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离子通道记忆 的二状态随机模型 
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目的：定量研究存在于通道中的记忆并提供有关 

统计方法以应用于生物医学研究． 方法：利用随 

机过程分别建立短期和长期两类记忆的模型 ，坚 

持 两状 态而 不是 多状态，只是 转 移机制 不 同． 

结果 ：恒定转移强度的二状态马 氏过程较好地拟 

合短期记忆的情形 ，处于一类随机环境中的二状 

态马氏过程较好地拟 合长期记忆的情形 I提 出了 

参数估计的方法并 以 PC12细胞通道作为示例． 

结论 ：离子通道 中的记忆可以用仅含两个状态的 

随机过程定量地建立模型． 
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on firing activity of substantia nigral dopamine neurons 
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AIM ：To compare the potencies between (一 )一 

stepholidine ((一 )一SPD)and 12一ch10r0sc0u1erine 

(CSL)enantiomers on firing of substantia nigra 

(SN) dopamine (DAj neurons． METHODS： 

Extracellular single unit recordings in paralyzed 

rats． RESULTS： In rats， (一 )一SPD ， (一 )一， 

(土 )一，and (+ )一CSL attenuated iv apomorphine 

(Apo，10／xg·kg )一induced inhibition on firing 

of DA cell， and their ED n values were 15．1 

(儿 ．9— 19．4)， 7．8 (7．0— 8．7)， 12．6 (2．0 

17．9) ·kg～ ，and 2．9 (2．6 3．3)mg·kg_。， 
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respectively． Thus，(一 )一CSL was 1 time more 

potent than (一 )一SPD and 371 times more potent 

than (+ )一CSL on D，receptors． In reserpinized 

rats， (一 )一SPD， (一 )一， (土 )一，and (+ )一CSL 

blocked the inhibition caused by iv 4 mg·kg‘。 

SKF一38393， with ED values of 0．53 (0．51 

—

0．55)，0．51 (0．43— 0．60)，1．2 (0．7— 2．0)， 

and 5．9 (4．9— 7．1) mg·kg～ ， respectively． 

The potency of (一 )一CSL was sim ilar to that of 

(一 )一SPD on D1 receptors and 1 1 tim es higher 

than that of (+ )一CSL． CoNCLUSIoN： CSL 

enantiomers are Dt／D2 mixed antagonists as 

(一 )．SPD． ( )．CSL is the most， while 

(+ )一CSL is the 1east，potent one among them． 

Dopamine (DA)receptors have been divided 

into Dl and D2 subtypes ”． Autoreceptors， a 

special subpopulation of D2 receptors，concentrate 

on presynaptic terminals and soma—dendrites of 

DA neurons in substantia nigra pars compacta 
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(SNC)． Besides，postsynaptic cells in striatum 

