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UPHOUSE, L., M. ANDRADE, M. CALDAROLA-PASTUSZKA AND S. MASWOOD. Hypothalamic infusion of 
the 5-HT2/~c agonist, DOI, prevents the inhibitory actions of the 5-HTIA agonist, 8-OH-DPAT, on lordosis behavior. 
PHARMACOL BIOCHEM BEHAV 47(3) 467-470, 1994.-- Sexually receptive, intact, proestrous rats were infused bilaterally 
into the ventromedial nucleus of the hypothalamus (VMN) with 200 ng of the 5-HT~A agonist, 8-hydroxy-2-(di-n-propyla- 
mino)tetralin (8-OH-DPAT), with 2000 ng of the 5-HT2/~c agonist, (+)-(2,5-dimethoxy-4-iodophenyI)-2-aminopropane HC1 
(DOI), or with both 8-OH-DPAT and DOI. Alone, VMN infusions of 8-OH-DPAT, but not DOI, inhibited lordosis behavior. 
When 2000 ng DOI was infused simultaneously with 8-OH-DPAT, the inhibitory effects of 8-OH-DPAT were completely 
abolished. These results suggest that neural sites responsible for the reported facilitatory effects of 5-HT2/~c agonists on 
lordosis behavior coexist in the VMN with those sites in which 5-HT~^ agonists are effective in reducing lordosis behavior. In 
contrast to the protective action of the 5-HT2/tc receptor agonist following VMN infusion, no protection was seen when both 
DOI and 8-OH-DPAT were administered intraperitoneally. Thus, the interaction of these two receptor subtypes in the control 
of lordosis behavior may be different in regions outside the VMN. 
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A DUAL control by serotonin (5-HT) of  female reproductive 
function has been recognized for several years. A robust inhib- 
itory function of  5-HTIA receptors in the control of  female 
sexual behavior (1,8) has been attributed in part to postsynap- 
tic 5-HT~A receptors located in the ventromedial nucleus of  
the hypothalamus (VMN) (2,13-15). Serotonin's facilitation 
of  female lordosis behavior appears to involve 5-HT2/lC recep- 
tors (9,10), but the neural sites responsible for this facilitation 
have not been identified. However, Mendelson and Gorzalka 
(10) hypothesized that 5-HT's effect on lordosis behavior was 
dependent on its relative degree of activation of  5-HT~A inhibi- 
tory and 5-HT2/~c facilitatory sites. This hypothesis, indi- 
rectly, leads to the suggestion of regional colocalization of  
inhibitory and facilitatory 5-HT receptor sites. This suggestion 
was supported by recent findings from our laboratory (14) 
and was strengthened considerably by Kow et al.'s (7) report 

that hypothalamic slices, containing the VMN, respond in 
vitro to both 5-HTIA and 5-HT2/I c compounds. 

In a previous report (15), we suggested that 8-OH-DPAT 
infusions into the VMN inhibited lordosis behavior by reduc- 
ing the firing of VMN neurons thought to be responsible for 
this brain area's facilitation of female sexual behavior. There- 
fore, Kow et al.'s (7) finding that the decreased firing of VMN 
neurons in response to 5-HT was mimicked by in vitro applica- 
tion of 8-OH-DPAT is particularly interesting. Moreover, in 
neurons showing both facilitatory and inhibitory responses to 
5-HT, the inhibitory effect was mimicked by 8-OH-DPAT 
and the facilitatory effect was mimicked by the 5-HT2/1c 
agonist, (2,5-dimethoxy-4-iodophenyl)-2-aminopropane HC1 
(DOI). Furthermore, in some cases, DOI was able to partially 
attenuate the inhibitory effects of 5-HT. Thus, it might be 
anticipated that DOI could also provide a protective action 
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against the inhibitory effects of 5-HTIA agonists on lordosis 
behavior. In the following experiment, we provide evidence 
that, within the VMN, such protection does, in fact, occur. 

METHOD 

Materials 

(_+)-8-Hydroxy-2-(di-n-propylamino)tetralin (8-OH-DPAT) 
and (+)-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane HCI 
(DOI) were purchased from Research Biochemicals Inc. (Na- 
tick, MA). Serotonin creatinine sulfate (5-HT) was purchased 
from Sigma Chemical Co. (St. Louis, MO). Intracranial can- 
nulae were purchased from Plastic Products Inc. (Roanoke, 
VA) and dental acrylic was purchased from Reliance Dental 
Mfg. Co. (Worth, IL). Methoxyflurane (Metofane) was pur- 
chased from Pitman Moore (Mundelein, IL). All other sup- 
plies came from Fisher Scientific (Houston, TX). 

