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Effects of cysteamine on nociception in mice
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ABSTRACT

AIM: The present study was carried 1o siudy the effects
METHODS .
The pain assays were the hot plate and the tail flick test.
RESULTS: When cysteamine, a drug well known as a
somatostatin depletor, was administered 1 and 4 but not
24 k before the tests { hot plate, tail flick), the nocicep-
tive \hreshold was elevated when the drug was adminis-
tered at high doses (50 and 100 mg/kg) while at a lower
dose (10 mg/kg), it was able to elevate the nociceptive
threshold in the hot plate test only. [n the hot plate as well
the tail flick test cysteamine effects are reversed by nalox-
one administration and potentiated by morphine adminis-
fration. whereas neither somatostatin nor cyclo-(7-amino-
heptancyl-Phe-D-Trp-Lys-Thr Bzl ], a reported somato-
CON-
CLUSION : These results suggest that cysteamine effects
on the nociceptive threshold in the hot plate and tail flick
test may be mediated by cysteamine interference with the

of cysteamine on nociception in mice.

statin antagonist, changes cysteamine effects.

opiocid system.

INTRODUCTION

Cysteamine (3-mercaptoethylamine} is a thiel com-
pound whose biological activities have recently received
great atlention, and that can be found in animals when
acetyl coenzyme A is hydrolized by panteﬂﬂnasei'].
Clinically it has been wsed in the treatment of
acetaminophen poisoning'?’ and in the treatment of
nephropathic cystinosis’™ . It was reported that cys-
teamine depletes somatostatin in the stomach, duodenum,

1)

pancreas. gut and hypothalamus of rats ', Cysteamine

was also found.to deplete somatostatin in the brain'™-¢-
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and spinal cord?'.  This depletion is vbserved within
minutes afier administration. reaches maximal values 4 h
after the administration, and is absent within 24 — 78 h
after the administration-®’.  Furthermore, 4ssays per-
formed on CSF and on cortical somatostatin levels in
same animals showed that cysteamine induced depletion of
cortical somatostatin was accompained by parallel increase
in CSF levels of somatostatin'™ . The lack of cysteamine
effects on other peptides such as luteinizing hormone-
releasing hormone ., arginine, vasopressin, substance P,
f#endorphin, polypeptide,  thy-
rotropin releasing hormone, neuropeptide ¥ and cholecys-
tokinin  octapepetide- ™"~ %
may be a potentially useful pharmacological 1ol for un-
derstanding the role of somatostatin in the central nervous
system.

vaspactive  intestinal

suggested that cysteamine
However, cysteamine also reduced pituitary

U3 and, following administration of high
dose, inhibited dopamine-3-hydroxylase activity. with

prolactin levels

cortical changes in norepinephrine and dopamine lev-
JRACATNLY '

Few data are available on the effects induced by cys-
teamine on nociception in animals.

demonstrated that cysteamine was able to modify the no-

Recently, we have

ciceptive response induced by chemical and electrical
stimuli and that these effects may be mediated by somato-
statin' "7,
vestigate the possible role exerted by somatostatin in noci-
ception, indicated that ¢ysteamine administration elevated
the nociceptive threshold in the tests involving prolonged

Previous studies performed in order to in-

and inflammatory pain induced by chemical stimuli, but
did not change the nociceptive respense induced by acute
718 In this report we further investigate the ef-
fects induced by cysteamine on the nociceptive threshold
by using hot plate and tail flick tesis.
since Haroutunian et af {1987) suggesied thut some ef-
fects of cystcamine may be attributed to cysteamine in-
duced somatostatin depletion or altemnatively, to the non-

stimuli’

Furthermore,

physiological release of somatostatin in CSF. in our ex-
periments we investigated the possibility that somatostatin
or cyclo [ 7-aminoheptanoyl-Phe- D-Trp-Lys-Thr ( Bzl ) |-

a reported somatostatin antagonisﬂ " may interfere with
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cysteamine effects on the nociceptive threshold.  In addi-
tion we also investigated the possible involvement of the
opioid system in cysteamine induced effects.

MATERIALS AND METHODS

Animals Male CD-1 mice {Charles River ltaly )
weighing 25 g — 30 g were used in the experiments, The
animals were housed in colony cages (5 mice each} with
free access to food and water prior lo the experiments.
They were maintained in a climate and light controlled
room {22 T =1 T, 12/12 h dark/light cycle with light
on at 07:00] for at least 7 d before testing.  Testing took
place during the light phase. The animals were brought
1o the test room for at least three hours before testing.
Each animal was used only in one experimental session.
In all experiments atiention was paid to the ethical guide-
lines for investigations of experimental pain in conscious
animals'® and all the procedures were approved by the
Animal Care Commiltee of the Istimto Superiore di
Sanitd.

