
N

R

This

Cite

Rece

Acce

DOI

www

1. I
2. S
2.1
2.2
2.3
3. S
4. S
5. F
6. C
7. A
8. R
 
1 

Ab
bee
com
wh
pha
on 
abi

exe
to 1
thre
hav
natu
bio
hav
var
tric
acti
“Bi
Sal
acti
C-r
natu
of a
in 
rep

hav

NPR 

REVIEW 

s journal is © Th

e this: DOI: 10.1039

eived 00th January 

epted 00th January

: 10.1039/x0xx0000

w.rsc.org/ 

Introduction 
Structure, occu
 Tricyclic abie
 Abietatrien 20
 Abietatetraen
Structure-activ
Synthetic studi
Future directio
Conclusions 
Acknowledgem
References  

Introductio

ietanes are a fa
en isolated fro
mpounds exhibi
ich has genera
armacological c

diterpenoids 
etane (I, C20) (F
Abietanes hav

emplified by the
1991 and listed
ee decades, man
ve been isolate
urally occurri
logical activiti

ve been review
rious aspects of
cyclic diterpeno
ivity of diterpe
ioactive diterp
lvia species an
ivities of synthe
ring have been 
ural abietane d
a review. We n
the field (biol
orted in the lite
A number of s

ve appeared sin

e Royal Society o

9/x0xx00000x 

 2012, 

y 2012 

00x 

urrence and bi
etatrienes 
0-7 lactones  

nes 
vity relationshi
ies overview 
ons 

ments 

on 

amily of natura
om a variety o
it a wide variety
ated significan
communities. I
characterised 

Fig. 1) carbon f
ving the charac
e resin acid abi
d in the Diction
ny new membe
ed and describ
ing diterpenoi
es of natural a

wed up to 1992
f diterpenoids h
oids of southern
noids isolated f

penoids of Sal
and their biolo
etic derivatives
also reviewed.8

diterpenoids doe
now provide co
logical activity 
erature from late
synthetic studie
nce the first isol

of Chemistry 201

Aroma
Activi

Miguel A

Covering: 1

In this study
reviewed. A
callitrisic ac

 

 

iological activit

ips 

ally occurring d
of terrestrial p
y of interesting

nt interest from
n this review, 
by cyclic str

framework and 
cteristic carbon
etic acid (1), ha

nary of Terpeno
ers of this famil
bed in several 
ids by Profe
abietane acids 
2.3 A number o
have appeared: 
n hemisphere co
from Anatolian
lvia species”,6 
ogical activitie
 of abietanes po

8 However, the 
es not seem to 
overage of past
 upon isolation
e 1980s up to A

es of aromatic a
lations in the la

13 

atic Abi
ty and S

A. González*

980s-2014. 

y, the biologica
An overview of 
cid and ferrugin

ty 

diterpenoids tha
plant sources. 
g biological acti
m the medicina

 attention is fo
ructures havin
an aromatic rin

n skeleton I (F
ave been review
oids.1 During th
ly of natural pro
specific review

ssor Hanson.2

and their deriv
of reviews that 
”Oxygenated d
onifers”,4 “Biol
n Lamiaceae pla

“Constituents 
es”.7 The biol
ossessing an aro
biological activ
have been the
and recent adv

n) which have
August 2014.  
abietane diterpe

ate 1930s. These

ietane D
Synthesi

*  

al properties of
the synthetic st

nol, is presented

at have 
These 

ivities, 
al and 
ocused 
ng the 
ng C.  
Fig. 1), 
wed up 
he last 

roducts 
ws on 

2 The 
vatives 

cover 
di- and 
logical 
ants”,5 
 from 
logical 
omatic 
vity of 

e focus 
vances 
e been 

enoids 
e have 

includ
synth
diterp
acid 
struct
a num
of the

2 S

The 
diterp
synth
(7,13
IUPA
‘abiet
numb

A
of na
aroma
positi
dehyd
more 
chem
chem
resin 
1939 
endem

 

F

iterpeno
is 

f natural abietan
tudies of this gr
d. The review co

ded the synth
heses. Most of 
penoids have b
(2) and ferrug

tures and biolog
mber of synthet
ese synthetic stu

Structure, oc

semisystematic
penoids was int
hesis of fichtelit
-abietadien-18-

AC recommend
tane’, was choo
bering pattern a
Aromatic abieta
aturally occurr
atic ring C an
ions. The first k
droabietic acid1

than seventy y
mical data. Dehy
mical studies sta

or extracts of 
from the resi

mic to New Zea

Figure 1. Abieta

oids: Th

ne-type diterpen
roup of abietan
ontains about 1

heses from oth
the synthetic s
een focused on
ginol (3) (Fig
gical properties
ic studies towa
udies is presente

ccurrence an

c naming and
troduced in 196
te, a fossil resi
-oic acid, 1). 
dations the sa
osen as the fund
s depicted in Fi
nes comprised 
ring abietanes. 
d a different d
known member

10 (2) and ferrug
ears ago. Both 
ydroabietic acid
arting from ab
conifers.12 Ferr

in of the Miro
aland.11  

ane numbering 

RSCPu

J. Name

heir Biolo

noids with an a
nes, including d
160 references. 

her natural pr
studies toward 
n the synthesis

g. 1). The inte
s of related con
ard their prepara
ted. 

nd biologica

d numbering o
69, by Burgstah
in hydrocarbon

Thus, in acc
aturated hydro
damental paren
igure 1. 
the largest gro

 They are ch
degree of oxyg
ers of this group
ginol11 (3) whic
structures were
d (2) was initi

bietic acid, late
ruginol (3) was
o tree (Podoca

system and abi

ublishin

., 2013, 00, 1‐3

ogical 

aromatic C ring
dehydroabietic a

roducts, and t
aromatic abie

s of dehydroab
eresting molec
ngeners have le
ation. An overv

al activity 

of this family
hler,9 following
n, from abietic 
cordance with 
ocarbon I, nam
nt structure with

oup of compon
haracterised by
genation at sev
p of terpenoids
ch were discov
e assigned based
ally obtained f

er, it was foun
s firstly isolate
arpus ferrugine

 

ietic acid (1).

