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Fluoxetine reduces saccharin-induced elevation of fluid intake in
alcohol-preferring Fawn-Hooded rats.
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(1) 51–54, 1997.—Previous work has estab-
lished that saccharin and alcohol intakes are highly correlated in a variety of rat strains. In addition, it has been shown that al-
cohol-preferring rats consume saccharin beyond the limit of their normal daily fluid intake (DFI). It has been hypothesized
that alcohol-preferring rats have impaired control over consumption of reinforcing substances, which may be related to a de-
ficiency of brain serotonin. In the present study, we examined the effect of the serotonin reuptake inhibitor fluoxetine (2.5,
5.0, 10.0 mg/kg, IP, twice a day) on saccharin intake in alcohol-preferring Fawn-Hooded (FH) rats. It was confirmed that alco-
hol preferring FH rats almost triple their DFI when saccharin/water choice was introduced. Treatment with fluoxetine re-
sulted in a dose-dependent decrease in saccharin intake to, but not below, the normal level of their DFI. No significant effects
of fluoxetine on water intake were observed. Despite a significant (up to 69%) decrease in saccharin intake, only a minimal
reduction (

 

,

 

4%) in saccharin preference occurred. We conclude that fluoxetine reduces the exessive elevation of fluid intake
observed at the presence of the palatable saccharin solution in Fawn-Hooded rats. These findings may provide more evidence
for the involvement of the serotonergic system in the brain in exessive drinking of rewarding substances.  © 1997 Elsevier
Science Inc.
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PREVIOUS work has established that saccharin and alcohol
intakes are highly correlated in a variety of rat strains (6,10,
11,17,23). Although all studied rat strains/lines demonstrated
high preference for 0.1% (w/v) saccharin solution, only alcohol-
preferring animals consumed it beyond the limits of their nor-
mal daily fluid intake (DFI). It has been shown that rats with
genetically influenced alcohol preference (P, Fawn Hooded
[FH]) more than double their DFI when saccharin is avail-
able. This increase is significantly higher than that reported
for randomly bred rats. It has been demonstrated that alco-
hol-preferring strains that are known to have a dysfunction of
the brain serotonin system, such as P (14) and FH (20,21), had
a higher DFI increase in the presence of saccharin compared
with alcohol-preferring AA rats with relatively normal sero-
tonergic function (22). These findings have led to the hypoth-

esis that some alcohol preferring rats, such as P and FH rats,
have an impaired ability to control consumption of reinforcing
substances as a result of dysfunction of the brain serotonergic
system that normally regulates satiety (3). To explore this hy-
pothesis, we studied the effects of serotonin reuptake inhibitor
fluoxetine on saccharin consumption in alcohol-preferring FH
rats, a strain with genetic serotonin dysfunction that exhibits
high preference for rewarding substances such as alcohol and
saccharin (18,20).

 

METHOD

 

Animals

 

Nineteen male FH rats from a viral-free breeding colony
maintained at Skipper Bowles Center for Alcohol Studies,
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University of North Carolina at Chapel Hill were used in this
experiment. The average body weight was 463 

 

6

 

 7g at the be-
ginning of the experiment. The rats were maintained under
constant temperature (22

 

°

 

C) and reversed 12:12 light:dark cy-
cle (lights on from 22:00 to 10:00).

 

Procedure

 

Rats were randomly assigned to one of four groups (three
groups of five rats and one group of four rats). During the ex-
periment, all animals were kept in individual cages with free
access to food. Two 100-ml Richter tubes were attached to the
front of each cage. During the first four days, both tubes con-
tained water to establish a baseline DFI. After this, for 24 h,
one tube was filled with 0.1% (w/v) saccharin solution and the
other contained water to estimate saccharin intake and pref-
erence. Then both tubes were filled with water again for 7
days to reestablish baseline DFI. Thereafter, all rats were ex-
posed to a saccharin/water choice for 24 h for the second time.
This time, during saccharin/water choice, rats were injected IP
with fluoxetine (group 1, 5.0 mg/kg; group 2, 10.0 mg/kg;
group 3, 15 mg kg; group 4, saline) twice a day. The first injec-
tion was performed at 09:30, 30 min before the exposure of
animals to saccharin/water choice, and the second injection
was performed at 17:00. Consumption of drinking fluids was
recorded daily and body weight was recorded twice per week.
Saccharin intake was expressed as ml/kg/day; saccharin pref-
erence was calculated as saccharin intake/DFI 

