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CARROLL, M. E., S. T. LAC, M. ASENCIO AND R. KRAGH. Fluoxetine reduces intravenous cocaine self-administration in rats. 
PHARMACOL BIOCHEM BEHAV 35(1) 237-244, 1990.--Rats self-administered intravenously delivered cocaine (0.2 mg/kg) 
under a fixed-ratio (FR) 4 schedule during 24-hr sessions. Water was freely available from both a drinkometer and a standard water 
bottle. After behavior had stabilized, the rats were injected with fluoxetine HCI at 10:00 a.m. and 4:00 p.m. for 5 consecutive days. 
Three groups of 5 rats each received a different dose of fluoxetine (2.5, 5 or 10 mg/kg) via the IV cannula. In three other groups of 
rats a glucose and saccharin solution (G+S) was substituted for water in the automatic drinking device and saline was substituted for 
cocaine. These three groups of rats received the same fluoxetine doses as the cocaine self-injecting groups. In two additional groups 
of 5 rats each, the cocaine dose was changed to 0.1 or 0.4 mg/kg, and 5 mg/kg fluoxetine injections were given. The two higher doses 
of fluoxetine (5 and 10 mg/kg) reduced cocaine infusions (0.2 mg/kg) by at least 50 percent on all 5 days of treatment, and cocaine 
infusions returned to baseline levels within 48 hr after fluoxetine treatments were terminated. Behavior maintained by the G+S 
solution was also reduced by the two higher fluoxetine doses; however, this reduction did not reliably occur until the last two days of 
fluoxetine administration. The G+S intakes returned to baseline levels within 24 hr after fluoxetine treatment. Fluoxetine also reduced 
cocaine infusions in the group of rats that received the lower unit dose of cocaine (0.1 mg/kg); however, it had almost no effect on 
behavior maintained by a higher cocaine dose (0.4 mg/kg). Food and water intake, responding on an inactive lever, and the number 
of saline infusions were not reliably altered by the fluoxetine treatments. These results suggest that fluoxetine alters the reinforcing 
effects of cocaine as well as a nondrng substance. 

Cocaine Fluoxetine Intravenous Rats Self-administration Serotonin (5-HT) 

REVIEWS of the literature indicate that dopamine receptors in the 
brain play a major role in the rewarding aspects of psychomotor 
stimulant drugs (35). A number of laboratory animal studies 
employing dopamine agonists and antagonists as well as neuro- 
toxic lesions have indicated the importance of dopamine in the 
nucleus accumbens and frontal cortex. Recent laboratory animal 
studies (28) and clinical reports (12) indicate that another mono- 
amine, serotonin, 5-hydroxytryptamine (5-HT), is also important 
in stimulant self-administration. Amphetamine self-administration 
in rats has been markedly reduced by pretreatment with L- 
tryptophan, a 5-HT precursor (20), fluoxetine, a 5-HT uptake 
blocker (19) and quipazine, a 5-HT receptor agonist (19). In 
contrast, reduction of cerebral 5-HT by neurotoxin lesions with 
5,7-dihydroxytryptamine produced increases in amphetamine self- 
administration (21). Amphetamine self-administration was also 
increased by a serotonin antagonist, metergoline (22). The specific 
locus of action of 5-HT on stimulant drug self-administration has 
not yet been determined, nor has its relationship to dopamine- 
mediated cocaine effects. However, Lyness (20) has reported that 
injections of L-tryptophan that markedly reduce amphetamine 
self-administration fail to alter dopamine turnover in the nucleus 
accumbens. Others have shown that acute cocaine treatment 
inhibits the turnover of whole brain 5-HT (11). 

Antidepressant medications that activate 5-HT neurons, such as 
sertraline, as well as those affecting dopamine and other neuro- 
transmitters have been shown to have some efficacy in treating 

stimulant abuse (9, 12, 14, 27, 30-32). These drugs have been 
evaluated in relatively drug-free patients who have entered treat- 
ment for cocaine abuse, and they seem to aid in the prevention of 
relapse when combined with behavioral therapy. There are not yet 
any clear indications of what particular pharmacotherapies are 
most effective for treating specific stimulant abusers (13). Efforts 
have focused on relapse prevention, and little is known of how 
these pharmacologic treatments alter the maintenance of stimulant 
use or the initiation of abstinence. Since the neuronal basis for 
drug-reinforced behavior and withdrawal cravings are not well 
understood, animal models of cocaine abuse are useful for 
examining the effect of specific pharmacological treatments on 
different phases of the addiction process. 

