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STACEY, N E Clomdme mhlbtt6 female spawnmg behavior m ovulated and prostaglandm-treated goldfish PHAR- 
MACOL BIOCHEM BEHAV 20(6) 887-891, 1984-  Prewous studies have indicated that female spawning behavior m 
goldfish is stimulated by prostaglandin (PG) synthesized m the reproductive tract shortly after ovulation and acting within 
the brain In this study, clonidme inhlblted PG-induced spawning behawor of nonovulated female goldfish in a dose- 
dependent manner and also inhibited spawning of ovulated goldfish. In male goldfish, clonidme also inhibited PG-mduced 
female spawning behavior but did not affect male spawning behavior The results prowde further support for a role of 
endogenous PG m female spawning behawor of goldfish and are consistent with the findings [15] that clomdlne antagomzes 
the action of PG on sexual behavior m the female guinea pig 

Clomdlne Prostaglandln Spawning behavior Goldfish 

PROSTAGLANDINS (PGs) have been shown to exert rapid 
effects on female reproductive behaviors in a variety of ver- 
tebrates including mammals, reptiles, amphibians and tele- 
osts. Stimulatory effects on female sexual behavior were 
first reported in the rat [13], and have since been observed in 
the hamster [2], the leopard frog, Rana piptens [9], Xenopus 
laevi6 [16], the goldfish, Carassius auratus [20], the paradise 
fish, Macropodus opercularis [27], and a cichlid, Aequidens 
portalegrensis [6]. Inhibitory effects of PG on female sex 
behavior have been demonstrated in both the guinea pig [18] 
and the green anole lizard, Anolis carolinensts [26]. Although 
there is evidence that PGs act within the brain to affect 
female sexual responsiveness in the rat [12], Anolis [26], and 
the goldfish [25], the mechanism of action of PGs on female 
sexual behaviors has been investigated only in the guinea 
pig. Blood levels of prostaglandin Fz alpha (PGF) and its 
major metabolite, PGFM, increase soon after copulation in 
the guinea pig [15]; female sexual receptivity is rapidly 
inhibited both by coitus [11] and by exogenous PG [18]. The 
findings that abbreviation of receptivity following either 
copulation [14] or PG treatment [15] is blocked by the 
alpha-adrenergic agonist, clonidine, have led Irving et al 
[15] to suggest that PG released from the genital tract in 
response to the mechanical stimulation of coitus inhibits re- 
ceptivity by interfering with an alpha-adrenergic mechanism. 
The present study was carried out to determine whether 
clonidine also antagonizes the stimulatory action of PG on 
female sexual behavior in the goldfish. 

METHOD 

Animals and Maintenan~ e 

Common goldfish were purchased in April-June, 1983, 

from Grassyforks Fisheries Co., Martinsville, IN, and kept 
for several months on a 16L:8D photoperiod in flow-through 
stock tanks at 20--22°C (Experiments 1 and 2) or 12-14°C Exper- 
iment 3). Several days prior to behavioral testing, fish were 
removed from stock tanks, anesthetized in 2-phenoxy-ethanol 
(0.05%, Syndel), weighed, fin-clipped for identification, and 
placed in 801 flow-through holding aquaria (20-22°C, 16L:8D; 3 
fish per aquarium) provided with a gravel substrate. In Experi- 
ment 3, the holding aquaria were at 14°C at the time of fish 
transfer, and were subsequently warmed to 20-22°C over a 
period of several hours. Fish in stock tanks were fed ad lib with 
Ewos pellets and Nutrafin flaked food (R. C. Hagen, Mon- 
treal); fish in holding aquaria received only Nutrafin. Females 
in Experiment 1 were in a post-spawning condition with re- 
gressed ovaries, and males in Experiment 2 were in a similar 
condition with barely visible tubercles (pearl organs) on the 
opercula and pectoral fins. Females in Experiment 3 were in 
a preovulatory condition, and ovulated spontaneously on the 
morning of the behavioral test in response to elevated water 
temperature and the addition of artificial aquatic vegetation 
(bundles of green acrylic yarn) at the time of transfer [22] 

