
Journal of Life Science 2008 Vol. 18. No. 11. 1499~1506 ⓒJLS / ISSN 1225-9918

Apoptosis of Human Jurkat T Cells Induced by the Methylene Chloride Extract 
from the Stems of Zanthoxylum schinifolium is Associated with Intrinsic 
Mitochondria-Dependent Activation of Caspase Pathway

Do Youn Jun, Mi-Hee Woo1, Hae Sun Park, Jun Seok Kim, In Koo Rhee2 and Young Ho Kim*

 School of Life Science and Biotechnology, College of Natural Sciences, Kyungpook National University, Daegu 702-701.
1Department of Pharmacy, College of Pharmacy, Daegu Catholic University, Gyeongbuk 712-702.
2
School of Biological Chemistry, College of Agriculture and Life Science, Kyungpook National University, Daegu 702-701.

Received October 29, 2008 /Accepted November 11, 2008

To examine antitumor activity of the edible plant Zanthoxylum schinifolium, the cytotoxic effect of various 
organic solvent extracts of its stems on human acute leukemia Jurkat T cells was investigated. Among 
these extracts such as methanol extract (SS-7), methylene chloride extract (SS-8), ethyl acetate extract 
(SS-9), n-butanol extract (SS-10), and residual fraction (SL-11), SS-8 exhibited the most cytotoxic activity 
against Jurkat T cells. The methylene chloride extract (SS-8) possessed the apoptogenic activity capable 
of inducing sub-G1 peak along with apoptotic DNA fragmentation in Jurkat T cells. Western blot analysis 
revealed that SS-8 induced apoptosis via mitochondrial cytochrome c release into cytoplasm, subsequent 
activation of caspase-9 and caspase-3, and cleavage of PARP, which could be blocked by overexpression 
of Bcl-xL. Jurkat T cell clone I2.1 (FADD-/-) and Jurkat T cell clone I9.2 (caspase-8-/-) were as sensitive 
as was the wild-type Jurkat T cell clone A3 to the cytotoxic effect of SS-8, suggesting no contribution 
of Fas/FasL system to the SS-8-mediated apoptosis. The GC-MS analysis of SS-8 showed that it was 
composed of 16 ingredients including 9,12-octadecanoic acid (18.62%), 2,4-dihydro-5-methyl-4- (1-meth-
ylethylidene)-2-(4-nitrophenyl)-3H- pyrazol-3-one (14.97%), hexadecanoic acid (14.23%), (z,z)-6,9-penta-
decadien-1-ol (13.73%), 5,6-dimethoxy-2-methyl benzofuran (10.95%), and 4-methoxy-2-methylcinnamic 
acid (5.38%). These results demonstrate that the methylene chloride extract of the stems of Z. schinifolium 
can induce apoptotic cell death in Jurkat T cells via intrinsic mitochondria-dependent caspase cascade 
regulated by Bcl-xL without involvement of the Fas/FasL system.
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Introduction

Zanthoxylum schinifolium, which belongs to the Rutaceae 

family, is an aromatic plant whose pericarps and leaves are 

widely used as a pungent condiment and seasoning and 

herbal medicine in north-eastern Asian countries such as 

Korea, and Japan. The fruits, seeds, leaves, and roots of Z. 

schinifolium are known to possess effects as traditional 

medicine [5,23]. In particular, the dried leaves and the es-

sential oil obtained from pericarps of Z. schinifolium have 

been used as traditional medicine to treat toothache, mus-

cle pain, sthenia, ascarids, and confusion. Phytochemical 

investigations on the components of the root bark of Z. 

schinifolium resulted in the isolation of cis-fagaramide [5], 

coumarin, peroxyterpenyl coumarin [4,23,24], schinifolin, 

5’-acetoxyschinifolin [6], and others [9,17]. The bioactive in-

gredients from Z. schinifolium have been reported for their 

medicinal activities including anti-platelet aggregation 

[6,23], anti-oxidant activity [19,20], inhibition of the pro-

duction of monoamine oxidase [9], antimicrobial activity 

[18], and antitumor activity [7].

