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LEVY, A. D., P. A. RITTENHOUSE, Q. LI, J. E. KERR, T. M. CABRERA, G. BATTAGLIA AND L. D. 
VAN DE KAR. Cocaine-induced suppression of renin secretion is partially mediated by serotonergic mechanisms. PHAR- 
MACOL BIOCHEM BEHAV 42(3) 481-486, 1992.-Acute cocaine reduces renin secretion. To determine whether seroton- 
ergic neurons mediate this effect, male Sprague-Dawley rats received the serotonin (5-HT) neurotoxin 5,7-dihydroxytryptam- 
ine (75/~g/side, ICV) 2 weeks prior to cocaine injections (3.75-15 mg/kg, IP). 5-HT lesions attenuated the cocaine-induced 
reduction of plasma renin concentration (PRC), suggesting a partial 5-HT role. To determine which receptors mediate this 
response, rats were pretreated with the partial 5-HTIA agonist 8-[2-[4-(2-methoxyphenyl)-/-piperazinyl]ethyl]-8-azaspi- 
rol-[4,5]-decane-7,9-dione (BMY 7378) (1 mg/kg, SC), the 5-HT~c/5-HT 2 antagonist ritanserin (0.1 mg/kg, SC), or the t~/ 
5-HT~A antagonist yohimbine (1 mg/kg, SC) prior to cocaine. None of the antagonists altered the cocaine-induced suppression 
of PRC, although BMY 7378 and yohimbine elevated PRC. The data suggest that cocaine's effect is partially mediated by a 
serotonergic mechanism, but do not support a role for 5-HTt^ receptors, 5-HT2/5-HT~c receptors, or t~2-adrenoceptors in 
mediating the suppressive effect of cocaine on renin secretion. 

Cocaine Renin Serotonin Rat 5,7-Dihydroxtryptamine BMY 7378 Yohimbine 

IT has recently been determined that acute administration of 
cocaine reduces secretion of renin (15). The mechanisms by 
which this action occurs are unknown. Because cocaine inhib- 
its the reuptake of serotonin (5-HT), dopamine (DA), and 
norepinephrine (NE) (25-27,32), this study was undertaken to 
evaluate potential neuronal mechanisms underlying this re- 
sponse. 

Secretion of renin is influenced by activity of 5-HT and 
NE neurons. Renin secretion is enhanced by the 5-HT releaser 
p-chloroamphetarnine (37), and by various 5-HT agonists 
(33), via activation of 5-HT2 receptors. Furthermore, stimula- 
tion of ot2-adrenoceptors decreases renin secretion (19), while 
a role for DA in the regulation of renin secretion has not been 
demonstrated. 

As a consequence of cocaine's inhibition of 5-HT reuptake, 
acute cocaine increases the concentration of 5-HT in the syn- 
apse (11,13). In the dorsal raphe nucleus, the increased con- 
centration of synaptic 5-HT is believed to be responsible for 
the inhibition of firing of 5-HT neurons by activation of 
5-HTIA somatodendritic receptors. Cocaine inhibits the firing 
of 5-HT neurons in mesencephalic dorsal raphe nucleus in 

vivo (6,8,14,22) and in vitro (20). The 5-HT~A agonist buspir- 
one also decreases the firing rate of dorsal raphe neurons (40) 
and decreases plasma renin activity (36). We previously deter- 
mined that serotonergic neurons mediate the cocaine-induced 
stimulation of corticotropin (ACTH) and corticosterone secre- 
tion (17). Therefore, it was conceivable that serotonergic 
mechanisms also could mediate the effect of cocaine on renin 
secretion. 

These studies were therefore designed to evaluate the po- 
tential neuronal mechanisms underlying the cocaine-induced 
suppression of renin secretion. Both serotonergic and ot2-a- 
drenergic systems were examined because they have been 
shown to interact with cocaine and mediate secretion of renin. 

METHOD 

Animals 

Male Sprague-Dawley rats (225-275 g) were purchased 
from Sasco-King Animal Laboratories (Oregon, WI). Rats 
were housed two per cage (unless specified otherwise) in a 
temperature-, humidity-, and illumination (12 L : 12 D cycle, 
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lights on at 7 a.m.)-controlled room. Water and food (Wayne 
Lab Blox, Lab Mills Inc., Chicago, IL) were available ad lib. 
Rats were randomly divided into groups of  eight (unless speci- 
fied otherwise) for each experiment. All experiments were con- 
ducted early in the light cycle (approximately 10:45 a.m.-1:30 
p.m.). All procedures were approved by the Loyola University 
Animal Care and Use Committee and were conducted in ac- 
cordance with the NIH Guide for the Care and Use of  Labora- 
tory Animals. 