The purpose of the present study was to examine the effect of 
fluoxetine on cocaine-reinforced behavior in rats. Previous work 
has indicated that fluoxetine and related drugs markedly reduced 
amphetamine (19) and ethanol (40) self-administration in rats. In 
the present experiment several doses of fluoxetine were tested, and 
the cocaine dose was varied with fluoxetine dose held constant to 
determine whether there was a parallel or nonparallel shift in the 
cocaine dose-response curve. In other groups of rats a glucose and 
saccharin solution (G+S)  was also established as a reinforcer, and 
high rates of behavior were maintained. Fluoxetine pretreatment 
was also given to these groups to determine whether the effects of 
this drug were specific to cocaine-reinforced behavior or to 
behavior maintained by nondrug reinforcers as well. 
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METHOD 

Subjects 

Eight groups containing 5 rats each completed this experiment. 
Approximately 15 rats did not complete the experiment due to 
overdose, infections or catheter blockage. These rats were re- 
placed by new ones until each of the 8 groups contained 5 rats that 
completed the experiment. The rats were experimentally naive 
males from the Wistar strain (Harlan-Sprague Dawley, Madison, 
WI) with mean body weights ( -+ S.E.) at the start of the experi- 
ment of 439.7 (---6.8). The rats were allowed free access to 
ground food (Purina Laboratory Chow) and water from both a 
water bottle and an automatic drinking device before the experi- 
ment began. Each rat was implanted with a chronic jugular 
catheter according to methods described previously (4,33), and 
they were then placed in their experimental chambers with free 
food and water where they recovered from surgery for 24--48 hr. 

Apparatus 

The experimental chambers and infusion system have been 
previously described in detail (3). The 18 stainless steel and 
Plexiglas chambers that were used were octagonal in shape with 
alternating Plexiglas and stainless steel walls. Each chamber 
contained two response levers (Coulbourn Instruments, Inc., 
Lehigh Valley, PA), a tongue-operated solenoid-driven drinking 
device (2) and a receptacle for ground food. Each of these devices 
was located on a separate stainless steel wall of the chamber. A 
stimulus light was mounted above each lever, and the light was 
illuminated for the duration of an infusion after the lever pressing 
requirements were completed. A light above the drinking device 
indicated the availability of a liquid. Above the food receptacle, a 
standard water bottle was mounted, with a drinking tube protrud- 
ing into the chamber. The chamber was constantly illuminated by 
a 4.76-W house light, and the room was humidity- and tempera- 
ture-controlled at 240(2. An infusion pump (Fluid Metering Inc., 
Oyster Bay, NY, Model rhsyockc) was located outside a wooden 
enclosure that contained the experimental chamber and was used 
for sound attenuation. Programming of experimental events and 
data recording was controlled by microcomputers (7) located in an 
adjacent room. 

Cocaine HCI was provided by the National Institute on Drug 
Abuse (Research Triangle Institute, Research Triangle Park, NC). 
Infusion solutions were mixed in sterile saline and contained in 
500 rrd reservoirs above the experimental chambers. Dose was 
controlled by infusion duration which was 1 sec/100 g body weight 
or approximately 4.4 sec depending upon the rat's weight. The 
volume per infusion was approximately 0.15 ml, Fluoxetine was 
donated by the Eli Lilly Company (Indianapolis, IN). Drug doses 
are expressed in terms of the salt. It was mixed in sterile saline and 
infusion volumes were held constant at 1 ml. Reagent grade 
glucose and saccharin were purchased from Sigma Chemical Co. 
(St. Louis, MO). The G+S solution consisted of 3% (wt./vol.) 
glucose and 0.125% (wt./vol.) saccharin which was mixed daily 
and presented to the rats at room temperature. 

