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Abstract: Lambertianic acid (LA) is a diterpene bioactive
compound mainly purified from different species of Pinus.
It is an optical isomer of another natural compound dan-
iellic acid and was firstly purified from Pinus lambertiana.
LA can be synthesized in laboratory from podocarpic acid.
It has been reported to have potential health benefits in
attenuating obesity, allergies and different cancers
including breast, liver, lung and prostate cancer. It exhibits
anticancer properties through inhibiting cancer cell pro-
liferation and survival, and inducing apoptosis, targeting
major signalling components including AKT, AMPK, NFkB,
COX-2, STATS3, etc. Most of the studies with LA were done
using in vitro models, thus warranting future investigations
with animal models to evaluate its pharmacological effects
such as antidiabetic, anti-inflammatory and neuro-
protective effects as well as to explore the underlying
molecular mechanisms and toxicological profile. This
review describes the chemistry, source, purification and
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therapeutic potentials of LA and it can therefore be a
suitable guideline for any future study with LA.
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1 Introduction

Lambertianic acid (LA; C,oH,g05) is a naturally occurring
bioactive diterpene compound primarily isolated from
Pinus koraiensis (Family: Pinaceae). It is the (+)-enantiomer
of daniellic acid, which can also be obtained from other
plants such as Pinus lambertiana, P. armandii, P. sibirica,
Thuja orientalis,and Biota orientalis. Until today, LA has
been studied rigorously mainly using different in vitro
models and reported to have wide spectrum anticancer,
anti-obesity and antiallergic activities. Moreover,
LA-enriched extracts were also demonstrated to have
diverse pharmacological effects including anti-obesity,
anti-inflammatory, anticancer, antidiabetes, anti-allergic,
stress protective and neuroprotective effects. In view of the
wide scope of using bioactive natural compounds as pre-
ventive and therapeutic choice, this review focuses on the
health beneficial properties of LA. Thus, we here describe
the chemistry, source, purification and pharmacological
properties of LA with its future therapeutic prospects. This
review could therefore be used as a suitable guide for
future studies with LA and its natural or synthetic
derivatives.

2 Chenmistry, source, and
purification of lambertianic acid

LA is a naturally occurring bioactive compound with the
molecular weight of 316.4 g/mol (C,oH,g05). It is the optical
isomer of daniellic acid and epimer of (+)-polyalthic
acid at C-4 position (Figure 1). According to IUPAC, its
chemical name is (1S,4aR,5S,8aR)-5-[2-(furan-3-yl)ethyl]-
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1,4a-dimethyl-6-methylidene-3,4,5,7,8,8a-hexahydro-2H-
naphthalene-1-carboxylic acid. It contains two fused
aliphatic rings with a B-substituted furan ring. Presence of
an axial carboxylic group in LA facilitates axial methyl or
hydrogen interactions. m-Electrons presented in the two
double bonds and the lone pair electrons of oxygen atom
in the furan ring act as a good attraction for electrophiles.
The presence of two quaternary methyl groups can be
observed where the methyl of the lower field is most likely
attached to the carbon atom that holds the carboxyl
group.

Accumulated evidence suggests that LA was mostly
purified from different species of Pinus. Its different sour-
ces are listed in Table 1. LA was firstly purified from
P. lambertiana [1]. Oleoresin collected from P. lambertiana
was dissolved in ether and precipitated as salts. The solu-
ble cyclohexylamine salts were separated by acidification.
Then the solution was neutralized by potassium hydroxide.
The produced acid was crystallized and purified with
several recrystallization steps. Although the yield was only
9% in this process, it was almost in pure form.

More recently, LA was purified from the leaves of
P. koraiensis [2]. Fifty percent methanol (MeOH) extract was
prepared from the leaves and concentrated, which was
partitioned with ethyl acetate (EtOAc)/distilled water (1:1).
A small portion of EtOAc fraction was then taken to a celite
column chromatography, treated with chloroform and
MeOH (3:1), and finally 15 fractions were obtained. Among
those fractions, fraction 6 containing a vivid red—purple
spot was yielded LA with more than 98% purity.

Previously in 2003, LA was purified from Siberian ce-
dar gallipot (P. sibirica) [3]. The collected sample was used
to separate volatile fraction using water vapor. The residue
was then dissolved in hot petroleum ether and an organic
layer was collected. The hot solution was converted into gel
emitting gaseous ammonia bubble. Petroleum ether was
added to the gel with vigorous stirring. This resultant
precipitate was washed again by petroleum ether. The

Figure 1: Lambertianic acid (A), its optical isomer daniellic acid (B)
and stereoisomer polyalthic acid (C).
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Table 1: Sources of lambertianic acid.
Plant name Plant parts References
Pinus koraiensis Leaves Lee et al 2018
P. lambertiana Oleoresin Dauben & German 1966
P. armandii Leaves Fang et al 1991
P. bungeana Oleoresin Zhan-Qian et al 1998
P. sibirica Needles and oleoresin  Chernov et al 2005
Thuja orientalis  Leaves Chae & Chin 2012

residue contains ammonium salts and isopimaric and
abietic acids. In the next step, it was dried and mixed with
HCl-water mixture. Organic layer from this mixture was
decanted and then evaporated. Diethyl amine (pH = 9) was
added to the mixture and stored overnight. The precipi-
tated crystals were washed with petroleum ether to obtain
diammonium salts of resin acids. The resin acid again
mixed with petroleum ether to obtain diammonium salt of
LA. Then, LA was isolated by treating with tert-butyl
methyl ester, concentrated HCI, water and then dried over
MgSO0,. The resultant product was recrystallized to get the
pure LA.