As a well-studied chemical component in root bark of Z. 

schinifolium, the coumarin is known to exert cytotoxic effect 

on cancer cells [7]. However, the cellular mechanism under-

lying this cytotoxicity still remains obscure. Recently it has 

been reported that the essential oils from Z. schinifolium peri-

carp, whose major components are sabinene (15.40%), cit-

ronellal (15.75%) and geranyl acetate (29.8%), is able to in-

duce apoptosis of human hepatoma HepG2 cells [3]. 

Recently, we have reported that the methylene chloride ex-

tract from the leaves of Z. schinifolium possesses antitumor 

activity against human acute leukemia Jurkat T cells, which 

results from induction of apoptotic cell death, and chemical 
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compositions of the methylene chloride extract [14]. More 

recently, we have investigated the apoptogenic mechanism 

for 7-[(3,7-dimethyl-2,6-octadienyl)-oxy]-coumarin (auraptene) 

purified from the leaves of Z. schinifolium, and found that 

auraptene induces apoptotic cell death of Jurkat T cells 

through the endoplasmic reticulum stress-mediated activa-

tion of caspase-8, and the subsequent induction of mitochon-

dria-dependent or mitochondria-independent activation of 

caspase cascade [12]. Until now, however, there is no report 

on the cytotoxic effect of the stems of Z. schinifolium, and 

its cytotoxicity toward human tumor cells. In the present 

study, we describe that the methylene chloride extract of the 

stems of Z. schinifolium possesses a potent cytotoxic activity 

toward human acute leukemia Jurkat T cells, whereas other 

solvent extracts such as the ethyl acetate extract or the buta-

nol extract are unable to exert cytotoxic effect. Since the 

methylene chloride extract can induce apoptotic cell death 

in Jurkat T cells, the mechanism underlying the induced 

apoptosis was further investigated in order to evaluate its 

potency as an antitumor agent.

Materials and Methods

Reagents, antibodies, and cells

ECL Western blotting kit was from Amersham (Arlington 

Heights, IL, USA). Anti-cytochrome c was purchased from 

Pharmingen (San Diego, CA, USA). Anti-caspase-3, anti- 

poly (ADP-ribose) polymerase (PARP), and anti-β-actin were 

purchased from Santa Cruz Biotechnology (Santa Cruz, CA, 

USA). Anti-caspase-8, anti-caspase-9, and anti-Bid were from 

Cell Signaling Technology (Beverly, MA, USA). Annexin 

V-FITC apoptosis kit was from Clontech (Takara Bio Inc., 

Shiga, Japan). Human acute leukemia Jurkat T cell line E6.1, 

Jurkat T cell clone A3, and FADD-deficient Jurkat T cell 

clone I2.1 were purchased from ATCC (Manassas, VA, USA). 

Stable transfectants of Jurkat T cells (J/Neo and J/Bcl-xL) 

were supplied from Dr. Dennis Taub (Gerontology Research 

Center, NIA/NIH, MD, USA). Jurkat T cells were main-

tained in RPMI 1640 (Life Technologies, Gaithersburg, MD, 

USA) containing 10% FBS, 20 mM HEPES (pH 7.0), 5×10-5 

M β-mercaptoethanol, and 100 μg/ml gentamycin.

Isolation of a cytotoxic component from Z. 

schinifolium

The leaves of Z. schinifolium (Korean name; Sancho) 

were purchased in the fall of 2003 from Dong-A Garden 

located in nearby Daegu, South Korea. In order to extract 

the cytotoxic component in Z. schinifolium, the powder of 

dried leaves (3 kg) was extracted with 100% methanol. 

Sequentially, the methanol extract (SS-7) was evaporated, 

dissolved in water, and then sequentially extracted with 

methylene chloride (SS-8), ethyl acetate (SS-9), and n-buta-

nol (SS-10), as described in Fig. 1.

Cytotoxicity assay

The cytotoxic effect of the individual solvent extracts on 

Jurkat T cells was analyzed by 3-(4,5-dimethylthiazol-2-yl)- 

2,5-diphenyltetrazolium bromide (MTT) assay reflecting the 

cell viability. Briefly, Jurkat T cells (4×104) were added to 

the serial dilution of SS-8 in 96-well plates. At 44 hr after 

incubation, 50 μl of MTT solution (1.1 mg/ml) was added 

to each well and incubated for an additional 4 hr. After 

centrifugation, the supernatant was removed from each 

well and then 150 μl of DMSO was added to dissolve the 

colored formazan crystal produced from MTT. OD values 

of the solutions were measured at 540 nm by a plate 

reader.

