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VI~CSEI, L., C. ALLING, M. HEILIG AND E. WIDERLOV. Effects" of ~Tsteamine and pamethine on open-field behavior, 
hypothalamic catecholamine concentrations and somatostatin-induced barrel rotation in rats. PHARMACOL BIOCHEM BEHAV 
32(3) 629-635, 1989.--Cysteamine administered in a dose of 1.95 mM/kg subcutaneously (SC) markedly reduced several open-field 
behaviors (locomotion, rearing, grooming and defecation), while pantethine, administered in an equimolar dose, reduced the 
locomotion only. However, administered in a dose of 3.90 mM/kg (SC), pantethine also markedly reduced all open-field parameters. 
Cysteamine, and to less extent pantethine, reduced noradrenaline, and increased dopamine and DOPAC concentrations in the 
hypothalamus. It is discussed whether the lower potency of pantethine on open-field behaviors and hypothalamic catecholaminergic 
neurotransmission is connected with the limited activity of pantetheinase, the cysteamine-generating enzyme. Intracerebroventricularly 
(ICV) administered somatostatin did not influence the pantethine-induced ( 1.95 mM/kg SC) behavioral changes in the open-field test. 
It is possible that the peptide did not reach at the receptor sites in a sufficient concentration because of the reduced endogenous 
somatostatin content, or that the pantethine-induced noradranline depletion is connected with the ineffectiveness of somatostatin. 
Furthermore, pretreatment with cysteamine (1.95 mM/kg SC) or pantethine (1.95 mM/kg or 3.90 mM/kg SC) attenuated the 
somatostatin-induced (10 ~xg ICV) barrel rotation, suggesting that the level of endogenous somatostatin may play a role in the 
pathogenesis of this motor disturbance. 
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CYSTEAMINE (2-aminoethanethiol) is a cysteine derivative that 
in pharmacological doses produces duodenal ulcer, adrenal hem- 
orrhagic necrosis, and dissecting aortic aneurysm in rats (16, 19, 
28-32). It was reported by Szabo and Reichlin (31) that the drug 
rapidly depletes somatostatin-like immunoreactivity (SLI) in the 
gut and hypothalamus of rats. Later, Sagar et al. (27) found that 
cysteamine given systemically caused generalized depletion of SLI 
in the rat central nervous system. This reduction was rapid and 
reversible with nearly complete recuperation within 72 hr. Soma- 
tostatin and prolactin are thus far the only neuropeptides studied 
that are significantly affected by the drug, whereas luteinizing 
hormone-releasing hormone, vasoactive intestinal polypeptide, 
cholecystokinin octapeptide, arginine vasopressin, substance P, 
thyrotropin releasing hormone, beta-endo~phin and neuropeptide 
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Y remain unaltered (7, 22, 24, 27). 
Cysteamine forms the terminal region of the coenzyme A 

molecule where it is linked to the pantethenic acid moiety by a 
peptide bond. Reichlin and Bollinger-Gruber (25) found that 
pantethine (a stable disulfide precursor of pantetheine, Fig. 1) in a 
dose of 2.64 mM/kg markedly reduced the tissue concentrations of 
SLI (approx. 40%) and prolactin (approx. 75%), as has previously 
been demonstrated for equimolar amounts of cysteamine. 

Somatostatin has been suggested to be involved in the regula- 
tion of motor function. Following intracerebroventricular (ICV) or 
intracerebral injection of the peptide increased locomotor activity 
has been demonstrated following lower doses (26, 35, 36), 
whereas higher doses caused disturbed motor performance (26,36). 
Cohn and Cohn (8) first reported that following ICV injection of 

629 



630 VI~CSEI ET AL. 

somatostatin to nonlesioned rats, they developed a twist around the 
long axis of the body and repeatedly rolled laterally, a phenome- 
non named "barrel rotation." This behavior has later been 
described also by other investigators (14, 17, 21, 37). Burke and 
Fahn (4) concluded that barrel rotation was due to a pharmaco- 
logical action of somatostatin on the vestibular nuclear complex 
(VNC). The involvement of endogenous somatostatin in the 
vestibular function is further supported by the observation that 
somatostatin immunoreactive fibers exist in VNC (12,13), and on 
the ability of iontophoretically applied somatostatin to inhibit 
lateral vestibular neurons (6). 

