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DILSAVER, S. C., D. MINKUS AND A. C. SWANN. Chronic treatment with valproate decreases the hypothermic re- 
sponse to clonidine. PHARMACOL BIOCHEM BEHAV 45(1) 247-249, 1993.-Treatment with lithium (the prototype of 
an antimanic agent) attenuates responsiveness to the t~2-agonist clonidine in animal models. Valproate is now used to treat 
mania. The effect of treatment with this drug on responses mediated by an t~2-agonist have yet to be reported. The authors 
assessed the effect of a 14-day course of orally administered valproate on the rat's hypothermic response to clonidine. 
Treatment with valproate decreased this response. 
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THE presynaptic ct2-adrenoceptor regulates the release of nor- 
epinephrine (14,24). Dysfunction of this receptor may be in- 
volved in the pathogenesis of affective illness. There may be a 
link between treatment-induced changes in the function this 
autoreceptor and the efficacy of treatments (9-12). 

Clonidine is an ,2-agonist. Change in responsiveness to 
clonidine is used to assess the effect of treatments on the 
functional status of the ¢x2-autoreceptor. The reports pub- 
lished to date indicate that treatments for mania and depres- 
sion attenuate responsiveness to clonidine (4,5,9-12,18,19,21- 
23). Valproate is now used to treat mania (1,8, 15-17,20). The 
effect of treatment with this drug on an organism's responsive- 
ness to an ot2-agonist is not known. Clonidine reliably pro- 
duces hypothermia (3,13) in both the rat and man. This study 
was conducted to determine if treatment with valproate alters 
this response to clonidine. 

METHOD 

Animals 

Adult, male Sprague-Dawley rats were purchased from 
Harlan Laboratories (Indianapolis, IN). Animals were housed 
in a vivarium with a 12 L : 1 2  D cycle at The Ohio State 
University. Rat chow (Ralston Purina, St. Louis, MO) and 
water were available ad lib. 

Pharmaceutical Agents 

Clonidine HCI and valproate were purchased from Sigma 
Chemical Co. (St. Louis, MO). The dose of clonidine refers 
to the salt. 

Measurement of Temperature 

Rectal temperature was measured by the insertion of a 
thermistor probe about 6 cm into the rectum. Output was 
displayed on a digital Telethermometer (YSI Model 43TF,  
Yellow Springs Instruments, Yellow Springs, OH). 

Valproate Assay 

Serum levels of valproate were measured by The Ohio State 
University Reference Laboratory using the Tdx System devel- 
oped by Abbott Laboratories (Abbott Park, IL). This method 
involves the use of fluorescence polarization immunoassay 
(FPIA) technology and a competitive protein binding immu- 
noassay. A formal description of this assay can be obtained 
from Abbott Laboratories. 

Experimental Design 

Experiment 1. Twelve rats were fed chow reduced to a 
semipowdered state with a coffee grinder. The quantity of val- 

m To whom requests for reprints should be addressed. 

247 



248 DILSAVER, MINKUS AND SWANN 

proate added to chow was based upon the expectation that 
the average rat would consume 50 g chow/kg body weight 
dally (13). The chow was devoid of valproate between days 
- 1 4  to 0. It contained 2.44 and 4.44 g valproate/kg chow 
between days 1-7 and 8-22, respectively. This provides dally 
doses of 200 and 350 mg valproate/kg, respectively. Steady- 
state levels should be reached within 2-3 days of a change in 
dally dose. Animals were sacrificed on the morning of the 
22nd day of treatment. The concentration of valproate was 
measured in serum obtained from trunk blood. 

Descriptive statistics are used to present the results. 
Experiment 2. The hypothermic response of 11 rats to 0.1 

mg/kg W-injected clonidine was measured prior to and after 
7 and 14 days of treatment with vaiproate. Three injections of 
clonidine at 7-day intervals does not alter the rat's hypother- 
mic response to clonidine (6). The projected doses of valproate 
during days 1-7 and 8-14 of were 200 and 350 mg/kg, respec- 
tively. 