Flow cytometric analysis

The cell cycle progression of Jurkat T cells following 

treatment with SS-8 was analyzed by Flow cytometry as 

described elsewhere [15]. Approximately, 1× 106 cells were 

fixed in 66% ethanol at 4oC for 1 hr, washed with PBS, and 

resuspended with 12.5 μg of RNase in 250 μl of 1.12% so-

dium citrate buffer (pH 8.45). Incubation was continued at 

37oC for 30 min before staining of the cellular DNA with 

250 μl of propidium iodide (50 μg/ml) for 30 min at room 

Fig. 1. The procedure for preparation of various organic sol-

vent extracts of the stems of Zanthoxylum schinifolium.
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temperature. The stained cells were analyzed on a flow cy-

tometer for relative DNA content, based on increased red 

fluorescence.

DNA fragmentation analysis

Apoptotic DNA fragmentation induced in Jurkat T cells 

following SS-8 treatment was determined by Triton X-100 

lysis methods using 1.2% agarose gel electrophoresis as 

previously described [13]. 

Preparation of cell lysate and Western blot analysis

Cell lysates were prepared by using a lysis buffer (137 

mM NaCl, 15 mM EGTA, 1 mM sodium orthovanadate, 15 

mM MgCl2, 0.1% Triton X-100, 25 mM MOPS, 2.5 μg/ml 

proteinase inhibitor E-64, pH 7.2) as described previously 

[12]. An equivalent amount of cell lysate (20 μg) was dena-

tured with SDS sample buffer, and subjected to electro-

phoresis on 4-12% SDS gradient polyacrylamide gel with 

MOPS buffer. For detection of caspase-3 activation and mi-

tochondrial cytochrome c release, the protein lysates were 

electrophoresed on 10% SDS polyacrylamide gel with 2-(N- 

morpholino) ethane-sulfonic acid (MES) buffer. The pro-

teins were electrotransferred to Immobilon-P membranes 

(Millipore Corporation, Bedford, MA, USA). Detection of 

each protein was performed using an ECL Western blot-

ting kit, according to the manufacturer’s instructions.

Detection of mitochondrial cytochrome c in cytosolic 

protein extracts

To assess mitochondrial cytochrome c release in Jurkat 

T cells following SS-8 treatment, cytosolic protein extracts 

were obtained as described elsewhere [12]. The cytosolic 

extracts free of mitochondria were analyzed for cyto-

chrome c by Western blotting.

Analysis of the methylene chloride extract by gas 

chromatography-mass spectrometry (GC-MS)

The GC-MS analysis was conducted with Hewlett- 

Packard (HP) 6890 gas chromatography coupled with HP 

5903N mass spectrometer. A HP-5MS capillary column fil-

led with 5% Phenyl Methyl Siloxane was connected to the 

GC instrument. The analytical conditions were as follows: 

helium carrier gas flow rate, 0.7 ml/min; oven temperature 

program, 60oC (hold for 15 min) rising to 280oC; split ratio, 

30:1. The MS instrument was operated in the electron im-

pact (EI) mode and used with ionization energy of 70 eV 

in an m/z range of 50-800 mass units. The constituents 

were identified by comparison of their mass spectra with 

those of internal (computer) library, NIST/EPA/MSDC 

libraries.

Results and Discussion

Isoaltion of cytotoxic ingredient in the stems of Z. 

schinifolium by mehtylene chloride extraction

When 3 kg of the powered dry stems from Z. schinifo-

lium was extracted with 100% methanol and the methanol 

extract was then evaporated, 199.2 g of the solid residue 

(SS-7) was obtained. To fractionate further the components 

in the methanol extract, the solid residue was dissolved in 

water and then sequentially extracted with various organic 

solvents, such as methylene chloride, ethyl acetate, and 

n-butanol. The yields of individual solvent extractions 

were 53.7 g for methylene chloride extraction (SS-8), 10.6 g 

for ethyl acetate extraction (SS-9), 29.6 g for n-butanol ex-

traction (SS-10), and 50.8 g for residual water fraction 

(SS-11), respectively.