contain both Dl and D。． M ore D1 receptors locate 

in substantia nigra pars reticulata (SNR)which 

is the output nucleus of striatum ． DA agonists 

act preferentially at somatodendritic autorecep— 

tors to inhibit DA cell firing ，while DA antago— 

nists attenuate the inhibition through D2 sub— 

type⋯
． Thus firing of SNC DA cell in normal 

rats is used to evaluate the effeets of selective D。 

DAergic drugs． 

On the other hand，in nonreserpinized rats， 

D．agonists，ie SKF一38393 ((± )一1-phenyl一2，3， 

4，5-tetrahydro一(1H )一3一benzazepine一7，8-dio1)． 

induce no effect on firing of DA cells． In con． 

trast，in rats pretreated with reserpine for 6 d， 

SKF一38393 commits a marked inhibition which is 

readily blocked by DI but not D2 antagonists ’ ． 

Reserpine pretreatment seems to render D1 reeep— 

tors “supersensitive” to D-agonist ． There— 

fore， reserpinized rats were used to assess the 

potencies of DI antagonists． 

( )一Stepholidine(SPD)，a novel DA antag— 

onist ’”． is difficult to be industrially 

synthesized． 12一chl0rosc0u1erine (CSL) enan— 

tiomers， same as SPD t belong to tetrahy— 

dr0prot0berbe rines(THPB)． Except(± )一CSL， 

(+ )一and (一 )一CSL were synthesized for the first 

time in the world by Zhou (unpublished data)． 

The characteristics on DA receptors of these new 

compounds have not been systematically studied 

with electrophysi。1ogica1 methods． Hence， we 

conducted the present study to assess the poten— 

cies of CSL enantiomers on Dl and D2 receptors 

with comparison of those of( )一SPD． 
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M ATERIALS AND M ETHoDS 

Rats and pvetveatm ent Spe ague—Dawley rats (clean． 

， 一 60，220= s 27 g，Shanghai Experim ental Anim al 

Center．Shanghai． Certification № 005 conferred by Ani- 

m al M anagem ent Comm ittee， Chinese Academy of Sci— 

ences．)were used． The rats were randomlY divided into 

2 groups． One group ( = 28)was kept naive to test the 

potencies of compounds on D2 subtype． The others ( = 

32) WeTI~pzetreated with sc reserpine (1 mg -kg一 ·d一 ) 

for 8 consecu rive days and recordings were made 3— 6 h 

after the last injection． The reserpinized rats were used 

to elucidate the effects of drugs on D】subtype． 

Single unit recording technique Extraceilular single 

unit recordings were performed in paralyzed rats ． A 

smal【burr hole，2．2 mm 【atera【to midline and 3．2 mm 

anterior to the【ambdoid suture 。。was drilled through the 

skull for recording in SNC． Electric signals picked up by 

the glass microeleetrode(filled with NaCl 2 moI．L～ con— 

taining 1 pontamine sky blue，3— 9 MD measured in 

vitro)were amplified and 1ed into a window discriminator． 

Firing rate was counted by a computer． Body tempera— 

ture was maintained at 36— 38 ℃ with an eleetric heating 

pad． 

The identilicafion of neurons as putative SNC DA 

cells was based on the well—established indices ”． Fnr 

each DA receptor subtype studied、 ter a 5-rain period of 

baseline activity was recorded，the first injection of drugs 

started． In the D2 subtype experiments．2 min after apo- 

morphine (Apo)was iv given， (一)一SPD and CSL enan— 

tiomers were iv at 2 min interval so that each dose doubled 

the previous one． In reserpinlzed rats，a single dose of 

SKF一38393 was i given 10 min betore iv (一)一SPD or CSL 

enant[omers． 0nly one DA cel1 Was monitored pe r rat． 

Drugs A pom orphlne—HCI(Shenyang Pharmaceutical 

Co，China)；SKF一38393一HC1(Research BiochemicMs In 

ternationa[， USA )F gallamine triethiodide (Sigma． 

USA )； lidocaine—HC1 (Shanghai Haipu Pharmaceutica1 

Co， China)； pontamine sky blue (M erck， USA ){ 

(一)一SPD ([a]D一 440。，pyzidine)，(一)一CSL ([口]D一 

223．1旷，CHCI 3)，(十)一CSL([d]D+222．53。，CHC13)and 

(土 )一CSL enantiomers were prepared by Shanghai Insti- 

tute of Materia Medica and dissolved in a slightly acidic so- 

lution at pH 4．0— 4．5 (in H3po‘0．2 adiusted by 

NaOH 0．2 mol·L一 )． 

Statistics Data were expressed as 土 ． The ED5。 

and its 95 confidential 1[mits or the reversal effec ts of 

each compound was estimated by Iogit method． 

RESUI ’S 

Reversal of Apo-induced inhibition oll firing 

activity of nigral DA neurons for D2 receptors 

1n nonreserpinized rats，DI／Dz agonist Apo at a 
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low dose of 10,ug·kg ．iv．profoundly depressed 

