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Agonistic actions of pergolide on firing activity of dopamine neurons

in substantia nigra compacta area

ZHANG Xue-Xiang, JIN Guo-Zhang', WEI Yue-Fang®
(Shanghai Institute of Materia Medica, Chinese Academy of Sciences, Shanghai 200031, China’)

AIM . To study the potency of pergolide as a
D, receptor agonist on the firing activity of
substantia nigra compacta (SNC) dopamine
{ DA > mneurons that of
bromocriptine and to determine whether per-

compared with

golide has the nature of Dy receptor agonist in
METHODS: Extracellular single unit
RESULTS: Both per-
golide and bromocriptine decreased the spon-

vivo.

recording techniques.

tanecusly firing rate of “sensitive” and “insen-
sitive”™ DA cells. In regard of 1D, values,
pergolide (11.9. 95 % fiducial limits, 5. 7—
25.1 pg kg™') was than
bromocriptine (7- 8, 95 % fiducial limits, 3.3
The discharge inhibition

more potent

—18.5 mg kg™').
of pergolide was attenuated following the in-
jection of selective D, receptor antagonist
spiperone 0. 25 mg kg™! or selective D, recep-
tor antagonist Sch-23390 1 — 2 mg kg™!.
However, the inhibition caused by bromocrip-
tine was not always attenuared by spiperone.
CONCLUSION : Pergolide is 650 times more
potent than bromocriptine at [J, receptors. and
possesses I}, receptor agonist characteristics in

TIT.
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Dopamine (DAY receptors are divided
into 2 subtypes: I coupled with adenylate
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cyclase (AC) acuvation positively. and D,
negatively linked to AC or unrelated to its in-

hibition'?, One important location of D re-

. cep1oTs in central nervous system (CNS) is on
_ presynaptic soma/dendrites of DA neuron in

This sub-
population of D; receptors is termed autore-

substantia nigra compacta (SNC).

ceptors as well, with which DA receptor ago-
nists preferentially interact to inhibit the firing
activity'of DA cells. while the D, receptor an-
tagonists reverse or block the suppression*®™.
This criterion is applied to evaluate the effect
of a drug on DA receptors qualitatively and
quantitatively. In addition, the major abnor-
mality in parkinsonism is due to the loss of
DA neurons in SNC, and administration of D,
receptor agomists is an effective remedy. Al-
so, D, receptors exist on the mammotrophic
D, receptor agonists thus act on this

site to inhibit the secretion of prolactin™’.

cells.

Therefore D; receptor agonists are used in the
treatment of both Parkinson’s disease and
such endocrine disorders as hyperpro-
lactinemnia, acromegaly. and certain pituitary
tUmors.

Bromaoceriptine, a D, receptor agonist. is
currently used as a routine drug in clinic.
And pergolide 1s a new one of high potency.
Pergolide is undoubtedly a D, receptor agonist
both in vive and in witro and a D, receptor ago-
nist in vitro® . However. whether it acti-
vates D, receptors /» tiwe remains unclear and
the reports on its electrophysiology on I re-
ceptors iz vive have not been found to date.
Hence. we compared the potencies of per-

golide and bromocriptine on D, receptors and
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tested if pergolide influenced D, subtype n

WU,
MATERIALS AND METHODS

Drugs aod reagents Gallamine triethiodide 1Sig-
ma); pontamine sky blue ( Merck); lidocaine-HC1
(Haipu Pharmaceutical Factory, Shanghai); spiperone
(S1gma }: pergolide mesylate (Tianjin Instirute of Ma-
teria Medica) was dissolved in normal saline adjusted
by HC1 0.1 mol L™ ro pH 3.
was dissolved in ethanci and then equal amount of rar-
trate was added. This solution was diluted with nor-

Bromecriptine (Sigma )

mal saline until the final concentration of ethanol was
5 5. (Vehicle contains the same ingredients).

Rais and surgery Sprague-Dawley rats 13 , n=
32) weighing 254+ 5 28 g {Shanghai Experimental An-
imal Center. Shanghei) were used in accordance with
the “Guiding Principles in Care and Use of Animals. *
Prepararive surgery was done under ether anesthesia
and a tail vein was cannulated for iv injection of drugs.
All incision sites and pressure points were thoroughly
infiltrated with lidocaine. After surgery, rats were
paralyzed with gallamine triethiodide (16 mg kg ').
Body temperature was maintained at 36— 38 C with
an electric heating pad. ECG was monitored.
Single unlt recording techniques Extracellular,
single unit recordings were performed in paralyzed
rats™. A small burr bele, 2. 2 mm lateral to midline
and 3.2 mm anrerier to the lambdoid surure™ . was
drilled through the skull for recording in SNC.  Elec-
tric signals picked up by the glass microelectrode
{filled with NaCl Z mol L. containing 1 i pontamine
sky blues 3—9 M measured in vitro) were amplified
and led inte 2 window discriminator or displayed on an
ostilloscope.  Firing rate was counted by a computer.

