
Abstract. The biological activities of Moxa, used as
moxibustion, have not been well documented. We investigated
here Moxa smoke for its tumor-specific cytotoxicity, anti-HIV
activity, radical intensity and radical scavenging activity, in
comparison with previously published data of Moxa extract.
Moxa smoke showed slightly higher cytotoxicity against human
tumor cell lines (oral squamous cell carcinoma HSC-2, HSC-3,
promyelocytic leukemia HL-60) than against normal oral cells
(gingival fibroblast HGF, pulp cell HPC, periodontal ligament
fibroblast HPLF), yielding a tumor specificity index of 1.29.
Moxa smoke dose-dependently induced internucleosomal DNA
fragmentation, activation of caspases 3, 8 and 9, and slightly
modified the expression of apoptosis-related proteins (Bcl-2,
Bad, Bax) in HL-60 cells, but to much lesser extents than
attained by positive controls (UV irradiation, actinomycin D
treatment). ESR spectroscopy showed that Moxa smoke
generated semiquinone-type radicals under alkaline conditions,
and scavenged O2

-, hydroxyl radical, singlet oxygen and NO. All
Moxa smoke preparations showed no apparent anti-HIV activity.
These data demonstrate the antitumor potential of Moxa smoke.

Moxa is a dried cotton-like material from the leaf of yomogi

(Artemisia Capillaris), and is used as moxibustion. The

extract of yomogi has shown various biological activities

such as anti-oxidant (1), apoptosis-inducing (2) and anti-

inflammatory activity (3). On the other hand, no detailed

study of the biological activity of Moxa extract or smoke has

been reported. 

We found that the hot-water extract of Moxa has higher

radical intensity (in vitro), radical scavenging activity (in
vitro) and antimicrobial activity (in vivo) than the ethanol

extract of Moxa which showed higher cytotoxicity (4). The

cytotoxic substances have been partially purified from the

CH2Cl2-extract of Moxa by three cycles of silica gel column

chromatography (5). The active fractions (which contained

two peaks on HPLC separation) showed higher cytotoxicity

against five human tumor cell lines (oral squamous cell

carcinoma HSC-2, HSC-3, melanoma A-375, promyelocytic

leukemia HL-60, T-cell leukemia MT-4) than three oral

normal human cells (gingival fibroblast HGF, pulp cell

HPC, periodontal ligament fibroblast HPLF) (5). On the

other hand, Moxa smoke showed oxidation potential

(measured by NO monitor), produced carbon radical

(measured by ESR spectroscopy), modified the

conformation and/or activity of MnSOD (measured by

activity staining after polyacrylamide gel electrophoresis),

and induced internucleosomal DNA fragmentation in HL-

60 cells (measured by agarose gel electrophoresis), but not

in other cell lines (HSC-2 and human mammary carcinoma

MCF-7) (6). The addition of N-acetyl-l-cysteine, a popular

anti-oxidant, significantly reduced the cytotoxic activity,

oxidation potential and carbon radical intensity of Moxa

smoke (6). These data suggest that the cytotoxicity of Moxa

smoke may be due to its pro-oxidant property. 

In the present study, we investigated whether Moxa smoke

displays a similar magnitude of tumor-specific cytotoxic

activity to that of partially purified Moxa extract (5). Since

we had previously investigated only DNA fragmentation as

a qualitative marker of apoptosis (5, 6), we tried to more

thoroughly assess the apoptosis-inducing activity of Moxa

smoke by measuring more quantitative apoptosis markers

such as caspase activation and the intracellular concentration
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of apoptosis-related proteins, in comparison with those of