Blood Collection 

Rats were killed by decapitation 15 min following cocaine 
injections in an area outside the animal room. The maximal 
renin response to cocaine occurs approximately 15 min postin- 
jection (15). Trunk blood was collected into centrifuge tubes 
containing 0.5 ml 0.3 M EDTA (pH 7.4) for assay of  plasma 
renin concentration (PRC). 

Drugs 

All drug solutions were made immediately before in- 
jections. Cocaine HCI was obtained from Sigma Chemical 
Co. (St. Louis, MO) and was dissolved in physiological sa- 
line. 5,7-Dihydroxytryptamine (5,7-DHT) was obtained from 
Sigma and dissolved in saline containing 0.1 °7o ascorbic acid. 
8-[2- [4- (2- Methoxyphenyl)- l- piperazinyl]ethyl]- 8-azaspirol- 
[4,5]-decane-7,9-dione (BMY 7378), donated by Bristol- 
Meyers (Wallingford, CT) was dissolved in saline and pH ad- 
justed to 6.0. Ritanserin (Janssen Pharmaceuticals, Beerse, 
Belgium) was dissolved in ethanol and adjusted with saline to 
a 10070 v/v ethanol solution. Yohimbine was purchased from 
Sigma and dissolved in distilled water. All drugs (except for 
5,7-DHT) and their respective vehicles were injected in vol- 
umes of 1 ml/kg and were administered either IP (cocaine) or 
SC (BMY 7378, ritanserin, and yohimbine) and injected SC in 
a volume of  1 ml/kg.  All drug doses were determined by the 
salt form of  each drug. 

Procedures 

Effect of  ICV injection of  5,7-DHT on cocaine-induced 
reduction of  PRC. Serotonergic neurons were destroyed by 
stereotaxic ICV injections of  5,7-DHT (4,5) under pentobarbi- 
tal anesthesia (50 mg/kg,  IP). All rats were pretreated with 
ampicillin (50 mg/kg,  IM) and atropine methylbromide (0.2 
mg/kg,  IP). To prevent damage to dopaminergic or noradren- 
ergic neurons, rats also received 15 mg/kg IP of  the dopamine 
and norepinephrine uptake inhibitor nomifensine 20 rain prior 
to ICV injections of 5,7-DHT. Hamilton 25-#1 syringes were 
lowered into the lateral cerebral ventricles (A - 0 . 5 ;  L 1.4; H 
- 4 . 6  from bregma), and 75 t~g/10/~15,7-DHT or vehicle were 
infused bilaterally over 1 min. After recovery from surgery 
(2-3 weeks), rats (n = 10 for the 5,7-DHT-injected groups 
and n = 8 for vehicle-injected rats) received injections of  co- 
caine (0, 3.75, 7.5, or 15 mg/kg,  IP) and were decapitated 15 
min later. To confirm the loss of  5-HT nerve terminals in- 
duced by 5,7-DHT, brains were rapidly removed and cerebral 
cortex was dissected and frozen at - 70°C. The extent of  the 
lesion was determined by measuring [3H]citalopram binding 
to the 5-HT uptake sites in rat cortex (3). 

Effect of  the partial 5-HT~A agonist BMY 73 78 on cocaine- 
induced reduction of  PRC. Rats received injections of  1 mg/  
kg (SC) BMY 7378 (29) or vehicle, followed 15 min later by 
injections of cocaine HCI or saline. Cocaine was administered 
in doses of 0, 3.75, 7.5, or 15 mg/kg IP. 
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FIG. 1. Destruction of 5-HT neurons inhibits cocaine-induced reduc- 
tion of PRC. Rats received ICV injections of 5,7-DHT (75/~g/side) 
or vehicle 2-3 weeks prior to cocaine injections (0, 3.75, 7.5, or 15 
mg/kg). Mean ± SEM for each group is presented (n = 8 in vehicle- 
pretreated groups, n = I0 in 5,7-DHT-pretreated groups). Main ef- 
fect of 5,7-DHT: F(I,  60) = 2.57, NS; main effect of cocaine: F(3, 
60) = 8.08, p < 0.001. The two-way interaction approached statisti- 
cal significance, F(3, 60) = 2.55, p < 0.065. **p < 0.01 from the 
respective 0 dose of cocaine (i.e., saline) group (Newman-Keuls test). 
#p < 0.05 from corresponding vehicle-pretreated group. 