Drugs 

Clonidine hydrochloride (Catapres, Boehringer In- 
gelheim) was dissolved in 0.6% NaCI at several concentra- 
tions (0.04-2.0 mg/ml) immediately before administration, 
and injected intraperltoneally (IP) at dosages from 0.1 to 5.0 
/xg/g (2.5 /zl/g) body weight. Prostaglandin F2 alpha (PGF, 
Tris salt, Sigma), previously frozen in small aliquots in 
ethanol (20 mg/ml), was diluted to 1 mg/ml with phosphate 
buffer immediately prior to intramuscular (IM) injection with 
a Hamilton microsyringe at a dose of 50 ng/g (0.05/xl/g) body 
weight. Fish were not anesthetized for injection 
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FIG 1 Effect of clon,dme (0 1, 0 5. and 2 5 /.tg/g IP, arrow) on-female spawning 
behawor  of nonovulated goldfish rejected with prostaglandm F2 alpha (50 ng/g IM. 
arrow) The highest clomdme dose (2 5/.tg/g) slgmficantly inhibited spawmng behav- 
ior (p<0 02) N =  12 m all groups 
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FIG 2 Lack of effect of clonldme (5 ~.g/g IP, arrow) on male spawning behavior in 
male goldfish Sahne, n= 1 I, clon,dme, n= 12 

Behavtoral Te~t,s 

Goldfish spawn by scattering adhesive eggs among the 
leaves aud roots of aquatic vegetation; although both floating 
and benthic plants may be used as spawning substrates (per- 
sonal observations), fish in this study were provided only 
with floating artificial plants Goldfish spawning behaviors 
include a persistent chasing or courtship of the female by the 
male(s) interspersed with a number of spawning acts, each of 
which ~s initmted when the female, accompanied by the 
male, rises into the aquatic vegetation [17]. In most spawning 
sessions, the pair occasionally emerges from the vegetauon 
without performing a spawning act Female spawning behav- 
aor, which normally occurs only m ovulated females, can be 
readily reduced m nonovulated females [20,25] and m males 
[21,24] by rejection of PGF. Throughout the annual repro- 
ductlve cycle, males will court and spawn w~th sexually 
active females, and females and males will perform female 
spawning beha~lor m response to PG injecuon. 

With the excepuon that behavmral tests m th~s study were 
conducted in flow-through aquaria, testing procedures for 
female and male spawning behavior were basically as de- 
scribed prewously [24] All tests were conducted between 
1000 and 1500 hr (from 2-7 hr after the onset of photophase). 

S t ~ l t l S l t (  ,s 

Differences among groups for total female spawning acts 
m Experiment 1 were analyzed by Kruskal-Walhs analysis of 
variance and a nonparametrlc multiple paired comparisons 
test [7]. Differences between group scores for total female 
spawning acts m Experiments 2 and 3, and for duration of 
male courtship and percentage of completed spawning acts 
m Experiment 2 were analyzed by Mann-Whitney U-test. 
Two-tailed probabilities have been used m all cases. 

EXPERIMENT 1 

Following a pilot experiment m which clonidine (1 /~g/g 
IF) sigmficantly suppressed the spawning response to PGF 
(50 ng/g) m female goldfish, this experiment examined the 
dose-response of clonidlne inhibition. 

Method 

Female goldfish were removed from the holding aquaria 
and rejected with sahne or 0 I, 0 5, or 2 5 ~g/g clomdme 
(n= 12 m all groups), followed immediately by PGF (50 rig/g). 
Within 2 mm of the PG injecUon, fish were placed md~vldu- 
ally m observation aquarm with one sexually acuve stud 
male and observed continuously for the following 90 mm. 
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FIG 3 Inhlbmon of female spawning behawor m ovulated goldfish rejected with 
clomdme (2.5/zg IP) 30 mm before behavioral testing (arrow} N =5 m both groups. 