3 Synthesis of lambertianic acid

In 1972, Bell and co-workers took an attempt to synthesize
LA from another natural compound podocarpic acid [4].
They faced two main problems to accomplish LA synthesis:
generation of the exocyclic methylene at C-8 and attach-
ment of the furan ring at C-12. After several trials, they
finally resolved the associated problems and got success.
The synthetic scheme showing the intermediates is pre-
sented in Figure 2. Additionally, LA was used as a starting
material to synthesize potential derivatives with specific
bioactivities. Chernov et al. [3] proposed efficient methods
for the synthesis of several biologically active compounds
from LA, such as cantharidin, dihydroisoindole analogs,
14,16-epoxyabietane diterpinoids, furoazocine and furo-
azonine derivatives.

4 Therapeutic potential of
lambertianic acid

4.1 Anti-obesity and hypolipidemic activity
LA-enriched ethanol extract of P. koraiensis (EPK) (98.7 pg/

mg of LA) has anti-obesity and hypolipidemic effect, as
demonstrated by both in vitro and in vivo studies [5]. Lee
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Figure 2: Scheme showing the steps involved in synthesis of lambertianic acid from podocarpic acid.

and colleagues revealed that EPK efficiently attenuates
adipocyte differentiation and adipogenesis in 3T3-L1 adi-
pocytes and in rats with high fat diet (HFD)-induced
obesity by activating adenosine monophosphate activated
protein kinase (AMPK) (Figure 3). AMPK helps in regulating
glucose levels and lipid uptake and phosphorylated AMPK
activates metabolic enzymes involved in fatty acid and
cholesterol synthesis [6-8]. In addition, activated AMPK
upregulates PPAR-y and C/EBPa, suppresses differentia-
tion of preadipocytes into adipocytes, and decreases
cellular cholesterol and fatty acids [9-11]. 3T3-L1 pre-
adipocytes cells were treated with EPK for 24 h and it was
observed that EPK did not show major effects on cell
viability, but it reduced the level of fat concentration after
six days of exposure, indicating disturbed adipocytes dif-
ferentiation. Moreover, EPK reduced the cellular droplets
and serum triglycerides levels in 3T3-L1 cells. EPK signifi-
cantly suppressed the expressions of PPAR-y, C/EBPa,
adiponectin, SREBP-1, HMGCR, FABP and GPDH, and
increased phosphorylated AMPK (p-AMPK) in a
concentration-dependent fashion, while no change in total
protein levels were observed in 3T3-L1 cells. Furthermore,
EPK reduced the retroperitoneal and epididymal fat weight
as well as serum triglyceride and cholesterol levels while
increased the expression of HDL cholesterols compared to

those in HFD-fed rats, implying that inhibition of lipid
metabolism plays a role in obesity prevention by EPK.
Likewise, LA also inhibited fat accumulation in adipocytes,
decreased the expression of PPAR-y, C/EBPq, adiponectin,
FAS, SREBP-1 and HMGCR and increased the expression of
p-AMPK [5]. In response to LA, lipid accumulation in 3T3-L1
adipocytes has been appeared to be 32% compared with
that of the control group. Taken together, the AMPK regu-
lation by LA might be a potent therapeutic approach in
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Figure 3: Anti-obesity mechanisms of lambertianic acid (LA) in
3T3-L1 adipocytes. LA downregulates several pathways related to
adipocyte differentiation and fat accumulation, including fatty acid
and cholesterol synthesis.
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preventing obesity in HFD-fed animal models although
further investigations are needed to substantiate the anti-
obesity effects of LA.

4.2 Anti-allergic activity

LA extracted from T. orientalis exhibits a response against
allergy and inflammation in bone marrow-derived mast
cells (BMMC) collected from male Balb/cj mice [12]. Chae
and Chin [12] evaluated the effects of LA on different
allergic mediators in phorbol 12-myristate 13-acetate (PMA)
plus calcimycin-stimulated BMMCs and showed that LA
(15, 30 and 60 pM) remarkably represses the production of
prostaglandin D2 (PGD,). Dose-dependent reduction of
leukotriene C, (LTC,) levels was also observed when
BMMCs were treated with LA for 30 min. Pretreatment of
BMMC with LA (0, 30 and 60 pM) for 30 min before being
exposed with PMA plus calcimycin significantly reduces
mRNA expression of cyclooxygenase 2 (COX-2) and inter-
leukin 6 (IL-6) cytokine secretion. It was also observed that
LA can suppress the release of B-hexosaminidase in a
concentration-independent manner in BMMC. Accumu-
lating evidences have proved that the mast cells release
different types of pro-inflammatory mediators and allergic
stimulators, such as IL-6, histamine, LTC, and PGD,, that
mediates acute allergic reaction in response to interaction
with allergens [13, 14]. Allergic and inflammatory roles of
COX-2 and its metabolites PGD, may be potent targets for
treating patients with allergen response [15, 16]. Consid-
ering all the above facts, LA-induced anti-allergic reactions
were consistent with the previous studies related to
constraint allergic reactions and LA might be therefore a
probable choice for allergic treatment in future.