the firing rate of nigral DA neurons by more than 

90 (Fig 1)and the inhibition persisted for at 

least 1 h． 

4 r 

M L 

1 2I 
n L 

cI． 

Fig I． Inhibition of firing of SNC DA ceils induced by 

Apo was attenuated by ( )一SPD and CSL enantlomers． 

Two minutes after the inhibition， (一 )一SPD 

was iv and the inhibition of Apo was abolished 

completely． Attenuation reached 130土 4O 

when the cumulative dose was 320 g ·kg ． 

(土 )一CSL had the similar effect in a dose—depend— 

ent way． However，(一 )一CSL dose—dependently 

antagonized the inhibition until the attenuation 

reached < 90 at the cumulative dose of 80 p-g 

·kg ． Afterwards dispensation of(一)一CSL did 

not block the inhibition any more and the attenu— 

ation curve maintained at the plateau even at the 

dose 1280 g·kg 。(Fig 2)． 

ED values of (一 )一SPD， (一 )一CSL，and 

(± )一CSL were 15．1(1】．9— 19．4， 一 6)，7．8 

(7．0— 8．7，n一 6)，and 12．6 (7．0— 17．9，"一 6) 

g·kg ，respectively． (+ )CSL had little ef— 

feet to attenuate the Apo—induced inhibition until 

the dosage was on the order of mg·kg ． The 

attenuation rate was 138土 38 following (+ )一 

CSL 32 mg·kg treatment(Fig 1．2)． Its ED5c 

was 2．9(2．7— 3．3，"一 10)mg·kg一 ．which was 

approximately 371 times highe r than that of 

(一 )一CSI一 

⋯  

： 

Fig 2- Attenuation of Apo (10 IJg·kg J—Induced inbibi— 

tion of firing of nigral DA cells． ( 一 6-- 10)． 

Potencies on SKF一38393一induced inhibition 

in resetpinized rats for DI reeeptors A single 

bolus iv of selective D1 receptor agonist SKF一 

38393 4 mg·kg inhibited the spontaneous firing 

of DA neurons in rats pretreated with reserpine 

(Fig 3)． 

．  

言 

：： 
2l 

】4 r 

：[ 

SKI ； |j； I l 

I r]rn  

r—T—1]  

Fig 3． Attenu tlon of the inhibition of firing of SNC DA 

ceils caused by SKF-38393 In reserpinized rats by (一 )- 

SPD or CSL chantinm ers． 

This inhibitory effect reached the peak at l0 

， 

±̈ {  2一( 
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min after iv and was readily attenuated bv iv 

(一 )一SPD (O．5— 4 mg·kg )， (一 )一CSL (0．2— 

6．4 mg·kg )，(士 )～CSI (O．5—4 mg·kg )，or 

(+ )一12一CSL (2～ 64 mg·kg )． All these com— 

pounds diminished the inhibition thoroughly (Fig 

3，4)． ED5o values of(一 )一SPD，(一 )一，t± )一， 

and (+ )一CSL were 0．53 (O．51— 0．55． 一 9)． 

O．51 (O．43一 O．60．”一 8)，1．2 (0．7— 2．0， 一 

7)，and 5．9(4．9— 7．1， ：8)mg·kg ，respee- 

tively． 

1“， 

。i 

Cumuhl[iV~d c mg．Lp 

Fig 4． Attenuation of SKF-38393‘caused suppression in 

rese p1日tz蚰 rats by (一 )-SPD and CSL enaatiomers- 

Rats were pretreated with SKF-38393 4 mg·kg一 10 mtn 

prior to the first Injection of (一 )-SPD or CSL ensn— 

tiomers (n= 7—9) 

