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Chronic treatment with { — )-stepholidine alters density and turnover of

D, and D, receptors in striatum’
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AIM: To study the effects of chronic administration
of SPD on the density and turnover of striatal I,
and D, dopamine (DA) receptors. METHODS:
Receptor density was monitored by radio-receptor
hinding assay. The receptor recovery and
turnover were studied after irreversible inactivation
by N-ethoxycarbonyl-2-ethoxy-1. 2-dihydro-quinol-
ine (EEDQ). RESULTS: Chronic SPD treatment
(sc. 20 mg kg '-d” ' x 21 d) upregulated both
striatal O, and D, receptor density. As compared
to vehicle-treated rats. SPD increased [, and D-
receptors by 41.5 % and 43.7 % ., respectively.
SPD alsc altered the wurnover of both D; and D,
receptors. The degradation rate constant { k =
0.0082-h™') and the synthesis rate (r = 2.65
pmol * h™'/g protein) of D, receptors in SPD-
treated rats were significantly increased vs
. vehicle-treated rats (k =0.0049+h7'; r=1.10
pmol * h™'/g protein). The degradation rate
constant (k =0.0059-h™") and the synthesis rate
{r=3.1 pmol*h™'/g protein) of D, receptors was
also increased in SPD-treated rats vs vehicle-
treated rats (k=0.0048+h"": r=1.8 pmol*h™ '/
g protein) , but the alteration of degradation rate
constant missed significance { P > 0.05). As a
result, receptor recovery following EEDOG was
accelerated The half time for D, and D,
receptors recovery in SPD group were 117.5 h and
B4.5 h, respectively. shorter than 144.4 h and
141.4 h in vehicle-treated rats. CONCLUSION:
Chronic SPD treatment upregulated D, and D.
receptors, and accelerated DA receptor turnover
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and recovery mainly by
synthesis.

increasing receptor

Alteration of dopamine {DA) receptor density
18 involved in the pathogenesis of several disorders,
such as Parkinson’s disease., Huntington’s disease,
tardive dyskinesial'®). A
better understanding of how DA receptors are

schizophrenia. and

regulated by drugs may help to suggest novel
treatments for these disorders.
Chronic

treatment with DA  agonist or

antagonist alters striatal DA receptor densit}'[s_ﬁ.
Changes in receptor density could result from the
alterations of receptor synthesis and/or receptor
degradation, and those can be analyzed with a
relatively simple model by inactivating the
receptorst’ ) . N -ethoxyearbonyl-2-ethoxy-1 . 2-dihydre-
quinoline { EEDQ) has been reported to inactivate

() It was thus used in

irreversibly DA receptors
this experiment.

{ — }-Stepholidine {(SPD?}, isolated from the
Chinese herb Stepharia intermedia Lo, possesses
high affinity for both Iy and D, receptors with
preference to I receptcrrs[g]. It has been
established as a D, antagonist based on the following
observations: 1) SPD anragonizes apomorphine
( APO )-induced stereotypy in ratsi'®: 2) SPD
APO-induced  firing
inhibition of DA neurons in substantia nigra pars
compactal™); 3) SPD blocks the autoreceptor-

mediated feedback regulation of DA synthesis in
[£2)

reverses  dose-dependently

striatum
However, the pharmacological effect of SPD on

D, receptors remains uncleart!3-14)

The present
weth aims to explore how chronic SPD trearment
affects the density and turnover of srriatal D, and D,

receptors and further characterize SPD.

MATERIALS AND METHODS

Medication Sprague-Dawley rars ( 7, clean, Shangha
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Experimental Animal Center, certificale Mo (WH renferred by
Ammal Managenent Coomittee.  Chmese  Academny  of
Sciences?}, weighing 208 = s 23 g, were honsed 6 - ¥ per cage
an a L2-h light-dark cycle with faod and warer wd fr. SPL

hl

(mp 61 — 162 T, [alp— 440" in pyridine), sopphed by
Shanghar Institnre of Mareria Medica, was dissalved m 10 %
phesphoric acid, and adjusted with NaOH 0. 1 nmnl-L7 ' re pH
4- 5.
vehicle (distilled warer, pH 4 — 5) unce daily for 21 J.
EEDQ ( Research Biochemicals Tue ), freshly diswclved in

erhanol/propylene glyecal 11 {wvolswnl}, was wjected p 6
1

Raws were injected SPD (20 mg-kg™ ', <) or its

mg kg™ ' + 3 d afrer withdrawal from chrome SPTD treatment.
Racs were decapitated at 6, 24, 72, {20, and 196 h afrer ip
EEDQ.