Procedure 

After recovery from surgery the rats were allowed unlimited 
access to cocaine, ground food (Purina Laboratory Chow) and 
water. Session length was 24 hr beginning each day at 10:00 a.m. 
Cages were cleaned, intake measurements were made and food 
and liquids were replenished each day at 10:00 a.m. Sessions were 
conducted seven days per week. Cocaine deliveries (0.2 mg/kg) 
were contingent upon a response on the left lever. Each response 
on the right lever was counted, but had no programmed conse- 

quences. Each lick on the automatic drinking device initially 
resulted in delivery of 0.005 ml water. After cocaine infusions had 
stabilized for at least 5 days, the fixed ratio (FR) value for each 
infusion was increased from 1 to 2 and then 4. When behavior had 
again stabilized for at least 5 days, half of the rats were given a 
G+S solution instead of water in the automatic drinking device, 
and at the same time, saline replaced cocaine in the infusion 
reservoir. These rats served as controls for the cocaine-injecting 
rats to determine whether the effects of fluoxetine were specific to 
cocaine-reinforced behavior or to behavior maintained by a non- 
drug reinforcer (G+S) and/or saline infusions. 

The food that was available to the groups self-administering 
cocaine and those self-administering G+S was limited to 20 g per 
day. Previous work had shown that rats self-injecting cocaine 
under similar conditions consume 15-20 g of ground food per day, 
while those self-injecting saline and drinking G+S consume 
25-30 g per day (5). Thus, from the beginning of the experiment, 
food availability was held constant at 20 g across groups so that 
they would not differ with respect to feeding conditions or body 
weight. When cocaine- and G+S-reinforced behavior had stabi- 
lized for at least five days, fluoxetine injections were given 
through the IV carmula at 10 a.m. and 4 p.m. for 5 consecutive 
days. The two groups receiving either cocaine or G+S were 
further subdivided into three groups of five rats each that received 
three different doses of fluoxetine (2.5, 5, or 10 mg/kg/injection). 
Two additional groups of 5 rats were changed from 0.2 mg/kg unit 
doses to 2 other doses of cocaine (0.1 or 0.4 mg/kg/infusion), but 
they received fluoxetine injections of only the 5 mg/kg dose twice 
daily. The doses of fluoxetine were given twice daily to reduce the 
possibility of side-effects after a single higher unit dose. In all 8 
groups after 5 days of fluoxetine injections, behavior was allowed 
to stabilize for at least 5 sessions. To minimize the chance of 
infection (Pseudomonas aeruginosa) and blocked catheters that 
have resulted in the past from frequent opening and injecting into 
the cannula system, saline control injections were not given for the 
5 days preceding and the 5 days following fluoxetine injections. 
Previous research had shown that saline injections delivered twice 
daily had no effect on self-administration of cocaine (6), and the 
present data show that the lowest fluoxetine dose (2.5 mg/kg) had 
no effect on cocaine self-administration. Behavioral observations 
were made nonsystematically after the fluoxetine injections. 

RESULTS 

Figure 1 shows the effect of the three fluoxetine doses on 
cocaine infusions, inactive lever responses, water intake from the 
automatic drinking spout and food intake. At the 5 and 10 mg/kg 
doses fluoxetine produced decreases of at least 50 percent of 
baseline in cocaine-reinforced behavior. Cocaine-reinforced be- 
havior was markedly reduced on the fast day of fluoxetine 
injections and it generally remained suppressed all 5 days. 
Occasionally, during one of the fluoxetine treatment days, a rat 
showed a burst of cocaine-reinforced responding that equalled or 
exceeded baseline levels. When fluoxetine injections were discon- 
tinued, cocaine infusions returned to baseline levels within 24 hr, 
with the exception of one or two rats in each group for whom 
cocaine infusions remained suppressed for 48-72 hr. Responding 
on the inactive lever was generally low for most rats; the high rates 
shown in the 2.5 and 10 mg groups were due to one rat in each 
group. A few rats showed a burst of responding on the drug and/or 
inactive lever on the first day of fluoxetine injections. In the 2.5 
group it was the same rat that showed a high rate of responding on 
the active and inactive lever. Water intake was not substantially 
altered by the fluoxetine injections. Food intake was substantially 
suppressed during the treatment with 2.5 mg/kg fluoxetine. Again, 
this was accounted for by one rat's lowered food intake. Such 
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FIG. 1. Mean ( +-- S.E.) cocaine infusions, inactive lever responses, water intake (ml) and food intake (g) are 
presented for 15 consecutive 24-hr sessions for groups of rats that self-injected cocaine and received water 
in their automatic drinking devices. Open symbols refer to sessions when no injections were administered. 
Filled symbols represent the sessions when fluoxetine injections were given twice daily. The 3 fluoxetine 
doses indicated in parentheses are presented in the left, center and right frames, respectively. Each point 
represents a mean of 5 rats. 