To examine whether each extract possesses cytotoxic ac-

tivity against human acute leukemia Jurakt T cells, its ef-

fect on the cell proliferation was investigated by MTT 

assay. When the cells were incubated with the individual 

solvent extracts at concentrations ranging from 100 μg/ml 

for 48 hr, the cell viability appeared to decline in the pres-

ence of the methylene chloride extract (SS-8) (Fig. 2). 

Under these conditions, the cell viability was not sig-

nificantly altered in the presence of SS-7, SS-9, SS-10, or 

Fig. 2. Cytotoxic effect of the individual organic solvent extracts 

on human acute leukemia Jurkat T cells. The cells (4×10
4 

cells/well) were incubated with the individual extracts 

at a concentration of 100 μg/ml in a 96-well plate for 

48 hr and the final 4 hr was incubated with MTT to assess 

the colored formazan crystals produced from MTT as an 

index of cell viability.
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SS-11. These results demonstrate that the methylene chlor-

ide extract of Z. schinifolium stems contains the most cyto-

toxic activity against human acute leukemia Jurkat T cells.

Apoptogenic effect of methylene chloride extract 

(SS-8) on human acute leukemia Jurkat T cells

To understand the mechanism underlying the cytotox-

icity of the methylene chloride extract (SS-8), we inves-

tigated whether apoptotic cell death was induced in Jurkat 

T cells after treatment with SS-8. In addition, because the 

anti-apoptotic role of Bcl-xL was known to center around 

the prevention of activation of effector caspases including 

caspase-3 via blocking mitochondrial cytochrome c release 

into cytosol [2,21,22], we decided to take advantage of this 

anti-apoptotic role of Bcl-xL to examine if the mitochon-

drial cytochrome c release and the subsequent activation of 

caspase cascade were essential steps for SS-8-induced 

apoptosis. In this context, the cytotoxic effect of SS-8 was 

compared between Jurkat T cells transfected with vector 

(J/Neo) and Jurkat T cells transfected with Bcl-xL gene 

(J/Bcl-xL).

When J/Neo cells and J/Bcl-xL cells were treated with 

SS-8 at various concentrations (25, 50, or 100 μg/ml) for 36 

hr, the cell viability of J/Neo cells was not influenced at 

25 μg/ml but it appeared to decline to 87.9% at 50 μg/ml 

and 32.4% at 100 μg/ml SS-8 (Fig. 3A). The SS-8-mediated 

decrease in the cell viability was not significant in J/Bcl-xL 

cells overexpressing Bcl-xL protein. Under the same con-

ditions, the apoptotic DNA fragmentation as well as the 

ratio of sub-G1 phase representing apoptotic cells, which 

was induced in J/Neo cells by SS-8 in a dose-dependent 

manner, was abrogated in J/Bcl-xL cells (Fig. 3B). 

Similarly, the flow cytometric analysis confirmed that the 

apoptotic sub-G1 phase representing apoptotic cells was 

detected in J/Neo cells, but not in J/Bcl-xL cells (Fig. 3C). 

These results indicate that the cytotoxicity of SS-8 toward 

Jurkat T cells was mainly attributable to induced apoptotic 

cell death, which is negatively regulated by antiapoptotic 

protein Bcl-xL.

Involvement of mitochondrial cytochrome c-mediated 

activation of caspase cascade in methylene chloride 

extract (SS-8)-induced apoptosis

Many studies have shown that mitochondrial cyto-

chrome c release into cytoplasm is frequently involved in 

a chemical-induced apoptotic signaling pathway that results

Fig. 3. Effect of the methylene chloride extract (SS-8) on cell 

viability (A), apoptotic fragmentation (B), and cell cy-

cle distribution (C) in Jurkat T cells transfected with 

Bcl-xL gene (J/Bcl-xL) or vector (J/Neo). J/Bcl-xL cells 

or control (J/Neo) cells were incubated at a density of 

4×10
4/well with various concentrations of SS-8 in 

96-well plates for 48 hr and the final 4 hr were in-

cubated with MTT to assess cell viability. Each value 

is expressed as mean±SD (n=3). *P＜0.05 as compared 

with the control. Equivalent cultures were processed to 

analyze apoptotic DNA fragmentation. To investigate 

apoptotic change in cell cycle distribution, the cells 

were fixed with 67% cold ethanol, stained with propi-

dium iodide, and an equal number of cells (2×10
4) 

were analyzed by flow cytometry. 

in activation of the caspase cascade including capase-9 and 

capase-3, and PARP degradation, leading to apoptotic 

DNA fragmentation [2,21,22]. Since both DNA fragmenta-

tion and flow cytometric analysis indicate that SS-8-in-

duced apoptosis in Jurkat T cells could be prevented by ec-

topic overexpression of Bcl-xL, it was likely that apoptotic 

cell death might be associated with mitochondrial cyto-

chrome c release and resultant activation of the apoptotic 

caspase cascade.