The identilicaticn of neurcns as purative SNC DA
cells was based on the well-established indices®®.
After 5-min period of srable baseline was recorded,
drugs were given iv 2 min apart. FEach dose was equal
to the previous cumularive dose of the same drug.
Only cne cell was monitored per rat.

Histological examination

ment, the terminal recording site was marked by pass-

Ar the end of experi-

ing 15 uA negative current through the recordife bar-
rel for 20 min.  The rats were then perfused with nor-
mal saline centaining heparin followed by 10 9:

buffered formaline. Serial coronal sections were cut

(50 um>J, then stained with cresyl viclet. and counrer-

staitied with neutral red. The dve spot was observed

unider light microscope and served as a reference point.

Statistical procedure The doses of drugs pro-
duced a 50 4 reduction in activity (1D} were deter-
mined by logit method, Orther data were expressed as
s and caleulated with twe-tail ¢ test.

RESULTS

Agonistic effecis of pergolide predomi-
nantly on D; receptors In paralyzed rats, 11
out of 14 DA neurons were sensitive to per-
golide (IDg< 20 pg kg™'). Whena 5 pg kg™
dose was given, firing rate was profoundly de-
pressed to 75.9 % uvs baseline. More appar-
ent inhibition was observed after larger doses.
IDs, for pergolide was 11.9 ug kg™ 1 (95 U
fiducial limits, 5. 7—25.1 pg kg™').
cle group (» = 6), no significant response

In vehi-

emerged (Fig 1).
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Fig 1. Inhibitory action of pergolide on “sensitive”
SNC DA neuron firing. Tts. “P<Z0. 0L ¥s control.

The depression caused by pergolide was
readily attenuated by spiperone in the order of
0. 25 mg kg~!'( Fig 2).
that pergolide possesses D, receptor agonist

These results indicate

Properties.

When Sch-233%0 (1 —2 mg kg™') was
given iv following pergolide 20 pg kg ! or
more, the pergolide-caused rate reduction was
also attenuated and the pretreatment firing
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rates were regained (Fig 2). L2t .
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Fig 2. Pergolide-induced inhibition of SNC DA neu-
ron firing was attenuated by spiperone and Sch-23390.

There were 3/14 rats insensitive to per-
golide (ID;, > 40 pg kg™ ') (Fig 3.
when the cumulative dose reached 160 pg

Ewven

kg™!. firing activity was reduced by 33.9 X,
while by 88. 4 % in “sensitive” group with the
cumulative dose of 80 pg kg™'.
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Fig 3. Response of “insensitive™ SNC DA cell in
paraly¥zed rat o iv pergolide.

Effects of bromocriptine on D, receptors
In another 6 rats, bromocriptine did not affect
the firing rate (<20 2} change vs baseline)
until the cumulative doses reached 6 or 12 mg
kg '(inhibitory rate was 32.9 %; and 79. 2 %,
respectively) (Fig 4).

D, of bromocriptine was 7.8 mg kg™
3.3—18.5 mg kg~').
which was approximately 650 times more than

(95 % [iducial limits,

that of pergolide. However, different from

that of pergolide . the inhibition induced by
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Fig 4. Inhibitory action of bromocriptine on SNC DA

neuron firing. n=6, x+s. "P>0.05. “P<{{.01 vs

control.

bromoctiptine was not always attenuated by
spiperone.

In the control test (n = 6}, wehicle
induced only a small fluctuation of firing with
no marked alteration vs baseline (Fig 4).

