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Comparison of effects of tetrahydropalmatine enantiomers on firing activity
of dopamine neurons in substantia nigra pars compacta’

SUN Bao—Cun. HUANG Kai—Xing., JIN Guo—Zhang®
{Shanghai Institute of Materia Medica. Chinese Acudemy of Sciences, Shanghai 200031, China)

ABSTRACT  Extracellular single unit recording
techniques were used 1o clucidate the effects of
enantiomers of tetrahydropalmatine (THP) on the fir-
ing activity of dopamine {IDA) neurons in substantia
nigra pars eompacta (SNC). (—)-THP rapidly re-

versed the apomorphine (Apo)—induced inhibition of

the SNC DA cell firing activity (ED.,=0.77,
0.52-1.14, mg - kg'), while much larger doses of
{(+}—THP were required to reverse the Apo—induced
inhibition (EDy,=23. 15.2-34.7. mg - kg™’ and the

Received 1991 Jun 238 Accepted 1992 Apr 14
' Project supporied by the National Matural Science Foun-
dauvon of China, Mo 3870905,
* Ta whom correspondence should be addressed.

maximal reversal caused by (+}-THP was 79 + 9%, of
the basal firing rate. 1n paralyzed rats, {-)-THP
(0.5-16 mg - kg ') significantly increased the sponta-
mcous firimg rate of SNC DA neurons dose—
dependently. while {(+)-THP did aot vntil the dose
reached lo mg - kg™ Pretreatment with (——THP 4
mg - kg' atlenuated Apo-induced inhibition of
SNC DA cell finng rate, while (+}-THP 32 mg
kg ! revealed a similar potency to block the Apo—
induced inhibition. In addition. (+H)~-THP did not
potentiate the effecl caused by d—amphelamine (Amp)
as some behavioral experiments have shown. b
large dose of {(H)-THP (32 mg ' kg™") blocked the
Amp—induced mhibilion of SNC DA cell firing aclivi-
ty as (—)-THP {4 mg * kg™'y did. These results sug—
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gest that the interaction between D, receptors and
THP enantuomers has stercoselectivity and that
{——-THP isa D, antagonist while {+)—THP seems to
be not.

KEY WORDS tetruhydropalmatine; berbines; sub—
stantia nigra; dopaminergic agents; elecirophysiology

It has been found that (* )—tetrahy—
dropalmatine (THP) is the main active ingre-
dient of the Chinese herb Corydatis
turischaninovii Bess. f. yanhusuo Y.H. Chou et
C.C. Hsu. a famous analgesic in Chinese tra-
ditional medicine, and that levo—enantiomer
of THP ({—)—-THP) possesses both sedative—
tranquilizing effect and analgesic action.
while dextrc—enantiomer ({(+)—THP) has no
such effect at the same dose except a transient
excitation'. Behavioral. biochemical and
electrophysiclogical experiments have shown
that opiatergic system and PGs are not in-
volved in the mechanism of analgesia of
(—}-THP directly. {(—)—THP is verified as a
dopamine (DA) receptor antagonist™'.
However. (+)-THP differs much from its
levo—isomer. it is supposed to be a prototype
of DA depletor*™, and behavioral experi-
ments have shown that (+-THP potentiates
the d—amphetamine (Amp) induced rotation in
rats with 6—hydroxydopamine {6—OHDA)
lesions of substantia nigra pars compacia
(SNC) and / or spontaneous activity in mice'*'.

[t is generally agreed that there are
autoreceptors on DA npeuron  somato-
dendrites. which are mainly D, receptor
subtype and play an important role in the reg-
ulation of impulse flow and synthesis and re-
lease of DA. Plenty of experiments have
demonstrated that these autoreceptors are
more  sensitive to DA agonists  than
postsynaptic DA receptors”™, In order to
further compare the different effects between
{(—)~THP and (+)-THP and clanfy the mech-
anism of action the 2 isomers in a sensitive

model. the present work attempts to investi-
gate the effects of (—)-THP and (+)-THP on
the firing activity of SNC DA neurons.