To examine this prediction, we investigated whether 

SS-8-induced apoptosis accompanies mitochondrial cyto-

chrome c release into cytosol, and activation of caspase-9 

and -3, and PARP degradation. As shown in Fig. 4B, 

J/Bcl-xL cells were able to express significantly enhanced 

level of Bcl-xL protein as compared to J/Neo cells. 

Although the level of cytosolic cytochrome c, which was 

not detected in the continuously growing J/Neo cells or 
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(A)

(B)

Fig. 4. Western blot analysis of mitochondrial cytochrome c re-

lease and β-actin (A), and caspase-3 activation, cas-

pase-9 activation, cleavage of PARP and β-actin (B) in 

Jurkat T cells Jurkat T cells overexpressing J/Bcl-xL 

gene (J/Bcl-xL) or control cells (J/Neo) after treatment 

with the methylene chloride extract (SS-8) for 48 hr. 

The cells (～5×10
6) were incubated at a concentration of 

4×10
5/ml with indicated concentrations of SS-8 for 48 

hr and prepared for cell lysates. Equivalent amounts of 

cell lysates were electrophoresed on 4-12% SDS gra-

dient polyacrylamide gels and electrotransferred to 

Immobilon-P membrane. Western analysis was per-

formed as described in Materials and Methods using 

ECL Western blotting detection system.

J/Neo cells treated with 25 μg/ml SS-8, increased in a 

dose-dependently in the presence of SS-8 (50-100 μg/ml), it 

was completely abrogated by the overexpression of Bcl-xL 

(Fig. 4A). In accordance with mitochondrial cytochrome c 

release, capase-9 activation that proceeds through proteo-

lytic degradation of the inactive pro-enzyme (47 kDa) into 

the active form (35 kDa) was detected. The activation of cas-

pase-3 through proteolytic degradation of a 32-kDa pro-en-

zyme into a 19-kDa activated form was also detected in a 

dose-dependent manner in the presence of 50 to 100 μg/ml 

SS-8. In addition, the caspase-8 activation via the proteolytic 

degradation of a 57-kDa proenzyme into 41-/43-kDa acti-

vated form was detected following treatment with SS-8. As 

a downstream target of active caspase-3 during induction 

of apoptosis, poly (ADP-ribose) polymerase (PARP) has been 

reported to be cleaved into two fragments [16]. In J/Neo 

cells following treatment of SS-8 ranging from 50 to 100 μ
g/ml, the cleavage of PARP was detected along with activa-

tion of caspase-3. However, these apoptotic cellular changes 

were completely abrogated in J/Bcl-xL cells. These results 

indicate that SS-8-induced apoptosis is associated with mi-

tochondrial cytochrome c release into cytoplasm, which can 

be blocked by overexpressed Bcl-xL protein, and resultant 

activation of caspase cascade including caspase-8, caspase-9, 

and caspase-3, leading to PARP degradation and apoptotic 

DNA fragmentation. 

To examine further an involvement of Fas/FasL system 

in SS-8-mediated apoptosis, we compared cytotoxic effect of 

SS-8 on FADD and caspase-8-positive Jurkat T cells (clone 

A3) with that on FADD-deficient Jurkat T cells (clone I2.1) 

or on caspase-8-deficient Jurkat T cells (clone I9.2), which 

were previously refractory to Fas-mediated apoptosis [10]. 

