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AULAKH, C. S., J. L. HILL AND D. L. MURPHY. Lithium treatment restores clonidine's effect in an animal model 
of depression. PHARMACOL BIOCHEM BEHAV 47(4) 985-987, 1994.- IP admlnlqration of various doses of clonidine 
produces significant increases in growth hormone levels in the Wistar rats but not in the Fawn-Hooded (FI-I) rats, a rat strain 
suggested to be a genetic model of depression. However, short-term lithium treatment restores clonidine's effect on ~-owth 
hormone levels in the Fawn-Hooded rats. Potentiation of elonidine's effect on growth hormone levels following short-term 
lithium treatment appears most likely due to increased serotonergic function as a consequence of enhanced 5-HT concentra- 
tions at postsynaptic 5-HT~c receptor sites. Thus, the reversal of a deficit state in Fawn-Hooded rats by lithium treatment 
supports earlier studies suggesting this rat strain to represent a genetic model of depression. 
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THE lithium ion is effective clinically for the treatment of  
acute manic illness, for prophylaxis in manic-depressive (bi- 
polar) and unipolar depressive disorders, and, in conjunction 
with antidepressant drugs, for the treatment of  resistant de- 
pressive illness (6). There are numerous studies demonstrating 
an interaction of  lithium with the serotonergic and the norad- 
renergic neurotransmitter mechanisms (18). 

The Fawn-Hooded (FH) rat strain is associated with a hem- 
orrhagic disorder known as platelet storage pool deficiency 
analogous to that in the Chediak-Higashi syndrome of  hu- 
mans. The blood platelets from FH rats have decreased num- 
bers and contents of  dense granules, decreased concentrations 
of  serotonin, diminished uptake of  serotonin, and also mani- 
fest functional subsensitivity to serotonin agonists (2). Re- 
cently, the FH rat strain has been suggested to represent a 
genetic model of  depression and alcoholism (1,13). 

We have recently demonstrated that clonidine stimulates 
growth hormone (GH) secretion by activation of  ,2-adrenergic 
heteroreceptors present on 5-HT nerve terminals which, in 
turn, enhance 5-HT activity via stimulation of  postsynaptic 
5-HT~c receptors to promote growth hormone (GH)-releasing 
factor (1). Furthermore, we demonstrated that IP administra- 

tion of various doses (50-200 ~,g) of  clonidine produced signif- 
icant increases in GH levels in the Wlstar rat strain but not in 
the FH rat strain, suggesting that either a2-adrenergic hetero- 
receptors or 5-HT~c receptors or both were functionally 
subsensitive in the FH rat strain relative to the Wistar rat 
strain (1). The purpose of  the present study was to investigate 
if lithium treatment would restore clonidine's effect on GH 
levels in the FH rat strain. Therefore, we studied the effects 
of  clonidine on GH levels in ~llne-treated, short-term lithium- 
treated, and long-term lithium-treated FH rats. 

MATERIALS AND METHODS 

Male FH rats weighing approximately 250 g were used. 
They were housed six per cage in a temperature-controlled 
(25 + l °C)  room with a 12-h l ight/dark cycle (lights on at 
0700). The animals had free access to food and water at all 
times. Separate groups of  animals were used for saline treat- 
ment, short-term lithium treatment, and long-term lithium 
treatment. 

For lithium treatment, the animals were given rat chow 
containing lithium carbonate 0.65 g/kg) for 3 days (short- 

Requests for reprints should be addressed to C. S. Aniakh, Building 
Bethesda, MD 20892. 

985 

10, Room 3D41, NIH Clinical Center, NIMH, 9000 Rockville Pike, 



986 AULAKH, HILL AND MURPHY 

term treatment) and 21 days (long-term treatment). The selec- 
tion of  lithium diet was based on our previous work (4). 
Plasma levels of  lithium in rats maintained on this diet were 
found to be 0.8 + 0.07 meq/l  in our previous study in the 
Wistar rats (4). All the saline-treated, short-term lithium- 
treated, and long-term lithium-treated animals were chal- 
lenged with saline or clonidine (50 #g/kg). Saline or clonidine 
was injected IP between 1015 and 1100. The animals were 
sacrificed 30 rain after saline or clonidine injection between 
1045 and 1130. 

The rats were sacrificed by decapitation, and trunk blood 
was collected in centrifuge tubes containing 0.5 ml of ethylene- 
diaminetetraacetic acid (EDTA). Following centrifugation, 
plasma samples were collected and stored at - 7 0 ° C .  The 
plasma concentrations of  GH were measured by radioimmu- 
noassay as described elsewhere (7). 

Drugs 

The drugs, clonidine HC1 (Research Biochemicals, Inc., 
Natick, MA) and lithium carbonate (Bio-serv, Frenchtown, 
N J) were used in the study. Clonidine was dissolved in 0.9% 
saline. All drug doses given in the text refer to the salt. 

Data Analysis 

A two-way analysis of  variance (ANOVA) was used to 
examine both the effects of  lithium treatment and the effects 
of  clonidine compared to a saline control. Bonferroni-cor- 
rected post hoc t tests were used after a significant overall 
treatment effect was found. In the above analysis, the lOgl0 
transformations of  the GH data were used because of  variance 
homogeneity in the raw data. All data are reported as mean 
+ 1 SEM. 

