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VECSEI, L., E. WIDERLOV, R. EKMAN AND C. ALLING. Dose- and time-response effects of pantethine on open-field behavior,
and on central neurotransmission in rats. PHARMACOL BIOCHEM BEHAV 35(1) 165-170, 1990. —In this study the dose- and
time-related effects of pantethine on open-field behavior and central neurotransmissions were investigated in rats. Pantethine
administered in low doses (0.48-0.96 mM/kg SC) only marginally influenced the activity of the animals, but induced a significant
decrease of hypothalamic noradrenaline leve! without influencing the concentrations of dopamine and DOPAC. Injected in higher
doses (1.95-3.90 mM/kg SC), the compound produced a marked depression of both open-field activity and noradrenaline levels, but
increased the concentrations of dopamine and DOPAC in the hypothalamus. Twelve hr after the administration of the substance, its
effect was attenuated, and 24 hr after the treatment neither the behavioral nor the monoamine parameters differed significantly from
the control values. Concerning the somatostatin, pantethine administered in high doses (1.95-3.90 mM/kg SC) decreased the striatal
concentration of somatostatin 4 hr after the injection, and this effect was attenuated 24 hr after the treatment. These data suggest that
the pantethine-induced behavioral changes are correlated with its effect on central catecholaminergic and somatostatinergic
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transmission.
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PANTETHINE [D-bis(n-pantothenyl-beta-aminoethyl)-disulfide]
is the disulfide form of pantetheine, an intermediate of Coenzyme
A (CoA) metabolism, which can be phosphorylated by pantothen-
ate kinase and, thus, utilized as a precursor of CoA (11). Orloff
and Butler and their colleagues (4,16) reported that after admin-
istration of pantethine to leukocytes and fibroblasts, the substance
was converted to pantetheine which, in turn, was converted to
cysteamine.

Cysteamine is a normal constituent of mammalian cells in
which it arises by enzymatic degradation of CoA by the action of
the enzyme pantetheinase (4,15). This compound has been shown
to deplete somatostatin in nerve cells (17, 20, 23), gut, and
pancreas (22,23), and to deplete prolactin in the pituitary (14,21).
Furthermore, cysteamine acts as a dopamine beta-hydroxylase
inhibitor (6,25) and influences animal behaviors, like active
avoidance, open-field activity and T-maze learning (27).

Since there are almost no data concerning the behavioral and
neurochemical effects of pantethine, and because the compound
seems to be a potentially useful drug in the treatment of several
disorders (3, 9, 31), we investigated the dose- and time-response
of pantethine on open-field behavior and on hypothalamic cate-
cholamine and striatal somatostatin concentrations in rats. The
open-field behavior was studied because several behavioral effects
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of cysteamine, the pantethine metabolite, are partly mediated by
the inhibition of the exploratory activity of the experimental
animals (27). The neurochemical effects of cysteamine are most
pronounced 4 hr after its application (20), therefore, we have
selected this time interval for the present dose-response studies. In
the time-response experiments, the disappearance of the effect of
pantethine was investigated at 8, 12 and 24 hr respectively, after
administration of pantethine.

Contrary to the striatum, the hypothalamus contains high
concentrations of both dopamine and noradrenaline. Therefore,
this brain region seemed to be a suitable model for the investiga-
tion of the alterations in the levels of catecholamines after the
inhibition of dopamine beta-hydroxylase activity (25). It is also
known that the administration of somatostatin to the striatum
influences the motor activity of the rats in a dose-dependent
manner (19). Therefore, the correlation between endogenous
somatostatin level in the striatum and open-field activity of the
animals after pantethine administration was also studied.

METHOD
Drug
Pantethine (Sigma, St. Louis, MO), supplied as a water-
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soluble oil liquid (originally containing 17% water), was used.

Animals

Male albino rats (Sprague-Dawley, ALAB, Sollentuna, Swe-
den), weighing 180-200 g, were used in all experiments. They
were housed in colony cages, with 6 animals in each cage. All
animals were kept on a 12/12-hr light/dark cycle with the light
phase from 7 a.m. to 7 p.m. Commercially available laboratory
food and tap water were given to the animals ad lib.

Treatments

In the dose-response studies, pantethine was dissolved in saline
and administered subcutaneously (SC) in doses of 0.24, 0.48,
0.96, 1.95 or 3.90 mM/kg in a volume of 2 ml/kg, 4 hr before the
behavioral session. The control rats received saline alone (2 ml/kg
SC). In the time-response experiments pantethine (3.90 mM/kg/2
ml; treated group) or saline (2 ml/kg; control group) were
administered 8, 12 or 24 hr before the open-field sessions. All of
the three pantethine-treated groups (8 hr, 12 hr, 24 hr) had their
own saline-treated control group.