positive controls (UV irradiation, actinomycin D). We have

reported some relationship between cytotoxic activity and

radical generation/scavenging activity in several anti-oxidants

(7-9). We, therefore, investigated whether Moxa smoke

produces radicals under alkaline conditions, and scavenges

superoxide anion (O2
-) [generated by hypoxanthine-xanthine

oxidase (HX-XOD) reaction in the presence of spin-trapping

agent 5,5-dimethyl-1-pyrroline 1-oxide (DMPO)], hydroxyl

radical (ØOH) [generated by Fenton reaction in the presence

of DMPO], singlet oxygen (1O2) [generated by Rose Bengal

in the presence of spin-trapping agent 2,2,6,6-tetramethyl-1-

piperidinol (TEMP)] and NO [generated by 1-hydroxyl-2-

oxo-3-(N-3-methyl-3-aminopropyl)-3-methyl-1-triazene

(NOC-7) in the presence of spin-trapping agent 2-(4-

caroxyphenyl)-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide

(carboxy-PTIO)], using ESR spectroscopy.

Materials and Methods

Materials. The following chemicals and reagents were obtained

from the indicated companies: Dulbecco’s modified Eagle medium

(DMEM) (Gibco BRL, Grand Island, NY, USA); RPMI 1640

medium (Invitrogen Corp., Carlsbad, CA, USA); fetal bovine

serum (FBS) (Gemini Bio-Products, Woodland, CA, USA); 3-[4,5-

dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT),

phenylmethylsulfonyl fluoride (PMSF), HX, XOD,

diethylenetriaminepentaacetic acid (DETAPAC), 3’-azido-2’, 3’-

dideoxythymidine (AZT), dideoxycytidine (ddC) (Sigma Chem.

Ind., St. Louis, MO, USA); dimethyl sulfoxide (DMSO)(Wako

Pure Chem. Ind., Osaka, Japan); DMPO, C-PTIO, NOC-7, TEMP,

superoxide dismutase (SOD) from bovine erythrocytes (Dojin,

Kumamoto, Japan); curdlan sufate (79 kD, Ajinomoto Co., Inc.,

Tokyo, Japan); dextran sulfate (8 kD) (Kowa, Tokyo, Japan).

Preparation of Moxa smoke. Moxa smoke was collected via capillary

tube into phosphate-buffered saline without Ca2+ and Mg2+

(PBS)(-) (pH 7.4) under reduced pressure, with an aspirator

(Figure 1). The yield of Moxa smoke from the starting material was

1.0-2.7%, assuming that 1A328 = 0.15 mg/mL (4)

Cell culture. Human oral tumor cell lines (HSC-2, HSC-3) and

normal human oral cells (HGF, HPC, HPLF) were cultured in

DMEM supplemented with 10% heat-inactivated FBS under a

humidified 5% CO2 atmosphere. Normal cells were prepared from

periodontal tissues, according to the guideline of Meikai University

Ethics Committee (No.206) after obtaining informed consent from

the patients. Since normal human cells have a limited in vitro life-

span (10), these cells were used at 6-7 population doubling level

(PDL). HL-60 cells were cultured in RPMI 1640 medium

supplemented with 10% FBS. 

Assay for cytotoxic activity. Cells (other than HL-60 cells) were

incubated at 5-6 x 103 cells/well in 96-microwell (Becton Dickison

Labware NJ, USA), unless otherwise stated. After 48 hours, the

medium was removed by suction with an aspirator, and replaced with

0.1 mL of fresh medium containing various concentrations of test

compounds. Near confluent cells were incubated for another 24

hours, and the relative viable cell number was then determined by

the MTT method. In brief, cells were washed once with PBS(-),

replaced with fresh culture medium containing 0.2 mg/mL MTT and

incubated for another 4 hours. The cells were lysed with 0.1 mL of

DMSO, and the absorbance at 540 nm of cell lysate was determined,

using a microplate reader (Biochromatic Labsystem, Helsinki,

Finland). The absorbance at 540 nm of control cells was usually in

the range of 0.40 to 0.90. The 50% cytotoxic concentration (CC50)

was determined from the dose-response curve. Tumor-specificity

(TS) was determined by the following equation:

TS= [CC50 (HGF) + CC50 (HPC) + CC50 (HPLF)] / 

[CC50 (HSC-2) + CC50 (HSC-3) + CC50 (HL-60)]
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Figure 1. Preparation of Moxa smoke.