ng 

3 | 1 

g are 
acid, 

total 
etane 
ietic 

cular 
ed to 
view 

y of 
g the 
acid 
the 

med 
h the 

nents 
y an 
veral 
s are 
ered 
d on 
from 
d in 

ed in 
eus), 



AR

2 | 

of 2
the 
path
rear
(GG
ole
1,4
sho
via 
to p
of 
hem
rea
rec
sim
(Sc
spo
enz
yet 
of t
iden

 
resi
extr
Ara
Pod
par
Hyd
isol
     
bel
deh
abi
pre
carb
thre
on 
deh
clas
carb
thre
tric
thre
com
 
me
app
hav
(see
ant

RTICLE 

J.  Name., 2012

Aromatic abie
20 carbons. Th

mevalonic a
hway and inv
rrangement 
GPP)(Scheme 1
fin, such as mi
-diene ring tha

own to be the p
labelling studi

produce bioacti
oxygen catalys

me thiolate m
ctions, includin
ent studies sug

mply hydroxyla
cheme 1).15 W
ontaneously, it 
zymatically cata

to be determin
the possible cyc
ntified, though 

The main sou
idue of pine r
racts or resins f
aucariaceae, C
docarpaceae. T
rticularly in 
drocharitaceae
lated from fung
To date, there
onging to this 

hydroabietic de
etanes are not 
sent a differen
bons. The num
ee (abietatriene
ring C. Given

hydroabietic ac
ssify them acco
bocyclic frame
ee main group
cyclic ring sys
ee double bond
mpounds having

Most of these
diators (chemi

plications as th
ve displayed a 
e Tables 1-3
iplasmodial, a

       Schem

2, 00, 1‐3 

etanes are comp
hey are biosynt
acid pathway 
volve a sequ
reactions o

1).13 This most 
iltiradiene (4), 
at is poised fo

precursor of the
ies.14 Miltiradie
ive natural prod
sed by cytochr
mono-oxygenas
ng aromatisati
ggest that a s
ates the arom

While the con
seems likely 

alysed in plant
ned. Diterpene 
clisation and/or
many remain u

urce of abieta
resins. In addi
from many othe
Cupressaceae, 
They also occur

the famil
e, and Lamiace
gal species. 
e are around 
group of natu

erivatives (dehy
functionalised

nt degree of 
mber and posit
es) to four (abie
n the variety of
id, found in th
ording to the n
ework. Thus, w
ps: compounds 
stem (tricyclic 
ds and a lacton
g four double b
e compounds p
ical defense) 
herapeutic agen
wide spectrum
3) including 
antifungal, ant

me 1. Biosynthe

pounds that po
thesised by two
or the deoxy

ential pair of
f geranylge
often results in
which contains

or aromatisatio
e phenolic diter
ene (4) require
ducts, particula
omes P450 enz

ses also catal
on. In the cas

specific cytoch
matic intermedi
nversion of 4 

that this arom
ta, although the
synthases/cycl

r rearrangemen
unknown. 

anes is coloph
tion, abietanes
er conifers belo

Phyllocladace
r in several Ang
lies Asterace
ae. Some abiet

two hundred 
ural products, c
ydroabietanes). 

d on A-ring car
oxidation in t
tions of double
etatetraenes) an
f chemical stru
he aromatic abi
number of doub
we have divide

having three 
abietatrienes),

ne ring (abieta
bonds (abietatetr
lay a key role 
and are of in

nts. In fact, the
m of interesting 

antimicrobial,
titumour,  cy

esis of ferrugino

ssess a core sk
o different path
yxylulose pho
f cyclisation 
ranyl dipho

n the production
s a planar cyclo
on, and recentl
rpenoid ferrugin
es further elabo
arly the incorpo
zymes (CYP). 
lyse more co
se of ferrugino
rome P450 en
iate abietatrien

to 5 does o
matisation react
e relevant enzy
ases catalysing
t reactions have

hony, the disti
s are compone
onging to the fa
eae, Pinaceae
giosperm specie
eae, Celastra
tanes have also

known comp
commonly kno

Generally, aro
rbons. Most of
their B- and C
e bonds varies
nd are mainly lo
uctures, derived
ietane group, w

ble bonds and ty
d most of them
double bonds 
 compounds h

atriene lactones
raenes). 
as eco-physiol

nterest for po
e aromatic abi
biological prop

,  antileishm
ytotoxicity, ant

 

ol (3). 

keleton 
hways, 
osphate 

and/or 
osphate 
n of an 
ohexa-
ly was 
nol (3) 
oration 
oration 
These 

omplex 
ol (3), 
nzyme, 
ne (5) 
occurs 
tion is 
yme is 
g some 
e been 

illation 
ents of 
amilies 
e, and 
es and, 
raceae, 
o been 

pounds 
own as 
omatic 
f them 
C-ring 
s from 
ocated 

d from 
we can 
ype of 
m into 
and a 

having 
s), and 

logical 
otential 
ietanes 
perties 

manial, 
tiviral, 

antiul
activi
 In
numb
quino
oxidi
biosy
al. ha
and f
possib
metab
obser
metab
biolog
posse
comm
close 
C-rin
tansh
recen

2.1 T

The f
natura
1), w
ferrug
repre
biolog
posse
and c
 D
antim
effect
studie
Staph
positi
coli. 
bacte
only 
inhibi
inhibi
EA) 
(TPA

       
and 

T

lcer, cardiovasc
ity. 
n addition to th
ber of co-occur
onoid tanshinon
sed metabolite

ynthetic formati
ave proposed an
ferruginol (3) a
ble that this 
bolites and thei
rved biological 
bolised to fur
gical activity. 

ess important 
mon biosynthet

relationship be
g abietanes ha
inones and tri

ntly.17 

Tricyclic abieta

first group of a
ally occurring 

which was first
gineus and T
sentative of th
gically active 

ess an acid grou
an be obtained 

Dehydroabietic 
microbial proper
ts (Table 1). A
ed, specificall
hylococcus aure
ive organisms s
Recently, a stu
rial biofilms in
its ability to 
ition of existi
itory effects ag
activation ind