Resu l t s  and  Dts~ uss ton 

The spawning response to PGF was significantly suppressed 
(p<0.02) by the high dose (2.5 /~g/g) of clonidine, but 
unaffected by the medium or low dose (Fig. 1). Clonidlne- 
treated fish showed no 111 effects of the treatment and were 
courted wgorously by the stud males regardless of their level 
of spawning actwlty. 

E X P E R I M E N T  2 

This experiment was carried out to determine whether the 
inhJbltory action of clonldme was restricted to female behav- 
ior, or whether male sexual behavior also might be affected. 

M e t h o d  

The experiment consisted of two parts. The first, which 
examined the effect of clonidine on female spawning behav- 
ior m males, was slmdar to Experiment 1 except that only 
sahne (n= 12) and one clonidme dose (2.5/zg/g; n=  12) were 
used, and the behavioral tests were only 60 mm in duration. 
In the second part, whmh examined the effect of clomdine on 
male behavior, males were removed from holding aquaria, 
rejected with either saline ( n = l l )  or clonidme (5 /zg/g; 
n = 12), and placed individually m observation aquaria which 
contained one PGF-treated female which had exhibited 
spawning behavior immediately prior to the test. Commenc- 
ing 5 min after introduction of the test male, the duration of 
male courtship (chasing and following) and the number of 
mcomplete spawning acts (entries of the female into the 
vegetation, with or without the male, which did not lead to a 
spawning act) and complete spawmng acts were recorded 
continuously for the following 60 min. 

Re,wtlt~ at td Dts~ uasion 

Clomdine (2.5 /zg/g) sigmficantly inhibited (p<0.02) PG- 
reduced female spawning behavior in male goldfish. Female 
spawning acts were performed by 8 of the 11 males injected 
with saline and PGF (median=12; range, 0-146), whereas 
none of the 12 males reJected with clomdine and PGF exhib- 
ited any female spawning behavior. In contrast to the inhibi- 
tory acUon on female behavior in males, clomdme, even 
though gwen at a higher dose (5/zg/g), failed to affect either 
the duration of male courtship or the percentage of female 

spawning attempts which resulted in a spawning act (Fig. 2). 
There also was no difference in the total number of spawning 
acts performed by the saline-treated (median=10; range, 
0-81) and clomdine-treated groups (median= 17; range, 0°63). 
The results indicate that inhibition of PG-induced female 
spawning behavior by clomdlne cannot be attributed to a 
non-specific deblhtatlng action of the drug 

E X P E R I M E N T  3 

It is presumed that female spawning behavior in goldfish 
Is regulated by endogenous PG, released from the reproduc- 
tive tract into the bloodstream m response to the presence of 
ovulated eggs, and acting within the brain [21, 23, 25]. This 
experiment sought further support for this hypothesis by ex- 
amining the effect ofclonidine on spawnmg of ovulated fish. 

M e t h o d  

Females were removed from holding aquaria on the morn- 
ing of the day of spontaneous ovulahon, 1-6 hr after the 
assumed time of folhcular rupture [22], and placed individu- 
ally in observation aquaria containing one sexually actwe 
stud male to determine that they would spawn normally 
After they had performed several spawning acts, the females 
were removed, injected with either clonldine (2.5/zg/g; n=5) 
or saline (n=5) and returned to the holding aquaria; 30 min 
after injection, females were again placed indwidually in the 
observation aquaria and observed continuously for the fol- 
lowing 60 min. Immediately after the test, fish were 
anesthetized and the volume of eggs remaining m the repro- 
ductive tract determined by gently expressing the eggs into a 
plastic vial and drawing them into a syringe. 