Hypothermic response was calculated as follows: 

1. The baseline temperature of each subject was measured 
(t = 0). 

2. The temperature of each rat was remeasured 60 (t = 60) 
and 120 (t = 120) min after injection of clonidine. Hypo- 
thermic response is the difference between a subject's tem- 
perature at t = 0 and t = 60 or 120 min. 

3. The hypothermic response of the sample is the mean of the 
responses of subjects. 

Change in hypothermic response in the course of treatment 
was assessed for significance using an analysis of covariance 
(ANCOVA). Hypothermic response at t = 0, t = 60, and 
t = 120 simultaneously entered into the ANCOVA. Baseline 
temperature was the covariate. The difference in hypothermic 
response at t = 60 and 120 relative to t = 0 before and after 
7 and 14 days of treatment was assessed for significance using 
the Bonferroni multiple comparison posttest. The critical 
value of t was 3.05. 

Significance was set for p < 0.05. Measures of variation 
refer to the SEM. 

RESULTS 

Experiment 1 

The 12 rats remained healthy throughout the 35 days of ~ -0.5 
this experiment. Their mean mass prior to and after receiving o 
ground chow devoid of valproate for 14 days was 300.8 + 
2.9 and 324 + 4.4 g, respectively. Mean mass after 7, 14, and 
21 days of treatment with valproate was 344.5 + 6.1, 364 t r  
+ 6.3, and 372.6 + 6.0 g, respectively. The mean doses of ._o 
valproate during days 1-7, 7-14, and 14-21 of treatment were 
206.3 + 10.1, 347.1 =t: 16.2, and 356.1 + 12.4 g, respec- .t= -1.0 
tively. The mean serum concentration of valproate after 21 I-- 
days of treatment was 93.9 + 7.5 mcg/ml (range 57-128 
mg/ml). 

Experiment 2 

The mean mass of subjects was 561.4 + 11.9 g. Mean 
baseline temperature prior to the first, second, and third chal- 
lenges with clonidine was 37.4 + 0.09, 37.2 + 0.09, and 
37.2 + 0.09°C, respectively. The mean hypothermic response 
at t = 60 was - 1.23 + 0.15, - 1.11 +_ 0.12, and -0 .77  + 
0.19°C prior to and after 7 and 14 days of treatment, respec- 
tively. The mean hypothermic response at t = 120 was 

-1 .01  + 0.15, -0 .66  + 0.11, and -0 .29  + 0.16°C prior 
to and after 7 and 14 days of treatment, respectively. 

Hypothermic response decreased as a function of the dura- 
tion of treatment, F(2, 30) = 4.33, p = 0.02. There was not 
a relationship (interaction) between hypothermic response at 
t = 60 and 120 min, F(2, 30) = 0.38, n.s. Hypothermic re- 
sponse was less at t = 60 than at t = 120 regardless of treat- 
ment status, F(2, 30) = 4.33,p < 0.0001. 

Hypothermic response at t = 60. The decrease in hypo- 
thermic response was not significant after 7 days of treatment, 
t(10) = 1.26, n.s. The decrease was significant after 14 days 
of treatment, t(10) = 3.42, p < 0.05. Hypothermic response 
decreased significantly between days 7 and 14 of treatment, 
t(10) = 3.16,p < 0.05. 

Hypothermic response at t = 120. The decrease in hypo- 
thermic response was significant after both 7, t(10) = 3.17, 
p < 0.05, and 14 days of treatment, t(10) = 3.28, p < 0.05. 
The response decreased significantly between days 7 and 14 of 
treatment, t(10) = 3.42, p < 0.05. 

Figure 1 pictorially presents the results of this experiment. 

