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Abstract 

The drug interactions are considered to 
be absolutely incompatible in Chinese 
traditional prescriptions. In the studies, we 
attempted to identify the interactions and 
mechanisms between paeoniflorin (PF) and 
veratrine (VR) by analysizing the 
monoamines in animal brain. 

In the homogenized brain tissue, PF alone 
or combined with VR could increase the 
content of NE and DOPAC in the cortex; VR 
could increase the content of DOPAC. The 
increase of NE induced by PF combined VR 
was greater than that induced by VR alone. 
VR could increase the content of NE in the 
striatum; the increased content of NE 
induced by combination of PF and VR was 
less than that induced by VR alone. PF could 
increase the content of NE and decrease the 
content of 5-HT in medulla. On the 
microdialysis of anesthetic rat in cortex, VR 
or combined with PF could increase the 
content of HVA, DOPAC and 5-HIAA. PF 
could increase the content of DOPAC and 
5-HIAA. The increased content of HVA, 
DOPAC and 5-HIAA induced by PF 
combined VR were less than the content 
induced by VR alone. VR could increase the 
content of HVA in striatum. PF or combined 
with VR could increase the content of HVA, 
DOPAC and 5-HIAA. 

On the cell cycle of the A-10 cells, PF 
and VR could decrease the S phase. When 



the combination of PF and VR, the inhibition 
of VR on the S phase could be potentiated. 

From the results, we suggested that PF 
antagonized significantly the effects of VR in 
vivo and in vitro studies.  
 
Keywords: Paeoniflorin; Veratrine;    

         Monoamines; Microdialysis 
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Paeoniflorin �������þ�I�
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I��
(6)(7)
������r���(stress 

ulcer)(8-9)
f���í����q���

h ^ �  � nerve-stimulated twitch 

responses(10-14)
f� hexobarbitalr!*8

"#g�^t$����%{�&I?

ò ' 8 � �
(15)(16)

f ( ) Ï � � �

carrageenin�dextran Iα-chymotrypsin r
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Veratrine6./�FGH���¦��

78�ï�9�m()���¦��8:

�#��;<=Ê��>�?@��4

5����IA������BC��-

�zðD���E� 5� Na+-Ca2+
�F

G�H���KI��_`8���@

(17-26)
f<�3í��Veratrine �JG�C

4 5 � K � S � L γ-amino-butyric 
acid(GABA)

(27-29)
� acetylcholine(29-32)

�

noradrenaline(28)(33-34)
� dopamine(35)

�

glutamate I aspartate(30)(36-37)
8MN�©^

!*J� nitric oxide8OGI_` c-GMP
8de

(38)
fP�^�zðQRST45 

kl67��
(39)
f�^UVJOPWX�

opioid I muscarinic8�OMN(40)
# 

67Y	��õ�3 opioid Y	ö�

J�8QR�S(monoamine)Z[\�X
]��^_�`�6 serotonergic a

noradrenergic Bbcdefg (41)(42)
#

Serotonin <�3��67���F�6h

itJ8�jk(nucleus raphe magnusf

NRM)de��45fg(43-44)
�lm NRM

\� 5,7-DHTno serotonergic neurons�h

67��pq
(46-48)

#<�3rsZ-öh

Ê� 5-HT \�'t�(5-HTP)u^`�6

78��
(49-51)
� v 5-HT�PCPA���

æOGû�67��hÏ�wx��
(48)
#

�y��zå9 Noradrenergic45{<�

3�6��r[\�^_Z|]}
(52)
�

F�5A9i~�(Locus ceoruleusfLC)�

deÊ noradrenergic 45�������

�Z- NE Z^`�67��(49)(53)
#�ä

�Ím�mQR��S(monoamines)-�

Xy�S��F���
(54)(55)

�L<�JH

����S(periaqueductal gray matterf

PAG)��� morphine ^zð�e�

serotonergic fiber��� nucleus accumbens
MN 5-HT��z� enkephalinY	�æ6

7��
(56)
fκ-opioid receptorr���67

��Z|�m- 5-HT �@(57)
f δ-opioid 

receptor Z|�I-�Xy�S867�

��@
(58)
# 

zå9��ä�Í���� nitric 

oxide(NO)<�7�H�[\=]�^_
(59-64)

# NO <7���í��-

Met-enkephalin(65)
I beta-endorphin(66)

�

@�©H�5���� opioid receptors<
JI���[\=����Ê(nociceptive)

���]�^_��� NO - opioid 

receptors<67í�;<=@�Ê# 



,�-./�	�
�|�m�

���8ÊS��(���#<$%&'

�,�I./8012 <�345Y	

�e�¦()8:~�����,�-.

