;ran~c of thcr- 
apcutic vduc for humans. both fluoaciinc and its aciivc 
mclabolitc. noffluoxctinr clcar blood plasma many 
limes morc quickly in mts than in h u m a  (Stark and 
Wong 1985: Caccia et al. 1990). This neceuilaies thc 
usc of highcr doses in thc rat. In addition. thc usc of scx- 
ually naivc m a l a  in ihat smdy prcclvdcd an analysis of 
thc cffeci of fluoxctinc on normal basclinc r a t a  of scxu- 
al behavior. 

Thc mcchmism by which chmnically clevatcd Icvcls 
of scmionin cxcn an inhibiiory cffect on scxual dcsirc. 
cjaculation. or orpasm rcmains unclm. In humans. romc 
succcss has been rcponed in ucating SSRI-induccd scau- 
d dysfuncfion aith indirect dopamine agonists such ar 
amanradine or c-amphctaminc (Bdogh ci al. 1992: 
Giilin 1995). ihc a: adrcncrgic anlagonisi yohimbinc 
(HoIlander and McCarlcy 1992). or the mixcd 
5--&a, adrcncrgic anlagonist mianscrin (Aizcn- 
bcrg ci al. 1997). Chmnicaily clcvaod scmlonin lcvcls 
d s o  chanec c c d n  ncuroendocrinc svsums. romc of 
which mai be involvcd dircctly in w x h  dcsirc and or- 
gasm. in panicular. chmnic fluoxctinc aauncnt  altcn 
thc scnsitiviry of oxyiocin ncumns IO d i f h n r  semronin 
rcccotor aeonists (Li ci al. 1993a 1993b 19961. With rc- 
gard' to himan seaual bchavior. plasma lcvcls of oxyio- 
cm nsc dunng scaual siimulaoon tn both men and wom- 
cn (Carmichacl ci al. 1987. 1994; Murphy ci al. 1987. 
19901. Svstcmic adminisuauon of oxvt& to male and . . 
fcmalc rats facilimics copulatory bchr:or. (Fjcllsmm cl 
al. 1968: Argiolas ct al. 1985. 1986: Arlcni et al. 1985. 
1990. 1992: Sioncham ci d. 1985: Moody cl al. 1993). 
whereas oxylocin anwgoniscs disnipi il (Argiolar el al. 
1987. 1989). Givcn ihc dueci influence of oxytocin in 
r u u a l  bchavior. thcx  observations suggcsi thai SSRls 
could induce scxual dysiunction by in&&ring with thc 
cndogcnous rclcasc of oxyiocin. Administration of ory- 
tocin cxogcnously may hcrcforc compcnsaic for ics loss 
and SCNC 10 mainlain the normal expression of sexual 
bchavior during ongoing fluoxetinc ueamcni. WC icstcd 
h i s  hyputhcsis in the pmcnt cxperimcna. 

Maierialr and rnethods 

Fiuaxeunc hydrochlde wzs puchaud from Sigma (Sr Louis. 
Mo laxi dmolrd in &suilcd w u n  IO obum four ~ n m u a s  
100 mgmil. 5 0 m#mL 1 O mplml. and 0 0  m@ml lvchicle con- . 
ml) Ail dmg conccrimuonr werc -d once a wrrk  uid 
riorcd a 4 C  Dvly in~eniom m m  dclwcrcd t p ri 1 O m& 
body wcight w obut. final &us of 100 m&. 5 0  m@e. 
1 O m@g. and mnml Fiuoxeuac w u  in@ duly bciwecn 
ISM houn mi 17ül ho- cuepi on maq days. whcn Ihc 
miles rcmvcd tomans  W mm bcfom b*uvionl obvwwonr 
bcgan O l w n  (Blchcm. S-nw. W i f  l m a  dliw>lvcd m 
phynologicd d i n e  JI r maceammon of Oüll mglml and siorcd 
ri -20T The lolumn w u  w-d IO m m  icmpmiuc immcdi- 
aulv kforc u u  Osyocin (-?Y) n@gl w u  tnrcvd i p 60 min 
bcforc cirh ici1 al a mnrrnmuon of 0 2 mm& i r  in ArlcN cl al 
(1985.19921 

jection b a u l k r  dumi( which Lhc vchicle W.< adminisurcd IO 
cirh M l c  60 mm bcfm rich uri. Al1 noncopilaon w n c  ds. 
cudd. 

Roccduri 

for ; WW of II mils. wlh L c  rvrt fluoicuoc uii c&mcnnng 
4 diyi d u r  lk In1 baulinc eu Mdcr maunvcd wmmrr duly 
fluoirune Dument on e u h  of Lhe Uvre diys bciurrn mil1 Euh 
usi urr8on rooiisud of Lhe ~nuc-iucuoi of lk d c  inw Lhr bi. 
ltwl us1 chmbcr foUowcd 5 mm l u n  by Vw inooducuon of Ihr 
kmdr lk pw mi, -ricd 10 mpiLk k l y  for M A 
rideo c m  rrcadcd euh session for Iaur s a m g  FoUowtnfi 
Lhc Soil fluoirunc iloœ urL lhe d e i  in ibc four p u p  roiun- 
ucd w rcccivc ~JIIY in)ernons of flwlcune (or w k l e l  Ihr o u i  
f o u r m i l s m n ~ ~ d  oloiyunn or ihe uLa rrh>ck bcag idm- 



l C ¶ t  'Ihrr. ---MI WCrC d&Wd fmm thes pn- 
mrrm: Ur ~CDDY-~~.NI.~<TY l"Ic,"d (PR1 w u  dc"IaIcd LI the 

ejirultay mes w a e  u d  in & prcsml'uuli~i~. 
To s M y  Ur acuu effmr of fluoxctlai the mun of the t h  

bucliœ maIr w u  rubmcicd fmm the msulu of Cm Iriil. The m. 

(PU. IR. a d  UII. 
Wih chronic nvmninc t i u m r n t  tncrcaiing nvmbcn af mi. 

ininiction. e u h  of the dcpadent ruiablci f m d  a Ifdosage) 
imes t4ltridl ANOVA derim. with md u a rcmawi m m .  

dr. rnd Uic Bnd h mdr wcn euh ivmged IO pmduc. a sin- 
gle mun score for ihu pnod As belon. iailywr vere Ihen m. 
ductcd on the diKcmms fmm basclire. For euh ripifiuat om. 
ntbur ANOVA. pos1.k comparimni of the crpimcaul p u p  
IO UT COnUol p i i p  wm mide using pmtsnsd ore-uikd r-kiu; 
dillmnccr w u c  considerrd i r g ~ c u i t  u Pd).OS (Kcppcl uid 
Zcdek 1989). 0ue.Wcd m u  me uud IO gain ruiiuiul powt 
in cuolmsuaccs w h  odv one dknioo of cRcn ce.. a de. 

pup 10 the coiiml p p  ME ilUdC "-8 p w c t c d  l-Ieua. 
ont- a i w o . u i I d .  d e p c d n p  on the hyphhcrired d m m  of Cf- 
fa. dff- w m  ~ipuficrnt u Pd) OS. 

Of the original 37 copulating males in the study. 1 did 
oot survive long- tm fluoxetinc w u n c n t  and an addi- 
tional 2 mals dicd during CO-ucamcnt with oxytocin. 
Data h m  t h o x  animaIr n r e  rcmovcd r n m ~ t i v c l y  
from the chmnic fluoxctinc data wi. 

Acutc cffcns of fluoxciinc 

Thc typa of maic rai wruai bchavior obscrvcd afim YUV 
adminisùation of fluoxninc arc h m  in Tablc 1. 'ihe 
MANOVA on the d i f f m c c  fmm bavlinc scores indicai- 
cd a significanr main c f f m  a l  d a .  F(33. 6257)=1.62 
Pd.05. Univariaa analvwr on the diffaencc x o m  
showcd ihai t h l m u i i i & t c  cffcct w u  signiricMiiy rch- 
cd to changes tn ihrcc of the dcpendcni vanablc  LCL 
SE and PEI - Fr(3.31)=338. 341. and 378. P i d 0 1 .  
001. and 003. mpmively. A trend toward wgniricancc 
w u  al- found for LC. F(3.31)=? 52. P d  08. Duc Io thc 
k n o m  mrrclarions bcrwcce the various wxuai khavion 
in male r a s  (Pfaus ci ai. l m ) .  L c  ciTccl olovalamine 
variancc wui~lminaled by cnlcnng cach of the dcpendcG 
variables inio a s u p d o m  andysis. Variabler wcre ordercd 
a priori by the wqucncc in which they œcur during copu- 
latory bouts (cg.. lcvcl d w p o  prcccdc mounung. in- 
numissions p d c  cjadation. m.). Stcpdown anaiysis 
indicat.4 that significant md indcpndeni conmbutions 
w m  made by two variables: LCL Fi3.31k3.40. Pd.01. 
and PEI. F(321k6.53. Pd.M)O. Althouah the NE rc- 

gmup. mdcs in thc IO-mgkg dose p u p  cihibitcd a si$. 
nificanr inmase in LCL r(3 1 k4.69. Pd.02. and a sienif. 
icant i n m e  in thc PEL ~ I ) = s . P I .  Pd.ûO3. h'cithc-r thc 
5-mghg nor the 1-mgkg dore p u p s  d ~ f f m d  significani. 
ly h m  ihc conml gmup on lhew mcorum. 

Chmnic cffccts of fluoxciinc 

body wcight h u g h o u t  i%oxctinc k m i c n t  uhich rc 
flxicd an inability IO gain wcight rclniive 10 ihc conml 



Tabk I Male ru vxvll bchlmx foUwtng rvtc .dmrnirm~n uc crpn%4 an min frrguc<i~y mvnu t3E.U)  LCL M L  IL 
a l  fluaiciine ILCL krct c tun~c  h u q .  LC aumbcr of lncl EL Ill. iod P U  mc c i p n u d  rr mia v m a d s  tSE.UI IR t* ex- 
chmges. ML m m t  la- NM n u m k  of marmr IL m m .  pnsd cdrr i mua - IsSEhl) Alt bchrnon vers olnrlued fm 
son i a c x y . ~  ~ W I I ~ S ~ ~ ~ - I ~ D ~ I R  inrnnniCYm MD. EL the fint epatwq unn umv'nirinuc ilid rvpdom R m m  LI- 
q 4 u i o a  l amq.  NE numk of q z d u x ~ ~  Ill ra tammir -  f-cc - fm basdm Ma-zraCt 
won i0w.L P U  poryaculawy mwdl  LC. NM. NI. and NE 

' P d  05 
..Pd.Ol 

.Pd) M fmm rchcle 

Id i l .  

Il; .J. A dose-dcpendcnt decrcasc in LC wss apparent during 
' . l lnqrp - 7 

the early phare of fluoxctinc ucauncnt (Fig. 2. top). 

i 5o: . . 1 - 1 Howcuer. somc tolerancc ap-d IO accrue IO this cf- 
, A  fcct with chmnic munenr .  crpecially at the 5-mgkg 

dose. Anaiysis of LC dctectcd significant main cfkts of 
dorage. F(327)=7.72. PI0.001. and the dose by time in- 
teraction. F('(23.17.20851)=2.03. Pd.005. Tcsting the 
effœts of dose within cach timc phase r c v d c d  signifi- 
cant diffcrcnces bctwan groups during d l  thrcc periods. 
Fs(327)=7.544. 24.04. and 6.125. PrcO.WO8. O.WOI. 
and 0.0026. Thc LCs of the 10-mgkg gmup wcrc dc- 

mm c d  significanlly h m  conüol lcvcls during cach 
timc p 4 o d .  rr(27)=-9.322. -14.852. and -8.218. d l  
Psd .W05 (onc-tailcd). Thc 5-mgkg p u u p  showcd a 

Rg. 1 1 y  mght  of miles rn clch d p u p  i t  baulinc. i r  i d a m e  rclativc IO conmis during thc carly phare. 
fvncuon of chmntc fluoicune ÙciUncnL md fotlowin8 casdmin- r(27)=-4362. PI0.02 (one-tailed). but no1 during the 
tsmuon of oiyiann. Dau .rr mcmstIiEM. ..Pd.Ol fmm mm 
mir, Euh IEn. rcpmrenu ihe on midway or latc phaxr. r s(27)=0.626 and -0.760. ~ s p c c -  
ihree ronwcuuvc icrt dry% during c.ch phue or ihe cxpcnmen~ tivC1Y. n~s. (One.kl*). 
exccpt fottowing oiytocnn rnamni. dunng whch the= mc only 
tvo teri &y$ 

Ej,uuhrionfrequency 

indicaicd significant group diffcrcnccs dwing the c d y .  
mid.way. and latc portions of thc cxpcrimcnt. 
F(3.27)=15.02, 29.W and 29.17. respcctivcly: ail 
PsI0.WOL. Rclativc 10 the contml gmup. m a l s  in Ihc 
10-mgkg and 5-mgkg d o x  gmups had significanlly dc- 
c d  body weight during cach of the ducc timc peri- 
ods: 10-mgkg gmup. r(27)=-9.88. -15.65. and -15.31. 
ail Ps<O.WOS (one-tailed): 5-mgkg gmup. r(27)=-7.23. 
-10.86. and -10.49. d l  PscO.WO5. Thc weights of males 
in the I-mgkg dose gmup wcrc not significanrly diifcr- 
cnt h m  thow of the conml  gmup during any timc peri- 
cd. 1(27)=1.74. -0.68. and 0.18. n.s. (onc-tailed). 