A) and was sel

Scheme 2. Pro
probable biosyn

This journal is © 

cular, antioxida

he abietanes po
rring metabolite
nes and related
s with signific
on is under inv

n hypothetical p
are precursors o

biogenetic 
r phenol precur
properties. Thu
ther oxidised 

Another abie
pharmacologic

ic origin is tri
etween both gro
ave been consi
ptolide have b

atrienes 

aromatic abieta
tricyclic hydro

tly isolated in 
Thujopsis dola
is group, of w
dehydroabietic 
up at C-18. DH
by disproportio
acid (2) dis

rties but also a
Antimicrobial 
ly against m
eus.20 It also sh
such as Salmon

udy reported on
nfections of S. 
prevent bacter
ng biofilms.21 
ainst the Epstei

duced by 12-O
ected to exam

posed biosynth
nthetic origin o

The Royal Socie

ant as well as 

ossessing an a
es have also be
d compounds. 
cant biological
vestigation. For
pathway in whi
of tanshinones 
connection be
rsors could also
us, phenolic co
metabolites r

etane-related d
cal properties 
iptolide (Schem
oups of metabo
idered in this 
been reviewed 

anes is formally
ocarbon abietat

the early 70s 
abrata.18 Carb
which the earlie
c acid (2 , DH
HA (2) is comm
onation of rosin
splays not on
antitumour and
effects of DH

methicillin res
howed activity a
nella sp., Bacil
n the activity o

aureus, which
rial colonisation

Compound 2
in-Barr virus ea

O-tetradecanoyl
mine effects on 

hetic pathway to
of triptolide. 

Journal Na

ty of Chemistry 2

anti-inflamma

aromatic C-ring
een found, such

These are hig
l properties wh
r example, Peter
ich miltiradiene
(Scheme 2).16

etween quinon
o be involved in
ompounds could
responsible of 
diterpenoid wh

and probably
me 2). Despite
lites, only arom
review. Also, 
specifically q

y derived from
triene (5) (Sch

from Podocar
boxylic acids 
est example is

HA)(Fig. 1), wh
mercially avail

n or abietic acid
nly antiulcer 

d anti-inflamma
HA (2) have b
sistant strains 
against other gr
llus subtilis and

of DHA (2) aga
h demonstrated
n, but also to 

2 exhibited str
arly antigen (E
lphorbol-13-ace

in vivo two-s

 

o tanshinones 

ame 

2012 

atory 

g,  a 
h as 
ghly 
hose 
rs et 
e (4) 
It is 
noid 
n the 
d be 

the 
hich 
y a 
 the 

matic 
the 

quite 

m the 
heme 
rpus 

are 
 the 
hich 
lable 
d.19  

and 
atory 
been 

of 
ram-
d E. 
ainst 

d not 
the 

rong 
BV-
etate 
stage 



Jou

This

mo
ant
ant
leuk
infl
(M
ma
Thi
pro
wel
the 
for 
pro
and
(Fig
con

inc
gle
acti
ind
mo
bein

     
bee
par
Chi
effe
com
aga
(de
(Cu
acti
as 
g/
isol
inh
ant

the 
plan
and
attr
bio
ant
rep
anim
acc

urnal Name 

s journal is © Th

use skin carc
itumour-promo
i-inflammatory
kotriene (LTB4

lammatory med
CP)-1, and t
crophages and 
is latter study a

oduction by DH
ll (IC50= 98.9 
inhibition of p
treating obesity

operties of acid
d are controver
g. 2) and 15-h
ntact allergenic 

Potential ant
luding DHA (
hni.28 They s
ivation induced

duction at 1000
l ratio/TPA, an
ng more potent

Other metaboli
en isolated alon
rts of Abies g
ina.29 Compou
ects against LP
mpounds 13 an
ainst LoVo tu
hydroabietinol,

upressaceae) le
ivity against ca
well as antim

/mL).30 Abieta
lated from the 

hibitory effects 
itumor promoto
Ferruginol (ab
simplest phen

nts belonging 
d Verbenaceae
racted much 
activities, such
ioxidative,35 an
orted that ferr
mal models of 

celerates the ga

Figure 2. 

e Royal Society o

cinogenesis. It
oting test.22 In 
y activity by i

4) formation,23 
diators such as
tumor necrosis
in the co-cultur
also described 

HA (2), which w
M).25 Kawada 
pro-inflammator
y-related diseas

d components o
rsial.3 For exam
hydroperoxyde
properties.27  

titumour-promo
(2), were isola
showed potent
d by the tumour
0 mol ratio/TPA
nd about 25-40%
t than -caroten

ites related to 
ng with DHA (
georgei (Pinace
unds 2, 8, 11 
PS-induced NO
nd 14 exhibite
umor cells (I
, 14) was also 

eaves and displ
ancer cell lines

microbial activi
a-8,11,13-triene
cones of Larix
on EBV-EA ac

ors.31  
bieta-8,11,13-tri
nolic abietane d

to the Podoca
e families am

attention sin
h as antimicr
ntileishmanial 
ruginol (3) dis
induced gastric

astric ulcer hea

Dehydroabietic

of Chemistry 201

t exhibited hi
addition, DHA

inhibiting 5-lip
suppressing th

s monocyte che
s factor (TN
re of macropha
the inhibition 

was reported by
et al. have rep

ry cytokines th
ses.26 The allerg
of resins has b
mple, 7-oxydeh
hydroabietic a

oting abietane
ated from the 
t inhibitory e
r promoter TPA
A, about 70-80
% inhibition at 
ne.  

DHA (2), com
(2) and compou
eae), which oc
and 12 showe

O production in
d potent antipr
IC50= 9.2 g/

isolated from 
layed consider
, namely HeLa
ity against B. 
e-7,15,18-triol
x kaempferi (Pi
ctivation in a p

iene-12-ol) (3) 
diterpenoid. Th
arpaceae, Cupr

mong others.1 
nce it has e
obial,32 miticid
and nematicid

splays a gastro
c lesions. Furth
aling process af

 

c acid (2) relate

12 

igh activity in
A (2) has disp
poxygenase-me
he production o
emoattractant p

NF)- in stim
ages and adipoc

of nitric oxide
y other research
orted in relation

hat DHA (2) is 
genic and antia
een studied in 
hydroabietic ac
acid (7) have s

s (8-10) (Fig
stem bark of

effects on EB
A (100% inhibit
0% inhibition a
100 mol ratio/

mpounds 11-14
und 8 from the 
ccurs exclusive
ed anti-inflamm

n macrophages, 
roliferation act
/mL). Pomifer
Juniperus bre

able antiprolife
a, A-549 and M

cereus (MIC 
l 15 (Fig. 2)
inaceae) and sh

primary screeni

(Fig. 1 and Fig
is abietane occ

ressaceae, Lam
This diterpen
exhibited imp
dal,33 cardioac
dal.36  Also, i
oprotective eff
ermore, the dite
fter subchronic

ed metabolites.