/]�g�./(>?,�86¡�67�

?ò'���¢,�(`�./�ab8

£Êa_`�¤¥¦
(67)
#�§����§

¨=©%8��=>?\`�8��#ª

��«E,�-./rd8FGH`�1

2�*+ Paeoniflorin(>? Veratrine<�

qA¬rkl�®IA¯�°����

- Paeoniflorin� I���E�@(68)
f©

Paeoniflorin �±²r�ab8³q�ª

�Ï�8����f Veratrine ô��´
���¢X Veratrine - Paeoniflorin ]�

g��67�����>?8+.
(69 )
# 

µ�C±²<¶�å±²�·E°q(in 
vivo):~·12 PaeoniflorinI Veratrine-

6 7 � @ 8 opioids � serotonergics �

adrenergicsINO�AgonistsIAntagonists
����@A#�¸�Martin(70)

v opioid 

receptorsHGµ�κ�δ¹º·B<°q(in vivo)
:~�·v�L»º8	
Ê>?î·¼

½��8����¾ ��� opioid 
receptors 8��»¿õ<°qù��·Z

v��qÀÁ9H}67��8����

»¿�<�q(in vitro):~�·�Âõv�

Guinea-pig8Ã�ö·�iïÄ�8�q

ÀÁ�QÅ�iïÄ�¼½L§��»

º8 opioid receptors(71-72)
#¢ïµù�8�

�·��rd8 opioid receptorsZÆ�Ç
È·BC()�ab8�qQÅ��rd

8 µ -É κ -É δ -opioid receptor 12
PaeoniflorinI veratrine- opioid receptors

8��@A# 

Ê��qFùú����� serotonergic 
receptors I adrenergic receptors ·  

serotonergicI adrenergic agonists^�æF
ùú��®8��¾NO õ<�3[\

67��ö·<Fùú���Ë����

Z�]�^_
(73-75)

#<$%¶�å�()

��*+ Veratrine� norepinephriner!

*8�q�b8Fùú��8®���

��������^(- NO I cGMP 8

_`�@f Veratrine CÌr��q�b

8Fùú��8®^|Paeoniflorinr�
�

(65)
fô*+ Paeoniflorin- Veratrine<Q

Å��>?��^(-�� I���E

����@� ÄÍ��ö�I��ÎÏ

�R��K�µ us Veratrine <QÅ�

�®# 
BCå�±²ª��«rsv�{e

|} (microdialysis analysis)-�qJO
P � Ð HPLC EC Detector 9 1 2

PaeoniflorinI Veratrine��3QR45

KS8Vð:ªÑÒ°Í������8
��VW# 
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1. �� 
 
PaeoniflorinI Veratrine�wx�b8J

KQRI�TU�8VW 

JYKÔ- 10 µg veratrine��c
SM(cortex)8QR�S EPI, NE, DA, 5-HT

8|}���ÎÏ�8VW�¢^_`�

TU� HVA, DOPAC, 5-HIAA8��#J

YKÔ- 100 µg paeoniflorin��cSM
(cortex)8QR�S EPI, NE, DA, 5-HT8

|}���ÎÏ�8VW�¢^_`�T

U� DOPAC, 5-HIAA 8��� � HVA

���hÎ_`��#�g�JYKÔ-

100 µg paeoniflorin]� 10 µg veratrine��
cSM(cortex)8QR�S EPI, NE, DA, 
5-HT8|}��ZÎÏ�8VW�¢^Ï