4.3 Anticancer properties
4.3.1 Breast cancer

Breast cancer is now counted as the most-encountered
malignancy found in women. Lee et al. [2] tested LA (0, 7.5,
15, and 30 pM) on two breast cancer cells, MDA-MB-231 and
MCF-7, and observed that it shows strong cytotoxic effects
on both cells after 24 h with ICs, values of 31.8 and 21.1 pM,
respectively. It also exhibits apoptotic effects on MDA-MB-
231 cells, indicating the cytotoxicity is mainly attributed
to apoptosis. Protein assay and cell-cycle analysis of
LA-treated MDA-MB-231 cells revealed that LA induces G2/
M phase arrest, increases the sub-G1 population and the
cleavage of poly (ADP-ribose) polymerase (PARP) and
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decreases the expression of pro-caspase-3. In addition, LA
activates AMPK and acetyl-CoA carboxylase (ACC) through
phosphorylation and can suppress protein kinase B (AKT)
phosphorylation, suggesting that the AMPK and AKT
pathways are associated with LA-induced apoptosis in
breast cancer cells (Figure 4). Western blot assay also
confirmed that LA actively attenuates the expression of
forkhead box protein M1 (FOXM1) and its regulated gene
products, including proliferative proteins (Cyclin B1) and
anti-apoptotic proteins (X-linked inhibitor of apoptosis
protein [XIAP] and B-cell lymphoma 2 [Bcl-2]) in MDA-MB-
231 cells. FOXM1 acts as a transcription factor which
mediates the transcription of cell cycle-related genes and
promotes cell proliferation by the activity of cyclins (Cyclin
B1 and D1) in addition with upregulating antiapoptotic
proteins Bcl-2 and XIAP [17-20]. Moreover, FOXM1 func-
tions as a downstream protein of AKT signalling pathway
[21], and immunoprecipitation of MDA-MB-231 cells with
anti-AKT antibody revealed that LA disturbs the binding of
FOXM1 with AKT and the binding score of protein-protein
interaction is appeared to be 0.805. AMPK inhibitor com-
pound C (Dorsomorphin) can reverse the apoptotic ability
of LA, thus suggesting that AMPK regulates the binding of
AKT with FOXM1 in LA-induced apoptosis in breast cancer
cells. Through inhibiting the AKT/FOXM1 signalling
pathway especially by disrupting their binding, LA leads to
MDA-MB-231 cells to programmed cell death.

In a recent study with two breast cancer cells,
MDA-MB-453 (signal transducer and activator of tran-
scription 3 [STAT3] mutant) and MCF-7 (STAT3 wild type),
LA was found to induce cell cytocidal effects more potently
in MDA-MB-453 cells than in the MCF-7 cells after incuba-
tion for 24 h and its effects on cell viability was dose-
dependent [22]. Cell cycle analysis indicated that LA at
30 pM can cause an increase in sub-G1 population and
cleavage of PARP in MDA-MB-453 cells more than those in
the MCF-7 cells, and the amounts of sub-G1 population
were 42.75 and 6.84% in MDA-MB-453 and MCF-7 cells,
respectively. Moreover, LA suppresses the phosphoryla-
tion of STAT3 and NF-kB, the expression of p300 and RelA/
p65 acetylation, subsequently attenuating nuclear trans-
location of p-STAT3 and NF-xB through their colocalization
in MCF-7 cells. Accumulating evidence demonstrates that
STAT3 is upregulated in most cancers and NF-kB increases
the interaction between STAT3 and p300 [23-25]. STAT3
also plays a significant role in p300-mediated RelA acety-
lation [26, 27], resulting in accumulation of RelA/p65 in the
nucleus [28]. It has been well proved that several inflam-
matory cytokines, including IL-6, IL-23 and COX-2, activate
STAT3 through NF-kB regulated inflammatory responses,
and RelA/p65 is conserved through p300-mediated RelA/
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Figure 4: Anti-cancer mechanisms of lambertianic acid (LA). LA acts on different important signalling cascades responsible for cancer cell
proliferation, survival and for inducing of apoptosis and cell cycle arrest.

p65 acetylation by STAT3 [26]. Consistently, it was reported
that LA blocks the expression of NF-kB regulated genes,
including anti-apoptotic proteins (Bcl-2, Bcl-xL, XIAP and
survivin), angiogenic protein vascular endothelial growth
factor (VEGF), inflammatory protein COX-2, oncogenic
genes cellular myelocytomatosis (c-Myc) and inflammatory
mediators IL-6 and tumour necrosis factor-alpha (TNF-a) in
the MCF-7 cells [22]. In contrast, IL-6 blocked the ability of
LA to induce cytotoxicity and PARP cleavage and also
suppressed the sub-G1 population to 12.11% relative to that
of LA alone in MDA-MB-453 cells. However, the depletion
of STAT3 or p300 enhanced the PARP cleavage by LA in
MCF-7 cells incubated with LA for 24 h with or without IL-6.
In addition, IL-6 downregulated the phosphorylation of
STAT3, IkB kinase and p65 and reduced the expression of
p300 and Ac-RelA in MDA-MB-453 cells, compared to the
untreated control. It is worthy to mention that LA disrupted
the binding between phosphorylated STAT3 (p-STAT3),
p300 and RelA (p65) and upregulated the level of
miRNA134, and miRNA134 mimic disrupted the expression
of pro-PARP, p-STAT3, and Ac-RelA. Conversely, the
miRNA134 inhibitor reversed the ability of LA reducing the
expression of Ac-RelA and pro-PARP in MCEF-7 cells,
implying that LA can induce apoptosis via miRNA-
134-mediated inhibition of STAT3 and RelA/p65 acetyla-
tion in breast cancer cells.

4.3.2 Liver cancer

LA exhibits anticancer effects on hepatocellular carcinoma
cells (HCC) through induction of apoptotic pathway by