n this 
played 
ediated 
of pro-
protein 

mulated 
cytes.24 
e (NO) 
hers as 

on with 
useful 

allergic 
depth 

cid (6) 
shown 

g. 2), 
Picea 

BV-EA 
tion of 
at 500 
/TPA), 

, have 
 aerial 
ely in 
matory 

while 
tivities 
rin A 

evifolia 
erative 

MCF-7, 
2.5-5 

) was 
howed 
ing for 

g. 3) is 
curs in 

miaceae 
ne has 
portant 
ctive,34 
it was 
fect in 
erpene 
c ulcer 

induc
capac
conte
antiox

F
activa
Recen
induc
cell li
K562
activi
descr
signif
chloro
Plasm
mamm
modif
cytoto
2006 
descr
falcip
1.95 
antim
g/m
P. fa
Vero
additi
mode
IC50=

F
annua
trypo
thoug
cells.4

prope
(SAR
has b
(3CL
and c
additi
for s
M),4

cholin
O

hinok
hydro
struct
repor
strigo
samp
(Cupr
inhibi
g/m
(Cupr
472 n
falcip
Crypt
and 
hepat
again
melan
as w
activa
inhibi

ction in animal
city of ferrugi
ent in vitro, a
xidant propertie
erruginol (3) 
ation in a pr
ntly, it has show
cing apoptosis,3

ines,40 cytotoxic
2 and HL-60 
ity.42 Several r
ibed. In 2003, 
ficant (IC50 < 1 
oquine-resistan

modium falcipa
malian cell line
fy the erythro
oxicity results, 
there was ano

ibed using the 
parum. Strong 
g/mL.44 In 

malarial activity
mL) and W2 (ch

lciparum for fe
cells at a c

ional report con
erate selectivity
= 0.9 M, SI= 1
erruginol (3) is
a (Martyniace
mastigote and

gh it also show
46 This pheno

erties against s
RS-CoV) (EC50=

een demonstrat
pro) which play
controlling rep
ion, ferruginol 
several disease
49 cholesterol
nesterase (IC50=

Other common p
kiol (abieta-8,1
oxyabieta-8,11,
tures of both 
ted.52,53 A sam

osus (Lamiacea
le isolated f
ressaceae) ex
ition of nitric o

mL).55 Sugiol (1
ressaceae) exhi
ng/mL) and W

parum.56 A sam
tomeria japoni
was shown 

toprotective act
nts human pan
noma (MV-3, I
well as antitu
ation.38 It has 
itor of xanthin

ls.37 These eff
nol (3) to inc
stimulating eff
es of the compo
showed strong
rimary screeni
wn antitumor a
39 cytotoxicity 
city and apopto
cancer cells,41

reports on anti
a report revea
g/mL) in vitro

nt (K1) and 
rum, and low c

es (CHO and He
ocyte shape, w

indicates selec
other report in 
D6 (chloroquin
antimalarial ac
2008, Muham

y against D6 (
hloroquine-resis
ferruginol (3), a
concentration o
nfirmed signific
y index against 
5.6 (in L6 cells
solated from th
eae) showed 

d epimastigote 
wed cytotoxic 
olic compound
severe acute re
= 1.39 M, SI=
ted that specific
ys a pivotal role
licase complex
(3) inhibits se

s such glycog
lacyltransferase
= 10.5 M).51 

phenolic metab
11,13-triene-3
13-trien-7-one)

hinokiol (16
mple of hinokiol
ae) revealed ant
from the woo
xhibited signi
xide (NO) prod

17) isolated fro
bited antimalar

W2 (IC50= 409
mple of sugiol (1

ca (Taxodiacea
to possess 

ivities.57 In vitr
ncreatic (MIA
C50= 34.1 M) 
umour promot
also been repo
e oxidase activ

J. Name

fects have been
crease the gas
fect on cell pr
ound. 
g inhibitory ef
ing for antitu
activity against 
against human

otic effectivenes
1 as well as 
imalarial activi
aled that ferrug
ro antiplasmodia

-sensitive 
cytotoxicity (SI
epG2). It was f
which in conj
ctive antiplasm

n which antima
ne-sensitive) clo
ctivity was sho
mmad and co
(chloroquine-se
stant, IC50= 3.5
and no cytotox
of 4.76 g/m
cant antimalari
t K1 strain (chl
s)).45  
he roots of  the

trypanocidal 
forms of Tr

effects against
d also posses
espiratory synd
= 58.0 (in Vero
cally inhibits SA
e in processing
x activity (IC5

everal enzymes
gen phosphoryl
e (IC50= 2.0

bolites related to
,12-diol) (16) 

) (17) (Fig. 
6) and sugiol 
l (16) isolated 
tioxidant activi
od of Cunni
ificant conce
duction in macr
om the tree Jun
rial activity aga

9 ng/mL) clone
17) was obtaine
ae) known as “

potent anti-i
ro cytotoxic act

APaCa-2, IC50=
) tumour cells h
ting activity 
orted that sugio
vity with an IC

ARTI

., 2012, 00, 1‐3

n related with 
stric prostaglan
oliferation and

ffects on EBV
umor promoto

prostate cance
n pancreatic tu
ss against leuke

anti-inflamma
ity have also b
ginol (3) displa
al activity again
(D10) strain 
I > 65) against 
found that 3 did
njunction with 
modial activity.4

alarial activity 
one of Plasmod
own by an IC5

o-workers repo
ensitive, IC50= 
5 g/mL) strain
xic activity aga

mL.36 Recently,
al activity show
loroquine-resist

e herb Craniol
activity aga

rypanosoma cr
t fibroblastic V
s potent antiv
drome coronav
o E6 cells),47 an
ARS-CoV prot

g viral polyprot

0= 49.6 M).4

s which are tar
lase (55% at 

0 g/mL),50

o ferruginol (3)
and sugiol 
3). The cry
(17) have b

from Plectran
ity,54 while ano
inghamia kon
entration-depen
rophages (IC50=
niperus polycar
ainst the D6 (IC
es of Plasmod
ed from the con
“sugi” in Japan
inflammatory 
tivity of sugiol 
= 17.9 M) 
has been reporte

against EBV
ol (17) is a po
C50 of 6.8 M 

ICLE 

3 | 3 

the 
ndin 

d the 

V-EA 
ors.38 
er by 
umor 
emic 
atory 
been 
ayed 
nst a 

of 
two 

d not 
the 

43 In 
was 

dium 
50 of 
orted 

4.2 
ns of 
ainst 
, an 
wing 
tant, 

laria 
ainst 
ruzi, 
Vero 
viral 
virus 
nd it 
ease 
teins 
48 In 
rgets 
100 
and 