Previous studies suggest that central catecholaminergic trans- 
mission plays an important role in the organization of open-field 
behavior (35,38). Cysteamine, administered in high doses, inhib- 
its the dopamine-[3-hydroxylase activity (9) and thus interferes 
with the noradrenaline biosynthesis (33). Furthermore, the hypo- 
thalamus contains high concentrations of somatostatin (3) and 
catecholamines (33) and the peptide influences both noradrenergic 
and dopaminergic transmission (14) in this brain region. 

On the basis of these findings, in the first part of the present 
study, the effects of cysteamine and pantethine were investigated 
on open-field behavior and on the hypothalamic concentrations of 
noradrenaline, dopamine and dihydroxyphenylacetic acid (DOPAC). 

Earlier data suggested that somatostatin did not significantly 
influence the cysteamine-induced behavioral changes (36). There- 
fore, in the second part, the effects of ICV administered soma- 
tostatin on pantethine-induced open-field activity were investigated 
in rats. 

In the third part the effects of pretreatment with cysteamine and 
pantethine on the somatostatin-induced barrel rotation in rats were 
investigated. 

METHOD 

Drugs 

Pantethine. supplied as a water-soluble oil liquid (originally 
containing 17% water), and cysteamine (both drugs from Sigma, 
St. Louis, MO) were used. Somatostatin was generously supplied 
from Ferring AB (Malta6, Sweden). 

Animals 

Adult male Sprague-Dawley albino rats (ALAB, Sollentuna, 
Sweden), weighing 200-220 g at the time of the first open-field 
test, or operation, were used for the experiments. The rats were 
housed in large plastic cages with 6 animals in each cage. They 
were kept on a 12/12 hr light/dark cycle with the light phase from 
07.00-19.00 hr. Laboratory chow and tap water were available to 
the animals ad lib. All experiments were performed between 9 
a.m. and 3 p.m. 

Explorato~:v Activity 

The animals were placed in an open-field box (100 by 100 cm; 
40 cm high, black-painted wooden box, the floor consisting of 25 
equally sized squares measuring 20 x 20 cm each). Their activity 
during the three min sessions were video recorded (VHS Movie, 
NV-M5EO, Panasonic, Matsushita Co., Osaka, Japan). During 
experimental sessions, the testing room was illuminated with 
dimmed white light. Their behavior was characterized by the total 
number of squares explored (horizontal activity), the total number 
of rearings (vertical activity), the number of groomings and the 
number of defecation boluses produced during the 3-rain session. 

All scorings were made directly from the TV monitor placed in 
an adjacent room. In cases of uncertainties about the scores, the 

ratings were later checked from the videotapes. 
In the first experiment the open-field test was performed 4 hr 

after a subcutaneous (SC) administration of cysteamine (1.95 
mM/kg) or pantethine (1.95 mM/kg, or 3.90 mM/kg SC). In the 
second experiment rats were tested 30 rain and 24 hr after an ICV 
administration of somatostatin (1 p,g or 3 p,g) or saline. In this 
experiment the animals were pretreated with SC injection of 
pantethine (1.95 mM/kg) or saline 4 hr prior to the ICV injection. 

Barrel Rotation Activio, 

After ICV injection of somatostatin (10 p~g) each rat was 
immediately placed in an observation plastic cage (20 × 14 × 36 
cm). Four hr before the ICV injection the animals were pretreated 
with SC injections of saline, cysteamine ( 1.95 mM/kg) or pantethine 
(1.95 mM/kg or 3.90 mM/kg). The number of turnings, lying- 
turnings or barrel rotations were observed during the 15 rain 
observation. During the "lying-turning'" the animal turned around 
his vertical axis, but since it was not able to stand on its feet, it 
turned in a lying position. The barrel rotation response was defined 
as the following sequence of behavioral events: the rat first 
developed fore- and hindpaw extension on one side, then it 
developed a twist around the long axis of the body so that the 
rostrodorsal aspect rotated away from the side of limb extension: 
the twist then culminated in repeated rolling (4). 

