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dopamine- and cAMP-regulated phosphoprotein in denervated striatum of

oxidopamine-lesioned rats’

GUO Xiang, LIU Jian. ZOU Ling-Long, JIN Jian® . WANG Bo-Cheng”, JIN Guo-Zhang?
{ Shanghai Institute of Materia Medica, Chinese Academy of Sciences, Shonghoi 200031, China;
2State Key Laboratory of Nuclear Medicine , Wi 214063, China)

KEY WORDS stepholidine; phosphoproteins ;
phosphorylation; dopamine D, receptors; oxidop-
amine; corpus striatm; SK&F-38393; Sch-23390

AIM: To study effects of { — )-stepholidine { SPD)
on the phosphorylation of a dopamine- and cAMP-
regulated phosphoprotein {( DARPP-32) in the striatum
of oxidopamine-lesioned rats. METHODS: The
amount of dephospho-DARPP-32 was measured by a
back-phosphorylation assay. RESULTS: In the
striatum of control rats, SPD per se had no effect on
the phosphorylation of DARPP-32, but it antagonized
the decrease by 28 % of dephospho-DARPP-32
induced by the D, agonist SK&F-38393. In the
denervated striahmm of oxidopamine-lesioned rats, SPD
decreased the amount of dephospho-DARFP-32 by
44 %. The effect of SPD was completely
counteracted by the concomitant adevinistration of the
D, antagonist Sch-23390. CONCLUSION: SPD
exhibits I}, agomistic action on DARPP-32
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phosphorylation in  the denervated striamm of
oxidopamine-lesioned rats, but it acts as a Dy
antagonist in nomal striatum.

{ — )-Stepholidine { SPD), an alkaloid isolated
from Chinese herb Stephania intermedia Lo, is a
tetrahydroprotoberberine.  SPD has high affinities for
both dopaming (DA} Dy and Dy receptors with a
preference for Dy receptors, and low affinities for non-
DA receptorst!) . SPD possesses the characteristics of
a Dy antagonist'® 3,

As for Dy action of SPD, previous studies
reporied controversial observations. In rats with 6-d
reserpine treatment, SPD reduced D, agonist SK&F-
38393-induced inhibition of firing activity of nigral DA
cells although SPD per se had no action, indicating a
D, antagonistic action™ . In rats with unilateral nigral
lesions by oxidopamine, SPD induced a contralateral
rotation in the manner similar to SKA&F-38393,
indicating a Dy agonistic action’®. SPD bound to
high and low affinity sites (Ry and Ry ) of D, receptors
and the Ry could be regulated by GTP, indicating an
intrinsic activity to Dy receptors'® . After blockade of
Dy receptors, SPD  stimulated striatal cAMP
formation!™ . In nigral lesioned rats, SPD induced a
firing inhibifon of substantia nigra pars reticular
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neurons as SKAF-38393 did, but partially reduced
SK&F-38393-induced firing inhibition'® . Based on
these observations, a I partial agonistic action of SPD
is proposed.

There existed a DA- and cAMP-regulated
phosphoprotein ( DARPP-32, m =32 kDa) in striatal
neurons containing I, receptors. DA activated adenyl
cyclase { AC) through Dy receptors. The increased
cAMP level stimulated the activity of cAMP-dependent
protein kinase {PKA) which phosphorylated DARPP-
32.  Phospho-DARPP-32 represented a positive
feedback signal through which some of the actions of
DA might be amplified® ., The phammacological
modulation of DARPP-32 was detected in vive. The
phosphorylation state of DARPP-32 was increased by
in vive administration of D; receptor agonists, and
their effects were counteracted by the concomitant
administration of D, (but not of D) antagonists!'® |

To elucidate the action of SPD on I, receptors,
we evaluated effects of SPD on DARPP-32
phosphorylation in striatum of dmg-naive and
oxidopamine-lesioned rats .