Irrespective of FADD-deficiency or caspase-8-deficiency, 

these Jurkat T cell clones showed similar sensitivity to the 

cytotoxicity of SS-8 (Fig. 5), excluding the involvement of 

Fas/FasL system in the SS-8-mediated apoptosis. Since it has 

Fig. 5. Cytotoxic effect of the methylene chloride extract (SS-8) 

on wild-type Jurkat T cell line A3 (A), FADD-deficient 

Jurkat T cell line I2.1 (B), or caspase-8-deficient Jurkat 

T cell line I9.2 (C). The cells (4×10
4 cells/well) were in-

cubated with the individual extracts at a concentration 

of 100 μg/ml in a 96-well plate for 48 hr and the final 

4 hr was incubated with MTT to assess the colored for-

mazan crystals produced from MTT as an index of cell 

viability.
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Table 1. Chemical compositions of the methylene chloride fraction from the stems of Zanthoxylum schnifolium

No. Compounds RT (min)a Composition (%)b

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

hexanoic acid

4-methoxy-2-methylcinnamic acid

hexadecanoic acid, methyl ester

dictamine

hexadecanoic acid

2-acetyl-3-ethyl-1,2,5,6-tetrahydro-1-methyl-2+-pyridinecarbonitrile

scoparon

margaric acid

Methyl 8,11-octadecadienoate

9,12,15-octadecatrienoic acid-methylester

9,12-octadecadienoic acid

(z,z)-6,9-pentadecadien-1-ol

octadecanoic acid

5,6-dimethoxy-2-methyl benzofuran

2,4-dihydro-5-methyl-4-(1-methylethylidene)--2-(4-nitrophenyl)-3H-pyrazol-3-one

nonacasane

 4.51

20.16

23.04

23.39 

23.63 

23.71 

23.91 

24.74 

25,74 

25.83 

26.34 

26.42 

26.72 

27.94 

29.75 

36.20 

 0.92

 5.38

 2.22

 2.72

14.23

 4.39

 2.53

 1.11

 3.15

 1.23

18.62

13.73

 1.17

10.95

14.97

 2.41

aRetention time (in minutes)
bRelative amount (%)

been reported that caspase-8 activation can play a role in 

drug-induced apoptotic signaling pathway either as an up-

stream event [1,8,12] or as a downstream event of mitochon-

drial cytochrome c release [11], current data suggest that 

SS-8-mediated activation of caspase-8 might be down-stream 

event of mitochondrial cytochrome c release into cytosol or 

it occurs independently of mitochondria-dependent caspase 

cascade.

Chemical composition of SS-8 obtained from the 

stems of Zanthoxylum schnifolium

To examine the ingredients of the methylene chloride ex-

tract (SS-8) obtained from the stems of Z. schnifolium, the 

extract was analyzed by gas chromatography-mass spec-

trometry (GC-MS). As shown in Table 1, the SS-8 appeared 

to comprise approximately 16 ingredients, which correspond 

to 99.73% of total constituents detected in the extract. As 

the main components in SS-8 were 9,12-octadecanoic acid 

(18.62%), 2,4-dihydro-5-methyl-4-(1-methylethylidene)-2-(4- 

nitrophenyl)-3H-pyrazol-3-one (14.97%), hexadecanoic acid 

(14.23%), (z,z)-6,9-pentadecadien-1-ol (13.73%), 5,6-dime-

thoxy-2-methyl benzofuran (10.95%), 4-methoxy-2-methyl-

cinnamic acid (5.38%), 2-acetyl-3-ethyl-1,2,5,6-tetrahydro-1- 

mmethyl-2-pyridinecarbonitrile (4.39%), methyl 8, 11-octa-

decadienoate (3.15%), dictamine (2.72%), scoparon (2.53%), 

nonacasane (2.41%), and hexadecanoic acid methyl ester 

(2.22%).

This composition of the ingredients is significantly dif-

ferent not only from that of the methylene chloride extract 

prepared from Z. schinifolium leaves which appeared to in-

duce apoptotic cell death in Jurakt T cells cells, but also 

from that of the essential oil prepared from Z. schinifolium 

pericarps, which could induce apoptosis in HepG2 cells 

[14]. Although five ingredients such as 9,12-octadecanoic 

acid, hexadecanoic acid, 4-methoxy-2-methylcinnamic acid , 

and hexadecanoic acid methyl ester were commonly de-

tected in the methylene chloride extracts of stems and 

leaves of Z. schinifolium, their composition ratios were 

markedly different between the stems and leaves. 