The viability of HL-60 cells was determined by trypan blue

exclusion. HL-60 cells were incubated at 5 x 104/0.1 mL in 96-

microwell and various concentrations of test compounds were

added. After incubation for 24 hours, the viable cell number was

determined as described previously. The density of control cells at

harvest was in the range of 8-9 x 105/mL.

Assay for DNA fragmentation. Cells were washed once with PBS (-)

and lysed with 50 ÌL lysate buffer [50 mM Tris-HCl (pH 7.8), 10

mM EDTA, 0.5% (w/v) sodium N-lauroyl-sarcosinate solution]. The

solution was incubated with 0.4 mg/mL RNase A and 0.8 mg/mL

proteinase K for 1-2 hours at 50ÆC and then mixed with 50 ÌL NaI

sodium [7.6 M NaI, 2 mM EDTA-2Na, 40 mM Tris-HCl, pH 8.0],

and then 250 ÌL of ethanol. After centrifugation for 20 minutes at

20,000 xg, the precipitate was washed with 1 mL of 70 % ethanol

and dissolved in TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH

7.5). The sample (10-20 ÌL) was applied to 2% agarose gel

electrophoresis in TBE buffer (80 mM Tris-HCl, 80 mM boric acid,

2 mM EDTA, pH 8.0). DNA size marker and DNA from apoptotic

HL-60 cells induced by UV were run for calibration. The DNA

fragmentation pattern was examined in photographs taken under

UV illumination.

Assay for caspase activation. Cells were washed twice with ice-cold

PBS (-) and lysed in the lysis buffer (MBL, Nagoya, Japan). After

standing for 10 minutes on ice and centrifugation for 5 minutes at

10,000 xg, the supernatant was collected. The lysate (50 ÌL,

equivalent to 200 Ìg protein) was mixed with 50 ÌL 2 x reaction

buffer (MBL) containing substrates for caspase 3 (DEVD-pNA (p-

nitroanilide)), caspase 8 (IETD-pNA) or caspase 9 (LEHD-pNA).

After incubation for 2 hours at 37ÆC, the absorbance at 405 nm of

the liberated chromophore pNA was measured by microplate reader.

Western blotting. The cell pellets were lysed with 100 ÌL of lysis

buffer (10 mM Tris-HCl, pH 7.6, 1% Triton X-100, 150 mM NaCl,

5 mM EDTA and 2 mM PMSF). The cell lysate (10 Ìg) was boiled

in sodium dodecyl sulfate (SDS) sample buffer (0.05 M Tris-HCl,

pH 6.8, 10% glycerol, 2 % SDS-0.005% bromphenol blue, 0.6% 

2-mercaptoethanol). The protein in the cell lysate was determined

by Protein Assay Kit (Bio-Red, Hercules, CA, USA), and the

aliquots to 20 Ìg protein were applied to 15 % SDS polyacrylamide

gel electrophoresis, and then transferred to PVDF membrane

(Immobilon P, Milliopore Corp., Bedford, MA, USA). The

membranes were then blocked with 5 % skim milk in PBS(-) plus

0.05 % Tween 20 and incubated with anti-Bcl-2 antibody (1:1000),

anti-Bax antibody (1:1000), anti-Bad antibody (1:1000) (Santa Cruz

Biotechnology, Delaware, CA, USA) or anti-actin antibody

(1:1000) (Sigma) for 90 minutes at room temperature or overnight

at 4ÆC, and then incubated with horseradish peroxidase-conjugated

anti-rabbit IgG for 1 hour at room temperature. Immunoblots were

developed by Western Lightning Chemiluminescence reagent plus

(Perkin Elmer Life Sciences, Boston, MA, USA).