DISCUSSION

In the present work. the effects of per-
golide and bromocriptine were compared using
single unit recordings. In respect of IDy, val-
ues. pergolide was aghout 650 times more po-

Among the DA

a few cells were tested insensi-

tent than bromocriptine.
cells tecotded,
tive to pergolide. This phenomenon might be
concerned with the different targets of DA cell
indicated

projection.  Substantial evidence

that there existed a small portion of SNC DA
neurcns terminating in cortical regions®¢ ),
This subpopulation. in contrast to those
innervating the striatum. was less sensitive to
D. receptor agonists due to its lack of auto-
receptorst,

Pergolide and bromocriptine are 2 ergot
derivatives used in clinic currently. This
study showed that the inhibition of DA cell
firing induced by pergolide was readily attenu-

ated by the D; receptor antagonist spiperone.
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However, bromocriptine’s interaction with D,
subtype was either reversible or irreversible
by spiperone. This was consistent with
others’ observations*®’ and ascribed to the pep-
tide chain of bromocriptine which was capable
of forming reactive intermediates to intetact
with accessory binding sites. Pergolide, an
ergot detivative without peptide chain, in-
duced agonist-reversible depression.
Pergolide, a dominant D, receptor ago-
nist, has been discovered holding [, receptor
agonist trace as well'™, In our experiments,
subsequent to the inhibition induced by per-
golide, a large dose of a selective D, receptor
antagonist Sch-23390 obviously attenuated the
inhibition and retutned the firing rates to the
ptetreatmentj baseline. This result indicates
that pergolide in the previous doses acts not
only on autoreceptors (I;} but alse on I
receptors which is postsynaptic to nigral DA
neurons. This deduction is

because the inhibitory effects of DA receptor

reasonable

agonists which were mediated through auto-
receptors were not affected by Sch-23350 1 mg
kg™! or more with electrophysiological meth-
Odsflhlﬁ".

nomenon was cobserved with apomorphine. a

Furthermore, the similar 7phe-
D,/D, mixed receptor agonist"',  After a cu-
mulative dose of 128 ug kg™ ! of apomorphine
was given, Sch-23390 1 mg kg™’ significantly
attenuated the apomorphine-induced suppres-
sion on firing rate. Sch-23390 4 mg kg™
blocked the inhibitory effects of 32 ug kg—* of
apomorphine, These effects result from post-
synaptic I}, receptors, which may lorate in
sEtiatum.

In conclusion, the studies support that
pergolide is a more potent D, receptor agontst
than bromocriptine, and may have greater po-
tential use to cure diseases associated with DA
system. It is also suggested that pergolide
may activate D), receptors #n vivo, although its

mechanism needs further study.

REFERENCES

10

11

12

Kehabian JW. Calne DB.  Multiple receprors for
dopamine. Mature 1979; 277: 53—6.

Wang RY. White FI» Voigt MM. Effects of dopamine
In; Usdin

Cateco-

agomsts on midbrein dopamine cell activity.
E, Carlsson A. Dahlstrdm A, Engel J. editors,
lamines part B: neuropharmacology and central nervous
system-theoretical asperts, Mew York: Alan R Liss,
1984; 359—67.

Chiosdo LA, Bunney BS. Effects of dopamine antago-
nists pn midbrain dopamine cell activity. In: Usdin E.
Carlsson A, Dahlstrdm A. Engel ], edirors.
Carecholamines parr B: neuropharmacclogy and central
nervous system-theorencal aspects. New York:; Alan R
Liss. 1984: 369—91.
Calne DB, Larsen TA.
dopamine receptor agonists and antagonists.
C, Kebabian JW, edirors. Dopamine receprors, ACS
Symposium Series 224, Washington DC: American
Chemical Society, 1583, 147—53.

Fuller RW, Clemens JA. Pergolide; a dopamine agonist

Potential therapeuric uses of
In; Kaiser

at both Dy and D receptors.

Life Sc. 19915 49 925 —30.

Bunney BS, Walrers JR. Roth RH, Aghajanian GK.
Dopamunergle Neurops: effect of antipsyehotic drugs and
ampbetarmine on single cell activity.

] Pharmacol Exp Ther 1973, 18B5; 560—71.

Paxinos Gy Watson C.  The rat brain in sterecraxic coor-
dinates. Sydney: Academic Press, 1382.

Grace AA, Bunney BS.

electrophysiology of nigral dopaminergic neurons-1.

Intracellular and extracellular

Identification and characterization,

Meurcscience 1983; 10; 301—15.

Bannon M. Grace AA, Bunney BS, Roth RH. Evi-
deoce for an irreversible (neeracvion of bromocryprine
with cenrral dopamine receprors. Naunyn Schmiede-
bergs Arch Pharmacol 19805 312: 37 —41.

Lindvall O, Bjorklund A. Anpatomy of the dopaminergic
Robertzs PJ.
Dopamine. Advances in bio-
vol 19. Mew York:

neuron systems 1n the rar brain.  In:
Woodrotf GM,. editors.
chemical psychopbarmacology,
Raven Press. 1978; 1—23.