DISCUSSION 

The 12 subjects in Experiment 1 remained healthy and con- 
sumed the projected quantity of chow. Mean daily consump- 
tion was the same before and during treatment with valproate. 
Steady-state serum valproate levels were in the range used to 
treat patients with mania. 
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FIG. 1. Mean hypothermic response ( + SEM) of subjects 60 and 120 
min after injection of clonidine for the first (before treatment), second 
(after 7 days of treatment), and third (after 14 days of treatment) 
challenges with clonidine. 
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The 11 subjects in Experiment 2 exhibited a reduction in 
their hypothermic response to clonidine as a function of  time. 
The daily dose of  valproate was higher during the second than 
first week of  treatment. It is possible that the reduction in 
hypothermic response following the second week of  treatment 
was due to the either the increase in the daily dose or duration 
of  treatment with valproate, or both of  these factors. The 
effect of  both dose and length of  treatment should be assessed 
in studies carried out in the future. 

The studies published to date indicate that the somatic 
treatments for affective disorders decrease sensitivity to cloni- 

dine (2,4,5,9-12,21-23). This change may be related to the 
efficacy of  these treatments (2,4,5,9-12,21-23). Lithium (9, 
23) and electroconvulsive therapy (19), highly effective treat- 
ments for mania, desensitize the tx2-autoreceptor. The results 
presented here suggest that valproate does the same. 

ACKNOWLEDGEMENTS 

This work was conducted in the Department of Psychiatry, Psy- 
chopharmacology Program at The Ohio State University and sup- 
ported by MH005530-05 and the Ohio State University Neuroscience 
Program. 

REFERENCES 

1. Calabrese, J. R.; Dehicchi, G. A. Spectrum of efficacy of val- 
proate in the in 55 patients with rapidly cycling bipolar disorder. 
Am. J. Psychiatry 147:431-434; 1989. 

2. Charney, D. S.; Heninger, G.; Sternberg, D. E.; Redmond, D. 
E.; Leckman, J. F.; Maas, J. W.; Roth, R. H. Presynaptic adren- 
ergic receptor sensitivity in depression: The effect of long-term 
desipramine treatment. Arch. Gen. Psychiatry 38:1334-1340; 
1981. 

3. Clark, W. G.; Lipton, J. M. Changes in body temperature after 
administration of adrenergic and serotonergic agents and related 
drugs including antidepressants: II. Neurosci. Biobehav. Rev. 10: 
153-220; 1986. 

4. Cohen, R. M.; Campbell, I. C.; Cohen, M. R.; Torda, T.; 
Pickar, D.; Siever, L.; Murphy, D. L. Presynaptic noradrenergic 
regulation during depressive and antidepressant drug treatment. 
Psychiatry Res. 3:93-105; 1980. 

5. Cohen, R. M.; Campbell, I. C.; Dauphin, M.; Tallman, J. F.; 
Murphy, D. L. Changes in c~- and ~-receptor densities in rat brain 
as a result of treatment with monoamine oxidase inhibiting anti- 
depressants. Neuropharmacology 21:293-298; 1982. 

6. Dilsaver, S. C.; Davidson, R. K.; Majchrzak, M. J. Chronic 
treatment with amitriptyline produces subsensitivity to the hypo- 
thermic effects of clonidine. Prog. Neuropsychopharmacoi. Biol. 
Psychiatry 13:297-302; 1989. 

7. Fox, J. G.; Owen, B. J.; Loew, F. M., eds. Laboratory animal 
medicine. American College of Laboratory Animal Medicine Se- 
ries. New York: Academic Press; 1984:95. 

8. Freeman, T. W.; Clothier, J. L.; Pazzaglia, P.; Lesem, M.; 
Swann, A. C. A double-blind comparison of valproate and lith- 
ium in the treatment of acute mania. Am. J. Psychiatry 149:108- 
l l l ;  1992. 

9. Garcia-Sevilla, J. A.; Guimon, J.; Garcia-Vallejo, P.; Fuster, M. 
J. Biochemical and functional evidence of supersensitive platelet 
a2-adrenoceptors in major affective disorder: Effect of long-term 
lithium treatment. Arch. Gen. Psychiatry 43:51-57; 1986. 