Animals and Housing Conditions 

Adult,  female rats (CDF-344), bred in our laboratory from 
stock obtained from Sasco Laboratories (Omaha, NE), were 
housed three or four per cage with like-sex littermates in a 
colony room maintained at 22.2°C and 55% humidity on a 
12 L : 12 D cycle with lights off at 12 noon. Food and water 
were available ad lib. Twenty-nine rats were implanted bilater- 
ally with 22-ga stainless steel guide cannulae advanced stereo- 
tactically into the ventromedial nucleus of  the hypothalamus 
[atlas coordinates from K6nig and Klippel (6) AP 4.38; DV 
7.8; ML 0.4] as previously described (13,15). Twenty-seven 
rats, used for IP treatments, remained in their home cage until 
the day of the experiment. The vaginal smear of  each rat was 
monitored daily for at least 7 days prior to use in the experi- 
ment. Only females with proestrous smears (evidencing nucle- 
ated cells or primarily nucleated with a few cornified cells but 
an absence of leucocytes) and with a high sexual receptivity 
prior to the drug treatment were used in the experiments. 

lntracranial Treatment 

Five females were infused with 200 ng 8-OH-DPAT, alone, 
and five were infused with 2000 ng DOI, alone. Fifteen fe- 
males received a simultaneous infusion of  200 ng 8-OH-DPAT 
and 2000 ng DOI; 12 of  these same females received an infu- 
sion of  200 ng 8-OH-DPAT 1.5 to 2 h after the first infusion. 
Four additional females received a simultaneous infusion of  
200 ng 8-OH-DPAT and 200 ng DOI. All drugs were dissolved 
in 0.9°70 saline and all infusions were delivered at a rate of  
0.24 to 0.26 #l /min to a final infusion volume of  0.5 #1 per 
bilateral site. 

Sexual behavior was tested within a CMA/120 containment 
system (Bioanalytical Systems) as previously described (13, 
15). The female's dummy cannulae were replaced with 28-ga 
stainless steel internal cannulae (terminating 0.5 mm below 
the guide cannulae), attached by tubing (i.d. = 0.58 ram; 
o.d. = 0.96 mm) to a CMA/100 (Bioanaiytical Systems, La- 
fayette, IN) microinjector. The female was allowed to adjust 
to the chamber for 5-10 min before the male was placed with 
the female. The female's behavior was recorded continuously 
for five to 10 mounts prior to infusion, during the infusion 
and for 30 min after the infusion. 

lntraperitoneal Treatment 

Seven proestrous females were injected with 1.5 mg/kg 
DOI; 10 females were injected with 0.15 mg/kg 8-OH-DPAT; 

and 10 females were injected with 1.5 mg/kg DOI plus 0.15 
mg/kg 8-OH-DPAT. Drugs were dissolved in 0.9°70 saline and 
were given IP in a volume of 1 ml/kg. The sexual behavior of 
the proestrous rats was tested in the home cage (polycarbonate 
shoe-box) of  a sexually active male. After a minimum of 10 
mounts by the male, the female was removed and was injected 
with 8-OH-DPAT, DOI, or a combination of DOI and 8-OH- 
DPAT. The effect of the drug treatments on sexual behavior 
was tested 30 rain after injection. Testing sessions continued 
for 10 min or for a minimum of 10 mounts by the male. 

Sexual Behavior 

Sexual receptivity was quantified as the lordosis to mount 
(L/M) ratio (e.g., number of lordosis responses by the female 
divided by the number of mounts by the male) as previously 
described (13,15). 

Histological Procedures 

Females were anesthetized with Metofane and were per- 
fused intracardially with 0.9070 saline followed by 10070 buf- 
fered formalin. The brain was excised and placed in 10070 
buffered formalin for a minimum of 24 h before sectioning 
(100 #m). Tissue sections were stained with cresyl violet and 
cannulae locations were verified according to Kfnig and Klip- 
pel (6). The location of  each cannula was determined by an 
individual without knowledge of the experimental treatment 
or behavioral results. Only rats with both cannulae located in 
ventromedial nucleus sites where 8-OH-DPAT was previously 
found to inhibit lordosis behavior (13) were included in the 
studies. 

Statistical Procedures 

Following VMN infusions, L /M data were organized into 
the preinfusion period, infusion period, and consecutive 5-min 
intervals after infusion. The data were ranked and the ranks 
were subjected to repeated measures ANOVA (as recom- 
mended by Zar, 1987) with time as the repeated measure and 
treatment as the independent factor. The time-dependent de- 
cline in the L /M ratio (within treatment groups) was then 
analyzed with Friedman's chi-square followed when appro- 
priate by Mann-Whitney U comparisons to the pretreatment 
interval. For IP treatments, data were grouped into preinjec- 
tion period and 30 min after injection. Since all pretest data 
in the IP study showed L /M ratios of  1.0, only the data for 
the 30-min time point were compared. Data were analyzed 
by Kruskal-Wallis ANOVA followed by Mann-Whitney U 
comparisons of  individual differences. The statistical refer- 
ence was Zar (16) and an alpha level of  0.05 was required for 
rejection of the null hypothesis. 