Radioreceptor hinding assay Scriarz were homogenized
in ice-cold Tris-HCI buffer {pH 7.4 5¢ mmol-1." ", nsing a
Teflon homogenater.  After centrifugation at 30 000 + g ar 4
C for 20 min, che pellet was washed aud spinued nnce owre.
Protein contents were determined colorimetrical[v'®] .

In the binding expermews, [*H]SCH-23390 (3.1
PBgrmol ™', Amersham }. and { 3.7

PBg mel ™', Amersham ) were used as radivligands to label 1),

['H]spiperone
and I} receptors, respectwely. Iu . leterniirung the Lme
course of Dy or I}y recepror recovery, binding assay was
performed using a wingle-concrntration af rhe radichgand.
For [*H  SCH-23390 binding, the pellet was resospended in
Tris-boffered meubation solution (pH 7.4) contmnmg MgSO,
S mmol = L7, edetic acid 0.5 mmol - ™", and 0.02 %
ascurbic acid.  For [°H | spiperone binding, the peller was
resuspended 1 Tris-buffered incubatien solution (pH 7.4
enntaining NaCt 120, (all 2, KC1 5, MeCla | manl-L7'.
and 0.01 " ascorbic acid.
{ca 200 ug) was added to assay tobes in tripheate to bring the
SCH-23390 1 pmal = L7 nr
' was used av a2 Dy or Dy recepuir

Membrane suspensim 200 uh

toral volume w 0.5 ml..
haloperidol 10 pmnl = 1.7
blocker to determine nonspeciuic linding  Fer b receptir
assay kelanserin (40 nowl*L 7'} was iocluded 1o prevenr Lhe
binding nf [*H]spiperne to serolomn recepturs.  After the
additnn of radiotigand § nmel - L™ "¢ final conventrationd, the
assay tnbes were incnbated ar 37 T Tor 30 nman.  The
reaction “was ternunatred hy dilunion wich 5 mi. ice-cold bufler
and Altration throngh filters.  Following additimal rinee with
2 5 ml buffer the dned filters were placed in scintiBaten
vials and the radicactivity wa~ counted. In  separate
experinients, saturation amalysis were done to estimate the
B, .. and K, values under the same conditwns a: described
above except that 8 voncentratiens of the radichgand {(0.01
-12 nmel'L ™" for [*H] SCH-23390 hinding. 0.0t — tb
amol* L™ for [*H]spiperone binding ) were used.

Data analysis

compurer software GPIP ( Graph Inplot) with noolinear

Saturation isotherms were analyzed by

ficumg v estumate the B, and K, Whe: a single

concentration of radicligand was mved 1 label receprors, the
B e value was estimated using (he Tollowing equarion:
Blue=B(L+ R, L (1
where L = eoncentration of free radlgand. B = densiry of
recepiors specifically labeled ar eoncenrration L. amd K, =
eqnilibrium  dissuciation constant deternuned by analvsis of
satoration isutherms.
Caleulanion of recuvery kincries after recepter wartivatinn

17 .
' Briefly, 1t was as-ned Lhat the recepor

was carried out
production rate ( r ) s constant during the repopulatnes
period, and the degradation of receptors after blockade 1~
pruportional to the density of receptors ar any time, giving the
equation

R, =rsb(l—c ¥y 12)
where R, = receptor concenrration at lime ¢ and A = rate
constant for receptor degradation. When ¢ 1ends w wnfinuty
R, approaches r/E, which is equal tn R, the cancentration
of receptor ar steady state. The logarithmuw transformarion
[mM{R_/Rs-R,)=kr] of the experimenral FECOVETY clUrves
vields a linear plot. The slope of the plul is equal w che raie
constant of degradavion (& ). The receptr productica rare
{rl1=R " k.
D.693/%.