Exploratory Activity

The animals were placed in an open-field box (rectangular 40
cm high wooden box, consisting of 25 equally sized squares; each
measuring 20 by 20 cm). Their activity was videorecorded (VHS
Movie, NV M5EO, Panasonic, Matsushita Co., Osaka, Japan)
during a three-minutes session and scored from a monitor placed in
an adjacent room.

During sessions, the testing room was illuminated with dimmed
white light. The activity was characterized by the total number of
squares explored (horizontal activity), the total number of rearings
(vertical activity) and groomings, as well as the number of
defecation boluses produced during the three-minutes session
(24,28). In cases of uncertainties about the scores, the ratings were
later checked from the videotapes.

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

Immediately after the open-field session (4, 8, 12 or 24 hr after
the administration of pantethine) the animals were decapitated.
The whole brain (without the olfactory bulbs) was quickly re-
moved and placed on a Petri glass over dry ice. The hypothalamus
and striatum were dissected, 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 (7, 8, 12,
26). The frozen tissue was homogenized (15 sec, Polytron
homogenator) in 1.50 ml perchloric acid (0.4 M) containing
Na,S$,05 (25 ul 5%), Na,EDTA (25 pl 10%) and 20 pl alpha-
methyldopamine (2.5 mg/ml; Merck Sharpe & Dohme, Rahway,
NJ) as internal standard. After centrifugation (4°C, =15000X g,
13000 rpm, 20 min) in a Beckman centrifuge (J21 with JA 20
rotor) 1 ml of the supernatant was taken for the analysis of the
catecholamines. Twenty mg preactivated acidic Al,O; 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 pl 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, 2000Xg). The
supernatant containing noradrenaline, dopamine, DOPAC and
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alpha-methyldopamine was analysed by HPLC, using a Waters
6000 pump and a Resolve Spherical C-18 5 um, 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
mobile phase consisted of formic acid (0.1 M), Na-octane-
sulfonate (0.36 mM) citric acid (1.0 mM) Na,EDTA (0.1 mM),
diethylamine (0.2% v/v) and acetonitrile (LiChrosolv 5.0% v/v),
(Merck, Darmstadt, FRG).

Determination of Striatal Somatostatin by Radioimmunassay

After weighing, the tissue samples were boiled in 0.9% saline
(1 ml/100 mg tissue) for 10 min, followed by homogenization
(Polytron, 1-2 min). The homogenates were centrifuged at 4°C,
1000 X g, for 30 min, and the supernatants were collected. The
pellets were dissolved in 0.5 M acetic acid and subjected to the
same extraction procedure as described above. The supernatants
were mixed and lyophilized and stored at —20°C until assayed.
The lyophilized samples were dissolved in 0.05 M phosphate
buffer (pH 7.4) containing 2.5 g/l of human albumin and centri-
fuged at 4°C, 2000 X g, for 15 min (2). The supemnatants were
assayed in serial dilution (duplicate samples) and corrected for
unspecific binding.

The somatostatin antiserum (K18 Milab, Malmé, Sweden) was
used in a final dilution of ‘“25000.”’ It does not cross-react with
any other known neuropeptide besides cyclic somatostatin (100%),
linear somatostatin (50%), (Tyrl)—somatostatin (100%) and
(Tyr'')-somatostatin (38%). Two hundred wl of antiserum was
incubated first with 100 ul of sample extract for 24 hr at +4°C and
then with 200 wl (~4000 cpm) of '**I-Tyr'-somatostatin for
another 24 hr at 4°C. Bound and free '*°I-Tyr'-somatostatin were
separated using dextran-coated charcoal (0.5% activated charcoal,
0.1% Dextran T-70 in 0.05 M phosphate buffer, pH 7.5, contain-
ing 2.5 g/l human serum albumin). The detection limit is 5 pmol/l,
and the intraassay and interassay variations are 5% and 9%,
respectively (30).

Statistical Analysis

The behavioral and neurochemical data were evaluated by
analysis of variance (ANOVA) followed by the Tukey a posteriori
test and by the ‘‘product-moment’’ correlational analysis.

RESULTS

The dose-related effects of pantethine on the open-field behav-
ior is presented in Fig. 1.