ROS-dependent activation of liver kinase B1 (LKB1)/AMPK/
ACC signalling cascades [29]. Two hepatocellular carci-
noma cells, HepG2 and SK-Hep1, were exposed to different
LA concentrations (0, 10, 20, 40 and 80 pM) for 24, 48 or
72 h, and it was found that LA significantly reduces the
viability of both cells in a concentration and time-
dependent fashion. Cell cycle analyses confirmed that the
apoptosis is the main role player behind the cytotoxicity of
LA. It was observed that LA dose-dependently increased
sub-G1 population, especially at 40 pM it raised the sub-G1
population up to 22.14% compared to the untreated control
(2.06%) and also increased the percentage of early
apoptotic cells (Annexin V+/PI- staining: 30.1%) for 24 h
and late apoptotic or necrosis cells (Annexin V+/
PI + staining: 22.9%) for 48 h. However, it induces the
cleavage of caspase-3 and PARP along with the suppres-
sion of antiapoptotic proteins, Bcl-2 and Bcl-xl. The
apoptotic effect of LA was found to be reversed when
HepG2 cells were treated with Z-VAD-fmk (10 pM), sug-
gesting that its cytotoxicity was induced by apoptosis
through caspase cleavage and inhibition of anti-apoptotic
proteins. Furthermore, apoptotic effects of LA are related to
AMPK signalling, as evidenced by treating HCC cells with
LA (0, 10, 20 and 40 uM) for 24 h. It was also revealed that
LA increases the phosphorylation of LKB1, AMPK and ACC
while suppressing the expression of phosphatidylinositol
3-kinase (PI3K), p-AKT, p-mTOR and COX-2 in both cells in
a dose-dependent manner. The cytotoxic effects of LA on
HepG2 cells were significantly reversed by the treatment of
AMPK inhibitor compound C. LA also increases the phos-
phorylation of ERK and p38 and attenuates the
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phosphorylation of JNK in HepG2 cells, while it decreases
the phosphorylation of p38 and JNK and increases the
phosphorylation of ERK in SK-Hep1 cells, implying cell-
specific activities of LA on mitogen-activated protein
kinase (MAPK). Most importantly, LA (40 pM) was found to
induce ROS production time-dependently in both HepG2
and SK-Hepl cells after treating for 1, 3 and 4 h. It is well
established that the increased level of ROS is often the
cause for apoptosis and damage in a variety of cancer cells
via disrupting lipid membranes, proteins and DNA [30, 31].
The involvement of ROS in AMPK-mediated apoptosis was
confirmed when LA (40 pM)-treated HCC cells were
exposed to AMPK inhibitor compound C (7.5 uM) or ROS
scavenger N-acetyl-L-cysteine (NAC) (5 mM). Likewise, the
increase of sub-G1 population and Annexin V/PI stained
cells by LA was reversed by compound C or NAC in both
cells. Compound C can block the ability of LA to induce
phosphorylation of AMPK/ACC, PARP cleavage and de-
creases the expression of Bcl-2and COX-2 in both HCC cells.
NAC also reverses the phosphorylation of AMPK, PARP
cleavage and decreases the expression of Bcl-2 and COX-2
in HepG2 cells, clearly indicating that LA generates ROS
and subsequently induces AMPK phosphorylation, PARP
cleavage and inhibits antiapoptotic proteins such as Bcl-2
and COX-2 leading to apoptosis in HCC cells. Additionally,
compared to untreated control, LA increases sub-G1 pop-
ulation to 10.24% in AMPKa wild type MEF cells, but not in
AMPK knockout (KO) MEF cells. Similarly, LA induces
PARP cleavage, caspase-3 and phosphorylation of AMPK/
ACC in AMPKa wild type MEF cells, but not in AMPK KO
MEF cells, demonstrating the key role of LKB1/AMPK/ACC
signalling in LA-induced apoptosis. It is well documented
that ROS has significant involvement in AMPK-mediated
apoptosis [32, 33], and AMPK plays a pivotal role in cellular
metabolism and apoptosis [34, 35]. Jeong et al. [29] also
demonstrated that ROS-dependent LKB/AMPK/ACC acti-
vation by LA can be a novel strategy for treating hepato-
cellular carcinoma.

4.3.3 Lung cancer

Tumour necrosis factor-related apoptosis-inducing ligand
(TRAIL) plays an important role in cancer cells through
apoptosis, with low toxicity and less resistance to normal
cells [36]. However, its tendency to be resistant to chemo-
therapeutic agents and cancer cells has made it to be used
in limited ways [37, 38], indicating that overcoming the
TRAIL resistance might be a promising way for cancer
treatment. Ahn et al. [39] demonstrated that LA (20 uM)
together with TRAIL (20 ng/ml) shows significant cytocidal
effects in TRAIL resistant nonsmall cell lung cancer cell
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lines (NSCLCs) A549 and H1299, compared to the treat-
ments with TRAIL or LA alone. A549 and H1299 cells
undergo apoptosis when LA is used with TRAIL as a com-
bined anticancer treatment. A combination treatment of LA
and TRAIL for 24 h significantly increased the early and late
apoptosis to 37.50 and 17.88% in A549 cells, and 17.43 and
4.96% in H1299 cells, respectively, when compared to LA or
TRAIL alone. Their combined treatment also increases sub-
G1 population, cleavage of PARP and caspase-3/8/9 and
decreases the expression of pro-PARP and pro-caspase-3/
8/9. Most notably, pretreatment of A549 and H1299 cells
with pan caspase inhibitor (z-VAD-fmk) (80 puM) and
caspase-3 inhibitor (z-IETD-fmk) (50 puM) significantly
decreases the elevated sub-G1 population induced by the
co-treatment of TRAIL and LA and inhibits the synergistic
effect of LA and TRAIL in initiating apoptosis. To undergo
TRAIL-mediated apoptotic cell death, TRAIL needs to be
activated by binding with death receptors, DR4 and DR5
[40, 41]. In TRAIL resistant cells, the upregulated DR4 helps
cells overcome the resistance and then increases response
to TRAIL signals, thus leading to apoptosis [42]. The find-
ings were consistent as TRAIL alone fails to show any
anticancer effect but together with LA it activates DR4 but
not DR5, leading to death receptor-induced apoptotic cell
death, and also supress the levels of p-NF-xB, p-IkB and
FLICE-inhibitory protein (FLIP) but not decoy receptor
1 (DcR1) and DcR2 in A549 and H1299 cells. Similarly, in
combination they suppress the expression of Bcl-2, Bid and
XIAP in A549 and H1299 cells compared to the treatment
with LA or TRAIL alone. Additionally, combination of
TRAIL and LA disrupts the interaction of XIAP with
caspase-3 or NF-kB, whereas it is well known that XIAP
involves in the activation of NF-kB, which is essential for
cancer cell survival [43]. Overall, the findings imply that LA
helps NSCLCs overcome the TRAIL resistance and en-
hances sensitization of the cells to TRAIL-mediated
apoptosis through inhibition of XIAP/NF-kB.