periods of lowered food intake occasionally occur in r a t s  with 
continuous access to cocaine. Thus, the finding was not likely to 
be due to the effects of fluoxetine since it was not found in any of 
the other groups, even those receiving high doses of fluoxetine. 
There were no observable behavioral changes (other than those 
noted in Fig. 1) associated with the fluoxetine injections. 

As shown in Fig. 2, fluoxetine also reduced behavior rein- 

forced by the G + S  solution at the 5 and 10 mg doses. This 
suppression generally occurred during the last three days of the 
fluoxetine treatment. A comparison of G + S  to water intake from 
the automatic drinking spouts (Fig. 1) indicated that G + S  intake 
exceeded water intake by at least a factor of 5 and that the 
substance was functioning as a reinforcer. Responses on the 
inactive lever and saline infusions in the G+S-dr inking groups 
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FIG. 2. Mean (-+ S.E.) G+S intake (ml), saline infusions, inactive lever responses and food intake (g) are 
presented for 15 consecutive 24-hr sessions for groups that had saline available for self-injection and that 
received G+S in their automatic drinking devices. Open symbols refer to sessions when no injections were 
administered. Filled symbols represent the sessions when fluoxetine injections were given twice daily. The 3 
fluoxetine doses indicated in parentheses are presented in the left, center and right frames, respectively. Each 
point represents a mean of 5 rats. 

were very low with the exception of one or two rats, and they were 
not systematically altered by the fluoxetine injections. Responding 
on the inactive lever was generally much lower in these groups 
than in the cocaine self-injecting groups (Fig. 1). Food intake was 
not altered by fluoxetine injections in any of the G + S  self- 
administering groups, and it was comparable to the cocaine 
self-injecting groups receiving 5 and 10 mg/kg injections of 
fluoxetine, Water intake from the bottle with a standard drinking 
tube is not presented for any of the groups as it was almost 

negligible and did not vary as a function of fluoxetine dose or 
experimental condition (cocaine or G + S  groups). 

Figure 3 shows the time course of cocaine and G + S  self- 
administration during the 24-hr sessions with respect to the times 
that fluoxetine injections were given (arrows). The data are 
presented as means of 5-day blocks: before, during and after 
fluoxetine injections. After about 1-12 hr into the session, there 
was no overlap between standard errors for the fluoxetine condi- 
tion compared to baseline. There was no marked change in the rate 
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FIG. 3. Mean cumulative cocaine infusions and amount (ml) of G+S consumed ( +_- S.E.) are presented over 24 1-hr 
periods as a function of fluoxetine dose (2.5, 5 and 10 mg/kg twice daily). Left frames refer to groups of rats that 
self-administered cocaine and received water in the drinking device. Right frames refer to groups that had saline 
available for self-injection and received G+S in the drinking device. Open circles represent the mean of 5 rats for 
the 5 days before fluoxetine (5 mg/kg twice daily) injections, filled circles indicate the mean of the 5 days when 
fluoxetine was injected, and open triangles refer to the 5 days after fluoxetine injections. Each point represents a 
mean for 5 rats for 5 days. Standard error bars refer to the mean standard errors across the 5 days. Fluoxetine doses, 
indicated in parentheses, are presented in the upper, middle and lower frames, respectively. Arrows refer to the 
times that fluoxetine injections were given in the 24-hr sessions. 

of cocaine infusions after each fluoxetine injection. Approxi- 
mately 8-10 hr after the second injection there was a noticeable 
increase in the rate of  cocaine infusions suggesting that some 
recovery of the self-administration behavior was occurring during 
the last few hours of the session. The G + S  self-administering 
groups showed a similar daily time course of changes in intake due 
to fluoxetine. However, the magnitude of the effect was smaller 
and variability was greater than the cocaine groups due to the fact 
that the data were averaged over 5 days and the suppression in 
intake began at variable times during fiuoxetine treatment. The 
pre- and postfluoxetine functions were generally similar except for 
the 5 mg/kg fluoxetine group whose cocaine infusions did not 
return to the baseline condition until the fourth day after fluoxetine 
injections were terminated. 