 

3

 

 100. Saccha-
rin-induced elevation of DFI was calculated as (DFI during
saccharin/water choice 

 

2

 

 DFI when water only is available)/
DFI when water only is available 

 

3

 

 100.

 

Drug Prepartion

 

A solution of 0.1% (w/v) Na saccharin (Sigma, St. Louis,
MO) was prepared daily by dissolving saccharin in distilled
water. Fluoxetine HCl (Lilly Research Laboratory) was pre-
pared fresh with saline at different concentrations and always
injected 1 ml/kg B.W. Control saline was also injected IP in a
volume of 1 ml/kg B.W.

 

Statistical Analysis

 

Analysis of variance with Fisher LSD post hoc compari-
sons was used to estimate differences between treatments.

Paired 

 

t

 

-test was used to compare the DFI data within the
groups before and after treatments.

 

RESULTS

 

The data showed that when FH rats are given free access
to food and water, they drink an average of 98 
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 6 ml/kg/day
of water. When rats were exposed to saccharin/water choice
for the first time, they almost tripled their DFI (mean DFI in-
crease was 276 

 

6

 

 39%) with a 99 

 

6

 

 0.3% preference for sac-
charin. After reestablishing the baseline for water consump-
tion, rats were injected with different doses of fluoxetine and
exposed to saccharin/water choice for a second time. Treat-
ment with fluoxetine, but not saline, caused a dose-dependent
reduction in saccharin intake, with no significant effect on wa-

TABLE 1

 

EFFECT OF FLUOXETINE OR SALINE (I.P., TWICE A DAY) ON SACCHARIN AND WATER INTAKE
AS WELL AS SACCHARIN PREFERENCE

Dose
(mg/kg)

Water intake (ml/kg/day) Saccharin intake (ml/kg/day) Saccharin preference (%)

W/W Sacch/W Sacch/W-Tx Sacch/W Sacch/W-Tx Sacch/W Sacch/W-Tx

 

Saline 121.8 

 

6

 

 8.0

 

a

 

1.3 

 

6

 

 0.5

 

a

 

8.8 

 

6

 

 4.9

 

a

 

453.3 

 

6

 

 38.3

 

a

 

99.7 

 

6

 

 0.1

 

a

 

99.7 

 

6

 

 0.1

 

a

 

98.4 

 

6

 

 0.8

 

a

 

5.0 89.3 

 

6

 

 8.0

 

a

 

4.6 

 

6

 

 2.1

 

a

 

4.9 

 

6

 

 0.8

 

a

 

308.8 

 

6

 

 31.5

 

a

 

216.6 

 

6

 

 25.3

 

b

 

* 98.5 

 

6

 

 0.6

 

a

 

97.8 

 

6

 

 0.3

 

a

 

10.0 92.1 

 

6

 

 5.2

 

a

 

2.0 

 

6

 

 1.1

 

a

 

5.2 

 

6

 

 0.6

 

a

 

327.8 

 

6

 

 21.9

 

a

 

147.2 

 

6

 

 15.5

 

b

 

* 99.4 

 

6

 

 0.4

 

a

 

96.5 

 

6

 

 0.5

 

a

 

*
15.0 112.4 

 

6

 

 15.2

 

a

 

2.2 

 

6 

 

1.3

 

a

 

4.1 

 

6

 

 1.1

 

a

 

388.8 

 

6

 

 62.0

 

a

 