MATERIALS AND METHODS

Drugs (—)—-THP was isolated from Stephania
intermedia Lo. mp. 14120 . [2],=-287.5° (C.
1.0. CHCl;y and {(+»-THP was resolved from
{ = THP by optic tartaric acid. mp. 140—141TC .
[2],=+285° (C. 049, CHCL). They were dis-
solved in 10% H,PC,. adjusted by NaOH 0.5 mol
- 17" 1o pH 4-5. The other drugs used were:
apomorphine—HC! (Shengyang Pharmaceutical Co);
Haloperidol (Shanghai 12th Pharmaceutical Co)s

gallamine trithioidide and Amp (Sigma). chloral
hydrate  (Shanghai Baihe  Chemical Coy:
lidocaine—HC!  (Haipu Pharmaceutical  Co,
Shanghail.

Surgery Sprague—Dawley rats T (264> 533 g)
were used in all experiments. Rats were anesthetized
with chloral hydrate (400 mg- kg'. ipk or
aneslhetized with short—acting anesthetic ether for
surgery. then paralyzed (gallamine trethiodide. 20
mg - kg'. 1v} and locally anesthetized (lidocaine—
HCl} during recording. The later procedure was
somelimes used because the anesthesia significantly
attenuvated the activation of spontaneous firing activi-
ty of DA neurons caused by DA antagonists. while
DA agonists—induced responses are only slightly af-
fected by anesthetics'™, A cannula was intubated in-
to the trachea and then conmecied 1o an artificial respi-
rator in paralyzed rats. ln each rat, a plastic cannula
was inserted mto a lateral tal vein for drug admini-
siration  All experiments were camed out in strict
accordance with the "Guiding Principles in Care and
Use of Animals” approved by the Council of
American Physiologic Society.

Single—unit recording procedure  Recording pro-
cedures were conducted according to well established
methods™,  Briefly. a small burr hole was drilled
through the skull (3.0~3.5 mn1 anteror 'to lambda and
2.0-2.5 mm lateral to middle suture) of rats fixed into
stereotaxic apparatus’'l.  Electrical signals from the
glass microelectrode (the impedance was 3~9 MQ in
vitro) having inserted through the burr hole into the
SNC (6.0~7.5 mm ventral to the dura) were
amplified. then displayed on an oscilloscope and
simultaneously calculated with an IBM computer
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recorded by a cassette data recorder and monitored by
an aydio amplifier.

Identification of neurons as DA cells was based
on previously well—cstablished criteria™™: (1) low
firing rate with two firing patterns. Tegular single fir-
ing or burst firing; (2) long spike duration (> 2.2 ms)
with bi— or tri—phasic and usually a notch in the rising
phase: (3) low pitch sound produced on the audio
amplifier: {4) semsitive to DA aponist such as
apomorphine [Apo).

In the cumulative dose—response experiments.
after 5—7 min of stable firing, the drugs were given iv
in a way that each dose equaled the previons cummla.
tive dose at an interval of 90 s for the same Jdrug. Qa-
Iy 1 cell per rat was tested. At the end of each exper-
ment, the recording site was marked by passing a 25
pA cathodal current through the elecirode for 20—30
min to deposit a spot of dye (Pontamine sky blue).
Then the recording site was verified histologically.

Statistics The doses ol agonist producing a
50% reduction in activity (ID) or antagonist re-
versing 50% of agonist—induced inhibition (ED)
were determined by logit method. Significant differ-
ence between ED, values was detected by ANCOVA
{analysis of covariance) with basal firing raie as a con-
founding variable!'®, All other data were expressed as
x * 5 and evaluated by r test for the d—ail paired
value.

RESULTS

Basal firing activity of SNC DA neurons
A total of 101 DA neurons studied fired at
range of 1.1-8.2 (3.4 % 1.9) spikes - s™' with
prolonged duration of action potential (2.3—
4.5 ms). Data shown below were expressed as
percentage of pre—medication firing rate as a
function of the dose administration.