The mean H,,., values threnghoot the vbservation 1rme m

The half time [ T; ;) ol recepuor rocovery =

SPD-created rars were compared wich those in webicle-trealed
rats using a two-way ANOVA Tullowed hy an unpaired ¢-

rest.
RESULTS

Upregulation of D; and D, receptor density by

chronic SPD treatment Saturation  analyses
revealed that chronic treatment wirth SPI) increased
the B, of striatal Iy and [}, receptors by 41.5 %
and 43.7 %, respectively. without any significant
effect on the K, values of Iy and ), receptars ( Tab
1.  According to the single concentrarion binding
metheod,

equation (1). the upregulation rates of Ly and I,

where B’ ., were calculated by the

receptors were 41.0 % and 42.1 %, respectively,
which were similar to those valucs estimated by
saturation analysis,

SPD accelerated the recovery of D, and D,
receptors inactivated by EEDQ EEDQ (6
mg-kg™ !, ip) produced a profound decrease (about
80 % in D receptors and 60 % in [} receptors) of
receptor density (B, ) at 6 h, which was followed
SPDD  accelerated the
receprar recovery following irreversible {nactivation

by EEDQ. By 192 h after EEIX) njection the

by a gradual recovery.
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Tah 1. Efferis of chronic lreatment wilh 5Py on I}, and D,
receptors. B, and K, were oblained from saluration
analysis, B, from single concenlration binding. The onil

of B, or B',.. was pmol/g protein, the onil of K, was

mmol- L™, x g. °P > 0.05, P < 0.05 1z vehicle;
P>0,05 vs By -
SPD Vehicle
Dy B i 522 = Og® 369 + 355
K4 1.14=0.18° 1.09+0.23
B e 512 + 867 363 = sp?
D B 323 £ 84" 22552
K, 2.25+ 0,32 2.17+0.29
B e 328 + 677 231 + 549

B of Dy receptors in SPD group returned to
77.0 % of control value, more than the recovery
rate in vehicle group (68.3 %). Similarly the
B._,. of D. receptors in SPD) group returned to
87.2 % relative to 75.3 % in vehicle group by 192
h. Besides, the recovery rates of I, receptors were
also higher in SPD group than these in vehicle group
at other assay points, indicating an accelerated
receptor recovery ( Tab 2).

Acceleration of the turnover of striatal D, and
D, receptors by chronic SPD treatment The
semilogarithmic transformation of the B_, against
the time {h) after EEDQ injection produced straight
lines, representing D, or 1) receptor recovery,
respeclively (Fig 1).

From these plots, the kinetic parameters of
calculated.  The rate
constant of degradation and the synthesis rates of D
and Dy receptors in SPD-treated rats were higher

the

receplor recovery were

than those in vehicle-treated rats. However,

Tah 2.
B p: of 4 — B rats.

72 96 120 144 168 192
Time/h

24 48

Fig 1. Semilogarilhmic plols of Llhe lime course of sirialal
D, (upper panel) and D, {lower panel) receplor recovery in
chronical trealmenl with vehiclke () or SPD (@) in rats.
R, = steady stale receptor concentralion. R, = receplor
concenlration after EED() hlockade.

alteration of degradation rate of ID; receptors had no
significance (P > 0.05). Accordingly, the half-
time { T, ) for receptor recovery in SPD group was
117.5 h for D; receptors and 84.5 h for T
receptors, both shorter than vehicle group (144.4 h
and 141.4 h, respectively) (Tab 3).

DISCUSSION

In the present study, chronic SPD trealment

Recovery of Iy and D, receplors in siviatom after EEDA) Lreatment in chronically SPD- or vehicle-trealed rais.

Vehicle SPD
B ex+ pPmolég protein % , control B » pmol/g protein % . control

[0} D; D, D, Dy IB)] D, Dy

Contrel 363+ 50 231+ 54 100 100 512 86 328 = 67 100 100
6h et 2 85 +7.5 20.9 36.8 117120 13225 22.9 40.2
24 h 108 + 21 110+ 16 29.8 47.6 42+2.2 190 + 41 27.7 58.0
72 h 190 £ 17 125+ 13 52.3 54.1 179+ 12 226t41 35.0 63.9
120 h 222=16 13413 61.2 58.0 249+ 16 25129 48 .6 76.5
192 h 248 =17 174 £ 20 68.3 75.3 394 £ 53 286 34 77.0 87.2

= e e T e~ B A= 1w x = n AAmAT———
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Tab 3. Recovery Kinetic parameters of Dy and D, receplor
after EEDQ} im vehicle- or SPD-treated rats.
HP>0.05, “P<0.01 vs vehicle.

n=5, x<Is.