Effect of  the 5-HT~c/5-HT 2 antagonist ritanserin on co- 
caine-induced reduction of  PRC. Rats received 0.1 mg/kg 
(SC) ritanserin (28,39) or vehicle 60 min prior to cocaine ad- 
ministration (0, 3.75, 7.5, or 15 mg/kg,  IP). This dose of  
ritanserin was found to completely block the effect of  RU 
24969 (34) and DOI (24) on renin secretion. 

Effect of  the ~2 antagonist yohimbine on cocaine-induced 
reduction of  PRC. Rats received injections of  1 mg/kg yohim- 
bine (SC) or vehicle (distilled water) followed 2 h later by 
injections of cocaine HC1 or saline. Yohimbine was pre- 
viously shown to increase renin secretion up to 2 h after (SC) 
injection (21). However, the effects of  yohimbine on blood 
pressure and heart rate subsided within 1 h after injection 
(21). Cocaine was administered in doses of 0, 3.75, 7.5, or 15 
mg/kg IP. 

Biochemical Determinations 

PRC. In this assay, a saturating concentration of renin 
substrate is added to the plasma to allow generation of  angio- 
tensin I (ANG I) at maximal velocity. Thus, this assay reflects 
the total concentration of the enzyme renin in plasma, inde- 
pendent of  the concentration of renin substrate. In the PRC 
assay, renin substrate is obtained from plasma of  rats that 
were nephrectomized and received a dexamethasone injection 
(0.2 mg/rat)  24 h before sacrifice. The details of this assay 
were described by us elsewhere (23). The radioimmunoassay 
of  ANG I was performed with antiserum at a dilution of  1 : 
16,000 and a total binding of 30070 as previously described 
(23). The data were analyzed by a computer program (RIA- 
AID, Robert Maciel Associates, Arlington, MA). The sensitiv- 
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FIG. 2. BMY 7378 does not influence cocaine-induced reduction of 
PRC. Rats were injected with BMY 7378 (1 mg/kg, SC) 15 rain prior 
to cocaine administration. Mean + SEM for each group (n = 8) is 
presented. Main effect of cocaine: F(3, 55) = 4.889, p < 0.004; co- 
caine x BMY 7378 interaction: F(3, 55) = 1.12, NS. *p < 0.05 for 
both saline- and BMY 7378-pretreated groups compared to non- 
cocaine-injected groups (Newman-Keuls test). #Significant difference 
from saline (0 dose of BMY 7378)-pretreated rats, p < 0.05 (New- 
man-Keuls test). 

ity limit of the radioimmunoassay (RIA) was 10 pg ANG I per 
tube and the intraassay variability was 4.4°7o. The interassay 
variability was 12.6070. 

Verification of  5, 7-DHT-induced lesions. Verification of 
the magnitude of the lesions produced by 5,7-DHT was exam- 
ined by determination of the density of 5-HT uptake sites in 
cerebral cortex. This method has been shown to provide a 
good index for drug-induced neurodegeneration of 5-HT 
axons and nerve terminals (3). [3H]Citalopram-labeled 5-HT 
uptake sites were determined according to D'Amato et al. (9). 

Statistics 

The data are presented as the group means and the SEM. 
Statistical analysis of the data was performed by two-way 
analysis of variance (ANOVA), and individual group means 
were compared by Newman-Keuls test (30). All tests were 
performed using a computer program (NWA STATPAK, 
Portland, OR). 

RESULTS 

Studies were conducted to examine whether serotonergic 
neurons mediate the suppressive effect of cocaine on renin 
secretion. First, serotonergic neurons were destroyed by ICV 
injection of 5,7-DHT. 5-HT lesions inhibited the cocaine- 
induced reduction of renin secretion (Fig. 1). Posthoc New- 
man-Keuls test indicates that the cocaine-induced suppression 
of PRC was attenuated in 5,7-DHT-pretreated rats (p < 
0.05). Destruction of 5-HT neurons was verified by determin- 
ing the density of 5-HT uptake sites ([3H]citalopram binding) 
in the cortex (3). A 900/0 reduction in the density of 5-HT 
uptake sites was observed in the cortex of rats treated with 

5,7-DHT [control = 12.1 + 0.3 fmol/mg tissue (n = 30); 
5,7-DHT = 1.0 + 0.1 fmol/mg tissue; 8.3070 of control val- 
ues (n = 38)]. These data suggest a nearly complete destruc- 
tion of the serotonergic nerve terminals. 