) are 
(12-
ystal 
been 
thus 

other 
ishii 
dent 

= 7.9 
rpus 
C50= 
dium 
nifer 
nese 
and 
(17) 
and 

ed,58 
V-EA 
otent 

and 



AR

4 | 

inh
resi
acti
was
leav
  
from
phe
inh
mo
 
(La
acti
of 
roo
sug
Hy
the 
6-
lun
2-5
dim
(Fig
nuc
acti
and
stim
was
(Po
two
aga

RTICLE 

J.  Name., 2012

hibits ROS form
istant bacteria 
ivity against gr
s also exhibite
ves of Salvia al
A sugiol-relat

m stem bark 
enolic abietane
hibitory effect o
derate activity.
Bioactivity-gu

amiaceae) yield
ive against A27
1.2 g/mL.63 1

ots of Salvia v
giol (17) a
droxyferrugino
dried cones of

-hydroxysugiol
ng, and breast tu
5 g/mL.65 K
methoxyacetal r
g. 3), were is
cifera (Taxacea
ivities and com
d inducible nitri
mulated RAW2
s discovered 

odocarpaceae) a
o effluxing stra
ainst a methicill

Figure 3

2, 00, 1‐3 

mation.59 Antim
of sugiol (17)

ram-negative ba
ed by the abiet
lbocaerulea (La
ted abietane, 6
of Thuja stan

e 20 (Fig. 3)
on EBV-EA ind

62   
uided fractio
ded demethylcry
780 human ova
-Oxoferruginol
iridis (Lamiace
and showed 
ol (23) (Fig. 3) w
f Sequoia semp
l (19). Both co
umours and on
Known 18-m
related to ferru
solated from t
ae). Both com
mpound 24 als
ic oxide syntha
264.7 cells.66 2

from the 
and had antiba
ains of Staphyl
lin-resistant (M

3. Ferruginol (3)

microbial activ
) has been des
acteria and Can
tane 18 (Fig. 
amiaceae).61   

-hydroxysugio
ndishii (Cupre
). Compound 
duction while c

onation of 
yptojaponol (21
arian cancer cel
l (22) (Fig. 3) w
eae) along wit

antimicrobia
was found in th
pervirens (Cupr
ompounds stron
ncogene transfo
ethylesterferrug

uginol, 18-dime
the ethanolic 

mpounds showe
o inhibited nit
se expression in
2-Acetoxyferr

bark of P
acterial activity
lococcus aureu

MRSA) clinical i

) and related m

ity against ant
scribed,60 as w

ndida albicans.6

3) isolated fro

ol (19), was is
ssaceae) along

19 showed 
compound 20 sh

Salvia hypa
1) (Fig. 3) whic
lls with an IC50

was isolated fro
th ferruginol (3
al activity.64

he methanol extr
ressaceae) along
ngly inhibited 
ormed cells with
ginol (24) a
ethoxyferrugino
extracts of To
d potent antio
tric oxide prod
n lipopolysacch
ruginol (26) (F
Prumnopitys a
y at 8 g/mL a
s but it was in
isolate.67  

 
etabolites. 

tibiotic 
well as 
61 This 

om the 

solated 
g with 
strong 
howed 

argeia 
ch was 
0 value 
om the 
3) and 

20-
tract of 
g with 
colon, 

th GI50 
and a 
ol (25) 

Torreya 
oxidant 
duction 
haride-
Fig. 3) 
andina 
against 
nactive 

Taxod
guida
fruits
cytoto
6.5 
(30) (
fleury
cytoto
Recen
menth
(31) 
Caloc
of gia
Both 
 S
(Fig. 
from 
inhibi
of sp
funga
of th
numm
(34) (
1,1-d
-toc
japon
deriva
60 tu
inuro
perox
barre
amon
Fortu
Crypt
Crypt
prope
(SAR

T

distines A (27)
ance of inhibit

of Taxodium
oxicity against 
g/mL, respectiv
(Fig. 3)  were is
yi (Podocarpac
oxic activity. 
ntly, two rare 
hol coupled sk
and salviniol 

cedrus macrole
ant salvinia (S
compounds exh
imilarly, a num
4) have been 
the aerial mat

ited the growth
pores of Clado
al and bacterial 
he plant. Anot
mularius (Lami
(Fig. 4)  which
iphenyl-2-picry

copherol.73 Exam
nica (Taxodiac
ative 35, which
umour cells (I
yleanol (36), 

xidation inhibit
elieri.75 The for
ng the constitu
unin C (37) sho
tojaponol deriv
tomeria japon
erties against s
RS-CoV) (EC50

Figur

This journal is © 

) and B (28) (F
ory effect of 
m distichum 
murine lymph

vely. Fleuryinol
solated from th
ceae).69 Both 

abietane diterp
eleton have be
(32) (Fig. 3) 

epis (Cupressac
alvinia molesta
hibited significa
mber of pheno
isolated. For e

terial of Plectr
h of Gram-posi
osporium cucum
species sugges
her species of
iaceae), yielded

showed antiox
ylhydrazyl (DPP
mination of the 
ceae) led to 
h showed moder
IC50= 28.0 M

with free 
tion activity h
rtunins A-D (e

uents of Crypto
owed weak inh
vative 38 was 
nica (Taxodiac
severe acute re
0= 1.15 M, S

re 4.  Abietatrie

The Royal Socie

Fig. 3) have be
tubulin polym
(Taxodiaceae)

homa P388 cell
l B (29) and 19

he twigs and lea
compounds e

rpenoids posses
een discovered.
were isolated 

ceae) and from 
a, Salviniaceae
ant cytotoxic ac
olic abietanes, 
example, pheno
ranthus elegans
itive bacteria an
merinum.72 Th
sts its role in th
f the same ge
d the diterpen
xidative propert
PH) radical mo

e bark compone
the isolation 

rate cytotoxic a
M).74 Further a

radical scave
have been iso
e. g. C, 37) (F
omeria fortune
hibitory activit
isolated from 

ceae) showed
espiratory synd
SI= 111.0 (in 

enes 33-46. 