�_`�TU� HVA , DOPAC, 5-HIAA8

��# 
X paeoniflorin ]� veratrine g�

Z�û 60HÕg�<cSMr_`8 HVA

����i veratrineQjJYZ[gms�
¢Z�û 40~120HÕg�i paeoniflorin

QjJYZ[gmnfZ�û 40~60 H
Õg�<cSMr_`8 DOPAC8���

i veratrine QjJYZ[gms�¢-

paeoniflorin QjJYZ[��ÎÈÇf
Z�û 60 HÕg�<cSMr_`8

5-HIAA���i veratrineQjJYZ[g
ms�Z�û 40~120 HÕg�i



paeoniflorinQjJYZ[gmn# 

JYKÔ- 10 µg veratrine��o
pq(striatum)8QR�S EPI, NE, DA, 

5-HT8|}���ÎÏ�8VW�¢^_

`�TU� HVA 8��� � DOPAC, 
5-HIAA���hÎ_`��#JYKÔ-

100 µg paeoniflorin��opq8QR�
SEPI, NE, DA, 5-HT8|}���ÎÏ�

8VW�¢^_`�TU� HVA, DOPAC, 

5-HIAA8��#�g�JYKÔ- 100 µg 

paeoniflorin]� 10 µg veratrine��op

q8QR�SEPI, NE, DA, 5-HT8|}�
�ZÎÏ�8VW�¢^Ï�_`�TU

� HVA , DOPAC, 5-HIAA8��# 

X paeoniflorin ]� veratrine g�Z

�û 40~100HÕ�<opqr_`8 HVA
����i paeoniflorinQjJYZ[gm

n�¢- veratrine QjJYZ[��ÎÇ

Èf<opqr_`8 DOPAC8���-
veratrine I paeoniflorinQjJYZ[��

ÎÈÇfZ�û 20~100HÕ�<opqr
_`8 5-HIAA���i paeoniflorinQj

JYZ[gmn�¢- veratrine QjJY

Z[�hÎÈÇ# 

 

PaeoniflorinI Veratrine���JOP�

QRI�TU�8VW 

JYKZ[ paeoniflorin ^_`�<

abcSM8 NE I DOPAC �defJ
YKZ[ veratrine ^_`�<abcSM

8 DOPAC �def]� paeoniflorin I
veratrineh^_`�<abcSM8NEI 

DOPAC �def© paeoniflorin ]�

veratrine g��cSM NE de8Vði
veratrine QjJYZ[gmn (PF+VR: 

52.40±8.17 ng/g v.s. VR: 17.16±5.27ng/g�
P<0.01)#YKZ[ veratrine^_`�<a

b8opq8 NE �def© paeoniflorin
]� veratrine g�<opqr_`8 NE

� d e i veratrine m s (PF+VR: 
157.79±28.91 ng/g v.s. VR: 539.12±136.62 
ng/g�P<0.05)#JYKZ[ paeoniflorin^

_`�<abtJ(medulla)8 NE �d
e�Ius 5-HT �de#Paeoniflorin I

veratrine ���(spinal cord)�8QR�

�SI�TU�8deVðhÎÈÇ# 

 

������8VW 

Paeoniflorin < 300I 400 µg/ml��
d���������8æ$���!

��	±�������f¢X��_`

0 500 µg/ml��g�h^us�����

�������� S phase rÖ�×H

Ø [�ÙOÚ 27.45±3.41% v.s. positive 

controlÚ44.28±4.19 %�P<0.01fv.s. PFÚ
12.36±1.22% (600 µg/ml), 16.75±0.90% 
(500 µg/ml)�P<0.01�P<0.05]#Veratrine (20 

µg/ml)^Ï����������æ$

���8 S phase (�ÙOÚ10.60±0.47% v.s. 

positive controlÚ24.13±2.13%�P<0.01fv.s. 

VRÚ6.22±0.62%�P<0.01)fX Veratrine�

��� 30 µg/mlg�hkl�����
���ÛÜ#X paeoniflorin]� veratrine

g��`� veratrine� S phase�����

(VR Ú 7.41±0.81 % v.s. PF+VR Ú

4.30±0.14%�P<0.05)# 

 