4.3.4 Prostate cancer

Androgen receptor (AR) is essential for the development and
function of prostate cancer [44—46] which functions through
regulating prostate-specific antigen (PSA) expression in
prostate cancer cells [47, 48]. Therefore, AR is an important
biomarker to confirm the existence of prostate disease and
prostate cancer [49]. Several studies also demonstrate that the
suppression of AR regulates antispermatogenesis, anticancer
and apoptosis in prostate cancer cells [50-52]. Lee and col-
leagues [53] showed that LA exerts anticancer effects by
suppressing AR pathway in AR-sensitive prostate cancer cells
LNCaP. LA reduced LNCaP cell viability in dose- and time-
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dependent fashion with an ICs, value of 109 uM. LNCaP cell
growth inhibition was accomplished by G1 phase arrest upon
LA treatment. Protein analysis assay confirmed that 24 h LA
treatment downregulates cell proliferation by reducing
several protein levels, including p-53, p-p53, p21, p27, cyclin
D1 and cell division kinase 4 (CDK4). Apoptotic effects of LA
correspond to increased cleavages of caspase-3/9, PARP and
BAX, while the reduced Bcl-2 is found in LA-treated LNCaP
cells after 48 h of treatment. LA decreases the expression of
AR and PSA in dose- and time-dependently, following the
exposure of LNCaP cells for 24 and 48 h, through attenuating
the androgen stimulated translocation of AR to the nucleus.
These findings were emphasized by the study of transfecting
AR siRNA to LNCaP cells treated with LA. It was found that
silencing of AR reduced its level together with PSA, blocked
inhibitory proteins levels (cyclin D1 and CDK4) and increased
tumour suppressor genes p53, p21 and p27. Knockdown of AR
in LNCaP cells suppresses their proliferation by 30.1% in
comparison with the cells transfected with siRNA, increases
apoptosis related proteins BAX, cleaves caspase-3/9 and
PARP and inhibits Bcl-2 protein. Overall, AR signalling
pathway has crucial role in cell proliferation, apoptosis in-
hibition and PSA level elevation, all of which are key regu-
latory mechanistic pathway of AR-dependent prostate cancer
cells, and LA exhibits anticancer properties by inhibiting AR
expression and PSA in cellular and secretory levels.

In another study, prostate cancer cell line DU145
(STAT3 wild) and PC-3 (STAT3 mutant) cells were used by
Sim and co-workers [22] to validate the anticancer activity
of LA. They showed that LA induces cytotoxic effects more
potently on PC-3 cells than on DU145 cells. However, in a
previous study, it was demonstrated that LNCaP cells were
affected by LA more than castration resistant cells PC-3 and
DU-145 cells [53]. Several studies have revealed that
p300-mediated RelA/p65 hyperacetylation by STAT3 is
pre-requisite for NF-kB activation and thereby inducing
various cancers [25]. Sim et al. [22] demonstrated that LA
induces dose-dependent reduction in cell viability and
elevates sub-G1 population along with the cleavages of
PARP in PC-3 cells better than in DU-145 cells. In
DU145 cells, LA reduces the phosphorylation of STAT3 and
NF-kB and the expression of p300 and RelA acetylation
which are similar with the findings from LA-treated breast
cancer cell lines MCF-7. Coimmunoprecipitation performed
with DU145 cell lysates using STAT3 and p300 antibodies
revealed that it disrupts the binding of p-STAT3, p300 and
RelA after 24 h of treatment. Moreover, LA reduces the
nuclear translocation of STAT3 and NF-kB, and suppresses
several survival genes, including Bcl-2, Bcl-XL, XIAP,
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survivin, VEGF, Cox-2, C-Myc, and IL-6, and TNF in MCF-7
breast cancer cells. Most importantly, LA activates
miRNA134 and the miRNA134-mimic reduces the expres-
sion of p-STAT3, pro-PARP, and Ac-RelA. However,
miRNA134 inhibitor can reverse the apoptotic effect of LA,
clearly demonstrating that LA induces apoptosis via
miRNA-134 mediated inhibition of STAT3 and RelA/p65
acetylation (Figure 4). In conclusion, the apoptotic mech-
anisms of LA correspond to STAT3 phosphorylation and
RelA/p65 acetylation in the prostate cancer cell lines.

4.4 Other health benefits

Among the several isolated diterpenes from Caesalpinia
echinata Lam., LA displayed leishmanicidal activity
without showing any toxic side effects to human mono-
nuclear cells derived from peripheral blood in vitro at
20 pg/ml [54]. LA derived from Platycladus orientalis has
been reported to incorporate into the inner membrane of
erythrocytes, in turn changes the chemical composition of
lipid membrane and alters the erythrocyte cell curvature
[55]. This activity is considered as indirect antiplasmodium
effect of LA for preventing the proliferation of parasite like
Plasmodium and as a way to treat malaria. LA-enriched
MeOH fraction of B. orientalis leaves showed neuro-
protective activity against glutamate-induced neurotox-
icity in primary cultures of rat cortical cells [56].