122.3 

 

6

 

 12.3

 

b

 

* 99.5 

 

6

 

 0.3

 

a

 

96.6 

 

6

 

 1.0

 

a

 

*

F 2.305 1.018 0.835 2.287 19.947 1.431 1.706
p 0.1184 0.4123 0.4953 0.1203

 

,

 

0.0001 0.2730 0.2084

W/W, water intake when it was available as a sole source of fluids; Sacch/W, choice between 0.1% (w/v) saccharin solution and water; Sacch/
W-Tx, choice between 0.1% (w/v) saccharin solution and water during fluoxetine treatment.

Numbers in a column with the same superscript are not significantly different from each other (

 

p

 

 

 

.

 

 0.05) according to analysis of variance
with Fisher LSD post hoc comparisons.

*, Difference between treatment and pre-treatment levels is significant (

 

p

 

 

 

,

 

 0.05) according to paired 

 

t

 

-test.

FIG. 1. Effects of fluoxetine (IP; twice a day) on saccharin-induced
elevation of DFI in alcohol-preferring Fawn-Hooded rats. Values
represent means 6 SEM. *, different from the water level (p , 0.05);
#, different from the sacch/water level (p , 0.05). Groups with the
same letter are not different from each other (p . 0.05) according to
Fishers’s PLSD post hoc analysis.
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ter consumption (Table 1). This resulted in suppression of
saccharin-induced elevation of DFI (Fig. 1). Fluoxetine treat-
ment had a minimal (

 

,

 

4%) effect on saccharin preference
(Table 1).

 

DISCUSSION

 

The present study confirms our previous reports (11,17)
regarding propensity of alcohol-preferring FH rats to con-
sume saccharin solution far beyond the limit of their normal
DFI. Treatment with fluoxetine, but not control vehicle, re-
sulted in a significant dose-dependent reduction in saccharin
intake, with no effect on water consumption. Despite of a dra-
matic decrease in saccharin intake (up to 69%), saccharin
preference remained virtually the same. This was the result of
the suppressant effects of fluoxetine on saccharine intake only
to a certain extent; i.e., reducing the saccharin intake within
the normal DFI, a phenomenon we call it “normalization of
DFI.” The fact that the fluoxetine treatment, even at the high-
est dose, had a minimal effect on saccharin preference sug-
gests that fluoxetine did not induce taste aversion to saccharin
in this paradigm. However, a more extensive study is needed
to directly investigate this possibility.

It has been hypothesized (11,16,20,21) that a deficiency of
the brain serotonin (3) may be responsible for excessive con-
sumption of rewarding substances, including sweets and alco-
hol. Manipulations leading to decreased serotonin function,
such as destruction of serotonin neurons with neurotoxins,
have been reported to enhance ethanol consumption (7,16).
Reduced activity of the brain serotonin system also changes
feeding patterns. In humans, reduced activity of brain seroto-
nin system results in carbohydrate obesity and binges with
carbohydrates (13,25). In animals, suppression of serotonergic
tone, using the general serotonin antagonist methysergide,
stimulates food intake in well-sated rats (4). On the other
hand, drugs that enhance central serotonergic transmission di-
minish elective carbohydrate consumption by rats (26). 

The existence of a common mechanism, such as dysfunc-
tion of brain serotonin system for loss of control, may explain
the high level of comorbidity (up to 60%) that exists between
eating disorders and substance abuse in humans (8) and
strong association (

 

r

 

 up to 0.8) between consumption of
sweets and alcohol in a variety of mouse (2,5,19) and rat (9–
11,17,23) strains/lines.