In conclusion, these results demonstrate that the methyl-

ene chloride extract of stems of Zanthoxylum schinifolium 

possesses an apoptogenic activity causing apoptotic DNA 

fragmentation of human acute leukemia Jurkat T cells via 

mitochondrial cytochrome c release into cytoplasm, and re-

sultant activation of caspase-9 and caspase-3, and cleavage 

of PARP, which can be negatively regulated by anti-

apoptotic protein Bcl-xL. Additional GC-MS analysis show 

that the methylene chloride extract (SS-8) is composed of 

16 ingredients including 9,12-octadecanoic acid (18.62%), 

2,4-dihydro-5-methyl-4-(1-methylethylidene)-2-(4-nitro-

phenyl)-3H-pyrazol-3-one (14.97%), hexadecanoic acid 

(14.23%), (z,z)-6,9-pentadecadien-1-ol (13.73%), 5,6-dimethoxy- 

2-methyl benzofuran (10.95%), and 4-methoxy-2-methylcin-

namic acid (5.38%). These results demonstrate that the cy-
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totoxicity of the methylene chloride extract of Z. schinifo-

lium stems toward human acute leukemia Jurkat T cells is 

attributable to apoptosis mediated by mitochondria-de-

pendent caspase cascade regulated by Bcl-xL, and expand 

our understanding of antitumor activity of Zanthoxylum 

schinifolium. These findings are useful for evaluating the 

apoptogenic activity in the edible plant Zanthoxylum 

schinifolium.
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록：인체 성백 병 Jurkat T 세포에 있어서 Zanthoxylum schinifolium 기의 methylene 

chloride 추출물에 의해 유도되는 세포자살기  규명 

도연․우미희1․박해선․김 석․이인구2․김 호*

(경북 학교 자연과학 학 생명과학부, 1 구가톨릭 학교 약학 학 약학과, 2경북 학교 농업생명과학 학 

응용생물화학부)

식용  약용으로 이용되는 산 (Zanthoxylum schinifolium)의 기로부터 항암활성 성분을 분리하기 하여, 

산  기를 유기용매로 추출하고 각 추출물의 인체 성백 병 암세포에 한 독성  세포자살 유도 활성을 

조사하 다. Methanol (SS-7), methylene chloride (SS-8), ethyl acetate (SS-9), n-butanol (SS-10)로 추출한 각 시료와 

유기용매 추출 후 잔여분획 (SL-14)의 세포 독성을 인체 성백 병 Jurkat T 세포주를 상으로 조사한 결과, 

암세포에 한 세포독성이 주로 methylene chloride 추출분획인 (SS-8)에서 확인되었다. Methylene chloride 추출물

(SS-8)의 Jurkat T 세포주에 한 세포독성의 기 은 mitochondria로부터cytochrome c 방출, caspase-9  caspase-3

의 활성화, PARP 분해, internucleosomal DNA fragmentation 등의 일련의 생화학  반응을 수반하며, 항 세포자살 

단백질인 Bcl-xL단백질의 과발 에 의해 억제되는 세포자살 기 임을 확인하 다. FADD가 disruption된 Jurkat 

T cell clone I2.1 (FADD-/-)  caspase-8가 결핍된 Jurkat T cell clone I9.2 (caspase-8-/-)와 함께 the wild-type 

Jurkat T cell clone A3에 미치는 SS-8의 세포독성작용을 비교 분석한 결과, wild-type Jurkat A3, FADD-deficient 

Jurkat clone I2.1  caspase-8-deficient Jurkat clone I9.2 모두는 SS-8의 세포독성에 해 유사한 정도의 감수성을 

나타내었다. 이는 SS-8에 의해 유도되는 apoptosis에 있어서, Fas/FasL system이 계되지 않음을 시사한다. 한편, 

SS-8를 GC-MS 분석하여, 9,12-octadecanoic acid (18.62%), 2,4-dihydro-5-methyl-4-(1-methylethylidene)-2-(4-nitro-

phenyl)-3H-pyrazol-3-one (14.97%), hexadecanoic acid (14.23%), (z,z)-6,9-pentadecadien-1-ol (13.73%), 5,6-dime-

thoxy-2-methyl benzofuran (10.95%), 그리고 4-methoxy-2-methylcinnamic acid (5.38%) 등을 포함한 16가지의 구성 

성분과 그 조성비를 확인하 다. 이상의 연구결과는 산  기에 함유된 항암 활성에 한 규명과 이해를 증진시킨다.


