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TUMOUR necrosis  factor-a (TNF-a ) is  a m ajor pro-
in flam m atory cytokine inducing the  syn thesis  and
release of m any inflam m atory m ediators . It is
in volved in  im m une regulation , autoim m une dis -
eases , and in flam m ation . Our  previous s tudy dem on-
strated that acan thoic  acid, (–)-pim ara-9(11), 15-dien -
19-oic  acid, a  pim aradiene diterpene isolated from
Acanth op anax  ko reanum , in hibited TNF-a produc-
tion . To ex tend our understanding of in hibitory
effe cts  of acanth oic acid on TNF-a production , its
effe cts  on  TNF-a gene ex pre ss ion  w as tes ted. Based
on  the  results  fr om  RT-PCR and prom oter analys is  of
TNF-a , it was  found that acanth oic acid suppre ssed
TNF-a gene ex press ion. But th e s am e concen tration
of acan thoic  acid had no e ffe ct on IL-6 gene ex pre s-
s ion . Haptoglobin  is  an acute  phase  prote in  w hich  is
in duced by TNF-a . Wh en  liver ce lls  were tr eated w ith
acan thoic acid, haptoglobin  s yn thesis  was  blocked by
acan thoic acid. Th ese data confirm ed that acan thoic
acid in hibited gene ex pre ss ion  and biological func-
tion  of TNF-a .
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Introduction

Tumour necrosis  fac tor-a (TNF-a ) is  produced by
many different type s of c ells including activated
macrophage s and fibroblasts. It has diverse effe cts  on
the target c ells including inducing cytotox ic ity to
L929 cells, s timulating fibroblast c ell prolife ration,
and inc reasing PGE2 and arachidonic ac id produc-
tion.1 – 3 TNF-a is also involved in many immune
diseases  such as rheumatoid arthritis ,4 sepsis, immu-
node fic iency,5 insulin-dependent diabetes me llitus6

and inflammation. The  re gulation of TNF-a produc-
tion is  c ritical in the maintenance of homeostasis of
the immune syste m and in the prevention and
treatment of the  immune  dise ases.

Acanthoic  ac id, (–)-primara-9(11), 15-dien-19-oic
ac id, is a diterpene  isolated from the root bark of
Aca ntho pa n ax  ko rea nu m , w hich has been tradition-
ally used as a tonic  and sedative  as w ell as in the
tre atment of rheumatism and diabetes in Korea.7

Previous studies8 ,9 using this diterpenoid compound
demonstrated that it inhibited TNF-a production by
human monocyte s/mac rophages and in the  se ra of
silicosis  model. Also, its oral administration into the
mice significantly re duced the w rithing syndrome
induced by ac etic  ac id and it reduced leukotriene  B4
production by leukocyte s in  vitro at the  concentra-
tion of about 30 m g/ml. In this  study, to analyse  the
effects of ac anthoic  ac id on TNF-a production further,
w e tested it on TNF-a gene  ex pre ssion and haptoglo-
bin production regulated by TNF-a .

Materials and Methods
Preparation of acanthoic acid

Acanthoic  ac id w as isolated e ssentially as  de scribed
previously.7 Usually, more  than 95% pure ac anthoic
ac id w as  obtained by fractionation on a silica-gel
column chromatography (n -hex ane -ethylacetate , 20:1
to 5:1).

Isolation of human monocytes/macrophages

Heparinized blood obtained from healthy donors w as
overlayered on a Ficoll-Hypaque density gradient and
centrifuged at 700 3 g for 30 min. Mononuclear cells
and neutrophils we re  obtained at the  dens ity of
1.077 g/l and of 1.077–1.119 g/l re spec tively. Mono-
nuclear ce lls w ere  incubated in a 24-w ell culture plate
for 2 h and adherent monocyte s/macrophages (>90%
purity by non-specific e ste rase  staining) w ere
obtained. Then the ce lls  w ere  pre incubated w ith
various concentration s of acanthoic  ac id for 1 h and
stimulated w ith 100 m g/ml s ilic a. After 48 h incuba-
tion, the culture supernatants  w ere  assayed for TNF-a
using a TNF-a ELISA kit obtained from Genzyme
(Cambridge, MA).

