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Objectives : The aim of present study is to examine the effect of methanolic extract from the root of Bupleurum 
falcatum L. (BF) on acute cocaine-induced c-Fos expression in the rat caudate putamen (CPu), a major dopaminergic 
terminal. 

Methods : Male Sprague-Dawley rats were subjected to an intraperitoneal injection with either cocaine hydrochloride 
(20 mg/kg) or saline 30 min after an administration of either extract of BF (100 mg/kg, i.p.) or vehicle. Animals were 
sacrificed 2 hr after treatment with cocaine or saline for immunohistochemistry. Quantification of brain slices was 
examined for c-Fos positive nuclei using light microscopy. 

Results : Pretreatment with BF significantly attenuated cocaine-induced c-Fos expression in the rat CPu. 
Conclusions : This finding suggests that BF has the inhibitory effect on cocaine-induced c-Fos expression in the 

rat CPu via possibly modulating the activities of central dopaminergic systems.
Keywords : Bupleurum falcatum, Cocaine, C-Fos, The caudate putamen

Ⅰ. Introduction

Bupleuri Radix, an important crude drug in

traditional Oriental medicine, is the dried root of the

herbaceous perennial plant; Bupleurum falcatum L.

(BF; Korea, Japan), B. chinense L. (China) and their

related species (umbelliferae). It has been tradi-

tionally used for the treatment of several diseases
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such as influenza, fever, malaria, hepatitis and

amenorrhea in traditional Oriental medicine1). The

extracts of Bupleuri Radix contain many bioactive

constituents such as triterpenoid glycosides of

saikosaponins, volatile oil, and polysaccharides. It is

well known that saikosaponin a, c and d, derived

from Bupleuri Radix are major pharmaceutical

components2). Studies of several Bupleuri species and

their active components have reported over a wide

spectrum of activities such as antiulcerogenic
3)
,

anti-inflammatory4), antitumorogenic5), antinephro-

toxic
6)
, immune modulating

7)
and hepatoprotective

effect
8)
. In addition, there have been several reports

for the effect of Bupleuri Radix in the central nervous

system. Reports have shown that extracts of

Bupleuri species exhibit anticonvulsive effect
9)
and

depressant effect such as sedation10). It has also

reported that water extract of Bupleuri Radix act on

the dopamine, serotonine and GABA receptors as

determined by receptor binding assays11). However,

relatively little is known about the effects of Bupleuri

Radix on the abused drugs including cocaine.

Cocaine, an indirect sympathomimetics, has

various behavioral effects such as locomotion,

stereotypy. Behavioral effects of cocaine are thought

to be related to the central dopaminergic systems12).

The mesolimbic and mesostriatal dopamine systems

are thought to play a key role in the reinforcement,

motivation and behavioral effects of cocaine13). It has

been reported that acute cocaine administration

increases c-Fos expression, protein product of

immediate early gene (IEG) c-fos, in several brain

regions including the caudate putamen (CPu), which

is innervated by dopaminergic afferents from the

substantia nigra (SN) and ventral tegmental area

(VTA)
14,15)
. The CPu is thought to be a critical neural

substrate for cocaine-induced behavioral effects.

Because the IEG, c-fos and their protein products

(c-Fos) can be induced by a variety of external

stimuli and drug treatments including cocaine, c-Fos

has been used as a very useful marker of neuronal

activation
16)
.

In the present study, we aimed to determine

whether c-Fos expression induced by acute cocaine

injection would be altered by BF administration in

the rat CPu. Immunohistochemical technique was

used to determine the alteration of c-Fos expression.

Ⅱ. Materials and Methods

1. Animals 
Experiments were carried out on male Sprague-

Dawley rats weighing 250-270 g (Hyochang, Seoul,

South Korea), housed in groups of three to four under

controlled conditions (12 h light/dark cycle, 22 ± 2°C).

Animals were habituated to the animal colony for 1

week and had free access to standard laboratory food

and water. To minimize stress, all animals were

accustomed to handling and intraperitoneal (i.p.)

injections (0.9% saline, 1 ml/kg, once a day) for 2

days before the experiments. All animal experiments

were accomplished in accordance with the provisions

of the NIH Guideline for the Care and Use of

Laboratory Animals.