Resu l t s  and  Dtsclt36totl 

Although 4 of the 5 clonidme-treated females performed 
at least one spawning act during the 60 min test period, 
clomdine significantly (/7 =0.008) inhibited spawning activity 
(Fig 3). All clomdine-treated fish retained ovulated eggs 
(0.68+_0.28 ml) at the completion of the tests. In contrast, 
eggs were found in only one of the 5 saline-treated fish (0.02 
ml), and it was clear that spawning in 3 of the saline-treated 
fish had terminated prior to the end of the test. As the 
saline-treated females would have continued to spawn had 
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oviposi t lon not been completed ,  the results provide  a con- 
servat ive  es t imate  o f  the ability of  clonidine to inhibit spawn- 
lng behavior  in ovulated goldfish 

GENERAL DISCUSSION 

Clonldine s~gnificantly Inhibited both the spawmng behav- 
ior normally displayed by ovulated goldfish, and the female 
spawning response to P G F  injection m nonovula ted  females 
and in males. As clonldine did not  affect male spawning be- 
havior  in males, even though adminis tered at twice the dos- 
age effect ive for lnhibttmg female behavior  m both sexes,  the 
effects o f  c lomdine on female behavior  in the goldfish do not 
appear  to be simply the result  of  a non-specif ic  inhibition of  
behavior .  

Al though exogenous  PGs exert  opposi te  effects  on female 
sexual  behawors  of  goldfish (stimulatory) [20] and guinea 
pigs (inhibitory) [18], clonidine antagonizes  the actions of  
PGs in both species.  The demonstra t ions  that c lomdlne in- 
hibits spawning behavior  in ovulated goldfish, and prevents  
the rapid post -copulatory  abbrevat ion of  estrus in the guinea 
pig [14], provide indirect support  for the hypotheses  that 
endogenous  PG regulates female spawning behavior  in 
goldfish [21,23] and mating-induced estrus terminat ion in the 
guinea pig [15]. The  findings that blood levels  of  PGF are 
e levated shortly after ovulat ion in goldfish [1] and brook 
trout,  Salvehnu~ fi~nttnahs [3,10], and after copulat ion In 
guinea pigs [15], also are consis tent  with these proposed 
roles of  endogenous PG in female reproduct ive  behaviors  

There  is considerable  ev idence  that clonidlne prevents  
abbreviat ion o f  estrus in mated and PG-treated guinea pigs 
by increasing alpha-adrenerglc activity [14]. Fo r  example,  
inhibition of  norep inephnne  synthesis  [19] or  injection of  an 
alpha-adrenerg~c antagonist  [8] blocks recept ivi ty  induced by 
es t rogen-progesterone t reatment  Clonidlne res tores  recep-  

tlvity of  s teroid-treated females m which norepmephr lne  
synthesis has been blocked,  and this facditatory action of  
clonidlne can be inhibited by the alpha-adrenerglc 
antagonist ,  phenoxybenzamme  [19]. In addition, the alpha- 
adrenergtc antagontst ,  yohimbine,  p revents  the mamtenance  
of  post-copulatory recept ivi ty  normally induced by clonidlne 
[14]. Together  with information that PGs suppress adrener- 
gic activity [28], these findings Indicate that clonldine antag- 
onizes  the behavioral  action of  PGs by increasing alpha- 
adrenerglc activity [15] 

There  is no evidence  from behavioral  studies that 
clonidine inhibits female spawning behavior  by stimulating 
an adrenerglc system Howeve r ,  there is some evidence  
from endocr ine  studies m goldfish that c lomdine functions as 
an adrenergic agonlst. Both norepinephrlne and clonldme ele- 
vate serum gonadot ropm levels  in female  goldfish w~th 
ovaries  in early or  mid-recrudescence,  but not in females m 
late ovarian recrudescence  [4,5]: the st imulatory action of  
noreplnephrine on serum gonadotropln  levels is inhibited by 
phentolamine,  an alpha-blocker  [5]. The available mforma- 
hon on clonidme action m goldfish thus does not rule out the 
poss~blhty that m goldfish, as has been suggested for the 
guinea pig [15], clonldlne and PG may act on an adrenerglc 
system, likely within the brain, to modulate  female sexual 
behavior  
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