Dcspitc the tact that d l  males copulated without any 
significant disniption of mounü or intromissions. the to- 
tal number of ejaculations drcrcarcd in a dose. and 
lime-dependent fashion. Thcrc w u  a significant dose 
times timc interaction. F(22.96.206.62)=1.68. P10.04. 
indicating that thc diffcrcni doses ciiuscd diffcrcnt 
changes ovcr timc. As shown in Fig. 2 (bottom). the 
gmups d i f f d  only marginally dMng thc carly timc 
phase. F(337)=2.53. PI0.08. Howcvcr. significant dif- 
fcrcnccs wcrc dctectcd for the NE during both the mid- 
and Iaw phases. Fs(3.27)=5.M and 453. PsdMTI ahi 
0.02. rcspectively. Relative IO the conml  p u p  during 



Fk. 2 CondmDard lrrcl changer Iiopi ind qirulium fmpucil. 
cies ( b o n a l  u biwlinc ind 6-8 chmnic fluo~ruar mimnL 
Dau ut mrinrrSEhi Lch inimil's um n p r u n u  Vu mrio 
numbcr of Icvcl chanpi eikibiud Mm Vu induruon of UN 
rumuiur femde cm Vvre mauruure mdi.  or the mein n u m k  of 
CPNIUIODI elhtbnud on Ihm mnuniovc uuli Andyus roc 

thcsc two tcsting phaus. males in the l h m g k g  gmup 'Ihcrc wcrc no significant diiicrcnccs in gain scores with 
had significantly dccriawd NEs. r(27)=-5.54 and 4.21. 0 ~ y t ~ i n  Co-kcamcnt on musures of LC. F(3.27)=2.35. 
Ps4.005 and 0.03 (one-tailcd). Alrhough the SS-mgkg n.s.. or with ils rcmoval. F(327)=0.29. ns. (Fig. 3. top). 
gmup dcc-cd h m  bntcline rclativc IO conmls dur. 'Ihc ovcrall group diiiercnces in LC pcrristed whcn oay- 
ing the late phase. ihis effcct was not statistically signif- tocin WS addcd IO the malment. F(3.27)=3.80. PcO.03. 
icanL t(16)=2.04. 1.92. P cO.04. (one-tailcd). and whcn il was rcmovcd. F(3.27)=3.41. Pe0.W. Spccif- 

ically. the LO-mgkg gmup continucd IO show fcwcr lcvcl 
changes rhan *c conml group in both m e s .  n(27)=2.25 

Eiiccts of co-momcnt with oaytocin and 2.52. PscO.03 and 0.02. mpcctivcly. 

Wright lors 
Ejacu&lionfnqucncy 

The analyris of gain scores indicatcd h a t  the fluoxetine- 
induccd group diffcirnces in body weighi did not Oayiocin asmient  produccd a significant incrsarc in the 
change when oxytocin co-UeaImenl was addcd Io fluox- hZ rclalive to contmls (Fig. 3. bonom). Analysis of gain 
etine adminisUation. F(3.27)=2.33. n.s.. or when oxytc- w o i u  indicatcd a diiicrential e H a t  on p u p s .  
cin a s m e n t  was discodnucd. F(3. 27)=0.13. n.s. As F(3.27)=4.29. PcO.02. with boh the IO-rnglkg and 
indicatcd in Fig. 1. the p u p s  continucd IO difier by 5-mgkg group significantly incrcnring rcktive ro the 
dow. late pharc. q27)=4.31 and 3.86. PscO.03 and 0.02, rc- 



specliucly. (onc-ïulcd~. Thcw dose p u p s  no longer dif- 
f d  Sig~ficXItly h m  conmls on AF aficr oxyiocin 
CO-trcaimcnf F(3271=1.14. ns. This impmvcmcni ap 
p c ~ d  long li%d as thc rcmoval ofoxytocin was no1 as- 
socia~cd w t h  thc rcnim of  any sicnificanr m u p  diffcr- 
cnm i n  NE. F(3.27)=l.lJ. n i o r  Fn gain n imm the 
oxyiocin ùcnmicntr. F(3.27)=0.62 N. 

Chmnic admin isdon of  fluoxcrine pmduccd a dynam- 
ic dcclinc in ceruin appctitivc and consummamry as- 
oecÿ of  wxud  behavior i n  wxuallv active male rais. 
Dowsor  5 A& and IO m a &  h i c h  arc assoctatcd 
with acuw madcprcswt acuviiy in animal models of 
dcurcssion W~sui ct al. 1992). d d  body wc iph~  
dc&d anoctiiisc scxual bchavior. and dcc&scd 
ejaculation &ucncy. but did noi alter othcr copulatary 
bchaviors significantly. The effccis on cjaculation ap- 
pcarcd IO follow rclarivcly lincar dow- and rime-rc- 
sponsc rcladonshipr. with thc grc~tcsi cffcci obwrvcd ai 
10 m o g .  Although fluoxctinc produccd a mpid dc- 
neare i n  the measun of appeiiiivc eaciicmcnl (level 
changing). tolcrancc appcarcd m accnie io  the cffccis of 
the 5-mglLg dow. Both of thcw cffccis on scxual behav- 
ior ocamcd without a significmi dc- i n  thc ability 
o f  malcs to gain inmmission. 

Oxytocin pmduccd a lonplasting mvcrsal o f  thc dc- 
n w s c  i n  eiaculation hcoucncv omduced bv chmnic flu- . .. 
oactine mauncnl. Shis cffcci was spccific 10 cjaculaiion. 
as no cffcci o f  oayiocin was obwrvcd on appciirivc lcicl  
changing. Prcvious snidics have show  t h i l  chmnic flu- 
oxctinc trcalmcnl dccrcascs lhc afiiniiv o f  scmtonin rc- 
ccpior subiypcs found on oryiocin-synthcsizing ncumns 
(LI c i  al. 19934 b. 1996). which mighi alicr paricrnr of 
oxytocin rclcau. Howcvcr. i t  1s not known whcihcr thc 
amcliorativc cffect of oxytccin i n  lhc prcsenr cxpc"men1 
rcflccis an action at oayiocin mcptors in thc brain or in 
thc pcriphery. Oxyiocin rcccpiors cxisi thmuphout thc 
d o m l  hom of ihe spinal cord and within the male rcpm- 
duetivc ma (Reiter ct al. 1994. lvell e l  al. 1997: Tribal- 
Ici c i  al. 1997). Thur. sysicmi;ally adminisicrd oayio. 
cin could inducc cjaculaiion by stimularing cilhcr sym- 
pathetic outflow or~smoolh musclc cclls o f  Ïhe rcpmduc- 
tivc uact dirccilv. Indccd. oxvtocin aoocars 10 bc rc- 
lcmcd i n  a pulraklc fashion f&m thc ~ s i m o r  p i ~ i i a r j  
as males mach the k s h o l d  for cjacularion (ivcll et al. 
1997). and oxytocin injections t o ~  the canoid ancry o f  
male rais stimulaie cjaculation (Smncham et ai. 1985). 
Howcver. thc ability o f  thc dopamine agonis1 apomor- 
phine IO stimularc cjaculaiion i n  rats can bc blockcd by 
inuaccrcbmvcnmcular infusions of an o x p c i n  anwgo- 
nist IArniolas c i  al. 19891. sueecstine thai c c n d  actions . - .. "- - 
of  oxyiocin may facilitaie cjaculation. 

Unfomnatcly, chmnic administration of the 10 mgkg 
dosc inm the laÏcr pharc of tcstina was lcthal for sevcrd 

452 m&g (Stark and Wong 1985). Horeucr. u e  have 
subwqucnily found no m o d i i y  i f  daily dows of  
10 m@g of fluoxctinc arc a d m i n i s t d  ai rhc end nth-  
cr than thc bcginning o f  the dark orcadian cyclc (Wright 
and Pfaus. unpublishcd dm] .  WC havc also found that 
10 m w l e  of fluoxcùnc ~ r o d u m  conditioncd tauc avcr- 
sionsiu&ublishcd rnuiis). suggcsnng hi the incruscd 
m o d i i y  may have k n  causai by sianaiion. Dows as 
low as 2 m@g havc k e n  shown to inducc a conditioncd 
ms avmion io  a novcl sumsc solution (Prcndcreasi c i  
al. 1996). Rats icnd io  car thc largni mcal o f  thc'day ai 
the kpnn ing  o f  thc dark cyclc. and pnor trcamcni with 
fluoxcrinc may have induccd an aversion in somc rais to 
thcir n o m l  dicf Nevmhclcsr. sickncss donc is noi suf- 
ficicnt io  cxplmn thc disnipuon o f  waual bchavior Firn 
!Jus disnipiion was wlanvc 10 appcutiw x r u d  caciic- 
ment andcjaculation: olhcr aspccis o f  copulation wcrc 
not aflcctcd. Sccond thc amcliorativc effen of oxyiocin 
on cjaculaiion occumd quickly dcspiic thcw animais 
continuinp thc chronic fluoaciinc rcgimcn. 

Thc disniption of xxual m i v i i y  and body wciphi 
oroduccd bv fluoxciine in rais is ecncrailv analocous Io 
ihat rcponci in humans i~rcnbha; and ~ k l d b c r ~ 1 9 9 6 i  
Thc dose dependencc 15 ais0 rcminiwcni o f  11s cffccti in 
humans. and lowcnng ihc dosc or using dnig holidayr 
arc uscd bv somc individuals 10 combat thc waual cf- 
fccis i~aii;tson 1993. Rothrchdd 19951. Thoc rcrulir 
are al,o consisicnt u i ih  prcvious rcpons of thc acuic el. 
fcct o f  fluoxctinc on the scxual bchavior o f  male rai\ 
(Yclls et al. 1994 Taylor e l  al. 19961. Yclls c i  ai. rcpon- 
cd a rignificant incrcass i n  thc final cjaculaiion latcncy 
pnor to scxual cxhaustion following a single dminisua- 
lion o f  5. 10. or 20 mgkg. This siudy a lw rcponcd a sip- 
nificani incrcasc i n  thc PEls of succcssivc ciaculato~ se. 
ncs following thc tuo highcr doser. ~ l i hough  lc . f in t  
erposurc of our malcs 10 fluoaciinc pmduccd a dosc-dc- 
pcndcni incrcasc in succcssivc PEls. wc did no1 deleci 
rienificani cffccts on the ciaculaiion laiencies. Ii is w551- 
bic ihai w a n  diffcrcnccr 01 diffcrcnccs In thc amouni of 
pnor scaual capcncncc could account for l c r c  minor 
dircrcpanctcs. Similarly. Taylor c i  al. 119961 rcponcd in- 
cruscd invomission latcnëics. inicrinnomission intcr- 
vais. and dccrcascd frcqucncy~of cjaculation follouinp 
chmnic adminisuaiion o f  0.75 m o g  IO scxually nairc 
males. Although wc did no1 obs& any cffcci of 
1 meilce fluoxctinc on scxual bchavior. thc scauallv na. 
ivc kai& uscd i n  the Taylor sud) ma, have bccn kiiic 
scnsiiirc 10 thc cffccis o f  fluoxci8ne than ihc scruall? rt 
pcncnccd males uscd i n  our snidy. Taylor c i  al. a lw rc 
pancd no cffcct o f  chmnic fluoxciinc on mcasurc, O! 

pmncr prcfcrcncc. which led io  the conclusion ihai 
chmnic fluoxctinc affects copulatory bchavton but noi 
sexual motivation, 

A m e n i  sNdv or the cffccts o f  acuic and c h n x  nu. 
oxctinc ucabnc~i  (10 m&g/day for c? to 3 wcch) on 
the scxual bchavior o f  fcmale rais rcponcd significantly 
rcduccd lordosis auoticnts i n  boih k i t  rats Md ov&- 

rats. The LD, (lclhai dow for 56% of animais) follow- 
ing oral adminisuution o f  acutc fluoxctinc to rais is 

cciomiicd rais p&cd with csoadiol and pmgaicmne. 
but no d c c w e  in p m c r  prcfercncc and no divupiion 
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Preface to Study 2 

For the reasons d i d  in the foilowing litetahire review of Study 2. the role 

5-iïïmc receptors were of interest for the? role in the inhiiition of sexuai behavior. 