Transfection of TNF- a CAT construct

HeLa cells (5 3 105 ce lls/sample) w ere  transfe cte d
w ith 10 m g TNF-a promoter-CAT reporter plasmid
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using calcium-phosphate method. Afte r 16 h incuba-
tion, c ells w ere  treated w ith 10 m g/ml LPS plus
100 ng/ml PMA for 18 h in the presence  or absence of
acanthoic  ac id. Then 10 m g of cell lysate s w ere
assayed for CAT activity. The CAT ac tivity w as
calculated as follow s: acetylation rate =  (cpm in
acetylated specie s/cpm in ace tylated specie s +  non-
acetylated chloramphenicol).

Results and Discussion
Previous results show ed that ac anthoic  ac id inhibited
TNF-a production from human monocyte s/mac ro-
phage s stimulated w ith 100 m g/ml silica. Several
diterpene  compounds having similar structure s iso-
lated from the  root bark of Aca ntho pa na x ko rea num
w ere  tested for inhibiting TNF-a synthesis. Acanthoic
ac id significantly inhibited TNF-a production from
human monocyte s/mac rophages (73.4±7.9% inhibi-
tion compared w ith untreated control), but other
diterpene s had no e ffec ts  on TNF-a production (data
not show n). It also suppressed TNF-a production in
the se ra of ex perimental silicosis rats (79.5±1.4%
inhibition compared w ith untreated silicosis rats).

To know  the  molecular ac tion of acanthoic  ac id on
TNF-a synthe sis, the e ffec ts of acanthoic  ac id on TNF-
a gene  ex press ion w ere  te sted. Acanthoic  ac id
suppressed PWM-induced TNF-a gene  ex pression in
human monocytes/macrophages (Fig. 1A). But it had
no effects on the gene  ex press ion of IL-6 and b -ac tin.
Furthe rmore , acanthoic  ac id suppressed the  pro-
mote r activity of TNF-a ac tivated w ith LPS and PMA
(Fig. 1B,C). 10 m g/ml acanthoic  ac id inhibited about
50% of LPS and PMA-induced TNF-a promoter
activ ity.

TNF-a is involved in hepatic  inflammation and
fibrosis . In the  liver, TNF-a induce s a group of acute
phase  prote ins including haptogloin.10 Haptoglobin
is re lated to the  status of inflammation, infe ction
and malignancy.11 –1 3 So w e tested the  effe cts  of
acanthoic  ac id on haptoglobin synthe sis of hep-
atocyte s. TNF-a inhibited haptoglobin synthesis of
Hep3B cells stimulated w ith LPS and PMA (Fig. 2),
but it had no effects on Hep3B cell prolife ration
(data not show n).

Acanthoic  ac id is a dite rpene  isolated from Aca n-
tho pa n ax  ko reanu m . It has  anti-inflammatory e ffec ts
in  vivo and in  v itro . In this study, it is demonstrated
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FIG. 1. Acanthoic acid inhibited TNF- a gene expression (A) Human monocytes/macrophages (1 3 106 cells/well) were incubated
with 10 m g/ml of acanthoic acid for 1h and stimulated with 10 m g/ml PWM. Then RT-PCR was performed using specific primers.
(B) HeLa cells (5 3 105 cells/sample) were transfected with 10 m g TNF- a promoter-CAT reporter plasmid using calcium-
phosphate method. After 16h incubation, cells were treated with 10 m g/ml LPS plus 100ng/ml PMA for 18h in the presence or
absence of acanthoic acid. Then 10 m g of cell lysates were assayed for CAT activity. (C) The CAT activity was calculated as
follows: % acetylation = (cpm in acetylated species/cpm in acetylated species + non-acetylated chloramphenicol) 3 100.



that the main intracellular target of acanthoic  ac id is
machinery of TNF-a gene  ex pre ssion. The  ex act targe t
molecule w hich interac ts w ith acanthoic  ac id ne eds
to be  de fined. Cons idering its action of mechnism, it
w ill be  used as an anti-inflammatory agent to treat
many inflammatory diseases .
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FIG. 2. Acanthoic acid inhibited haptoglobin synthesis from
Hep3B cells. Hep3B cells (4 3 104 cells/well) were starved in
a serum-free RPMI 1640 medium for overnight at 37°C. Then
the cells were washed with serum-free RPMI 1640 medium.
The cells were preincubated with 10 m g/ml acanthoic acid for
1h and stimulated with 10 m g/ml LPS and/or 100ng/ml PMA.
After 48h incubation, the culture supernatants were assayed
for haptoglobin production using haptoglobin ELISA. Data
represent the mean ± SD of four different determinants.