Journal Na

ty of Chemistry 2

een isolated by
merisation from 

.68 Both sho
ls at IC50 0.43 
-hydroxyferrug

aves of Podocar
xhibited mode

ssing a ferrugi
. Ferrugimenth
from the bark
the ethanol ext

e), respectively
ctivity. 
compounds 33

ol 33 was isol
s (Lamiaceae) 
nd the germina

his activity aga
e chemical defe
enus, Plectran
oid plectrantho
ties scavenging
ore effectively t
ents of Cryptom

of cryptojapo
activity against 
abietanes, such
enging and l
lated from Sa

Fig. 4) were fo
ei (Taxodiacea
ty on HL-60 c

the heartwood
d potent antiv
drome coronav

Vero E6 cell

 

ame 

2012 

y the 
the 

owed 
and 

ginol 
rpus 
erate 

inol-
enol 
k of 
tract 
.70,71 

3-44 
lated 

and 
ation 
ainst 
ence 
thus 

ol B 
g the 
than 

meria 
onol 
HL-

h as 
lipid 
alvia 
ound 
ae).76 
cells. 
d of 
viral 
virus 
ls).47 



Jou

This

Hy
ma
tum
salv
ura
me
yie
(42
A54
from
com
(Ce
oth
lipo
cell
from
(44
glu
plat
com
valu
4), 
sho
and

 
(C-
the 
call
con
(Cu
rep
Dee
Cal
Rec
carb
acid
hyd
isol
the
Cox
stem
exh
IC5

Exa
maj
g. B
(52
of 
infl
Illic
maj
acid
acid
wit

urnal Name 

s journal is © Th

droquinone 39
rtiusii (Lamiac

mour cell lines
vadoriol (40) w
agoga (Celastr
dicinal plant Is
lded 16-acetox

2) (Fig. 4).79 Bo
49, MCF-7 and
m 1.79 to 15
mponents of th
elastraceae) led
her potent ter
opolysaccharide
ls.80 Pisiferal (4
m the stem bar

4) showed in
ucuronidase in 
telet-activating 

mpound 45 was
ue of 4.8 M. 
was isolated fr

owed a broad s
d six fungal stra

Dehydroabieti
-18) while in ot

axial configu
litrisic acid (47
ntained in 
upressaceae)(Au
orted as a new
eth.84 This acid
lceolaria and 
cently, a series
boxylic group 
ds A-I (e. g. D
droxycallitrisic 
lated from the
se acids dem
xsackie virus B
ms of Illicium
hibited reasona
50 value of 2
amination of th
jus (Illiciaceae)
B, 52) (Fig. 5) 
2) exhibited sign

0.26 M, w
lammatory acti
cium majus we
jusanic acids E
d (47), and maj
ds displayed a
th IC50 values o

Figure 5.  Ca

e Royal Society o

 was isolated 
ceae) and displ
.77 The potent 

which was obta
raceae), has 

sodon lophantho
xysugiol (41) an
oth compounds 
d HeLa tumour
.92 M. The 

he Chinese med
d to the isolati
rpenoid inhibi
e-stimulated 
44) and abietan
rk of Fraxinus

nhibitory activ
rat polymorp

 factor with 6
s active against
Another pheno

rom the plant L
spectrum of act
ains.82 

ic acid (2) posse
ther natural con

uration (C-19) 
7) (Fig. 5). Calli

the resins 
ustralian sanda
w natural prod
d also occurs in
it has also b

s of related aci
have been iso

D, 48) (Fig. 5) 
acid (49) an

e roots of Illic
monstrated imp
B. Similarly, inv
m jiadifengpi 
able activity ag
1.9 M, and 
he constituents 
) led to the isol
along with call
nificant anti-in

while callitrisic
ivity with an IC
ere also investig
E (53) and F (54
ajusanic acids B
antiviral activity
f 3.3-51.7 M. 

allitrisic acid (4

of Chemistry 201

from the hexa
layed cytotoxic
anti-tumour p

ined from the p
been describ

oides var. grac
nd the C-19-fu
demonstrated p
r cells with the
screening for 

dicinal plant Tr
ion of triptobe
itors of cytok
human perip

none 45 (Fig. 4
s sieboldiana (O
vity against 
phonuclear leu
65.9% inhibitio
t H5N1 influen
olic abietane, e
Lycopus europa
tivity against 1

esses an equato
ngeners the carb
as in 4-epideh

itrisic acid (47)
of several 

arac resin). It 
duct by Gough
n plants of the 
been found in 
ds to callitrisic

olated. For exam
along with call

nd angustanoic
cium jiadifengp
portant antivir
vestigation of th
yielded abieta

gainst Coxsack
selective inde
of the twigs a
ation of the ma
litrisic acid (47)
flammatory act
c acid (47) 
C50 value of 2.
gated and result
4) (Fig. 5) alon
B (52) and D (5
y against the 

47) and related 

12 

ane extract of H
c activity on s

promoting activ
plant, Crossope
ed.78 The C

ciliflorus (Lami
nctionalised ab

potent cytotoxic
e IC50 values ra

immunosuppr
Tripterygium wi

nzene J (43) a
kine productio
pheral monon
4) have been is
Oleaceae).81 Pi
the release o
kocytes induce
on at 10 M, 
za virus with a
uroabienol (46)

aeus (Lamiacea
15 strains of ba

orial carboxylic 
boxylic group a
hydroabietic ac
) is a diterpenoi

Callitris s
was simultane

h,83 and Carma
genus Juniperu
the genus Ill

c acid having a
mple, the jiadi
litrisic acid (47
c acid F (50) 
pi (Illiciaceae).
ral activity a
he constituents 
ane acid 51

kie virus B3 w
ex value of 4
nd leaves of Il

ajusanic acids A
).87 Majusanic a
tivity with IC50

showed good 
60 M. The ro
ted in the isolat
ng with and cal
55).88 These ab
Coxsackie B3 

 

metabolites. 