107 ~ Rate of Ra;e %It. T
Paramercrs degradation . e Eh,lh,. b=
i pmoloh'4 h
£ protrit

D, 5PD 5.4%+1.1°  3.08+0.45 1175
Vehicle 4.8-0.6 1.77+0.32 1444

D, SPD 8.2+0.6° 2.65=0.19 84.5
Vehicle 4.9+0.7 1.10£0.12 141 .4

up-regulated the density of striatal Dy receptors,
which was consistent with previous observations that
(0-12)  On the

other hand D, receptor density was up-regulated by

SPD exerted antagonistic action

5PD, indicating a D), antagomnistic action, which
corresponded with the electrophysioclogical observa-
tion in reserpinized rats'™! but contradicted with the
D, agonistic action in rotational behavior of A-
OHDA-lesioned ratst*¥?,
be explained with the intrinsic activity of SPD to D,

This contradiction rmight

and Db receptors and the supersensitivity of DA
receptors in the 6-OHDA-lesioned rats { Dong. et
a!. Biochem Pharmacol 1996; to be published).
More over, SPD displayed a maximal response less
than a full agonist such as DA or APO. it had
biphasic action curves when coadministrated with
DA or APQ, all supporting SPID as a D, partial
agonist.

Chronic SPD demonstrated a [, antagonistic
action.  This result has important Implications
because in normal animals the effect of an agent (eg,
SPD) on Iy receptors was often masked by the

05 it was

interaction between 13 and Da receptors
therefore difficult

Currently., we obtained the evidence demonstrating

to characterize a [, agent.

the interaction was attenuated in 6-OHDA-lesioned
SPI)-treated rats
(unpublished data), which may explain why SPD

rats but not in chrenically
displaved an agonistic action in 6-OHDA-lesioned
rats while it acted as a Dy antagonist in chronically
SPD-treated rats.

Kinetic analyses revealed that chronic SPD
treatment increased Iy and I} receptor turnover and
by increasing the receptor

recovery, mainly

synthesis rate. lHowever, it remams unclear at

present whether these increases result from the
increased receptor synthesis or increased insertion of

recycling receptors into membrane. Tao answer this

question requires the experiments using protein
synthesis inhibitor.

In summary. the present study indicates that
SPD is a 1)y and D. receptor antagonist, when
chronically administrated, it increases the density
and turnaver of both T, and D), receptors mainly by

mcreasing the receptor synthesis.
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Hypoxia effects on hypothalamic corticotropin-releasing hormone and

anterior pitnitary cAMP'

CHEN Zhi, DU Ji-Zeng ( Department of Animal Ph}s;;'o!ogy, Northwest Platean Iastitnte of Biclegy,

Chinese Academy of Sciences, Xining 810001 , Chira)

KEY WORDS Sprague-Dawley rats; pikas;
anoxia; cyclic AMP; corticosterong; anterior
pituitary gland: corticotropin-releasing hormone;
argipressin; norepinephrine

AIM: To study the effects of acute and chronic
hypoxia on hypothalamus-anterior pituitary-adrenc-
cortex axis. METHODS: Rats and pikas were
exposed to different altitude and pericds. Animals
were injected with CRH, Arg and NE in the third
ventricle of the brain of rats. RESULTS: Anterior
pituitary cAMP and plasma corticostercne levels of
rats obviously increased during 1 h of hypoxia.
cAMP was increased from 2.23 X 0.13 of control
groupto 7.7 0 7 of 5 km and 13.4 % 1.9 nmol
/g wet tissue of 8 km, respectively. icv CRH,

' Project supporied by ihe National Marural Science Foundation of
China, b 3870205.

Received 1995-07-27 Accepted 1996-15-23

Arg and NE all activated HPA axis. The effects of
CRH were most potent. CRH 2 uL 0.75 nmol icv
increased anterior pituitary of cAMP from 3.5
0 4 of control to 22. 4% 2.2 nmal/kg wet tissue.
Stimulating altitude of 5000 m resulted ina 16.9 %
decrease in corticosterone level (P2 <0.05), 8000
m resulted ina 47.5 % decrease (P<<0.01) after
hypoxia for 25 d. Hypoxia did not activate HPA
axis in pikas. CONCLUTION: 1) Hypoxia stress
activates the secretion of corticotrophin { AGTH)
via cAMP; 2) Adrenocotical function of rats decays
during chronic hypoxia: 3) Arg and NE regulate the
secretion of plasma corticosterone and synthesis of
pituitary cAMP at the hypothalamus level; 4)
Hypoxia tolerance of the pika was high.

{ CRH ),
argipressin {Arg) and norepinephrine { NE) regulate

Corticotropin-releasing  hormone

the secretion of corticotrophin in anterior pituitary
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