2. Preparation of the extract 
 

Methanolic extract of BF (1200 g) was prepared by

routine methods. Briefly, the roots of BF were stored

with 95% methanol (MeOH) in an aspirator bottle at

room temperature (72 h). Subsequently the content

was filtered and concentrated using rotary vacuum

evaporator (EYELA Co., Japan) and programmable

freeze dryer (EYELA Co., Japan), to yield a dark

brown residue (yield appx. 3.75%). The concentrated

extract was stored at 4°C until it was used. The

extract was dissolved in vehicle that is composed of

polyethylene glycol/10% Tween 80/ethanol/saline

(7:1:1:1, v/v), immediately before performing

experiments.
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3. Experimental protocol
 

After habituation, animals were subjected to an

intraperitoneal injection with either cocaine

hydrochloride (20 mg/ml/kg, Johnson Matthey, UK)

or saline (1 ml/kg) 30 min after an administration of

either extract of BF (100 mg/ml/kg, i.p.) or vehicle

(1 ml/kg, i.p.). Animals were divided into four groups

of three to four rats each. GroupⅠ (Veh-Sal) was

intraperitoneally injected with saline 30 min after

pretreatment with vehicle. Group Ⅱ (Veh-Coc) was

intraperitoneally injected with cocaine 30 min after

pretreatment with vehicle. Group Ⅲ (BF-Coc) was

intraperitoneally injected with cocaine 30 min after

pretreatment with extract of BF. Group Ⅳ (BF-Sal)

was intraperitoneally injected with saline 30 min after

pretreatment with extract of BF. All animals were

sacrificed 2 hours after the injection of cocaine or

saline for immunohistochemistry.

4. Immunohistochemistry of c-Fos
Three or four animals of each group were

sacrificed for the brain sample. All animals were first

deeply anesthetized with sodium pentobarbital (50

mg/kg, i.p.) and transcardially perfused with saline

followed by ice-cold 4% paraformaldehyde solution in

0.1 M PBS (pH 7.4). After the perfusion, brains were

then post-fixed by immersion in 4%

paraformaldehyde in 10% sucrose solution and stored

at 4°C until ready for embedding and sectioning.

Sections were cut with a cryotome (30 μm) and kept

at 4°C in a solution containing 0.1% sodium azide in

0.1 M PBS (pH 7.4).

Sections were rinsed three times for 10 min each

in PBS and then placed into 1% Triton-X in PBS for

10 min. After three rinses, sections were incubated

with 0.6% H2O2 solution for inhibition of endogenous

peroxidases. Floating sections were rinsed three

times for 10 min in PBS and saturated for 1 h with

3% bovine serum albumin (BSA; w/v) in PBS.

Sections were then rinsed three times in PBS and

incubated with rabbit anti-c-Fos antibodies (1:1000;

Santa Cruz Biotechnology, Santa Cruz, CA, USA) for

20 h at 4°C. After three rinses, sections were then

incubated for 1 h 30 min with biotin conjugated

anti-rabbit antibody (1:500; Santa Cruz

Biotechnology, Santa Cruz, CA, USA) at room

temperature, rinsed three times in PBS and incubated

for 1 h with peroxidase conjugated avidin (Vector

Lab., Burlingame, CA, USA). Sections were then

rinsed three times for 10 min and incubated in DAB

solution (Sigma-Aldrich, St. Louis, MO, USA). The

reaction was stopped by washing in PBS and

sections were then dehydrated through a graded

ethanol series to 100% xylene, and coverslipped using

Permount solution (Sigma-Aldrich, St. Louis, MO,

USA). Stained images were captured at high

magnification (×100) on a LABOMED light

microscope (LABO Ameriac Inc., Fremont, CA, USA)

equipped with a digital camera (iCAM3000). Images

were obtained from an area of CPu (Figure 1). The

number of c-Fos-like immunoreactive cells in these

images was hand-counted by observer blind to the

experiment conditions.

Bregma + 2.28

CPu

Bregma + 2.28

CPu

<Figure 1> Schematic representation of section used for 
quantification of c-Fos-like immunoreactive nuclei. Coordinate is 
located to the top right of representative section and is in 
accordance with the atlas of Paxinos & Watson17). The rectangle 
illustrates the sampling area.  CPu: the caudate putamen. 
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5. Statistical analysis
Data were expressed as the mean ± SEM and

analyzed for overall significant differences between

treatment groups by an analysis of variance

(ANOVA) followed by LSD post-hoc analysis.

P<0.05 was considered statistically significant.

 

Ⅲ. Results

In this study, we examined whether c-Fos

expression induced by acute cocaine injection would

be changed by BF administration in the CPu. The BF

extract significantly decreased acute cocaine-induced

c-Fos expression in the rat CPu. In figure 2, When

the rats pretreated with vehicle were

intraperitoneally administered with cocaine (Veh-Coc

group), the number of c-Fos-like immunoreactive

nuclei in the CPu were significantly increased

compared with those of the Veh-Sal group or BF-Sal

group. LSD post-hoc analysis indicated that the

number of c-Fos-like immunoreactive nuclei in

Veh-Coc group was significantly higher than that in

Veh-Sal group or BF-Sal group (P<0.001).