Hyptis 
several 
vity of 
etalum 

Chinese 
iaceae) 
bietane 
city on 
anging 
ressive 
ilfordii 
among 
on on 
nuclear 
solated 
isiferal 
of -
ed by 
while 

an IC50 
) (Fig. 

ae) and 
acteria 

 group 
adopts 

acid or 
id acid 
species 
eously 

an and 
us and 
licium. 
a C-19 
ifenoic 
7), 7-

were 
.85 All 
against 
of the 
which 

with an 
45.6.86 
llicium 

A-D (e. 
acid B 

0 value 
anti-

oots of 
tion of 
llitrisic 
bietane 

virus, 

      A
pisife
at C-
(56) i
has al

   Thi
blast 
Staph
bacte
Pisife
cells 
inhibi
activi
that p
     Ca
posse
Lami
officin
under
activi
CA. F
(IC90=
have 
respir
the re
synth
HEp-
antiba
const
synth
which
Alzhe
,arach
platel
value
seroto
inhibi
excito
and 
ischem
repre
that a
again
impro
mode
study
and 
migra
mann
ratio 
expre
the pr
IL-8 
derma
micro
aerug

Another abietan
eric acid (56) (F
20 and a hydro
is a constituent
lso been found 

s abietane acid
fungus,89 antib

hylococcus aur
ria,90 as well as

eric acid (56) i
as compared 

itory activity 
ity is about 1/20
pisiferic acid ind
arnosic acid (CA
esses a C-20 
aceae herbs, sa
nalis). Carnosic
rgoes oxidatio
ity.93 A numbe
For example, t
= 0.08 g/mL)
been reported.9

ratory syncytial
eplication of inf
hesis (IC50= 6.5
-2 cells), it also
acterial and 
ituents (CA) h

hesis of nerve g
h makes CA 
eimer disease
hidonic acid-, 
let aggregation 
es of 39.0, 34.0
onin secretion 
ited.98 CA p
otoxicity. It inc

protects the
mia/reperfusion
sent a new typ
are rich in CA

nst metabolic 
oves plasma lip
el.100 CA has al
ying inhibition o

matrix metal
ation.101 CA ex
ner by interferi

of the differ
ession.102 An in
roduction of in
and MCP-1.103

atitis-inducing 
oorganism suc
ginosa, and Stap

Figure 6.  Pis

e acid with de
Fig. 6). This ac
oxy group at C
t of Chamaecyp
in some Salvia 

d has shown an
bacterial activit
reus and  Baci
s cytotoxic acti
inhibits predom
with RNA an

on HeLa DNA
0 of aphidicolin
duces apoptosis
A, 57) (Fig. 6), 
carboxylic aci
ge (Salvia offic
c acid (57) cont
on easily and
er of biological
the inhibitory e
and HIV-1 viru

94 CA also inhi
l virus (hRSV) 
fluenza A virus
1 g/mL in A5
o inhibited the 
resistance mo

has been demon
rowth factor in
a potential c

e.97 CA sig
U46619- and 
in a concentrat

0, 29.0 and 48.0
and arachido

rotects neuron
creases the leve
e brain aga
n.99 This rese
pe of neuropro
A have potentia
disorders, sinc
pid and glucose
so shown poten
of monocyte ch
lloproteinase-9 
xerts its antiadip
ing with mitoti
rent transcripti

nvestigation sho
nflammatory me
3 In this study,

Gram-posi
ch Propioniba
phylococcus au

siferic acid (56)

J. Name

emonstrated bio
cid possesses th
C-12 like ferrug
paris pisifera (

a species. 

ntifungal activi
ty against Gram

cillus subtilis a
ivity against He

minantly DNA 
nd protein syn
A polymerase 
n.91 Recently, i
s in HL60 tumo
 a derivative of
id. It is foun

cinalis) and rose
tains a o-diphen
d provides p
l activities hav
effects of CA o
us replication (
ibited both A- a
replication, wh

s. CA not only 
549 cells and IC
 initial infectio
odifying activ
nstrated.96 CA 

n T98G human 
compound for 
gnificantly in
thrombin-induc

ation-dependent
0 M, respecti
onic acid libe
ns from oxid
el of reduced g
ainst middle 
earch suggest

otective agent. 
al use as a pr
ce they limit 
e levels in a h
ntial antiathero
hemoattractant 

(MMP-9), a
ipogenic effect 
ic clonal expa
ion factors an

owed that CA s
mediators such a

, CA also arre
itive and 
acterium acn

ureus.  

 

) and related me

ARTI

., 2012, 00, 1‐3

ological activit
he carboxylic gr
ginol. Pisiferic 
(Cupressaceae) 

ity against the 
m-positive bact
and Gram-nega
eLa tumour cel
synthesis in H

nthesis. It sho
 and inhibi

t has been repo
our cells.92  
f pisiferic acid, 
nd in the pop
emary (Rosmar
nol structure wh
potent antioxi
ve been studied
on HIV-1 prot
(IC90= 0.32 g/m
and B- type hum
hile it did not af
reduced viral R

C50= 6.71 g/m
on of hRSV.95

vity of rosem
also promotes
glioblastoma c
the treatment

hibited collag
ced washed ra
t manner, with 
ively. Accordin
eration were 
dative stress 
glutathione in v

cerebral ar
ts that CA m
Rosemary extr

reventive treatm
weight gain, 

high-fat diet mo
sclerosis effect
protein-1 (MCP
as well as 
in a multifacto

ansion, altering 
nd blocking t
strongly suppre
as interleukin I
sted the growth

Gram-nega
es, Pseudomo

etabolites. 