MATERIALS AND METHODS

Chemicals and reagents SPD { Shanghai Instiite of
Materia Medica, Chinese Academy of Sciences, China) was
dissolved in H,80, 0.1 mmol-L-!, then diluted and adjusted o
pH 5 with NaOH 0.1 mmol-L~!. Apomorphine {Shenyang
Pharmaceutical Co, China}. SK&F-38393, Sch-23300 and
oxidoparnine-HCl { RBI, USA ). Phenyl methyl sulphonyl
fluoride  PMSF ), Pepstatin and PKA { Sigma, USA).
[v-ZP]ATP {185 PBq- mol™!, Beijing Yahui Biomedical Co,
China } .

Rats and pretreatment  Spragus-Dawley rats { £, 180
+ 5 29 g, Shanphai BExperimental Animal Center, Shanghai.
Centification Ne 005 confermed by Animal Management
Committee, Chinese Academy of Sciences) were used. Rats
were anesthetized with pentobarbital {40 mg-kg~!, ip). and
injected into unilateral medial forebrain bundle {MFB} with the
saline solition {4 pL} containing oxidopamine-HCl 9.7 g and
ascorbic acid 1 ug. After 1 — 4 weeks, lesioned rats were
screened in a bowl and the tums in a given ime were rec onded.
Only the rats showing contralateral rotation at a speed of > 5 tums
‘min~"' in response to apomorphine (0.2 mg-kg~!, ip) and
SPD (4 mg-kg~!, ip} were used.

Preparation of the striatal protein extracts Rats
were decapitated 30 min after the intraperitoneal injection of SFD
and other DA agents. Striata were dissected and rapidly
homogenized in ice-cold Trs-HCl buffer (pH 7.4} 10

mmol'L~! containing edetic acid 2 mmeol'L~', PMSF 0.1
mmol'L™! using ten strokes in a teflon-glass  Potter
homogenizer.

DARPP-32  was extacted™),  Immediately after
homogenization, proteins were precipitated by adding
homogenate 200 pL to 5 mlL of ice-cold zinc acetate 5
mmol-L~! and spun at 4000 x g for 15 min, The pellet was
resuspended in citric ecid 1 mL {pH 2.8) 16 mmol * L~
contzining 0.1 % Triton X-100 and pepstatin A 2 ug.  After
centrifugation at 28 000 x g for 15 min, the supernatant was
adjusted o pH 6.5 with Na,HPO, 0.5 mol-L~! and left on ice
for 10 min. Afier centrifugation at 16 000 x g for 15 min, the
final supernatant was kept on ice. Protein concentration was
measured 2!,

Back-phosphorylation assay Phosphorylation was
carried out at 30 T for 60 min in a final volume of 100 uL
containing HEPES {pH 7.4} 30 mmol-L"!, MgCL 10 mmeol-
L™!, egtazic 'acid 1 mmel * L~', edetic acid 1 mmol-L-1,
catalytic subumit of PKA 10 nmol * L™!, [v-®P]ATP 5
nmol-L-!, and stiatal proteins 40 pg. Phosphorylation was
started by the addiion of [y-®P]ATP. The reaction was
stopped by adding the stopping solution 100 pL containing 3 %
sodium dodecylsulphate {SDS), 5 % 2-mercaptoethanol, 10 %
glycerol, and 0.002 % bromophenal blue in Tris-HCL {pH 6.8)
0.12 mmol - L~1,

Samples were boiled for 2 min and then subjected to one-
dimensional SDS-polyacrylamide gel electrophoresis ( PAGE )
using 10 % acrylamide and 0.3 % bis-acrylamide in the
resolving gel.  Electrophoresis was carried out at 60 V for 15
tmin, then 120 V until the dye reached the bottom of the gel.
Resulting gels were stained with Coomassie bhoe, destained, and
dried. The radicectivity retained on the gel was visualized by
phosphoimage apalysis ( Bio-Rad GS250 Moleclar Imaging
System, USA). The amount of [ y-2P]phosphate incorporated
in the 32 kDa protein band was determined using Phosphor
Analyst Software. Data were expressed as percentage of
incorporation compeared (o the saline control.