Alcohol-preferring FH rats that are known for having a
dysfunction of the brain serotonergic system (20,21) con-
sumed saccharin solution far beyond their normal DFI (17).
Treatment with serotonin reuptake inhibitor fluoxetine re-
duced saccharin intake to the limits of their normal DFI.
These results are consistent with an earlier report by Leander
(12), who showed that fluoxetine at doses of 1.25–10.0 mg/kg
selectively decreased excessive drinking of saccharin solutions
in a dose-dependent manner, with no effect on consumption
of water in a limited scheduled access paradigm. The anorec-
tic effect of fluoxetine is believed to be attributed mainly to an
increase of postprandial satiety [for discussion see (15,24)],
however, there is a report suggesting that the high (10 mg/kg)
dose of this drug may also reduce palatability of sugar (1).

The results of the present study are consistent with a large
body of evidence suggesting that dysfunction of the brain se-
rotonergic system is one of the underlying causes of excessive
consumption of palatable substances and that normalization
of the brain serotonergic system by using the serotonin re-up-
take inhibitor fluoxetine may reverse this process. Based on
these results, we suggest that fluoxetine suppresses the sac-
charine-induced elevation of DFI in FH rats indicating the in-
volvement of serotonergic system in exessive drinking of pal-
table solutions.

 

ACKNOWLEGEMENTS

 

We are grateful to Drs. David H. Overstreet and David S. Jan-
owsky for their help in various stages of this study. We thank Eli Lilly
and Company for providing fluoxetine. The present work was par-
tially supported by MH 19111 training grant.

 

REFERENCES

 

1. Asin, K. E.; Davis, J. D.; Bednarz, L.: Differential effects of sero-
tonergic and catecholaminergic drugs on ingestive behavior. Psy-
chopharmacology 109:415–421; 1992.

2. Belknap, J. K.; Crabbe, J. C.; Young, E. R.: Voluntary consump-
tion of ethanol in 15 inbred mouse strains. Psychopharmacology
112:503–510; 1993. 

3. Blundell, J. E.: Structure, process, and mechanism: Case studies
in the psychopharmacology of feeding. In: Iversen L. L.; Iversen
S. D.; Snyder S. H., eds. Handbook of psychoparmacology, vol.
19. New York: Plenum; 1987:123–182.

4. Fletcher, P. J.: Increased food intake in satiated rats induced by
the 5-HT antagonists methysergide, metergoline and ritanserine.
Psychopharmacology (Berlin) 96:237–242; 1988.

5. Forgie, M. L.; Beyerstein, B. L.; Alexander, B. K.: Contributions
to taste factors and gender preference in C57BL and DBA mice.
Psychopharmacology (Berlin) 95:237–244; 1988.

6. Gosnell, B. A.; Krahn, D. D.: The relationship between saccharin
and alcohol intake in rats. Alcohol 9:203–206; 1992.

7. Ho, A. K. S.; Tsai, C. S., Chen, R. C. A.; Begleiter, H.; Kissin, B.:
Experimental studies on alcoholism. I. Increase in alcohol prefer-
ence by 5,6-dihydroxytryptamine and brain acetylcholine. Psy-
chopharmacologia 40:101–107; 1974.

8. Jonas J. M.: Do substance-abuse, including alcoholism, and
bulimia covary. In: Reid, L. D., ed. Opioids, bulimia, and alcohol
abuse & alcoholism. New York, Berlin, Heidelberg, London,
Paris, Tokyo, Hong Kong: Springer-Verlag; 1990:247–258.

9. Kampov-Polevoy, A. B.; Kasheffskaya, O. P.; Sinclair J. D.: Ini-
tial acceptance of ethanol: Gustatory factors and patterns of alco-
hol drinking. Alcohol 7:83–85; 1990.

10. Kampov-Polevoy, A. B.; Overstreet, D. H.; Rezvani, A. H.; Jan-
owsky, D. S.; Halikas, J. A.: Loss of control over saccharin con-
sumption as a predictor of propensity to drink alcohol in different
rats strains. In: Biological Basis of Individual Sensitivity to Psy-
chotropic Drugs. Abstracts of the Second International Confer-
ence, Moscow. May 22–26, 1993:90.