Fallon jH, Riley JN, Moore RY.
separare  pPopulatrions

Subatantia gra

dopamine neurons; project o
nedstnafum angd allocorrex,
Neurosci Lett 19783 7: 157—632.

Chiodo LA, Bannon WMJ. Grace AA, Rorth RH, Bunney


http://www.cqvip.com

BIBLID: ISSH 0253-9756

Acta Pharmarologica Sinica

H*EAEEHN 1995 Sepr 16 (W) * 427 ¢

BS. Ewidence for the absence of impulse-regulating so-

matodendntic and synthesis modulaung nerve rerrmnal

auroreceptors on  subpopulations of  mesocortical
dopamine peurons. Meuroscience 19845 12: 1—16.

13 Goldstesn M, Lieberman A, Lew ]¥. Asano T. Rosen-
feld MR, Makman MH.
central dopaminergic receptors.

Proc Mat]l Acad Sei USA 1980 77 37256—8.

14 Mapier TC, Givens BS, Schulz D'W . Bunney BS, Breese
GR, Mailman RB. SCH23390 effects on apomorphine-
induced responses of nigral dopaminerge neurons.

] Pharmace] Exp Ther 1986, 236. 338 —45.
15 Carlson JH, Bergstrom DA, Walters JH. MNeurophym-

ological evidence that D-]1 dopamine receptor blockade

Interaction of pergolide with

attennates postsynaptic but not autoreceptar-mediated
effects of dopamine agonists,

Eur ] Pharmacol 1986; 123; 237—51.

£23-42

EE FIR AR S E RS TN R R

¥
748, 2

[
hEHm, ¢E¥, A5
(PEEER SRR, ¥ 200031, FE)

S e e e e e s e e o e e s e e e e e e e e

BIBLID. ISSN 0253-9756 Acta Pharmacologica Sinica

Sll-FoE- L 3

Hiy: WK D.AF B 7 % & 5 #F (pergolide.
Per )3t A B R O (DAY M£& ST B i 3
B . 35 8 B % (bromocriptine. Bro} {E
Hoge, [FRTHEAE Per E R 1A L DM SO
YER. Hik. WAAEARBFENIEFER
SR, BRI H SR B N U ey DA
MBSTHEAWHBES. Per iy ID,{EX11.5
pg kg™'. 1M Bro 87. §mg kg™'. Per (L5 &R
RE. EEWE DR &G B OKE (spiper-
one, (.25 mg kg™") HEF EFHEHE D ZEIEH
#| Sch-23390 (1—2 mg kg™1) W] LA &5 4 f 30

J,;;.%'J- SRT Bro 3| & B J i i 5+ FER 6k

spiperone 0L 55. L. Per EVE NP H
HIRE D. WM F{ER, H Bro 3 6501F.
R FH DR MBI L.

X@if HEhE RRE. BwmE: BR
X OHEZE, wEEY

1995 Sepr 16 (5); 427—439

Effects of toquipidine on ionic channels of cultured embryonic

Xenopus laevis myoblasts and neurons

ZHENG Ping, CHEN Gong', SHI Nian-Ci, ZHOU Si-Ping, LU Ying-Qing, YAO Ming-Hui,
HE Zeng-You® (Department of Pharmacology. School of Basic Medical Science. Shanghai
Medical University, Shanghai 200032; 'Shanghai Institute of Physiology, Chinese Academy of

Sciences, Shanghai 200031; *Yangzhou Pharmaceutical Factory, Yangzhou 225001, China)

AIM: To study the effects of toguipidine
(1- p-methyl-phenyl-2- ( a-piperidinoacetyl >-1,
2. 3, 4-tetrahydroisoquinoline hydrochloride,
Tog?. a new anti-arrhythmic agent first syn-
METH-
ODS: Ionic channel currents were recorded by

thesized in China. on ionic channels.

whole-cell patch clamp technique in cultured

Recerved 1994-01-10 Accepred 1595-01-14

embryonic Xenopus laevis myoblasts and neu-
RESULTS: Toq (0.1, 1. 10, and 100
pmol L™') caused a concentration-dependent
inhibition of the Na' currents with IC,, 7.2
pmol L' (5.3 — 9.8 pmol L), Tog (10
pmol L™') also suppressed the high-voltage-
But the

steady-state outward K%' currents in my-

romns,

activated Ca’~ currents in neurons.,

oblasts were activated by Toq (10 wmol 1.7,
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