Figure 4 shows the effect of fluoxetine (5 mg/kg twice daily) on 
responding maintained by three cocaine doses (0.1, 0.2 and 0.4 
mg/kg/infusion). The number of  cocaine infusions as well as the 
intra- and intersubject variability of infusions decreased as the unit 

dose of cocaine was increased. Total daily cocaine intake in- 
creased slightly between the lowest and highest cocaine unit doses. 
Fluoxetine had similar suppressant effects on cocaine infusions in 
the groups receiving 0.1 and 0.2 mg/kg unit doses (left and center 
frames); however, the group receiving the highest cocaine unit 
dose (0.4 mg/kg) did not show reduced infusions due to fluoxe- 
tine. In all groups the postfluoxetine cocaine infusions were 
slightly lower than the mean infusions before fluoxetine due to the 
reduced infusions found in one or two rats during the first few days 
when fluoxetine injections were discontinued. Paired t-tests re- 
vealed a significant difference between the mean number of 
infusions during the 5-day block of sessions before fluoxetine 
injections and the 5-day block of fluoxetine injections at the 0.1, 
t(4) =4 .09 ,  p < 0 . 0 5 ,  and 0.2, t (4 )=5 .39 ,  p < 0 . 0 5 ,  mg/kg and at 
the 0.4 mg/kg unit dose, t (4)=  3.24, p<0 .05 .  Similar compari- 
sons of actual cocaine intake (mg/kg/24 hr) indicated significant 
differences before and during fluoxetine injections at the 0.1, 
t (4 )=4 .09 ,  p<O.05,  0.2, t (4 )=5 .39 ,  p < 0 . 0 5 ,  and 0.4, t (4)=  
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FIG. 4. Mean cocaine infusions ( --+ S.E.) are presented in the upper frame 
and mean cocaine intake (mg/kg/24 hr) is presen•d in the lower frame as 
a function of cocaine unit dose (0.1, 0.2, and 0.4 mg/kg) before (open 
circles), during (filled circles) and after (triangles) 5 days of fluoxetine 
administration. Each point represents a mean of 5 rats during 5 days at each 
condition. The standard error bars refer to the mean standard errors of the 
5 means (5 rats across the 5 days). 

6.03, p<0.05,  mg/kg doses. Within-subject comparisons of mean 
infusions and mean cocaine intake (mg/kg/24 hr) during the 5-day 
blocks before and after fluoxetine injections resulted in no signif- 
icant differences (p 's>0.05) except for number of infusions at the 
0.2 mg/kg unit dose, t(4) = 5.37, p<0.05,  and mg/kg intake at the 
0.4 mg/kg dose, t(4) = 2.91, p<0.05.  As described for Figs. 1 and 
2, there were no differences in the other measures such as food and 
water intake, but there were transient increases in responding on 
the inactive lever the ftrst day of fluoxetine injections. 

DISCUSSION 

Cocaine was clearly functioning as a reinforcer at the doses 
used in the present experiment, as responding maintained by the 
drug greatly exceeded that maintained by the vehicle, saline. The 
present results show that fluoxetine markedly reduced cocaine- 
reinforced behavior at two of the doses tested (5 and 10 mg/kg). 
This effect was attenuated somewhat when a higher cocaine unit 
dose (0.4 mg/kg) was provided for self-administration; however, 
total dally cocaine intake from all three cocaine unit doses was 
similar. Previous studies have shown that similar doses of fluox- 
etine reduced amphetamine (37) and alcohol (40) self-administra- 

tion in rats. The present results and previous reports with amphetamine 
suggest that drugs such as fluoxetine may be effective in reducing 
drug abuse as well as in preventing relapse. 