Compared to saline, pantethine in a dose of 1.95 mM/kg
decreased the locomotor activity [F(5,42)=15.72, p<0.01 ANOVA;
p<0.05 Tukey] and defecation {F(5,42)="7.59, p<0.01 ANOVA;
p<0.01 Tukey], while a dose of 3.90 mM/kg suppressed all of the
open-field parameters [locomotion: p<<0.01 Tukey; rearing:
F(5,42)=7.36, p<0.01 ANOVA; p<0.01 Tukey; grooming:
F(5,42)=2.62, p<0.05 ANOVA; p<0.05 Tukey, defecation:
p<0.01 Tukey]. Lower doses of pantethine (0.24 and 0.48
mM/kg) did not influence the open-field behaviors, while in an
intermediate dose (0.96 mM/kg) decreased the number of defeca-
tion boluses of the animals (p<<0.01 Tukey).

The dose-related effects of pantethine on the hypothalamic
concentrations of noradrenaline, dopamine and DOPAC are pre-
sented in Fig. 2.

Pantethine dose-dependently reduced the concentration of nor-
adrenaline {F(5,42)=24.84, p<0.01 ANOVA; 0.48 and 0.96
mM/kg: p<0.05; 1.95 and 3.90 mM/kg: p<0.01, Tukey], and
increased the levels of dopamine [F(5,42) = 36.28, p<0.01 ANOVA,;
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FIG. 1. Effects of different doses of pantethine on open-field behavior in
rats. * =p<0.05, *#*=p<0.01 (vs. control group) (Tukey test). Vertical
lines represent the standard error of the mean. (n=28 animals/group.)

1.95 and 3.90 mM/kg: p<<0.01, Tukey], and DOPAC [F(5,42) =
67.72, p<0.01 ANOVA; 1.95 and 3.90 mM/kg: p<0.01 Tukey]
in the hypothalamus.

The time-related effects of the compound on open-field behav-
ior are presented in Fig. 3.

Pantethine (3.90 mM/kg) decreased the locomotor [8 hr:
F(5,36)=17.69, p<0.01, ANOVA; p<0.01, Tukey; 12 hr
p<0.05, Tukey], rearing [8 hr: F(5,36) =8.66, p<<0.01 ANOVA;
p<0.01 Tukey] and defecation activities [8 hr: F(5,36)=35.71,
p<0.01 ANOVA; p<0.01 Tukey], but did not influence the
grooming activity of the rats at 8, 12 or 24 hr after the drug
administration. The open-field parameters did not differ signifi-
cantly from the control values 24 hr after the administration of the
compound.

The time-related effects of pantethine on hypothalamic con-
centrations of noradrenaline, dopamine and DOPAC are presented
in Fig. 4.

Pantethine decreased the concentration of noradrenaline [8 hr:
F(5,36)=11.93, p<<0.01 ANOVA; p<0.01 Tukey; 12 hr: p<<0.05
Tukey], but increased the levels of dopamine [8 hr: F(5,36)=
9.89, p<0.01 ANOVA; p<0.01 Tukey], and DOPAC [8 hr:
F(5,36)=139.06, p<0.01 ANOVA; p<0.01 Tukey; 12 hr: p<0.05
Tukey] in the hypothalamus of rats. Twenty-four hr after the
administration of the compound, only minor, statistically insignif-
icant neurochemical changes could be observed (decreased nor-
adrenaline, increased dopamine and DOPAC levels).

The dose- and time-related effects of pantethine on striatal
concentration of somatostatin are presented in Fig. 5. The higher
doses decreased [F(5,42)=2.65, p<0.05 ANOVA; 1.95 and 3.90
mM/kg: p<<0.05 Tukey] the somatostatin concentration 4 hr after
the administration. The maximal somatostatin depletion induced
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FIG. 2. Effects of different doses of pantethine on hypothalamic noradren-
aline, dopamine and DOPAC concentrations in rats. *=p<0.05, %% =
p<0.01 (vs. control group) (Tukey test). Vertical lines represent the
standard error of the mean. (n=8 animals/group.)

by the highest dose of pantethine (3.90 mM/kg) was detected at 12
hr, with a 25% reduction compared to the saline control, F(5,36) =
4.75, p<0.01, ANOVA; p<0.01 Tukey.

The correlational analyses showed the following statistically
significant relationships. Dose-related effects: locomotion-nor-
adrenaline content: r = .73, p<<0.01; locomotion-somatostatin con-
tent: r=.29, p=0.06; rearing-noradrenaline content: r=.61,
p<0.01; rearing-somatostatin content: r=.34, p<0.05. Time-
related effects: locomotion-noradrenaline content: r= .56, p<<0.01;
locomotion-somatostatin content: r=.34, p<<0.05; rearing-nor-
adrenaline content: r= .73, p<<0.01, rearing-somatostatin content:
r=.13, p=NS.