Hot plate test Mice were tested with the hot
plate in accordance with the methods described previ-
ously *) which were later modified®. The device
(Ugo Basile, lialy) consisted of a metal plate (25 ¢m x
25 cm) heated to a constant temperature, on which a
plexiglass cylinder (20 cm diameter and 16 cm height)
was placed. The hot plate was set to a plate temperature
of 55.0 T £0.5 C. The time of hind paw licking was
recorded, and the measurement was terminated if the lick-
ing exceeded the cut-off time (60 s).  Each mouse was
tested 60 and 30 min before drug administration in the
baseline latency determination and only once after drug
administration .

Tail flick test Tail flick latency ™ was ob-
tained using a tail flick unit (Ugo Basile, Ttaly} con-
sisting of an infrared source {100 W bulb) whose radiant
light with adjustable intensity was focused by an alu-
minized parabolic mirror on a photocell.  Radiant heat
was focused on a blackened spot 1 —2 cm from the tip of
the tail, and the latency umtil the mouse flicked its tail
was recorded. Beam intensity was adjusted to give a tail
flick latency of 2 -3 s in control animals, The animals
were restrained during the trials by means of a plexiglass
cylinder 4 cm in diameter and 8 cm long. Each mouse
was tested 60 and 30 min before drug administration for
the baseline latency determination and cnly once after ad-
nunistration.  The measurement was terminated if latency
exceeded the cut-off time (10 s) (o avoid tissue

damage .

Drugs and administration routes On the day
of testing all drugs used in the experimental sessions were
dissolved in saline for the administration, Drugs were
injected in a volume of 5 mbL/kg for ip and s¢ administra-
tions whereas for intracercbroventricular {icv) and intra-
thecal (it} administrations, they were injected in a vol-
ume of 2.5 nL/mouse.

Cysteamine solution was neutralized to pH 7.2 0.2
using NaOH 1 mol/L. The injection was performed using
a maoditication of the method of Haley and McCormick >
as described by Pomeca et '™ The it injection was ad-
ministered according 1o the method of Hylden and
Wilcox *'! using a 10-Hamilton syringe with a 27-gauge
needle .
tion site was verified by using 1 % methylene blue and ex-
amining the distribution of the dye in the cerebrum and the
spinal cord. Cysteamine (Sigma, Chemical, USA) was
administered ip at doses of 10, 50, 100, and 200 mg/kg;
morphine hydrocloride {Carlo Erba, Italy) was adminis-
tered sc at doses of 0.5 or 1 mg/kg: naloxone hydro-
cloride {Sigma Chemical. USA) was administered sc at
the dose of 1 mg/kg; somamtostatin ( Sigma Chermical ,
USA) was administered icv and it at the dose of 0.1 prgs
mouse; cyclo( 7-aminoheptanoyl- Phe- D-Tip-Lys-Thr- Bzl }
(Sigma, Chemical, USA) was administered icv and ir at
the dose of 0.1 ng/mouse.

The doses of cysteamine, naloxone, and morphine

At the end of the experimental session, the injec-

were calculated as the weight of the base; peptide purity
was nol checked, and the concentrations were calculated
according to the purity quoted from the svurce.
Experimental protocol
indicate that in the mouse. cysteamine causes lime-
dependent somatostatin depletion ( see Introduction ), in
preliminary experiments we investigated whether cys-
teamine injected 1, 4 and 24 h before the tests might be
able o change the response 1o nociceptive stimuli.  Fol-
lowing these experiments, the effects of somatostatin,
cyclo-{ 7-aminoheptanoy]- Phe- D-Tip-Lys-Thr-Bzl ). nalox-
one, and morphine on cysteamine-induced antinociception

Since previous works

were investigated in cysteamine pretreated animals that re-
ceived cysteamine 1 and 4 h before the wests according to
fotlowing experimental schedule;a) sc injection of nalox-
one or morphine 30 min before the nociceptive assay.
b) icv or it injection of somatostatin or ¢yclo- ( 7-amino-
heptanoyi-Phe- O-Trp-Lys-Thr-Bzl1 ) 15 min before the
nociceptive assay.

Statistical analysis All data are expressed as
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£ x5 and were analyzed by Newman-Keuls analysis of I51A
variance, or by Student’s 7-test when the analysis was re- _
stricted 1o (wo means.  Significance was assumed at P < g T
@
0.05. i s :
U
5
= -
RESULTS I ‘ ‘ | !
s |
Cysteamine effects on gross behavior Within L ‘ s ‘ ‘
6L _

20— 30 min after cysteamine administration at the dose of
200 mg/kg. most animals exhibited immobility and trem-
bling and when handled, myoclonus appeared. Immeo-
bility as well as trembling disappeared 1 — 2 h afier cys-
teamine administration whereas myoclonus lasted for 3 — 4
h after the administration. Some animals treated with
cysteamine at the dose of 100 mg/kg exhibited trembling
that almost completely disappeared 1 — 2 h after cys-
teamine administration. When the same animals were
handled, no myoclenus were observed. Mice treated
with ¢ysteamine at lower doses (10 and 30 mg/kg) did
not show any behavioral changes {data not shown) .