Pinusolide, a labdane type diterpene lactone synthe-
sized from LA, may act as a potent and specific platelet
activating factor receptor binding antagonists [57, 58]. An
efficient method for gram-scale synthesis and purification
of penusolide from LA has been developed and penusolide
has been evaluated for its anti-leukemic and apoptotic
properties using Burkitt lymphoma cell line and primary
lymphoblast and leukaemia cells of children with acute
lymphoblastic leukaemia or acute myeloid leukaemia [59].
Tolstikova et al. [60] investigated nootropic activity of LA
and its amino derivatives and found them as prominent
nootropic agents. They also confirmed the profound
nootropic activity of different synthetic LA derivatives us-
ing animals [61]. Methyl derivatives (Me-LA) and three
amino derivatives of LA exhibited equal low toxicity with
having different degrees of influence on central nervous
system (CNS) [62]. Me-LA also exhibited a strong antide-
pressant effect with stimulating action, while amino
derivatives led to an antipsychotic and sedative (calming)
effect on CNS, without any anticonvulsant action.
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4.5 Summary with future perspective

LA has been proved to be a biologically active compound
with profound pharmacological interest in attenuating
cancer, obesity/diabetes, allergies, etc. Besides, it shows
antiparasitic effects. Its anticancer activities are triggered
by targeting several important signalling pathways
involved in cancer progression such as the pathways for
cancer cell proliferation, survival and apoptosis. The sig-
nalling components which are mostly affected by LA are
AMPK, AKT, AR, mTOR, FOXM1, NFkB, COX-2, etc. If LA is
used combinedly with siRNA, it enhances apoptosis
pathway, suggesting that LA has not only affect the
downstream AR signalling components but also has a
potential to inhibit the upstream proteins. It also increases
the expression of a micro RNA, miR123, thus inhibiting the
expression of downstream anti-apoptotic, oncogenic and
inflammatory components. NFkB and COX-2 are involved
in generating inflammation. Since LA affects both NFkB
and COX-2, it can be successfully used to treat chronic
inflammation and other inflammatory diseases/disorders
as well. In adipocyte cells, it downregulates different
pathways particularly for fat accumulation and adipocyte
differentiation. These findings clearly demonstrate that LA
can be used for treating obesity and related disorders,
especially type 2 diabetes.

In conclusion, LA could be utilized in treating allergies,
obesity and different cancers. It can be a promising anti-
cancer drug if it is used in combination with other drugs.
Further studies are recommended with LA to determine its
anti-inflammatory, antidiabetic and neuroprotective effects
especially using in vivo models. Before recruiting LA in further
clinical studies, its toxicological profile should also be
explored. Moreover, LA can serve as a potential chemical
platform to synthesize potential derivatives for wide phar-
macological/health beneficial properties.

Author contributions: M.S. conceived the idea, designed
the draft, and revised the manuscript. All authors
contributed to collecting references, writing the draft and
improving it for final submission.

Research funding: This study received no funding.
Conflict of interest statement: The authors declare no
conflicts of interest.

References

1. Dauben WG, German VF. The structure of lamertianic acid: a new
diterpenic acid. Tetrahedron 1966;22:679-83.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

DE GRUYTER

. LeeJH, Lee HJ, Sim DY, Jung JH, Kim KR, Kim SH. Apoptotic effect of

lambertianic acid through AMPK/FOXM1 signaling in MDA-MB231
breast cancer cells. Phytother Res 2018;32:1755-63.

. Chernov SV, Shul’ts EE, Shakirov MM, Bagryanskaya 1Y,

Gatilov YV, Tolstikov GA. Synthetic transformations of higher
terpenoids: IX. Nitrogen-containing heterocyclic compounds on
the basis of lambertianic acid. Russ ) Org Chem 2005;41:535-45.

. Bell RA, Gravestock MB, Taguchi VY. Synthesis of lambertianic

acid. Can ) Chem 1972;50:3749-60.

. Lee MS, Cho SM, Lee MH, Lee EO, Kim SH, Lee HJ. Ethanol extract

of Pinus koraiensis leaves containing lambertianic acid exerts

anti-obesity and hypolipidemic effects by activating adenosine
monophosphate-activated protein kinase (AMPK). BMC Compl

Alternative Med 2016;16:51.

. Carling D, Zammit VA, Hardie DG. A common bicyclic protein

kinase cascade inactivates the regulatory enzymes of fatty acid
and cholesterol biosynthesis. FEBS Lett 1987;223:217-22.

. Hardie DG, Corton J, Ching YP, Davies SP, Hawley S. Regulation of

lipid metabolism by the AMP-activated protein kinase. Biochem
Soc Trans 1997;25:1229-31.

. Hardie DG, Pan DA. Regulation of fatty acid synthesis and

oxidation by the AMP-activated protein kinase. Biochem Soc
Trans 2002;30:1064-70.

. Chen S, Li Z, Li W, Shan Z, Zhu W. Resveratrol inhibits cell

differentiation in 3T3-L1 adipocytes via activation of AMPK. Can |
Physiol Pharmacol 2011;89:793-9.

Lee YK, Lee WS, Hwang JT, Kwon DY, Surh Y), Park OJ. Curcumin
exerts antidifferentiation effect through AMPKa-PPAR-y in 3T3-L1
adipocytes and antiproliferatory effect through AMPKa-COX-2 in
cancer cells. ) Agric Food Chem 2009;57:305-10.

Rosen ED, Spiegelman BM. PPARgamma: a nuclear regulator of
metabolism, differentiation, and cell growth. ] Biol Chem 2001;
276:37731-4.

Chae HS, Chin YW. Anti-allergic effect of lambertianic acid from
Thuja orientalis in mouse bone marrow-derived mast cells.
Immunopharmacol Immunotoxicol 2012;34:250-5.

Stevens RL, Austen KF. Recent advances in the cellular and
molecular biology of mast cells. Inmunol Today 1989;10:381-6.
Dannhardt G, Kiefer W. Cyclooxygenase inhibitors—current status
and future prospects. Eur ) Med Chem 2001;36:109-26.

Kay AB. Overview of ‘allergy and allergic diseases: with a view to
the future’. Br Med Bull 2000;56:843-64.

Tasaka K, Mio M, Okamoto M. Intracellular calcium release
induced by histamine releasers and its inhibition by some
antiallergic drugs. Ann Allergy 1986;56:464-9.