Surgery and 1CV btjection 

Rats were anesthetised with 0.5 ml ketamine, 50 mg/ml 
(Ketalar Parke-Davis, Barcelona, Spain) and 0.2 ml xylazine, 30 
mg/ml (Rompun Vet., Bayer AB, Sweden), intraperitoneally (IP). 
They were placed in a Kopf (David Kopf Instruments, Tujunga, 
CA) stereotactic apparatus, and in the flat skull position three 
stainless-steel anchor screws were secured in the skull. A stainless- 
steel 23-gauge guide cannula (Plastic Products Company, Roanoke, 
VA) was placed into the right lateral cerebroventricle and fixed to 
the skull with dental cement. Coordinates were 0.5 mm caudal and 
1.5 mm lateral to the bregma, with the cannula extending 3.5 mm 
ventral to skull surface. After the surgical procedure 0.25 ml 
lntencillin (LEO, Helsingborg, Sweden, containing 1,650,000 IE 
benzylpenicillin + 600,000 IE benzylpenicillinprocaine in a vol- 
ume of 5 ml/ampoule) were given SC. The rats were used after a 
recovery period of 9 days, and during this period they were 
handled every second day and sham-injected (15). The correct 
positioning of the cannula was checked by dissection of the brain 
at the end of the experiment. 

Somatostatin (1 ~xg or 3 Ixg in the open-field test. and 10 Ixg in 
the barrel rotation test) dissolved in 5 Ixl sterile 0.9% saline, or 
saline alone, was injected ICV over a period of 60 sec. The 
injection was performed through a 29-gauge internal cannula 
which extended 1.0 mm beyond the guide cannula tip. The internal 
cannula was inserted and fixed in place with a plastic screw collar, 
so that there was no reflux of the injection solution between the 
internal and external cannulae. The internal cannula was attached 
to a Hamilton microliter syringe with approximately 30 cm of 
polyethylene tubing, allowing the animals to move freely during 
the injection period. Between injections, guide cannulae were 
closed with a plastic plug to prevent contamination. 

Determination of Hypothalamic Noradrenaline, Dopamine and 
Dihydrox),phenyl Acetic Acid (DOPAC) 

Four hr after the administration of cysteamine (1.95 mM/kg, 
SC) or pantethine (1.95 or 3.90 mM/kg, SC), immediately after 
the open-field session, the animals were decapitated, The whole 
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FIG. 2. Effects of cysteamine and pantethine on open-field behavior in 
rats. * * = p < 0 . 0 1 ,  * * * = p < 0 . 0 0 1  (Mann-Whitney U-test). Vertical 
lines represent the standard errors of the mean (n = 10 animals/group.) 
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FIG. I. The chemical structure of pantethine, pantetheine and cysteamine. 

brain (without the olfactory bulbs) was quickly removed and 
placed on a Petri glass over dry ice. The hypothalamus was 
dissected (33), immediately frozen on dry ice and stored at - 80°C 
until assay. 

For the estimation of the hypothalamic noradrenaline, dopa- 
mine and DOPAC levels high-performance liquid chromatography 
with electrochemical detection (HPLC EC) was used (10, 11, 20). 
The frozen tissue was homogenized (15 sec, Polytron homogena- 
tor) in 1.45 ml perchloric acid (0.4 M) containing Na2S~_O ~ (25 p,l 
5%), Na~_EDTA (25 p J,  10%) and 20 pJ ~x-methyldopamine (2.5 
mg/ml) (Sigma, St. Louis, MO) as internal standard. After 
centrifugation (4°C, ~ 1 5 0 0 0 × g ,  13000 rpm, 20 min) in a 
Beckman centrifuge (J21 with JA 20 rotor), 1 ml of the superna- 
tant was taken for the analysis of the catecholamines. Twenty mg 
preactivated acidic A1,_O3 was added to the supernatant. Under 
vigorous mixing 1.5 ml 3 M Tris-buffer (pH 8.6) was added. After 
rotating for 10 min, samples were washed twice with 1 ml distilled 
water and finally eluted from the alumina by vortexing with 200 bl 
of water solution containing boric acid (0.25 M) and citric acid 
(0.125 M). After 1 min of mixing, centrifugation was performed 

(5 min, 2000 ×g).  The supernatant containing noradrenaline, 
dopamine, DOPAC and a-methyldopamine was analysed by 
HPLC, using a Waters 6000 pump and a Resolve Spherical C-18 
5 p~m, 15 cm by 3.9 mm column (Waters Associates, Milford, 
MA). The electrochemical detection was performed using the 
LC-4 B Bioanalytical Systems (Glassy carbon electrode TL-5, 
electrode potential: 750 mV). The catechols were chromato- 
graphed using a mobile phase of formic acid (0.1 M), Na- 
octanesulfonate (0.36 mM), citric acid (1.0 mM), Na~_EDTA (0.1 
raM), diethylamine (0.2% v/v) and acetonitrile (LiChrosolv, 5.0% 
v/v; Merck, Darmstadt, FRG). 