10. Garcia-Sevilla, J. A.; Padro, D.; Giralt, M.; Guimon, J.; Areso, 
P. Alpha2-adrenoceptor-mediated inhibition of platelet adenylate 
cyclase and induction of aggregation in major depression. Arch. 
Gen. Psychiatry 47:125-132; 1990. 

II. Garcia-Sevilla, J. A.; Udina, C.; Fuster, M. J.; Alvarez, E.; Ca- 
sas, M. Enhanced binding of [3H](-)adrenaline to platelets of 
patients with melancholia: Effect of long-term clomipramine 
treatment. Acta Psychiatr. Scand. 75:150-157; 1987. 

12. Garcia-Sevilla, J. A.; Zis, A. P.; Hollingsworth, P. J.; Greden, 
J. F.; Smith, C. B. Platelet aipha2-adrenergic receptors in major 
depressive disorder: Binding of tritiated clonidine before and 
after antidepressant treatment. Arch. Gen. Psychiatry 38:1327- 
1333; 1981. 

13. Glue, P.; Sellman, D. J.; Joyce, P. R.; Nicholls, G.; Nutt, J. 
The hypothermic response to clonidine is absent in alcohol with- 
drawal but returns in abstinence. Biol. Psychiatry 24:102-104; 
1988. 

14. Langer, S. Z. Presynaptic regulation of the release of catechola- 
mines. Pharmacol. Rev. 32:337-362; 1982. 

15. McElroy, S. L.; Keck, K. E.; Pope, H. G. Sodium valproate: Its 
use in primary psychiatric disorders. J. Clin. Psychopharmacol. 
7:16-24; 1987. 

16. McElroy, S. L.; Keck, P. E.; Pope, H. G; Hudson, J. I. Val- 
proate in the treatment of rapid-cycling bipolar disorder. J. Clin. 
Psychopharmacol. 8:275-279; 1988. 

17. McElroy, S. L.; Keck, P. E.; Pope, H. G.; Hudson, J. I. Val- 
proate in psychiatric disorders: Literature review and clinical 
guidelines. J. Clin. Psychiatry 50(S):23-29; 1989. 

18. Pilc, A.; Vetulani, J. Attenuation by chronic imipramine treat- 
ment of [3H]clonidine binding to cortical membranes and of clon- 
idine-induced hypothermia: The influence of central chemosym- 
pathectomy. Brain Res. 210:413-418; 1982. 

19. Pilc, A.; Vetulani, J. Depression by chronic electroconvulsive 
treatment of clonidine*induced hypothermia and [3H]-cionidine 
binding to rat brains. Eur. J. Pharmacol. 80:109; 1982. 

20. Pope, H. G.; McElroy, S. L.; Keck, P. E.; Hudson, J. I. Val- 
proate in the treatment of acute mania. Arch. Gen. Psychiatry 
48:62-68; 1991. 

21. Selden, E.; Domino, E. F. Evidence that high dose chronic ami- 
triptyline and desipramine down-regulates -2 receptor mediated 
hypothermia in the rat. Arch. Int. Pharmacodyn. Ther. 281:198- 
208; 1986. 

22. Smith, C. B.; Garcia-Sevilla, J. A. a2-Adrenoreceptors in endoge- 
nous depression. In: Langer, S. Z.; Takanashi, R.; Segawa, T.; 
Briley, M., eds. Advances in Biosciences, new vistas in depres- 
sion. vol. 40. New York: Pergamon Press; 1982:99-106. 

23. Smith, C. B.; Moss, S. J.; Hollingsworth, P. J. Lithium induced 
changes in ~2-adrenoceptors in various rat brain regions. Fed. 
Proc. 43:839; 1984. 

24. Stark, K. Presynaptic receptors. Annu. Rev. Pharmacol. Toxicol. 
21:7-20; 1981. 