Reversal of the Apo—induced suppression of
firing activity of SNC DA cell by THP
enantiomers Apo. a mixed DA agonist.
feedbackly inhibited the firing activity of SNC
DA neurons. In anesthetized rats. the sup-
pression (> 90% of basal firing rate) caused by
Apo (10—40 ug - kg™") took | h or more to re-
cover spontaneonsly to basal level. Two min
after the Apo—induced inhibition, systemic
{(——-THP (0.5-32 mg- kg'. cumulative

dose. 1iv) rapidly reversed the suppression
(EDg,=0.77. 0.52-1.14, mg- kg''. n=9)
and drove the firing rate over the basaline, 3
out of 9 cells increased the firing rate to more
than 35% over the basal rate. The single fir-
ing pattern often converted into a burst firing
as larper doses of (—)-THP were given.
{(+-THP, however. failed to significantly
reverse the Apo—induced suppression until the
dose reached 32 mg- kg ' (EDg=23.
15.2-34.7, mg- kg’ n=7. 29.9—fold that
of (—)-THP) (P <0.01) and the maximal re-
versal rate was 79 + 9% of the basal firing rate
{Fig 1.
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Fig 1. Reversal of Apo—induced inhibition of firing ac-
tivity of SNC DA newrons by (—)>-THP (=9 and
(+-THP (n=7) in anesthetized rats. x * 5,

TP<0.05, *"*P<0.01 vs control (n=5). B: basal
firing rate. A: firing rate after Apo.

Effect of THP enantiomers on the sponta-
neous firing activity of SNC DA newrons In
the paralyzed rats. (—)-THP (0.5-32 mg

- kg . iv) markedly increased the basal firing
rate in a dose—dependent way and the
maximal increment was 119% 47% over the
basal firing rate (n=06). All neurons recorded
{6 < 6) showed excitatory response to systemic
(—)-THP. and the requirement of (—)-THP
to increase the firing rate of 20 and 100% over
the basal firing rate was 0.85% 0.2 and 12+ 3
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mg - kg™, respectively (Fig 2). However,
{(+)-THP at the same dose scale did not
significantly increase the spontaneous firing
rate until the dosage reached 16 mg - kg™'.
and the maximal increment of the firing was
only 30+ 28% over the basal firing rate
(#=8). The maximum responsible dose of
{+—THP was about 32-fold higher than that
of (—)—THP and the same response required a
8§-32—fold dose of (+)-THP higher than
{(—)—THP (Fig 2).
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Fig 2. Effects of (—)THP (n=6) and (+-THP
{r»=8) on spontaneous firing rate of SNC DA cells in
gallamine—paralyzed. local-anesthized rats.

"P>0.05. "'P<0.05.

Effects of pretreatment with THP
enantiomers on the Apo—induced inhibition of
the SNC DA cell firing activity 1In anes—
thetized rats. Apo dose—dependently inhib-
ited the firing activity of SNC DA neurons
(IDg=78, 6-10.1 pg- kg'. n=12).
Pretreatment with (—)-THP 4 mg « kg™' {35
min before iv Apo) significantly attenuated the
inhibitory effect of Apo (1D =95, 68—133
g - kgl m=6. P<0.01 vs control). How-
ever, the same dose of (+)-THP did not
significantly affect the Apo—induced suppres-
sion of SNC DA neuron firing (IDg,=9.2,
6.1-13.8 ug * kg™'. n=6. P>0.05vscontrol)
{Fig 3).

X £ .
TP < 0.01 vy before (B).

In order to further elucidate the proper-
ties of THP enantiomers. gallamine—
paralyzed rats were used. 1n this preparation.
{)-THP (32 mg- kg™') also significantly
attenuated the Apo—induced suppression.
The (D,, value of Apo for (+)-THP
pretreatment and control were 213
(143.9-3152) pug- kg' (n=5) and 25
(19.1-32.8) pg- kg' (n=11) respectively
{(P<0.01). Under the same experimental con-
ditions. (—)-THP 32 mg - kg™’ showed more
potent attenuation to Apo—induced suppres-
sion (1D;, of Apo=1488, 1041-2128 ug
- kg n=6) (P<0.0}, as compared to ei-
ther control or (+)—THP group) (Fig 4).