RESULTS 

The effects of  saline treatment and short- and long-term 
lithium treatment on clonidine's effect on GH levels are shown 
in Fig. 1. ANOVA showed an overall significant clonidine 
effect, F(1, 25) = 5.6, p < 0.05, as well as a significant lith- 
ium treatment effect, F(2, 26) = 8.96, p < 0.01. Further 
analysis revealed that clonidine administration produced sig- 
nificant increases in GH levels in short- but not long-term 
lithium-treated or saline-treated animals (Fig. 1). 

DISCUSSION 

The present study demonstrates that clonidine administra- 
tion produced significant increases in GH levels in short-term 
lithium-treated but not saline-treated or long-term lithium- 
treated FH rats. Clonidine stimulates GH secretion by activa- 
tion of  a2-adrenergic heteroreceptors present on 5-HT nerve 
terminals which, in turn, enhance 5-HT activity via stimula- 
tion of  postsynaptic 5-HT~c receptors to promote GH-re- 
leasing factor (1). 

There are several behavioral (8), electrophysiological (5), 
food intake (4), and neuroendocrine (12) studies demonstrat- 
ing enhanced 5-HT function in the brain following short-term 
lithium treatment. In biochemical studies, short-term lithium 
treatment has been shown to increase neuronal uptake of  the 
5-HT precursor tryptophan (10) and enhance the release of  
5-HT from nerve endings (16). Thus, the ability of  clonidine 
to significantly increase GH levels in short-term lithium- 
treated FH rats appears most likely due to enhanced concen- 
trations of  5-HT at postsynaptic 5-HTtc receptors, although 
enhanced sensitivity of  c~2-heteroreceptors or 5-HTlc receptors 
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FIG. 1. Effects of saline or clonidine (50 #g/kg) on growth hormone 
levels in saline-treated, short-term lithium-treated, and long-term lith- 
ium-treated Fawn-Hooded rats. Values are expressed as means + 
SEMs from six animals. **p < 0.01, significantly different from con- 
trol (saline + saline) animals. 

cannot be excluded. In contrast to short-term treatment, long- 
term lithium treatment causes downregulation of  5-HT~ and 
5-HT2 receptors in the cortex, hippocampus, and striatum (9); 
decreases activity of  the 5-HT synthetic enzyme tryptophan 
hydroxylase (10); desensitizes 5-HT autoreceptors mediating 
5-HT release (17); and increases Gi~ in the hypothalamus and 
hippocampus (11). These delayed changes may explain the 
failure of  long-term lithium treatment to significantly enhance 
clonidine's effect on GH levels in the FH rats. Alternatively, 
changes in the catecholaminergic neurotransmitter system fol- 
lowing lithium treatment (18) may be responsible for short- 
versus long-term lithium treatment differences. The possibility 
that long-term lithium treatment may have caused a phase 
shift in adrenergic, serotonergic, or GH rhythms seems un- 
likely, since long-term lithium treatment did not alter baseline 
GH levels in the present study. 

In a previous report from this laboratory, we have demon- 
strated that similar treatment with lithium causes decreases in 
food intake and body weight gain and increases in water in- 
take in Wistar rats (4). Therefore, it can be argued that these 
effects of  lithium may be responsible for the observed in- 
creases in GH levels in the short-term lithium-treated FH ani- 
mals in the present study. However, this possibility seems un- 
likely, since decreases in food intake and body weight gain 
occur during both short- and long-term lithium treatment (4), 
whereas only short-term lithium treatment produced increases 
in GH levels in the present study. Furthermore, short-term 
lithium treatment potentiates the effect of  fenfluramine, 
which acts presynaptically to release serotonin (4), but not the 
effect of  the postsynaptic 5-HT~ receptor agonist m-chloro- 
phenylpiperazine (m-CPP) on food intake (3). Therefore, po- 
tentiation of  clonidine's effect on GH levels in FH rats follow- 
ing short-term lithium treatment appears most likely due to 
enhanced concentrations of 5-HT at postsynaptic 5-HTlc re- 
ceptors. 

Finally, it is of  interest to note that the FH rats have higher 
baseline levels of  corticosterone and also manifest functional 
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subsensitivity to 5-HT agonists (2). Depressed patients have 
been reported to have higher baseline levels of cortisol and 
also manifest functional subsensitivity to 5-HT agonist-in- 
duced increases in plasma prolactin and hypothermia and, 
furthermore, also manifest blunted GH responses to clonidine 
compared to normal controls (15). Brain serotonin changes 
have been implicated in the etiology of affective illness and 
mode of action of antidepressant and antimanic drugs. Thus, 
the FH rat strain may prove to be a useful genetic model for 
depression and other neuropsychiatric disorders with possible 
abnormalities in serotonergic function. However, caution 
must be taken, since the therapeutic effects of lithium are 
manifested after long-term treatment, whereas only short- 
term lithium treatment enhanced clonidine's effect on GH lev- 

els in FH rats in the present study. On the other hand, it is of 
note that, compared to pretreatment, the prolactin response 
to L-tryptophan was significantly enhanced in 13 affective dis- 
order patients after short-term (less than one week) lithium 
treatment, whereas no effect was observed after long-term 
(more than three weeks) lithium treatment (14). Thus, lithi- 
um's ability to enhance presynaptic 5-HT function might inter- 
act with postsynaptic 5-HT receptors sensitized by long-term 
tricyclic antidepressant treatment, resulting in greater im- 
provement than would be obtained with either drug alone (5). 
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