Mice treated with saline icv or it or with somato-
statin, and cyclo-{ 7-aminoheptainoyl-Phe- - Trp-Lys-
Thr-Bzl) icv or it did not show gross behavioral change
(data not shown).

Cysteamine effects on nociceptive threshold
Since cysteamine administered at a higher dose (200 mg/
kg) significantly impaired motor performace, we per-
formed the nociceptive assay with the lower cysteamine
doses {10, 50, and 100 mg/kg). Statistical analysis re-
vealed that cysteamine administered 24 h before the tests
at the doses of 10, 50, and 100 mg/kg did not change
the response to nociceptive stimuli in either of these tests
[hot plate: F (3,51 = 0.19, not significant {ns); tail
flick: {3,513 =2.94, ns]. In the hot plate test, a
lower cysteamine dose (100 mg/kg?} increased the noci-
ceptive threshold 1 h after admintstration { Fig 1), how-
ever it was ineffective in the tail flick (Fig 2). Higher
cysteamine doses (50 and 100 mg/kg) administered 1
and 4 h before the tests prolonged the response to noci-
ceptive stimuli in the hot plate and tail flick (Fig 1 and
Fig 2). After these experimenits, we investigated
whether morphine, naloxone. somalostatin and cyclic-{ 7-
aminoheptanoyl-Phe- D-Trp-Lys-ThrlBzI ) ' administered
al doses that did not change the response to nociceptive
stimuli, might be able to modify the cysteamine effects.
Morphine administered at low doses in animals pretreated
with cysteamune at the dose of 10 mg/kg potentiates cys-
teamine effects in the hot piate (Fig 1) and in the tail
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Fig 1. Panel A: effects induced by saline (SAL, 5 mL/
kg, ip), morphine {MOR, 1 mg/kg, sc}, naloxone (NAL,
1 mg/kg, sc), somatostatin {SST, 0.1 g/mouse icv or it),
and cyclo { 7-aminoheptanoyl-Phe- D-Trp-Lys-Thr-Bzl }
{SSA (0.1 pg/mouse icv or it) in the hot plate test in
mice. Panel B and C: effects induced by cysteamine
{CSH 10, 50, and 100 mg/kg ip} and the effects induced
by MOR (1 mg/kg, sc), NAL (1 mg/kg, sc), SST (0.1
pg/mouse, icv or it), and SSA (0.1 pg/mouse, icv or it)
in animals pretreated with cysteamine. In panel B the
hot plate test was performed 1 h after cysteamine adminis-
tration, in panel C the hot plate test was perfortned 4 h af-
ter cysteamine administration. °P <0.05, "P<0.01 »s
saline. °P<0.05, P <0.01 vs animals pretreated with
cysueamine at the dose of 10 mg/kg. 'P<0.61 vs ani-
mals pretreated with cysteamine at the dose of 100 mg/kg.
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Fig2. Panel A; effects induced by saline (SAL, 5 mL/
kg, ip), morphine (MOR, 1 mg/kg, sc}, naloxone {NAL,
1 mg kg, scJ, somatostatin {SST, 0.1 pg/mause icv or
it), and cyclo-( 7-aminoheptanoyl- Phe- D-Trp-Lys-Thr-Bzi)
{8SA, 0.1 pg/mouse icv or it} in the tail flick test in
mice. Panel B and C: effects induced by cysteamine
(CSH 10, 50, and 100 mg kg, ip) and the effects induced
by MOR (1 mg/kg, sc), NAL {1 mg/kg, sc), SST (0.1
pg/mouse, icv or it}, and SSA (0.1 pg/mouse, icv or it)
in animals pretreated with cysteamine. In panel B the
tail flick test was performed 1 h after cysteamine adminis-
tration, in panel C the tail flick test was performed 4 h af-
ter cysteamine administration, ‘P<0.01 wvs saline.
P <0.01 vs animals pretreated with cysteamine at the
dose of 10 mg/kg. ‘P <0.01 vs animals pretreated with
cysteamine at the dose of 100 mg/kg.

flick test (Fig 2) both when cysteamine wis udministered
1 h and 4h before the tests,  Naloxone administered in
animals pretreated with 100 mg<kg of cysteamine | h and
4 h before the test, was able 1o revert the cysteamine in-
duced effects, both in the hot plate (Fig 1} and the tail
flick test {Fig 2).
icy or it in animals pretreated with 10 me/kg of cys-

When somatostatin was administered

tearmine somatostatin was not able to change the cys-
teamine effects in the hot plate and il flick test, both
when cysteamine was administered | h and - h before the
test (Fig 1 and Fig 2). When somatostatin antagonist,
cyclo { 7-aminoheptanoy!-Phe- D - Trp-Lys-Thr-Bzl 1. was
injected icy or it, it did oot change cysteamine 100 mg/
kg effects in the hot plate and wil fick test both when
cysteamine was administered | h and 4 h before the tests
(Fig 1 and 2).