Assay for anti-human immunodeficiency virus (HIV) activity. Human

T cell leukemia virus (HTLV-1) bearing CD4-positive human T cell

lines, MT-4 cells, were infected with HIV-1IIIB at a multiplicity of

infection (m.o.i.) of 0.01. HIV-infected or mock-infected MT-4

cells (1.5 x 105/mL, 200 ÌL/well) were inoculated onto the 96-well

microwell plates and incubated in the presence of various

concentrations of test compounds. After incubation for 5 days at

37ÆC in a 5% CO2 incubator, cell viability was determined by the

MTT method. The CC50 and 50% effective concentration (EC50)

were determined from the dose-response curve with mock-infected

or HIV-infected cells, respectively (11). The anti-HIV activity was

evaluated by the selectivity index (SI), which was calculated by the

following equation:

SI = CC50/EC50

Assay for radical intensity. The radical intensity of test samples was

determined at 25ÆC in 0.1 M Tris-HCl (pH 7.4, 8.0), 0.1 M

NaHCO3/Na2CO3 (pH 9.0, 10.0) or 0.1 M KOH (pH 12.5), using

ESR spectroscopy (JEOL JES REIX, X-band, 100 kHz modulation

frequency). Instrument settings; center field, 336.0±5.0 mT;

microwave power, 8 mW; modulation amplitude, 0.1 mT: gain, 500,

time constant, 0.1 seconds; scanning time, 2 minutes. 

The O2
- scavenging activity was determined, using the HX and

XOD reaction system (total volume: 200 ÌL) [2 mM HX in 0.1 M

phosphate buffer (pH 7.4) 50 ÌL, 0.5 mM DETAPAC 20 ÌL, 8%

DMPO 30 ÌL, 0.1 M PB 20 ÌL sample (in H2O) 50 ÌL, XOD (0.5

U/ml in PB) 30 ÌL]. The radical intensity was determined 1 minute

after mixing. The O2
- scavenging activity was expressed as SOD

unit/mg sample, by calibration with the standard curve of SOD. 

ØOH was produced by Fenton reaction (200 ÌL)[1 mM FeSO4

(containing 0.2 mM DETAPAC) 50 ÌL, 0.1 M phosphate buffer

(pH 7.4) 50 ÌL, 92 mM DMPO 20 ÌL, sample (in H2O) 50 ÌL, 1

mM H2O2, 30 ÌL]. The gain was changed to 400.

Singlet oxygen was produced by irradiation (at 550 nm) of the

mixture (total volume: 200 ÌL) [20 ÌM Rose Bengal and 20 mM

TEMP (trapping agent), 20% DMSO in 0.03 M phosphate buffer

(pH 7.4)], and measured by oxidation of TEMP to 2,2,6,6-

tetramethyl-1-piperidinyloxy (TEMPO) radical 10 minutes after

mixing. Microwave power and gain were changed to 5 mW and 200,

respectively.

The radical intensity of NO, produced from the reaction mixture

of 20 ÌM carboxy-PTIO and 80 ÌM NOC-7, was determined in 0.1 M

phosphate buffer, pH 7.4 in the presence of 30% DMSO

(microwave power, 5 mW; modulation amplitude, 5 mT; gain, 250;

time constant, 0.1 second). When NOC-7 (NO generator) and

carboxy-PTIO (spin trapping agent) were mixed, NO was oxidized

to NO2, and carboxy-PTIO was reduced to carboxy-PTI, which

produced seven-line signals. Nine signals of carboxy-PTIO and

carboxy-PTI were not overlapped with each other, and so it was

easy to distinguish the signals of carboxy-PTIO from those of

carboxy-PTI (12, 13). NO radical intensity was defined as the ratio

of signal intensity of the first peak of carboxy-PTI (indicated by

asterisk in Figure 4D) to that of MnO.