The present results may be subject to a number of possible 
interpretations. One hypothesis is that fluoxetine and other 5- 
HT-enhancing agents interfere with the reinforcing effects of drugs 
such as cocaine and nondrug substances. One form of interference 
may be to increase the reinforcing effect of these substances. If 
this were the case, the lower response rates as shown in the present 
experiment would be expected, and they were similar to the lower 
response rates that occur with higher doses of cocaine (see Fig. 4, 
"Before Fluoxetine," 0.4 mg/kg dose). This interpretation is also 
supported by reports of reduced IV amphetamine self-administra- 
tion (19) decreased food intake (25,38), as well as reductions in 
intracranial self-stimulation (1, 8, 17, 18) after treatment with 
serotonin-enhancing agents. A second mechanism by which flu- 
oxetine may have interfered with the reinforcing effects of cocaine 
is by blocking these effects. The expected result would be an 
initial increase or "extinction burst" in responding followed by a 
decline. This hypothesis was supported in the present finding that 
some rats exhibited a burst of responding on both active and 
inactive levers the first day that 5-HT was injected. Similar bursts 
of amphetamine-maintained responding have been reported after 
fluoxetine treatment (19). A third form of interference could occur 
and reduce cocaine intake if the fluoxetine injections had reinforc- 
ing effects of their own that partially substituted for the reinforcing 
effects of cocaine. The present experiment was not designed to 
examine the reinforcing effects of fluoxetine, and there are no 
published data to indicate that fluoxetine functions as a reinforcer 
for animals. Furthermore, there are no clinical reports of fluoxe- 
tine abuse in humans. However, recent data indicate that fluoxe- 
tine partially substitutes for cocaine as a discriminative stimulus 
cue in rats (34). 

A second hypothesis regarding the fluoxetine-related decrease 
in cocaine- and G+S-maintained responding is that fluoxetine 
produced a nonspecific decrease in motor activity, although it was 
not reflected in eating and drinking behavior in the present 
experiment. Furthermore, responding on the inactive lever did not 
differ from baseline when fluoxetine was injected, except for an 
increase in some animals on the first day of fluoxetine injections. 
Other studies of drugs that are similar to fluoxetine (e.g., 
sertraline) suggest that serotonergic compounds specifically alter 
feeding and drug self-administration (15). 

A final hypothesis is that fluoxetine produced a mild illness or 
malaise and acted as a direct punisher. Alternatively, the specific 
combination of cocaine and fluoxetine could have been punishing. 
It has been demonstrated earlier with other experimental designs 
that cocaine (29) and amphetamine (36) have both positive and 
negative dements. Fluoxetine (38) and 5-hydroxytryptophan (40) 
have been shown to produce an aversion to ethanol in rats; 
however, the ethanol was delivered orally and was not functioning 
as a reinforcer. Oral morphine consumption was also reduced by 
zimelidine, another 5-HT uptake inhibitor, and these results may 
be subject to a taste aversion interpretation (26). However, 
fluoxetine reduced alcoholic intake in male inpatient alcoholics 
(16), zimelidine reduced alcohol drinking and increased absti- 
nence in male nondepressed heavy drinkers (24), and fluvoxamine 
improved episodic memory in patients with alcoholic amnesia 
(23). In these studies the subjects did not report aversive reactions 
to the drug treatments. 

Aversion conditioning is implied by a slow return to baseline 
levels of drug intake when the fluoxetine or other treatments are 
discontinued. Previous studies show a delay of recovery to 
baseline levels of 1 or 2 days after dietary tryptophan supplements 
and amphetamine self-administration (28). Others have shown a 
two-day delay in the recovery of amphetamine self-administration 
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after fluoxetine treatments were discontinued (37). In the present 
study, cocaine-reinforced responding returned to baseline rates 
within the first or second day after fluoxetine treatment was 
terminated. Thus, it is possible that the suppression in cocaine and 
G + S  self-administration was partially mediated by punishing 

effects of fluoxetine. Other evidence for an aversive or negative 
effect due to the combination of psychomotor stimulants with diet- 
or drug-induced increases in 5-HT is provided in an interesting 
discussion by Smith and co-workers (28). 
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