RESULTS 

By 10 min after infusion, females treated with 200 ng 8- 
OH-DPAT, alone, or with 200 ng 8-OH-DPAT plus 200 ng 
DOI, had reduced L /M ratios, which continued throughout 
the testing interval (Fig. 1). VMN infusions of  2000 ng DOI, 
alone, had no effect on lordosis behavior but, when combined 
with 8-OH-DPAT, completely prevented the 8-OH-DPAT- 
induced decline in lordosis behavior [nonparametric ANOVA 
of ranks, respectively, for treatment, time, and treatment × 
time interaction: X2(4) = 49.29, p _< 0.001; X2(7) = 40.28, 
p _< 0.001; x2(28) = 20.12, p > 0.05]. Relative to the pretest 
interval, 8-OH-DPAT reduced the L /M ratio by 5 min after 
infusion, and the L /M ratio remained suppressed throughout 
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FIG. 1. Effects of VMN infusions of DOI, 8-OH-DPAT, or their 
combination on lordosis behavior. (A) The mean ± SE L/M ratios 
for proestrous female rats infused bilaterally into the VMN with 200 
ng 8-OH-DPAT (n = 5), 200 ng 8-OH-DPAT plus 200 ng DOI 
(n = 4), 200 ng 8-OH-DPAT plus 2000 ng DOI (n = 15), or 2000 
ng DOI (n = 5). The data indicate the L/M ratios prior to infusion 
(PRE), during the infusion (INF), and for six consecutive 5-min inter- 
vals following infusion. Asterisks indicate the first testing interval in 
which the L/M ratio was significantly different from the preinfusion 
interval. (B) The data for rats infused for the first time with 200 ng 
8-OH-DPAT (A) vs. 12 rats given 200 ng 8-OH-DPAT 2 h after the 
previous infusion with the combination of 200 ng 8-OH-DPAT and 
2000 ng DOI. 

the testing interval (Mann-Whi tney  U comparisons within 
treatment,  all p _< 0.05). When 2000 ng DOI  was infused 
simultaneously with 8 -OH-DPAT,  the L / M  ratio was never 
significantly different  f rom the pretest interval (Mann-Whi t -  
ney U, all p > 0.05). The lower dose (200 ng) o f  DOI was 
substantially less effective in preventing the effects o f  8-OH- 
DPAT.  

That  cannulae were located in sites effective for 8-OH- 
DPAT ' s  inhibition o f  lordosis behavior and that 2000 ng DOI 
had, in fact, prevented a decline in lordosis behavior was con- 
f irmed by infusion o f  200 ng 8 - O H - D P A T  1.5 to 2 h later 
into the same rats that  had previously received both 8-OH- 
D P A T  and 2000 ng DOI.  As shown in Fig. 1B, in the absence 
o f  2000 ng DOI,  8 - O H - D P A T  was highly effective in reducing 
the L / M  ratio. 

The dose of  2000 ng DOI  also partially at tenuated the 
heightened resistance seen following infusions of  8 - O H - D P A T  
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FIG. 2. Effects of IP treatments with DOI, 8-OH-DPAT, or their 
combination on lordosis behavior. Proestrous female rats were pre- 
tested for sexual receptivity and were then injected IP with 1.5 mg/kg 
DOI (n = 7), 0.15 mg/kg g-OH-DPAT (n = 10), or 1.5 mg/kg 
DOI plus 0.15 mg/kg 8-OH-DPAT (n = 10). The figure shows the 
mean + SE L/M ratio 30 min after the respective treatments. Aster- 
isks indicate significant differences from the animals treated with both 
DOI and 8-OH-DPAT. 

into the VMN. Most  females infused with both 8 - O H - D P A T  
and 2000 ng DOI did show some kicking or vocalizing, but 
extreme resistance such as boxing, rolling over, and wrestling 
was not seen. In contrast,  when females were infused only 
with 8 - O H - D P A T  or with 8 -OH-DPAT 1.5 to 2 h after the 
combinat ion o f  8 - O H - D P A T  and 2000 ng DOI,  such severe 
resistance was present. As in previous studies (13), 8-OH- 
D P A T  had minimal effects on lordosis quality (data not  
shown). 