DISCUSSION

The results obtained that
cysteamine is able to modity the nociceplive threshold in

in this work indicate

nociceptive assays involving acute stimuli in mice. In
fact, cysteamine administration av doses that did not sig-
nificantly change locomotor activity and reported as not
interacting with dopamine-3-idrossiluse activity, or did
not change the cathecolamine content in the brain'™'™ ™ |
prolonged the response 1o acute heat stimuli in the hot
plate and tail flick test.

In disagreement with the present results obtained
with the hot plate or tail flick test. Ohkubo et al ' have
reported that cysieamine adminisiered it was not able to
change the tesponse in the tail pinch and hot plate tests in
mice,

The same results were reported by Dalsgaard e
@™ who found that cystearnine it administration did not
change to the hot plate in rat.

These results may reflect the difterence in the experi-
mental procedures used by Ohkubo ¢7 e and Dalsgaard
et al'"® and by us, iz, the differsnt modality for cys-
teamine administration, but it also may suggest that cys-
teamine effects on the response 1o nociceptive stimuli may
depend on the effects that cysteurnine exerts on the differ-
ent pain modulator system and/or pain neurotransmitter.
Many authors indicate different kinds of pain activate dif-
ferent pain modulator systems or different pain neurotrans-

(22-3  Ope of them is the well known system

(81}

milters
involving the endogenous opioids
indicated that somatostalin also may modulate pain re-

and recent evidence

Sponse.
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Somatostatin is widely distthuted in the central
nervous syslem[m and has been found in higher concen-
trations in the dorsal root ganglia and in the primary
B3 I addition, it has been shown
that iontophoretic application of somatostatin caused

SENSOry NEurons

depression of the dorsal horn neurons'™ and that noxious
stimuli produce an increase in sormatostatin release in
cerebrospinal {luid™' . Behavioral data also indicate that
somatostatin administration modifies the response to noci-
ceptive stimuli ™" and in man, somatostatin has been
reporied as a potent antinociceplive agenL:“']. There-
fore. all these data support a possible involvement of so-
matostatin as neuromodulator and/or neurotransmitter for
some type of pain.  Although we did not perform analy-
sis on the somatostaiin levels after cysteamine administra-
tion, many data are available in literature on the effects
exerted hy cysizamine on somatostatin Jevelst 1045
These data indicate thut cysteamine at the doses wsed i
our experiments induces a time-dependent elevation of the
somatosiatin concentration in CSF and a time-dependent
somatostatin depletion in the brain as well as the spinal
cord. In contrast o our previous paper“”]‘ we found
that in hot plate and tail flick cysteamine effects are re-
verted by naloxone and potentiated by morphine, whereas
both somatostatin and antagonist somatostatin did not
modify cysteamine effects. These data suggest that
cysteamine effects in tests involving acute stimuli may be
mediated by the opioid system or at leasi that the
cysteamine may interfere with this pain system.

The absence of effects after somatostatin or cyclo-
( 7-aminoheptanoyl-Phe- -Trp-Lys-Thr-Bzl ) administra-
fion in cysieamine pretreated animals periorming the hot
plate or tail flick test may suggest that in the hot plate and
tail flick test, neither the cysteamine induced somatostatin
depletion (that somatostatin administralion may revert )
nor the elevation of the somatostatin antagonist somato-
statin levels in the CSF (that the somatostatin antagonist
administration may antagonize) cysteamine participate in
the cysteamine induced effects.

If cystearnine effects on nociception are the resulis of
interferences with difterent pain modulator systems, the
lack of effects in the tests involving acute stimuli obtained
by Ohkubo ¢z af 7' and Dulsgaard er af "™ who adminis-
tered cysteamine it, may be caused by an interference that
cysteamine exers on somalostatin levels at the levels of
the spinal cord and that may mediate the responses that
are induced by pain stimuli as well as by formalin or
acetic acid, but not by the hot plate and tail flick. Fur-
thermore, data available on the effects induced by cen-

T e e s———

traly administered drugs on the hot plate or tail flick
test"" =™ are obtained with high somatostatin doses. than
that are reported in the CSF after administration. In
addition no effects™ are reported after somatostatin ad-
ministration at higher doses in tests involving acule pain
stimuli.

Given the evidence mentioned above it is of interest
that cysteamine may be able to modify the nociceptive
response induced by acute pain stimuli, and that these
effects may be mediated by different pain modulator
systems.
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