Statistical Analysis 

For the behavioral data, a Kruskal-Wallis analysis of variance 
by ranks was performed with respect to the treatment effect. When 
significant, this was followed by the Mann-Whitney U-test for 
group comparisons. The neurochemical data were evaluated by 
analysis of variance (ANOVA) followed by the Tukey test. 

RESULTS 
The results from the open-field experiment are presented in 

Fig. 2. Both cysteamine and pantethine decreased the locomotion 
of the animals (cysteamine: 1.95 mM/kg SC, U = O ,  p<0.001;  
pantethine; 1.95 mM/kg SC, U = 15.5, p<0.01,  3.90 mM/kg SC, 
U = 5 ,  p<0.001,  M.W. test; H=28 .45 ,  p<0.001 K.W. test). 

The rearing activity of the rats was also reduced by cysteamine 
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(1.95 mM/kg SC, U =O, p<0.001, M.W. test), while pantethine 
administered in the lower dose (1.95 mM/kg SC) had no influence. 
However, the higher dose (3.90 mM/kg SC) markedly reduced 
rearing (U=4, p<0.001, M.W. test: H=26.85, p<0.001, 
K.W. test). 

Cysteamine and pantethine reduced the grooming activity 
(cysteamine: 1.95 mM/kg SC, U= 17, p<0.01; pantethine: 3.90 
mM/kg SC, U = l l . 5 ,  p<0.01, M.W. test; H=7.84, p<0.05, 
K.W. test), and also the number of defecation boluses (cysteamine: 
1.95 mM/kg SC, U=0,  p<0.001; pantethine; 1.95 mM/kg SC, 
U=8,  p<0.001; 3.90 mM/kg SC, U= 10, p<0.01, M,W. test; 
H= 17.6, p<0.01, K.W. test). 

The effects of cysteamine and pantethine on the hypothalamic 
concentrations of noradrenaline, dopamine and DOPAC are pre- 
sented in Fig. 3. Cysteamine and pantethine markedly reduced the 
hypothalamic noradrenaline concentration [cysteamine: 1.95 mM/ 
kg SC, p<0.01; pantethine: 1.95 mM/kg SC, p<0.01; 3.90 
mM/kg SC, p<0.01, Tukey test; F(3,36)=22.61, p<0.001, 
ANOVA]. The cysteamine- (1.95 mM/kg SC) induced noradren- 
aline depletion is significantly higher than in the pantethine-treated 
groups (pantethine: 1.95 mM/kg SC, p<0.01; 3.90 mM/kg SC, 
p<0.05 Tukey test). Furthermore, cysteamine (1.95 mM/kg SC) 
markedly elevated the dopamine content of the hypothalamus 
[compared with the control group: p<0.01; compared with the 
pantethine-treated groups: p<0.05, Tukey test; F(3,36)=8.83, 
p<0.001, ANOVA]. Both cysteamine and pantethine markedly 
increased also the DOPAC concentration in the hypothalamus 
[cysteamine: 1.95 mM/kg SC, p<0.01; pantethine: 1.95 mM/kg 
SC, p<0.05; 3.90 mM/kg SC, p<0.01, Tukey test, F(3,36)= 
15.43, p<0.001, ANOVA]. 

In Fig. 4 the interactions of cysteamine and pantethine on the 
somatostatin-induced motor impairment and barrel rotation are 
presented. After the ICV injection of a high dose of somatostatin 
(10 ~g) the animals became calm, later catalepsy appeared, 
sometimes some turning and lying-turning appeared with combi- 
nation of uncoordinated movements. Approximately 40-60 sec 
after the administration of the peptide barrel rotations were 
observed. If the animal began to move in his plastic cage this 
behavior was observed again, 

Both cysteamine and pantethine attenuated the somatostatin- 
induced barrel rotation (cysteamine: 1.95 mM/kg SC, U=4,  
p<0.001; pantethine: 1.95 mM/kg SC U=9,  p<0.01; 3.90 
mM/kg SC, U=5.5,  p<0.01, M.W. test; H= 14.46, p<0.01, 
K.W. test). 