ïherefore the 5-HTmC receptor antagonisf ritanserin, was tested for iis abidity to 

reverse fluoxetine-induced sexuai dysfunction in male rats. Although cyproheptadine, 

another 5-iïïmc antagonist has aiso been reported to reduce the SSRi-induced sexuai 

dysfunction in humans (Ashton, Hamer, & Rosen. 1997). Howwer, cyproheptadine is 

not receptor specific. showing afFhity for histamine& receptors. In faci, it is widely 

used clinically for its properties as an antihistamine (Kaplan & Sadock, 1996). Ritanseein, 

therefore. could produce similar behaviorai effects in SSRi-treated rats. but aiso implicate 

more directly the role of 5-iïï-, receptors in fluoxetine-induced sexual dysfundion. 



Reversal of Fluoxetine-lnduced Sexual Dysfundion by Ritanserin 
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Abstract 

This experiment investigated the role of 5-HTwc recepton in selective serotonin 

reuptake inhibitor (SSR1)-induced sexual dysfunction Male, Long-Evans rats received 

injections of fluoxetine hydrochloride (10 mgkg ip) each day over a 37-day pexïod plus 

exposure to sexuaily receptive, female rats every founh &y. By the end of the fïrst 33 

days, males showed significant declmes in copulatory efficiency and ejaculation 

frequency, but not in conditioned level changes, a measure of appetitive sexual excitement. 

On day 37. males received injections either of the 5-HTmc antagonist, ritanserin (3.2 or 

5.6 mgkg ip), or of vehicle (1.0 mVkg ip), 20-minutes before a final sexuai behavior test. 

The ntansenn-treated animals dernonstrated significantly increased copulatory efficiency 

and ejaculation frequency relative to the vehicle-treated animals. These results are 

consistent with the hypotheses that 5-mAnc receptors mediate the SSRI-induced 

declines in sexual behavior. 



Reversa1 of Fluoxetine-lnduced Sexuel Dysfunction by Ritanserin 

The fiequencies of and the latencies to initiating male copulatory behavion vary in 

an inverse relationship to manipulated 5-HT neurotransmission Global increases in 5-HT 

produced by systemic injection of 5-HT or its preninor, 5-hydroxytryptophan (5-HTP) 

cause a decreased frequency of ejadation and an increased ejadation lataicy 

(Fernindez-Guasti & Rodrigue-Manzo, 1992; Menéndez-Abraham, Mo&-Viesca, 

Velasco-Plaza, & Marin. 1988). Conveneiy, reductions in 5-HT lwels induced by central 

administration of the 5-HT-speci6c neurotoxins 5.6-d'iydroxytryptamine (5,6-DHT) and 

5,7dihydroxytryptamine (5,7-Diïï) result in increased sexual behavior frequency. 

decreased delay between intromissions, and a shortening of the post-ejaculatory interval 

@a Prada, Camba, O'Brien, Saner, & Pletscher. 1972; McIntosh & Barfield, 1984). 

Electrolytic lesions of the median raphe nuclei, where the 5-HT cell bodies are situated, 

also results in decreased ejaculatory latencies and the post-ejaculatory intervals 

(Albinsson, Andenson, Andersson, Vega-Matuszcayk, & Larsson, 1996). The provision 

of a diet free of the essential amino acid, tryptophan (from which al1 5-HT is 

synthesized), results in reduced levels of 5-HT in the brain (Biggio, Fadda, Fanni, 

Tagliamonte, & Gessa. 1974; Gessa, Biggio, Fadda, Corsini. & Tagliamonte, 1974). When 

fed such a diet, male rats with low baseline sexual activity demonstrated decreased sexual 

behavior latencies relative to normal controls (Moja & Benedetti, 1996). The most widely 

employed method of reducing 5-HT lwels in the brain has been the administration of the 

5-HT synthesis inhibitor, para:chlorophenylalanine @-CPA). S-HT reduction through 

this drug was widely reported to produce astate of highly energetic mounting behavior in 
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which males were observed to mount each other (eg., Salis & D e w s b q  1971; 

Tagliarnonte. T~gliamonte, Gessa, & Brodie, 1969). McIntosh and Barfield (1984) 

confirmecl that rats also increase show i n d  frrquencies of and decreased latencies to 

sexual behavior parameten when exposed to sexuaily receptive fernales. 

As the 5-HT receptor system became better characterized, the cornpiicated role of 

5-HT in regulating male m a l  behavior became better recognized 5-HT agonists which 

target distinct 5-KT receptor subtypes show diierential effects on senial behavior, the 

stimulation of some receptor subtypes appears to facilitate senial behavior in male 

animals, while the stimulation of others appears to inhibit it. 

Systemic administration of 5-HTlA receptor agonists potently accelerate 

ejaculations, as reflected by decreased ejaculation latency and by a reduced number of 

intromissions required to trigger ejaculation. These changes are induced by the highly 

selective 5-KTIA agonists, 8-hydroxy-2-(di)-n-propylamino-tetralin) (8-OH-DPAT; Lee, 

Smith. Mas, & Davidson, 1990; Morali & Larsson, 1984; Schnur, Smith, Lee, Mas, & 

Davidson, 1989). LY228729 (Foreman et al., 1993), and LY293284 (Foreman et al.. 1994) 

as well as flesinoxan (Ahlenius, Larsson, & Wijkstrom, ,1991; Haensel & Slob. 1997) and 

the clinically available anxiolytic, buspirone (Buspar, Mathes, Smith, Popa, & Davidson, 

1990). The lack of selective 5-HTIA antagonists has hindered the testing of the converse 

hypothesis that 5-HTIA antagonism would result in reduced sexual behavior. 

Based on their observations of the effects of tnfluorornethylphenylpiperazine 

(TFMPP), an agonist with aInnity for the 5 - m l B  receptor, Fernindez-Guasti and 

colleagues claimed that 5-HTIB receptors inhibit male copulatory behavior (Femhdez- 
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Guasti & Escalante, 1991; Fernindez-Guasli, Escalante, Ahlenius. KiUegaa~ & Lanson, 

1992; Fernirider-Guasti & Rodriguez-Manzo, 1992). However, TFhPP shows a 2.5 to 

6 times greater a8inity for the 5-HTZc subtype and shares most behavioral- 

pharmacological properties with it (Luclci, 1992; Middlemiss & Tncklebank, 1992; Zia & 

FiUion. 1992). Therefore, the resuits of Femhdez-Guasti and wlleagues are more 

appropriately interpreted as evidence for the influence of 5-HTZc receptors (below). 

Studying the effects of isamoltane, an antagonist of the 5-HTIB receptor. Ahlenius 

and Lanson (1998). also posited an inhibitory role of 5-HïlB receptors. They found that 

isamoltane blocked the othenvise inhibitory effeds of S-HTP, suggesting that the 5-HTIB 

receptors were contnbuting to the behavioral inhibitions caused by 5-HTP. However. 

isamoltane is also a kadrenergic antagonist, demonstrating greater affinity for the 

adrenergic receptor than it does for the serotonergic receptor (Waldmeier. Williams, 

Baumann, Bischoff, Sills, & Neale, 1988). 

Agonists with af6nity for either of the closely related 5-HTZA and 5-HTZC 

receptors inhibit copulatory behavior in male animals. Administration of 1-(2.5- 

dimethoxy-4-iodopheny1)-2-amino propane @OI; Klint & Larsson, 1995; Watson & 

Gorzalka, 1990) as well as 1-(3-chlorophenyl)pipemine (m-CPP; Pomerantz, Hepner, & 

Wertz, 1993a; Pomerantz, Hepner, & Wertz, 1993b). and the l e s  seledive TFMPP 

(Fernindez-Guasti et al., 1992; Fehdez-Guasti & Rodnguez-Manzo. 1992) have al1 

been reported to retard copulatory behavior in male animais. Unambiguous conclusions 

cannot be drawn on the bais ofthose reports, however, due to the complex receptor 

affinity profiles show by the 5-HTZmc agonists currently available (Middlemiss & 
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Tricklebank, 1992; Saxena, 1995). Yet, the inhibitory role of 5-HT, and 5 - m c  

receptors is additionally supported by the effects of 5 - H L c  antagonists. Systemic 

injection of ritanserin, a potent drug of this type (Meert, Niemegeen, Gelden, & Janssen, 

1989) dose dependentiy reversed the inhibitory effects of DO1 whether DO1 was 

administered systemically (Klint et al., 1992; Watson & Gorzalka, 1991) or directly to  the 

nucleus raphe obscunisMerior olive (Watson & Gorzalka, 1992). Interestingly, 

ritanserin did not affect sexual behavior when given alone at the sarne doses, in the same 

studies. Similar effects have been noted regarding the other 5-HTmC antagonists. 

ketanserin and mesulergine (Klint et al.. 1992). LY237733, a 5 - m M c  antagonist in 

developrnent by Eli Lilly facilitated sexual behavior in rats which had low baseline rates of 

copulation (Foreman et al., 1992). 

Although the manipulation of 5-HT3 receptors has not been widely tested for its 

effects on male copulatory behavior, they do not appear to be strongly involved. 

Administration of the 5-m antagonists, ondansetron and granisetron, failed to alter 

copulatory parameters in male or female rats, at least using the route and doses tested 

(Tanco, Watson, & Go& 1993). Intracerebroventricular administration of the 5-HT3 

agonist, 2-methyl-serotonin (2-Me-5-HT), was likewirr without effect (Tanco, Watson, 

& Gorzalka, 1994). However, a second 5-HT3 agonist in the former study. 

1-phenylbiguanide (PBG), was associated with a reduction in the ejaculatory latency of 

male rats. Interestingly, due to the pattern of effects observed in female rats, those 

authors concluded that PBG demonstrated its influence through the secondary release of 



dopamine and that 5-HT, does not aaually have an effect on male sexual behavior of its 

own. 

The seleaive serotonin reuptake inhiiiton (SSRis) have a wmplex effect on the 

5-HT systern. Although intercellular 5-HT levels nse quickly after the acute 

administration of an SSRI, chronic administration induces neuroadaptive changes in 

individual receptor types. When chronically administered to male rats. SSRIs strongly 

inhibit copulatory behavior (Cantor. Bi&, & Pfaus, 1996, 1999; Taylor et al.. 1996; 

Matuszcyk, Larsson, & Eriksson, 1998). In our previous reports, we observed decreases 

in appetitive sexual behavior in males rats as well as drarnatic declines in ejaculatory 

frequency. These observations are consistent with the anti-sexual side effects widely 

reported to occur in men taking SSRi medication (Crenshaw & Goldberg, 1996; Margolese 

& Assalian, 1996). 

The participation of individual 5-HT receptor subtypes has not yet been 

identified with regard to SSRi-induced sexual dysfûnction. Given that 5-HT2,c 

receptors have the most consistent inhibitory effect on sexual behavior. we undertook the 

following expenment to clarifj the role of 5-HT2Mc receptors SSRi-induced sexual 

dysfunction in male rats. We administered fluoxetine chronically. to male rats in order to 

explore the ability of the SmARC antagonist, ntansenn, to restore normal sexual 

function. 



Materials and Methods 

Animals 

ïhirty-one male, Long-Evans rats (400450 g) were obtained fiom Charles River 

Canada, Inc., St. Constant, QuBec. They were housed in pairs, in plastic cages (36 x 26 

x 19 cm) in a colony r o m  maintained on a revened 12h:12h lightldark cycle (iights off a! 

0800 hours) at appmximately 21°C. Food and water were continuously available. 

Sexually experienced, female Long-Evans rats, obtained firom the same breeder were used 

as stimulus partners in the experiment. The females had been ovaxiectomued bilateraily 

under ketamine/xyiazine anesthesia and subsequently rendered sexually receptive by 

subcutaneous injections of estradiol benzoate (10 pg in sesame oil) 48 hours and 

progesterone (500 pg in s e m e  oil) 4 hours before tests of sexual behavior. Al1 animal 

handliig, housing, injections, and testing procedures conformed to the guidelines of the 

Canadian Council on Animal Care. 

Dnigs 

Fluoxetine hydrochloride (Atlantic Chemicals, Toronto, Ontario, Canada) was 

dissolved in 0.9% saline at a concentration of 10.0 mg/ml. The mixture was heated 

slightly to facilitate solution, and new solutions were prepared daily. Injections were 

delivered ip at 1.0 mVkg body weight to produce a dose of 10.0 mgkg. Fluoxetine was 

injected daily between 1500 and 1700 hours. M e r  test session 5. fluoxetine was 

administered &er 1700 hours to reduce hypophagic effects dunng the animals' normal 

feediig period. Ritanserin (Sigma, St. Louis, MO) was dissolved in glacial acetic acid and 



diluted to a buffered pH of 4.8 at concentrations of 3.2 mg/ml Oow dose) and 5.6 mg/ml 

Wgh dose). 