Pretreatment with BF 30 min prior to the cocaine

injection significantly reduced the number of

c-Fos-like immunoreactive nuclei in the CPu

compared with the Veh-Coc group. LSD post-hoc

analysis indicated that the number of c-Fos-like

immunoreactive nuclei in BF-Coc group was

significantly lower than in Veh-Coc group (P<0.05).

The BF-Sal group did not show a significant

difference of c-Fos expression when compared with

the Veh-Sal group (P=0.962). Figure 3 depicts

representative c-Fos-stained sections obtained from

each group.
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<Figure 2> Effect of Bupleurum falcatum (BF) on induction of 
c-Fos-like immunoreactive nuclei (IR) by cocaine in the caudate 
putamen (CPu). Vehicle (Veh) or BF (100 mg/kg) was administered 
i.p. 30 min prior to cocaine (Coc; 20 mg/kg, i.p.) or Saline (Sal, 
i.p.). Animals were sacrificed 2 hr after treatment with cocaine or 
saline. BF inhibited cocaine-induced c-Fos expression in the rat 
CPu. BF given alone had no effect on c-Fos-like immunoreactivity. 
# Significant difference from Veh-Sal group or BF-Sal group (p<0.001).
* Significant difference from Veh-Coc group (p<0.05)

A B

C D
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<Figure 3> C-Fos-like immunoreactive nuclei by cocaine or 
saline in the caudate putamen (×100). Vehicle (Veh) or BF (100 
mg/kg) was administered i.p. 30 min prior to cocaine (Coc; 20 
mg/kg, i.p.) or Saline (Sal).  (A) Veh-Sal group. (B) Veh-Coc 
group. (C) BF-Coc group. (D) BF-Sal group.

Ⅳ. Discussion

The aim of this study is to examine the effect of

methanolic extract from BF on acute cocaine-induced

c-Fos expression in the rat CPu. As expected, our

results showed that systemic administration of

cocaine increased c-Fos expression in the rat CPu.

This finding is consistent with the previous
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reports that acute psychostimulant treatments

including cocaine increase c-Fos expression in many

brain regions, especially the CPu
14,18)
. Our results also

showed that pretreatment with BF significantly

suppressed increases of c-Fos expression in the CPu,

the major dopaminergic terminals from the SN and

VTA.

The central dopaminergic system is believed to

play a key role in the reinforcing effect and

behavioral hyperactivity of abused drugs including

cocaine. Cocaine is indirect dopamine receptor

agonist that increases extracellular levels of

dopamine by blocking the reuptake of dopamine
19)
.

Studies showed that c-Fos expression induced by

cocaine administration is mediated via dopaminergic

D1 receptor-dependent mechanisms in the CPu.

Postsynaptic neurons to dopamine terminals produce

the c-Fos expression following exposure to

cocaine
18,20)
.

There have been reports for the mechanisms of

several herbal medicines and their components on

cocaine treatment. The mechanisms for the effects of

herbs on cocaine treatment were mainly associated

with the central dopaminergic system. For example,

Coptidis rhizoma and its main compound, berberine

attenuates the dopamine content in the central

nervous system, possibly modulating the dopamine

biosynthesis and postsynaptic neuronal activity
21)
.

Isoliquiritigenin, an active component of Glycyrrhiza

Radix showed an inhibitory effect on

cocaine-induced dopamine release in the NAc and

reduced c-Fos expression in cocaine-treated rat

brain
22)
.

Depending on the above studies, our results

suggest that pretreatment with BF may attenuates

c-Fos expression by modulating the activites of

postsynaptic dopamine receptors in the CPu. The

present study did not show whether BF directly or

indirectly modulates the activites of dopamine

system. Therefore, Future study is needed to

investigate the effects of BF on cocaine-induced

alterations in dopamine-mediated signal transduction

and to evaluate the effects of BF via behavioral

analyses such as cocaine self-administration or

cocaine-induced conditoned place preference.

Because the IEG including c-fos are rapidly and

transiently expressed after exposure to a variety of

external stimuli and neuroactive substanses, the IEG

and their protein products are thought to be a very

useful marker of neuronal activation16). However, the

problem that basal levels of c-Fos expression exist

in neurons and can be non-specifically increased

after behavioural stress should be controlled. In this

study, all animals were habituated in handling and

intraperitoneal injections of saline once a day for 2

days before the day of the experiment to reduce the

novelty-evoked elevations of c-Fos expression.

Given that the time course of c-Fos induction and

decay varies, we sampled brain tissues 2hrs after

animals were injected with cocaine or saline
18)
.

In conclusion, the results of our study suggest that

BF has the inhibitory effect on cocaine-induced

c-Fos expression in the rat CPu. This may be

associated with modulating the activites of

postsynaptic dopamine receptors.
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