Injection of the partial 5-HT~A agonist BMY 7378 (Fig. 2) 
alone significantly increased PRC, F(1, 55) = 24.2, p < 
0.001. However, BMY 7378 did not prevent the cocaine- 
induced decrease in PRC. Also, the 5-HT~c/5-HT2 antagonist 
ritanserin did not inhibit the cocaine-induced decrease in PRC 
(Fig. 3). 

Finally, we tested whether pretreatment with the ot2-adreno- 
ceptor antagonist yohimbine would prevent the cocaine- 
induced decrease in PRC. Yohimbine significantly increased 
PRC, F(1, 45) = 132.72, p < 0.01. Although cocaine pro- 
duced a significant reduction in PRC, F(3, 45) = 3.465, p < 
0.03, there was no statistically significant interaction between 
yohimbine and cocaine treatments (Fig. 4). 

DISCUSSION 

The data indicate that acute cocaine reduces secretion of 
renin partially through a serotonergic mechanism. Destruction 
of serotonergic neurons by ICV injection of 5,7-DHT inhib- 
ited, but did not completely block, the cocaine-induced de- 
crease in PRC. The magnitude of the lesion in serotonergic 
neurons was verified by measuring the reduction in the density 
of cortical 5-HT uptake sites using [3H]citalopram. 5-HT up- 
take sites in the forebrain are primarily localized on serotoner- 
gic nerve terminals, and these sites are not subject to regula- 
tion. Therefore, reduction in their number provides a valid 
index to quantify the degeneration of serotonergic nerve ter- 
minals (3). These data agree well with previous observations 
that the same dose of 5,7-DHT caused 87% loss of the 5-HT 
concentration in the hypothalamus and a 52.3°7o loss of 5-HT 
concentration in the midbrain without affecting hypothalamic 
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FIG. 3. The 5-HT2/5-HTIc antagonist ritanserin does not inhibit 
cocaine-induced reduction of PRC. Ritanserin (0.1 mg/kg, SC) was 
administered 60 rain prior to cocaine injections. Mean + SEM for 
each group (n = 8) is presented. Main effect of ritanserin: F(I, 54) 
= 0.019, NS; main effect of cocaine: F(3, 54) = 15.29, p < 0.001; 
cocaine x ritanserin interaction: F(3, 54) = 0.17, NS. *p < 0.05 
for both vehicle- and ritanserin-pretreated groups compared to saline 
(0 dose of cocaine)-injected groups (Newman-Keuls test). 
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FIG. 4. The ot2/5-HTiA antagonist yohimbine does not inhibit 
cocaine-induced reduction of PRC. Yohimbine (1 mg/kg, SC) was 
administered 2 h prior to cocaine injections. Mean _+ SEM for each 
group (n = 8) is presented. Main effect of yohimbine: F(1, 48) = 
130.4,p < 0.001; main effect of cocaine: F(3, 48) = 3.42,p < 0.05; 
cocaine x yohimbine interaction: F(3, 48) = 0.43, NS. *p < 0.05 
compared with vehicle (0 dose of yohimbine)-pretreated groups (New- 
man-Keuls test). 

DA and NE concentrations (37). The lack of a complete block- 
ade of cocaine's actions by 5,7-DHT suggests that other mech- 
anisms contribute to the cocaine-induced inhibition of  renin 
release. 