Behavioral Testing 

AU tests of sexual behavior took place in biievel chamben, as described previously 

(pfaus, Mendelson, & Phillips, 1990). Male rats placed repeatedly in such chambers for 

five-minute adaptation penods pnor to the presentation of sexually receptive females 

corne to dernonstrate wnditioned level changing, a behavior that is frequently used as a 

measure of anticipatory sexual excitement (e.g., Mendelson & Pfaus, 1989; Pfaus & 

Phillips, 1991; van Furth & van Ree, 1996% 1996b. ). The females used as copulatory 

partners in this experiment were given at least ten preliminary sessions with sexually 

expenenced males in the bilevel chamben to acquire the full range of sexuai behaviors, 

includiu~g high rates of solicitation, pacing, and other proceptive behavion, as well as 

lordosis. The males were allowed one week to adapt to the animai colony before their 

behavior training began. Pnor to their first sexual contact, males were acclirnated to the 

bilevel chambers for five 30-minute sessions across ten days. M e r  these sessions, each 

male was placed into a bilevel chamber for five minutes pnor to the introduction of a 

sexually receptive female. Both rats were aüowed to copulate for 30 minutes before the 

test terminated. Eight such sessions were conducted to provide the males with requisite 

sexual expeience. 

Procedure 

M e r  cornpleting the sexuai behavior training sessions, one vehicle badine session 

was conducted. Al1 males then began receiving daily injections of fluoxetine hydrochlonde 
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(10 mgkg ip). Tests of sexual behavior were conduaed every fourth day throughout 

fluoxetine treatment for a total of nine sessions. Each test session conshed of the 

introduction of the male into the bdevel test chamber followed five minutes later by the 

introduction of the female and the opportunity to copulate freely for 30 minutes. A 

videocamera recorded each session for later scoring. For test session 10, the males were 

stratified into three groups according to the latency to ejaculation they demonstrated at 

baseline. The two experimental groups received a CO-treatment of ritanserin, either at 3.2 

mglkg (low dose) or 5.6 mgkg (high dose) ip. The control group received vehicle 

CO-treatment in a volume of 1.0 ml/kg ip. AU CO-treatments were administered 20 minutes 

before test session 10 began. 

Data Analysis 

Videotapes of the test sessions were coded using a real-the, computerized event 

recorder (Cabilio, 1996). An appetitive level change was noted to have occurred when the 

male moved completely from one level of the bilevel testing chamber to the other. The 

number of level changes (LC) during the 5-minute adaptation session was recorded. Also 

recorded were the number of mounts displayed without vaginal intromission (NM), the 

number of mounts with intromission (NI). and the number of ejaculations (NE) displayed 

by the male dunng the 30-minute session, each as defined by Sachs and Barfield (1976). 

To yield a measure of copulatory efficiency, the intromission ratio (IR) was calculated as 

the number of mounts with intromissions divided by the total number of mounts both 

with and without intromission. 



Results 

Nineteen males survived the chronic fluoxetine treatment. No mortaiities occurred 

after test session 5. at which t h e  the fluoxetine injections began to be administered at the 

end of the animals' normai feeding period. Al1 data analyses regard these nineteen 

animals. 

Effects of Chronic Fluoxetine Treatment 

At this phase of the experiment, the male animals formed a single group, al1 h a h g  

received identical treatment thus fàr. Comparison of the males' baseline behaviors to their 

behaviors at the end of chronic fluoxetine treatment was conducted by paired samples t 

tests. Consistent with our previous observations (Cantor et al.. 1999) and present 

hypotheses, the male rats were anticipated to demonstrate fewer sexual behaviors. This 

permitted test statistics to be compared to one-tailed critical values. 

Consistent with our previous observations, male rats receiving C ~ ~ O N C  fluoxetine 

injections demonstrated reduced sexual activity in a behavior-specific pattern (Table 1). 

M e r  fluoxetine treatment, the number of appetitive level changes shown by the males 

was not significantly different fiom baseline, f (18) = -1.78, n.s., corroborating the 

observation that changes in appetitive sexual behavior tolerate over the long-tem. in this 

case, 37 days. Significant decreases were detected in the animals' intromission ratio, t (18) 

= 8 . 2 2 , ~  < .O01 (one-tailed) and the number of their ejaculations, t (18) = 8 . 1 5 , ~  < .O01 

(one-tailed). 



Effects of Ritanserin Co-Treatment 

No significant differences w x e  detected between the groups receiving low doses 

versus high doses of ritanserin, rs (1 1) < 1.96. ns. (two-tailed), on any of the dependent 

variables. The two experimental groups were therefore wmbined into a single 

ritanserin-treated group and compared to the wntrol group for the subsequent analyses. 

Table 2 shows the male sexual behavior frequencies exhibited dunng the final 

chronic fluoxetine trial and during the subsequent experimental trial of ritanserin (or 

vehicle). The behavior frequencies fiom the final fluoxetine session were subtracted from 

the frequencies of the ntanserin session to yield the gain scores associated with ntanserin 

w-treatment. The gain scores of the ritanserin group were then compared to those of the 

control group with independent groups' t tests. 

Appetitive sexual behavior did not significantly increase, at least as  demonstrated 

through any increase in LCF, t(17) = -.28, n.s. However, it remains possible that 

potential effects are being masked by a ceiling effect; the frequency of appetitive level 

changes already retumed to baselie levels before the ritanserin test session took place. 

The ritanserin-treated males demonstrated a signifiant increase in IR relative io  

the males receiving vehicle CO-treatment, t (17) = 1.89.p = .O38 (one-tailed). However, no 

differences were detected in the absolute number of mounts, either with intromission, t 

(17) = 1.21, ns., or without intromission, t(17) = -0.63, n.s. This difference in the 

sensitivity of the variables is attributable to the derivation of the intromission ratio. IR 

increases as the number of intromissions increases, and IR decreases as the number of 

mounts increases. In the present situation, the number of intromissions increased, and the 
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number of mounts decreased Yet, neither change was signifiant individually. Howwer. 

their individual effeas are combined in calwlating the IR 

Also detected was a significant increase in the EF of the ritanserin group relative to 

the contml group, t (14.94) = 1.76.p = .O49 (one-tailed). 

Discussion 

The high mortality of the fluoxetine-treated animals we reported in Study 1 

occurred in the present expenment. Because rats consume most of their daily food intake 

during the dark portion, and fluoxetine produces a hypophagia, chronic administration 

may have produced a chronic anorectic effect. No mortalities occurred once the rats began 

receiving injections at end of the dark portion of their light cycle. 

The present results confirm that male rats receiving chronic administration of 

fluoxetine demonstrate behavior-specüic reductions in sexual activity. A clear 

dissociation was observed between the appetitive variable, the number of appetitive level 

changes, and the consumrnatory variables (number of intromissions, the intromission 

ratio. and the number of ejaculations). The retum of the number of appetitive lwel 

changes to badine levels prior to the end of the long-term administration of fluoxetine is 

consistent with the trend toward such tolerance we praiously reported. This 

demonstration of h e l i n e  lwels of appetitive lwel changing demonstrated by 

fluoxetine-treated males also argues against the supposition that the observed sexual 

dysfunctions were due to genedied illness or gross motor retardation. Genedied  

somatic distress would be more likely associated with global rather than specific 

behavioral suppression. The dramatic decline in the number of ejaculations during chronic 
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fluoxetine treatment strongly replicates our previous observation of the effect of chronic 

fluoxetine in male rats. 

Also observed was a signifiant decrease in the number of intromissions, despite 

that such a diierence was not previously observed. This diierence may be due to the 

inneased power associated with the current design Our previous study (Cantor et al.. 

1999) divided 40 animals into four independent groups. Only one group received the high 

dose (10 mglkg) of fluoxetine, and several of the animals in the group died, further 

decreasing power. In the present design, al1 animals received the high dose and were 

examined as a single, larger group in a prelpost design. 

The administration of ntanserin to fluoxetine-treated male rats resulted in 

significant increases in consummatory sexual behaviors, although not in appetitive sexual 

behavior. The recoveiy of normal consummatory behavior after ntanserin treatment . 

supports the hypothesis that such behavior is moderated by 5-HTZmc neurons. Yet, the 

failure of appetitive behavior to increase does not necessarily argue that such behavior is 

fiee of S-HTZmc influence. As noted above, because the number of appetitive level 

c h a n p  already returned to baseline levels before the ritanserin test, many effects of the 

CO-treatment could be obscured by a ceiling effect. It would be interesting to speculate 

whether changes in the appetitive behavior variable would have been observed were 

ntanserin administered afler fewer than 41 days of fluoxetine treatment. 

Ritanserin has not yet been marketed for clinical use in humans. However, the 

success of ritanserin to reverse fluoxetine-induced anorgasmia in male rats suggests that 

ritanserin may be of use in this regard. Because of the unpleasant sideeffects reported to 
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be associated Ath cyproheptadine, ritanserin may be the preferred adjunctive treatment 

by patients taking SSRI medication. 
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Table 1 

Mean (SEM) Sexual Behavior Frepuencies M e r  Chronic Fluoxetine Administration 

Frequency of Behavior 

Behavior Baseline M e r  Fiuoxetine i (18) = 

NE 2.3158 (.276) .IO53 (.072) 8.15*** 

0 Note: Behaviors measured: number of appetitive level changes (LC); number of mounts 

without intromission (NM); number of mounts with intromission (NI); ratio of 

intromissions to al1 mounts (IR), where IR = NI I (NM + NI); and the number of 

ejaculations (NE). 

*** p < .001, one-tailed. 



Table 2 

Mean (SEM) Sexual Behavior Frequencies Before and M e r  Co-Administration of 

Ritanserin 

Test Day 37 Test Day 41 

(Cornparison Session) (Experirnental Session) 

Chronic Fluoxetine Ruoxetine 

Ruoxetine plus plus Cornparison of 

Behavior Only Vehicle Ritanserin Gain Scores 

(n = 19) (n=6) (n=13) 



Note: Behaviors measured: number of appetitive level changes (LC); number of mounts 

without intromission (NM); number of mounts with intromission 0; ratio of 

intromissions to aü mounts (IR), where IR = NI I (NM + NI); and the number of 

ejaculations (NE). Gain scores reflect the increase in behavior fkquency nom the 

pre-experimentai session to the experimentai session Degrees of  fieedom are adjusted in 

cases of heterogeneous variance. 

* p < .OS, one-tailed. 



Preface to Study 3 

Studies 3 and 4 continued to replicate the original mode1 of fluoxetine-induced 

semai dysfunction dweloped in Study 1. It employed the improved fluoxetine dosing 

schedule to confirm that it would solve the mortality problem formerly observeci in Study 

1. Studies 3 and 4 were run simultaneously with independent experimental groups and a 

single control group. They are included here as separate manuscripts to increase clarity. 

Study 3 tested the ability of yohimbine, an antagonist at type 2 alpha 

adrenoceptors (ad, to reverse the SSRI-induced sexual dysfunction. Although several 

anecdotai reports and small group studies in humans have used yohimbine to reverse 

anorgasmia, controlled tests have not yet been conducted. Additionally. yohimbine is 

frequently regarded as a drug which, used on its own, facilitates penile erection without 

accelerating ejaculation in men (Crenshaw & Goldberg, 1996). Therefore, the speci6c 

pattern of copulatory behaviors produced by yohimbine in a controlled environment is of 

interest to inform the interpretation of these contradictory reports. 



Reversal of Fluoxetine-lnduced Sexual Dysfunction by Yohimbine 
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Abstract 

The abiity of yohimbiie hydrochloride, an al antagonist, to reverse selective serotonin 

reuptake inhibitor (SSR1)-induced sexual dystûnction was investigated. Thirty male, 

Long-Evans rats received injections of fluoxetine hydrochloride (10 mgkg ip) over a 29- 

day period and received exposure to sexually receptive, female rats every fourth day. By 

the end of the fint 25 days of fluoxetine treatment. males showed significantly fewer 

ejaculations and appetitive level changes, but no changes in mount or intromission 

frequency. They also demonstrated significantly increased mount latencies and post- 

ejaculatory intervals. On day 29, males received injections of either the al adrenoceptor 

antagonist, yohimbine (2.0 mgkg or 4.0 mgkg ip) or distiiled water, 30 minutes before the 

final sexual behavior test. The animals treated with the high dose of yohimbine exhibited a 

signifiant and speciîïc increase in ejaculatory frequency. Other sexual behavior . 

frequencies were not affected. The implications of these results for the clinical use of 

yohimbine in fluoxetine-induced sexual dystûnction are discussed. 



Reversal  of Fluoxetine-lnduced Sexual  Dysfunction b y  Yohimbine 

Evidence exists supporting that the ejaculatory responses inhiiited by chronic 

fluoxetine treatment may occur by inhiiiting the release of the neuropeptide, oxytocin. 