The ICV administered somatostatin in a dose of 1 I~g in- 
creased, while a dose of 3 ~tg decreased the locomotor activity of 
the animals, however, without differing significantly from the 
performance of the control animals. The locomotor activity of the 
two somatostatin-treated groups differed, however, significantly 
from each other (U = 22,p<0.05, M.W. test, H= 17.52,p<0.01, 
K.W. test). Pantethine alone (1.95 mM/kg SC) decreased the 
locomotion of the animals (U= 19.5, p<0.05), and the ICV 
administered somatostatin did not significantly influence this 
reduction. All the pantethine-treated animals had a lower defeca- 
tion activity both at 30 min and at 24 hr after the drug adminis- 
tration (saline vs. pantethine treatment, 30 rain: U = 6.5, p<0.001, 
M.W. test, H=41.84, p<0.001, K.W. test; 24 hr: U=18.5, 
p<0.02, M.W. test, H= 13.1, p<0.05, K.W. test), see further, 
Table 1. 

D I S C U S S I O N  

In the first experiment of the present study we found that 
cysteamine markedly decreased all of the open-field parameters 
studied, while pantethine administered in an equimolar dose 
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TABLE 1 

INTERACTIONS BETWEEN PANTETHINE AND SOMATOSTATIN ON OPEN-FIELD 
BEHAVIORS 1N RATS 

Total Number of Total Number of Total Number of Defecation 
Treatment Squares/3 rain Rearings/3 min Groomings/3 rain Boluses/3 min 

Open-Field Behavior 30 min After the 
Sal + sal 93.2 -+ 8.6 17.0 -+ 2.4 3.6 -+ 
sal + som (1 bag) 110.3 +- 9.9 20.3 +- 2.7 3.0 -+ 
sal + som (3 bag) 66.7 +- 7.6* 14.8 -+ 2.1 3.2 +_ 
pant + sal 58.1 -+ 6.6~" 14.2 _+ 2.1 2.9 -+ 
pant + sore (1 p,g) 62.2 -+ 7.4 16.2 ± 2.0 2.7 +_ 
pant + sore (3 bag) 69.3 ± 8.2 14.9 -+ 2.7 2.5 ± 

Open-Field Behavior 24 hr After the ICV 
Sal + sal 65.4 _+ 5.8 7.1 -+ 0.9 7.7 ± 0.9 
sal + som(l bag) 58.8 ± 7.6 7.7 -+ 1.1 6.9 +_ 0.7 
sal + sore (3 bag) 60.4 _+ 5.4 8.0 ± 0.6 6.3 -+ 0.9 
pant + sal 62.8 ± 7.4 6.7 -+ 0.8 7.3 _+ 0.9 
pant + sore (1 bag) 58.3 ± 6.5 5.6 ± 0.9 6.2 -+ 0.7 
pant + som(3 bag) 67.0 -+ 7.7 6.1 -+ 0.7 7.8 +_ 0.8 

ICV Injections 
1.1 3.9 ± 0.6 
0.9 4.8 ± 0.4 
0.7 3.1 ± 0.4 
0.8 0.3 ± 0.2§ 
0.9 0.4 ± 0.2 
0.6 0.4 ± 0.2 

Injections 
1.0 ___ 0.3 
0.7 ± 0.3 
1.2 --_ 0.4 
0.1 ±_ o.15 
0.3 ±- 0.2 
0.4 --_ 0.2 

Rats were tested 30 rain and 24 hr, respectively, after the administration of somatostatin 
(sore; 1 bag/5 bal or 3 bag/5 bal ICV) or saline (sal; 5 bal ICV). Animals were pretreated with 
pantethine (pant; 1.95 mM/kg SC) or saline (SC) 4 hr to the ICV injection. (n= 10 
animals/group.) 

Values are given as means ± SEM. *p<0.05, vs~ somatostatin- (1 bag) treated group, 
M.W. test: "~p<0.05, vs. control group, M.W. test; ~p<0.02 vs. control group M.W. test; 
§p<0.001 vs. control group, M.W. test. 

decreased the locomotion only, without influencing (1.95 mM/kg) 
the rearing and grooming activity. However, when pantethine was 
administered at a higher dose (3.90 mM/kg), the effects of this 
compound approached those of cysteamine, indicating that cys- 
teamine is approximately twice as potent as pantethine on these 
behaviors. 