We also attempted to establish the 5-HT receptor subtype 
that could mediate the cocaine-induced reduction in renin se- 
cretion. Previous data suggest that disruption of  serotonergic 
activity in the dorsal raphe nucleus leads to a small but signifi- 
cant decrease in renin secretion under basal conditions and an 
inhibition of stress-induced elevation of renin secretion 
(35,37,38). Moreover, the 5-HTIA agonist buspirone decreases 
plasma renin activity (36) and also decreases the firing of  sero- 
tonergic neurons in the dorsal raphe nucleus (40). Thus, co- 
caine could conceivably decrease renin secretion by activating 
these 5-HT~A receptors in the dorsal raphe nucleus. The lack 
of  inhibition, by BMY 7378, of the suppressive effect of  co- 
caine does not support this hypothesis. However, BMY 7378 
is a partial 5-HT1A agonist. BMY 7378 can antagonize some 
actions of 5-HTIA agonists, such as 8-hydroxy-2-(di-n- 
propylamino) tetralin (8-OH-DPAT) (29,42), particularly the 
suppressive effect of  8-OH-DPAT on the firing rate of dorsal 
raphe neurons (7). However, BMY 7378 did not prevent the 
suppressive effect of microiotophoretically applied 5-HT on 
cells in the dorsal raphe nucleus (7). The dose of BMY 7378 
used by us (1 mg/kg,  SC) was found by Sharp et al. (29) 
to inhibit the effects of the 5-HTIA agonist 8°OH-DPAT on 
head-weaving and forepaw-treading. A higher dose (5 mg/kg) 
also was effective but it inhibited the sterotypy and hyperactiv- 
ity produced by the DA agonist apomorphine, while the dose 
of 1 mg/kg (used by us) did not. Thus, the dose for BMY 
7378 was judged by us to be in the "selective" range. When 
administered alone, BMY 7378 can produce actions that are 

similar to those of  classical 5-HTIA agonists (43). Since no full 
5-HTIA antagonists are presently available, the data cannot 
conclusively rule out a role for 5-HTIA receptors in mediating 
the effect of cocaine on renin secretion. It should be noted 
that BMY 7378 increased renin secretion. This effect could be 
due to hypotensive actions (31), mediated through o~ 1- (41) or 
5-HTIA receptors. A reduction in blood pressure can stimulate 
renin secretion by activating renal baroreceptor mechanisms 
(10). 

These studies also attempted to determine whether 5-HT2 
receptors mediate the effects of  cocaine on renin secretion. 
Since activation of  5-HTz receptors stimulates renin secretion 
(1,2,18,34), we hypothesized that blockade of  5-HTz receptors 
could potentiate the cocaine-induced suppression of  renin se- 
cretion. Cocaine could reduce renin secretion via suppression 
of  5-HT neuronal firing. In addition, cocaine increases synap- 
tic concentrations of  5-HT (11,13) that could enhance secre- 
tion of renin via activation of postsynaptic 5-HT2 receptors in 
then hypothalamus. Serotonergic neurons originating in the 
dorsal rapbe nucleus and terminating in the hypothalamus 
stimulate renin secretion (33). It was therefore conceivable 
that administration of  a 5-HT2 antagonist would magnify the 
suppressive effects of cocaine on renin secretion. However, 
the inability of  ritanserin to alter the cocaine-induced decrease 
in renin secretion does not support a stimulatory effect of 
cocaine on renin via activation of 5-HT~c/5-HTz receptors. It 
is interesting to note, however, that ritanserin inhibited 
cocaine-induced elevation of corticosterone secretion (17). 

Activation of brain a2-receptors decreases renin secretion, 
probably by reducing sympathetic output (19). There is little 
evidence for an involvement of dopaminergic neurons in regu- 
lating renin secretion. In addition to its actions on 5-HT up- 
take, cocaine also inhibits NE and DA uptake (25,26,32). The 
increased concentration of NE in the synapse could activate 
central c~-receptors, leading to inhibition of renin secretion. 
However, the present data do not support this hypothesis since 
yohimbine did not prevent the effect of cocaine on renin secre- 
tion. Yohimbine was previously shown to increase renin secre- 
tion up to 2 h after (SC) injection (21). However, the effects 
of  yohimbine on blood pressure and heart rate subsided within 
1 h after injection (21). However, the effects of yohimbine 2 h 
before rats received a cocaine injection and it is clear that 
yohimbine was still capable of increasing renin secretion at 
this time point. Thus, the inability of yohimbine to inhibit 
the effect of  cocaine on renin secretion is not likely due to 
cardiovascular reflex mechanisms. In addition to its actions 
on c~2-receptors, yohimbine is a 5-HT antagonist (16), proba- 
bly at the 5-HT~A site (12). Because yohimbine did not antago- 
nize the cocaine-induced reduction of PRC, the data suggest 
that cq- and 5-HT,A receptors do not mediate cocaine's action. 

In conclusion, the data suggest that cocaine suppresses re- 
nin secretion partially via a serotonergic mechanism. The ex- 
act 5-HT receptor subtype involved is not known, but seems 
unlikely to be 5-HT~A or 5-HTm/2. Other neurotransmitters 
could contribute to the effect of cocaine on renin secretion. 
However, c~2-receptors are unlikely to be involved in mediating 
the suppressive effect of  cocaine on renin secretion. 
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