Results

Tumor specificity. Moxa smoke (prepared as shown in Figure 1)

showed slightly higher cytotoxicity against human tumor cell

lines (oral squamous cell carcinoma HSC-2, HSC-3,

promyelocytic leukemia HL-60) [CC50=13.4±6.2 (0.52),

14.0±7.3(0.54) and 5.7±1.6% (0.22 mg/mL), respectively]

than against normal oral cells (gingival fibroblast HGF, pulp

cell HPC, periodontal ligament fibroblast HPLF)

[CC50=16.3±4.9 (0.63), 13.4±3.2 (0.52) and 10.2±2.7%

(0.39 mg/mL), respectively], yielding a tumor specificity

(TS) index of 1.29 (Table I). 
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Induction of apoptosis. Moxa smoke dose-dependently

induced internucleosomal DNA fragmentation (Figure 2A).

The induction of DNA fragmentation reached a maximum

at 5% (0.19 mg/mL) and declined at higher concentration

(20%). However, the extent of DNA fragmentation induced

by Moxa extract was much lower than that attained by UV

irradiation (positive control) (lane 7 in Figure 2A). Moxa

also activated caspases 3, 8 and 9, with an optimal

concentration at 5% (Figure 2B). However, the extent of the

activation of these three caspases induced by Moxa extract

(2-fold) was much lower than that attained by actinomycin

D (5-fold) (Figure 2B). When HL-60 cells were incubated

with Moxa, the intracellular concentration of proapoptotic

proteins (Bad) was dose-dependently reduced, but to a much

lesser extent than that attained by actinomycin D (Figure

2C). Moxa smoke did not clearly change the intracellular

concentration of Bcl-2 and Bax (Figure 2C). 

Anti-HIV activity. All Moxa smoke preparations showed no

apparent anti-HIV activity (SI<1), in contrast to four

positive controls: dextran sulfate (SI>333), curdlan sulfate

(SI>1173), AZT (SI=6367) and ddC (SI=808) (Table II).

Radical generation. ESR spectroscopy showed that Moxa

smoke generated radicals under alkaline conditions (Figure 3).

At pH 7.4 (data not shown) and 8.0, no radical was

produced even when Moxa smoke was incubated for 25

minutes. At pH 9.0, 5 strong peaks of semiquinone-type

radicals were produced within 50 seconds, and the intensity

in vivo 19: 391-398 (2005)
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Table I. Tumor-specific cytotoxic activity of Moxa smoke.

CC50 (%)

Lot Normal cells Tumor cell lines

HGF HPC HPLF HSC-2 HSC-3 HL-60 TS

1 11.8 9.1 7.5 8.6 11.3 3.5 1.21

2 10.5 9.8 5.3 6.0 9.4 3.9 1.33

3 12.0 9.9 8.1 6.2 10.7 5.4 1.35

4 18.6 15.1 10.0 15.9 10.8 6.3 1.32

5 26.3 16.3 10.1 14.1 10.7 5.2 1.76

6 18.2 15.0 9.6 14.7 11.0 5.7 1.36

7 21.6 18.4 12.5 27.2 27.1 9.4 0.82

8 14.2 12.0 12.0 16.1 28.5 5.7 0.76

9 15.5 15.7 13.8 14.3 11.3 5.8 1.43

10 14.1 13.0 12.8 10.4 9.5 6.3 1.52

mean 16.3 13.4 10.2 13.4 14.0 5.7 1.29

±S.D. ±4.9 ±3.2 ±2.7 ±6.2 ±7.3 ±1.6 ±0.30

mg/mL 0.63 0.52 0.39 0.52 0.54 0.22

Figure 2. Induction of apoptosis of HL-60 cells by Moxa smoke. HL-60 cells
(1 x 106/mL) were incubated for 6 (A), 4 (B) or 6 (C) hours with the indicated
concentrations of Moxa smoke, and assayed for DNA fragmentation by
agarose gel electrophoresis (A), caspases 3, 8 and 9 activity (expressed as % of
control) (B) and Bad, Bax and Bcl-2 expression by Western blot analysis (C).
Positive controls used were: DNA from UV-induced apoptotic HL-60 cells (A)
and actinomycin D (1 Ìg/mL, 6 h)-treated HL-60 cells (B, C). A405 of control
was 0.056 for caspase 3, 0.012 for caspase 8 and 0.009 for caspase 9. 



of radicals was reduced to 14% after 10 minutes (Figure 3).