ûxytocin potently facilitates ejaculation in anùnals (Arletti. Bazzani, & Bertolini, 1992; 

Arletti Baeani. CasteKi & Bertolini, 1985; Fjellstrom, Kihlstrom, & M e l i  1968; 

Moody, Steinman, Komisaru, & Adler. 1992; Stoneham. Everitt, Hansen, Lightman, & 

Todd, 1985), while antagonists of oxytocin deter it (Argiolas, Collu, Gessa, Melis. Serra, 

1988). Chronic fluoxetine treatment, in tum, has been shown to aiter oxytocin responses 

to 5-HT receptor agonists through nwroadaptive changes in 5-HT receptor sensitivity (Li 

et al., 1993; Li, Levy. Cabrera, Bromfield, Battaglia, & Van de Kar, 1993; Li. Muma, & 

Van de Kar, 1996). Consistent with these findings, we have demonstrated that both 

oxytocin and the 5-HTZmc receptor antagonist, ritanserin, reverse the fluoxetine-induced 

inhibition of ejaculation in male rats [Studies 1 and 21. However, despite the successful 

reversal of ejaculation dyslùnction by these CO-treatments. neither dmg affected 

appetitive sexual behavior, as measured by the fkquency of pre-copulatory level changes 

in a bi-level testing chamber. Thus, the 5-mmoxytocin conduit may be specific to 

ejaculation. Appetitive and consummatory sexual behaviors load ont0 diierent factors in 

factor analytic studies of animal sexual behavior (Pfaus, Mendelson, & Phillips, 1990), 

ais0 supporting the general view that separate neurological systems may underlie them 

(e.g., Everitt, 1990). 

Another possible approach to reversing inhibited sexual behaviors is through 

administration of al antagonists, such as yohimbine. The application of yohimbine, as 
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w d  as the other a2 antagonists, idazoxan and delequamide, has been shown to increase 

sexual excitation in male rats (eg ,  Clark, Smith, & Davidson, 1984; TaIlentire. McRae, 

Speeding, Clark. & Vickery, 1996). an &ect which appears to be specific to excitatory or 

motivational sexual parameters. This sexual excitation has been observed through several 

paradigms: mount fiequency following penile anesthetization (Clark et al., 1984), 

recovery from sexuai exhaustion (Rodriguez-Manzo & Femindez-Guastii 1994). and 

decreases in behavior latencies in normal, fieely wpulating males with estrous females 

(Clark, Smith, & Davidson, 1985). 

The mount frequency paradigm assesses sexuai motivation by first anesthetking 

the dans of the penis. This blocks sensory feedback, preventing the male fiom tactile 

location of the vagina during copulation. This, in tum, prevents intromission and 

ejaculation. Relative semai motivation is then inferred £tom the fiequency of the male's 

attempts to intromit despite repeated failure. When in this paradigm, anesthetized male 

rats demonstrated signif~cantly more mounts a e r  receiving yohimbine treatment than 3id 

controls a e r  receiving vehicle treatment (Clark et al.. 1984). 

In the exhaustion paradigm, male rats are permitted to copulate freely until they 

cease to respond to additionai solicitations h m  estrous fendes. Researchers apply 

various experimental manipulations to male rats who are in this state, and any resumption 

of sexual behavior is quantified and analyzed. Rodriguez-Manzo and Femindez-Guasti 

(1994) administered yohimbine and 8-OH-DPAT. a potent 5-HTlA agonist, to sexually 

exhausted rats and noted that animals treated with either drug copulated with significantly 

p a t e r  fiequency than did sexually sated control aninds. However, the two drugs 



produced different pattern of sexual facilitation. 8-OH-DPAT. but not yohimbine, 

appeared to lower the ejaculatory threshold. That is, the 8-OH-DPAT animals ejaculated 

after fewer intromissions than did wntrols, while yohiibinetreated animais required 

increased penile stimulation to irigger ejadation. By contrast. ody the yohimbiine- 

treated animals showed increased senial motivation, as refiected by decreased 

intromission latencies. 

In standard testing procedures with k l y  wpulating rats, yohimbine has also 

been observed to induce sexual excitation (e.g.. Clark et al.. 1985). The latency to 

ejaculation, the mean delay between intromissions, and the intervals between copulatory 

bouts ail decreased after yohimbine treatment. The facilitating effects of yohimbine 

. appear specific to sexual excitation in that expenment, no changes were noted in the 

@ copulatory efficiency of the animals; the ratio of intromissions to mounts and , 

intromissions remained the same. In extending these findings with a more cornprehensive 

dose-response and time course study, a similar pattern was revealed (Smith, Lee, Schnur, 

& Davidson, 1987). Behavioral latencies again decreased, while the fiequency of mounts 

and intromissions remained the same. A dose response effect was also noted. Maximum 

excitation occurred in the dose range fiom 1.0 Io 4.0 rngkg ip, while signifiant decreases 

in excitation were observed at the highest dose ofyohimbine, 8.0 mgkg ip. 

Unfortunately, the protocols employed in these studies did not include the measurement 

of the animals' total ejaculatory fiequency. 

In human males, yoh&bine has a long, but mostly anecdotal, history for enhancing 

male sexual function in human males. in their wmprehensive review, Crenshaw and 
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Goldberg (1996) wncluded that yohimbime does outperform phcebo in the treatment of 

psychogenic erectile dyshction, but that the effects are l e s  pmnounced in patients with 

organic sexual dyshctions. No changes in ejadation latency were ever reported. 

However. despite having no independent facilitating effect on human ejaculation, 

yohimbine has been used sporadically to attempt to reduce SSRI-induced sexual 

dysfunction. in uncontrolled studies in humans (Ashton, Hamer. & Rosen, 1997: 

Jacobsen, 1992). Although both studies indicated improvement in self-reported, general 

sexual functioning of patients receiving yohimbine co-treatment. neither study explicitly 

reported whether it was the anorgasmic symptoms which resolved. 

The specificity of yohimbine for the sexually excitatory parameters of male rat 

behavior suggests a potentiai to reverse the inhibition of appetitive semai behavior 

induced by fluoxetine. Where oxytocin and ritanserin demonstrated a specificity for 

fluoxetine-induced inhibition of ejaculation, yohimbine might represent demonstrate 

specificity for fluoxetine-induced inhibition of sexual excitation. Yet, where yohimbine 

has been non-specifically reported to reverse SSRI-induced sema1 dysfunction, it might 

represent a different mechanism to produce the same effect as oxytocin and ntanserin. 

After chronic fluoxetine treatment, male rats received yohimbiie hydrochlonde co- 

treatment. Reversal of sexual dysfunction was anticipated, as with yohimbine's clinical 

application in humans. In addition, excitatory effects were also hypothesized to occur in 

appetitive level change ftequency, consistent with previous animal data regarding the 

administration of yohimbine. 



Materials a n d  Methods  

Given our observation ri Study 21 that animais tolerated c h r o ~ c  fluoxetine more 

easily when receiving it at the end of the normal feeding period. the daily injections were 

maintained at 2100h. Our previous data regardiig the tirne course of fluoxetine-induced 

sexual dysfunction [Study 11 revealed that appetitive level changes drop early during 

chronic treatment and then recover somewhat, while ejaculatory frequency decreases more 

slowly over time. ïherefore, for the present experiment, the duration of c h r o ~ c  

. fluoxetine treatment was reduced to seven sessions. This length was judged sufficient to 

instantiate the long-term effect of ejaculatory inhibition, but be less likely to permit the 

inhibition of appetitive level changes to remver. 

Animals - 
Thirty male, Long-Evans rats (400-450 g) were obtained from Charles River 

Canada, St. Constant, Québec. They were quadruply housed in suspended, stainless steel 

cages (65 x 180 x 26 cm) and maintained on a reversed 12h:12h light/dark cycle (lights off 

at 0900 houn) at approximately 21°C. Food and water were available ad libidum. 

Sexually experienced, female Long-Evans rats, obtained fiom the same breeder were used 

as stimulus partners in the experiment. The females were ovariectomized bilaterally under 

ketamine/xylazine anesthesia and subsequently rendered sexually receptive by 

subcutaneous injections of estradiol benzoate (10 pg in sesame oil) and progesterone (500 

pg in sesame oil) administered 48 hours and 4 hours before tests of sexual behavior, 



respectively. AU animal handling, housing, injections, and testing procedures conformed 

to the guidelines of the Canadian Council on Animal Care. 

DNRs 

Fluoxetine hydrochloride (Atlantic Chemicals, Toronto, Ontario, Canada) was 

dissolved in distilled water to a concentration of 10.0 mghl  and delivered ip at 1.0 mykg 

body weight. Fluoxetine was prepared daily and administered at the end of the dark 

cycle, to minimize hypophagia during the animals' normal feeding period. Yohimbine 

(Aldrich, Milwaukee, WI) was dissolved in distilled water at concentrations of 2.0 mgIrni 

(low dose) and 4.0 mg/ml (high dose). Yohimbine was delivered ip in volumes of 1 .O 

mVkg body weight, 30 minutes before beginning sexual behavior testing. 

Behavioral Testing 

Tests of sexual behavior took place in bilevel chambers, as described previously 

(Pfûus et al., 1990). Male rats placed repeatedly in such chambers for five-minute 

adaptation periods prior to the presentation of a sexually receptive female corne to 

dernonstrate conditioned level changing, a behavior that serves as a masure of 

anticipatory sexual excitement (Mendelson & Pfaus, 1989; Pfaus & Phillips, 1991). The 

female copulatory partners in this experiment were given at least four prelirninary 

sessions with sexually experienced males to acquire the full range of sexual behaviors, 

including hi& rates of solicitation, pacing, and other proceptive behaviors, as well as 

lordosis. Pnor to their first sexual contact, the subject males were acclimated to the 

bilevel chambers for five 30-minute sessions. On subsequent test sessions, each male was 

placed into a bilevel chamber for five minutes prior to the introduction of a sexually 
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receptive female. Both rats were then allowed to copulate fieely for 30 minutes before 

the termination of the test. Five such sessions were conducted to  provide the males with 

sexuai experience. 

Procedure 

After the set of sexual behavior training sessions, one baseiine session was 

conducted. Ail males then began receiving daily injections of fluoxetine hydrochlonde (10 

mgkg ip). Tests of sexual behavior occurred every fourth day throughout fluoxetine 

treatment for a total of eight sessions across 29 days. Each test session consisted of the 

introduction of the male into the bilevel test chamber followed five minutes later by the 

introduction of the female and the 30-minute copulation period. A videocamera recorded 

each session for later sconng. For the final test session (day 29), the males were divided 

randomly into three groups. Two experimental groups received CO-treatment of 

yohimbine, either at 2.0 mgkg ip (low dose) or 4.0 mgkg ip (high dose). The control 

group received vehicle CO-treatment at a volume of 1.0 mVkg ip. Ail w-treatments were 

administered 30 minutes before the linal behavioral test session began. 

Data Analvsis 

Scorers, blind to the animals' group assignments, used a real-the, computerized 

event recorder (Cabilio, 1996) to code level changes and male semal behaviors as 

operationalized by Sachs and Barfield (1976) and as summarized below. An appetitive 

level change was noted to have occurred when the male moved completely fiom one lwel 

of the bilevel testing chamber to the other. The latency to the first level change &CL) and 

the total number of level changes (LC) occumng dunng the 5-minute adaptation session 
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were recorded. Also recorded were: the number of mounts (NM) and the number of 

intromissions (NI) displayed before ejadation occurred; the total number of ejaculations 

(NE) displayed during the 30-minute test session; the latency to the first mount (either 

with or without an intromission; a); the latency to the first intromission (IL); the 

ejaculation latency (EL) or the time from the fint intromission to the ejaculation; and the 

post-ejaculatory interval PEI) or duration of the penod from the ejaculation to the 

intromission of the next senes. Two other behavioral parameten were calculated from 

these raw data. To yield a measure of copulatory efficiency, the intromission ratio (R) 

was calculated as the number of intromissions divided by the total number of mounts both 

with and without intromission (ie., IR =NI / NI+NM). To yield a measure of copulatory 

rate, the inter-intromission interval (III) was calculated as the mean time between 

intromissions dunng the fint ejaculatory senes (ie., III =EL I NI). 

Changes in each of the sexual behaviors occumng from the baseline (day 1) to the 

post-chronic fiuoxetine sessions (day 25) were tested for statistical significance with f- 

tests for correlated samples. Because of the highly skewed distributions exhibited by the 

latency and interval data, the time variables (LCL, ML, IL, EL, III, PEI) were also tested 

with the Wilcoxon signed rank test for matched pairs. To test the significance of changes 

in animals' sexual behaviors after co-treatment with yohimbine (day 29), difference scores 

were calculated relative to the previous fiuoxetine-only test session (day 25). These gain 

scores were then compared with one-wbiy ANOVAs, with the group mernbenhip forming 

a three-level independent variable. Follow-up testing of the ANOVA results was limited 

to the comparison of the diierence scores of the expehental gmups to thox  of the 
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~ n t r o l s .  Because of our specific interest in fluoxetine-induced decreases of behavior and 

yohimbine-induced increases in behavior, test statistics were compared against one-tailed 

criticai values. 

Results 

Of the 30 animals beginning the experiment, two died during chronic fluoxetine 

administration. AI1 results reported below reflect the remaining 28 animals. 