DISCUSSION

Pantethine has been claimed to be a potentially useful drug in
the treatment of diseases like cystinosis (3), atherosclerosis (9) and
alcohol intoxication (31). A better understanding of its central
nervous system effects, behaviorally and biochemically, is, there-
fore, important also from a clinical point of view.

As mentioned above, cysteamine, which is a metabolic product
of pantethine, has dopamine beta-hydroxylase inhibitory action
(6). There is a well known correlation between striatal dopami-
nergic activity and motor performance of the animals (18).
However, the striatum contains low level of noradrenaline. There-
fore, the hypothalamic region which contains rather high concen-
trations of both noradrenaline and dopamine was selected for the
present experiments.

Recent findings by our group suggest that the lower efficacy of
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FIG. 3. Time-related effects of pantethine on open-field activity in rats.
*=p<0.05, ** =p<0.01 (Tukey test). Vertical lines represent the stan-
dard error of the mean. (n=7-8 animals/group.)

pantethine compared to cysteamine on both behavioral and neu-
rochemical parameters is due to a rate-limiting activity of the
enzyme pantetheinase in the conversation of pantetheine to cys-
teamine (29).

In the dose-response studies the lower doses (0.48-0.96
mM/kg) failed to affect the exploratory behavior, but significantly
reduced the hypothalamic noradrenaline content. This suggests
that a moderate decrease in hypothalamic noradrenaline level is
not enough to induce changes in the exploration. However,
administered in higher doses, pantethine produced marked depres-
sion both of the open-field activity and noradrenaline levels,
possibly because cysteamine, the primary metabolite of pantethine,
has dopamine beta-hydroxylase inhibitory activity by chelating the
copper in this enzyme (6). The observed change in hypothalamic
noradrenaline is a marker for alteration in central nervous system
catecholamine metabolism and that some aspect of this is linked to
the behavioral effect. The major increase, corresponding to the
reduced amount of noradrenaline, is found in dopamine and its
principal metabolite, DOPAC. The significant decrease of defe-
cation after the treatment with pantethine might be connected with
the suppressive effect on gastrointestinal motility (31,32).

In the time-response studies, the effects of pantethine on the
behavioral and catecholamine parameters at 8 hr after the admin-
istration were similar to those observed after 4 hr. However, later
(12 hr) the effects of the compound became weaker, and at 24 hr
after the injection the behavioral and neurochemical parameters of
the pantethine-treated group did not differ from the control
animals, suggesting that the drug-induced changes are reversible.

Martin-Iverson et al. (13) have suggested that the somatostatin-
depleting compound cysteamine is an important tool for the study
of central actions of endogenous somatostatin. Their results
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suggest that somatostatin in the nucleus accumbens and caudate-
putamen modulates the motor, but not the reinforcing, properties
of dopaminergic drugs, possibly via an action postsynaptic to the
dopamine-releasing terminals. Concerning our data on the striatal
somatostatin we found a similar dose- and time-related alteration
as in the case of the behavioral and catecholamine results.
However, the effects on somatostatin were less pronounced.

There is evidence supporting the view that the activity of
central dopamine neurons is influenced by somatostatin. Soma-
tostatin administered intracerebroventricularly (10), intracister-
nally (Widerlév and Breese, unpublished data), or intrastriatally
(1) has been shown to increase striatal dopamine turnover. The
peptide also appears to increase dopamine release from rat striatal
slices and from cat caudate nucleus in vivo (5). Therefore, it is
possible that the decrease of endogenous somatostatin concentra-
tion in striatum after pantethine treatment has lower modulatory
activity on striatal dopaminergic system, and this effect might play
a role in the depression of open-field activity of the animals.
Indeed, in previous experiments we found that the selective
somatostatin-depleting compound cysteamine (23), which is the
metabolite of pantethine, decreased the striatal concentrations of
dopamine and DOPAC, and also attenuated the exploratory
activity of the animals (26). However, the findings in the corre-
lational analyses of the present experiments suggest that the
catecholaminergic neurotransmission is more closely linked to the
behavioral effects of pantethine than the effect of the compound on
the somatostatinergic system. The direct effect of somatostatin on
motor activity cannot be excluded.

Whether pantethine (or pantetheine) is active only after con-
version to cysteamine, or also has an activity of its own in these
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tests, still remains to be elucidated. In future studies we plan to
investigate the neurochemical and behavioral actions of pantethine
following intracerebroventricular administration of the compound.
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