ICLE 

3 | 5 

ty is 
roup 
acid 
and 

rice 
teria 
ative 
lls.89 

HeLa 
owed 
itory 
orted 

also 
pular 
rinus 
hich 
dant 
d on 
ease 
mL) 
man 
ffect 

RNA 
mL in 

The 
mary 
s the 
cells, 
t of 
gen-
abbit 
IC50 

ngly, 
also 
and 

vivo, 
rtery 
may 
racts 
ment 

and 
ouse 
ts by 
P-1) 
cell 

orial 
 the 
their 
ssed 
L-6, 
h of 
ative 
onas 



ARTICLE  Journal Name 

6 | J.  Name., 2012, 00, 1‐3  This journal is © The Royal Society of Chemistry 2012 

 Carnosic acid (CA, 57) has also been reported to possess 
antitumour activities. For example, CA potently inhibits proliferation 
of ER-negative human breast cancer cells, induces G1 cell cycle 
arrest, and exhibits synergy with turmeric/curcumin.104 CA induced 
antiproliferative effects on androgen-independent human prostate 
cancer PC-3 cells in a concentration- and time-dependent manner, 
which was due to apoptotic induction as evident from flow-
cytometry, DNA laddering and TUNEL assay.105 In addition, CA 
induced apoptosis in another androgen refractory prostate cancer 
DU145 cells. Thus, it was concluded that CA may have the potential 
for use in the prevention and/or treatment of prostate cancer. A study 
describing the antitumour action of CA on three human colon cancer 
cell lines (Caco-2, LoVo and HT29) has been reported.106 This 
investigation found that CA reduces cell viability by inducing 
apoptosis Caco-2 cell line, and inhibits cell migration ability. In 
addition, CA inhibited cyclooxygenase COX-2, at mRNA and 
protein levels. 
 The antimicrobial activity of carnosic acid related compounds, 
such as 11-acetoxy-carnosic acid (58), isolated from Salvia species, 
and 12-methoxycarnosic acid (59), isolated from Dauphinea 
brevilabra (Lamiaceae) has been described. Compound 58 showed 
considerable antibiotic activity against Gram-positive 
microorganism, Staphylococcus aureus and Bacillus subtilis.107 
Compound 59 also inhibited the growth of these organisms, 
including Streptomyces scabies with MIC values of 1.0, 20.0 and 1.0 
g/mL, respectively.108 A study on the structure-antimicrobial 
activity relationships of abietatriene diterpenoids from Salvia species 
has been reported.109 It concluded that the free catechol group is 
essential for antimicrobial activity against Gram-positive bacteria. 
The compounds in which the catechol group had been oxidised to a 
quinone exhibited enhanced activity. 
 Finally, the activation by compound 59 of the nuclear receptor 
peroxisome proliferator-activated receptor PPAR which is potential 
therapeutic target for many obesity-related disorders such as type 2 
diabetes, atherosclerosis, and the metabolic syndrome, has been 
reported.110  
 
Table 1. Biological activity found in compounds 2-59. 

Compound Biological activity Ref. 
Dehydroabietic acid, 2 Antiulcer 3 

Antimicrobial 20,21 

Antitumour 22,28 

Anti-inflammatory 23-
25,29 

Improves diabetes and 
hyperlipidemia 

26 

7-Oxydehydroabietic acid, 6 
Contact allergen 27 15-Hydroperoxy-

dehydroabietic acid, 7 

12-Hydroxydehydroabietic 
acid, 8 

Antitumour 28 

Anti-inflammatory 29 

Abieta-8,11,13-trien-7-one, 
9 

Antitumour 28 
Methyl 15-hydroxy-7-oxo-
dehydroabietate, 10 

15-Hydroxydehydroabietic 
acid, 11 

Anti-inflammatory 29 
15-Hydroxy-7-oxo-
dehydroabietic acid, 12 

8,11,13-abietratriene-7,18-
diol, 13 

Antitumour 29 

Pomiferin A 
(dehydroabietinol), 14 

Antitumour 29,30 

Antimicrobial 30 

Abieta-8,11,13-triene-
7,15,18-triol, 15 

Antitumour 31 

Ferruginol, 3 Antimicrobial 32 

Cytotoxicity 32b 

Miticidal 33 

Cardioactive 34 

Antioxidative 35 

Antileishmanial and 
nematicidal 

36 

Antiulcer 37 

Antitumour 38-41 

Antimalarial  36,43-
45 

Anti-inflammatory 42 

Trypanocidal 46 

Anti-SARS 47,48 

Glycogen phosphorylase 
inhibition 

49 

Cholesterolacyltransferase 
inhibition 

50 

Cholinesterase inhibition 51 

Hinokiol, 16 Antioxidative 54 

Anti-inflammatory 55 

Sugiol, 17 Antimalarial  56 

Anti-inflammatory and 
hepatoprotective 57 

Cytotoxicity 58 

Xanthine oxidase inhibition 59 

Antitumour 38 

Antimicrobial 60,61 

15-Hydroxy-7-oxoabieta-
8,11,13-triene, 18 

Antimicrobial 61 

6-Hydroxysugiol, 19 Antitumour 62,65 

12-Methoxyabieta-8,11,13-
trien-11-ol, 20 

Antitumour 62 

Demethylcryptojaponol, 21 Cytotoxicity 63 

1-Oxoferruginol, 22 Antimicrobial 64 

20-Hydroxyferruginol, 23 Antitumour 65 

18-Methyl esterferruginol, 
24 

Antioxidative 66 

Anti-inflammatory 

18-Dimethoxyferruginol, 25 Antioxidative 66 

2-Acetoxyferruginol, 26 Antimicrobial 67 

Taxodistine A, 27 Cytotoxicity 68 

Taxodistine B, 28 Cytotoxicity 
68 Inhibition of tubulin 

polymerisation 

Fleuryinol B, 29 Cytotoxicity 69 

19-Hydroxyferruginol, 30 Cytotoxicity 69 

Ferrugimenthenol, 31  Cytotoxicity 70 

Salviniol, 32 Cytotoxicity 71 

12-Methoxyabieta-8,11,13-
trien-7,11-diol, 33 

Antibacterial and antifungal 72 

12-O-(3-methyl-2-butenoyl)-
19-O-(3,4-dihydroxy-
benzoyl)-11-hydroxyabieta-
8,11,13-triene, 34 

Antioxidative 73 

7-Methoxydeoxo-
cryptojaponol, 35 

Antitumour 74 

Inuroyleanol, 36 Antioxidant 75 

Fortunin C, 37 Antitumour 76 

7-Hydroxydeoxy-
cryptojaponol, 38 

Anti-SARS 47 

11,14-Dihydroxy-8,11,13-
abietatrien-7-one, 39 

Cytotoxicity 77 

Salvadoriol, 40 Antitumour 78 

16-Acetoxysugiol, 41 Cytotoxicity 79 

Abieta-8,11,13-triene-14,19- Cytotoxicity 79 
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