The frequencies of and latencies to each sanial behavior at day 1 (baseline) and at 

day 25 appear in Table 1. Through day 25, al1 animais had received idedical treatment, 

not yet having been divided into the experimental co-treatment groups. They therefore 

formed at that point, a single, chronic-fluoxetine group. At the end of chronic fluoxetine 

treatment, males demonstrated significantly inhibited sexual behavior as reflected by 

a decrease behavior frequencies and increased latencies in behavior. Specifically, the rats 

showed changes in the number of appetitive level changes, f (27) = 2.63,~ = .007, the 

mount latency, t (26) = -2.97, p = .0035. the intromission ratio, t (26) = 2.46, p = .O1 1, the 

number of ejaculations, t (27) = 4.79 ,~  < ,001, and the duration of the post-ejaculatory 

interval, t (18) = -3 .45 ,~  = .O02 (al1 one-tailed). The degrees of freedom of some latency 

variables are reduced, reflecting the missing latency values of animals which did not exhibit 

each behavior during the tests. No significant differences were detected in the other 

copulatory behaviors. The application of the Wilcoxon signed rank test to these data 

revealed the identical pattern of results. 

The mean sexual behavior frequencies of yohimbine and controls groups appear in 

Table 2. No significant group differences were detected in the number of appetitive 1eveI 



changes, F (2.25) = 0.141. ns., &er yohimbine treatment. Copulatory parameters also 

appeared unaffecteci, as no group differences were detected in mounts, F (2.25) = 1.13, 

intromissions, F (2,25) = 0.25, or the intromission ratio, F (2.22) = 1.19, each n.s. A 

significant group diierence in gain scores was detected in the number of ejaculations 

displayed by the rats, F (2,25) = 3.66, p = .032. The planned cornparisons between the 

control groups and the experirnental groups revealed a significant increase in the high dose 

yohirnbine group f (25) = 2 . 7 8 , ~  = .O05 (one-tailed), but not the low dose, t (25) = 0.93, 

n.s. No differences between the low dose and control group were detected. 

Discussion 

The present design successfully avoided much of the mortality associated with our 

previous dosing schedule of chronic fluoxetine [Studies 1 and 21. Ninety-three percent of 

@ the present sample s u ~ v e d  chronic treatment with 10 mgkg fluoxetine, whiie oniy fi@ 

percent did so in our first fluoxetine study. Administration of fluoxetine at the end of  

rather than eadier in the dark poeion of the circadian cycle effectively reduces 

hypophagia and loss of body weight in chronically treated anirnals. 

In Study 1, the smaller sample and proportion of animals which did not display 

each behavior prevented the analysis of behavioral latencies. However, the greater number 

of animals in the present study receiving and tolerating 10 mgkg permitted those 

analyses. The pattern of fluoxetine-induced sexual dysfunction reported here repiicate 

those we previously observed in male rats in Study 1. That is, prolonged treatment with 

fluoxetine produced decrease appetitive behavior and ejaculation frequencies, while leaving 

the number of mounts and intromissions intact. The present design shortened the 
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administration of fluoxetine to 25 days, fiom the 33 days used in Study 2 in order to test 

the rats before tolerance to fluoxetine would accrue in level change frequency. The 

detection of a significant decrease in level changes after chronic fluoxetine treatment 

supports that methodological change. The p a t e r  tolerance of the treatment of the 

animals in the present study and the strong similarity between the present and original 

r e d t s  also argue that the behavioral decreases observed were due to direct chemical action 

rather than to any general illness or hypophagia of the animals. 

Analyses of latency data demonstrated significantly increased delay before the 

initiation of mounts, consistent with decreased sexual excitation. Interestingly, no such 

increased delay to appetitive level changes was observed. Because of few animals 

demonstrating two (or more) ejaculatory series, the post-ejaculatory intervals of only 17 

of 28 animals are available. Those animals which did show multiple ejaculations 

demonstrated increased intervals of time between them, relative to baseline. 

Despite previous findings of the animal literature that yohimbine induces increased 

sexual excitation, it did not augment the frequency of appetiîive level changes. 

Interestingly, the present pattern of results more closely resemble the existing human 

clinical data regarding the effects of yohimbine in SSRI-treated patients. That is, 

yohimbiie partially reversed the fluoxetine-induced decreases in ejaculatory frequency in 

the experimental animals, and the clinical use of yohimbine demonstrates some efficacy to 

treat SSN-induced anorgasmia in humans. 

This reversai pattern fiom yohimbine on fluoxetine-induced sexual dysfunction - 

Le., increased ejaculation frequency but not level changes or intromission ratio-strongly 

i 72 



resembles what we observed from oxytocin (Cantor et al, 1999). This suggests that 

yohimbiie may exert its effects through oxytocin neurons. Norepinephrine infiwd into 

the cerebral ventricles produces increased release of oxytocin (Knigge, Wfflems, Kjaer, 

Jorgensen, & Warberg, 1999) and systemically administered yohimbiie induces oxytocin 

neurons in the hypothalamus to express FOS, indicating increased protein synthesis 

activity in those ceiis (Tsujino et al., 1992). 

It remains possible that the failure to observe a facilitation of level changes is 

caused by a ceiling effect. Although the number of appetitive level changes significantly 

decreased in this study after chronic fluoxetine treatment, the difference was small in 

absolute tenns. A parallel increase might be detectable only with the statistical power 

associated with larger sarnples. Additionally, our fluoxetine time course study [Study 11 

revealed that the frequency of level changes decreases during initial chronic treatment, but 

begins to increase again over t h e .  It would be interesting to apply yohimbine co- 

treatment after 17 days of fluoxetine treatment rather than 29. 

The present results represent the first controlled triai of yohimbine to reverse 

fluoxetine-induced sexual dysfunction and support its clinical use. Research with other al 

antagonists may also prove useful in this regard, possibly ident'ing those which lack the 

unintended effects associated with yohimbine use in humans. 
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Table 1 

Mean (SEM) Sexual Behavior Frequencies M e r  Chronic Fiuoxetine Administration 

Test Phase 

Behavior Badine post-Fiuoxetine df i (one-tailed) 

LCL 

LC 

ML 

NM 

IL 

NI 

m 

IR 

EL 

NE 

PEI 

Note: Behaviors measured: leml change latency @CL); number of level changes (LC); 

mount latency (ML); number of mounts (NM); intromission latency a); number of 

intromissions (NI); inter-intromission interval (III); ratio of intromissions to al1 mounts 

(R), where 1R = IF 1 (MF + IF); ejaculation latency (EL); number of ejaculations (NE); 

and the post-ejacuIatory interval (PEI). 





Table 2 

Mean (SEM) Frequency of Copulatory Behavion of Male Rats after Co-treatrnent with 

Yohirnbïme or Vehide. 

Vehicle Yohimbiie 

omglkg Zn@% 4- Gain Score 

Behavior (n = 10) (n=9) (n=9) F (2,25) = 

LCF 9.6 

(1.00) 

MF 5.50 

(1 99) 

IF 7.60 

(1.63) 

IRt .592 

(. 103) 

EF 1.80 

(0.42) 

Note: Behaviors rneasured: frequency of appetitive level changes (LCF); frequency of - 
rnounts without intromission (MF); frequency of mounts with intromission (IF); ratio of . 



intromissions to al1 mounts (IR), where IR = IF I (MF + IF); and the frequency of 

ejaculations (EF). Gain scores reflect the increase in behavior fiequency from the 

pre-experimental session to the experimental session. 

%orne subjects displayed zero mounts and intromissions during testing, obviating the 

intromission ratio because of division by zero. The removal of these subjects reduces the 

degrees of freedom available for the analysis of this variable from 25 to 22. 

* p <  .os. 

**p< .01. 

***p< ,001. 



Preface to Study 4 

Because we have found that antagonists at 5-HïmC receptors and antagonists at 

a, receptors were both able to reverse fluoxetine-induced sexual dysfunction, Study 4 

tested the ability of mianserin, an antagonist at both 5-HTWc and a2 receptors, to effect 

the same result. One uncontrolled report, without format analyses, supponed mianserin . 

to reverse anorgasmia, but no controlled tests have yet been conducted. 
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Abstract 

The abiity of mianserin hydrochioride, an antagonist at both Smrnc and a, receptor 

sites, to reverse selective serotonin reuptake inhibitor (SSRi)-iiduced sexual dysfunction 

was investigated. Thirty male, Long-Evans rats received injections of fluoxetine 

hydrochioride (10 mgkg ip) over a 29-day period and received exposure to sexually 

receptive femaies every fourth day. By the end of the fint 25 days of fluoxetine 

treatment, males showed significantly fewer ejaculations and appetitive level changes, but 

no changes in mount or intromission frequencies or copulatory efficiency. They aiso 

demonstrated significantly increased post-ejaculatory intervals. On day 29, males 

received injections of either mianserin (1.0 mgkg or 10.0 mgkg ip) or distilled water, 30 

minutes before the final sexual behavior test. The animals treated with 1.0 mgkg 

mianserin exhibited a significant and specific increase in appetitive level changes. Other 

sexual behavior frequencies were not afGected. The implications ofthese results for the 

clinical use of mianserin in fluoxetine-induced sexual dysfiinction are discussed. 



Reversal  of Fluoxetine-lnduced Sexu4al Dysfuection by Mianserin 

Phannacologid and surgiai interventions which increase serotonin (5- i iT)  

transmission generally inhiiit sexual fünction, while the interventions which decrease 

5-HT transmission serve to increase wpulatory behavior @a Prada, Canuba, O'Brien, 

Saner. & Pletscher, 1972; Fernindez-Guasti & Rodriguez-Manzo, 1992; McIntosh & 

Barfield, 1984; Menendez-Abraham, Morin-Viesca, Velasco-Plaza, & Marin, 1988). This 

relationship has been frequently suggested as the explanation for the inhibition of 

ejaculation and of sexual desire produced by the clinical use of fluoxetine (Balon, 1998; 

Gis & Gooren, 1996; Gitlin, 1994; Metz, Pryor, Nesvacil, Abuuahab, & Koznar, 1997; 

Segaves, 1989, 1995,1998; Waldinger, Berendsen, Blok, Olivier, & Holstege, 1998). Our 

previous findings with chronic fluoxetine in male ;ats indicate that the inhibition of 

ejaculation can be reversed with the 5-HT2,, antagonist, ritanserin [Study 21, and with 

the ai antagonist, yohimbine [Study 31. These results suggest that a similar effect would 

be produced by the anti-depressant d ~ g ,  mianserin, which acts as an antagonist borh at 

5-HTZmc sites, similarly to ritanserin, and at a2 sites, similarly to yohimbine. In contrast 

with selective serotonin reuptake inhibiting and tncyclic anti-depressants, mianserin does 

not inhibit the reuptake of 5-HT at synaptic sites. 

In an uncontrolled study, a mixed group of 15 men with depression, panic, 

posttraurnatic stress disorder, or obsessive-ccmpulsive disorder received mianserin (15 

mg daily) to combat the sexual dysfunctions induced by their anti-depressant medication 

(Aizenberg, Gur, Zemishlany, Granek, Jeczmien, & Weizman, 1997). The 
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anti-depressants included fluoxetine (n = 7). fluvoxamine (n = 1). and clomipramine (n = 

7). The mon pmnounced sexual dysfunction reported was anorgasmia. but some levels of 

inhiiited sexual desire and erectile dysfiinction were also present. The authon reported 

that. after two weeks of CO-treatment with mianserin, "improvement ... was noted mainly 

in orgasrnic function ... and satisfaction," and that sexual "desire and erection improved to a 

lesser degree" (p. 213). Unfortunately, no statistical analyses were conducted on the 

patients' ratings. Nor were any objective or psychometrically validated rating 

instmments employed. 

For the present experiment, mianserin was tested for its ability to reverse 

fluoxetine's effects in Our animal mode1 of fluoxetine-induced sexual dysfunction. Due to 

its simultaneous effects to antagonize S-HT2A12C receptors as well as a2 receptors, 

mianserin was hypothesized to produce a reversal of the decrease in ejaculation 

frequency, as did the previously tested drugs. 

Materials and Methods  

Animals - 
Thirty male, Long-Evans rats (400-450 g) were obtained from Charles River 

Canada, St. Constant, Québec. They were quadniply housed in suspended, stainless steel 

cages (65 x 180 x 26 cm) and maintained on a reversed 12:i2 lighttdark cycle (lights off at 

0900 hours) at approximately 21"C. Food and water were available adlibidum. Sexually 

experienced, female Long-Evans rats, obtained from the same breeder. were used as 

a stimulus pamers in the experiment. The females were ovariectomized bilaterally under 



ketanÙne/xylazine anesthesia and subsequentiy rendered sexually receptive by 

subcutaneous injections of estradiol benzoate (10 pg in sesame oil) and progesterone (500 

pg in sesame oïl) administered 48 houn and 4 houn before tests of sexual behavior. 

respectively. AU animal handling, housing, injections, and testing procedures confonned 

to the guidelines of the Canadian Council on Animal Care. 