DISCUSSIo 

This study demonstrated that (一 )一SPD ， 

(一 )～， and (士 )一CSL were D antagonists． 

(+ )一CSL，however，is very weak one． This re— 

suit is consistent with our previous results from 

radioligand binding assay that the affinity of 

(+ )一CSL was very weak to subtype(unpuh— 

lished data)． 

Under normal conditions， Dl receptors ex— 

press enabling effeCtS with D2 rather than its inde— 

pendent roles． It is difficult to get ideal samples 

to assess DI DAergie drugs． For example，in 

normal rats，selective DI agonist SKF一38393 did 

not show any effect on the firing of SNC DA 

cells． Nevertheless，after reserpinization，SKF一 

38393 profoundly inhibited the firing‘ ”． In 

contrast．selective D2 agonists inhibited the firing 

in reserpinized as well as in nonreserninized rats 

and the potencies were very similar in both mod— 

els‘ ． These inhibitory effects of selective DI or 

D agonists in the reserpinized rats could only be 

attenuated by their respective antagonists． 

Therefore the reserpinized rat is used as a tenta— 

tire model to assay the DI action of drugs such as 

(一 )SPD and CSL enantiomers． though the 

mechanisms underlying the independent expres— 

sion of Dl is not clear yet． Preliminary data in 

our laboratory demonstrated that the integrity of 

SNC—striatum-SNR circBits were indispensable 

f0r the inhibition of SKF一38393． The conclusion 

was reasonable because in reserpinized rats， 

SKF一38393 did not alter the firing when it was 1o— 

cally iontonhoresed into SNR． Furthermore．in— 

terruption of striatum—SNR projection abolished 

the effect of SKF．38393 (to be published)． 

It should be stated that it is better to do ex- 

perfments on vehicle control of reserpine and CSL 

enantiomers． Earlv work on the reserpinized 

model showed that chronic administration of nor- 

mal saline induced no effects on the spontaneous 

locomotor activity of rats ． Our previous work 

has also demonstrated that vehicle of (一 )一SPD 

did not affect the inhibition induced by Apo ． 

Nevertheless，the present work was done under 

different conditions and the vehicles were some— 

ly，CSL enantiomers were D】／D2 

mixed antagonists as (一)一SPD． The similarities 

of characteristics may be due to the similar struc— 

ture of CSL to (一 )一SPD， 
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左旋千金藤立定和12一氯斯阔任旋光异构体 

对黑质多巴胺神经元放电活动的比较 

， 

(中国科学院上海药物研究所 ，上海 200031．中国) 

关键词 千金藤立定{12一氯斯 阔任}电生理学 

多 巴 胺 受 体 ；利 血 平；黑 质 ；阿 朴 吗 啡； 

、

苯二氮草类 9 

， A ^ 

且的 比较左旋 千金藤 立定 ((一)一stepholidine， 

(一)一SPD)和 12-氯 斯 阔任 (12-chIor0scouIerine， 

CSL)对黑质(substantia nigra，SN)多 巴胺 (DA) 

神经元放电的影响． 方法：麻痹大鼠上的胞外单 

单位 记录． 结果 ：在大 鼠，(一)-SPD，( )一， 

(±)一和(+)一CSL减弱 iv 1O g·kg 阿朴吗啡引 

起的 放 电抑 制． ED 值 分 别 为 15．1(11。9— 

19．4)，7．8 (7．0— 8．7)，12．6 (2．0— 1 7．9) g 

·kg 和2．9(2．6--3．3)mg·kg一1． (--)一CSL比 

( )一SPD强1倍，比(+)一CSL强371倍． 在利血 

平化大鼠，(一)一SPD，(一)一，(±)一，和(+)一CSL 

减 弱 4 mg·kg SKF一38393引起 的 放 电抑 制． 

ED5o值 为 0．53(0．51— 0．55)，0．51(0．43～ 

0．60)，1．2 (0．7— 2．0)和 5．9 (4．9— 7．1)mg 

·

kg一1． (一)一CSL的强度与 (一)一SPD相似，比 

(+)一CSL强 11倍． 结论 ：(一 )一SPD和 CSL是 

D ／D 混合性阻滞剂． (～)一CSL最强．(+)一CSL 

最弱． 
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