11. Kampov-Polevoy, A. B.; Overstreet, D. H.; Rezvani, A. H.; Jan-
owsky, D. S.: Saccharin-induced increase in daily fluid intake as a
predictor of voluntary alcohol intake in alcohol-preferring rats.
Physiol. Behav. 57(4):791–795; 1995.

12. Leander, J. D.: Fluoxetine suppresses palatability-induced inges-
tion. Psychopharmacology (Berlin) 91:285–287; 1987.

13. Lopez-Ibor-Alino, J. J.; Cervera-Enguix, S.: La entidad nosol’ogica
de la bulimia nerviosa. Actas Luso Esp Neurol Psiqiatr Cienc
Afines 19(6):4–25; 1991.

14. McBride, W. J.; Murphy, J. M.; Lumeng, L.; Li, T. -K.: Serotonin,
dopamine and GABA involvement in alcohol drinking of selec-
tively bred rats. Alcohol 7:199–205;1990.

15. McGuric, J.; Muscat, R.; Willner P.: Effects of chronically admin-
istered fluoxetine and fenfluramine on food intake, body weight
and the behavioral satiety sequence. Psychopharmacology 106:
401–407; 1992.

16. Melchior, C. L.; Myers, R. D.: Genetic differences in ethanol



 

54 KAMPOV-POLEVOY AND REZVANI

 

drinking of the rat following injection of 6-OHDA, 5,6-DHT or
5,7-DHT into cerebral ventricles. Pharmacol. Biochem. Behav.
5:63–72; 1976.

17. Overstreet, D. H.; Kampov-Polevoy, A. B.; Rezvani, A. H.; Mur-
rell, L.; Halikas, J. A.; Janovsky, D. S.: Saccharin predicts ethanol
intake in genetically heterogeneous rats as well as different rat
strains. Alcohol Clin. Exp. Res. 17(2):366–369; 1993.

18. Overstreet, D. H.; Kampov-Polevoy, A. B.; Kashevskaya, O. P.;
Viglinskaya, I. V.; Badistov, B. A.; Seredenin, S. B.; Halikas, J.
A.; Rezvani, A. H.: Elevated fluid intake during access to saccha-
rin is associated with subsequent high alcohol intake. Alcohol
Clin. Exp. Res. 18(2):490; 1994.

19. Ramirez I.; Sprott R. L.: Genetic mechanisms of drinking and
feeding. Neurosci. Biobehav. Rev. 2:15–26; 1978.

20. Rezvani, A. H.; Overstreet, D. H.; Janowsky D. S.: Genetic sero-
tonin deficiency and alcohol preference in the fawn hooded rats.
Alcohol and Alcoholism 25:573–575; 1990.

21. Rezvani, A. H.; Overstreet, D. H.; Janowsky, D. S.: Drug-induced

reductions in ethanol intake in alcohol-preferring and Fawn-
Hooded rats. Alcohol and Alcoholism 1(Suppl.):433–437; 1991. 

22. Sinclair, J. D.; Lê, A. D; Kiianmaa, K.: The AA and ANA rats
lines, selected for differences in voluntary alcohol consumption.
Experientia 45:798–805; 1989.

23. Sinclair J. D.; Kampov-Polevoy A. B.; Stewart R.; Li T.-K.: Taste
preferences in rat lines selected for low and high alcohol con-
sumption. Alcohol 9:155–160; 1992.

24. Willner, P.; McGuric, J.; Phillips, G.; Muscat, R.: Behavioral anal-
ysis of the anorectic effects of fluoxetine and fenfluramine. Psy-
chopharmacology 102:273–277; 1990.

25. Wurtman, J. J.: Carbohydrate craving. Relationship between car-
bohydrate intake and disorders of mood. Drugs 39(Suppl. 3):49–
52; 1990.

26. Wurtman, J. J.; Wurtman, R. J.: Drugs that enhance central sero-
tonergic transmission diminish elective carbohydrate consump-
tion by rats. Life Sci. 24:895–904; 1979.