Fluoxetine hydrochlonde (Adantic Chemicals, Toronto, Ontario, Canada) was 

dissolved in distilled water to a concentration of 10.0 rng/ml and delivered ip at 1.0 mVkg 

body weight. Fiuoxetine was prepared daily and administered at the end of thc dark 

cycle, to minirnize hypophagia during the animals' normal feeding period. Mianserin 

(Sigma, St. Louis, MO) was dissolved in distilled water to a concentration of 1.0 m g h l  

(low dose) and 10.0 mghl  (high dose). Miansenn CO-treatments were delivered ip in 

volumes of 1 .O mYkg body weight, 30 minutes before beginning sexual behavior testing. 

Behavioral Testinp, 

Tests of sexual behavior took place in bilevel chambers, as described previously 

(Pfaus et al., 1990). Male rats placed repeatedly in such chambers for five-minute 

adaptation penods pnor to the presentation of a sexually receptive female come to 

dernonstrate conditioned level changing, a behavior that serves as a measure of 

anticipatory sexual exciternent (Mendelson & Pfaus, 1989; Pfaus & Phillips, 1991). The 

female copulatory partnen in this experiment were given at least four preliminq 

sessions with sexually expenenced males to acquire the full range of sexual behaviors, 



includig high rates of solicitation, pacing, and other proceptive behavion, as weU as 

lordosis. Prier to their first semai contact, the subjea males were accl i i ted to the 

bilevel chambers for five 30-minute sessions. On subsequent test sessions, each male was 

placed into a biievel chamber for five minutes prior to the introduction of a sexually 

receptive female. Both rats were then allowed to copulate freely for 30 minutes before 

the termination of the test. Five such sessions were conduaed to provide the males with 

sexual experience. 

Procedure 

M e r  the set of sexual behavior training sessions, one baseline session was 

conducted. Al1 males then began receiving daily injections of fluoxetine hydrochloride (10 

mgkg ip). Tests of sexual behavior occurred every fourth day throughout fluoxetine 

treatment for a total of eight sessions across 29 days. Each test session consisted of the 

introduction of the male into the bilevel test chamber followed five minutes later by the 

introduction of the female and the 30-minute copulation penod. A videocamera recorded 

each session for later scoring. For the final test session (day 29), the males were divided 

randornly into three groups. The two experimental groups received CO-treatment of 

mianserin, either at 1.0 mgkg ip (low dose) or 10.0 mgkg ip (hi& dose). The control 

group received vehicle CO-treatment at a volume of 1.0 mVkg ip. Al1 CO-treatments were 

administered 30 minutes before the final behavioral test session began. 

Data Analysis 

Scorers, blind to the animals' group assignments, used a real-time, computerized 

event recorder (Cabilio, 1996) to code level changes and male sexual behaviors as 
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operationaiized by Sachs and Barfield (1976) and as summarized below. An appetitive 

level change was noted to have occurred whai the male moved completely from one level 

of the biiwel testing chamber to the other. The latency to the fint level change (LCL) and 

the total number of lwel changes (LC) occurring during the 5-minute adaptation session 

were recorded. Also recorded were: the number of mounts (NM) and the number of 

intromissions (Ni) displayed before ejaculation occurred; the total number of ejaculations 

(NE) displayed dunng the 3û-minute test session; the latency to the first mount (either 

with or  without an intromission; ML); the latency to the first intromission (IL); the 

ejaculation latency (EL) or the time from the fint intromission to the ejaculation; and the 

post-ejaculatory interval (PEI) or duration of the penod fiom the ejaculation to the 

intromission of the next senes. Two other behavioral parameters were calculated from 

these raw data. To yield a measure of copulatory efficiency, the intromission ratio (IR) 

was calculated as the number of intromissions divided by the total number of mounts both 

with and without intromission (ie., IR = NI I NIWM). To yield a measure of copulatory 

rate, the inter-intromission interval (III) was calculated as the mean time between 

intromissions dunng the first ejaculatory senes (ie., III =EL 1 NI). 

Changes in each of the sexual behsviors occumng from the baseline to the post- 

chronic fluoxetine sessions (day 25) were tested for statistical significance with I-tests for 

correlated samples. Because of the highly skewed distributions exhibited by the latency 

and interval data, the time variables (LCL, ML, IL, EL, III. PEI) were also tested with the 

Wilcoxon signed rank test for' matched pairs. To test the significance of chang.3 in 

animais' sexual behaviors afier CO-treatment with miansenn (day 29). difference scores 
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were calculated relative to the previous fluoxetinesnly test session (day 25). These gain 

scores were then compared with one-way AhQVAs. with the group membenhip forming 

a three-Iwel independent variable. Follow-up testing of the ANOVA rexlts was limited 

to the comparison of the difference scores of the experimental groups to those of the 

controls. Because of our interest in changes in specific directions-fiuoxetine-induced 

decreases in behavior frequencies, increases in latencies to behavior. and mianserin-induced 

increases in behavior-test statistics were compared against one-tailed critical values. 

Results 

Of the 30 animais beginning the experiment, two died during chronic fluoxetine 

administration. Al1 results reported below reflect the remaining 28 animals. 

The frequencies of and latencies to each sexual behavior at baseline and at day 25 

appear in Table 1. Through day 25. all animals had received identical treatment, not yet 

having been divided into the experimental CO-treatment groups. They therefore formed at 

that point, a single, chronic-fluoxetine group. At the end of chronic fluoxetine treatment, 

males demonstrated significant behavioral decreases relative to baseline in three specific 

parameters: the number of appetitive level changes, t(2ï) = 2 . 7 4 , ~  = .006, the numbe; of 

ejaculations, I (27) = 2 . 9 8 , ~  = .003, and the duration of the post-ejaculatory interval, r 

(21) = -2.38.p = .014. The degrees of freedom of some latency variables are reduced, 

reflecting the rnissing latency values of animals which did not exhibit each behavior during 

the tests. No significant differences were detected in the other copulatory behaviors. The 

application ofthe Wilcoxon signed tank test to these data revealed the identical pattern of 

results. 



A signifiant onmibus difference was detected among the three treatrnent groups in 

the number of appetitive lwel chmges, F (2.25) = 5 . 9 3 , ~  = .008. î h e  comparisons 

between the mianserin groups and the controls rwealed that this difference -m 

attributable to a significant increase in appetitive level changes in the low dose group, t 

(25) = 3.44.p = .O01 (one-tailed), and not the high dose p u p  t (25) = 1.48 (one-tailed), 

ns.  

No overall diierences were detected among the numbers of either rnounts, 

. intromissions, or ejaculations Fs (2.25) = 2.45, 2.10, and 2.52 respectively, n.s., or the 

intromission ratio, F (2.25) = 1.16, n.s. A significant change in ejaculation fiequencies 

was specifically hypothesized, and a planned cornparison rwealed that the decrease 

observed in ejaculation frequency in the high dose mianserin group was signifiant relative 

to controls, t(25) = -2.101 (two-tailed),p = ,037. However, this difference was no longer 

significant afler adjustment for multiple comparisons. 

Discussion 

The present experiment did not exhibit the substantial mortality associated with 

out initial dosing schedule of chronic fluoxetine (Cantor, Binik, & Pfaus, 1999). 

Administration of fluoxetine at the end of rather than earlier in the dark portion of the 

circadian cycle effectively reduces hypophagia and loss of body weight in chronically 

treated anirnals. Additionally, the pattern of fluoxetine-induced sexual dysfunction 

reported here broadly replicate those we previously observed in male rats. That is, 

prolonged treatment with fluoxetine inhibited appetitive behavior and reduced ejaculation 

frequency, while leaving other copulatory behaviors intact. 



ï h e  neuropharmacological profile of mianserin-a combined 5-HTmc and a 2  

receptor antagonia-suggested that the dmg would demonstrate the same effect on 

fluoxetine-treated rats as did the S-iiï2A~rselective and a,-selective drugs prwiously 

tested [Studies 2 and 31. That is, a specific reversal of fluoxetine-induced ejaculation was 

anticipated. However, mianserin instead demonarated a novel behavioral e%ct in the 

present paradigm. Appetitive level changes were sig~ficantly increased, not the 

frequency of ejaculations. 

This result may be partially due to the dose response curves of the a, antagonists 

for sexual behavior. Our previous findings indicated that reversal of fluoxetine-induced 

inhibition of ejaculation occurs at a dose of 4.0 mgkg yohimbine ip, but not 2.0 mgkg 

[Study 31. As well, Tallentire, McRae, Spedding, Clark, & Vickery (1996) demonstrated 

that sexual facilitation in heaithy rats occurred after administration of 1.0 to 4.0 mgkg 

yohimbine, but that inhibition occurred f i e r  8.0 mgkg. The doses of rniansenn tested in 

the present study may lie outside the effective range for a positive ejaculatory response. 

The detection of a significant increase in level change frequency, although 

unexpected, is intriguing. Al1 of the dmgs as yet tested with the current paradigm 

demonstrated a specificity for ejaculation, among the sexual behavior parameten recorded 

and analyzed. This includes drugs with an antagonist afiïnity at either 5-HT2mc or a 2  

receptor sites. The observation that mianserin, a drug with antagonist affinity at each of 

these sites, selectively affected appetitive level changes s~ggests that the behavior may be 

moderated with a more complex interaction or balance between the 5-HT and 



norepinephrine (NE) neurotransmitter syaems. This may lend insight into the I dative 

lacic of semai dysfiinction caused by anti-depressants which a d  at both 5-KT and NE 

sites. 

The iack of an mi anse^-induced r e v d  in ejaculatory inhibition seems to 

contrast with the results reported to have occurred in the one study of mianserin in 

humans for that purpose (Aizenberg et al.. 1997). Aithough formal analyses were not 

conducted in that study, its authors described that an increase in orgasm ability ensued 

fiom mianserin CO-treatment. Although it may seem relevant that the present study 

applied an amte dose ofmianserin to the male rats while Aizenberg used chronic co- 

treatment. However, our previous acute administrations of yohimbine and ritanserin 

exhibited effects quickly-30 minutes after intrapcritoneal injection. 

Aithough a species difference is frequently the simplest explanation for such a 

contradiction, the preponderance of our data [Studies 1-31 support that the human-rat 

analogy holds strongly in the present paradigm. It rnay therefore be constmctive to 

consider alternative methodological explanations. For example, the Aizenberg et al. (1997) 

study was uncontrolled and employed a self-selected population. The only patients 

available for that study were those who were already experiencing anti-depressant- 

induced sexual dysiünction.. They were not a prospective sample of SSRI-treated men, 

as were those described by Ashton, Hamer, and Rosen (1997). Patients experiencing 

decreased sexual desire might reasonably be expected to be less likely to present the 

problem to their physician than patients experiencing anorgasmia. This would bias the 

a sample against showing changes in semal desirdappetite. Additionaily. seven of the 
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lifteen patients in that study w r e  talong clomipramine, which is less seleaive for 

serotonin than is fluoxetine. Cloxipmmine. a triqclic anti-depressant, nay interact 

diiererdy with miansenn that does fluoxetine. 

Two future manipulations are suggested for future research with mianserin in 

SSRi-induced sexual dysfunction in animals. To better elucidate the dose response curve 

of mianserin a wider range of doses should be tested with less distance between each dose. 

Additionally. miansenn can also be applied in a chronic paradigm. as was reported for its 

. c l i~ca l  use in humans. Because the pattern ofbehavioral changes detected here suggest 

that miansenn may effect systems other than the ejaculatory response, a closer 

monitoring of patients' individual iatroge~c symptoms should be conducted in any future 

human studies. 
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Table 1 

Mean (SEM) Senial Behavior Frequencies M e r  Chronic Ruoxetine Administration 

Test Phase 

Behavior Baseline post-Ruoxetine df t (one-tailed) 

LCL 20.74 (4.89) 23.3 (7.03) 27 -0.34 

LC 11.14 (.82) 8.78 (.76) 27 2.74** 

ML 11.32 (2.17) 20.52 (8.68) 25 -1.00 

N M  7.518 (1.82) 6.78 (1.46) 27 0.34 

IL 30.58 (8.26) 34.54 (12.31) 24 -0.38 

NI 9.67 (1.16) 8.48 (1.06) 27 0.91 

1n 26.73 (3.71) 27.05 (3.28) 2 1 -0.06 

IR .616 (.049) .594 (.047) 25 0.30 

EL 263.4 (44.56) 299.3 (62.56) 21 -0.49 

NE 3.00 (.18) 2.07 (.25) 27 2.98" 

PEI 313.19 (13.35) 372.0 (25.15) 21 -2.38. 