RESULTS

DARPP-32 phosphorylation in the striatum
of normal rats SK&F-38393 (3 mg-kg~!) lowered
[%P |phosphate incorporated in the 32 kDa protein
band to 72 % of the saline group, showing that the
amount of dephospho-DARPP-32 was decreased by
28 % . The simultaneous injection of Sch-23390
(0.01 mg+kg™!) antagonized this effect of SK&F-
38393. These results were in line with previous
repoﬁs[m].

After the injection of SPD (4, 10, and 20
mg-kg ~'), ®P incorporation was not changed. When
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rats were ireated with SK&F-38393 and SPD (4
mg'kg~!) concomitantly, SPD counteracted the
decrease in P incorporation induced by SK&F-38393
(Tab 1). This indicated that the D, action of SPD
was similar to the D, antagonist Sch-23390.

Tab 1. Incorporation of [*P] phosphate in DARPP-32
in the striattm of nomml rats and the denervated
striatum of oxidopamine-lesioned rats. 2 =3 (each was
pooled from 2 rats), £+ 5.

Normal Denervatad

Growp sriatm/%  striatom/ %
Saline 100 100
SK&F-38393 72+9 M4 +6
SK&F- 38393 + Sch-23300 101 +11 104 +18
SFD 97T 214
SEEF-38393 + SPD 94 +15
SPD + Sch-23390 104+ 14

DARPP-32 phosphorylation in the dener-
vated striatum of oxidopamine-lesioned rats
In the denervated striatum, SK&F-38393 (3 mg-kg™')
decreased [*PJphosphate incorporated in the 32 kDa
band to 44 % of the saline group, and Sch-23390
(0.01 mg-kg~!) counteracted the effect of SK&F-
38393. The amplitude of *P incorporation change
induced by SK&F-38393 was much larger than that in
normal rats. [t suggested the supersemsitivity of DA
receptors after the oxidopamine lesion.

In the denervated striatum, SPD (4 mg-kg~')
decreased [*P]phosphate incorporated in the 32 kDa
protein band to 56 % of the saline group. This
reduction reflected the decrease of dephospho-DARPP-
32 available in vitro for the back-phosphorylation and
conversely indicated the increase of phospho-DARPP-
32 in vive. The simultaneous treatment with Sch-
23390 counteracted the effect induced by SPD (Tab 1,
Fig 1). These results indicated that after the oxido-
pamine lesion, the D, action of SPD was similar to the
D, agonist SK&F-38303 .

DISCUSSION

Previous binding assay and AC activity assay have
demonstrated that SPD possessed the characteristics of a
D, agonist”"® .  The present results found that SPD
increased the phosphorylation of DARPP-32 in the

32 kDa—

Fig 1. SDS-PAGE and phosphoimage of back-
phosphorylation of proteins in acid extracts. SPD
reduced [#P]phosphate incorporated in the 32 kDa
protein band of depervated strintum. Lane (a) saline;
{b) SPD 4 mg-kg-!.

denervated striatum of the oxidopamine-lesioped rats.
DARPP-32 has been proposed as a molecular marker of
dopaminoceptive cells possessing Iy receptors. The
phosphorylaton of DARPP-32 appears to be
specificfor a Dy, agonist. Thus, the present results
indicates that SPD acts as a Dy agonist in the
denervated striatum.

In the intact striamm, however, SPD antagonized
the effect of SK&F-38393 on the phosphorylation of
DARPP-32 while it per se had no effect, indicating a
D, antagonist action. This is possibly due to the low
intrinsic  activity of SPD'®) and fthe existencé of
endogenous DA. The oxidopamine lesion upregulates
the signal transduction mechanisms of D; receptors'™ ,
increases the sensitivity of Dy receptor to stimmlation.
Meanwhile, the endogenous DA is depleted by more
than 90 % . Therefore, SPD shows the D, agonist
action only after the lesion.

In summary, the agonistic action of SPD on
DARPP-32 phospborylation can be exhibited on
supersensitive Dy receptors in the denervated striatum,
while SPD shows an antagonistic action on nommal D,
receptors .
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