2. �� 

«

Dopamine 5 � MAO(monoamine 
oxidase) I COMT(catechol-O-methyl 

transferase)����æGTU� HVA I

DOPACfSerotonin5�MAO����æ

GTU� 5-HIAA#wxpy��bzq

{|}D~��JYÔ- veratrine \]�
paeoniflorinu^_`cSM(cortex)8QR

TU�S HVA, DOPAC, 5-HIAA8��#
JYÔ-paeoniflorin^_`cSM8QR

TU�S DOPAC, 5-HIAA 8��#��

veratrine I paeoniflorinQj\bÍ]��
u^_`J�cSM8 dopamine I

serotonin � � G Ý (turnover rate) #
Paeoniflorin]� veratrineg�<cSMr

_`8HVAIDOPAC����i veratrine

QjZ[gs��� paeoniflorin ]�
veratrine g��9�>? veratrine _`

dopamine �TU��#<cSMr_`8
5-HIAA���i veratrineQjJYZ[g



s��� paeoniflroin]� veratrineg��

>? veratrine_` serotonin�TU��#
��^Þ�paeoniflorin I veratrine��

bcSM�QR��S�TU�����

��>?8VW#Paeoniflorin]� veratrine

��� veratrine <cSM� dopamine I

serotonin �GÝ8_`���bÍ�3
cSM�����- catecholaminergic I

serotonergic system�@# 

wxpy��bzq{|}D~

��JYKÔ- veratrine�̂ _`opqQ

R�S8TU� HVA 8�����

veratrine _` dopamine <opq��G

Ý#ßJYKÔ- paeoniflorin \]�
veratrine ^_`opqQR�S8TU�

HVA, DOPAC, 5-HIAA 8�����

paeoniflorinQj\]� veratrineu^_`

dopamineI serotonin<opq��GÝ#

 paeoniflorin]� veratrineg�<opq
r_`8 HVA, DOPAC, 5-HIAA����

- veratrine QjZ[��ÎÇÈ#���
���Paeoniflorin]� veratrineg���

>? veratrine opq���QR�S�

GÝ�Vð# 

�JOPLMN�:~��JYK

Z[paeoniflorin^_`�<abcSM8
NE I DOPAC �defßZ[ veratrine

^_`�<abcSM8 DOPAC �d
efX]� paeoniflorinI veratrineh^_

`�<abcSM8 NE I DOPAC �d

e# © paeoniflorin]� veratrineg�^
_` veratrine <cSM� NE de8V

ð#JYKZ[ veratrine ^_`�<ab
opq8 NE�def© paeoniflorin]�

veratrine g�^�� veratrine <opqr

_`8NE�de#JYKZ[paeoniflorin
^_`�<abtJ8 NE �de�Iu

s 5-HT �de#��������

PaeoniflorinI veratrineu�_`VW�3

catecholaminergicI serotonergic system�

��fàáâD~��Z*+ 5-HT3 
antagonist(LY-278584)�`� veratrine�6

7���5-HT3 receptor�zð 5-HT gated 
cation channel (76)

fPaeoniflorin�67��

^|κ-opioid receptor antagonistr� �

&'8()�ã�κ-opioid receptorr��
�67��- 5-HT�@(77)

f<C:~�(

)���ª*+paeoniflorin^ustJ�

5-HT �de#µ� paeoniflorin >?
veratrine�67��^(- paeoniflorinu

s 5-HT �de�©5�κ-opioid receptor
���VW��KI�����|ä 5-HT3 

ligand gated-ion channel VW veratrine�
67��#<zq{|}D~��

Paeoniflorin I veratrine ^_` 5-HT I
dopamine ��GÝ�X45åæMN

neurotransmitter g�çèéê��öI�

�5�I���EKë���
(78-79)

#<�

b�cSM��L-Type voltage–sensitive 

calcium channel �¢- noradrenaline �M
N

(80)
#µ�paeoniflorin- veratrineVWQ

R�S�Vð^(-��I��ë�VW

�@#&'�()�3�ã��

Paeoniflorin (����KI���ëù
(10-13)
�Ð�� I���E �� veratrine

<A¬8��
(68)
�µ�paeoniflorin^(5

�UVI���ëù VW veratrine <J

��QR�S�VW#¢ veratrine 
Ca2+-free � »ìd �Z (�Ä JM

synaptosomesMN noradrenaline�̂ (-�

�KI���íù�@
(81)
�µ�^(î�

�«12# 

��æ$����u��ï_qð

ñ�(���� DNA �ðñaOPòó
(histone)�OGô*æ< S��v�ëõ�

�±¦ö(Flow cytometer)H}�����

��������*+ paeoniflorin I
veratrine ^us����������

�� S phase��� paeoniflorinI veratrine
^����������_æf¢X

veratrine���� 30 µg/mlg�÷JG
��������ÛÜ��� veratrine �

���������£Êf paeoniflorin
]� veratrine g��`� veratrine ���

�����æ$��������

paeoniflorin^(`� veratrine�����
����£Ê# 

�����ÍÞ�<°qI�q:~



��Paeoniflorin- Veratrine�����>

?���������ª-�FGH8

Paeoniflorin- Veratrine8�����@#

���øù��ª*+ Paeoniflorin�_
` Veratrine ����£Ê���,�-

./8����^(JG�ú8���P

0�æ£Ê��# 
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