Note: Behaviors measured: level change latency (LCL); number of level changes (LC); - 
mount latency (ML); number of mounts (NM); intromission latency (IL); number of 

intromissions (NI); inter-intromission interval (III); ratio of intromissions to al1 mounts 

(IR), where IR = IF I (MF + F); ejaculation latency (EL); number of ejaculations (NE); 

a and the post-ejaculatory interval (PEI). 
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Table 2 

Mean (SEM) Frequencv of Copulatory Behaviors of Male Rats after Co-treatment with 

Mianserin or Vehicle. 

Vehicle Miansenn 

0 W1k3 1 mgkg 10 mgkg Gain Score 

Behavior (11 = 1 O) (n=9) (n=9) F (2 ,25)  = 

LCF 9.6 

(1 .OO) 

M F  5.50 

(1.99) 

IF 7.60 

(1.63) 

IRt S92 

(. 103) 

EF 1.80 

(0.42) 

Note: Behaviors measured: frequency of appetitive level changes (LCF); frequency of - 
mounts without intromission (MF); frequency of rnounts with intromission (IF); ratio of 

intromissions to al1 mounts OR), where IR = IF I (MF + IF); and the frequency of 



zjaculations (EF). Gain scores reflect the increase in behavior frequency from the 

pre-experimental session to the experimental session. 

'Some subjects displayed zero mounts and intromissions during testing, obnating the 

intromission ratio because of division by zero. The removai ofthese subjects reduces the 

degrees of freedom available for the analysis of this variable from 25 to 20. 

* p < .os. 

* * p <  .Ol. 

***p < ,001. 



Surnrnary and Conclusions 

ïhese studies demonstrate that fluoxetine-induced sexual d~sfunctions in men can 

be effectively modeled in male rats. Reviews of the clinical literature indicate that human 

males experience anorgasmia as the most swere side-effect of fluoxetine, followed by 

decreases in sexual desire, and then by erectile dysfunction. ï h e  experiments presented 

here show the effects ofchronic fluoxetine in male rats to be decreased fiequency of 

ejaculation, followed by decreased appetitive lwel changes, and only inconsistent 

decreases in copulatory efficiency [Studies 1-41, Although ejaculation latency might 

appear to be the more obvious analogy to fluoxetine-induced inhibition of ejaculation in 

humans, a proportion of treated rats show no ejaculation, obviating the measurement of 

any latency to that behavior. 

The substantial mortality demonstrated by the first dosing schedule of fluoxetine 

would seem to require the model of fluoxetine-induced sex dysfunction to be considered 

tentative. However, the replication of that pattern with an improved dosing schedule, not 

strongly inîiuenced by mortality, supports the original model. Additionally, the increase 

in the rats' sexual behavior frequencies afier oxytocin CO-treatment a r y c  against any 

illness effects. Although hypophagia would be a re- + :iable alternative explanation of 

decreased behavior, it does not easily explain the increased sexual behavior after oxytocin 

CO-treatment. 

The validity of the current model is further evidenced by the analogous changes 

reported to occur in men and laboratory animals receiving chronic SSRI-treatment and 

then CO-treatment of either S-HT2A12C or a2 antagonists. Men prescribed the S-HT2A12C 
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antagonisî, cypmheptadine, report a mitigation of sexual dysfunction, and rats receiving 

ritanserin, another 5-HTmc antagonist, demonstrate increased ejaculation frequency in 

wntrolled laboratory conditions [Study 21. Likewise, men prescribed yohimbine report 

decreased sexual dysfunction secondary to SSRi treatment, while rats receiving yohimbine 

again demonstrate increased ejadation frequency [Study 31. The single potential 

exception to this anaiogy detected thus far is the effect induced by mianserin. The data 

presented in Study 4 indicate a facilitation of appetitive sexual excitement in male rats. 

The one study of mianserin in human males to reverse anti-depressant-induced sexual 

dysfunction implied that the greatest reversal occurred with regard to anorgasmia 

(Aizenberg, Gur, Zemishlany, Granek, Jeczrnien, & W e h a n ,  1997). However, the 

uncontrolled design, lack of any statistical analyses, and the diverse patient population 

used in that study prevent any strong or direct comparison. 

The application of the current mode1 in rats allows the study of SSRi-induced 

sexual dysninction to apply the greater methodological rigor available to animal 

researchers. Better matched controls, the wider range of neumbiologically active 

chemicals, and the opportunity for direct behavioral observation ail serve to complement 

and guide clinical research in humans. Although human semal behavior is best studied in 

humans, practical and ethical constraints strongly hinder doing so properly. 

The present studies suggest that two dmgs, already approved for medical use in 

humans for other clinical purposes, may be effective in treating fluoxetine-induced semai 

dysfunction: oxytocin and ntkerin.  Of each of the four dmgs tested in rats here, 

oxytocin dernonstrated the most potent pro-sexual effect. Oxytocin proved to be the 
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only dmg which resulted in complete reversal. Although the other agents significantly 

increased ejaculation fiequency, they did not retum it to baseline levels. Given t h t  the 

pharmacokinetics of oxytocin are already well established, clinical research for this new 

application could be appreciably accelerated. Additional research regarding its chronic 

administration has not yet been conducted, but would be of invaluable aid in this effort. 

The primary antidotes suggested in the clinical literature to reverse fluoxetine-induced 

sexual dysfiinction are each associated with side-effects of their own, which often result in 

their discontinuation. The introduction of a new approach may prove more tolerable to 

patients. Study 2 suggested that ritanserin may also be of use for the reversal of 

fluoxetine-induced semal dysfiinction. This would not be surprising, given the number of 

anecdotal and retrospective reports supporting the use of cyproheptadine, which has a 

similar receptor affinity pattern. On one hand, ritanserin may avoid some of the 

unpleasant anti-histaminergic side-effects of cyproheptadine. On the other hand, it may 

also share cyproheptadine's intermittently reported property of causing the re-emergence 

of depressive and other symptoms which led to the original treatment with the SSRI. 

The nearly identical effects demonstrated by oxytocin, yohimbine, and ritansehn 

on SSRI-treated rats suggest that they may be acting through a similar final common 

mechanism. Specifically, oxytocinergic stimulation may be fiinctioning as a common final 

link, multiply regulated by central neurotransmitter systems. The efficacy of the very 

low doses of oxytocin (200 q g  ip) used in Study 1, the location of oxytocin recepton 

throughout the male reproductive tract, and the low permeability of the blood-brain 

banier to oxytocin (Leckman et al., 1994) al1 argue that oxytocin was acting through 
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penphemi receptors to facilitate ejadation The norepinephrine (NE) system 

participates in the regdation of oxytocin in a excitatory manner. Yohimbine, which 

indiiectly enhances NE release, enhances the release of oxytocin (Knigge, Wdlerns, Kjaer, 

Jorgensen, & Warberg, 1999). Therefore, yohimbiie rnay enhance ejaculation by releasing 

oxytocin. Administered done, ntanserin administration does not appear to affect 

oxytocin (Bagdy & Kalogeras, 1993; Saydoff, Riaenhouse, Van De Kar, & B r o d e l d ,  

1991). However, pretreatment with ntansenn attenuates the surges in plasma oxytocin 

levels caused by the S-mARC agonists 1-(2,Sdimethoxy-4-iodopheny1)-2-amino 

propane @OI) and 6-chloro-2-[1-piperazinyll-pyrazine (MK-212). demonstrating the 

regdatory control of oxytocin of the 5-HT system through 5-HTzARc receptors (Bagdy & 

Kalogeras, 1993; Saydoffet al., 1991). 

The finding that 5-HT2rnc agonists inhibit oxytocin release seems to  contradict 

the findings that oxytocin and 5-HTZN,, antagonists both produce effects in the same 

direction, that is, they both facilitate ejaculation. However, the set of results may be 

understood through the dual role of oxytocin. Oxytocin tnggers ejaculation in miunmals, 

as prenously noted by the effects of oxytocin in humans. rats and other animals (Carter. 

1992), for which oxytocin is generally descnbed as a pro-sexual substance (Crenshaw & 

Goldberg, 1996). However, administration of higher doses of oxytocin aduaiiy inhibit 

sexual behavior in a pattern which resernbles the post-ejaculatory interva! in rats 

(Stoneham, Eventt, Hansen, Lightman, & Todd, 1985). That is, rats which received doses 

of oxytocin which inhibit copulatory behavior also emitted a 22kHz vocaliition, which 

normally occurs after ejaculation. This finding indicates that higher doses may inhibit 
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copulatory behavior through a satiety mechanism. ïherefore, interventions which 

facilitate the release of oxytocin in oxytocin-deficient animals and interventions which 

attenuate oxytocin in over-stimulated animais may both paradoxically act to enhance 

s a a l  behavior. 

The inverted-U shaped effect of oxytocin and sexual response has been observed 

for other drugs, notably 1-(3-chloropheny1)piperazine (m-CPP), a non-selective 5- 

HT2/V2C agonist (Bagdy, Kalogeras, & Szemeredi, 1992). ïhose researchers administered 

a range of doses of m-CPP to male rats, resulting in dose dependent increases in plasma 

oxytocin levels and the display of penile erections. However, penile responses were 

noted at the lower dose range. As oxytocin levels continued to rise with higher doses of 

m-CPP, penile erections ceased. Interestingly, yohimbine also produces a similar 

inverted-U pattern in sexual responis Yohimbine fkcilitates sexual behavior when . 

injected alone at doses between 1.0 and 4.0 mgkg ip, but it is inhibitory at 8.0 mgkg 

(Smith, Lee, Schnur, & Davidson, 1987). 

In a healthy male rat or human male, the ejaculatory and refractory systems 

operate in concert. M e r  sufficient sexual stimulation, oxytocin levels peak, ejaculation is 

tnggered in peripheral anatomy, and subjective orgasm and the refractory period begin in 

central areas. Aiier chronic SSRI-treatment however, 5-HT2,, neurons alter in their 

sensitivity to 5-HT stimulation, and therefore, in the sensitivity of the oxytocin neurons 

they regulate. This may occur either directly, through up- and dom-regdation, or 

indirectly. though the up- and dom-regulation of the presynaptic or autonomic 5-HT,, 

receptors which precede them in neuronal circuits. The altered sensitivity of 5-HTZMc 
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neurons may be asserting their effects in the central regulation of the r e h a o r y  periods 

and the penpheral regulation of ejaculation 

The neuroendocrinological effects of mianserin have not yet been tested. 

However, the novel behavioral effects of mianserin in the present SSRi paradigm suggests 

that its endocrinologid profile may also be cornplex. That is, other S - i ï ï ~ m ~  

antagonists inhibited oxytocin release after the administration of 5-HT,mc agonists. 

However, these other 5-HTMc antagonists demonstrate a behavior profile independent 

of the one observed from mianserin here. Therefore, an independent effect on oxytocin 

release for mianserin may also be anticipated in future studies. 

It is hoped that the present results will stimulate continued research on the role of 

oxytocin in SSRi-induced sexual dysfunction. Li et al. (1993) specifidly noted the 

potential of oxytocin to serve as a reliable marker for testing the function of 5-HTzmc 

receptors after exposure to antidepressants. Uvnb-Moberg and colleagues further 

suggested that the anti-depressant effect of SSRIs may be causally related to their effects 

on oxytocin (Uvnas-Moberg, Bjorkstrand, Hillegaan. & Ahlenius, 1999). Fmally, the 

approach applied here should encourage clinical researchers to continue to develop and 

employ animal models of human sexual behanor and dysfunction. Certainly, al1 efforts to 

cross-pollinate researchers of human and non-human animal behavior will benefit both. 
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Appendix A: 

Table of Chemical Abbreviations 
- - 

Abbreviation FuU Name 

m-CPP 

MK-212 

p-CP A 

T F M P P  

5-hydroxytryptamine (serotonin) 

5-hydroxytryptophan 

8-hydroxy-2-(di)-n-propylamino- 

tetralii) 

1-(2.5-dimethoxy-4-iodopheny1)-2- 

amino propane 

(-)-4-(dipropy1amino)-1.3.4,s-tetra 

hydrobenz-[c,d,]indole-6-carboxamide 

(-)-4R-6-acetyl-4-(di-n-propylamino) 

1.3.4.5-tetrahydrobenz[c,dfidole 

8B-N-cyclohexyl-6-methyl-l(l-methyl 

ethy1)ergolie-8-carboxamide 

1 -(3-chlorophenyl)piperazine 

6-chloro-2-[l-piperazinyll-pyrazine 

para-chlorophenylalanine 

trifiuoromethylphenylpiperazine 

neurotransmitter 

5-HT precunor 

5-HTIA agonist 

5-HT2rnc agonist 

5'HTIA agonist 

5-HT2Anc antagonist 

5-HT21vzc agonist 

5-HT2rnc agonist 

serotonin synthesis inhibitor 

5-HTzc and 5-HTle agonist 



Appendix B: 

Venn Diagram of the lncentive Sequence Model 
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Note. From "Revisiting the concept of semai motivatio~" by J. G. Pfaus, in press. - 
Annuai Review of Sex Research. Copyright 1999. Adapted with author's permission. 