Hu C, Liu D, ZhangY, Lou G, Huang G, Chen B, et al.
LXRa-mediated downregulation of FOXM1 suppresses the
proliferation of hepatocellular carcinoma cells. Oncogene 2014;
33:2888-97.

Wang X, Quail E, Hung NJ, Tan Y, Ye H, Costa RH. Increased
levels of forkhead box M1B transcription factor in transgenic
mouse hepatocytes prevent age-related proliferation defects
in regenerating liver. Proc Natl Acad Sci U S A 2001;98:
11468-73.

Halasi M, Gartel AL. Suppression of FOXM1 sensitizes human
cancer cells to cell death induced by DNA-damage. PloS One
2012;7:e31761.

. Nestal de Moraes G, Delbue D, Silva KL, Robaina MC, Khongkow P,

Gomes AR, et al. FOXM1 targets XIAP and Survivin to modulate



DE GRUYTER

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

breast cancer survival and chemoresistance. Cell Signal 2015;27:
2496-505.

Jin H, Park MH, Kim SM. 3, 3’-Diindolylmethane potentiates
paclitaxel-induced antitumor effects on gastric cancer cells
through the Akt/FOXM1 signaling cascade. Oncol Rep 2015;33:
2031-6.

Sim DY, Lee HJ, Jung JH, Im E, Hwang J, Kim DS, et al. Suppression
of STAT3 Phosphorylation and RelA/p65 acetylation mediated by
microRNA134 plays a pivotal role in the apoptotic effect of
lambertianic acid. Int ] Mol Sci 2019;20:2993.

Kaliyaperumal K, Sharma AK, McDonald DG, Dhindsa S, Yount C,
Singh AK, et al. S-Nitrosoglutathione-mediated STAT3 regulation
in efficacy of radiotherapy and cisplatin therapy in head and neck
squamous cell carcinoma. Redox Biol 2015;6:41-50.

Gong ), Xie J, Bedolla R, Rivas P, Chakravarthy D, Freeman JW,
et al. Combined targeting of STAT3/NF-kB/COX-2/EP4 for
effective management of pancreatic cancer. Clin Canc Res 2014;
20:1259-73.

Yu H, Pardoll D, Jove R. STATs in cancer inflammation and
immunity: a leading role for STAT3. Nat Rev Canc 2009;9:
798-809.

Lee H, Herrmann A, Deng JH, Kujawski M, Niu G, Li Z, et al.
Persistently activated Stat3 maintains constitutive NF-kB activity
in tumors. Canc Cell 2009;15:283-93.

Hoesel B, Schmid JA. The complexity of NF-kB signaling in
inflammation and cancer. Mol Canc 2013;12:86.

Kim JW, Jang SM, Kim CH, An JH, Kang EJ, Choi KH. New
molecular bridge between RelA/p65 and NF-kB target genes via
histone acetyltransferase TIP60 cofactor. ) Biol Chem 2012;
287:7780-91.

Jeong A, Kim JH, Lee HJ, Kim SH. Reactive oxygen species
dependent phosphorylation of the liver kinase B1/AMP activated
protein kinase/acetyl-CoA carboxylase signaling is critically
involved in apoptotic effect of lambertianic acid in hepatocellular
carcinoma cells. Oncotarget 2017;8:70116-29.

Matés JM, Sanchez-Jiménez FM. Role of reactive oxygen species
in apoptosis: implications for cancer therapy. Int ) Biochem Cell
Biol 2000;32:157-70.

Chvanov M, Huang W, Jin T, Wen L, Armstrong J, Elliot V, et al.
Novel lipophilic probe for detecting near-membrane reactive
oxygen species responses and its application for studies of
pancreatic acinar cells: effects of pyocyanin and L-ornithine.
Antioxidants Redox Signal 2015;22:451-64.

Wu SB, Wu YT, Wu TP, Wei YH. Role of AMPK-mediated adaptive
responses in human cells with mitochondrial dysfunction to
oxidative stress. Biochim Biophys Acta 2014;1840:1331-44.

Sid B, Verrax ), Calderon PB. Role of AMPK activation in oxidative
cell damage: implications for alcohol-induced liver disease.
Biochem Pharmacol 2013;86:200-9.

Qi D, Young LH. AMPK: energy sensor and survival mechanism in
the ischemic heart. Trends Endocrinol Metabol 2015;26:422-9.
Anwar MA, Kheir WA, Eid S, Fares J, Liu X, Eid AH, et al. Colorectal
and prostate cancer risk in diabetes: metformin, an actor behind
the scene. | Canc 2014;5:736-44.

Secchiero P, Vaccarezza M, Gonelli A, Zauli G. TNF-related
apoptosis-inducing ligand (TRAIL): a potential candidate for
combined treatment of hematological malignancies. Curr
Pharmaceut Des 2004;10:3673-81.

Refaat A, Abd-Rabou A, Reda A. TRAIL combinations: the new
’trail’ for cancer therapy. Oncol Lett 2014;7:1327-32.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

M. Shahinozzaman et al.: Pharmacological properties of lambertianic acid —— 9

Lim SC, Parajuli KR, Han Sl. The alkyllysophospholipid edelfosine
enhances TRAIL-mediated apoptosis in gastric cancer cells
through death receptor 5 and the mitochondrial pathway. Tumour
Biol 2016;37:6205-16.

Ahn DS, Lee H), Hwang), Han H, Kim B, Shim B, et al. Lambertianic
acid sensitizes non-small cell lung cancers to TRAIL-induced
apoptosis via inhibition of XIAP/NF-kB and activation of caspases
and death receptor 4. Int ] Mol Sci 2018;19:1476.

Wang S, El-Deiry WS. TRAIL and apoptosis induction by TNF-family
death receptors. Oncogene 2003;22:8628-33.