Effects of THP epantiomers on the
Amp—induced inhibition of the SNC DA peuren
firing In gallamine—paralyzed rats, Amp,
an indirectly—acting agonist which promotes
release of DA from nerve terminals. dose—
dependently inhibited SNC DA cell firing rate
(1D;;=1.21. 0.85-1.70 mg - kg™, n=6).
Pretreatment with (+)—THP (4 mg - kg™") did
10t potentiate the Amp—induced inhihition

ar {-)-THP
T‘.A 3 r "' l ‘ ﬁ *wK
t] . A
- .
32 \l \l -
; (+)—THI\
5 \
[t

B 03 1

Coalrol -
E
2 4

x
§ 16 32 64 128
Apomorphine / ug - kg™

Fig 3. Effects of pretreatment with (—)-THP {#=§)

and {(+)~THP (1=6)4mg - kg”' on Apo-induced in-

hibition of SNC DA cell firing rate. x * 5,
" P>0.05, TP<0.05. P <0.01

(r=12). B: basal firing rate.

vs control
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Fig 4, Effects of (—)-THF (»=6) and (+}-THP
("=5) 32 mg ' kg' on Apo—induced inhibition of

SNC DA cell firing activity in gallamine—paralyzed
rats, #= 11 in control groap. x* 5.

(IDg,=2.4, 1.4—4 mg- kg'. #»=7, P>0.05)
as several behavioral experiments showed. On
the other hand., (+)-THP 32 mg- kg
significantly reduced Amp—induced inhibition
(ID;;=6.3. 4295 mg- kg'. n=5
P<0.0]l vs control) similar as {(—}-THP 4

mg - kg ' did (IDy, of Amp=7.1. 4.7-10.7
mg- kg'. n=4, P<00] vs control;
P>0.05vs that of 4 mg - kg™' group) (Fig 9).

DISCUSSION

In the present study. the effects of
enantiomers of THP on the firing activity of
SNC DA cells were evaluated with single—unit
recording techniques. (—)-THP significantly
increased the spontaneous firing of SNC DA
neurons, reversed Apo—induced inhibition of
SNC DA cell firing activity and shifted the
Apo-induced inhibitory curve to right in both
anesthetized and paralyzed rats. Together
with previous results®®'*  these results
strongly support that (=)-THP is a DA
receptor antagonist {mainly D.). Compared
to its levo—isomer. much larger doses of
{(+)-THP were required to produce similar ef-
fects on the SNC DA cell firing activity, and
the extent of response was much less. In the

experiment of effects on the spontaneous firing
activity and the reversal experiment,
{(+)-- THP was about 32—fold less potent than
(—)-THP. and other expriments all showed
(+¥-THP was quite less potent. These results
suggest that the interaction between THP
enantiomers and D, receptors has stereo—
selectivity. This is consistent with our pre-
vious results and strongly supports the conclu-
sion that (—}-THP is a DA teceptor antago-
nist while (+)~-THP seems not.

Qur previous works have clearly demon-
strated that (+)-THP is a DA depletor. and it
potentiated Amp—induced rotational behavior
in rats with unilateral 6—OHDA lesions of
SNC’and spontaneous activities of mice'*™®,
In the present study. however. we didn’t find
any synergic effects of (+)-THP on Amp—in.
duced inhibition of SNC DA cell firing. This
suggested that behavioral and electrophy -
sivlogical responses evoked by Amp and
(+)-THP behaved in some different mecha-
nisms. It has been reported that some charac-
teristics of dendritic release process appear to
differ from the release mechanism operative in

b RIS
HEENNRS

B 02 04 08 1.6 337 64 128 35.6

d-amphetamine/ mg » kg™’

Fig 5. Effects of (1)-THP and {—)-THP on Amp—in-
duced inhibition of SNC DA cell firing activity in
paralyzed rats. x * s. B: basal firing rate. Control
(). n=6; (D-THP 4 mg - kg (@), n=T7;
{+-THP 32 mg - kg’ (>), n=%5 ()}THP 4
mg - kgt ({0, n=4.
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axon terminals'® and Amp inhibits the firing
activity of SNC DA cells partially through an
action within the SN. perhaps at the DA
dendrodendritic synapses''”, Thus, the dif-
ferent influences of (+)—THP on Amp induced
behavioral and electrophysiological effects
may imply different mechanisms of Amp or
(+)—THP on the DA neuron axon terminals
and dendritic terminals.
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