Cysteamine is synthesized in animals by only one known 
mechanism: the irreversible cleavage of pantetheine (23). Pante- 
theinase activity has been demonstrated by several authors ( 1,5) on 
a limited number of mammals, and by Orloff et al. (23) in human 
fibroblasts and leukocytes. Each mole of pantethine contains 2 
moles of cysteamine (Fig. 1). Thus, if these drugs are adminis- 
tered in an equimolar dose, the pantethine dose will contain twice 
as much cysteamine as the administration of cysteamine itself. 
After the exogenous administration of pantethine the activity of 
pantetheinase will determine the concentration of cysteamine in 
the body. However, the rate of this conversion is presently not 
known. Therefore, the actual amount of cysteamine after the 
pantethine administration may in fact be lower than that after the 
administration of cysteamine in spite of the same molar dose. This 
might be the reason for the lower effect of pantethine on open-field 
behaviors. In the present experiment cysteamine was not admin- 
istered in a dose of 3.90 mM/kg (SC) because in a preliminary 
investigation this dose was found to have a very marked depres- 
sion on the activity of the animals. 

Whether pantethine is active only after conversion to cys- 
teamine or also has an activity of its own still remains to be further 
elucidated. However, today no data are available that indicate any 
activity of pantethine itself. 

Cysteamine is a compound which chelates copper, and there- 
fore, in high doses the compound inhibits the copper-sensitive 
enzyme dopamine-[3-hydroxylase activity (9). This action proba- 
bly explains the markedly reduced noradrenaline and increased 
dopamine and DOPAC levels in the hypothalamus. Our data 

indicate that a significant amount of dopamine, which is not 
[3-hydroxylated to noradrenaline, is rapidly deaminated by monoamine 
oxidase and thus causing a dramatic increase of DOPAC, the 
principal metabolite of dopamine. The effects of the pantethine on 
hypothalamic monoamine concentrations were similar to that of 
cysteamine, although with a lower potency. 

In the second behavioral experiment we found that the ICV 
administered somatostatin did not influence the pantethine-induced 
behavioral changes in the open-field test. Brown et al. (2) have 
found that ICV administration of a potent somatostatin analog 
(ODT8-SS) to cysteamine-pretreated animals inhibited the eleva- 
tion of plasma concentrations of adrenaline and glucose, with no 
effect on the elevated plasma noradrenaline level. This means that 
the analog only partially antagonized the action of cysteamine on 
the metabolism. Furthermore, in a previous study, it was found 
that somatostatin administered ICV did not influence significantly 
the cysteamine-induced behavioral changes (36). Concerning the 
present study, it is thus possible that the ICV administered 
somatostatin did not cause a sufficient peptide concentration at the 
receptor sites to restore the normal behavior. However, the 
possibility that peripheral effects of cysteamine or pantethine can 
affect the behavior of the animals cannot be excluded (29). 
Furthermore, pantethine also decreased the brain noradrenaline 
concentration and thus influencing the behavioral responses, 
including open-field activity, where noradrenergic transmission 
also plays an important role (38). Indeed, phenoxybenzamine, an 
c~-adrenergic receptor blocker administered in higher doses to rats 
can significantly decrease the behavioral activity of the animals 
(18,34). 

The inverted U-shaped dose response curve found in the 
open-field experiment has previously also been found by others 
(26,36), indicating different behavioral actions of low and high 
doses of centrally administered somatostatin. 

Cohn and Cohn (8) in their pioneer work found that pretreat- 
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ment  o f  the rats with haloperidol ,  apomorph ine  or reserpine did 
not alter the n u m b e r  o f  barrel rotations induced by somatos ta t in .  In 
contrast ,  atropine comple te ly  inhibited the somatos ta t in - induced  
barrel rotation, sugges t ing  that somatos ta t in  m a y  be acting,  at least 
partly, th rough chol inergic  m e c h a n i s m s  (8). 

The fact that the somatos ta t in-deple t ing  agents  decreased the 
pept ide- induced barrel rotation sugges ted  that the endogenous  
somatos ta t in  level migh t  play some  role in the deve lopment  o f  this 
behavior .  However ,  both cys teamine  and pantethine  reduced also 
the locomotor  activity and this change  may  also contr ibute to 
suppress ion  o f  the barrel rotation. 

In future s tudies  we plan to further investigate the dose-  and 
t ime-related effects  o f  cys t eamine  and pantethine on central 

ca techolaminergic  and somatosta t inergic  neuro t ransmiss ion  in or- 
der to elucidate the relative importance o f  these sys tems  in the 
behavioral  effects  o f  the two compounds .  
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