Walczak H. Death receptor-ligand systems in cancer, cell death,
and inflammation. Cold Spring Harb Perspect Biol 2013;5:
a008698.

Zhou J, Lu GD, Ong CS, Ong CN, Shen HM. Andrographolide
sensitizes cancer cells to TRAIL-induced apoptosis via
p53-mediated death receptor 4 up-regulation. Mol Canc
Therapeut 2008;7:2170-80.

Lu M, Lin SC, Huang Y, Kang Y], Rich R, Lo YC, et al. XIAP induces
NF-kappaB activation via the BIR1/TAB1 interaction and BIR1
dimerization. Mol Cell 2007;26:689-702.

Feitelson MA, Arzumanyan A, Kulathinal R}, Blain SW,
Holcombe RF, Mahajna J, et al. Sustained proliferation in cancer:
mechanisms and novel therapeutic targets. Semin Canc Biol
2015;35:525-54.

Heinlein CA, Chang C. Androgen receptor in prostate cancer.
Endocr Rev 2004;25:276-308.

Taplin ME, Balk SP. Androgen receptor: a key molecule in the
progression of prostate cancer to hormone independence. ] Cell
Biochem 2004;91:483-90.

Cleutjens KB, van Eekelen CC, van der Korput HA, Brinkmann AO,
Trapman J. Two androgen response regions cooperate in steroid
hormone regulated activity of the prostate-specific antigen
promoter. ] Biol Chem 1996;271:6379-88.

Cleutjens KB, van der Korput HA, van Eekelen CC, van Rooij HC,
Faber PW, Trapman ). An androgen response element in a far
upstream enhancer region is essential for high, androgen-
regulated activity of the prostate-specific antigen promoter. Mol
Endocrinol 1997;11:148-61.

Riegman PH, Vlietstra R}, van der Korput JA, Romijn JC, Trapman J.
Characterization of the prostate-specific antigen gene: a novel
human kallikrein-like gene. Biochem Biophys Res Commun 1989;
159:95-102.

Yu HM, Wu Y, Ju P, Wang BH, Yang XD, Wang HM, et al.
eNOS-JNK1-AR signaling pathway mediates deltamethrin-
induced germ cells apoptosis in testes of adult rats. Environ
Toxicol Pharmacol 2014;38:733-41.

Tong KL, Chan KL, Abu Bakar S, Low BS, Ma HQ, Wong PF. The in
vitro and in vivo anti-cancer activities of a standardized
quassinoids composition from Eurycoma longifolia on LNCaP
human prostate cancer cells. PloS One 2015;10:€0121752.
Wang Y, Liu G, Tong D, Parmar H, Hasenmayer D, Yuan W, et al.
Metformin represses androgen-dependent and androgen-
independent prostate cancers by targeting androgen receptor.
Prostate 2015;75:1187-96.

Lee MS, Lee SO, Kim SH, Lee EO, Lee HJ. Anti-cancer effect of
lambertianic acid by inhibiting the AR in LNCaP cells. Int ) Mol Sci
2016;17:1066.

Cota BB, de Oliveira DM, de Siqueira EP, Souza-Fagundes EM,
Pimenta AM, Santos DM, et al. New cassane diterpenes from
Caesalpinia echinata. Fitoterapia 2011;82:969-75.



10

55.

56.

57.

58.

—— M. Shahinozzaman et al.: Pharmacological properties of lambertianic acid

Asili ), Lambert M, Ziegler HL, Staerk D, Sairafianpour M, Witt M, et al.
Labdanes and isopimaranes from Platycladus orientalis and their
effects on erythrocyte membrane and on Plasmodium falciparum
growth in the erythrocyte host cells. ] Nat Prod 2004;67:631-7.

Koo KA, Sung SH, Kim YC. A new neuroprotective pinusolide
derivative from the leaves of Biota orientalis. Chem Pharm Bull
2002;50:834-6.

Kim KA, Moon TC, Lee SW, Chung KC, Han BH, Chang HW.
Pinusolide from the leaves of Biota orientalis as potent platelet
activating factor antagonist. Planta Med 1999;65:39-42.

Yang HO, Kang YH, Suh DY, Kim YC, Han BH. Biological and
pharmacological effects of pinusolide, a novel platelet activating
factor antagonist. Planta Med 1995;61:519-22.

59.

60.

61.

62.

DE GRUYTER

Shults EE, Velder J, Schmalz HG, Chernov SV, Rubalova TV,
Gatilov YV, et al. Gram-scale synthesis of pinusolide and
evaluation of its antileukemic potential. Bioorg Med Chem Lett
2006;16:4228-32.

Tolstikova TG, Dolgikh MP, Tolstikov GA. Lambertian acid and its
amino derivatives: a new group of perspective neurotropic
agents. Dokl Biol Sci 2000;374:445-7.

Tolstikova TG, Sorokina IV, Voevoda TV, Shults EE, Tolstikov GA.
Nootropic activity of lambertianic acid derivatives. Dokl Biol Sci
2001;376:8-9.

Tolstikova TG, Voevoda TV, Dolgikh MP, Sorokina IV. Neurotropic
activity of lambertian acid and its amino derivatives. Eksp Klin
Farmakol 2002;65:9-11.



	A review on chemistry, source and therapeutic potential of lambertianic acid
	1 Introduction
	2 Chemistry, source, and purification of lambertianic acid
	3 Synthesis of lambertianic acid
	4 Therapeutic potential of lambertianic acid
	4.1 Anti-obesity and hypolipidemic activity
	4.2 Anti-allergic activity
	4.3 Anticancer properties
	4.3.1 Breast cancer
	4.3.2 Liver cancer
	4.3.3 Lung cancer
	4.3.4 Prostate cancer

	4.4 Other health benefits
	4.5 Summary with future perspective

	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