Unlike the effects of  the VMN treatments,  DOI failed to 
attenuate the lordosis-inhibiting effects o f  8 - O H - D P A T  30 
min following IP treatment (Fig. 2). Instead, DOI,  alone, 
suppressed lordosis behavior and appeared to accentuate the 
inhibitory effects of  8 -OH-DPAT.  Lordosis behavior follow- 
ing the combined treatment with 1.5 m g / k g  DOI  and 0.15 
m g / k g  8 - O H - D P A T  was less than that following either 5-HT 
agonist, alone [Kruskal-Wallis A N O V A ,  X2(3) = 11.56, p -< 
0.05; Mann-Whi tney  U, p _< 0.05]. However ,  nine out of  
10 of  the females given the combined treatment of  DOI and 
8 - O H - D P A T  showed flattened posture 30 min after treat- 
ment;  thus, these more global motor  disturbances may have 
interfered with elicitation of  the lordosis posture. Flattened 
posture was present in only one female treated IP with DOI 
alone and in only a single female treated with 8 -OH-DPAT,  
alone. Thus, flattened posture was also accentuated by the 
combined IP treatment with 8 - O H - D P A T  and DOI.  

DISCUSSION 

Although functional interactions between the 5-HTIA and 
5-HT2/~c receptor have been previously reported (3-5), most 
such observations have followed systemic treatment with the 
5-HT compounds.  The present findings that the 5-HT2nc ago- 
nist, DOI,  can attenuate the inhibitory effects of  direct intra- 
cranial infusions of  the 5-HT~A agonist, 8 -OH-DPAT,  on fe- 
male sexual behavior demonstrate a behaviorally significant 
interaction, within a select brain region, between the 5-HT2nc 
and 5-HT~A sites in the control of  lordosis behavior.  That  the 
at tenuation was evident following VMN infusions o f  the 
drugs, and not after systemic treatment,  may indicate a re- 
gional specificity in the nature of  the 5-HT2/~c and 5-HTIA 
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interaction. Although,  in the VMN, inhibition o f  lordosis be- 
havior occurs at relatively lower doses o f  8 -OH-DPAT,  a re- 
duction in lordosis behavior is also seen following infusion of  
the drug into the medial preoptic area (11) or into the mid- 
brain central gray (12). Agonists acting at 5-HT2/~c receptors 
may be unable to at tenuate these lordosis-inhibiting effects of  
8 - O H - D P A T  outside the VMN. The uniqueness o f  the current 
findings to the VMN cannot be determined until additional 
brain areas are examined. 

In contrast  to the VMN effects, systemic t reatment  with 
both DOI  and 8 - O H - D P A T  accentuated the inhibition of  lor- 
dosis behavior,  but this may have been secondary to the pro- 
duction of  flattened posture. Components  of  the serotonin 
behavioral  syndrome, such as forepaw treading, have been 
reported to be enhanced by the combined treatment  of  DOI 
and 8 - O H - D P A T  (3,5). In the present experiment,  forepaw 
treading was only occasionally seen in females treated IP with 
DOI and 8 -OH-DPAT.  However ,  the male's continuous at- 
tempts to mount  the female may have precluded our detection 
o f  this behavior.  

While multiple neural locations may be responsible for ef- 
fects following IP t reatment  with both DOI  and 8 -OH-DPAT,  
the results following IC infusions clearly demonstrate  a func- 
tional interaction between the 5-HT2/lc and 5-HT~A receptors 
within the VMN. Kow et al. (7) suggested that a relatively 
large proport ion of  the VMN neurons that contained one re- 
ceptor subtype also contained the other. Our findings are con- 
sistent with this suggestion. However ,  we cannot  rule out  the 
possibility o f  intrinsic interactions among neuronal popula- 
tions, each of  which contained a single receptor subtype, but 
each of  which resided within the diffusion area o f  the cannula 

tip. What  is clear, however, is that a larger dose of  the 5-HT2/ 
~c agonist, relative to the 5-HT~A agonist, was required to 
attenuate the effects of  8 -OH-DPAT.  Al though doses of  DOI 
between 200 and 2000 ng were not examined in combinat ion 
with 200 ng 8 -OH-DPAT,  the failure of  200 ng DOI to reduce 
the effectiveness of  the VMN infusions with 8 -OH-DPAT sug- 
gests that a relatively large excess o f  DOI relative to 8-OH- 
D P A T  may be required for the attenuation to occur. This 
observation is consistent with Kow et al. 's (7) conclusion that 
the 5-HTjA subtype in the VMN may be more sensitive than 
its 5-HT2/Jc counterpart .  

In summary, the VMN is a neural site in which both facili- 
tatory and inhibitory components  of  5-HT's dual control over 
female lordosis behavior converge. Within this brain area, 
it is the relative balance between inhibitory and facilitatory 
mechanisms (rather than the absolute degree o f  activation o f  
either) that appears to determine the nature of  the female's 
response to a sexually active male. While the 5-HT receptor 
subtypes mediating the facilitatory and inhibitory actions of  
5-HT are functionally linked and, thereby, able to reduce the 
effectiveness o f  the opposing receptor subtype(s), an inhibi- 
tory bias appears to predominate.  Such a bias may be func- 
tionally significant in restricting the female's mating behavior 
to appropriate stages o f  the reproductive cycle. 
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