At pH 10.0, similar semiquinone-type radicals appeared and

decayed more rapidly. At pH 12.5, the radical intensity became

much smaller, reaching a maximum level at 2-3 minutes, and

gradually declining thereafter (Figure 3). 

Radical scavenging activity. Figure 4 shows that Moxa smoke

dose-dependently scavenged O2
- [IC50=0.98% (0.048

mg/mL), 24.4 SOD unit/mg] (A), ØOH [IC50=13.3% (0.54

mg/mL)] (B), 1O2 [IC50=3.0% (0.12 mg/mL)] (C) and NO

[IC50=3.2% (0.13 mg/mL)] (D). 

Discussion

The present study demonstrated that Moxa smoke showed

lower cytotoxicity and tumor-specific cytotoxicity when

compared with partially purified fractions of Moxa extract

[Fr. C4 of the first step chromatography (CC50=0.14-0.22

mg/mL, TS=1.6), Fr. C41 of the second step

chromatography (CC50=0.020-0.074 mg/mL, TS=3.7), Fr.

C414 and C414c of the third step chromatography

(CC50=0.018-0.061, 0.015-0.053 mg/mL, TS=3.4, 3.5)] (5).

We found that Moxa smoke produced higher amounts of

radicals than Moxa extract (4), and that the patterns of

radical were considerably different between these samples:

Moxa smoke produces semiquinone-type radicals with 5

characteristic peaks of signals, whereas Moxa extract

produces one broad peak (4). This suggests the possibility

that the intensity and type of radical species may affect the

extent of cytotoxicity and tumor specificity. Moxa smoke

showed very weak apoptosis-inducing activity. It was

unexpected that Moxa reduced the expression of apoptosis-

promoting Bad protein. It has been recently reported that

Bad is associated with glucokinase, a rate-limiting enzyme

of glycolysis (14). We also found that sodium fluoride, which

is an inhibitor of the glycolytic enzyme, enolase (15),

induced apoptosis in HL-60 cells (Otsuki et al., submitted).

Therefore, the increase in Bad expression may be specific

to the cell death induced by agents that affect glycolysis.

Further study is required to test this possibility. 

The present study also demonstrated that Moxa smoke

effectively scavenged four popular radical species: O2
-, ØOH,

1O2 and NO. From the calibration with standard SOD from

bovine erythrocytes, the O2
- scavenging activity of Moxa

smoke was calculated to be 24.4 SOD units/mg. This value is

slightly higher than that of partially purified fractions of Moxa

extract (C4, C41) (2.5-5.2 SOD units/mg) and alkali-lignin (7.0

SOD units/mg), but lower than that of sodium ascorbate (364

units/mg), gallic acid (4706 units/mg) and epigallocatechin

gallate (a main constituent of green tea) (364 units/mg) (5).

This further confirms the close association between the radical

intensity and radical scavenging activity, further substantiating

the bimodal (anti-oxidant and pro-oxidant) action of Moxa

smoke. Since SOD activity in animals is related to their

longevity (16, 17), administration of Moxa smoke may retard

the progression of aging. Among various radical species, ØOH

is the most reactive and produces lipid peroxidation (18, 19).

Intake of Moxa smoke may prevent such a damaging effect of

OH more efficiently than Chinese medicine.

We have recently found that Moxa smoke significantly

inhibited NO production, iNOS mRNA expression and

PGE2 production by LPS-activated mouse macrophage-like

cells (Matsumoto et al., unpublished data). Further study is

underway to elucidate the mechanism of suppression of

macrophage activation, to provide the evidence of an anti-

inflammatory action of Moxa smoke. 
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